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Foreword

Volleyball is truly a universal sport; it can be played 
by people of all ages and nationalities in different 
locations anywhere in the world. The sport has 
experienced rapid development in recent years and 
is enjoying a golden era of success. We are seeing 
more nations compete at the FIVB’s flagship events 
and more people playing the sport at a mateur level.

As the international federation responsible for 
volleyball, the FIVB has a duty to protect the health 
and well‐being of volleyball athletes, and to educate 
and inform its 222 national federations on medical 
best practice. The FIVB’s Medical Commission is 
fundamental to this and carries out medical research 

in a number of areas, including prevention and 
treatment of common volleyball injuries, to ensure 
the volleyball environment is a safe one.

At a time when more and more people are partici-
pating in volleyball, it is important to raise awareness 
of the sport’s demands as well as promoting its 
health benefits. We therefore value this handbook 
as an important tool for volleyball medical profes-
sionals around the world and as a useful resource 
for players, coaches, and officials alike.

Dr. Ary S. Graça
FIVB President
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Foreword

Introduced to the world of sport in 1895, volley-
ball has become one of the most popular sports 
on the international sporting scene. Volleyball 
made its Olympic debut at the 1964 Games in 
Tokyo, and beach volleyball followed in 1996 at 
the Olympic Games in Atlanta. For both events, 
men and women compete. With great demands 
on biomechanics, coordination and physiology, 
the volleyball athlete must train for both the 
p erformance of skills and for physiological 
conditioning.

A first edition on volleyball for the IOC Medical 
Commission’s Handbooks of Sports Medicine and 
Science series appeared in 2003. This publication 
has enjoyed widespread use as a source of authori-
tative information on all aspects of volleyball 
competition. Both the first edition and the present 
edition were developed under the editorial leader-
ship of Drs Jonathan Reeser (USA) and Roald Bahr 

(Norway). The co‐editors benefitted from the 
expertise of a team of contributing authors repre-
senting outstanding clinicians and scientists. 
Authoritative information has been presented for 
various topics of volleyball sports science, topics of 
sports medicine, volleyball for special populations, 
and the special topics of ergogenic aids, doping, 
and sports psychology.

We are very grateful to the editorial team and all 
the contributing authors for the quality of their 
work in making this second edition of the IOC 
Handbook on Volleyball a highly valuable publica-
tion in both sports medicine and sports science 
literature.

Thomas Bach
IOC President
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Herewith, we proudly present the second edition 
of the IOC Handbook of Sports Medicine and Science: 
Volleyball. More than 10 years have elapsed since 
the first edition appeared, and over that time the 
sport has rapidly evolved. In addition, we have 
witnessed a veritable explosion of clinical and 
basic scientific literature pertaining to volleyball. 
This is reflected in the content of this handbook: 
the table of contents has been revised and most 
chapters have been essentially rewritten  –  typi-
cally with the inclusion of new contributors in 
order to bring a fresh perspective to the 
material.

While the content of the second edition has 
been updated, the process by which it was brought 
into being remained essentially unchanged. We 
remain ever appreciative of Dr Howard G. (Skip) 
Knuttgen, coordinator of scientific publications for 
the IOC Medical Commission, for his patient over-
sight of this project. We extend our gratitude to the 
staff at Wiley‐Blackwell for their myriad contribu-
tions to bringing this second edition to fruition. 

We also acknowledge the support of the Fédération 
Internationale de Volleyball (FIVB) and its 
President, Dr Ary Da Silva Graça Filho, and that of 
the IOC Medical and Scientific Department 
(Richard Budgett, Director). Finally, we extend our 
sincere appreciation to our many contributors, 
without which this handbook would not have 
happened.

We sincerely hope that we have succeeded in 
providing you, the reader, with a work that cap-
tures most (if not all) of the advances that have 
become integral to our present understanding of 
volleyball sport science and to the practice of sports 
medicine as applied to our fabulous sport. As 
before, we invite you to share your comments and 
suggestions, so that future iterations of this 
Handbook may continually improve.

Jonathan C. Reeser, MD
Marshfield, Wisconsin, USA

Roald Bahr, MD
Oslo, Norway
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Introduction

Volleyball, like all team sports, requires repetitive 
bouts of high‐intensity exercise. For the volleyball 
player to achieve competitive success, he/she must 
possess the ability to rapidly generate power while 
executing precise sport‐specific skills such as spiking 
and blocking. In addition, the ability to maintain 
sufficient power output for the full duration of 
matches is obviously of critical importance to 
sporting success. The extent and speed of recovery 
from exercise are influenced by the intensity and 
duration of the preceding bout of exercise, the 
nutritional status of the individual, and the time 
available for metabolic recovery. Volleyball athletes 
must perform numerous maximum effort jumps 
and quick, short sprints, interspersed by variable 
periods of exercise of lower intensity or brief periods 
of rest. The energy used during periods of high‐
intensity play is derived largely from anaerobic 
metabolism. Over the course of the match, however, 
the contribution of aerobic metabolism increases 
to cover the total energy cost. The cycles of activity 
and rest are imposed by the pattern of play which 
vary greatly from player to player and from one 
match to another, as the tactics and ability of the 
opposition also influence the demands on each 
player.

Compared with continuous exercise activities 
such as running and cycling, relatively little attention 

has been directed to the energy expenditure during 
games that involve complex movement patterns. 
This may be because of the lack of adequate experi-
mental models to study these activities in the 
l aboratory. However, some standardized models of 
intermittent exercise have been developed recently 
that simulate the activity patterns observed in team 
sport. This chapter describes how these protocols, 
as well as measurements made during competition 
itself, have shed some light on the metabolic pro-
cesses that occur during match‐play exercise and 
their importance for achieving peak performance.

Activity patterns and work rate 
in volleyball and other sports

Based upon unpublished data collected by the 
Fédération Internationale de Volleyball (FIVB) 
during the 2015 World League and Grand Prix 
competitions, it appears that the work periods for 
elite male indoor players range between 6–8 
 seconds in length, while for elite female indoor 
players the work periods typically measure 7–9 
 seconds. Furthermore, the ball is “in play” for 
approximately 15% of the duration of the match, 
resulting in a work:rest ratio of approximately 1:6. 
These data reflect the fact that volleyball athletes 
must generate explosive power, then recover 
quickly so as to be ready for the next point.

Energy demands of volleyball
Ronald J. Maughan and Susan M. Shirreffs
School of Medicine, University of St Andrews, St Andrews, Scotland

Chapter 1
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It is predictable that players suffer from progres-
sive fatigue as the competitive match wears on, as 
manifested by a drop in the work rate during the 
second half of the match (fewer number or reduced 
height of maximum jumps performed). A recent 
study of professional soccer players using Pro‐Zone 
technology to analyze time spent in different 
a ctivities during 28 English Premier League matches 
found that during the last 15 minutes of a match, 
athletes cover approximately 20% less distance 
than they had covered during the opening of the 
match. There was also a noticeable decline in 
high‐intensity running immediately after the most 
intense 5‐minute period of the game, with the 
greatest deficits (~40–50%) in attacking players 
and  central defenders. It is common to see more 
goals scored in the later stages of games as players 
become fatigued and more mistakes are made. 
Injuries are also more likely to occur late in the 
game when fatigue becomes more prevalent.

The development of fatigue during match‐play 
seems to be related at least in part to depletion of 
muscle glycogen stores. It has been shown that 
football players who start a match with a low thigh 
muscle glycogen content cover 25% less distance 
than those who have normal prematch thigh 
m uscle glycogen stores (see Table 1.1). Furthermore, 
players with a low initial muscle glycogen content 
covered 50% of the total distance walking and only 
15% sprinting, compared with 27% walking and 
24% sprinting for the players with normal to high 
muscle glycogen stores. Blood lactate concentra-
tion is consistently lower at the end of a match 
compared with values measured at half‐time, and 
this ties in with the observation that the greatest 
rate of decline in muscle glycogen occurs in the 
first half of the match. Players who start matches 

with low glycogen stores in their leg muscles are 
likely to be close to complete glycogen depletion 
by half‐time and these findings have important 
implications for training and the nutritional prepa-
ration of players. Until relatively recently, however, 
these issues have largely been ignored.

Metabolic responses to intermittent 
high‐intensity exercise

All cellular activities, including nerve transmission, 
biosynthesis, and muscle contractility, are fueled 
by the chemical energy released when the high‐
energy phosphate bond(s) in the adenosine triphos-
phate (ATP) molecule are broken (Figure 1.1). ATP 
is broken down under the influence of a specific 
enzyme (an ATPase) to adenosine diphosphate 
(ADP) and inorganic phosphate (Pi) to yield energy 
for muscle activity or to power other reactions. 
This high‐energy phosphate bond is an immediate 
source of energy, the so‐called energy currency of 
the cell. All other energy‐producing reactions must 
channel their output through this mechanism.

There are three principal means by which cells 
maintain their supply of readily available ATP. The 
first and most rapid of the routes begins with the 
conversion of phosphocreatine (PCr) to creatine 
and phosphate. However, the phosphate group is 
not liberated as inorganic phosphate, but is rather 
transferred directly to an ADP molecule to re‐form 
ATP. This reaction is catalyzed by the enzyme creatine 
kinase, which is present in skeletal muscle at very 

Table 1.1 Maximum rates of ATP resynthesis that can 
be achieved by the metabolic pathways available 
to muscle cells.

μmol/min/g muscle

PCr hydrolysis 440
Lactate formation 180
CHO oxidation 40
Fat oxidation 20

ATP, adenosine triphosphate; CHO, carbodhydrate; PCr, phosphocreatine.

ATP

Metabolism Work

ADP
+
Pi

Figure 1.1 Energy is released to allow cells to do work 
when the ATP molecule is hydrolyzed to ADP and Pi. 
The ATP level in the cells must be maintained to allow 
work to continue, so other metabolic pathways must 
provide the energy for ATP resynthesis.
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high activities, allowing the reaction to occur 
rapidly. In the second pathway, glucose‐6‐phosphate 
(derived from the breakdown of muscle glycogen 
or from glucose taken up from the bloodstream) 
is  metabolized to lactate and produces ATP by 
s ubstrate‐level phosphorylation reactions. Neither 
of these reactions requires oxygen, and the path-
ways are therefore commonly considered to be 
“anaerobic.”

In the third pathway, the products of carbohy-
drate, lipid, protein, and alcohol metabolism can 
enter the tricarboxylic acid (TCA) cycle (also known 
as the citric acid or Krebs cycle, after Sir Hans Krebs, 
who first described it) in the mitochondria and can 
be oxidized to carbon dioxide and water. This pro-
cess is known as oxidative phosphorylation, and in 
the presence of oxygen yields substantial energy 
used in the synthesis of ATP.

Adenosine triphosphate, then, is the immediate 
source of cellular energy and the purpose of the 
three mechanisms described is to regenerate ATP at 
sufficient rates to prevent a significant decline in 
the intramuscular ATP concentration. If the ATP 
concentration falls, the concentrations of ADP and 
adenosine monophosphate (AMP) will rise. The 
concentration ratio of ATP to ADP and AMP is a 
marker for the energy status of the cell. If the ratio 
is high, the cell is in effect “fully charged.” This 
energy charge is monitored in every cell; a fall in 
the ATP concentration or a rise in the concentra-
tion of ADP or AMP will activate the metabolic 
pathways necessary to increase ATP production. 
This is achieved by activation or inhibition of key 
regulatory enzymes by changes in the concentra-
tion of the adenine nucleotides.

It may also be helpful to think of the various 
pathways that can be used to resynthesize ATP in 
terms of the maximum rates of resynthesis that can 
be achieved. Some typical values are shown in 
Table 1.1. It is important to note that these rates are 
influenced by many factors, including muscle fiber 
type, fitness level, and the nutritional status of the 
athlete.

Since substantial storage of ATP in tissues is not 
possible (the amount of chemical energy stored in 
each molecule of ATP is rather small and it would 
be inefficient to store more because of the mass 
that would have to be carried), the challenge d uring 

exercise is for the cell to resynthesize ATP as fast as 
it is broken down, thereby maintaining an ade-
quate intracellular supply of energy. A 70 kg runner 
moving at a speed of 15 km/h will require about 
3.5 L of oxygen per minute, or about 1.17 kW. To 
meet this energy demand, the runner must break 
down about half a kilogram of ATP every minute to 
maintain pace. Given that the total ATP content of 
the body is about 50 g, this means that each mole-
cule of ATP in the body turns over on average about 
once every 6 seconds. In active muscle cells, the 
rate of turnover will be much higher.

The data in Table 1.1 show the maximum rate of 
ATP resynthesis that can be generated by the vari-
ous metabolic pathways in muscle and most other 
tissues. The power which each of these systems 
can  generate is dependent upon the capacity of 
the system (Table 1.2). The capacity of the oxida-
tive metabolic pathways is essentially unlimited 
because of the very large amounts of substrate 
stored and the fact that these substrates can be 
replenished during exercise by ingestion.

Every time a player initiates a burst of activity, 
the rates of PCr utilization and glycolysis increase. 
Muscle samples collected from soccer players dur-
ing and after matches show progressive reduction 
in the [PCr] and severalfold increases in blood and 
muscle lactate concentrations as the intensity and 
duration of exercise increase. Thus, the anaerobic 
energy systems are heavily taxed during periods of 
intense exercise during match‐play.

Glycolysis converts one 6‐carbon glucose mole-
cule to two 3‐carbon molecules, while allowing 
some of the energy liberated to be conserved as 
ATP. The key reactions of anaerobic glycolysis are 
shown in Figure 1.2. It is important to note that 
there is an initial investment in the form of energy, 
but there is a net yield of ATP when glycogen 

Table 1.2 Power that can be generated by the various 
metabolic pathways and the total capacity of those 
systems.

Power (W/kg) Capacity (J/kg)

ATP/PCr hydrolysis 800 400
Lactate formation 325 1000
Oxidative metabolism 200 Unlimited

ATP, adenosine triphosphate; PCr, phosphocreatine.
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(or glucose) is broken down to lactate. Degradation 
of glycogen to lactate allows formation of ATP at 
relatively high rates; the enzymes that catalyze the 
reactions of glycolysis are present at high activities 
and the substrate (glycogen) is normally present 
in relatively large amounts, though the concentra-
tion falls rapidly during high‐intensity activity. 
For each glucose residue converted to lactate, three 
ATP molecules are formed if glycogen is the start-
ing point, and two are formed if glucose is the 
substrate.

When muscle glycogen is rapidly broken down, 
pyruvate is produced at a rate faster than it can be 
oxidized via the TCA cycle. This leads to depletion 
of nicotinamide adenine dinucleotide (NAD), 
which acts as a co‐factor in the glycolytic pathway 
by accepting a hydrogen atom, being converted in 
the process to NADH. NAD is present in the cell in 
very small amounts, and for glycolysis to continue, 
it must be regenerated. At rest and during low‐
intensity exercise, this is accomplished by the 
o xidation of the pyruvate produced by glycolysis to 
carbon dioxide and water. During high‐intensity 
exercise, however, glycolysis proceeds faster than 
the capacity of the aerobic pathway to dispose of 
the pyruvate formed (Figure 1.3).

Conversion of pyruvate to lactate occurs faster 
than the metabolism of pyruvate to carbon dioxide 
and water, thereby allowing energy production by 

glycolysis to continue at high rates. Thus, although 
lactate formation is often seen as a negative process, 
it is actually a positive process in that it allows 
high‐intensity work to be performed. Anaerobic 
glycolysis is clearly an important source of ATP 
resynthesis during high‐intensity activity, and 
becomes especially important during repeated 
bouts of high‐intensity exercise when the creatine 
phosphate content of the muscle may be depleted. 
Anaerobic glycolysis produces only three molecules 
of ATP for each molecule of glucose 6‐phosphate 
derived from muscle glycogen, compared with 38 
molecules of ATP when the glucose molecule is 
completely oxidized to carbon dioxide and water. 
However, the limited capacity of ATP regeneration 
made possible by shunting pyruvate to the anaero-
bic glycolytic pathway may be considered compen-
sated for by the speed of the reaction and the high 
power that can as a result be generated.

The reactions of glycolysis result in a release of 
hydrogen ions that cause the muscle pH to fall as 
lactate accumulates. This has a variety of effects 
on the muscle as shown in Figure 1.4. Some of the 
hydrogen ions are immediately buffered within 
the muscle cell and some diffuse out of the cell into 
the extracellular space, limiting the intracellular in 
intracellular pH.

Despite the negative effects of a falling pH, 
the energy made available by anaerobic glycolysis 
allows a higher intensity of exercise than would 
otherwise be possible.

ATP

Glycogen + Pi

Glucose-1-P Glucose

Fructose-6-P

Fructose-1,6-diP

Pyruvate (x2)

Lactate (x2)

ATP

ADP
ADP

4ADP

4ATP

Figure 1.2 Key reactions of glycolysis, showing steps 
where energy must be added to the system and where 
ATP is generated.

Pyruvate

CO2+ H2O

Lactate

Glycogen

ANAEROBIC

AEROBIC
TCA
Cycle

Figure 1.3 The metabolic fate of carbohydrate 
(glycogen) stored in muscle depends on exercise 
intensity and the metabolic capacity of the muscle cell.
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Aerobic metabolism ultimately provides all the 
energy used by the body, and this is achieved by 
the oxidation of stored or ingested fuels in the 
form of carbohydrate, protein, fat, and alcohol 
(Figure 1.5).

The pyruvate that results from glycolysis (which 
occurs in the cell’s cytoplasm) normally moves into 
the mitochondria where it is aerobically metabo-
lized via the citric acid cycle. This cyclical series of 
biochemical reactions leads to the oxidation of 
pyruvate to carbon dioxide and water, and in the 
process generates ATP via oxidative phosphoryla-
tion (aerobic metabolism). The citric acid cycle is 
the final common pathway for the metabolism of 
carbohydrate, fats, and protein. Aerobic metabo-
lism generates about 90% of all the ATP produced 
by the body, while anaerobic metabolism produces 
the remaining 10%.

Glycogen

Glucose-1-P

Fructose-6-P

Fructose-1,6-diP

Pyruvic acid

Lactic acid

M
u

s
c

l
e

–ve

H+

H+

–ve

Sensory
nerve

Buffer

Figure 1.4 The glycolytic pathway (note that several 
steps have been omitted to show only key reactions 
and consequences).
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Amino
acids
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TG
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By definition, oxygen is required in the final series 
of aerobic metabolic reactions, combining with 
hydrogen ions to produce water. Oxygen is extracted 
from inspired air by the lungs, where it binds to 
hemoglobin and is transported to the tissues by red 
cells within the bloodstream. One measure of an 
athlete’s fitness is his/her ability to utilize oxygen to 
efficiently produce ATP. This capacity is commonly 
known as the maximal oxygen uptake, or VO2max. 
Although respiration is the principal source of 
oxygen utilized during a erobic metabolism, it is 
important to note that skeletal muscle does store 
a small amount of o xygen bound to myoglobin, 
a  heme‐containing molecule that can provide an 
immediately available source of oxygen in the 
absence of adequate respiratory oxygen delivery.

Fatigue and recovery in multiple 
sprint sports

Fatigue is an inevitable consequence of sufficiently 
intense or prolonged exercise. Many factors 
c ontribute to fatigue and in all but a few situations, 
it is probably futile to look for a single cause of 
fatigue. Possible causes of fatigue during high‐
intensity exercise include:
• phosphocreatine depletion
• decrease in pH
• glycogen depletion
• electrolyte imbalance
• central nervous system effects.
Each of these factors may be responsible for 
l imiting exercise performance in specific situations, 
and some of these have practical implication 
for  the athlete seeking to maximize performance 
(Mohr et al. 1996).

In the early 1990s it was shown that short 
p eriods of diet supplementation with creatine could 
increase muscle phosphocreatine stores and enhance 
performance in high‐intensity sprints (Birch et al. 
1994). Creatine enhances performance in activities 
lasting less than about 5 minutes, p articularly when 
performing repeated sprints with short recovery 
periods (Casey et al. 1996). There is also some evi-
dence that a few days of creatine s upplementation 
can promote increases in muscle strength.

The acidosis that results from a high rate of 
anaerobic glycolysis can be countered by ingestion 
of buffering agents. Bicarbonate and citrate act 
as  extracellular buffers, promoting the efflux of 
hydrogen ions from the cells where they are 
p roduced into the extracellular space and thus 
allowing more lactate (and hence ATP) to be pro-
duced before the pH becomes limiting. Ingestion of 
β‐alanine can increase the intramuscular concen-
tration of the dipeptide carnosine, and this in turn 
can increase intracellular buffering capacity and 
enhance sprint performance.

Glycogen availability per se is not usually con-
sidered to be responsible for fatigue during short‐
term high‐intensity exercise, provided that the 
preexercise glycogen store is not less than 
25 mmol/kgww. However, some scientists have 
suggested that the critical level of muscle glyco-
gen concentration below which impairment of 
anaerobic ATP resynthesis occurs is somewhat 
higher than this, at about 45 mmol/kgww. It is 
possible that glycogen unavailability limits per-
formance during repeated bouts of high‐intensity 
exercise if performed for a prolonged period. Note, 
however, that this effect depends to a large degree 
on the extent of the decline in the rate of glycog-
enolysis and lactate production that occurs under 
these conditions. As described earlier, the initial 
muscle glycogen level of soccer players influences 
their performance (particularly in the second half 
of a game). A similar message comes from a study 
of ice hockey players who raised their preexercise 
muscle glycogen c ontent by 12% after dietary 
c arbohydrate loading before competition. The 
group of players who g lycogen‐loaded covered 
greater distances during the game, and at faster 
average speeds than the control group that did 
not carbohydrate load.

Furthermore, in recent years, several studies have 
documented beneficial effects of ingesting carbo-
hydrate solutions on soccer and tennis perfor-
mance. It has been observed that a majority of 
goals in soccer are scored towards the end of 
matches. This may occur due to a reduction in the 
work rate of the defenders or because of mental 
fatigue, leading to lapses in concentration and 
deterioration in skill. As blood glucose concentra-
tion does not decline during soccer‐specific exercise 
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protocols, it can be concluded that carbohydrate 
ingestion does not improve endurance performance 
and execution of skills in soccer by preventing the 
development of hypoglycemia.

According to time‐motion analyses and perfor-
mance measures during match‐play, fatigue or 
reduced performance seems to occur at three differ-
ent stages in a soccer match: after short‐term 
intense periods in both halves; in the initial phase 
of the second half; and towards the end of the 
match. Temporary fatigue after periods of intense 
exercise does not appear to be linked directly to 
muscle glycogen concentration, lactate accumula-
tion, acidity or the breakdown of PCr (Krustrup 
et  al. 2006). Instead, it may be related to distur-
bances in muscle ion homeostasis and an impaired 
excitation of the sarcolemma.

Soccer players’ inability to perform maximally in 
the initial phase of the second half may be due to 
lower muscle temperatures compared with the end 
of the first half. Thus, when players perform low‐
intensity activities in the interval between the two 
halves, both muscle temperature and performance 
are better preserved. Muscle glycogen is typically 
reduced by 40–90% during a game and is probably 
the most important substrate for energy produc-
tion. Even when whole muscle glycogen may 
appear adequate, fatigue toward the end of a match 
might be related to depletion of glycogen in some 
individual muscle fibers that have been active 
during the game. In one study, it was found that 
whole muscle glycogen decreased by about 43% 
during a soccer match, but that almost half of the 
muscle fibers were completely or nearly devoid of 
glycogen after the contest.

A group of Swedish professional soccer players 
was studied after playing a midweek game and pre-
paring for another match on the Saturday (Table 1.3). 

One part of the group was fed a high‐carbohydrate 
(CHO) diet for the few days between the games and 
the other part of the group consumed their normal 
diet, which had a relatively low CHO content. 
Muscle biopsies were taken from the thigh muscles 
of the players before the Saturday game, at half‐
time, and at the end of the match. Video analysis of 
the match was used to measure the distance covered 
by each of the players during the contest. The frac-
tion of the total distance covered at sprinting speed 
and walking speed was also determined, the remain-
ing distance being covered at an intermediate speed. 
The high CHO group had higher muscle glycogen 
stores at the start of the game, and at the end of the 
game still had some muscle glycogen left, whereas 
the control group had none. The total distance cov-
ered by the two groups of players in the first half was 
not significantly different but in the second half, 
when muscle glycogen concentration was lower, the 
players on the lower CHO diet were not able to run 
as far. The high CHO group covered more distance 
at sprinting speed (24% of a total distance of 
12.0 km) and spent less time walking compared with 
the other group (see Table 1.3) (Jacobs et al. 1982).

At rest, sodium concentration inside cells is 
low and potassium concentration is high, while 
the situation is reversed in the extracellular 
e nvironment. When muscles and nerves are 
a ctivated, sodium enters the cells and potassium 
exits. In high‐intensity exercise, the transmem-
brane gradients for potassium and sodium in the 
active muscles fall, causing the membrane 
p otential to fall. This can impair development and 
propagation of the action potential, but there is 
little evidence to show failure. The metabolic 
a cidosis that results from high rates of glycolysis 
helps counter this effect by maintaining membrane 
excitability.

Table 1.3 Muscle glycogen concentration and distance covered during the first and second half of a soccer match.

Muscle glycogen concentration
(g/kg muscle ww) Distance covered (km) % Distance covered

Before Half‐time End 1st half 2nd half Total Walking Sprinting

15 4 1 6.1 5.9 12.0 27 24
7 1 0 5.6 4.1 9.7 50 15
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One of the consequences of rapid PCr hydrolysis 
during high‐intensity exercise is the accumulation 
of Pi, which has been shown to inhibit muscle con-
traction directly. However, the simultaneous deple-
tion of PCr and Pi accumulation makes it difficult 
to separate the effect of PCr depletion from Pi accu-
mulation. Calcium release from the sarcoplasmic 
reticulum as a consequence of muscle depolariza-
tion is essential for the activation of muscle excita-
tion‐contraction coupling. It has been demonstrated 
that during fatiguing contractions, there is a slow-
ing of calcium transport and progressively smaller 
calcium gradients that have been attributed to a 
reduction in calcium reuptake by the sarcoplasmic 
reticulum and/or increased calcium binding in the 
cytoplasm. Strong evidence that a disruption of 
calcium handling is responsible for fatigue comes 
from studies showing that stimulation of calcium 
release from the sarcoplasmic reticulum of isolated 
muscle by the administration of caffeine can 
improve muscle force production, even when 
m uscle pH is low. Thus, there may be a long‐term 
effect of prior high‐intensity exercise on calcium 
ion handling by the sarcoplasmic reticulum.

Several studies have shown that reduced muscle 
pH can interfere with excitation‐contraction cou-
pling, and high muscle lactate concentrations have 
also been reported to inhibit calcium ion release 
from the sarcoplasmic reticulum. Therefore, the 
removal of lactate and H+ from skeletal muscle is 
likely to important for the ability to maintain 
power output during repeated bouts of high‐intensity 
exercise. Export of lactate across the sarcolemma 
membrane is mediated by a lactate/H+ co‐transporter, 
and high‐intensity exercise training enhances the 
lactate/H+ transport capacity of human skeletal 
muscle. Light‐to‐moderate exercise increases the 
rate at which lactate is eliminated from the muscle 
and the circulation following high‐intensity exer-
cise: an active warm‐down is therefore more effec-
tive than rest at clearing lactate and promoting 
recovery. Lactate is taken up from the blood mainly 
by the liver, heart, and type I skeletal muscle fibers. 
Most of it is converted to pyruvate and oxidized by 
these tissues.

In a hot and humid environment, dehydration 
and hyperthermia may result in reduced cerebral 
function that may also contribute to fatigue and 

deterioration in performance. This may be related 
to changes in brain oxygenation resulting from 
reductions in blood flow or to a reduced synthesis 
and release of key neurotransmitters, but it may 
also be related to changes in the permeability of 
the blood–brain barrier. These changes may influ-
ence the recruitment of motor neurons causing a 
deterioration of muscle function. There is some 
evidence that muscle contractility remains intact, 
as shown by the continued ability of the muscle to 
contract in response to direct electrical stimulation 
of the motor nerve or to magnetic stimulation of 
the brain.

In conclusion, fatigue or impaired performance 
in sports involving multiple sprints occurs during 
various phases in a match, and different physiolog-
ical mechanisms appear to be responsible for 
fatigue during different periods of a contest.

Integrated physiological response

The metabolic response to exercise is dictated 
largely by the biochemical characteristics of the 
muscle fibers and their recruitment pattern. In low‐
intensity work, only a few motor units are activated 
and these will involve predominantly type I fibers. 
These fibers have a high oxidative capacity, a rela-
tively low glycolytic capacity, and a good supply of 
oxygen (Box 1.1). Most of the energy required by 
these fibers is derived from the oxidation of fatty 
acids derived either from the plasma or from intra-
cellular fat stores. Carbohydrates contribute only a 
small amount of energy to these type I muscle fib-
ers. However, as motor unit recruitment continues, 
fibers with less capacity for fat oxidation and a pro-
gressively greater reliance on carbohydrate metabo-
lism are activated (type II). When the muscle is 
breaking glycogen down to pyruvate faster than the 
pyruvate can be oxidized in the TCA cycle, the 
excess pyruvate is converted to lactate, regenerating 
the co‐enzyme NAD within the cytoplasm of the 
cells and permitting glycolysis to continue. Some of 
this lactate diffuses out of the muscle and causes a 
progressive rise in the blood lactate concentration.

The pattern of substrate utilization during exercise is 
therefore dictated by intensity and duration of activity. 
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The pattern is not fixed, however, and will change 
over time. It is modulated by a number of factors, 
including prior diet and exercise, fitness level, and 
environmental conditions. Increasing the muscle 
glycogen content by feeding a high‐c arbohydrate 
diet for a few days will lead to an increased rate 
of glycolysis at rest and during e xercise; blood 
lactate will be elevated and carbohydrate oxidation 
also increased. Likewise, feeding a high‐fat, low‐
carbohydrate diet will shift meta bolism in favor of 
fat oxidation. Increasing aerobic fitness by endur-
ance training has a number of c ardiovascular and 
metabolic effects, but one of the key adaptations is 
an increase in the oxidative capacity of muscle, and 
in particular an increase in the ability to oxidize 
fatty acids. This results in a marked shift in the 
pattern of substrate use in favor of fat oxidation.

An individual’s maximum oxygen uptake 
(VO2max) is a key element of performance in exercise 
lasting more than a few minutes. VO2max repre-
sents the peak rate of energy production that can be 
achieved aerobically – the energy required for any 
power output exceeding this must come entirely 
from anaerobic metabolism. The importance of 
VO2max for endurance athletes such as marathon 
runners lies in the fact that endurance capacity is 
largely a function of the fraction of VO2max that is 
required: the higher the fraction of aerobic capacity 
that must be used, the shorter the time over which 
a given pace can be sustained. Improving perfor-
mance requires an increase in VO2max, an increase 

in the fraction of VO2max that can be sustained for 
the duration of the race, or a decrease in the energy 
cost of running. In practice, all of these can be 
achieved with suitable training. Interestingly, there 
is some recent information that ingesting high 
doses of nitrate can reduce the oxygen cost of sub-
maximal exercise, and more recent data suggest 
that this same effect can be achieved by feeding 
beetroot juice, which has a high nitrate content.

The factors that limit VO2max have been the 
subject of much debate over the years, in part 
because the limitation may vary in different types 
of exercise, in different environments, and in dif-
ferent individuals. Thus, it would not be unusual to 
find a VO2max of 70 mL/kg/min in a marathoner, 
but only 55 mL/kg/min in a volleyball athlete, 
reflecting the typical response to training in these 
different sports. The lungs are not usually thought 
to limit performance at sea level in the absence of 
lung d isease, and attention has focused primarily 
on whether the limitation lies in the delivery of 
oxygen by the cardiovascular system or the ability 
of the working muscles to utilize oxygen.However, 
the oxygen content of the inspired air falls at 
a ltitude, leading to a decline in arterial oxygen 
s aturation, decreased oxygen transport, and a fall 
in VO2max. Performance in endurance events is 
g enerally reduced at altitudes above about 1500 m. 
Studies of the responses to training of the inspira-
tory muscles also provide some support for the idea 
that there may be a pulmonary limitation.

Box 1.1 Muscle fiber types

Human muscle fibers can be classified in a number of ways, 
depending on their maximum speed of contraction, their biochemi-
cal characteristics, and their resistance to fatigue. Contraction 
occurs by interaction of actin and myosin filaments within the fibers, 
and the speed of contraction is determined largely by the ATPase 
activity of the myosin: the faster ATP can be hydrolyzed to release 
energy, the faster contraction can occur.

Three main fiber types are generally recognized in skeletal 
muscle.

• Type I slow oxidative (also called slow‐twitch or fatigue‐resistant 
fibers) are dark red because of their high myoglobin content and 
high density of blood capillaries, contain many mitochondria and 
so have a high oxidative capacity, have a slow peak contraction 
v elocity, and are relatively fatigue resistant. They occur in higher 

numbers in postural muscle. Elite endurance athletes have higher 
than normal numbers of these fibers.

• Type IIa fast oxidative (also called fast‐twitch A or fatigue‐resistant 
fibers) also have a high myoglobin content and high density of 
blood capillaries, contain many mitochondria and so have a high 
oxidative capacity, but they can hydrolyze ATP at a high rate and 
so have a fast peak contraction velocity. They are resistant to 
fatigue, but less so than type I fibers.

• Type IIb fast glycolytic (also called fast‐twitch B or fatiguable fibers) 
have a low myoglobin content, low capillary density, and few 
mitochondria. These fibers can hydrolyze ATP at a high rate and 
so have a fast peak contraction velocity. They have a high glycolytic 
enzyme activity and contain large amounts of glycogen. They are 
useful when high power outputs are needed, but fatigue rapidly. 
The muscles of elite sprinters have high proportions of these fibers.
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Cardiovascular

The cardiovascular system fulfills a number of 
important functions, including delivery of oxygen 
and nutrients to all tissues and removal of waste 
products, control of heat flux within the body, 
and circulation of hormones from their produc-
tion sites to their sites of action. The idea that 
limitations to oxygen delivery are imposed by the 
cardiovascular system has strong experimental 
support, and the limitation may lie at any one or 
more of several stages. The key element appears to 
be the maximum cardiac output that can be 
achieved, as this is closely related to both VO2max 
and endurance performance. Cardiac output is 
the  product of heart rate (the number of times 
the heart beats each minute) and stroke volume 
(the volume of blood ejected by the left ventricle 
with each beat). The stroke volume is determined 
primarily by the dimensions of the heart – a large 
left ventricle is one of the defining characteristics 
of a successful endurance athlete. In contrast, the 
maximum heart rate does not differ greatly 
between trained and untrained individuals. The 
low resting heart rate of the highly trained endur-
ance athlete (typically about 30–50 beats/min) 
compared to the sedentary person (typically about 
70 beats/min) reflects the larger stroke volume of 
the trained individual. A high blood volume will 
also benefit the endurance athlete by helping to 
maintain the central venous pressure and thus 
maintaining stroke volume.

The oxygen‐carrying capacity of the blood is 
also important, and this will be influenced by the 
hemoglobin (Hb) concentration and the total 
blood volume. Almost all the oxygen in the blood 
is transported bound to hemoglobin and each 
gram of hemoglobin can bind 1.34 mL of oxygen. 
This means that, for the average male with a Hb 
concentration of about 150 g/L, arterial blood 
contains about 200 mL of oxygen per liter of 
blood when it leaves the lungs. For the average 
female, with a somewhat lower Hb concentration 
of about 130 g/L, the oxygen content is about 
175 mL. This difference accounts (in part) for the 
generally higher aerobic capacity of males. It also 
explains the various strategies used by athletes to 
increase the hemoglobin content of the blood; 

these strategies include altitude training, the use 
of agents such as erythropoietin (EPO) that stim-
ulates the formation of new red blood cells, and 
the use of blood transfusions prior to competi-
tion. These latter strategies are prohibited by the 
World Anti‐Doping Agency, but their use is more 
common in endurance athletes than in volleyball 
players.

Oxygen delivery to the muscles will depend in 
part on the density of the capillary network within 
the muscles. An increase in the number of capillar-
ies, or a reduction in the size of the muscle fibers, 
means less distance for oxygen to diffuse from the 
capillary to the mitochondria within the muscle 
where it is used.

Thermoregulatory

Body core temperature must remain within nar-
row limits, but about 80% of the energy available 
from the catabolism of nutrients appears as heat. 
This is useful for the maintenance of body tem-
perature in cold environments but presents a 
c hallenge in prolonged hard exercise in hot 
environments, where heat is generated at high 
rates but heat loss to the environment is more 
difficult. Heat stress during exercise poses a major 
challenge to the cardiovascular system; in addi-
tion to continuing to supply blood to the working 
muscles, the brain, and other tissues, there is a 
greatly increased demand for blood flow to the 
skin. This requires an increased cardiac output, 
but also means that a large part of the blood vol-
ume is distributed to the skin so the central blood 
volume is decreased. This in turn may reduce the 
return of blood to the heart and result in a fall in 
stroke volume; if the heart rate cannot increase to 
compensate, cardiac output will fall. If this happens, 
there must be either a reduced blood flow to 
the muscles, and hence a reduced supply of oxy-
gen and substrate, or a reduced blood flow to the 
skin, which will reduce heat loss and accelerate 
the development of hyperthermia. It seems likely 
that the temperature of the brain is the most 
r elevant parameter, but there seems to be no set 
temperature at which exercise must be terminated 
and fatigue may occur across a wide range of core 
temperatures.
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Adaptations to training

The aim of training is to increase functional capac-
ity, and a few basic principles apply to all types of 
training. Training affects every organ and tissue of 
the body, but the adaptation is specific to the train-
ing stimulus and to the muscles being trained. 
A  well‐designed strength training program will 
have little effect on endurance, and vice versa. One 
leg can be specifically trained for strength and the 
other for endurance, with relatively little cross‐
over. Training is not entirely specific, as the effects 
on the cardiovascular system will be similar 
whether running or cycling – or indeed skipping or 
dancing  –  are performed. The improvement in 
p erformance is, or at least should be, proportional 
to the training load; the training load is described 
by the intensity, duration, and frequency of the 
training sessions. Within limits, the harder an 
a thlete trains, the greater the improvements in 
p erformance that result. Few athletes reach the 
limit, but a small number of those who do can 
experience an overtraining syndrome that results 
in long‐term fatigue and loss of performance.

Training provides the stimulus to turn on the 
genes responsible for the expression of functional 
proteins. Strength training leads to synthesis of 
more actin and myosin, making muscles bigger 
and stronger, while endurance training leads to 
synthesis of more oxidative enzymes and all the 
other components necessary for endurance perfor-
mance. A selective stimulation of protein synthesis 
and degradation must be taking place. Strength 
and power athletes train to increase muscle 
strength, peak power, and anaerobic capacity. Such 
training typically involves high‐load resistance 
training and repeated short sprints, resulting in:

• increased muscle size, and hence muscle 
strength, which is closely related to the muscle 
cross‐sectional area
• increased activity of the glycolytic enzymes in 
the trained muscle, leading to an increased capacity 
for ATP generation by anaerobic glycolysis
• increased buffering capacity of the skeletal 
muscle.
These changes result in part from a specific hyper-
trophy of the type IIb muscle fibers – the fast‐twitch, 

high‐glycolytic fibers. These fibers are t ypically 
recruited only during high‐intensity efforts or when 
the slow‐twitch, high‐oxidative fibers are fatigued 
and cannot be activated. Training at low intensity 
or lifting light weights will not activate these fibers; 
if they are not activated during t raining, there is no 
stimulus for them to adapt.

Aerobic training enhances the body’s oxygen‐
carrying capacity and utilization, and thereby 
improves the ability to perform prolonged submax-
imal exercise. Elite endurance‐trained athletes can 
typically achieve VO2max values in the range of 
70–85 mL/kg/min. Elite volleyball athletes appear 
to generally fall within the range of 55–65 mL/kg/
min, which is the value typically expected for 
good club‐level endurance athletes. Thus, an 
a thlete’s cardiorespiratory performance capacity 
is  determined both by training and by genetic 
endowment, e.g. the proportion and distribution 
of different muscle fiber types. Physiological 
a daptations to aerobic conditioning include:

• increased heart size, resulting in increased 
m aximal cardiac output
• reduction in resting heart rate, reflecting the 
increased cardiac stroke volume
• increased blood volume and oxygen‐carrying 
capacity
• increased number and size of mitochondria.

Summary

All team games, including volleyball, involve 
repeated bouts of high‐intensity exercise inter-
spersed with short periods of relatively lighter 
e xercise. The average exercise intensity during play 
may be as high as 75% VO2max but the pattern of 
play is complex and energy demands fluctuate 
c onstantly. Maintaining performance for the full 
duration of matches is crucial to success and 
depends to a large degree on the ability of the 
m uscles to generate high power while performing 
skilled movements and to recover quickly. The 
extent of recovery is affected by the intensity and 
duration of the last bout of exercise, the biochemi-
cal and physiological characteristics of the indi-
vidual, and the time available for recovery before 
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another bout of exercise. At the onset of intense 
muscle contraction, a rapid hydrolysis of PCr and 
accumulation of lactate occur to provide energy 
without the need for oxygen delivery. When 
repeated bouts of maximal exercise are performed, 
the rates of muscle PCr hydrolysis and lactate 
accumulation decline.

Other factors that are likely to have an impact on 
performance during multiple sprint activities 
include the ability to reestablish skeletal muscle 
interstitial potassium concentration and the intra-
cellular concentrations of glycolytic intermediates, 
inorganic phosphate (Pi) and hydrogen ions as these 
affect electrochemical‐mechanical coupling. A grad-
ual depletion of muscle glycogen stores is also likely 
to affect performance later in match situations.
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Introduction

Volleyball, like many other team sports, is a game 
of intermittent high‐intensity activity patterns 
with variable characteristics between positions 
and from one match to the next. This creates some 
diversity in the physiological challenges and nutri-
tional needs of volleyball players. Nevertheless, 
there are clear ways in which nutrition can support 
the training and competition goals of players, as 
well as common strategies which can help players 
overcome the practical challenges of achieving 
these goals in a demanding lifestyle. The goal of 
this chapter is to overview four key areas in which 
nutrition can optimize performance in volleyball: 
achievement of ideal body physique and energy 
needs, nutritional support for training, strategies 
for optimizing competition performance, and con-
sidered use of sports foods and supplements within 
a sports nutrition plan.

Supporting adequate energy availability 
and the ideal physique for volleyball

Success in volleyball is strongly related to physical 
characteristics  –  being tall, powerful, speedy and 
agile – that raise several nutritional challenges for 
the volleyball player. First, there are the energy and 

nutrient requirements to support growth and 
maintenance of a large body size and muscle mass. 
Second, the specific support of a training program 
that combines strength training with sessions 
focusing on the skill/movement demands of match‐
play must be taken into account. Finally, there is 
the recognition that energy needs can vary over 
the player’s week, year, and career to accommodate 
issues such as growth spurts, injury, the off‐season, 
periods of intensified training, or a busy competi-
tion schedule. Therefore, the volleyball player 
needs not only to recognize his or her energy 
needs, but be able to increase and decrease energy 
intake according to fluctuations in these needs.

Achieving appropriate energy intake is a key 
principle of the player’s nutrition plan as well as a 
challenge in their lifestyle. Energy intake plays this 
important role since it not only allows body com-
position to be manipulated and supports the fuel 
cost of exercise, but also determines whether all 
other body systems are working at optimal effi-
ciency. Adequate energy intake should also be sup-
ported by a good spread of protein over the day to 
ensure that there is optimal opportunity to build 
the new proteins associated with growth, muscle 
hypertrophy or adaptation to training.

The baseline energy demands of a tall and well‐
muscled volleyball player are higher than for most 
other athletes. The growth demands of the youth 
and adolescent player create even higher energy 
requirements, especially when combined with the 
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fuel needs of a busy training program. Energy avail-
ability is a new concept in sports nutrition which 
focuses on the player’s ability to consume enough 
energy to cover all these needs. It specifically cov-
ers the amount of energy left over once the energy 
cost of training or match‐play has been subtracted 
from energy intake. Since this energy must cover 
the cost of all other body processes for growth, 
health, and optimal function, when it becomes 
too  low, the body adapts by cutting back on 
the  energy it can devote to these processes. 
Consequently, there is an impairment of bone 
turnover, muscle protein synthesis, immune func-
tion, and many other processes needed to optimize 
the player’s health and performance. Low energy 
availability – or what has now been termed relative 
energy deficiency in sport (RED‐S) (Mountjoy 
et  al. 2014)  –  can occur in sport via a variety of 
causes, with the most common being disordered 
eating, following an overenthusiastic and/or badly 
planned weight loss diet, or failing to recognize or 
respond to a period of higher energy need. In other 
words, this problem can require different solutions, 
ranging from time management counseling to 
expert psychological support.

The starting point for most volleyball players is 
to organize a basic eating plan with a regular 
spread of energy over the day, making use of nutri-
ent‐rich snacks and high‐energy drinks to supple-
ment the energy provided by meals. Many players 
follow the nutritional strategies of strength train-
ing athletes, emphasizing protein intake in the 
diet and using supplements claimed to achieve 
muscle gain. However, work with younger players, 
in particular, shows the main obstacles to optimal 
growth and gain in muscle mass are inadequate 
energy intake and uneven spread of nutritional 
support over a busy day. When the daily timetable 
includes combinations of training, a busy match 
schedule (young players may compete in multiple 
teams or competitions), school and medical/recov-
ery activities, opportunities for food intake may be 
limited unless the player is well prepared. Table 2.1 
identifies some of the key strategies to assist a 
player to meet high energy needs to support 
growth, deliberate weight/muscle gain or a high 
exercise volume.

Protein is of importance to the achievement of 
physique goals, as well as to support adaptation to 

training. While surveys generally find that ath-
letes in team sports rarely fail to reach adequate 
amounts of total dietary protein, many are una-
ware of the role of the timing, spread, and quality 
of protein intake for optimal outcomes. Many 
studies have found that maximal protein synthe-
sis in the muscle is produced when an exercise ses-
sion is followed soon after by the intake of a 
high‐quality protein source. Although this con-
cept is better known in relation to resistance train-
ing, the same outcome occurs with high‐intensity 
exercise and endurance exercise, with the type of 
exercise determining the types of proteins that are 
preferentially synthesized. For example, resistance 
exercise promotes the synthesis of proteins associ-
ated with muscle mass and strength while endur-
ance exercise promotes the synthesis of enzymes 
and other proteins involved in metabolism. The 
amount of high‐quality protein needed to maxi-
mize the postexercise response is ~20 g, although 
researchers now recognize that body size affects 
protein needs and that even within a single sport 
like volleyball, a range of body sizes can be found 
across age groups, sex, and playing positions. 
Therefore, the protein intake target might be bet-
ter set as 0.3 g/kg BM, to accommodate the range 
between a small female setter and a large male 
blocker.

A further new concept is that the response to 
each training session lasts for at least 24 hours, and 
that spacing protein intake every 3–5 hours over 
the day provides the best overall opportunity for 
continued adaptation. The repetition of this pro-
tein target of ~0.3 g/kg BM, 4–5 times a day, seems 
the most appropriate way to maximize protein 
goals around muscle gain, adaptation, growth, and 
recovery. However, most of us do not consume 
meals that achieve such a protein distribution; 
rather, protein intake is typically the focus of the 
evening meal and provides only a small presence in 
breakfast and snack choices. Therefore, new sports 
nutrition guidelines (Thomas et al. 2016) have 
moved away from guidelines for total daily protein 
intake (e.g. athletes should aim for a protein intake 
of 1.2–1.7 g/kg/d) with a replacement message of a 
more even distribution of protein over 4–5 meals 
and snacks per day. Table 2.2 provides a checklist of 
high‐quality protein‐rich foods that can help to 
meet these targets. Animal sources of protein are 
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considered high in quality, since they provide all 
the essential amino acids, including leucine. It is 
now recognized that leucine plays a special role in 
protein synthesis, by acting as a trigger to turn on 
the protein‐building machinery within the muscle, 
while the rest of the amino acids provide the build-
ing blocks to form the targeted proteins (Morton 
et  al. 2015). The amino acid mix of vegetable 
sources of protein can be improved by combining 
them in meals with animal protein sources or other 
vegetable protein sources.

Although expensive protein supplements are 
unnecessary, and the multiingredient products 
popular with body builders are particularly risky in 
terms of health and doping concerns, there can be 
times when simple protein powders or fortified 
milk/liquid meal drinks are useful in a sports nutri-
tion plan. For example, many players find it diffi-
cult to prepare or store protein‐rich foods that can 
be eaten in the posttraining scenario, or snacks 
that can be easily accessed when traveling or mov-
ing around in a busy day. Liquid forms of nutrition 

Table 2.1 Strategies for appropriate energy intake and physique management.

Supporting healthy attitudes to physique – special notes for coaches

Encourage players to feel comfortable about their physique changes during adolescence

Avoid or prevent practices that place unnecessary focus on normal physique changes, particularly when it is unconnected to 
performance (e.g. recording player weights or body fat assessments in a punitive way)

Be sensitive to situations where players may feel uncomfortable in minimal/tight clothing (e.g. wearing Lycra suits)

Be aware of problems of restrictive dieting or unhealthy fat gain and assist the player to seek professional help at an early stage

Eating strategies to assist with a high energy intake Eating strategies to assist with a reduced energy intake

Develop the food knowledge and practical skills that assist in the organization of a regular plan of fluid and drinks over the day: time 
management skills, shopping and cooking, clever supplies for “eating on the run,” etc. so that food intake is planned rather than haphazard

Recognize risk factors for inadequate energy intake and take proactive 
action: growth spurts, intensified training periods, heavy match schedule, 
overcommitted lifestyle, living in environment (e.g. college dorm or during 
travel) where access to food is limited, poor nutrition knowledge and skills

Recognize risk factors for excessive energy intake in relation to 
expenditure and take proactive action: end of growth spurt, injury or 
off‐season, competition taper, all‐you‐can‐eat dining environments 
(e.g. athlete villages), poor nutrition knowledge and skills

Plan a series of wholesome meals and snacks over the day to allow 
regular intake of energy and protein. Don’t mistake the need for extra 
energy as permission to overeat “junk foods”

Plan a series of filling meals and snacks over the day to allow 
regular intake of energy and protein and avoid hunger/fatigue 
spots. Reduce unnecessary intake of fats and sugar to lower the 
energy density of food choices.

Plan to spread meaningful amounts of high‐quality protein at each meal or 
main snack over the day (including posttraining and prebedtime snacks). A 
target of 0.3 g/kg BM is useful, e.g. 20–35 g for 60–100 kg players. Many 
everyday foods can meet this target but skim milk or simple whey protein 
powders may be useful in making protein‐enriched drinks, soups and 
desserts

Plan to spread meaningful amounts of high‐quality protein at 
each meal and the posttraining snack. A target of 0.3 g/kg BM is 
useful – 25–30 g for 80–100 kg players – but needs may be even 
higher (30–40 g per serve) when actively losing weight. Protein 
helps to sustain feelings of satiety over the day, and in the case of 
a weight loss diet, can minimize the loss of lean mass

Be organized to have portable snacks/meals that can travel in a busy 
lifestyle

Don’t skip meals or overrestrict intake. Hunger often leads to 
overeating

Make the most of compact nutrient‐packed drinks that are simple to 
consume: fruit smoothies, milkshakes, juice, liquid meals

Minimize the intake of energy‐containing drinks so that most of the 
day’s energy intake needs to be chewed and consumed more slowly

Ensure that you eat around training sessions, so that your intake tracks 
with extra energy needs: extra training = extra food

Be wary of alcohol intake for its high energy content and ability to 
distract you from following sensible eating (and general behavior)

Don’t overdo high fiber or bulky food choices – when appetite or stomach 
space seems limited, let vegetables, salads, and wholegrain choices 
accompany the meal rather than cause overfilling

Make meals and snacks filling by adding plenty of fresh salads 
and vegetables or watery fruits (e.g. berries and melons), and by 
choosing wholegrain forms of cereal foods. Add the satiating 
effect of protein

Keep a record every once in a while to see how well the eating plan is 
being achieved or to identify times where meals/snacks are skipped

Keep a record every once in a while to see how well the eating 
plan is being achieved or to identify times where problem 
behaviors are occurring (e.g. boredom eating, overeating)
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are useful when appetite is suppressed after train-
ing or when it is difficult to eat a large volume of 
food; in addition, they are a rapidly digested form 
of protein for the postexercise situation where a 
quick increase in blood amino acid concentrations 
promotes rapid recovery.

The manipulation of body mass and composi-
tion is a frequent goal in sports nutrition. Gain in 
muscle mass is a natural part of growth and matu-
ration in young players, but can be enhanced or 
continued in adulthood by a program of resistance 
training supported by a high energy intake and 
well‐distributed protein intake. In many cases, it 
may take a plan of 5–6 eating occasions, including 

a final protein‐rich snack just before bed, to pro-
mote overnight protein synthesis (Snijders et  al. 
2015), to maximize the results (see Table 2.1).

However, volleyball players may also need to 
achieve loss of body weight/fat at other stages of 
their careers. There is pressure in many sports for 
athletes to reduce body fat to very lean levels for 
actual or perceived performance advantages, as well 
as esthetic considerations. Although it is tempting 
to think that the loss of body mass/fat will lead to 
an increased vertical jump or greater speed and agil-
ity on court, this benefit will only hold true if it is 
part of achieving a healthy body composition for 
an individual which can be sustained as part of 
good nutrition practices. Although some situations 
of fat loss are warranted and beneficial, athletes are 
not immune to the temptations of fad diets and 
“extreme makeovers” that cause concern in the 
general community. Indeed, as in most sports, there 
are concerns around disordered eating and poor 
body image in team sports, particularly among 
female athletes. Volleyball programs should ensure 
that they provide an environment which is sup-
portive of all aspects of performance nutrition, 
including an objective approach to periodic moni-
toring of body composition, and access to profes-
sional advice regarding the individualized selection 
and achievement of body composition goals 
(Sundgot‐Borgen et al. 2013).

The problems of low energy availability were 
discussed in the first section, and are often identi-
fied in female athletes in the form of the loss of 
regular menstrual function. This should not be 
considered normal or heathy and should be dis-
cussed with a sports physician.

Loss of excess body fat may be required after peri-
ods of imbalanced energy intake such as the return 
from the off‐season or injury break, or scenarios 
such as travel or relocation to a college or athlete 
program with a new eating environment. Ideally, 
better management would take place to minimize 
the gain in body fat associated with periods of 
reduced energy expenditure and increased food 
intake. Thereafter, reduction in body fat can be best 
achieved by a slow but continued process involv-
ing a small reduction in daily energy intake and 
an appropriate training plan (Garthe et al. 2011). 
An increase in protein intake during this period 

Table 2.2 Checklist of protein‐rich foods providing 
10 g protein.

Type of protein 
source

Amount of product needed to provide 
10 g protein

Animal foods • 2 small eggs
• 300 mL reduced or low‐fat milk
• 200 mL protein fortified milk
• 30 g (1.5 slices) of reduced fat cheese
• 70 g cottage cheese
• 200 g carton low‐fat fruit yogurt
•  100 g protein‐enriched Greek‐style 

yoghurt
• 250 mL low‐fat custard
•  35 g lean beef, lamb or pork (cooked 

weight)
• 40 g lean chicken (cooked weight)
• 50 g grilled fish
• 50 g canned tuna or salmon

Vegetable foods • ¾ cup (150 g) lentils or kidney beans
• 200 g (small tin) baked beans
• 120 g tofu or soy meat
• 400 mL soy milk
• 60 g nuts or seeds

Supplements and 
sports foods

•  15–20 g high protein powder or protein 
hydrolysate

• 120–150 mL liquid meal supplement
• 20–30 g high protein sports bar

Less expensive 
alternatives to 
sports foods and 
supplements

• 25 g skim milk powder
•  250 mL home‐made fruit smoothie 

(recipe for 600 mL = 250 mL low‐fat milk, 
200 g fruit yoghurt, 1 banana or cup 
berries)

•  150 mL fortified milk shake (recipe for 
600 mL = 500 mL low‐fat flavored 
milk + 4 tablespoons ice cream + ¼ 
cup skim milk powder)
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can help to minimize the collateral loss of muscle 
mass (Phillips 2014). Guidelines to reduce energy 
intake to prevent or reverse gain of body fat are 
summarized in Table  2.1. Expertise in achieving 
body composition goals, or other matters of sports 
 nutrition, can be provided by a sports dietitian.

Nutrition to support training goals

The goals of the everyday training diet are to assist 
players to perform, recover, and adapt to their 
training program, as well as to remain healthy and 
injury free. The importance of protein in these 
goals has been covered in the previous section, 
leaving this section to cover needs for carbohy-
drate, fluid, and micronutrients. It should be noted 
that as well as supporting the needs of daily training, 
the everyday diet should provide opportunities for 
players to practice with intended competition 
strategies. Sessions involving scrimmages, match‐
play, and other patterns similar to competition 
provide an opportunity to trial or fine tune strate-
gies such as prematch eating, fluid and fuel intake 
during a match, and postmatch recovery eating.

Carbohydrate has become a misunderstood die-
tary energy source in recent times. In fact, carbohy-
drate provides an important fuel source for the 
muscle and brain, with the major sources being 
muscle glycogen and blood glucose. Unlike body 
fat stores, these carbohydrate stores need to be 
replenished on a daily basis according to the 
demands of practice and match‐play. Although 
previous guidelines for sports nutrition promoted 
the more universal recommendation that athletes 
should eat diets “high in carbohydrate,” recent 
guidelines take an individualized and periodized 
approach to carbohydrate intake, recommending 
that athletes should consume carbohydrate‐rich 
foods according to the likely fuel cost of the pre-
sent or upcoming workouts/matches (Thomas et al. 
2016). A range of carbohydrate intakes, scaled to 
the players’ body size, is suggested as a starting 
point to cover needs on match days or training 
days where high‐quality/high‐intensity training is 
required or in anticipation of demanding match‐
play (Table 2.3). Even then, players are encouraged 

to experiment with carbohydrate intake to find the 
amount that is right for their fuel needs, their over-
all energy needs, and food preferences/availability. 
It is recognized that carbohydrate targets are less 
important on days of light training. However, 
when fueling up for matches or practice or refu-
eling between demanding sessions is important, 
well‐scheduled intake of carbohydrate before, dur-
ing, and soon after sessions can promote high car-
bohydrate availability for optimal performance. 
Table  2.4 summarizes some carbohydrate‐rich 
menu choices (with other nutrient companions) 
that suit the practical needs of different situations.

Fat is the other major nutrient in a player’s diet, 
and its role in health and performance is also mis-
understood. Popular diets promoting a high‐fat, 
low‐carbohydrate intake have not been proven to 
be of benefit for sports performance, particularly in 
sports that are reliant on high‐intensity activities. 
While reducing unnecessary intake of fats and oils 
can be a useful way to reduce energy intake, it is 
also unnecessary to obsessively avoid fat‐containing 
foods. Indeed, restrained eating of this type reduces 

Table 2.3 Fuel requirements for training and match‐
play adapted for team players (adapted from Burke 
et al. 2011; Thomas et al. 2016).

Situation
Carbohydrate targets 
per kg of body mass

Daily training
Light/skill‐based training or 

no training
3–5 g per kg each day

Moderate training day 5–7 g per kg each day
High training day or heavy  

match‐play
6–10 g per kg each day

Special situations of fueling
Match day fueling (before or 

between games in a 
tournament)

6–10 g per kg for each 24 h

Speedy refueling (e.g. <8 h 
between demanding  
workouts/games)

1–1.2 g per kg soon after first 
session

Repeat each hour until the 
normal meal schedule is 
resumed

Pregame fueling 1–4 g per kg eaten 1–4 h 
before exercise

During game:
Short match time or smaller 

fuel demands
Larger game demands

Small amounts – including 
simply tasting carbohydrate

30–60 g/h
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dietary enjoyment as well as the opportunity to eat 
many otherwise nutrient‐rich foods. Furthermore, 
we need to eat some fat‐rich sources to obtain our 
requirements for essential fatty acids and fat‐solu-
ble vitamins. Table 2.5 provides some examples of 
nutrient‐rich sources of good fats.

Typically, athletes who consume moderate to 
high energy intakes from a varied diet based on 
nutrient‐rich foods report intakes of vitamins and 
minerals well in excess of Recommended Daily 
Allowances/Intakes and any increases in micro-
nutrient demand caused by training, as well as 
phytochemicals associated with good health (see 
Table  2.5). Thus routine supplementation with 
vitamins is not justified, and research has failed 
to  show evidence of an increase in performance 
 following vitamin supplementation except in the 
case where a preexisting deficiency was corrected. 
Energy restriction, fad diets, and disordered eating 
are the typical causes of inadequate micronutrient 

intake of some athletes. Food variety may also be 
restricted by poor practical nutrition skills, inade-
quate finances, and an overcommitted lifestyle 
that limits access to food and causes erratic meal 
schedules. Players in this situation should receive 
education about the quality and quantity of food 
intake, but a low‐dose, broad‐range multivitamin/
mineral supplement may be useful when they are 
unwilling or unable to make dietary changes, or 
when traveling to places with uncertain food sup-
plies or eating schedules.

The micronutrients most likely to be consumed 
in inadequate amounts by volleyball players are 
iron and calcium. Inadequate iron status can 
reduce exercise performance via suboptimal levels 
of hemoglobin and perhaps iron‐related muscle 
enzymes. However, it may be difficult to distin-
guish true iron deficiency from alterations in 
 measures of iron status that are caused by exercise 
itself (e.g. changes in hemoglobin due to changes 

Table 2.4 Practical carbohydrate‐rich food choices to meet special situations in sport.

Carbohydrate‐rich choices for prematch meals
Characteristics: familiar and easily digested foods eaten 1–3 h 

before match according to logistics and personal experience

Carbohydrate‐rich snacks for traveling or busy lifestyle
Characteristics: portable and easy to prepare or eat. Ideally should provide a 

source of protein*

Suitable for morning matches:
Breakfast cereal + milk + fresh/canned fruit
English muffins/bagels + toppings
Pancakes + syrup
Toast + baked beans or eggs

Suitable for afternoon or evening matches:
Rolls or sandwiches with fillings
Pasta with simple sauce
Stir fry with rice
Risotto – hold heavy cream sauces
Baked potatoes with low‐fat filling

Easily digested liquid meals:
Fruit smoothie (low‐fat milk + fruit + yogurt/ice cream)
Liquid meal supplement

Breakfast cereal (+ skim milk powder*)
Crackers and tins of tuna*
Crackers and cheese* snack packs
Trail mix with nuts* and dried fruit
UHT treated flavored milk*
Liquid meal supplements* – powder and ready‐to‐drink Tetrapacks
Sandwiches or wraps with meats/cheese fillings (check ability to 

keep cool)
Flavored Greek‐style yogurt + fruit salad (check ability to keep cool)

Postmatch recovery eating
Characteristics: provides carbohydrate for refueling and protein for adaptation. Fluid and electrolyte replacement is also useful

Snacks for competition venue or lighter‐style meals (including 
easily eaten choices):

Sandwiches or wraps with meats/cheese/egg fillings
Pizza with healthy toppings
Liquid meal supplement or fruit smoothies
Sushi rolls with salmon/chicken fillings
Flavored milk
Creamed rice
Soup made with milk or added meats + rolls

Meals:
Pasta with meat sauce
Main meal salads with noodles or bread
Make your own fajitas with tortillas and rice
Baked or grilled meats with baked potatoes
Healthy burgers with salad and wholegrain buns
Stir fry or curries with rice
Risotto or rice dishes
Fruit‐based dessert with yogurt or custard
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in plasma volume or increases in ferritin due to 
the inflammatory response to exercise). Therefore, 
measurements of iron status should be taken under 
standard conditions and interpreted by experi-
enced practitioners.

Conditions that can lead to a true risk of becom-
ing iron deficient include situations of increased 
iron requirements (e.g. growth spurts) or increased 
iron losses (heavy menstrual periods, gastrointesti-
nal bleeding, or destruction of red blood cells 
through traumatic damage such as bruising or foot 
strike hemolysis). A thorough patient history and 
investigation may reveal these factors to be present 
in some volleyball players. However, the most com-
mon risk factor among players, as in all young peo-
ple, is a low‐energy diet or low intake of available 
iron. Females, athletes who restrict dietary energy 
intake or variety, vegetarians, and athletes eating 
low quantities of meat or iron‐fortified cereals are 
most at risk. Evaluation and management of iron 
status may need assessment by a sports medicine 
expert. Low iron status (serum ferritin levels lower 
than ~30 ng/mL) should be considered for further 
assessment and treatment.

Although the effect of low iron status without 
anemia on performance is unclear, many athletes 
with low iron stores, or a sudden drop in iron status, 

complain of fatigue and inability to recover after 
heavy training or a failure to response to altitude 
training. Many of these respond to strategies that 
improve iron status or prevent a further decrease 
in  iron stores. Although one study has reported a 
preservation of iron status and better performance 
over the competition season in a group of volley-
ball  players (Mielgo‐Ayuso et al. 2015), individual 
screening of iron status with appropriate attention 
to the results is generally preferred to a philosophy 
of  routine iron supplementation for all players.

Prevention and treatment of iron deficiency may, 
of course, include iron supplementation. However, 
long‐term management should be based on dietary 
counseling to increase intake of bioavailable iron 
by increasing intake of heme iron sources and 
 complementary intake of vitamin C or meat foods 
with non‐heme iron foods (see Table 2.5). There is 
evolving knowledge about the role of exercise 
in  increasing levels of hepcidin, a hormone that 
reduces iron absorption, and the recycling of iron 
released from the destruction of red blood cells. 
Future research may see this translated into more 
definite recommendations around the timing of 
iron intake after exercise sessions to avoid the 
 coincidence of iron‐rich meals with the periods 
of reduced capacity for iron absorption.

Table 2.5 Checklist of common food sources of key nutrients.

Iron‐rich foods Calcium‐rich foods Vitamins and phytochemicals “Good” fats

Beef, lamb Milk Wholegrain cereals Oily fish – salmon, 
tuna, sardines, etc.

Dark cuts of poultry Cheese Nuts Nuts
Shellfish Yogurt Legumes Seeds
Liver and offal Calcium‐fortified soy 

products
Dairy foods Avocadoes

Legumes Calcium‐enriched juice Soy products Olives and olive oil
Tofu Fish with soft bones, 

e.g. salmon, sardines
The “rainbow” of fruit and vegetables:
•  Pink‐red (e.g. tomatoes, watermelon, ruby and pink 

grapefruit, cherries and red berries, rhubarb)
•  Yellow‐orange (e.g. carrots, pumpkin, sweet potatoes, 

peaches, apricots, papaya, cantaloupe, mango)
•  Green (e.g. broccoli, beans, dark lettuce, silverbeet, 

spinach, peas, avocadoes, green capsicums, 
green apples)

•  Blue‐purple (e.g. purple grapes, raisins, blueberries, 
 blackberries, raspberries, plums, eggplant)

•  White (e.g. mushrooms, bananas, onions, cauliflowers, 
potatoes)

Iron‐fortified 
breakfast cereals

Leafy green vegetables
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Some players are at risk of problems with calcium 
status and bone health. Although bone‐loading 
exercise, such as the jumping patterns found in 
volleyball, is an important protector of bone 
health, a serious consequence of the low energy 
availability discussed earlier in this chapter is the 
high risk of either direct loss of bone density or fail-
ure to optimize the gaining of peak bone mass that 
should occur during the 10–15 years after the onset 
of puberty. Calcium requirements may be increased 
to 1200 mg/day in female athletes with impaired 
menstrual function. Where adequate calcium 
intake cannot be met through dietary means, usu-
ally through use of low‐fat dairy foods or calcium‐
enriched soy alternatives (see Table 2.5), a calcium 
supplement may be considered.

Vitamin D deficiency or insufficiency is now 
 recognized as a potential problem in the general 
population, at least for individuals who have 
poor  exposure to UV from sunlight. Volleyball 
players often share some of the “high‐risk” charac-
teristics for inadequate sunlight exposure: training 
indoors,  residing at latitudes greater than 35°, or 
overzealous use of protective clothing or sunscreen 
when outdoors. Athletes with these characteristics 
should seek professional advice and have their 
vitamin D status monitored. Although there is 
 dispute over optimal vitamin D status, prevention 
or treatment of vitamin D insufficiency may 
require supplementation.

Fuel and fluid for match‐play

The goal of match nutrition is to anticipate the 
nutrition‐related factors that cause a decrease in 
performance over the course of a match or tourna-
ment, and to align eating strategies to reduce or 
delay the onset of these causes of fatigue or loss of 
skill/concentration. Table 2.6 summarizes a num-
ber of these factors, with most focus on inadequate 
fuel and fluid status, factors that can be addressed 
by well‐chosen nutrition strategies before, during 
or between matches.

Although there are no studies on the actual gly-
cogen costs of a volleyball match (and in any case, 
these will vary from match to match and between 

players within the same match), it is generally 
accepted that players will be able to fuel up ade-
quately for a match by consuming carbohydrate‐
rich meals/snacks on the day before and day of 
competition (see Table  2.3), with the prematch 
meal (see Table 2.4) providing the final chance to 
top up muscle fuel stores. Poor performance and 
fatigue associated with depletion of muscle glyco-
gen stores in a match are most likely to occur when 
a match is commenced with inadequate refueling 
from a previous demanding match or training ses-
sion. This can occur during a crammed tournament 
or multicompetition match schedule, or when 
matches are played during a period of intensified 
training. Conversely, players who are restricting 
total energy intake (e.g. weight loss diets) or carbo-
hydrate intake may not refuel efficiently before a 
match. Attention to overall training/match load 
and matching these demands with appropriate 
intake of carbohydrate can help to avoid this cause 
of impaired performance.

Attention to hydration issues for optimal perfor-
mance mirrors the principles of carbohydrate needs 
whereby fluids and electrolytes should be replaced 
on a daily basis to track sweat losses, and that a 
well‐chosen fluid plan during training and match‐
play can generally reduce dehydration to levels 
which will have little impact on performance. 
However, challenges to this occur in situations 
where players carry dehydration from one match 
or practice to the next, due to inadequate rehydra-
tion between sessions. Sweat losses occur during 
exercise to allow the cooling effects of sweat evapo-
ration to assist with the dissipation of heat pro-
duced by the working muscle. Large sweat losses 
occur when exercise is of high intensity, prolonged, 
and conducted in a warm environment with poor 
air circulation. Athletes with high muscle mass will 
also generate more heat and require greater sweat 
loss for temperature regulation. Since all these con-
ditions can coincide in a volleyball practice or 
match, it makes sense for players to become famil-
iar with their typical sweat loss characteristics and 
to develop hydration plans matched to these. 
Weighing before and after a session provides an 
estimate of the fluid deficit that has occurred as a 
result of a mismatch between sweat losses and fluid 
intake (1 kg = 1 L of fluid), and players are generally 
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advised to keep this to less than 2% of body mass 
(e.g. 1.5 kg and 2 kg in a 75 kg and 100 kg player, 
respectively). Periodic assessments in demanding 
training sessions and matches will allow the 
player to assess how successful they are in meeting 
these targets.

A volleyball match provides opportunities for 
fluid intake at the sideline during substitutions or 
between sets, and players should use opportunities 
in training sessions to develop and practice an indi-
vidualized plan of intake of appropriate drinks. 
This will allow the player to develop appropriate 
behaviors/routines, as well as to learn to tolerate 
the feeling of fluid in the gut during high‐intensity 
match‐play. Of course, in the training scenario, 
breaks in play are under the control of coaching 
staff, so it is important that they encourage good 
behavior and provide ample access to fluid intake. 
Fluids should be kept cool to promote palatability 
and to assist with temperature regulation, while 
the addition of flavor, carbohydrate, and electro-
lytes can be justified, in many situations, on the 
basis of improved palatability and/or physiological 
need. As we will see below, the use of sports drinks 
can offer some performance advantages in many 
match situations. Although there are no specific 
studies on the effect of carbohydrate and fluid 
replacement on volleyball performance, research 
on basketball has shown that a proactive fluid/fuel 
plan is associated with better performance, if not a 

reduced perception of effort by players (Baker et al. 
2007; Dougherty et al. 2006).

After the session is finished, players should 
recover from residual dehydration by addressing 
both the fluid deficit and the electrolytes lost in 
sweat. When rehydration is a priority – for exam-
ple, to prepare for the next match or demanding 
workout within the next hours – it makes sense to 
have a rehydration plan for this recovery period: 
this should involve the intake of a volume of fluid 
equivalent to ~125–150% of the remaining fluid 
deficit (to account for ongoing sweat and urine 
losses) as well as the replacement of sodium (via 
the use of electrolyte‐containing sports drinks or 
oral rehydration fluids or by the intake of sodium 
containing fluids) (Maughan and Shirreffs 2010; 
Shirreffs and Sawka 2011). Hydration goals should 
be integrated into the larger recovery plan which is 
likely to also involve the replacement of protein 
and carbohydrate (see Table 2.4).

Carbohydrate is another nutrient that might be 
consumed during exercise, and there is a large body 
of research which shows that this strategy can 
improve performance by providing an alternative 
fuel source as muscle glycogen stores become 
depleted (Burke et al. 2011). Therefore, this meta-
bolic role for carbohydrate might be justified for 
players with the heaviest match‐play demands, 
especially in tournament or other situations in 
which full recovery of glycogen stores between 

Table 2.6 Common factors related to nutrition that could produce fatigue or suboptimal performance in a 
volleyball match.

Factor Description Examples of high‐risk/common occurrence in volleyball

Dehydration Failure to drink enough fluid to replace sweat 
losses during a game. May be exacerbated 
if player begins match in fluid deficit

Matches played in hot conditions, particularly for players with 
high activity patterns. Repeated matches (e.g. tournaments) 
may increase risk of compounding dehydration from one 
match to the next

Muscle glycogen depletion Depletion of important muscle fuel due to high 
utilization in a single match and/or poor 
recovery of stores from previous activity/
match

Unlikely to occur in a single match, but repeated matches or 
training sessions with inadequate recovery time between 
may lead to gradual glycogen depletion, especially in 
players eating a low‐carbohydrate diet

Depletion of 
phosphocreatine stores

Inadequate recovery of phosphocreatine 
system of power production

Prolonged or repeated intervals of high‐intensity activities

Gastrointestinal 
disturbances

GI disturbances, including vomiting and 
diarrhea, may directly reduce performance 
as well as interfering with nutritional 
strategies aimed at managing fluid 
and fuel status

Poorly chosen intake of food and fluid before and/or during 
match
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sessions is difficult. In these scenarios, a carbohy-
drate intake of 30–60 g/h is recommended, and can 
be achieved via sports foods (sports drinks, gels, 
etc.) or by everyday foods (juice, fruit, confection-
ery) according to the budget and gut tolerance of 
the player or their team (see Table 2.3). Again, prac-
tice in training may help to develop tolerance for 
this match plan.

A recent area of interest in sports nutrition 
involves the recognition that carbohydrate intake 
during sport plays a secondary role in performance 
via its effect on the brain. A number of studies have 
shown that even in brief high‐intensity sports, in 
which there is little need for muscle fuel support, 
the intake of small amounts of carbohydrate pro-
motes faster speeds or greater power outputs (Burke 
and Maughan 2015). The mechanism for this ben-
efit appears to be the stimulation of reward centers 
in the brain and central nervous system that make 
the athlete feel “better” and motivated to push 
harder. Although this has not been specifically 
studied in scenarios mimicking the activity pat-
terns and skills of real‐life team sports, it provides 
another reason to consider the intake of carbohy-
drate during a match. In this instance, only small 
amounts are needed – including simply rinsing the 
mouth with a carbohydrate drink  –  and the best 
pattern of use seems to be small but frequent 
mouth contact where the drink or food item is 
exposed to receptors in the mouth and throat for 
~10 seconds (see Table 2.3). Opportunities to prac-
tice this type of intake are particularly suited to 
team games where there is access to fluids/supplies 
during substitutions or sets.

Some final issues of competition eating around 
prematch and postmatch food choices merit 
 comment, particularly in the context of team sport 
and tournament play. In the case of the team issue, 
the opportunity to organize catering for all players 
is valuable since it can be used to educate and feed 
players appropriately while also promoting team 
culture and match preparation/debriefing activi-
ties. The tournament style of competition adds 
extra and unique challenges to performance nutri-
tion by increasing nutritional demands due to 
more frequent match‐play and shortened recovery 
periods. In addition, the tournament may require 
that match nutrition be achieved in spite of an 

unusual and changing timetable. For example, the 
competition fixture might involve both early 
morning and late night matches within a brief 
period, requiring players to adjust both their pre‐ 
and postmatch timetables and food choices appro-
priately. When travel is involved, the team and 
each player must consider whether access to food 
in the location needs to be supplemented by sup-
plies brought from home (see Table 2.4).

In the case of the prematch meal, the major goals 
relate to fueling up with carbohydrate‐rich choices 
and choosing a menu that is familiar and comfort-
able for the player. Table  2.4 presents different 
choices that might suit different times of day, but 
all menus should allow individual preferences and 
individualized needs to be met. When players are 
nervous, or the timetable does not allow time for 
larger meals to be comfortably consumed, liquid 
meals and smoothies are a useful option. In the 
postmatch setting, early intake of carbohydrate 
and protein can be provided by snacks or immedi-
ate access to a meal (see Table 2.4), although, again, 
individual preferences, appetite suppression, and 
the logistics around access to food supplies might 
dictate what is suitable.

One postmatch dietary practice that has been 
documented in sources ranging from formal stud-
ies to lay reports and newspaper headlines is the 
apparently high rates of excessive alcohol intake 
among team sport athletes. Alcohol has a strong 
relationship to sport through the sponsorship of 
events and teams by companies that produce or 
serve alcoholic drinks. Some dietary surveys have 
shown that reported alcohol intakes are higher 
among team sports than other athletic groups, 
with the pattern of consumption involving binge 
drinking sessions after a match or during the off‐
season. Problems that may arise from these pat-
terns include some level of direct impairment of 
the physiological processes underpinning recovery 
as well as the larger problem of indirect interfer-
ence secondary to the failure to follow optimal 
nutritional and lifestyle practices while intoxi-
cated. There is public documentation of the unfor-
tunate outcomes of the poor judgment and 
high‐risk behavior undertaken by athletes who 
are  intoxicated, including loss of sponsorship 
value and public regard, criminal offences and, in 
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extreme cases, serious injury and death (Burke 
2007). Chronic  episodes can lead to health prob-
lems and failure to achieve performance nutrition 
goals such as weight control. For these reasons, 
many team sports and individual clubs now run 
education  programs related to alcohol and illicit 
drug use, which include information about the 
damaging effects on a sporting career via loss of 
performance and reputation.

Supplements and sports foods 
for volleyball

The sports world is filled with supplements and 
sports foods that claim to make the athlete faster, 
higher, stronger, or whatever other factors are 
important to performance. Many authorities are 
concerned about the lack of regulation of much of 
this industry and warn athletes that supplements 
are unnecessary and dangerous. However, such a 
blanket ban is generally unpopular and unrealistic 
in addressing the interests of athletes/coaches and 
fails to recognize the different types of products 
that can fall under the banner of sports supple-
ment/food. The ever‐growing range of products 
can be divided into three separate categories: sports 
foods, medical supplements, and performance 
 supplements. Sports foods address the special 
nutritional needs of athletes, offering the ability to 
deliver convenient amounts of key nutrients at 
times when it might not be practical to consume 
everyday foods. This is particularly relevant for 
intake immediately before, during or after exercise 
and these products can be shown to improve per-
formance when they allow the athlete to achieve 
their sports nutrition goals. However, they are 
more expensive than normal food, a consideration 
that must be balanced against the convenience 
they provide. Products which may be of use to vol-
leyball players are summarized in Table 2.7, along 
with examples of medical supplements which may 
be used under supervision to correct or prevent 
nutrient deficiencies.

Finally, performance supplements  –  products 
that promise a direct and “supraphysiological” 
benefit to sports performance – are the supplements 

that seem most appealing to athletes. These 
 products, which continually change in popularity, 
include a large number of ingredients or different 
formulations for which there is no evidence of 
performance benefits. However, there are a small 
number of performance supplements for which 
there is evidence of competition benefits (see 
Table 2.7), when they are used according to a well‐
researched protocol to address a specific aspect of 
physiological fatigue or limitation. In the case of 
volleyball, there is evidence that caffeine (Del Coso 
et al. 2014; Pérez‐López et al. 2015) can be used in 
modest doses to improve some of the movement 
patterns and skills of match play. Furthermore, a 
4‐week program of creatine loading has been 
shown to provide a likely benefit to volleyball spe-
cific jumping ability in highly trained volleyball 
players (Lamontagne‐Lacasse et al. 2011). This 
study adds to the body of evidence that this sup-
plement can enhance training outcomes or compe-
tition performance in sports involving repeated 
high‐intensity work bouts. Of course, such perfor-
mance supplements should not be used by junior 
players due to general health issues, but also to 
acknowledge that young athletes should prioritize 
the other many opportunities to improve their 
performance via good nutrition, sleep, and training 
habits as well as general maturation in age and in 
their sports experience (Desbrow et al. 2014).

Volleyball players should seek expert advice 
about such supplements to see if their sport/train-
ing warrants experimentation with sports foods or 
supplements, and to ensure that a correct protocol 
is tried. The Sports Supplement Framework of the 
Australian Institute of Sport provides information 
about many products, and rates supplements and 
sports foods into four categories based on the 
amount of scientific support for the claims made 
about the use of the product, and whether there is 
a risk of an antidoping rule violation (see www. 
ausport.gov.au/ais/nutrition).

One risk that should be considered when con-
templating the use of supplements is the potential 
for a product to contain impurities and contami-
nants. Since the mid‐1990s it has become apparent 
that some supplements contain prohormones 
and stimulants that are banned under antidoping 
codes. While these products should be declared as 

http://www.ausport.gov.au/ais/nutrition
http://www.ausport.gov.au/ais/nutrition
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Table 2.7 Sports foods and supplements that may be used by volleyball players to achieve nutritional goals.

Product Comment

Sports foods These products are more expensive than everyday foods, but there may be times 
when this expense is justified

Sport drinks Convenient source of fluid, carbohydrate, and electrolytes to refuel and rehydrate during 
prolonged training sessions and matches and to rehydrate after the session

Sport gels Convenient and compact carbohydrate source that can be used for additional refueling 
during prolonged matches and prolonged training sessions

Liquid meal supplements (and meal 
replacement bars)

Convenient, portable, and easy‐to‐consume source of carbohydrate, protein, 
and micronutrients for postexercise recovery, including “recovery” intake before 
resistance exercise

Low‐bulk and practical form of energy and nutrients that can contribute to high energy 
needs, especially to support resistance training program or growth

Well‐tolerated prematch meal that can provide a source of carbohydrate quite close to 
the start of a match or workout; seems to be better tolerated than solid food by some 
athletes with high risk of gastrointestinal problems

Convenient and compact source of energy and nutrients for the traveling athlete
Protein supplements (especially whey 

powders)
Convenient, portable, and easy‐to‐consume source of high‐quality protein for postexercise 

recovery, particularly for immediate intake after key sessions and matches, to provide a 
presleep protein boost, and to add protein to meals/snacks where the available food 
choices cannot meet protein goals (20–30 g)

Electrolyte supplements, including higher 
sodium sports drinks

Convenient source of electrolytes for during and postexercise salt replacement for  
cramp‐prone players with heavy sweat and electrolyte losses

Convenient way to consume fluid and electrolytes post exercise to promote rapid 
rehydration and restoration of sweat losses

Medical supplements These should be taken only on the advice of a sports physician or dietitian, and 
as part of an overall plan to prevent or treat a nutrient deficiency

Multivitamin and mineral supplement Supplemental source of micronutrients for traveling when food supply is not reliable
Supplemental source of micronutrients during prolonged periods of energy restriction 

(female athletes)
Iron supplements Source of iron to be used under medical supervision to treat or prevent iron deficiency
Calcium supplements Source of calcium to be used when optimal intake cannot be met via dietary sources. 

If used in relation to poor bone status (especially female players), should be part of an 
interdisciplinary approach

Vitamin D supplements Source of vitamin D used under medical supervision in the treatment or prevention of 
vitamin D deficiency due to inadequate exposure to sunlight

Performance supplements These should be used only when the player reaches maturity in their age and 
sporting talent, and only with the advice of a sports physician or dietitian who 
can develop an evidence‐based plan for their use. Care should be taken in 
purchasing reputable products that are low risk in terms of contamination 
with banned products

Caffeine/energy drinks Several studies have shown that small doses of caffeine (3 mg/kg BM) can enhance the 
performance of movement patterns and skill in volleyball matches

This is not appropriate for young players or those playing in competitions where caffeine 
use is restricted

The effect on sleep patterns should be considered if caffeine is used in matches played 
in the evening

Creatine Creatine loading may improve the outcomes of resistance training and “interval”‐based 
conditioning training, leading to greater strength and fatigue resistance on court

This is not appropriate for young players or those playing in competitions where creatine 
use is restricted
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ingredients on supplement labels, this does not 
always occur. In fact, a study by an IOC‐accredited 
laboratory found that 15% of supplements con-
tained detectable levels of undeclared banned 
 prohormones. Situations of “contamination” can 
include products containing therapeutic doses of 
banned stimulants or steroids, not identified on 
the ingredients list, presumably to ensure that the 
supplement “works.” More frequently, however, 
the contamination occurs in trace amounts. These 
impurities may be sufficient to cause an inadvert-
ent doping outcome in drug testing. Athletes face 
a  code of strict liability under antidoping laws 
and  will be held responsible for any failed drug 
test  even when it can be proved that they 
ingested a supplement containing banned ingre-
dients unwittingly.

Conclusion

The goals of sports nutrition vary even within the 
same sport, so an individualized approach to 
 nutrition for each volleyball player is warranted. 
Nevertheless, there are common themes involved 
with the support of the training program, the 
achievement of an ideal physique, and optimizing 
match day performance. On occasion, the use of 
well‐chosen sports foods and supplements may 
contribute to a sports nutrition plan. The player can 
be assisted by the advice of a sports dietitian to 
adopt eating practices that achieve all their goals for 
health and performance, with clever menus, meal 
spacing, and food choices allowing a number of 
goals to be integrated into the same nutrition plan.
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Introduction

Biomechanics has been defined as the study of the 
mechanical laws relating to the movement or struc-
ture of living organisms. As such, it enables sport 
scientists to understand the forces that result from 
or which influence movement. An analysis of the 
biomechanics of the specific skills that are per-
formed by volleyball athletes permits optimal sport 
performance while minimizing the risk of injury.

Jumping and landing

Jumping ability is a key component of competitive 
success in indoor and beach volleyball. Jumping 
ability influences each of the fundamental skills of 
volleyball in important ways:
• jumping higher allows the server to play the ball 
with a flatter initial projection angle;
• it allows the setter to decrease the time between 
the set and the attack;
• it allows the attacker to spike over the block and 
the blocker to penetrate far over the net with his/
her arms, thereby increasing the effectiveness of 
the block.
Individual muscle properties, movement condi-
tions, and jumping technique all help to determine 
the height of a jump. It is important to remember 

that following a jump, landing is inevitable. The 
way athletes land influences the load transmit-
ted to their joints. Therefore, landing techniques 
are a crucial component of volleyball injury 
prevention.

Neuromechanics of jumping

There is a deterministic relationship between the 
velocity of the center of mass (CoM) at take‐off (vTO) 
and the height attained during a jump (Eq. (i)). 
Thus, to jump higher, athletes should maximally 
accelerate their center of mass prior to take‐off. 
According to Newton’s law of motion (Eq. (ii)), the 
acceleration (a) of an object is proportional to the 
sum of the forces (Fi) applied to that object. During 
a jump, the forces acting on the body include the 
weight due to the mass of the athlete and forces 
transferred from the activated muscles to the 
ground (ground reactive forces). While the body 
weight acting on the athlete is constantly directed 
downward, the athlete extends his/her hips, knees, 
and ankles to produce force that accelerates the 
CoM upwards. The greater the force the athlete is 
able to apply to the ground prior to take‐off (i.e. 
the greater the applied impulse), the more the ath-
lete accelerates his/her center of mass, resulting in 
a higher take‐off velocity and a greater jumping 
height.
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Besides the intrinsic development of force by the 
muscles due to recruitment of motor units and an 
increased rate of firing of those motor units, the 
amount of force acting on the center of mass 
depends on movement conditions, i.e. the contrac-
tion dynamics or the transfer of force to the ground. 
According to the force–velocity relationship, the 
force a muscle is able to develop is related to the 
inverse of its contraction velocity. Higher forces 
may be developed by slower concentric contrac-
tion velocities, while even greater muscle contrac-
tile forces are generated by isometric contractions 
(contraction velocity = zero) or by eccentric con-
tractions (in which the contractile velocity is nega-
tive, reflecting the fact that the muscle fiber 
lengthens in this type of contraction). In addition, 
the force–length relationship describes the force 
which a muscle can develop depending on its 
length.

The force generated by the muscle is transferred 
via the tendons to the bones and subsequently to 
the ground. This is influenced by composition of 
the tendons and the jumping surface (including 
both shoes and floor type).

Intrinsic muscle properties such as the neural 
activation capacity, the force–velocity relationship, 
and the force–length relationship can be altered 
(within individual limits) by training. Simulation 
studies (Thaller et al. 2010) have shown that in 
order to increase jump height, individuals should 
target the specific physiological aspects of their 
neuromuscular system in which they might be 
deficient. This underlines the importance of indi-
vidualized training. While some athletes might 
have to increase their maximal force development, 
others might have to improve upon a deficit in 
maximum muscle contraction velocity or maxi-
mum power capacity. Regression analyses on 
experimental data have shown that in general, the 
capacity to develop high mechanical power during 
the push‐off phase is closely related to jumping 
height (Aragon‐Vargas and Gross 1997). The gen-
eral importance of muscular power is also underlined 

by the results of a review by Ziv and Lidor (2010) 
who demonstrated the ability of explosive plyo-
metric training to increase jump height in volley-
ball players. Since jump movements are limited in 
time, an improvement in neural activation capac-
ity will increase the capacity for force generation 
and therefore improve jump height.

Different aspects of jump technique such as a 
countermovement or the arm swing may have 
substantial effects on jump height performance. 
A counter movement, i.e. a lowering of the CoM 
just before the beginning of the push‐off phase, 
can potentially increase jump height by approxi-
mately 7% (Wagner et al. 2009). The reasons for 
this increase are increased myoelectrical activity 
in the stretch‐shortening cycle (SSC), the storage 
and recoil of elastic energy, and a higher active 
state, i.e. increased motoneuron activity before 
the start of the muscle shortening (Bobbert et al. 
1996). Researchers have also reported a 19–23% 
increase in jumping height due to the use of an 
arm swing. The reasons for this improvement are 
an elevated center of mass (due to arm elevation 
at take‐off) and a decrease of contraction velocity 
of the leg muscle which leads to an increase in 
muscle force generation via the force–velocity 
relationship.

Another important movement condition is the 
surface on which the jump is performed. It has 
been shown experimentally that jumps on sand are 
on average 14% lower than jumps from a rigid sur-
face. The reason for this decrease is the energy 
absorbed by the soft surface (i.e. the sand). Similar 
but less substantial effects can be expected from 
different shoe sole or indoor surface materials. 
Although stiff materials have advantages during 
the take‐off, they will also absorb less energy dur-
ing the landing phase which might lead to higher 
stress in the athlete’s lower limb joints.

Jumping is a skill demanded of elite volleyball 
players. Jumping ability correlates with perfor-
mance, as a recent study (Sattler et al. 2015) revealed 
that volleyball players from the Slovenian first divi-
sion jump higher than their colleagues from the 
second division. Furthermore, when combined 
with a countermovement, volleyball players were 
found to jump higher compared to soccer, hand-
ball, basketball, or rowing athletes.
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Jumping as a component of spiking 
and serving

In order to smash an unreturnable volleyball into 
the opposing team’s court, volleyball athletes try to 
reach the greatest possible jumping height during 
their spike jump. The volleyball spike jump tech-
nique is a three‐step approach with a two‐legged 
jump, a countermovement, and the use of an arm 
swing (Wagner et al. 2009). Due to these favorable 
movement conditions, spike jump (SPJ) heights are 
generally greater than the heights reached during a 
squat jump (SJ) or a countermovement jump (CMJ) 
from a standing position. While SPJ are reported to 
be approximately 25% higher than CMJ, CMJ are 
about 7% higher than SJ (Bobbert et al. 1996; 
Wagner et al. 2009).

The kinematics of the volleyball SPJ was first ana-
lyzed by Coleman et al. (1993). More recently, 
Wagner et al. (2009) analyzed SPJ technique and 
identified the most important kinematic parame-
ters related to the volleyball SPJ height in high‐
level athletes. SPJ height correlated significantly 
with the maximal horizontal velocity of the CoM, 
and with a minimum vertical displacement of the 
CoM during the three‐step approach. Thus, within 
the measured ranges, a faster approach and a lower 
squat during jump preparation (Figure  3.1) were 
related to greater jumping heights.

Although the SPJ is a two‐legged jump, only 
the range of motion (RoM) of the right knee 
(flexion–extension) and the maximal angular 
velocity of the left (nondominant) shoulder 
hyperextension were significantly related to 
jumping height. The reason for this is probably 
that the SPJ is rather asymmetrical, as can be seen 
in Figure  3.1. Wagner et al. (2009) found that 
during the upward phase, the right foot is closer 
to the CoM than the left foot and therefore 
would contribute predominantly to the vertical 
acceleration of the CoM. Another asymmetry 
that can be observed to occur is trunk rotation in 
the upper body. Figure 3.1 shows the trunk rota-
tion around the vertical axis, enabling accelera-
tion of the hitting arm.

Jumping as a component of blocking

Similar to a soccer goalkeeper reacting to an 
approaching attacker, blockers try to minimize the 
opponent’s attacking angle by reaching over the net 
with their arms. Mechanically, this produces angu-
lar momentum around the transverse axis. Since 
the blocker is in the air during the jump, the laws of 
physics implicate a preservation of (angular) 
momentum. Hence, the momentum generated by 
the arms has to be counterbalanced by an equal and 
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Figure 3.1 The last two steps of the three‐step approach of a volleyball spike jump: 1–2 approach phase, 2–4 
downward phase, 4–6 upward phase. Source: Wagner et al. (2009). Reproduced with permission of Thieme.
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opposite (angular) momentum of a different body 
part. If this compensatory movement is not actively 
executed by the legs (Figure 3.2), the compensation 
might occur by a backward movement of the trunk. 
This would not be preferred since it would decrease 
the ability of the blocker to reach over the next with 
his/her arms and might open a gap between the 
arms and the net. Compensation of the angular 
momentum of the arms by the lower limbs can also 
be observed to occur around the anterior‐posterior 
axis (see Figure 3.2). In order to avoid a technical 
mistake by penetrating the centerline, or an uncon-
trolled landing, these angular moments have to be 
compensated during the landing.

Landing from the jump

As the adage goes, “What goes up, must come 
down.” Thus, landing is inevitable following a 
jump. During the downward phase of a jump, the 
athlete increases his/her downward momentum 

due to gravity. This momentum must be dissipated 
during the touch‐down phase by the ground reac-
tion forces acting on the body. Depending on the 
firmness of the surface (hard/soft) or the muscle 
activation status and hence the stiffness of the legs, 
the peak ground reaction forces can vary substan-
tially during landing. The peak forces and loading 
rate during landing generally exceed those gener-
ated during take‐off. Such high forces are related to 
high stress in the joints of lower limb and may con-
tribute to both acute and overuse injuries such as 
anterior cruciate ligament ruptures or patellar ten-
dinopathy (Bahr and Reeser 2003).

In volleyball, several factors influence the ground 
reaction force produced during landing. The land-
ing surface affects the forces acting on the athletes. 
Firmer playing surfaces are well known to contrib-
ute to the risk of overuse pathology in the lower 
limb, as does the stiffness of the footwear worn by 
the athlete. Conversely, it is equally well appreci-
ated that playing beach volleyball on soft sand 
reduces the risk of patellar tendinopathy compared 
to indoor players. Besides the environmental 

Figure 3.2 Upper body movement (dashed arrow) compensated by lower body movements (full arrow) around the 
transverse (open circle, left picture) and anterior‐posterior axis (open circle, right picture) during block movements. 
Source: FIVB Photo Gallery. Used with permission of FIVB.



The biomechanics of volleyball 33

 factors, the lower limb muscle activation pattern 
and landing technique of the athlete will affect the 
forces generated during landings. Researchers ana-
lyzed landing patterns (single leg landings (left or 
right) or both feet together) in high‐level volleyball 
players and detected differences between males 
and females in block, set, and spike but not for the 
jump serve. Furthermore, one‐footed landings car-
ried a higher risk of injuries related to court posi-
tion and setting trajectory. Athletes who spiked 
faster sets were more likely to land on one foot (e.g. 
the slide).

Differences between indoor and 
beach volleyball

Although in concept indoor and beach volleyball 
are quite similar, certain demands vary significantly 
between disciplines, including substantial variation 
in the number of ball contacts made by each player 
during an average match. Beach volleyball athletes 
were found to adapt their techniques to playing on 
the softer sand surface. For example, beach players 
slowed their movements, particularly during the 
eccentric‐concentric phase of maximum knee flexion 
and during the acceleration phase. One explanation 
is that higher accelerations might only lead to 
greater penetration into the sand but not greater 
jumping height. On sand, players tended to lower 

their CoM even lower than indoors (Figure 3.3) in an 
effort to reach maximum jump height. Furthermore, 
beach volleyball players placed their feet more par-
allel and flatter on the ground compared to indoor 
players. The authors hypothesized that the flatter 
foot orientation on sand increases the contact area 
where force can be distributed and therefore may 
reduce any tendency to sink into the sand.

While sand volleyball has acknowledged disad-
vantages regarding jump height, it has definite 
advantages regarding landing. Lower jump heights 
result in a reduced downward momentum prior to 
landing. In addition, the yielding property of sand 
decreases ground reactive forces generated during 
landing compared to harder, indoor surfaces. At 
touch‐down, the downward momentum must be 
decreased by the ground reaction force acting on 
the body. On a softer surface, the sum of the ground 
reaction forces is distributed over a greater distance 
(due to the greater penetration in the sand com-
pared to a hard surface in the gym) and over greater 
time. Thus, the maximum force generated by a 
sand surface is smaller compared to that generated 
by a hard surface. Furthermore, with only two play-
ers per team, beach volleyball is somewhat more 
predictable strategically than is the six‐person‐
a‐side indoor game. This results in more controlled 
two‐footed landings during a contest, particularly 
for males (Tilp and Rindler 2013). This might be 
one reason for the fewer acute injuries in beach 
compared to indoor volleyball, despite the fact that 
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beach volleyball players tend to land more often 
on one foot compared to their indoor colleagues 
following setting actions. It has been speculated 
that the reason for this is that beach volleyball 
players have less time to assume the setting posi-
tion because at the time of the serve, it is not yet 
clear which of the two players will be setting the 
volleyball.

Spiking

Volleyball is referred to as an overhead sport, since 
many of the skills require overhead contact with 
the ball. Although other sports, such as team hand-
ball, tennis, and baseball, are also considered over-
head sports, the kinetics and kinematics of each 
sport‐specific skill differ from each other. In vol-
leyball, an overhead technique is used to accelerate 
the volleyball with a downward trajectory over the 
net and towards the opponents’ side of the court. 
While handball or baseball players throw the ball 
and tennis players hit the ball with a racket, indoor 
or beach volleyball players spike the ball with their 
hand to score a point. A biomechanical compari-
son of the upper limb movement patterns (Reeser 
et al. 2013) has revealed greater shoulder abduction 
and horizontal adduction during spike and float 
serve movements in volleyball compared to base-
ball pitching and tennis serving. The authors sug-
gested that this extreme shoulder movement may 
be related to unique scapular mechanics, which in 

turn may be responsible for the increased risk of 
developing infraspinatus syndrome among volley-
ball athletes compared to other overhead sports 
athletes.

At the instant contact is made with the volley-
ball, momentum (= mass⋅velocity) is transferred 
from the hand to the ball. Besides mass and veloc-
ity, the elastic properties of the ball and the hand 
affect the speed the driven ball can obtain. The 
mass and elastic properties of the ball are regulated 
by the FIVB and the manufacturer. The elastic 
properties of the hand and the mass acting on the 
ball can be regulated by muscle activation of the 
athlete. Briefly, the stiffer the hand and the more 
mass that is included along the kinetic chain (i.e. 
the sequential interaction of legs, trunk, shoulder, 
arm, and hand), the greater the momentum trans-
ferred to the ball. This is, however, an optimization 
process since a fusion of the acting body parts into 
one mass by muscle activation would also decrease 
the overall movement velocity. The body solves 
this by a coordinated proximal‐to‐distal sequenc-
ing of the maximum velocities of the interacting 
body parts (Wagner et al. 2014). Coleman et al. 
(1993) determined that maximal humeral velocity 
was associated with high postimpact (spiking) ball 
speed. Furthermore, an increase in ball speed can 
be achieved by an increase in pelvis, trunk, and 
shoulder rotation in the cocking and acceleration 
phases (Figure 3.4) of the spike which increases the 
range of motion of the joints of the upper limbs. A 
large range of motion of the elbow joint is a key 
factor of the spiking technique and differentiates 
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Figure 3.4 Aerial phase of the spike jump including the smash: 1–3 cocking phase, 3–5 acceleration phase, 
6 follow‐through phase. Source: adapted from Wagner et al. (2014). Reproduced with permission of John 
Wiley & Sons.
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beginners from high‐level athletes. During the aer-
ial phase and at the instant of the spike, the vol-
leyball athlete is in the air and therefore (similar to 
the block movement), the laws of physics demand 
preservation of angular momentum. Hence, the 
angular momentum generated by the upper body 
has to be counterbalanced by an opposite (angular) 
momentum of the lower body, i.e. hip extension 
and knee flexion during the cocking phase and hip 
flexion and knee extension in the acceleration 
phase (see Figure 3.4).

Physics of ball trajectory

Depending on technique, ball trajectories are 
slightly different. During a set, the trajectory will 
be approximately parabolic because the ball has 
low velocity and no rotation. Hence, besides grav-
ity, the parabolic trajectory is determined by the 
initial position, take‐off angle, and velocity at the 
instant of the set (Figure 3.5).

On the other hand, when the ball flies with a 
higher velocity, air resistance affects the trajectory 
significantly. Air resistance, described in Equation 
(iii), is related to the drag coefficient (CD), the air 
density (ρ, 1.2 kg/m3), the projected area of the 

v olleyball (A), and the velocity (V). An important 
factor influencing air resistance (through the drag 
coefficient CD) is the boundary layer, defined as a 
thin layer of air near the surface, which the ball 
carries with it. During flight, this boundary layer 
will peel away from the surface at the back of the 
ball and has two distinct states: “laminar” and 
“turbulent.” While in the laminar state, tiers are 
laid one on top of each other, in the turbulent 
state the air is moving chaotically. A turbulent 
state is related to a smaller wake behind the ball 
and therefore a smaller drag coefficient and thus 
lower air resistance. The transition from laminar to 
turbulent state is influenced by the Reynolds num-
ber, which depends on ball velocity, air viscosity, 
and ball surface (Metha 2008). When a critical 
Reynolds number is reached, CD drops abruptly. 
Interestingly, critical Reynolds numbers of 
Re = 220.000–270.000 for volleyballs occur at typi-
cal volleyball spike or service velocities and there-
fore lead to laminar‐turbulent transitions and 
deviations of the trajectory. During a float serve, 
this process leads to irregular nonsymmetrical 
 lateral forces acting on a ball and thus to unpre-
dictable trajectories. Due to structural differences 
on the surface of volleyballs manufactured by 
 different companies (some surfaces are smooth, 
while others are honeycombed or dimpled), 
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 volleyballs have also changed their floating prop-
erties and therefore trajectories (Asai et al. 2010).
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In a rotating ball, the so‐called Magnus effect alters 
the ball trajectory by introducing a lift force (FL; see 
Equation (iv) including a lift coefficient CL) in the 
direction of the ball rotation. Initially, the German 
physicist Heinrich Gustav Magnus explained this by 
different streaming velocities which result in differ-
ent pressures (Bernoulli effect) on the different sides 
of the ball. Later, the American physicist Lyman J. 
Briggs explained this effect by a turbulent wake 
behind the spinning ball. Metha (2008) explained 
that the rotation of a ball leads to an asymmetrical 
separation of the boundary layer and therefore to a 
wake deflected in the opposite direction to the rota-
tion. Following Newton’s Third Law of Motion, the 
deflected wake implies a (Magnus) force on the ball 
and thus a curved trajectory. Thus, services or spikes 
with a topspin rotation are deflected downwards 
(Figure  3.6). Consequently, a ball that was spiked 
over the opponent’s block with topspin rotation 
might still hit the ground within the court while a 
ball without spin or even backward spin would be 
out. Similarly, a topspin serve will come down closer 
to the net or can be played with higher velocity due 
to its downward deflection.

Based on knowledge of the influence of ball rota-
tion on trajectory and further experimental data, 
Kao et al. (1993) carried out simulations to deter-
mine the optimal spike position on the court 
against a two‐person block. They defined the opti-
mal spike position as the coordinates from where 
an attacker has the greatest possible attacking angle 
against a central double block of 1.2 m width. They 
used a ball velocity of 20 m/s and an angular veloc-
ity of 7 revolutions/s. Using this information, they 
calculated an optimal spike position with an attack-
ing angle of 30° at 1.6–2.5 m behind the middle 
line and 0–1.5 m from the side line from position II 
or IV on the volleyball field. This underlines the 
excellent spiking conditions for back row spikers.

Summary

An understanding of biomechanics in volleyball is 
important for maximal performance and injury 
prevention. Maximal jumping height is achieved 
by maximizing take‐off velocity. This is supported 
by a countermovement and the use of an arm 
swing and will be decreased by a yielding surface 
like sand.

During the aerial phase of serve, spike or block 
movements, the (angular) momentum is preserved. 
Therefore, angular moments produced by the arms 
are compensated by other body parts. This coordi-
nated process should be trained in order to use 

Figure 3.6 Comparison of the ball trajectory of a topspin serve (light crosses) and float serve (dark crosses) at similar 
serve speed of ~14 m/s. Note that the path of the topspin serve is deflected downward.
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adequate techniques. During the overhead spike 
technique, the momentum (mass⋅velocity) of the 
hand is transferred to the ball. Coordinated muscle 
activity increases the momentum and the elastic 
properties of the hand.

Ground reaction forces during the landing phase 
are influenced by the landing surface and by tech-
nique. A yielding surface and landing on two feet 
will reduce force peaks and therefore injury risk.

The volleyball trajectory is greatly affected by 
velocity and rotation. While setting trajectories are 
approximately parabolic, following spikes and 
serves at critical velocities the boundary layer 
around the ball peels away in a turbulent state 
behind the ball, which makes the trajectory less 
predictable. A rotation on the ball leads to an asym-
metrical separation of the boundary layer and 
therefore to deflection in the opposite direction to 
the rotation.
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Introduction

Volleyball is among the most popular sports in 
the  world, as reflected by membership of the 
Fedèration Internationale de Volleyball (FIVB), 
the international governing body for the sport, 
which now totals in excess of 225 national federa-
tions. This burgeoning popularity has resulting in 
a growing need for training prescriptions for the 
competitive volleyball athlete. The exercise pre-
scription must address the physical requirements 
of the sport but must also be individualized to 
match the training experience and developmental 
needs of the athlete. This chapter describes a para-
digm for designing a resistance training program 
for volleyball that can be adapted to meet the 
 specific demands of athletes, optimizing those 
characteristics which are essential to effective pro-
gramming at every level.

The primary goals of a strength and condition-
ing program are to prevent injury and to improve 
performance by enhancing physical development. 
Creating a training program to achieve these fun-
damental goals is an individualized process which 
must take into consideration unmodifiable factors 
such as genetic inheritance (which influences 
qualities such as height, limb length, number of 
muscle fibers, and distribution of muscle fiber 
type), while concurrently optimizing those modi-
fiable factors that can be influenced by training 

(e.g. muscle fiber size, strength, agility, recovery 
capability). Designing a volleyball‐specific strength 
and conditioning  program science requires not 
only knowledge of and expertise in exercise sci-
ence, but also an appreciation of the art of working 
with athletes to set goals and motivate them to 
attain optimal individual development. It is there-
fore essential that qualified strength and condi-
tioning coaches are involved in teaching and 
prescribing exercise, as well as evaluating the ath-
lete’s progress based upon his/her age, competitive 
level, and experience.

The basis of strength and power development 
is the “Size Principle” which dictates that motor 
units are recruited in an orderly manner from 
the lower threshold motor units made up of 
smaller type I muscle fibers on up to larger 
motor  units made up of type II muscle fibers. 
Recruitment always goes from low to high based 
on the need for force or power. Higher force and 
power demands require the nervous system to go 
higher in the recruitment ladder to recruit type 
II motor units. Thus, whether on the court per-
forming a maximal jump for a block or in the 
gym lifting a heavy weight, the body must 
recruit the needed high threshold motor units to 
meet the demands. Conversely, lifting light 
weights or performing endurance‐type training 
can be accomplished with lower threshold motor 
units as the force and power demands are so 
much lower. Thus, training or competition runs 

Developing a resistance training 
program for volleyball
William J. Kraemer, Lydia K. Caldwell, and Emily C. Barnhart
Department of Human Sciences, The Ohio State University, Columbus, Ohio, USA

Chapter 4



Developing a resistance training program for volleyball 39

on a motor unit recruitment continuum to meet 
the demands of an activity.

The percentage composition of type I or type II 
muscle fibers that make up the various motor 
units is genetically determined, and gives athletes 
their inherent physical capacity for a sport or 
activity. Muscle fiber type composition cannot be 
modified to any significant extent (or to a level 
that might impact performance). As many coaches 
say, “It is important to pick your parents cor-
rectly.” While fiber type is not the only factor that 
influences performance, it contributes to one’s 
physical capabilities. It is not uncommon to 
describe an athlete’s performance in terms of his/
her predominant phenotype, e.g. a fast‐twitch 
athlete (e.g. sprinter or volleyball outside hitter) 
or a slow‐twitch athlete (e.g. marathon runner). 
Many athletes and most individuals typically 
range from 60% type I to 40% type II or 40% type 
I to 60% type II for the major locomotor muscle of 
the body.

The strength and conditioning coach should 
have a solid understanding of workout design 
and training progression approaches that can be 
used over the year or a career. One starts this 
process with thorough needs analysis of the 
physiological demands of the sport in order to 
select the appropriate exercises to stimulate ath-
lete development.

Needs analysis

The needs analysis for volleyball should examine 
the metabolic demands of the sport, biomechani-
cal specificity or the movements, joints, muscles, 
and muscle actions used in the sport, and the most 
common types of injury. The athlete’s injury his-
tory, his/her unique biomechanics of skill perfor-
mance, and the position played (e.g. setter versus 
middle blocker) should also be factored into the 
analysis (e.g. a setter may not need the same 
emphasis on vertical power development but may 
need to have strength and stability in a full flexion 
of the knees). From this information, a truly indi-
vidualized strength and conditioning program 
addressing specific areas of need can be designed.

Bioenergetics of volleyball

The primary energy system employed in volleyball 
is the high ATP‐PC system, due to the short‐
duration, high‐intensity burst movements and 
explosive jumps needed to conduct volleyball 
skills. A  moderate contribution of energy from 
 glycolysis during intense continuous play can 
also be observed. While aerobic fitness is necessary, 
 caution is needed so such training does not nega-
tively impact power capabilities. Any training that 
negates the development of power, quickness, and 
speed is counterproductive.

Applied biomechanics of volleyball

The fundamentals of volleyball involve the mas-
tery of a few key neuromuscular skills: the serve, 
spike, pass, set, block, and dig. Resistance training 
programs should focus on developing the move-
ment patterns specific to those skills. For example, 
jumping is essential to many of volleyball’s skills. 
The major muscle groups involved in the jump are 
the glutei, hamstrings, quadriceps, and calves. 
During the jump, an athlete flexes the ankles, 
knees, and hips and propels the body upward with 
an extension at each joint. Equally important for 
the volleyball skill set is development of the upper 
body. Shoulder extension as well as internal and 
external shoulder rotation are necessary for the 
serve and spike. Shoulder flexion, shoulder abduc-
tion, and elbow stabilization are important move-
ments in the pass and dig, while overhead shoulder 
abduction and elbow extension are necessary to 
the set and block. Another important mechanical 
consideration for volleyball is an athlete’s ability to 
quickly change direction. The fast‐paced nature of 
the game requires an athlete to quickly react to the 
ball while maintaining control and balance. Often 
this requires the ability to stabilize body move-
ments over a single limb.

Volleyball injury profile

Epidemiological research has demonstrated that 
volleyball players are at risk for various types of 
acute and overuse injuries. The most common over-
use injuries include rotator cuff tendinopathy and 
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patellar tendinopathy, while common acute inju-
ries include ankle sprains, muscle strains, and 
contusions. Overuse injuries are often associated 
with the repetitive motions required by the sport, 
such as overhead swings and jump landings. 
Thus, it is important to include exercises that 
promote joint stability, strength, and flexibility. 
Due to the stress on the lower back, many players 
experience compressive stressors, hyperextension 
stress, and lower back pain as well and thus a 
focus on lower back strength and stability for this 
body segment is important.

Considerations for exercise selection

Based on the needs analysis for volleyball, it is 
necessary to select exercises that develop lower 
body power, upper body power, unilateral limb 
strength, core stability, and flexibility (Figure 4.1).

Strength development

Development of strength is the basis of any resist-
ance training program. Strength can be developed 
using a variety of different exercises, including 
unilateral exercises to address limb dominance 
and bilateral exercises to maintain functional sym-
metry. Upper limb strength and stability is vital to 
an athlete’s ability to extend for a dig, spike, or 
serve. Additionally, stabilization and passing skills 
may be enhanced by training core stability. As 
alluded to above, when selecting exercises it is 
important to consider symmetry across joints and 
between upper and lower body. However, in 
women, it might be advisable to emphasize upper 
body development. Women have been shown to 
have less upper body musculature (number of 
muscle fibers) than men due to normal maturation 

Box 4.1 Basic power exercises 
and modalities.

Free weights
Power cleans
Hang cleans
Snatch lift
Hang snatch lifts
Jump squats
Bench throws
Medicine ball throws

Machine modalities with no deceleration when performed 
at maximal speed
Pneumatic machines as they have both a concentric and eccentric 

component to the repetition (fixed form, no balance benefits)
Hydraulic machines have only a concentric component with no 

eccentric component to the repetition (fixed form, no balance 
benefits)

Plyometric exercises
Box jumps
Depth jumps
Tuck jumps
Broad jumps
Squat jumps

Figure 4.1 The sport of volleyball requires the ability 
to produce vertical power for a host of different skills. 
The development of whole‐body power is an important 
goal for any resistance training program designed to 
enhance a player’s physical potential for the sport. 
Source: The Ohio State University Athletics 
Communications. Used with permission of The Ohio 
State University.
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during puberty and the role of testosterone. While 
many great women athletes have had inherently 
more muscle in the upper body than the norma-
tive woman, significant benefits can still be real-
ized with attention to upper body training in 
women to insure no muscle has been left undevel-
oped due to not recruiting muscle with heavier 
resistances or not using an exercise that gets at a 
recruitment angle of the muscle. This can be 
accomplished by adding a few more exercises that 
stimulate upper body musculature at different 
angles, e.g. one might use the bench press but also 
include an incline dumbbell press. Fundamental 
strength training exercises for volleyball are listed 
in Box 4.1.

Power development

The formula for power (Eq. (i)) suggests how to best 
train for explosive strength:

 Power W
Force Distance

Time
 (i)

Heavy resistance training develops the force com-
ponent of the equation. The velocity with which 
the force‐producing exercises are performed is 
the  other critical component to training power 

(Box  4.2). Power exercises should be performed 
with moderate to heavy loads. Power exercises 
include Olympic weightlifting movements and 
plyometrics. It is important for each exercise to be 
carefully instructed by qualified coaches and to not 
eliminate these elements due to the fear of acquir-
ing the skill or sustaining injury while performing 
the various lifts (Table 4.1).

When training for power, it is important to avoid 
voluntary deceleration while completing the lift. 
For example, in the bench throw, the weight is 
released at the end of the movement. Compare this 
to a bench press, in which the weight is not released 
but rather is eccentrically lowered to the starting 
position, completing the repetition. When the 
weight is held for the entire repetition for bench 
press “speed reps,” only deceleration is trained, not 
power. Pneumatic machines have both a concen-
tric and eccentric force and allow for speed training 
and power development by not inhibiting accelera-
tion through the range of motion (Figure  4.2). 
However, training effects are realized in a fixed 
movement path with no balance requirements.

A cautionary tale is that a coach needs to under-
stand that an excess of aerobic training using long 
duration endurance exercise, especially running, 
can negatively affect power development and 
therefore vertical jump (Figure 4.1). Thus, cardio-
vascular exercise training should be carefully pre-
scribed and power carefully monitored to avoid 
negative effects. The use of sprint intervals can 
achieve basic aerobic fitness adaptations without 
compromising power. Many nonfunctional over-
reaching or even overtraining syndromes can be 
due to this incompatibility of training modes.

Training the core

The core muscles of the body (generally agreed to 
include the musculature of the abdominal wall, 
the diaphragm, the thoracolumbar back muscles, 

Table 4.1 Skill‐specific strength and conditioning 
considerations.

Skill Strength and conditioning needs

Serve Lower body power, upper body power, shoulder 
strength and stability, core strength

Spike/hit Lower body power, upper body power, shoulder 
strength and stability, core strength

Bump/pass Straight arm strength, core strength
Set Shoulder strength and stability, core strength
Block Lower body power, upper body power, shoulder 

strength and stability, core strength
Dig Single limb strength and stability, straight arm 

strength, core strength

Box 4.2 Fundamental strength training exercises for volleyball.

Squats Bench press Seated rows RDL deadlifts
Split squats Dumbbell bench press Rotator cuff series Stiff leg deadlifts
Lunges Dumbbell rows Trap bar
Side squats Incline dumbbell press Deadlifts Lat pull‐downs
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and the pelvic floor) perform a vital role by pro-
viding support for the extremities to properly per-
form the various volleyball‐specific skills. This 
function is especially important to proper and 
efficient performance of overhead skills, such as 
spiking and serving. Greater core stability helps 
prevent shoulder and knee overuse injuries. 
Power cleans, squats, and deadlifts are examples 
of effective common core exercises. Additional 
core exercises include those that employ move-
ment limitations and isometric muscle activa-
tion, such as planks, back extensions, and hip 
extensions.

Local muscular endurance

Local muscular endurance can be developed 
within the context of the program with the use of 
shorter rest periods or higher repetitions. 
Typically, the athlete progresses from low‐ to 
high‐intensity workouts, and this is dictated by 
the goals of the program. Higher repetitions of 
greater than 20 reps for one or two sets or reduc-
tions in rest periods with moderate‐intensity 
10 RM loads have been used to enhance local 

muscular endurance. Circuit programs can also be 
effective when increased local muscular endur-
ance is desired. Short rest circuits can also induce 
high stress levels and should be followed by 
recovery days as again, nonfunctional overreach-
ing can occur if stress levels continue and cata-
bolic (break down) hormonal increases of cortisol 
continue to rise and not return to resting levels 
within 24 hours of the workout.

Flexibility

Flexibility is vital for volleyball players. Functional 
movement screens should be used to help iden-
tify the need for and guide the development of 
specific flexibility exercises. It is important to 
understand that successful completion of func-
tional movement screens does not obviate the 
need for ongoing strength and conditioning 
training. “Corrective” exercises can be part of 
warm‐ups and cool‐downs. It is important to 
avoid static flexibility exercises directly before 
power, speed or agility training due to their nega-
tive effects (e.g. lower power production) on 
workout performance.

Figure 4.2 The sport of volleyball also requires strength in full range of motion as typified here in this pass from a 
low position. Such strength and stability are developed with squat exercises to provide a stable base for passing. 
Straight arm strength and stability are also important and developed with straight arm lifts. Resistance training 
programs help to optimize volleyball skill performance. Source: The Ohio State University Athletics 
Communications. Used with permission of The Ohio State University.



Developing a resistance training program for volleyball 43

Designing a strength and conditioning 
program

Both volleyball‐specific publications (e.g. 
Performance Conditioning Volleyball) and the 
 fitness industry have touted sport‐specific strength 
and conditioning programs. These programs 
should be carefully reviewed to ensure that the 
information presented is accurate and avoids over-
use injury, nonfunctional overreaching or over-
training. Incorporating adequate time for rest and 
recovery as part of the training cycle will minimize 
the risk of burnout and injury.

Acute program variables

Workouts should be created within a periodized 
model, taking care to individualize workouts and 
develop a program to meet the sport‐specific 
needs of the individual athlete, using the basic 
principles and concepts discussed in this chapter. 
When designing a program, choices of program 
variables must reflect the desired training adapta-
tions for the athlete. Each workout consists of 
components designed and chosen with a specific 
purpose in mind. Over time, exposure to work-
outs (e.g. heavy loading) will result in specific 
adaptations (e.g. increases in maximal strength). 
Specificity relates to the relationship of the work-
out stimuli to the desired training endpoint 
adaptation.

The program variables are as follows.

Choice of exercise
The choice of exercise influences which muscle 
groups will be trained. The first step in designing a 
workout should therefore be identification of goals 
for the resistance training program. Then, select 
the exercises that stress the muscles and joint 
angles you want to target. Exercises should be per-
formed a minimum of twice per week in order to 
derive any benefit from the training program. 
Choose exercises that stimulate the muscle groups 
used to perform the specific skills for the selected 
sport. Be aware that changing the angle of an exer-
cise effectively changes the exercise. Note that 
some exercises, such as squats, will be components 
of every program designed, since squats are funda-
mental to body development (Table 4.2).

Primary versus assistance exercises
Exercises can be classified as primary exercises and 
assistance exercises. Primary exercises are those 
that train the prime movers (major muscle groups), 
such as the leg press, bench press, hang clean, etc. 
Assistance exercises are those that predominantly 
train muscle groups that assist in producing the 
movement generated by the prime movers. The 
 triceps pushdown and dumbbell biceps curl are two 
examples of assistance exercises. Structural (also 
known as multiple‐joint) exercises require neural 
coordination among muscles and promote the 
coordinated use of movements that involve multi-
ple joints and multiple muscle groups. It has 
recently been shown that multiple‐joint exercises 
require a longer initial learning or neural phase 
compared to single‐joint exercises. Often, structural 
exercises involve advanced lifting techniques 

Table 4.2 Example exercises for developing power and strength.

Lower body  
power

Lower body  
strength

Upper body  
power

Upper body  
strength Core strength Unilateral limb strength

Power cleans Squats Power cleans Bench press Planks Single limb strength  
variationsHang cleans Split squats Hang cleans Military press Rotational pull

Snatch lift Lunges Snatch lift DB rows Crunch variations
Hang snatch lifts Side squats Hang snatch lifts Incline DB press Multiple‐joint power and  

strength exercisesJump squats Trap bar deadlifts Bench throws Upright rows
Plyometrics Romanian deadlifts MB throws Seated rows

Stiff leg deadlifts Rotator cuff series
Lat pull‐downs

DB, dumbbell; MB, medicine ball.
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(e.g. power clean) that require additional coaching 
of exercise technique beyond simple movement 
patterns. Structural or multiple‐joint exercises are 
especially important to include in a program when 
whole‐body strength movements are required for a 
particular target activity.

Free versus fixed form exercises
Exercises done with free weights are classified as 
“free form,” since balance and neuromuscular con-
trol are required to move the weight along the path 
of repetition. Exercises performed on machines 
where no balance is needed and the path is preset 
are called “fixed form.” When balance is important 
to the sport, as in volleyball, the use of free weights 
is generally preferable to machines since “free 
form” exercises help train this capacity.

Order of exercise
The order in which exercises are performed is 
important as fatigue influences the quality of exer-
cise. Exercising the larger muscle groups first pro-
vides a superior training stimulus to all the muscles 
involved, since no prior fatigue exists. This is 
thought to be true because exercising larger muscle 
groups stimulates greater neural, metabolic, endo-
crine, and circulatory responses, which potentially 
augment the training of subsequent muscles later 
in the workout. Thus, more complex multiple‐joint 
exercises should be performed initially, followed by 
the less complex single‐joint exercises. Another 
rationale for sequencing the multiple‐joint exer-
cises before the single‐joint exercises is that exer-
cises performed at the beginning of the workout 
will be able to access the greatest amount of stored 
energy to permit optimal performance. Thus, these 
sequencing strategies focus on attaining a greater 
training effect for the exercises involving large 
muscle groups.

Resistance training experience
When deciding on the order of exercises, it is 
important to take into consideration the fitness 
level of the athlete and his/her experience in resist-
ance training (Box 4.3). The order of exercises in a 
workout can be very stressful, so workouts must be 

designed so that, although challenging, they can 
be tolerated by the athlete. This is especially true 
for younger athletes just being introduced to 
 volleyball or resistance training.

Resistance used
Selecting the appropriate loading stimulus for each 
exercise is an important component of weight 
training program design (Table 4.3). The amount of 
resistance used for a specific exercise is a critical 
component in any resistance training program 
(recall the formula for power.) Mass or weight is the 
major stimulus related to adaptations in strength 
and local muscular endurance. It is well established 
that lifting heavier weights promotes strength 
gains and that lighter weights that can be repeated 
many times promote muscular endurance. The tar-
get for a lift should not be muscle failure, as this 
stresses the joints involved if done repeatedly over 
time, and has been associated with overtraining.

A key tool used in program design is the use of 
RM (repetition maximum) zones. A general guide-
line for number of repetitions at each zone is 
described below (see Table 4.3). Note that differences 
exist between machines and free weights and 
between large and small muscle groups. For example, 
in a free form squat at 80% of 1 RM, an athlete may 
be able to complete just 10 repetitions, while on a 
leg press machine at the same RM, the same athlete 
can complete 20–25 repetitions. The reason for this 
is that more muscles and their associated motor 
units are recruited when performing a free weight 
exercise as there is a greater need for stabilization 

Box 4.3 General methods 
for sequencing exercises.

• Target large muscle groups before small muscle groups

• Perform multiple‐joint exercises before single‐joint exercises

• Alternate push and pull exercises for total body sessions

•  Alternate upper and lower body exercises for total body sessions

•  Perform exercises for weaker areas (priorities) before stronger 
areas

•  Perform Olympic lifts before basic strength and single joint 
exercises

• Perform power exercise before other exercise types

• Perform more intense exercises before less intense exercises
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of the resistance and assistance in each phase of the 
movement path. This means that more energy is 
required, more muscle is needed, and the exercise 
is biomechanically and bioenergetically different 
in its demands.

Number of sets
Total exercise volume (e.g. 5 sets of 5 repetitions at 
90% of 1 RM) is a vital concept of training progres-
sion. Using a program with a constant volume (or 
intensity) may lead to plateaus in a particular 
strength variable, or staleness. The number of sets 
completed, or total exercise volume, can be used as 
an indicator of strength over time, ranging from 
low‐volume exercise with a single set to higher 
work volumes with multiple sets. Varying the train-
ing volume is key to both periodization and recov-
ery from workouts. Every exercise does not have to 
be performed for the same number of sets each 
time. Workout volumes should change over time 
or between workouts, depending on whether the 
periodization model used is linear or nonlinear (see 
later in this chapter). Most beginner programs are 
designed to include multiple low‐intensity sets, 
while recovery workouts are constructed using 
lower repetition volumes or single sets.

Rest between sets and exercises
Rest periods between sets and exercises help to 
determine the ability of the ATP‐PC energy source 
to keep up with the energy expended, and there-
fore the concentration of lactic acid (lactate) in the 
blood. The length of the rest period can signifi-
cantly alter the metabolic, hormonal, and cardio-
vascular responses to an acute bout of resistance 
exercise, as well as the performance of subsequent 
sets. Short rest periods can promote tolerance to 

decreases in blood pH, a common factor associated 
with fatigue. However, rest after the workout is 
needed in order to limit any overreaching effects 
that may create a catabolic state in the body. In 
concert with the resistance used and the order in 
which the exercises are performed, rest period 
lengths can dramatically affect the force‐generat-
ing capability of the muscle, with shorter rest peri-
ods being more detrimental to force production 
(Table 4.4). Thus an athlete should use longer rest 
periods when lifting heavy weights and shorter 
rest periods when training with moderate to light 
resistance.

Approaches to the periodization 
of training

The main goal of periodization, or periodized train-
ing, is to optimize the athlete’s ability to adapt to 
his/her training protocol by scheduling periodic 
rest and recovery from training stress. Phases of a 
training cycle generally include (in increasing 
length) microcycles, mesocycles, and macrocycles. 
Depending on the type of periodization, (linear 
and nonlinear, discussed later), microcycles can 
last from 1 day to 2–4 weeks, while a mesocycle 
ranges from 2 to 6 months, and the macrocycle 
may be as long as a year.

Periodization plans are frequently designed to 
allow the athlete to achieve peak physical perfor-
mance at a particular point in time (e.g. in concert 
with major competitions, such as the Olympic 
Games). Another goal of periodized training is to 
avoid training plateaus. During bouts of long‐
term training, training plateaus are common, in 
part because athletes begin to approach their 
genetically determined maximal capacity for a 
specific characteristic, such as strength. By plan-
ning  periodic rest periods from training, and by 
varying the intensity of training, athletes maintain 

Table 4.3 General guidelines for selecting appropriate 
loading zones.

Resistance Zone % 1 RM

Very heavy 1–3 RM 90–100
Heavy 4–6 RM 85–90
Moderate 7–10 RM 75–85
Light 11–15 RM 65–75
Very light 15–20 RM 55–65

RM, repetition maximum.

Table 4.4 General guidelines for selecting appropriate 
rest durations.

Resistance Rest Duration

Light Short 1–2 minutes
Moderate Moderate 2–3 minutes
Heavy Long 3–5 minutes
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their capacity for training and avoid staleness, 
burnout, and overtraining.

Periodized training programs use different com-
binations of acute training program variables to 
emphasize different training outcomes (e.g. hyper-
trophy, maximum strength, local muscular endur-
ance, and maximum power). This does not imply 
that a training session emphasizing one training 
outcome over time will not result in increases in 
other training outcomes. Rather, it means that a 
given training session is designed to develop one 
training outcome to a greater extent than others. 
As an example, a training session emphasizing 
maximal strength will result in muscle hypertro-
phy over time, even though the session is meant to 
preferentially develop maximum strength.

Manipulation and sequencing of the eight varia-
bles integral to a resistance training program results 
in thousands of combinations of those variables. 
Thus, a practically limitless number of both 
short‐ and long‐term training strategies can be 
programmed.

To date, the sport science community has described 
and investigated two major types of periodized 
resistance training: linear periodization and non-
linear periodization.

Linear periodization
Linear periodization is the older or more classic 
form of periodization, developed in many forms 
over the past 50 years. Linear periodization follows 
a general trend of decreasing training volume and 
increasing training intensity as training progresses 
through the cycle. For weight training, this means 
that a relatively high total number of repetitions is 
performed at low intensity when training is initi-
ated, and as training progresses, the total number 
of repetitions performed decreases and training 
intensity increases (Box 4.4). This type of periodi-
zation tends to work best when scheduling 
demands are more predictable.

Planned nonlinear periodization
Nonlinear periodization may be more useful when 
the athlete’s schedule is variable or unpredictable.

Nonlinear models are gaining popularity in 
sports and activities with long seasons for several 
reasons. With planned nonlinear periodization, 

training intensity and volume are varied by using 
different percentage loads or RM training zones on 
different days. The concept of nonlinear periodized 
training programs was developed to maintain vari-
ation in the training stimulus over the training 
interval. The nonlinear program allows for varia-
tion in the intensity and volume within each week 
over the course of the cyclical training program 
(e.g. a 12‐week planned mesocycle) (Table 4.5).

Distinct from linear programs, nonlinear pro-
grams train the different components of muscle 
size, power, local muscular endurance, and strength 
within the same week. Nonlinear programs also 
attempt to train both the hypertrophy and neural 
aspects of strength within the same week. Thus, 
one is working towards two different physiological 
adaptations simultaneously within the same 7–10‐
day period of the 12‐week mesocycle. The order of 
the training sessions is established for each 12‐week 
mesocycle, depending upon the goal of each cycle 
(which may range from general preparation 
emphasizing light‐to‐moderate loads, to in‐season 
programs which maintain strength and further 
develop power).

In this program, an athlete rotates through the 
different protocols. This concept means that one 
can set a specific rotation for each workout 
style  –  for example, a heavy day, a light day, a 
power day, and a moderate intensity set of work-
outs for different days. So the rotation can be pre-
set based on the periodization approach you want 
to use. Nonlinear workouts typically try to vary 
the type of workout dramatically. However, one 
can change the sequence to be very different and 

Box 4.4 A general linear periodization 
model used for the primary exercises 
in a program. Each microcycle can 
last from 2 to 4 weeks, with most 
programs using a 2‐week microcycle 
and 12‐week mesocycle.

Microcycle 1 Microcycle 2
3–5 sets of 12–15 RM zone 4–5 sets of 8–10 RM zone

Microcycle 3 Microcycle 4
3–4 sets of 4–6 RM zone 3–5 sets of 1–3 RM zone

RM, repetition maximum.
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put, say, two heavy workouts back to back on con-
secutive days. Or have a plan but alter it based on 
the demands that day in a practice. So rotation is 
how one goes from day to day with different 
workouts or different workout sequences used. 
Thus, workout sessions rotate between very heavy, 
heavy, moderate and light training day, and/or 
training volumes. Thus, one is not only setting up 
the training resistance intensity but the training 
volume of work, rest periods, order, etc. as reflect-
ing the acute program variable structure for work-
out design.

Missing a scheduled workout means the rotation 
order is pushed forward on the rotated workout 
schedule. For example, if the athlete misses a light 
12–15 repetition workout scheduled for Monday, 
he/she can perform the workout missed or, if capa-
ble, can perform the scheduled workout planned 
for Wednesday. Either way, the athlete continues to 
complete the the whole workout sequence designed 
in a planned nonlinear approach to periodization.

Again, the strength and conditioning profes-
sional along with the coach can design any 
approach they want to with each mesocycle 
sequence based on level of athlete, time of year, 
competitive demands, and/or level of player devel-
opment and experience. The training goals for the 
individual must always be kept in mind and 
assessed to determine progress and effectiveness of 
the training program or for that training cycle.

Again, the primary exercises are typically perio-
dized but one can also use a two‐cycle program to 
vary the small muscle group exercises. For exam-
ple, in the triceps pushdown, one could rotate 
between the moderate (8–10 RM zone) and the 
heavy (4–6 RM zone) cycle intensities. This would 
provide the hypertrophy needed for such isolated 
muscles but also provide the strength needed to 
support heavier workouts of the large muscle 
groups.

Flexible nonlinear periodization
The concept of “flexible” nonlinear periodization 
gained popularity in the early 2000s, in response 
to limitations on athlete availability. Long sea-
sons, sport practices, relegating training times to 
after practices, academic schedules, illness and 
injuries, and scheduled competitions all combine 
to make it difficult to train optimally. As a result 
of these factors, athletes were found to have non-
uniform development of strength and power. The 
solution was “flexible nonlinear” periodization 
training, which is a method of optimizing strength 
training under less than ideal circumstances. 
This approach allowed for planning a workout 
sequence but then being able to modify the 
sequence in response to the changing environ-
ment of the athlete and their external demands. 
Flexible nonlinear periodization takes an athlete’s 
readiness to train into account when selecting the 
intensity and type of training to be performed on 
a given day. Athletes may use flexible nonlinear 
periodization in order to accommodate their ever‐
changing schedules and also factor in their readi-
ness to train. This allows the creation of a general 
plan for the mesocycle, which can be modified if 
the athlete shows signs of not being ready to train 
a specific area of muscular fitness in the face of 
conflicting schedules, injury, illness, or extreme 
fatigue. An alternate workout is prescribed, or the 
athlete takes a day off to rest and recover.

The workout log is a critical component of this 
workout strategy, as it facilitates fitness tracking 
and the monitoring of performance. Quick inspec-
tion of the log will enable the athlete or coach to 
assess current performance. For example, say the 
athlete is scheduled to squat on Friday. The previ-
ous Friday, using the same rotation for a heavy day, 
the athlete lifted 200 kg for 3–5 reps for each of the 
four sets. Today the athlete can only do 1 rep on 
the first set using 200 kg. On the next set, they can 

Table 4.5 Example of planned nonlinear periodized program loading examples.

Monday Wednesday Friday Monday Wednesday

1 set of
12–15 RM

6 sets of
1–3 RM

3 sets of
4–6 RM

6 sets of 2–3 reps  
at 30% 1 RM power

4 sets of 8–10 RM

RM, repetition maximum.
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only complete 2 reps, telling both the coach and 
the athlete that something is wrong and that the 
quality of the work has been compromised. The 
first step is the athlete realizing something is pre-
venting him/her from performing a quality work-
out, so some strength diagnosis is needed. Choices 
for the athlete include resting, seeing the athletic 
trainer or team physician, or defaulting to a lighter 
workout for the day. Each case must be addressed 
individually when the planned sequence cannot be 
accomplished for that workout for that mesocycle. 
Again, the sequence of workouts for any nonlinear 
periodized mesocycle can be ordered with loads 
and intensities as desired if related to the training 
goals identified by the athlete.

With limited training time, every training ses-
sion must represent progress towards targeted 
training goals for that particular microcycle work-
out or mesocycle sequence. Workouts in the 
weight room that do not optimize the time are 
counterproductive to optimal gains in perfor-
mance. For example, power workouts should not 
be performed after practice as the actual power 
output (W) in the power clean or in jump training 
at that time will be significantly lower than the 
athlete’s maximal capacity. Training at submaxi-
mal power output will not provide the stimulus 
necessary to improve maximal power. Furthermore, 
there is diurnal variation to power production, as 
not every athlete can produce his/her peak power 
in a plyometric drill at 6 am. Thus, “individualiza-
tion,” a word at odds with whole‐team training, is 
an important consideration for program imple-
mentation and monitoring. Failure to recognize 
individual differences does not diminish their 
existence or their potentially deleterious training 
effects.

A programming approach predicated on a flex-
ible nonlinear periodization model designed to 
be responsive to a fast‐changing environment 
should result in more frequent use of the weight 
room. When coupled with technologically 
advanced devices that record and display past 
and present strength training data, these tools 
provide the athlete with the motivation and the 
means to achieve their strength and condition-
ing goals, and thereby improve their sport‐ specific 
performance.

Summary

Creating a resistance training program for a volley-
ball player is dependent upon many different 
factors including age, sex, maturity, training expe-
rience, injury history, and physical development 
needs. The array of choices in the design of pro-
grams can be daunting but a systematic view of the 
program via a needs analysis and then overlaid to 
the individual player allows for more precision in 
its approach. Thus, understanding of evidence‐
based practice (Amonette et al. 2016) is needed to 
make key decisions in the program design and pro-
gression process. Implementation requires quali-
fied strength and conditioning professionals 
capable of teaching and training athletes using 
both the art and science of the field.

Reference

Amonette WE, English KL and Kraemer WJ. (2016) 
Evidence‐Based Practice in Exercise Science: The Six Step 
Approach. Human Kinetics, Champaign, IL.

Recommended reading

Amonette WE, English KL and Kraemer WJ. (2016) 
Evidence‐Based Practice in Exercise Science: The Six Step 
Approach. Human Kinetics, Champaign, IL.

Fleck SJ and Kraemer WJ. (2014) Designing Resistance 
Training Programs, 4th edn. Human Kinetics, 
Champaign, IL, 2014.

Hudy A. (2014) Power Positions. Kendal Hunt, Dubuque, IA.
Komi PV (ed.). (2003) Strength and Power in Sport, 2nd 

edn. Blackwell Science, Oxford.
Kraemer WJ and Fleck SJ. (2007) Optimizing Strength 

Training: Developing Non‐Linear Periodization Workouts. 
Human Kinetics, Champaign, IL.

Kraemer WJ and Häkkinen K (eds). (2002) Handbook of 
Sports Medicine and Science: Strength Training for Sport. 
Blackwell Science, Oxford.

Kraemer WJ, Fleck SJ and Deschenes MR. (2015) Exercise 
Physiology: Integrating Theory and Application, 2nd edn. 
Lippincott, Williams and Wilkins, Philadelphia, PA.

Ratamess NA. (2012) ACSM’s Foundations of Strength 
Training and Conditioning. Lippincott, Williams and 
Wilkins, Indianapolis, IN.



49

Volleyball, Second Edition. Edited by Jonathan C. Reeser and Roald Bahr. 
© 2017 International Olympic Committee. Published 2017 by John Wiley & Sons Ltd.

Introduction

The sporting environment in which the volleyball 
athlete trains and competes clearly influences per-
formance and risk of injury. Although in a broad 
sense, the “environment” can be considered to 
include the court or playing surface and the other 
equipment of the game, in addition to the pres-
ence (or absence) of spectators, the principal focus 
of this chapter will be on weather and tempera-
ture‐related concerns. In this regard, the most 
important environmental concern pertaining to 
the sport of volleyball is exertional heat illness. 
Obviously, heat illness is likely to occur more fre-
quently during outdoor competitions, such as 
beach volleyball and park volley. However, symp-
toms of heat illness can also occur during indoor 
events contested in conditions of high heat and 
ambient humidity.

Heat illness

Humans can tolerate a wide range of environmental 
temperatures, but ultimately cellular viability is 
affected by temperature extremes. At –1 °C (30.2 °F), 
ice crystals form in the tissues. At temperatures 
above 43 °C (109 °F), cellular proteins begin to dena-
ture. The human body can withstand temperatures 

above 41.5 °C (107 °F) for only brief periods of time 
without sustaining potentially fatal tissue damage.

The heat load on an athlete may be defined as 
the sum of the heat produced by the athlete’s basal 
metabolism combined with the heat generated by 
exercise and that absorbed through environmental 
exposure. Because the body is only about 20–25% 
efficient, only one‐fifth to one‐quarter of the 
energy expended during exercise results in useful 
work or movement. The other 75–80% is released 
as heat that must be dissipated if the athlete is to 
continue functioning. Active muscles are capable 
of generating heat at a rate 100 times greater than 
inactive muscles. During intense exercise, the rate 
of heat production may exceed 60 kJ/min.

There are four avenues via which heat exchange 
with the environment may occur. Dry or nonevap-
orative heat exchange is achieved by radiation, 
conduction, and convection whereas wet or evapo-
rative heat loss is achieved by evaporation. 
Radiation refers to heat exchange between the 
body and surrounding environmental objects via 
electromagnetic waves. Radiative heat transfer is 
most effective when the air in contact with the skin 
is significantly cooler than that of the body. 
Conduction is the transfer of heat through direct 
contact with solid objects. Usually this represents 
minimal heat loss as it relies on the thermal con-
ductivity of the object and the amount of surface 
area in contact with the object. Convective heat 
exchange occurs via the movement of air or water 
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over the surface of the skin. On a windy day, heat 
will be lost more effectively through convection 
(e.g. the wind chill index). Evaporation results in 
heat loss through the conversion of liquid (i.e. 
sweat or water) to water vapor on the surface of the 
skin. Evaporation is the body’s most effective path-
way for heat loss, but is affected by ambient humid-
ity and wind velocity. When treating an athlete 
with acute exertional heat illness, it may be neces-
sary to employ techniques based on each of the 
avenues of heat energy transfer.

Thermoregulation is an integrative process by 
which the resting body core temperature is 
 maintained around 37 °C (98.6 °F) through behav-
ioral and physiological temperature regulation. 
Behavioral thermoregulation is achieved through 
conscious adjustments in behavior, which include 
standing in the shade and wearing light‐colored 
clothing, as well as altering work rate during exer-
cise. Physiological temperature regulation operates 
through thermogenic (i.e. heat gain) and theromo-
lytic (i.e. heat loss) responses that are independent 
of conscious voluntary behavior. This process is 
controlled by the central nervous system’s temper-
ature regulatory center, located in the preoptic area 

of the anterior hypothalamus. Afferent receptors 
from temperature sensors in the skin and body core 
provide input to the thermoregulatory center. 
Efferent nerve fibers then transmit the autonomic 
nervous system response that results in thermoreg-
ulation. The sympathetic nervous system regulates 
vascular constriction and dilation, while both the 
sympathetic and parasympathetic systems inner-
vate the sweat glands. The onset thresholds for 
increases in sweating and cutaneous vasodilation 
during exercise correspond to an absolute change 
in mean body temperature, usually occurring 
within a few minutes after the start of exercise. 
Sweating and cutaneous vasodilation usually 
increase for the next few minutes and then level off 
when exercise intensity remains constant. These 
heat dissipation mechanisms form the body’s acute 
response to exercise in heat.

The average athlete will sweat 1 or more liters per 
hour; however, when acclimatized to exercising in 
hot climates, he/she may generate up to 2 or even 
3 liters of sweat per hour in extreme cases 
(Figure 5.1). The evaporation of 1 mL of sweat dis-
sipates approximately 2.45 kJ of heat energy. Thus, 
a well‐trained athlete who is acclimatized to 

Figure 5.1 Time course of induction in human adaptations to heat stress. Within this first week of exercise, heat 
acclimatization increases, plasma volume expands and heart rate decreases during exercise at a given work rate. 
Perceptually, the rating of thermal comfort improves. From a thermoregulatory perspective, core and skin tempera-
ture are reduced during exercise at a given work rate, whereas sweat rate increases. Consequently, aerobic exercise 
capacity is increased. Of note, the magnitude of these adaptations is dependent on the initial level of acclimatiza-
tion, the environmental conditions (i.e. dry or humid), exercise intensity, and acclimatization regimen. Source: 
Périard et al. (2015). Reproduced with permission of John Wiley & Sons.
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 exercising in the heat is capable of transferring a 
much larger amount of heat energy to the environ-
ment, depending on ambient conditions. Note 
that sweat contains small amounts of electrolytes, 
including sodium, chloride, and, to a lesser extent, 
potassium and magnesium. As an athlete becomes 
better acclimatized and sweat volume increases, 
the concentration of electrolytes in the sweat is 
reduced. For example, an athlete not acclimatized 
to heat may secrete sweat with a sodium concentra-
tion of 60 mEq/L or higher, and therefore if sweat-
ing profusely can lose large amounts of sodium. 
With heat acclimatization, eccrine sweat glands 
increase sodium reabsorption along the duct, 
which can reduce sweat sodium concentrations to 
as low as 10 mEq/L.

When is it safe to play?

The Wet Bulb Globe Temperature (WBGT) index is 
generally considered the best measure of environ-
mental heat stress and is often used to assess the 
risk of exertional heat illness; however, it must be 

emphasized that it does not provide a representa-
tion of human heat strain. The WBGT is a compos-
ite value used to estimate the combined effect of 
temperature, humidity, wind speed (wind chill), 
and solar radiation on humans. It is derived from a 
simple formula that incorporates the effects of wet 
bulb temperature (an indicator of humidity), black 
globe temperature (a measure of solar radiation), 
and normal air temperature. Instruments that 
measure the WBGT also factor in any evaporative 
wind cooling effect. Several systems utilizing the 
WBGT have been developed in order to estimate 
the risk of developing heat illness under varying 
environmental conditions, such as the American 
College of Sports Medicine (ACSM) and the United 
States Navy systems, which have adopted the 
“warning flag” concept to indicate the level of risk 
from exposure to high heat and humidity.

To assess the risk of heat illness in professional 
beach volleyball, the FIVB established a surveil-
lance program to monitor the WBGT and record 
any cases of heat‐related medical forfeits on the 
FIVB World Tour in 2009. As shown in Figure 5.2, 
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Figure 5.2 Peak (solid symbols) and average (open symbols) WBGT recorded during 48 of 51 FIVB beach volleyball 
events during the 2009–2011 seasons. The solid line represents US Navy black flag conditions of a WBGT >32.3 °C, 
while the dashed line corresponds to red flag conditions. Source: Bahr and Reeser 2012. Reproduced with permis-
sion of John Wiley & Sons.
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the initial 3 years of surveillance (2009–2011) doc-
umented that the risk of significant heat illness in 
professional beach volleyball on the World Tour is 
very low, even though hot and humid conditions 
were encountered frequently (Bahr and Reeser 
2012). Since 2009, the peak WBGT has met the 
US Navy black flag condition of >32.3 °C in more 
than 30 tournaments (totalling more than 2500 
matches). Despite this, only three cases of a medi-
cal forfeiture related to heat stress have been 
recorded, none of them severe. Two occurred in 
athletes whose fluid balance was compromised 
from bouts of acute gastroenteritis, and who played 
several matches during the tournaments, where 
the average WBGT was 25.9 °C (one case) and 
33.0 °C (two of the cases).

Regardless of the low incidence of heat‐related 
forfeiture, all outdoor volleyball players should be 
closely monitored for signs of heat illness. It is par-
ticularly important to identify and watch those 
athletes who have suffered from heat illness in the 
past, as they are more likely to be affected again. In 
FIVB events, decisions regarding suitability of com-
petition should be made by the tournament super-
visor, assisted by the medical team and based on 
the WBGT. Careful consideration should be given 
regarding continuing play if the WBGT exceeds 
31 °C. It should also be noted that the WBGT prob-
ably underestimates heat stress under high humid-
ity. The FIVB policy is that whenever the prevailing 
weather conditions indicate that the WBGT index 
will exceed 31 °C, the following measures should be 
considered.
1. Schedule matches in the morning and evening 
to avoid the heat of the day.
2. Permit side changes (with rest and water breaks) 
every 5 points in sets 1 and 2 and every 3 or 4 
points in set 3.
3. Increase the time between rallies.
4. Provide each team with an extra time‐out per set 
to use at their discretion.
5. Require electrolyte rehydration fluids to be 
available (not just water).
It should also be emphasized that tournament 
medical personnel must be competent and 
equipped in the optimal treatment of heat 
 illness, including intravenous treatment. 
However, if emergency intravenous treatment is 

instituted, the player should be transferred to 
hospital for further assessment and treatment as 
soon as feasible. Also, because of antidoping 
rules, players requiring intravenous treatment 
must refrain from further play in the same 
event, unless a Therapeutic Use Exemption can 
been obtained.

Who is at risk for heat illness?

Athletes who exercise at high intensity but who 
are not acclimatized to the conditions in which 
they are competing are more likely to suffer from 
exertional heat illness. Those who are less condi-
tioned or less fit may also be more likely to suffer 
symptoms of heat illness. Athletes who are accli-
matized to exercising in high temperature 
extremes but not high humidity are also at 
increased risk. As mentioned, evaporation of 
sweat is the primary pathway by which heat loss 
occurs. High ambient humidity reduces the rate 
of sweat evaporation and therefore impairs the 
athlete’s heat loss capacity. This situation may 
occur in beach volleyball when athletes who train 
year round in warm but dry coastal areas travel to 
compete in summer tournaments in areas where 
the humidity may exceed 90%. Without the ben-
efit of effective evaporation, the athlete’s body 
core temperature can rise quickly, resulting in 
heat illness.

Although uncommon in the elite athlete, cer-
tain types of medication may also put individu-
als at risk for heat illness. Diuretics (i.e. water 
pills) may result in relative dehydration. Athletes 
on these medications should be cautioned about 
the increased risk of dehydration and heat‐
related illness. Both caffeine and alcohol also 
have diuretic properties. Decongestant medica-
tions result in vasoconstriction, which impairs 
heat loss at the skin surface. Anticholinergic 
medications, such as some antidepressants, block 
parasympathetic tone, thereby inhibiting sweat 
production. Beta‐blockers, a popular class of high 
blood pressure medication, may also decrease 
skin blood flow. Phenothiazides and other antip-
sychotic medicines such as haloperidol may 
result in decreased thirst, even in the face of sig-
nificant dehydration.
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Consequences of excessive heat stress

Heat stress may precipitate three different types of 
heat illness in athletes: heat cramps, heat exhaus-
tion, and heat stroke (Table 5.1). While there are 
unique identifying characteristics for each of these 
conditions, more typically there is some overlap 
between them clinically. Certainly athletes can 
experience two of these conditions at the same 
time, such as concurrent heat cramps and heat 
exhaustion. Often, serious problems can be avoided 
if the affected athlete is identified early on, prior to 
the onset of severe symptoms. Players who feel 
dizzy or restless or who exhibit even minimal men-
tal status changes (i.e. confusion) should, in the 
appropriate setting, be suspected of having heat 
stress. Vital signs will demonstrate an elevated core 
temperature, increased heart rate, and reduced blood 
pressure. Cooling the athlete in a well‐ventilated 
and shaded area, and giving cool fluids orally may 
prevent the onset of more serious, life‐threatening 
symptoms.

Heat cramps
Heat cramps are involuntary tetanic contractions 
or spasms of the exercising muscles. The athlete’s 
core body temperature may be elevated or normal. 
Heat cramps may even occur hours after exercise. 
The mechanism by which heat cramps occur has 
not been fully elucidated and remains somewhat 
contentious, with two different mechanisms pro-
posed to explain their onset. The first etiological 

explanation suggests that heat cramps stem from 
the influence of extensive sweat inducing dehydra-
tion and an imbalance in fluid distribution and a 
deficit in total‐body exchangeable sodium. There 
have also been anecdotal reports of magnesium 
deficiency contributing to symptoms in some indi-
viduals. The second and most recently proposed 
causal mechanism relates to altered neuromuscular 
control stemming from muscle overload and pre-
mature skeletal muscle fatigue.

In volleyball players, the muscles most frequently 
involved in cramping are those of the lower limb 
such as the gastrocnemius and hamstrings. Forearm 
and hand muscles may cramp in hand setters. 
However, severely affected individuals may experi-
ence tetanic contractions of several different mus-
cle groups simultaneously, including the rectus 
abdominis and the shoulder girdle musculature. 
Acute treatment includes stretching the involved 
muscle as quickly and completely as possible. 
Stretching is often more easily performed passively, 
by an athletic trainer or physical therapist that 
may be attending to the athlete. Oral rehydration 
should be attempted, preferably with a beverage 
containing replacement electrolytes such as a 
sports drink with sodium. Some individuals may 
respond better to an infusion of intravenous saline 
(0.9 normal saline or lactated Ringer’s are the fluids 
of choice).

Prevention of heat cramps involves optimizing 
the athlete’s hydration and fitness level, as well as 
acclimatization to exercise in conditions of high 

Table 5.1 Exertional heat illness symptoms and management.

Condition Symptoms Management

Heat cramps Brief, painful spasmodic skeletal muscle contractions Resting and stretching
Replacement of electrolyte losses

Heat exhaustion Mild‐to‐moderate illness with inability to maintain 
cardiac output

Moderate (38.5 °C, 101.3 °F) to high (40.5 °C, 105 °F) 
body core temperature

Often accompanied by dehydration

Move supine individual to cool, shaded, and well‐ventilated area

Elevate legs and loosen or remove clothing

Actively cool the skin
Administer oral fluids

Heat stroke Significant central nervous system dysfunction 
(agitation, delirium, stupor, coma)

Severe hyperthermia (>40.5 °C, 105 °F)

Insure an open airway
Move supine individual to cool, shaded, and well‐ventilated area
Cool immediately to <39 °C using water bath, wetting with water 

and continuous fanning, or ice packs
Administer intravenous fluids
Reestablish normal central nervous system function
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heat and humidity. It may take 10–14 days of train-
ing in such conditions for the athlete to fully adapt 
physiologically (see Figure 5.1). For some, a train-
ing regimen of longer duration and greater inten-
sity may help to prevent symptoms in the future. 
All outdoor volleyball athletes should be coun-
selled regarding prehydration. It is recommended 
that athletes competing outdoors consume 6 mL of 
fluid per kg of body mass every 2–3 hours before 
training or competition in the heat. Prehydration 
is essential to maintaining fluid balance during 
exercise. Athletes should not rely on thirst as a 
 trigger for fluid replacement, as significant fluid 
losses can occur before they become thirsty. 
Athletes who have suffered from heat cramps in 
the past should probably be advised to liberally 
salt their food. Predisposed individuals may ben-
efit from regular dietary salt supplementation, 
although little well‐designed research on this topic 
exists in the literature.

Heat exhaustion
Heat exhaustion is characterized by symptoms 
such as fatigue or weakness, light‐headedness, 
headache, nausea with or without vomiting, and 
malaise. Findings on examination may include 
tachycardia, hypotension, “goose bumps,” pro-
fuse sweating, and reduced urinary output. The 
core temperature is elevated, but is typically 
40.5 °C (105 °F) or less. Heat exhaustion is felt to 
occur because of dehydration and hypovolemia 
(reduced intravascular fluid volume). Electrolyte 
loss, particularly sodium, is also a contributing 
factor.

The acute treatment for heat exhaustion is to 
rapidly cool the affected athlete, reducing their 
core temperature to 39 °C (102 °F) or less. The ath-
lete should be placed in a cool environment and 
sprayed with cool water to facilitate evaporation. 
Placing the athlete in front of a fan helps to maxi-
mize convective heat loss. Oral rehydration is the 
preferred method of fluid replacement. Athletes 
who are suffering from severe nausea or experi-
encing emesis may need intravenous rehydra-
tion. In this situation, 0.9 normal saline or 
lactated Ringer’s solution are again the intrave-
nous fluids of choice.

Heat stroke
The definition of exertional heat stroke varies 
depending on the source, but the clinical hallmark 
is an elevated core temperature of 40.5 °C (105 °F) 
or greater. However, reliance on a specific core tem-
perature in clinically diagnosing heat stroke is not 
advised as large interindividual differences occur in 
documented cases. Heat stroke results from a global 
decompensation of the body’s mechanisms for 
heat loss. Volume depletion and peripheral vaso-
constriction impair the ability to transfer heat to 
the environment. Signs and symptoms of exer-
tional heat stroke include hypotension, cardiac 
arrhythmias, reduced urine output, vomiting, and 
diarrhea. The athlete may go into hypovolemic 
shock, possibly resulting in kidney failure. Mental 
status changes, including central nervous system 
dysfunction such as disorientation and delirium, 
are common. There may even be bleeding into the 
brain, and seizure activity and coma have been 
reported. Liver damage may occur, resulting in ele-
vation of the liver enzymes that can be monitored 
by serial blood tests. Other organ systems can fail 
as well, including the hematological system, result-
ing in disseminated intravascular coagulation, and 
the muscles themselves may break down, resulting 
in rhabdomyolysis. Finally, cardiorespiratory over-
load can result in lung failure and/or myocardial 
infarction. Heat stroke must be regarded as a medi-
cal emergency and as a potentially fatal condition.

The most important goal in the treatment of 
exertional heat stroke is to cool the body to below 
39 °C (102 °F) as quickly as possible. The most effec-
tive cooling method is to immerse the body in ice 
water (4–8 °C), since heat is lost from the skin much 
more quickly by conduction to cold water than it is 
to the air. Athletes with exertional heat stroke are 
quite sick, so total body immersion should proba-
bly be done only if there are emergency medical 
personnel present capable of intubating the patient 
to protect the airway and maintain respiration, if 
necessary. Most medical areas at volleyball compe-
titions or tournaments may not be equipped with 
this level of acute care personnel or facilities. 
Therefore, it is vitally important that athletes with 
heat stroke are transported to an emergency medi-
cal center as quickly as possible. However, cooling 
should not be delayed. Packing the entire body in 
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cold towels that have been immersed in ice water is 
often effective in rapidly lowering the core temper-
ature. Remember that the skin is the organ respon-
sible for heat loss. The more skin in contact with 
cold water, the more effectively heat will be lost. It 
was once felt that placing ice packs over the large 
vessels in the groin and axilla was an effective way 
to cool heat stroke patients. However, this inter-
vention may actually result in a reflex peripheral 
vasoconstriction, so the practice should probably 
be avoided. Spraying cool water on the skin to 
maximize heat loss via evaporation and fanning air 
over the athlete to maximize convection are also 
beneficial.

Prevention of heat illness

Heat illness is preventable. Prevention strategies 
should emphasize athlete education and physio-
logical adaptation (Figure  5.3). It is important to 
discuss heat illness with all athletes, particularly 
those who have been affected by it in the past.

It is well established that cooling the skin 
reduces cardiovascular strain during exercise in 
the heat, while whole‐body cooling decreases 
organ and skeletal muscle temperatures. As such, 
external (e.g. application of iced garments, towels, 

water immersion or fanning) and internal (e.g. 
ingestion of cold fluids or ice‐slurry) cooling 
methods have been devised to help athletes per-
form in the heat and reduce the risk of heat ill-
ness. Although several reports have concluded 
that cooling interventions can increase endurance 
exercise capacity in the heat, it has to be acknowl-
edged that most laboratory‐based precooling 
studies likely overestimate the effect of precooling 
relative to competing in an outdoor setting 
where there is greater air flow, or do not account 
for the  need to warm up before competing. 
Notwithstanding, for beach volleyball, athletes 
may be advised to employ a mixture of cooling 
interventions during side changes and other 
breaks from play. Application of cold towels, 
f anning, and ingestion of cold fluids help to 
reduce the rate of rise in whole‐body temperature 
during play.

Acclimatization to exercise in the environment 
in which the athlete will be competing is probably 
the most important consideration (see Figure 5.1). 
As discussed, the process of acclimatization should 
begin at least 10–14 days prior to the first day 
of  competition. Although short‐term (5–7 days) 
heat acclimatization has been shown to induce 
some early adaptation, complete physiological and 

Figure 5.3 Beach volleyball athletes are at risk of heat illness when competing in hot, humid conditions. 
Appropriate precautions include adequate hydration and acclimatization. Protection from the harmful effects of 
exposure to the sun’s ultraviolet radiation is also recommended.
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behavioral adaptations take longer. Once acclima-
tized, the benefits persist for 2–3 weeks when regu-
lar training is maintained, and for longer when 
exercise in the heat (2–3 times per week) is included 
in the training regimen. Advise athletes that they 
will probably begin sweating earlier and at a greater 
rate as they adapt. Athletes should keep in mind 
that muscle is about 80% water and that they can 
lose up to 1.5 L of water before they demonstrate 
significant thirst. Body mass losses of more than 
2% due to dehydration can noticeably impair 
endurance athletic performance. Outdoor volley-
ball athletes should therefore be urged to prehy-
drate in order to help prevent dehydration and 
optimize high‐level performance. Reasonable fluid 
intake guidelines include the following.
1. Before training and competition in the heat, 
athletes should drink 6 mL of fluid per kg of body 
mass every 2–3 hours, in order to start exercise 
euhydrated.
2. During intense prolonged exercise in the 
heat, body mass losses should be minimized 
(without increasing body weight) to reduce 
physiological strain and to help preserve opti-
mal performance.
3. Athletes training in the heat have higher daily 
sodium requirements than the general population. 
Sodium supplementation may be required during 
exercise.
4. For competitions lasting several days (e.g. a 
beach volleyball tournament), simple monitoring 
techniques such as daily monitoring of body mass 
and urine specific gravity can provide useful 
insights into the hydration state of the athlete.
5. It is essential to adequately rehydrate after exer-
cising in the heat. Provide plenty of fluids with 
meals. If aggressive and rapid replenishment is 
needed, then consuming fluids and electrolytes to 
offset 100–150% of body mass losses will allow for 
adequate rehydration.
6. Recovery hydration regimens should include 
sodium, carbohydrate, and protein.

Heat illness and the medical team

The medical team covering tournament play 
should be prepared to measure core body temper-
ature accurately should the need arise. The only 

reliable means of measuring core temperature is 
rectally, and thus the tournament medical bag 
should include a rectal thermometer measuring 
up to 45 °C (113 °F). Aural, oral, and axillary ther-
mometers all have significant shortcomings in the 
evaluation of heat illness. Normal saline or lac-
tated Ringer’s solution should be available in 
quantities sufficient for an entire tournament. A 
shaded area or tent with adequate air circulation 
should be available with cots or tables on which 
athletes may lie down. A mechanism (e.g. water 
bath) for rapid cooling of athletes with heat 
exhaustion and heat stroke should be immedi-
ately available. A plan for rapidly transporting an 
athlete with heat stroke to a nearby emergency 
medical or intensive care facility should also be 
agreed upon in advance.

Sun exposure

One of the attractions of beach volleyball is that 
it is played outdoors during the summer months. 
As a result, participants typically wear swimming 
attire or other clothing that exposes their skin to 
the sun. Unfortunately, excessive exposure to 
ultraviolet radiation damages the skin. A single 
episode of prolonged UV‐B exposure can cause 
sunburn, a thermal injury which may vary in 
severity based on the duration of exposure, the 
intensity of the light source, and the amount of 
pigment in the individual’s skin. UV‐B radiation 
is not filtered by cloud cover and is reflected off 
both sand and water, further increasing the ath-
lete’s UV exposure. Sunburn can be quite painful, 
and if severe can cause blistering, fluid loss, and 
temperature dysregulation. Prevention of sun-
burn is considered the best treatment, as no inter-
vention is uniformly effective for sunburn once it 
occurs.

The cumulative effects of long‐term exposure to 
ultraviolet light include weathered, wrinkled skin 
that appears prematurely aged. Significant sunburn 
acquired as a youth increases one’s risk of develop-
ing malignant melanoma, a particularly dangerous 
form of skin cancer, in later life. Furthermore, UV‐A 
exposure increases an individual’s risk of develop-
ing squamous cell carcinoma of the skin. Outdoor 
volleyball athletes should therefore take appropriate 
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precautions to protect themselves from excessive 
sun exposure.
1. Avoid direct sun exposure when possible. Stay 
in the shade when not playing. If possible, avoid 
playing during the middle of the day when the sun 
is at its highest point, since this is when the amount 
of UV radiation penetrating the atmosphere is 
highest.
2. Wear loose‐fitting, light‐colored clothing and 
head coverings. This will permit sweat to evaporate 
while providing direct protection from the sun.
3. Use topical sunscreen preparations on uncov-
ered skin to minimize UV‐A and UV‐B exposure. A 
sun protection factor of at least 15 is recommended. 
It is usually necessary to reapply the sunscreen 
throughout the day, particularly if the athlete has 
been sweating heavily.
4. Wear sunglasses to protect the eyes from damag-
ing UV radiation.
5. While there is not enough evidence to recom-
mend for or against routine skin cancer screening 
of the general population, elite beach volleyball 
players should pay particularly close attention to 
local changes in skin pigmentation and it is recom-
mended that their periodic health examination 
include a careful inspection of exposed body parts.

Injuries unique to competition 
on the sand

Beach volleyball is one of very few sports contested 
on the sand, and it is the only Olympic sport played 
on sand (Figure  5.4). This puts beach volleyball 
athletes at risk for some unique injuries. “Sand 
toe,” for example, is the name given to forced plan-
tarflexion injury of the great toe. Sand toe occurs 
when a player lands from a jump or other move-
ment of the lower limb with their great toe plantar-
flexed in the sand. The subsequent forced 
plantarflexion of the great toe underneath the foot 
results in a sprain of the dorsal aspect of the first 
metatarsophalangeal (MTP) joint (Figure  5.5). 
Severe cases of sand toe may result in open disloca-
tion of the first MTP joint. Obviously, such an 
injury would require significant irrigation and anti-
biotic treatment. Fortunately, most cases of sand 
toe are not severe and can be managed with taping 
to support the first MTP joint. The injury typically 
results in significant pain and may impair jumping 
ability. With rest, these capsular sprains can be 
expected to heal over a period of approximately 
8 weeks. The extent to which the incidence of sand 

Figure 5.4 Beach volleyball is the only Olympic sport to be contested on sand. When the local geography does 
not provide a suitable beach, man‐made sand volleyball courts may allow for world‐class competition venues in 
exotic places, such as the Horse Guard Parades in London during the 2012 Games.
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toe is related to sand quality and the degree of 
 compactness is unknown. There is anecdotal evi-
dence, however, that suggests that knee injuries 
occur more frequently when beach volleyball is 
played on hard, compact sand. The FIVB has estab-
lished guidelines to insure a minimum standard of 
sand quality on the courts used in all its events.

Since beach volleyball is contested in bare feet on 
an uneven surface that may occasionally conceal 
unknown foreign objects, the tournament medical 
director must also be prepared for other foot and 
lower limb injuries, including nail avulsions, punc-
ture wounds, lacerations, and other toe sprains/dislo-
cations. At large tournaments, facilities and personnel 
for suturing lacerations should be available, if possi-
ble. Tetanus booster shots should also be available 
and administered when the athlete’s immunization 
history is unknown or out of date. Athletes may con-
tinue competing even after a foot laceration has been 
sutured, if an occlusive dressing is worn. However, 
even the most adhesive of tapes or bandages often are 
not equal to the stresses placed on them by beach 
volleyball players, and as a result the dressings may 
come off during competition, leaving the wound 
exposed and vulnerable to infection. In such circum-
stances, a synthetic, fine‐woven, nylon sock worn 
over the dressing will allow the athlete to continue to 
compete. Other types of materials such as cotton do 
not usually last even one game on the sand.

Summary

Much of our current understanding on exertional 
heat illness is derived mainly from military and 
occupational research fields, while the input from 
sport sciences is more recent. Based on this literature, 
athletes competing in the heat should train for at 
least 1 week and ideally 2 weeks to acclimatize using 
a comparable degree of heat stress as the target com-
petition. They should also be careful to undertake 
exercise in a euhydrated state and minimize body 
water deficits (as monitored by body mass losses) 
through proper hydration before, during, and follow-
ing exercise. They can also implement specific coun-
termeasures (e.g. cooling methods) to reduce heat 
storage and physiological strain during competition 
and training, especially in conditions of high ambient 

(a)

(b)

Figure 5.5 “Sand toe” results from forced plantarflexion 
of the metatarsophalangeal joint of the great toe. This 
occurs when the athlete lands on or transfers a signifi-
cant load onto a neutral or plantarflexed toe (a), as 
Kerri Pottharst appears to do during this defensive play 
on day 10 of the Sydney 2000 Olympic Games (b).
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heat and humidity. Athletes should pay particular 
attention to ultraviolet radiation when competing 
outdoors to protect against sunburn, thermal injury, 
and the long‐term effects of exposure to the sun. 
Medical personnel should be prepared to rapidly 
cool athletes experiencing exertional heat illness and 
treat injuries specific to competing on sand.
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Every sport places unique biomechanical and 
physiological demands on the athletes who participate 
in that sport, resulting in a sport‐specific pattern of 
injuries that reflects the interaction between the 
athlete and the sporting environment. In order to 
provide optimal care for the volleyball athlete, it is 
first necessary to understand the injury pattern.

Injury patterns in volleyball

As is the case for all sports, the injury pattern seen 
in volleyball is unique, and medical personnel who 
care for volleyball players should be familiar with 
the spectrum of injuries with which the athlete 
may present. A number of observational studies 
that establish the epidemiology of volleyball‐
related injuries have been published. These studies 
provide us with insight into the incidence and 
prevalence of various injuries, as well as an under
standing of both the risk factors that predispose 
volleyball players to injury and the mechanisms 
that incite injury in susceptible athletes.

The risk of acute injury in volleyball is lower 
than that documented for other Olympic team 
sports such as basketball, soccer, or ice hockey 
(Bahr et al. 2002; Bere et al. 2015; Verhagen et al. 
2004). This difference can arguably be attributed 
to the noncontact nature of the sport. However, 

recent studies using novel methods to register 
overuse injuries appear to demonstrate that the 
risk of overuse injuries is higher in volleyball than 
in other team sports (Clarsen et  al. 2015). The 
injury spectrum characteristic of indoor volleyball 
also differs from that observed in beach volleyball. 
Fewer acute injuries (such as ankle sprains) are seen 
in outdoor volleyball, while a higher prevalence of 
overuse injuries of the lower back, knee, and shoul
der are encountered in the beach game (Bahr 2009; 
Bahr and Reeser 2003).

Ankle sprains account for approximately half of 
all acute time‐loss injuries in volleyball (Bahr and 
Bahr 1997; Bere et al. 2015; Verhagen et al. 2004). 
With an estimated rate of about one sprain per 
1000 player‐hours of exposure, ankle sprains make 
up between 25% and 50% of all volleyball injuries 
(Bere et al. 2015; Fong 2007). Although most ankle 
sprains seen in volleyball are mild to moderate, the 
overall injury rate is close to that observed in soccer 
and basketball – sports where the athletes are not 
separated by a net and where there is frequent 
player–opponent contact. This makes ankle sprains 
a significant source of disability in volleyball.

The most important overuse injury in volleyball 
is jumper’s knee (patellar tendinopathy). Jumper’s 
knee is more common in volleyball than in other 
team sports. Cross‐sectional studies among volley
ball players have shown that the prevalence of 
patellar tendinopathy lies between 40% and 50% 
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(Ferretti 1986; Ferretti et al. 1984; Lian et al. 1996). 
A more recent study shows that, at any given time, 
36% of adolescent elite players are affected by ante
rior knee pain (Clarsen et al. 2015).

Risk factors for sport‐related injuries may be gen
erally classified as either “intrinsic” or “extrinsic.” 
Intrinsic risk factors are those qualities or features 
that are inherent to the athlete and which may pre
dispose them to certain types of injury. Intrinsic 
risk factors might include the athlete’s sex, age, 
morphotype, history of prior injury, degree of 
strength and conditioning, and psychological 
make‐up. Extrinsic factors are inherent to the sport 
and the athlete’s participation therein, and include 
the volume of training, playing surface, equipment 
used, position(s) played, environmental condi
tions, and the rules of the game.

From these few examples, it should also be evi
dent that certain risk factors are “modifiable” (e.g. 
position played) while others are “unmodifiable” 
(e.g. age). Clearly, only interventions targeting 
modifiable risk factors are likely to be successful in 
reducing the incidence of injuries. For example, 
athletes who are well conditioned and physically 
fit are generally more resistant to overuse injuries 
than those who may be less well conditioned (pos
sibly as the result of attempting to return to compe
tition too soon after an injury).

Armed with a knowledge of the extent of the 
injury problem and an appreciation of risk factors 
that contribute to the mechanism(s) of injury, it is 
possible to design an experimental intervention in 
an effort to reduce the frequency and/or severity of 
a given injury in a particular sport. This iterative 
process, described by van Mechelen, has been 
employed by researchers in an effort to reduce the 
effect of injuries on the sport of volleyball.

Preventing ankle sprains

Injury mechanisms

Ankle sprains typically occur at the net when the 
athlete lands on the foot of an opponent or of a 
teammate after blocking or attacking (Figure  6.1) 
(Bahr et al. 1994; Verhagen et al. 2004). About half 

of all ankle sprains occur when a blocker lands on 
the opposing attacker’s foot, while about one‐quarter 
result from a player landing on their teammate’s 
foot following a two‐ or three‐person block (Bahr 
et al. 1994; Verhagen et al. 2004).

One common high‐risk situation occurs when 
the volleyball is set too “tight,” i.e. too low, too 
quick, and too close to the net. In trying to reach 
the ball in this situation, many attackers try to out
jump the ball, thereby risking a landing on or across 
the centerline (Figure  6.2). This in turn puts the 
opposing blocker at risk for landing on the attack
er’s foot. Of the injuries caused by landing on an 
opponent, about one‐half take place in the legal 
“conflict zone” under the net without violating 
the centerline penetration rule. The remaining 50% 
result from a centerline violation (the attacker is 
almost always at fault). It is important to under
stand that the present centerline rule allows a player 

Figure 6.1 The main “danger zone” for ankle sprains 
in volleyball. Injuries mainly occur in the area around 
the centerline when landing after blocking or attack
ing. This happens when the attacking player lands on 
or across the centerline, or when one of the blockers 
lands on his teammate’s foot.
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to step across the centerline, as long as a  part of 
their foot remains on or above the centerline.

A “new” injury mechanism, not uncommon at 
the elite level, is when a back row attacker lands 
on  a front row player attempting to cover under 
the block. Top teams commonly use the so‐called 

“pipe” attack, a tactic with a very quick set to the 
middle back player who jumps and lands well into 
the net zone. In this area, there is a risk that he/ 
she may land on the foot of one of the front row 
players landing in the same zone, usually the 
 middle attacker.

Correct(a)

Incorrect(b)

AG

Figure 6.2 This figure illustrates the main injury mechanism for an ankle sprain in volleyball. Injuries result from 
the attacker trying to “outjump” a set that is faster, lower or closer to the net than anticipated, causing him to land 
on or across the centerline (b) and thereby putting the opposing blocker at risk for landing on his foot. This 
situation could be avoided if the attacker attempts to reach the ball with a final long approach step (a), instead of 
trying to reach the ball by jumping.
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In summary, the most common mechanism for 
acute ankle injury occurs when a blocker lands on 
the opposing attacker’s foot, which may or may 
not have penetrated the centerline in violation of 
the rule. In addition, most of the ankle sprains in 
volleyball result from what could be termed techni
cal errors, including an inadequate approach or 
flawed take‐off or landing technique when block
ing or attacking.

Risk factors

The most important risk factor that has been iden
tified for ankle sprains is a previous ankle sprain 
injury. In fact, research has shown that among sen
ior players, four out of five ankle sprains occur in 
previously injured ankles (an observation made in 
other sports as well) (Ekstrand and Tropp 1990; 
Fong et al. 2007; Verhagen et al. 2004). Compared 
to an ankle with no prior injury, the risk of injury 
is fourfold greater for an ankle that has been 
sprained one or more times (Bahr and Bahr 1997). 
Furthermore, the more recent the injury, the higher 
the risk of reinjury. The injury rate during the first 
6–12 months after an ankle sprain is nearly 10‐fold 
higher than for an ankle without a history of prior 
injury. An ankle sprain not only compromises the 
anatomical stability of the ankle, but it adversely 
affects the proprioceptive system as well. The ath
lete’s sense of movement at the ankle joint and the 
awareness of the joint’s position in space are ham
pered, elevating the risk of subsequent injury 
(Huurnink et al. 2014; Konradsen et al. 1998).

Possible preventive strategies

Several intervention strategies have been proposed 
based on the typical injury mechanisms and risk 
factors for ankle sprains (Bahr and Bahr 1997; Bahr 
et al. 1994):
1. change the centerline rule to reduce the “con
flict zone” under the net
2. provide athletes with specific training on take‐
off and landing techniques during the attack and 
multi‐person blocks
3. use tape or ankle braces as external ankle 
protection
4. adequately rehabilitate sprained ankles.

Rule change
A more restrictive (and therefore punitive) center
line rule has been suggested as a simple preventive 
measure, since it would further deter players from 
landing on the opponent’s side of the court and 
thereby reduce the incidence of conflicts between 
attackers and blockers when landing. It is possible, 
and perhaps even likely, that changing the center
line rule would significantly reduce the incidence 
of ankle sprains. However, a previous attempt at 
reducing injury risk by making any penetration of 
the centerline a fault resulted in an unacceptable 
number of game interruptions, and the proposed 
rule change was therefore abandoned (Bahr 1996). 
However, it is also important to note that the 
majority of the centerline violations occurred in 
“low injury risk” situations, e.g. setters approach
ing the net to set the ball, or blockers and attackers 
turning away from the net after landing. It may be, 
therefore, that a rule which discriminates between 
centerline contact/penetration based on the injury 
risk inherent in the situation (e.g. centerline con
tact within the conflict zone = fault versus penetra
tion occurring away from the area in which the 
volleyball is being played = no fault) would be able 
to reduce the risk of ankle sprain injury while mini
mizing the stoppage of play, which players and 
spectators alike find disruptive to the game.

Technical training
A second prevention strategy is to teach proper 
movement, take‐off, and landing techniques. A 
training program for volleyball should include 
drills specifically designed to teach players how to 
reach tight sets without stepping on the centerline 
(see Figure 6.2), as well as blocking drills (Figure 6.3) 
(Bahr et al. 1997). The ability to block effectively, 
including the ability to mount a two‐ or three‐
person block to gain a tactical advantage over the 
opposing attacker, requires the ability to move 
quickly sideways along the net and time both the 
movement pattern and the take‐off between the 
players involved. Every practice session should 
include block movement drills performed in pairs 
as part of the warm‐up routine to improve 
footwork, balance, and timing. An approach as 
outlined above has previously been linked to a 
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reduction in the number of ankle sprains due to 
technical errors (Bahr et al. 1997).

Tape/brace
Although there is no direct evidence from volley
ball‐specific studies, there is strong evidence from 
studies from other sports that the use of taping or 
bracing should be recommended for a period of up 
to 12 months after an ankle sprain, when the risk 
of injury is increased severalfold (Verhagen and 
Bay 2010). The mechanism by which such ankle 
orthoses are thought to work is not known with 
certainty, but may involve simply enhancing the 
athlete’s proprioceptive awareness of the ankle 
joint. This view is corroborated by the fact that the 
preventive effect of braces is limited to players with 
a history of previous injury (and thus impaired 
 proprioceptive function) (Karlsson et  al. 1992; 
Konradsen and Ravn 1991; Tropp et  al. 1985). In 
addition, orthoses do not seem to restrict ankle 
inversion enough to explain their prophylactic 
effect on ankle sprain incidence. If the protective 
effect were purely mechanical, one would expect 
an effect in healthy, previously uninjured ankles 
as well.

Many different ankle supports are commercially 
available. Ankle taping has also been shown to be 
beneficial in restricting inversion motion, although 
it appears that ankle supports are superior to ankle 
taping since supports do not lose their ability to 
restrict inversion, while tape does “loosen up” after 

several repeated cycles of vertical jumping. Unlike 
semi‐rigid orthoses, the effectiveness of ankle tap
ing has not been tested in randomized controlled 
trials, but if the effect is mainly through enhance
ment of proprioception, there is no reason to 
expect taping to be less effective than orthoses. 
Other factors, such as cost and skin care, obviously 
should also be considered in the choice between 
tape and orthoses. Finally, there is no evidence that 
wearing an ankle orthosis increases the incidence 
of knee injuries, and most studies suggest that 
semi‐rigid orthoses do not significantly impair ath
letic performance.

Adequate rehabilitation, including 
“proprioceptive” training
Tropp et al. (1985) and others (Karlsson et al. 1992; 
Konradsen and Ravn 1991) have shown that pro
prioceptive function is reduced in athletes who 
complain of a feeling of persistent instability fol
lowing an ankle sprain. Proprioceptive control of 
the affected ankle joint is impaired in the immedi
ate recovery period following an acute sprain 
(Huurnink et al. 2014; Konradsen et al. 1998), but 
studies have shown that this function can be 
restored through a balance board training program 
(Gauffin et  al. 1988; Holme et  al. 1999). In these 
studies, proprioceptive function was quantified by 
measuring the reaction time to a sudden inversion 
strain, or the degree of postural sway during a one‐
legged balance test. It should be noted that the use 

Figure 6.3 Movement skills in blocking are important, and drills should be included in the training program with 
players performing in pairs.
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of the term “proprioceptive function,” which is 
defined as the function of the afferent components 
only, may be inappropriate in this context. The 
ability to react to a sudden inversion stimulus or 
balance on one leg clearly depends on both sensory 
and motor function, and should perhaps therefore 
be termed “sensorimotor control.”

A balance board training program has been 
shown to reduce the risk of reinjury in functionally 
unstable ankles in soccer players (Tropp et al. 1985). 
The program is performed as balance exercises on 
one leg on a disk (Figure 6.4). Based on the availa
ble literature, it appears reasonable to recommend 
a program of 10 minutes of balance board training 

five times a week over 6–10 weeks for all players 
with a history of ankle sprain. Volleyball‐specific 
data suggest that balance board training alone is 
effective in previously injured players. In a one‐sea
son randomized trial, balance exercises were intro
duced as part of the regular warm‐up for high‐level 
recreational volleyball players (Verhagen et  al. 
2004b). Ankle sprain incidence was reduced by 
60% among players who reported a history of pre
vious injury.

Effect of preventive programs

While multiple (potentially) effective preventive 
approaches are available, a multifaceted program 
may be the most efficient intervention. An inter
vention program consisting of injury awareness 
information, specific technical training, and a pro
gram of proprioceptive training for players with a 
history of ankle sprains reduced the incidence of 
ankle sprains by 47% in the course of a single sea
son (the rate of ankle sprain injury fell from 0.9 to 
0.5 per 1000 player‐hours) (Bahr et  al. 1997). 
However, it should be noted that direct contact 
with each team participating in the study was (for 
practical reasons) limited to one visit. No informa
tion regarding how the coaches and players com
plied with the advice and information offered to 
them was collected. Although the athletes appeared 
well motivated, it is likely that the effectiveness of 
the prevention program could have been even bet
ter if it was reinforced on a regular basis. The results 
of this study should encourage medical personnel 
working with volleyball teams to institute a pro
gram of ankle injury prevention, as positive results 
can be expected if coaches and medical staff coop
erate in establishing and encouraging participation 
in such a program.

Preventing patellar tendinopathy

Injury mechanisms

Patellar tendinopathy or “jumper’s knee” is the 
most common overuse injury in volleyball. Athletes 
with jumper’s knee, like most athletes with overuse 

Figure 6.4 Balance board training is performed with 
the player standing on one leg on a balance board. 
The objective is to control balance without using 
hands, hips or knees to adjust body position, but 
correct balance using the ankle only. Thus, arms are 
held across the chest and the opposite leg is held still 
in 90° knee flexion.
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conditions, are usually unable to recall one specific 
traumatic event that precipitated their symptoms. 
Rather, it is the sum of all the events and exposures 
that results in the tissue injury complex.

Risk factors

The cumulative load put on the tendon, i.e. vol
leyball training and match exposure, represents a 
major risk factor for jumper’s knee (Table  6.1). 
A large cohort study among young elite volleyball 
players documented that the risk of developing 
jumper’s knee doubled for every extra hour of vol
leyball training per week. They also found that 
match exposure, i.e. the number of sets played per 
week, was the strongest sports‐related predictor: 
the injury risk increased by 3.88 per set played 
(Visnes and Bahr 2013).

However, it is not known why some players have 
problems whereas others do well despite an equally 
high training volume. Men have a 2–4 times higher 
risk for developing patellar tendinopathy than do 
women (Lian et al. 2005; van der Worp et al. 2012; 
Visnes and Bahr 2013; Zwerver et  al. 2011). This 
gender difference may be caused by the difference 
in the force‐generating capacity of the quadriceps 
between men and women. However, a cross‐sec
tional study among young elite athletes found that 
males jumped three times more than females per 

hour of training exposure (Bahr and Bahr 2014), so 
perhaps some of the gender difference is still caused 
by the exposure, not in the number of hours of 
training, but the number of jumps per hour of 
training.

Landing surface may be an important risk factor, 
and in fact beach volleyball players have a lower 
prevalence of jumper’s knee compared to indoor 
volleyball players (Bahr and Reeser 2003; Ferretti 
et al. 1984), presumably because jumping in sand is 
easier on the knees than is jumping (and landing) 
on hard flooring (Tilp et al. 2008).

“The jumper’s knee paradox,” the observation 
that symptomatic athletes appear to jump better in 
a standardized jump test emphasizing eccentric 
force generation compared to asymptomatic con
trols, is poorly understood. However, a recent pro
spective cohort study shows that jumping ability 
represents a risk factor for patellar tendinopathy 
(Visnes et al. 2013). Talent for jumping high, which 
results in higher tendon strain, amplifies the risk of 
tendon problems. In fact, this study showed that 
the risk of developing jumper’s knee increased by a 
factor of 2 for every cm difference in a standard 
countermovement jump.

Biomechanical evidence is limited, but there is 
no convincing evidence in support of suggestions 
that injury may be associated with malalignment 
of the extensor mechanism of the knee. Malliaras 

Table 6.1 Volleyball‐specific risk factors for jumper’s knee; the level of evidence is estimated as strong, medium, 
weak or unknown (Visnes 2014).

Risk factor Description Level of evidence

Gender Males > females Strong (OR: 3–4)
Tendon load

Match exposure
Volleyball training
(previous and present)

Per extra set played per week
Per hour extra training per week

Strong (OR: 3–4)
Strong (OR: 2)

Jumping ability Per cm difference in CMJ at the time of inclusion Strong (OR: 2)
Ultrasound findings

Hypoechoic areas
Neovascularization

If hypoechoic area is present
If neovascularization is present

Medium (OR: 3)
Medium (OR: 3)

Court surface Concrete > parquet > sand Strong
Body composition Body mass/BMI among adults – not adolescents Weak
Genetics Different candidate genes Unknown
Biomechanics

ROM
Landing strategy

Low range of ankle dorsiflexion
Knee position when landing

Weak
Unknown

BMI, Body Mass Index; CMJ, countermovement jump; OR, odds ratio; ROM, range of motion.
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et  al. (2006) found that having less than 45° of 
ankle dorsiflexion range doubled the risk of patel
lar tendinopathy. Players who develop the deepest 
knee flexion angle during landing from a spike 
jump have been shown to be more likely to suffer 
from jumper’s knee (Richards et al. 1996).

Several investigators have identified body mass 
as a risk factor for developing jumper’s knee and a 
mechanical explanation might be that higher body 
mass could cause higher load on the patellar ten
don, but there is no evidence for a link between 
body composition and the risk of jumper’s knee 
among young, well‐trained athletes.(Crossley et al. 
2007; Gaida et  al. 2009; Lian et  al. 1996, 2003; 
Malliaras et al. 2007; Visnes and Bahr 2013).

Structural abnormalities are common in asymp
tomatic tendons; ultrasound examination revealed 
such changes (thickening and hypoechoic areas) in 
10–30% of pain‐free patellar tendons. Although 
the presence of the changes seen on ultrasound 
may represent a prepathological stage, as only one‐
third develop symptoms over an observation 
period of 1–2 seasons. However, such abnormalities 
increase the risk of developing jumper’s knee three
fold (Comin et  al. 2013; Fredberg et  al. 2008; 
Giombini et al. 2013; Visnes et al. 2015).

The relationship between a genetic component 
and tendinopathy has mainly been investigated in 
the Achilles tendon and although some candidate 
genes have been identified, their association 
with patellar tendinopathy needs to be further 
investigated.

Preventive measures

Perhaps the most important element in preventing 
jumper’s knee is to load the tendon appropriately. 
The balance between training hard to achieve 
results but not so much as to cause an overuse 
injury is difficult. A typical scenario may be the fol
lowing: a young, promising player is recruited to 
play on a higher level (e.g. secondary school to uni
versity), and among the primary selection criteria 
are jumping ability and agility. This transfer from a 
“safe” training environment (2–3 days of training 
per week, no weight lifting) to a higher level with a 
concomitant increase in strength, muscle mass, 
and jumping ability may result in progressive 

overload of the extensor apparatus. The most 
 talented boys stand out with a particular risk. An 
obvious explanation may be that the players affected 
are the best players, and the player and their school, 
club and national team coach had the same interest 
in their playing as much as possible, without much 
thought of the consequences for injury. Match 
exposure, i.e. the number of sets played per week, is 
the strongest sports‐related predictor for developing 
jumper’s knee in this age group. Therefore, there 
needs to be a focus on how many different teams 
youth players should represent during the season 
and how many matches they should play. This issue 
is unlikely to be raised by the player; this is the 
responsibility of the coaching staff. Reducing the 
number of jumps may be a controversial strategy, 
but future guidelines might include “jump counts” 
among adolescent athletes. In baseball, safety rec
ommendations have been developed for pitchers, 
limiting the number of pitches per game and num
ber of months played per year from age 14 through 
20 years. In volleyball, there is currently not enough 
evidence to introduce jump counts, nor do we know 
what the optimal number of jumps would be. 
Further research is clearly indicated,

Another approach would be to add “tendon 
strength training” to make tendons sufficiently 
strong to tolerate the sport‐specific activity. Normal 
tendon adaptation to load is slow compared to 
muscles, especially when athletes rapidly increase 
the volume of training (Kjaer et  al. 2009). 
Imbalances between muscle strength and tendon 
loading capacity in adolescent athletes might 
increase the risk of tendon injury. Structured warm‐
up programs, e.g. “the 11+,” have reduced the risk 
of lower limb injury in football (Soligard et  al. 
2008), including the risk of overuse injuries. Such 
programs typically combine strength training, 
stretching, balance training, core stability, and cor
rect landing strategy after jumps. So far, the effect 
of and the potential mechanism behind structured 
warm‐up programs in the prevention of overuse 
injuries like jumper’s knee are unclear. Currently, 
there are no guidelines on how to make tendons 
stronger and how to improve tendon properties in 
a safe manner.

To summarize, a potential prevention strategy 
among adolescents would be to gradually “develop” 
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athletes rather than to start with too much vol
leyball‐specific training too soon. Even though a 
prevention program should not interfere with the 
development of the sports‐specific skills, restric
tions on the number of jumps and matches among 
adolescent athletes would probably reduce the 
risk of jumper’s knee. The problem is that we do 
not know where these limits should be set, and 
there are insufficient data to adapt programs to 
the risk profile of each athlete.

Preventing finger injuries

Injury mechanisms

Finger injuries occur frequently in volleyball and 
represent about 10% of all time‐loss injuries (Bere 
et  al. 2015). These injuries mainly occur when 
blocking, when a player tries to stop or deflect a 
spike from the opponent by reaching across the net 
with one or both hands and with fingers extended. 
However, rule changes on defensive ball handling 
have led to the development of new effective 
defensive techniques, such as the overhand dig, a 
common defensive action used to stop hard‐driven 

spikes in the back court (Figure 6.5). This has been 
described as an additional mechanism for finger 
injuries in beach volleyball (Bahr and Reeser, 2003) 
and volleyball (Bere et al. 2015).

The thumb and little finger are the most vulner
able phalanges. That these two digits are injured 
more frequently than others is easy to understand, 
considering their vulnerable position when block
ing and playing defense (Figure 6.6). The metacar
pophalangeal joint of the thumb is the most 
frequent location of ligamentous injury, but unlike 
some other sports (such as skiing), it is the radial, 
not the ulnar, collateral ligament that is typically 
injured.

Risk factors

Finger injuries are mainly caused by contact with 
the ball, which is in accordance with the literature 
reporting that a typical situation occurs during a 
block where the ball hits the fingertips and trans
mits a high impact to the extended and spread 
 fingers (Eerkes 2012; Reeser et  al. 2006). As with 
ankle injuries, a history of previous injury is the 
most significant risk factor for finger injuries. The 
skill level of the player may also be expected to play 
a role, both when blocking and playing defense. 

Figure 6.5 Overhand defensive techniques are frequently used in the back court, leading to a risk of finger 
injuries, particularly among libero players. Source: FIVB Photo Gallery. Used with permission of FIVB.
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Proper finger position and timing are essential to 
be able to withstand the considerable forces 
involved when the spiked ball impacts on the 
extended digits. While the forces are higher at 
the elite level, unexperienced players often injure 
their fingers because of inadequate hand/finger 
positioning and timing when blocking or playing 
defense.

Preventive measures

The most important preventive measure is to teach 
players proper hand and finger positioning when 
blocking. Timing is also important, since being too 
early or too late on the block means that the player 
may not be prepared for ball contact at the proper 
time. Players with previous injury and instability 
problems should tape their fingers. “Buddy taping” 

the affected digit to an adjacent digit is an effective 
way to protect the injured finger from further 
injury. Finally, players should not wear jewelry 
while playing volleyball, since rings may get entangled 
in the net and result in a traumatic amputation or 
avulsion injury.

Preventing acute knee injuries

Injury mechanisms

The rate of volleyball‐related acute knee injuries, 
including anterior cruciate ligament (ACL) injuries, 
is considerably lower than in other team sports 
(Prodromos et al. 2007). ACL injuries in other team 
sports are for the most part noncontact injuries, 
and result from one‐leg landing or plant‐and‐cut 
maneuvers with the knee in a vulnerable position, 
usually in valgus. This seems to be the case in vol
leyball too, and most of the injuries occur during 
landing after attacking or blocking (Ferretti et  al. 
1992). Since jumping and cutting are the dominant 
lower limb movement patterns in volleyball, it 
might be expected that ligamentous knee injuries 
would be as common in volleyball as in basketball 
or soccer. One possible explanation for the lower 
incidence of ACL injuries in volleyball may be that 
landing and cutting skills can be performed in a 
more predictable manner than in basketball and 
soccer. In both of these other sports, it is not 
uncommon for an opponent to suddenly block the 
way, forcing the player to perform the skill in a dif
ferent way than anticipated. Unlike ACL injuries, 
meniscus injuries occur predominantly during the 
defensive phase of play, when players perform 
rapid twisting movements with the knee in the 
typical defensive position of near 90° of flexion. In 
this position, the meniscus is subjected to consider
able compression and torsion stress, and the ath
lete is therefore at increased risk of meniscal injury.

Risk factors

Knee injuries, and ACL injuries in particular, occur 
more frequently among female than among male 
volleyball players. This gender disparity has been 

Figure 6.6 Fingers are exposed when blocking, 
especially the thumb and little finger. Source: FIVB 
Photo Gallery. Used with permission of FIVB.
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observed in most other sports as well. Several expla
nations for this phenomenon have been proposed. A 
disproportionate number of knee injuries also seem 
to occur during games compared with training, prob
ably reflecting the maximum effort expended and 
the greater risks taken in a competitive situation.

Preventive measures

A structural warm‐up program has previously 
shown to reduce the number of new ACL injuries 
by 50% in both football (soccer) and handball, but 
so far no volleyball‐specific study has been con
ducted (Myklebust et  al. 2003; Olsen et  al. 2005; 
Soligard et al. 2008). These programs, for example 
the 11+, typically combine strength training, 
stretching, balance training, core stability, and cor
rect landing strategy after jumps. Particular atten
tion must be paid to knee positioning during 
training (have the athlete keep the knee above the 
toe and flexion in the hip and knee). This program 
is performed periodically, instead of the regular 
warm‐up. It takes approximately 15 minutes to 
complete, after which the athletes are ready to 
begin sports‐specific activities.

Preventing low back pain

Injury mechanisms

Low back pain is a common complaint among vol
leyball players. Data from the FIVB volleyball injury 
study in 2008 found that 47% of professional beach 
volleyball players reported low back pain during the 
preceding 2 months (Bahr 2009), and data from the 
FIVB ISS from 2010–2014 indicated that back pain 
is the fourth leading cause of time lost due to injury 
(Bere et al. 2015). Among adolescent elite players, 
16% are affected by low back problems at any given 
time (Clarsen et al. 2015). Low back pain is a non
specific diagnosis and is often used to describe a 
regional pain syndrome that worsens with activity.

There are a number of potential pain generators in 
the back which, if injured, can result in low back 
pain. These include the intervertebral disks, bony 
elements such as the pars interarticularis (a common 
site of stress reaction) and facets (a common cause of 

pseudoradicular pain), and muscles that may be 
overloaded or strained. Volleyball athletes are at con
siderable risk for low back disorders, in view of the 
movement patterns involving trunk rotation and 
lumbar flexion and extension that are common to 
volleyball skills such as spiking and jump serving.

Risk factors

Risk factors for low back pain and injury that have 
been identified include repetitive lumbar exten
sion and trunk rotation, and cigarette smoking. 
Athletes who are particularly tall may be at 
increased risk by virtue of the longer lever arm of 
the spine when compared with shorter individuals. 
Athletes with spondylolysis are frequently found to 
have a flattening of the normal lumbar lordosis 
and relative inflexibility of the hamstrings. 
However, it is not clear whether these findings rep
resent an intrinsic risk factor for the condition or a 
compensatory adaptation by the body in an effort 
to minimize the degree of lumbar extension to 
which the spine is subjected in these athletes.

Preventive measures

To minimize the risk of low back pain, volleyball 
athletes should follow a program of generalized 
strength and conditioning, in addition to maintain
ing flexibility through the low back, hips, and lower 
limbs through regular stretching. Exercises designed 
to specifically improve the athlete’s “core” stability 
and the endurance of the muscles that dynamically 
stabilize the lumbar spine should (theoretically) 
enhance the athlete’s ability to withstand repetitive 
overload of the spine, which is inherent to the skill 
set of the sport, particularly at the elite level.

Preventing shoulder pain

Injury mechanisms

Shoulder injuries account for 5–20% of all volleyball 
injuries, and at any given time, 14% of adolescent 
elite players are affected by shoulder problems 
(Clarsen et al. 2015). Shoulder injuries occur largely 
as the result of chronic overuse, and only rarely 
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result from acute trauma. Although the incidence 
of time loss injuries is low, the prevalence of shoul
der pain and dysfunction may be much higher. The 
mechanism of injury is often complex, but most 
likely involves repeated spiking and serving. The 
kinematics of these skills are similar to those from 
other overhead throwing or racquet sports, such as 
baseball and tennis. The high angular velocities 
generated at the often extreme range of motion 
observed at the end of the cocking phase of the 
arm swing place the shoulder under great stress 
(Figure  6.7). Considering the multiple repetitions 
involved  –  an elite attacker spikes about 40 000 
times a year  –  this can lead to overload of the 
s tructures at risk.

When these stresses are applied at a rate exceed
ing that of tissue repair, progressive damage to 

both the static and dynamic stabilizing structures 
of the shoulder can occur. In keeping with the 
complex mechanism of injury, volleyball players 
with shoulder problems often present with vague 
complaints. In addition to or instead of pain, they 
may report fatigue, discomfort, apprehension, par
esthesia or numbness as their principal symptoms, 
and only rarely do they describe any feeling of 
instability. Apprehension is a term specifically used 
by shoulder instability patients in describing the 
fear that the shoulder will sublux or dislocate. In 
these cases, the athlete experiences a sharp pain on 
extreme external rotation. This may lead to tran
sient loss of muscular control over the extremity 
(the “dead arm” syndrome). The severe pain usu
ally subsides quickly, but soreness and weakness 
may persist for a period of time.

Risk factors

Obviously, the main risk factor for shoulder pain is 
the volume of training performed. Elite volleyball 
athletes are at particular risk for overuse syndromes 
of the shoulder girdle. Older athletes are also at 
increased risk of developing shoulder pain, 
although problems may occur in younger athletes 
after a sudden increase in training intensity. 
Talented spikers – who are able to generate superior 
ball speed – may also be at higher risk. In their case, 
the ability to develop extreme velocities and tor
ques in the spiking arm puts the passive and active 
stabilizers of the glenohumeral joint at greater risk 
of fatigue and dysfunction.

It is felt that a combination of lax tissues on the 
anterior side of the glenohumeral joint and con
tracted tissues on the posterior side of the joint 
may contribute to instability by “pushing” the 
humeral head forward. Consequently, players with 
restricted range of motion and muscle weakness/
imbalance are at risk for compromised gleno
humeral joint function. Volleyball players typically 
develop reduced shoulder internal rotation and 
increased shoulder external rotation of the domi
nant (hitting) limb, which can be interpreted as 
indirect evidence of anterior capsular laxity. At the 
same time, there is often reduced rotator cuff func
tion and reduced scapular control. This can be seen 
as lateralization or even as winging of the scapula.

Figure 6.7 Cocking phase during spiking. Notice the 
maximal external rotation and abduction of the 
shoulder, which leads to large stresses on the anterior 
stabilizers of the shoulder joint. Source: FIVB Photo 
Gallery. Used with permission of FIVB.
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Preventive measures

The prevention of shoulder pain and injury begins 
with a preseason conditioning program and con
tinues throughout the season. The program should 
focus on stretching and strengthening exercises.

Stretching exercises should focus on the posterior 
structures (Figure  6.8). Exercises should be per
formed as repeated slow, sustained stretches, hold
ing the position for at least 45 seconds at the point 
of slight discomfort. However, it is important to 
note that too much flexibility can become a liabil
ity. In someone who already possesses a lax gleno
humeral joint capsule, further stretching may 
predispose to increased laxity and even joint insta
bility. Thus, a stretching program must be individu
ally designed for each athlete, stressing development 
of flexibility where it is lacking.

Strengthening exercises should focus on the main 
stabilizers of the glenohumeral joint  –  the rotator 
cuff muscles – and the scapular stabilizers (Figure 6.9). 
It should be noted that the shoulder exercises tradi
tionally used in the weight training program for vol
leyball players  –  bench press, pull‐down and 
pull‐over – actually are more likely to increase rather 
than reduce the risk of shoulder injury if used in iso
lation. This can be explained by the fact that isolated 
strengthening of the deltoid, pectoralis major, and 
latissimus dorsi is likely to increase arm speed and 
torque, and therefore put additional strain on the 
glenohumeral stabilizers. These exercises must there
fore be combined with a program aimed at improv
ing rotator cuff strength and scapular control.

Finally, warming up prior to repetitive overhead 
use of the shoulder is critical to prevent shoulder 
injury. The warm‐up program should include exer
cises designed to increase core temperature first, 
followed by stretching. Warm‐up then finishes 
with exercises with the ball, hitting first at low 
intensity and then progressing to full‐intensity 
spiking.

Role of the medical staff

The traditional role of the medical staff has been to 
diagnose and treat injury and illness. However, 
there is a need to redefine the role of the team phy
sician and physical therapist. As stated in the intro
duction to this chapter, their responsibility does 
not stop at treating injuries – there is also an obli
gation to prevent injuries. This requires a thorough 

Figure 6.8 Shoulder stretching exercises.

Figure 6.9 Shoulder strengthening exercises. 
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understanding of injury patterns, injury mecha
nisms, and risk factors, in addition to close coop
eration between the coaching and medical staff. 
Both groups must simultaneously acknowledge 
each other’s expertise while assuming an active 
partnership role in the other’s area. The coaching 
staff need to involve the medical team when plan
ning the training program, and medical personnel 
need to involve the coaching staff in the rehabilita
tion of injured players. The value of medical staff 
involvement has previously been shown conclu
sively in soccer. In cooperation, medical and coach
ing staff can introduce a comprehensive injury 
prevention program taking the skill level, practice 
and game schedule, injury status of the team, and 
other factors into consideration (Box 6.1).

Although the cost‐benefit ratio of the prepartici
pation medical exam in mass participation sports 
may be questioned, for the team physician the pre
season exam is an essential part of the injury pre
vention process. It is important to conduct this 
exam as early as possible before the actual start of 
the competitive season, so as to allow sufficient 
time to implement special conditioning programs 
before the start of the season. For the same reason, 
it may even prove beneficial to perform a postsea
son exam to survey injury status in preparation for 
the next season. The purpose of the medical exami
nation, which ideally should be a joint effort 
between the team physician and physical therapist, 
is to get to know the player and to identify risk 
factors for injury. The main risk factor for injury is 

previous injury and minor present injuries that 
might progress. The examination should therefore 
include an evaluation of all previous injuries, with 
special attention to passive and active stability of 
the knee, ankle and shoulder joint.
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Introduction

Historically, the role of the sports medicine profes
sional has been to diagnose and treat sport‐related 
injuries. Over the past decade, there has been an 
ideological shift within sport medicine emphasizing 
the prevention of illness and injury. To this end, 
the periodic health evaluation (PHE) has become 
an essential tool to document health status and to 
facilitate injury prevention in athletes.

As with any health screen, the goal of the PHE is 
early detection of pathological conditions in the 
hope that there will be an opportunity for timely 
and effective intervention, and a resultant reduction 
in morbidity (or mortality). Through regular use of 
the PHE, it is also possible to identify those athletes 
who are at increased risk of injury or illness, and 
may therefore benefit from efforts to prevent health 
problems before they begin.

The International Olympic Committee (IOC) has 
developed a standardized form to document the 
PHE, which should include a detailed personal and 
family medical history, as well as a comprehensive 
physical exam. Based on the information gathered 
in these steps, further laboratory investigations 
such as blood and urine analyses, radiographs, 
e lectrocardiogram, etc. may be warranted. A PHE 
should be completed by a sport medicine physi
cian, in a medical setting that assures the privacy of 
the athlete’s personal information. Ideally, the PHE 

is initially completed in the athlete’s off ‐season, 
allowing for the management of identified con
cerns well before the start of the season or any 
s ignificant competitions. Additional follow‐up 
evaluation throughout the season would then 
allow for an assessment of the athlete’s health 
adaptations compared to preseason levels. An 
understanding of the common injuries and the 
day‐to‐day physiological demands of volleyball can 
aid a sport medicine physician in the completion 
of a thorough PHE. It is therefore ideal that the 
sport medicine physician has a history of involve
ment in the sport and frequent interactions with 
the team and coaching staff in both training and 
competition settings.

It is becoming increasingly common for teams 
at the elite level to require their athletes to consult 
with an experienced sport medicine physician 
during the preseason, before any engagement by 
the athlete with the team or league. Under such 
circumstances, the evaluation is termed a prepar
ticipation exam (PPE). In the interest of full disclo
sure, and in fairness to the athlete, it is essential 
that prior to the PPE/PHE, the athlete be fully 
informed regarding the role of the physician in 
the process: whom the physician represents, what 
the physician’s responsibilities are to the team and 
what the potential ramifications of any finding 
could be. Furthermore, if there is the expectation 
that results of the exam will be given to a third 
party, the athlete should provide their authorization 
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to permit such disclosure of protected personal 
information. Unless otherwise requested, the 
p hysician’s response to the question of whether 
the athlete is currently fit to participate in the 
s pecific sport should be limited to a dichotomous 
YES or NO.

Ideally, the process of obtaining clearance to 
compete through the PPE or PHE allows the athlete 
to establish an ongoing relationship with a physi
cian who can provide periodic assessments to opti
mize athlete care and preventive services. As stated, 
the PHE is intended to capture the dynamic health 
changes associated with sport involvement, and 
any evidence of serious medical risk identified dur
ing the course of care should be reported to the 
athlete. The athlete should be discouraged from 
future sport participation until the necessary follow‐
up testing and therapeutic interventions have been 
completed.

The following recommendations regarding the 
PHE/PPE are based on current medical evidence 
specific to volleyball. Moderately strong evidence 
is available for the distribution of specific injuries 
within an adult volleyball population. The deter
minants of common volleyball injuries vary 
greatly by injury type. Finally, specific focus has 
been given to the use of diagnostic tests with 
strong positive and negative predictive values 
when possible.

Cardiovascular assessment

The strongest scientific evidence for the completion 
of a PHE comes from the potential detection of risk 
factors for sudden cardiac death (SCD). The combi
nation of cardiovascular disease and concentrated 
physical activity can result in cardiac arrest. 
Although physical activity is not the cause of SCD, 
it acts as the triggering mechanism in the presence 
of underlying cardiovascular disease (Corrado et al. 
2003). Furthermore, SCD in athletes can occur with
out prior symptoms, placing great significance on 
the PHE as a method of detecting known risk factors 
of cardiovascular disease. The screening for cardio
vascular disease should begin with a questionnaire 
documenting personal and family cardiovascular 

medical history followed by a p hysical examination 
(see Appendix at end of chapter).

The cost‐efficiency of performing a 12‐lead ECG 
examination as part of every athlete’s PHE has 
been debated by numerous international profes
sional societies (La Gerche et al. 2011; Maron et al. 
2014). An ECG assessment has been shown to be 
abnormal in up to 90% of individuals with hyper
trophic cardiomyopathy and up to 80% of indi
viduals with arrhythmogenic right ventricular 
dysplasia/cardiomyopathy. Development of a tool 
permitting categorization of ECG changes associ
ated with SCD has reduced the false‐positive rate to 
4.2%, while improving sensitivity to 91% and 
specificity to 94% among athletes. Although mak
ing a case for a mandatory 12‐lead ECG within a 
volleyball‐specific PHE is beyond the scope of this 
chapter, the IOC Consensus Statement recom
mends that a 12‐lead ECG be performed as part of 
the elite athlete PHE.

Screening for Marfan’s syndrome carries par
ticular cardiological significance in a volleyball 
population. Several of the physical traits of 
Marfan’s syndrome are desirable for volleyball 
athletes, including tall thin stature, long arms, 
long legs, and long fingers. Thus, there may be 
some self‐selection for Marfan’s among volleyball 
players. Individuals diagnosed with Marfan’s 
are  at increased risk for cardiovascular disease, 
including aortic root enlargement (which in turn 
places them at increased risk for aortic dissec
tion). Thus, if the athlete exhibits some of the 
physical traits/risk factors for Marfan’s, it may be 
reasonable to include echocardiography as part of 
the PPE.

The management of identified cardiovascular 
concerns should follow accepted protocols such 
as those outlined by the Bethesda Conference 
#36 and European Society of Cardiology (Pelliccia 
et al. 2008). This may include further evaluation, 
education of risk and informed participation, or 
exclusion from participation. It is of paramount 
importance in the cardiac assessment (or any 
s pecific aspect of the PHE system review) that 
the  athlete be referred for specialty level care if 
the examining physician is not specifically 
trained and experienced in that discipline of 
medicine.
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Noncardiac assessment

Noninjury‐related medical conditions affecting 
systems other than the cardiovascular system occur 
frequently in elite athletes: pulmonary, gastrointes
tinal, hematological, dermatological, urological, 
immunological, endocrine, and ophthalmological 
conditions all occur with reasonable frequency. 
Musculoskeletal conditions are most commonly 
encountered, and can occur at any time through
out the season. Most injuries are self‐limited, heal
ing without specific treatment. When indicated, 
appropriate treatment optimizes the anticipated 
outcome and minimizes morbidity. The IOC’s rec
ommended PHE questionnaire and physical exam 
guide (see Appendix) provide a systematic method 
of documenting these noncardiac conditions.

Musculoskeletal assessment

The IOC Consensus Statement on use of the PHE 
outlines one method by which the exam can be 
tailored to different sports, focusing on the most 
prevalent musculoskeletal injury types and their 
corresponding risk factors (Ljungqvist et al. 2009). 
Volleyball‐specific conditions will be discussed 
below and are summarized in Table 7.1.

The most common injuries in volleyball are 
acute injuries of fingers and ankles, and overuse 
injuries of the knee, shoulder, and lower back 
(Aagaard and Jorgensen 1996). Although less than 
many other sports, the burden of injury in volleyball 

is significant, with overuse injuries being more 
common and resulting in as much athletic impair
ment as acute traumatic injuries (Aagaard and 
Jorgensen 1996; Bahr and Reeser 2003; Lian et al. 
2005; Verhagen et al. 2004a). In general, however, 
time loss injuries are relatively rare. Recent 
research that attempted to capture all medical 
complaints showed that volleyball has a high 
prevalence of overuse conditions, frequently 
resulting in self‐management without full with
drawal from participation (Clarsen et al. 2013). For 
this reason, it is crucial that the musculoskeletal 
assessment of the PHE captures the athlete’s cur
rent health status and is sensitive enough to iden
tify potential injuries that have previously gone 
unreported. While identification of such condi
tions during the competitive season may provide 
the athlete with management techniques that 
p ermit them to keep playing, any chronic issues 
should be addressed during the off‐season. This 
allows for optimal recovery and modification of 
selected risk factors, with the ultimate aim of 
l imited recurrence.

Prior injury

It has been consistently demonstrated across mul
tiple sports that the greatest predictor of future 
injury is prior injury of the same body part 
(Verhagen et al. 2004a). For example, a strong pre
dictor of future ankle sprains in volleyball is having 
previously sprained the same ankle. However, 
there is evidence to suggest that full rehabilitation 
can return the athlete to his/her baseline (pre 
injury) level of risk (Verhagen et al. 2004b), thereby 

Table 7.1 Musculoskeletal assessment concerns – volleyball PPE.

Body position Concern Diagnostic test Score

Ankle Dynamic balance Modified star excursion 
balance test

Poor = bilateral difference in anterior direction >4 cm

Knee Dynamic knee valgus Vertical drop jump Visual assessment of valgus at lowest moment of flexion
Knee Ankle dorsiflexion 

range of motion
Weighted lunge Poor = dorsiflexion angle >45°

Shoulder Scapular malposition 
and dyskinesis

SICK scapula Poor = overall score >3

Lower back Thoracic mobility Seated thoracic rotation Poor = visually evident bilateral differences or <45° from 
frontal plane
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underscoring the importance of taking an accurate 
medical history which does not omit any details.

Preseason identification of residual effects from 
past injuries may provide an opportunity for tar
geted rehabilitation. All previous injuries should be 
assessed to determine the current state of healing 
and if any (mal)adaptive/protective responses have 
manifested themselves (e.g. reduced range of 
motion). The assessment can include assessments 
of joint laxity or range of motion, muscular 
strength, and/or functional ability. The assessment 
is often conducted with the use of the uninjured 
limb or joint as a control. This complicates head, 
neck, and trunk assessments, and bilateral injuries. 
The use of the contralateral (uninjured) limb as a 
functional comparison is also confounded when 
large bilateral differences are expected, such as the 
shoulder assessment of volleyball players.

Ankle injuries

Ankle injuries are the most common acute injury 
affecting volleyball players, accounting for up to 
half of all reported volleyball injuries (Aagaard and 

Jorgensen 1996; Bahr and Bahr 1997; Verhagen 
et al. 2004a). Interestingly, recurrent ankle sprains 
have been found to occur more frequently than 
first‐time sprains. The risk of reinjury is parti
cularly high in the initial 12 months following a 
sprain (Verhagen et al. 2004a). To help reduce the 
rate of injury recurrence, athletes should be 
instructed in a program of neuromuscular and 
proprioceptive rehabilitation following the initial 
injury (Bahr et  al. 1997; Verhagen et al. 2004b). 
Additionally, it is advised that athletes tape or 
brace the affected joint for 6–12 months post 
injury. In order to provide optimal protection, a 
brace that limits ankle inversion and eversion 
(without restricting ankle plantar‐ or dorsiflexion) 
should be prescribed.

In addition to previous injury, the other com
mon risk factor for ankle injuries is impaired 
dynamic balance (Plisky et al. 2006). A good func
tional assessment tool for dynamic functional sta
bility is the modified star excursion balance test 
(Figure 7.1). The modified version of the original 
eight‐point test reliably assesses balance in three 
planes (anterior, posteromedial, and posterolateral 

(a) (b) (c)

Figure 7.1 The modified star excursion test permits assessment of dynamic functional balance in multiple planes: 
(a) anterior; (b) posterolateral; (c) posteromedial.
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planes  –  reliability ICC 0.89–0.94) (Gribble et al. 
2013). A side‐to‐side difference greater than 4 cm 
in  the anterior plane should be considered a risk 
factor for recurrent sprain injury.

Knee injuries

Volleyball‐related knee injuries are frequently 
divided into two primary categories based upon 
the mechanism of injury. There are acute traumatic 
knee injuries and knee injuries caused by overuse. 
The most common acute knee injury among female 
volleyball players is a rupture of the anterior cruci
ate ligament (ACL) (Ferretti et al. 1992; Hootman 
et al. 2007). Meanwhile, jumper’s knee is the most 
common volleyball‐related knee injury caused by 
overuse. Jumper’s knee is diagnosed more com
monly among male than female volleyball athletes 
(Lian et al. 2005).

Anterior cruciate ligament injuries have been 
documented to occur at a rate of 0.09 injuries per 
1000 player exposure hours among NCAA female 
volleyball players. Although incidence is not as 
high as that recorded in other women’s sports 
(women’s soccer = 1.3/1000 hours, women’s bas
ketball = 1.15/1000 hours), the burden of ACL 
injuries is significant, with long‐lasting conse
quences. Research has shown that athletes with 
higher ground reaction forces and larger valgus 
angles at the knee when performing a vertical 
drop jump (VDJ) (Figure 7.2) are at higher risk of 
ACL injury (Aerts et al. 2013). Although an assess
ment of ground reaction forces is beyond the 
scope of a standard PHE, an assessment of 
dynamic knee alignment is feasible. A VDJ test for 
the functional assessment of dynamic knee angle 
is recommended for all female athletes, or at a 
minimum any athlete with a history of knee 
injury. The assessment of knee valgus should 
occur at the lowest moment of the landing phase 
of the VDJ. The video capabilities of a smart
phone or tablet device may be employed to 
enhance visual inspection (slow‐motion replay is 
particularly useful), and to provide real‐time 
feedback to the athlete. An athlete who has visu
ally obvious valgus collapse during the VDJ 
assessment should be referred to a physiothera
pist to develop knee stability and proper l anding 
techniques.

The most common overuse knee injury diagnosis 
amongst volleyball players is jumper’s knee. The 
prevalence of jumper’s knee has been found to be 
45% in an elite male volleyball population (Lian 
et  al. 2005). Male volleyball players have been 
found to have twice the odds of anterior knee pain 
as females (van der Worp et al. 2011). The causal 
mechanism is believed to be a repeatedly failed 
healing process following mechanical overload of 
the knee joint. For this reason, it is imperative that 
any prior history of anterior knee pain be identified 
and the athlete’s response to incremental loading 

Figure 7.2 Knee valgus upon landing from a vertical 
drop jump, as seen on this athlete’s right side, should 
raise concerns regarding risk for ligamentous knee 
injury due to inadequate neuromuscular control.
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be incorporated in any decision regarding return to 
play, whether it be practice or game participation. 
Athletes will frequently attempt to self‐manage 
these types of conditions without reducing their 
training load or volume. The establishment of a 
pain‐free training volume should be targeted prior 
to any increase in sport participation.

Another modifiable risk factor is ankle dorsiflex
ion range. It is theorized that athletes with a greater 
ankle range of motion will use a softer landing 
technique, therefore reducing the eccentric load on 
the patellar tendon during the landing phase of a 
jump (Bisseling et al. 2007, 2008). A measure of 
ankle dorsiflexion while performing a weight‐
bearing lunge should be incorporated in the PHE. 
This test has been found to have high inter‐ and 
intrarater reliability (ICC = 0.97). Athletes found to 
have an ankle angle measure greater than 45° from 
the horizontal should be considered to have poor 
range of motion, and therefore provided with 
an  intervention to address the limited range of 
motion. It is important to ensure that ankle braces 
that restrict ankle inversion/eversion do so without 
reducing dorsiflexion. Such braces allow for protec
tion from lateral and medial ankle sprains, while 
permitting the soft landing techniques that are 
encouraged for the prevention of overuse knee 
injuries.

Shoulder injuries

Shoulder injuries amongst volleyball players are 
predominantly overuse in nature and have been 
found to affect up to 32% of British and 24% of 

American elite volleyball players (Mjaanes and 
Briner 2005; Wang and Cochrane 2001). As has 
been measured in other overhead “throwing” 
sports, such as tennis and baseball, volleyball 
athletes with overuse shoulder complaints have 
significant lateralizing range of motion and 
strength differences. Volleyball athletes playing 
positions associated with a high frequency of 
attacking (outside hitters and middle blockers) 
are at greater risk than setters or liberos. The 
most common specific diagnosis of shoulder 
problems amongst volleyball athletes is subacro
mial or rotator cuff impingement (Seminati and 
Minetti 2013).

A strong predictor of shoulder injury is the 
SICK scapula score that assesses various anatomi
cal factors that may be associated with shoulder 
overuse, including Scapular malposition, Inferior 
medial border prominence, Coracoid pain and 
malposition, and dysKinesis of scapular motion. 
Specifically, a SICK scapula score greater than 3 
should be considered poor and those athletes 
should be considered at high risk for developing 
future shoulder problems related to overuse. 
Specific instructions for assessment of the SICK 
scapula score can be found in Table  7.2 and 
Figure  7.3. Athletes whose SICK scapula score 
places them at risk for shoulder overuse should 
be  given rehabilitation exercises to address the 
specific limitations noted on their current assess
ment. A reduction in training volume may be 
required to allow for shoulder adaptation to the 
prescribed exercises without promoting further 
overuse.

Table 7.2 Derivation of the SICK scapula score. 

Subjective pain history Objective pain history Scapular position 0 cm 1 cm 2 cm 3 cm

Coracoid, Y/N Coracoid, Y/N Infera 0 1 2 3
AC joint, Y/N AC joint, Y/N Lateral protraction 0 1 2 3
Periscapular, Y/N Superior medial angle, Y/N Scapular abduction 0 1 2 3
Proximal lateral arm, Y/N Impingement, Y/N
Radicular symptoms, Y/N Scapular assistance test, Y/N
TOS symptoms, Y/N

Source: Reeser et al. 2010. Reproduced with permission of Elsevier.
The SICK scapula score is derived from summating responses to questions regarding the existence of subjective symptoms at the areas indicated (1 point for each 
yes), the existence of tenderness or a positive response to the tests listed in the objective areas (1 point for each yes), and a numerical score based upon the magnitude 
of the measures of scapular malposition. The maximum score is 20.
AC, acromioclavicular joint; SICK, Scapular malposition, Inferior medial border prominence, Coracoid pain and malposition, and dysKinesis of scapular movement; 
TOS, thoracic outlet syndrome.
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Lower back injuries

According to Seminati and Minetti (2013), roughly 
20% of volleyball players have experienced trunk 
and back pain. Professional athletes have a higher 
prevalence of low back pain than recreational vol
leyball players (Seminati and Minetti 2013). The 
most commonly reported injury is a strain of the 
muscles of the lower back, a nonspecific diagnosis 
commonly ascribed to overload of the lumbar mus
culature. Similar to overuse shoulder injuries, posi
tions associated with a high frequency of attacking 
(outside hitters and middle blockers) appear to be 
at greatest risk of developing back pain.

Potentially, the best way to reduce stress in the 
lumbar spine musculature is through the adjust
ment of volleyball spiking technique. When attack
ing and serving, volleyball athletes repeatedly flex, 
extend, and rotate the lumbar and thoracic spine. 
Imbalance between these areas may precipitate 
back discomfort, and thus one recommendation is 
for athletes to reduce the amount of extension 
while increasing their thoracic rotational range of 
motion. Measurement of thoracic rotational range 
of motion is therefore recommended as part of 
the  volleyball‐specific PHE. A simple seated rota
tion technique can be employed to assess range 
of  motion and bilateral differences with good 

r eliability (Figure 7.4). Visually evident differences 
between sides or ranges less than 45° from the fron
tal plane should be considered poor and warrant 
additional exercises in the attempt to improve 
t horacic range of motion.

The review of spiking technique in athletes 
with low back pain is one example of how the PHE 
provides an opportunity for meaningful review of 
injuries with the coaching staff and correlation of 
measurable technical aspects with the athlete’s 
performance, particularly at the elite level.

Summary

A volleyball‐specific PHE should target the muscu
loskeletal conditions discussed in this chapter (see 
Table  7.1). It is important to recognize that the 
assessment methods described in this chapter reflect 

AA

CB B

Figure 7.3 Scapular dysfunction can be diagnosed by 
assessing symmetry of scapular movement, which is 
facilitated by identifying the intersection of the spine 
of the scapula and the medial scapular border (A), the 
inferior scapular angle (B) and the spinous processes of 
the interscapular thoracic vertebral bodies (C).

Figure 7.4 Measurement of available thoracic 
rotation should be part of every volleyball PPE.
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the current body of sport‐specific knowledge. As 
further assessment methods are developed and vali
dated, they should be incorporated, with specific 
emphasis on tests with strong predictive value.

Finally, it is important to view the PHE not just as 
a simple screening tool but rather as an opportu
nity to establish a relationship with the athlete and 
identify both injury‐ and performance‐related con
cerns. Ideally, medical care delivered to athletes 
(including completion of the PHE) should be con
ducted with a focus on the athlete’s long‐term 
health and well‐being.
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Introduction

Shoulder injuries due to overuse occur frequently 
in “overhead” sports such as baseball, tennis, swim-
ming, and volleyball. The shoulder joint is designed 
for mobility rather than stability, and is therefore 
susceptible to injury when subjected to the athletic 
demands of these sports. Volleyball‐specific skills 
such as spiking and serving place a tremendous 
load on the shoulder girdle. To avoid injury, this 
load must be absorbed and dissipated by the stabi-
lizing mechanism of the shoulder, which consists 
of both static stabilizers (including the glenohumeral 
joint, the glenoid labrum, and the ligamentous 
shoulder capsule) and dynamic stabilizers (the four 
muscles of the rotator cuff: the supraspinatus, 
infraspinatus, teres minor, and subscapularis).

Although differences clearly exist, the kinematics 
of volleyball spiking and serving resemble those of 
throwing a ball. These overhead skills subject the 
dominant shoulder girdle to repetitive stress, which 
may cause breakdown and injury to the soft tissues. If 
these stresses are applied at a rate exceeding the rate 
of tissue repair, such overload can result over time in 
cumulative damage to the shoulder. Therefore, to bet-
ter understand the mechanism of overuse shoulder 
injuries in volleyball athletes, the volleyball medical 
professional should have a basic familiarity with the 
kinematics of the volleyball spike and serve.

Like the ball throwing motion, the mechanics of 
spiking can be divided into three phases: cocking, 
acceleration, and deceleration/follow‐through. The 
cocking phase may be defined as the period 
between the preparation for movement and the 
moment at which the shoulder begins the explo-
sive phase of forward acceleration. This phase has 
been aptly described as “cocking the hammer.” 
Initially, the athlete abducts and externally rotates 
the hitting limb at the shoulder, keeping the elbow 
flexed. At the conclusion of this phase, the shoul-
der is maximally externally rotated and extended, 
with the upper limb abducted ≥90° (Figure 8.1).

Spikers and jump servers typically combine this 
movement pattern with truncal rotation and lum-
bar extension, while “float” servers tend to main-
tain a more neutral trunk position. The acceleration 
phase actually begins with lumbar flexion and 
trunk derotation. The momentum thereby gener-
ated is funneled up through the scapula to the 
shoulder girdle and on to the wrist and hand (the 
most distal links in the kinetic chain). As the upper 
limb moves forward, it accelerates through a com-
bination of flexion, adduction, and internal rota-
tion. At the moment of contact with the volleyball, 
the upper limb is typically abducted to 150–180° 
(i.e. nearly vertical), slightly flexed (so as to contact 
the ball out in front of the body), and extended at 
the elbow (to permit contact with the ball at the 
highest point possible). This position maximizes 
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the moment arm of the upper limb, resulting in a 
faster arm swing and a more powerful spike.

After the ball is contacted, the deceleration phase 
begins. The primary purpose of the deceleration/
follow‐through phase is to dissipate the energy 
accumulated during acceleration, while minimiz-
ing stresses about the shoulder. Follow‐through 
occurs via a combination of upper limb adduction 
and shoulder internal rotation, and is mediated by 
the eccentric action of the rotator cuff. If not for 
the dynamic stabilizing action of this group of four 
muscles, the shoulder joint would anteriorly sub-
lux or dislocate after every spike or jump serve! 
Thus, the spiking or overhead serving motion takes 
the shoulder through a wide active range of motion 
at high speed. Significant forces are generated in 
the upper limb, placing the structures of the shoul-
der girdle at great risk of injury. Furthermore, it has 
been estimated that the elite volleyball athlete will 

perform 40 000 spikes in one season of competition 
(Kugler et al. 1996). Given this volume and load, it 
should not be too surprising to learn that the most 
common volleyball‐related shoulder injuries are 
overuse in character.

Most chronic shoulder overuse injuries present 
clinically with symptoms of impingement (Cools 
et al. 2008). Impingement occurs when the physi-
cal space available to a structure becomes restric-
tive, as a result of either pathological anatomical 
change (e.g. tissue swelling) or functional maladap-
tation (e.g. muscle imbalance). Impingement can 
therefore be thought of as a final common path-
way of adaptive pathology that results from a vari-
ety of shoulder conditions, including rotator cuff 
tendinopathy, shoulder instability, scapular dyski-
nesis, biceps pathology, SLAP (superior labrum 
anterior‐superior) lesions, and GIRD (glenohumeral 
internal rotation deficit) (Figure 8.2).

Figure 8.1 The attacking player has “cocked the hammer” and is preparing to initiate the second phase of the arm 
swing. Also note the truncal rotation and the 90° angle of shoulder abduction. Source: FIVB Photo Gallery. Used 
with permission of FIVB.
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Two principal types of shoulder impingement 
have been described: internal (or posterior‐superior 
glenoid) impingement and external (or subacro-
mial) impingement. External impingement occurs 
when the soft tissues in the subacromial space (e.g. 
bursa, rotator cuff tendons) are mechanically com-
pressed between the humeral head and the acro-
mial arch. This “primary” encroachment tends to 
occur in the midrange of motion, and often causes 
a painful arc of motion during active abduction. 
Internal impingement occurs when the rotator cuff 
tendons, particularly the tendons of the supraspi-
natus and infraspinatus muscles, are restricted 
between the greater tubercle of the humerus and 
the posterior‐superior rim of the glenoid. Internal 
impingement is a secondary phenomenon that 
tends to occur during the late cocking phase of 
spiking or serving. Internal impingement is 
thought by many to be the primary cause of 
chronic shoulder pain in the overhead athlete.

It is therefore important for the sports medicine 
clinician to be able to distinguish between internal 
and external impingement, both historically and 
on the physical exam. Understanding that impinge-
ment may occur as a feature of any one of several 
types of a shoulder dysfunction will enable the 

 clinician to diagnose and treat the underlying pain 
generator with greater accuracy and effectiveness.

Rotator cuff dysfunction

Pathophysiology and biomechanics

The etiology of rotator cuff tendinopathy is 
multifactorial, and has been attributed to both 
extrinsic and intrinsic mechanisms (Seitz and 
Michener 2011). Extrinsic factors that encroach 
upon the subacromial space (subacromial impinge-
ment) or against the postero-superior rim of the 
glenoid (internal impingement) may include 
structural factors, such as anatomical variants of 
the acromion, or functional alterations in scapular 
or humeral kinematics, postural abnormalities, 
rotator cuff and scapular muscle performance defi-
cits, and decreased flexibility of the pectoralis 
minor or  the posterior shoulder girdle. Intrinsic 
factors that can contribute to rotator cuff tendon 
degradation with tensile/shear overload include 
a lterations in  biology, mechanical properties, mor-
phology, and vascularity. Cook and Purdam (2009) 
described a three‐stage continuum of tendon injury 
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Figure 8.2 An algorithm for determining the origin of impingement symptoms in the overhead athlete.
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that includes reactive tendinopathy, tendon disrepair 
(failed healing), and degenerative tendinopathy.

Clinical scenario and diagnosis

The volleyball athlete with rotator cuff tendinopa-
thy complains of pain with overhead activities. 
Skills performed at <90° of abduction are usually 
pain free. On examination, there may be tender-
ness at the point of humeral insertion of the 
supraspinatus and/or infraspinatus tendons. Active 
movement may reveal a painful arc of abduction 
between approximately 70° and 120°. Symptoms 
can be reproduced with impingement tests and in 
the apprehension position, and external rotation 
against resistance may be painful. The investiga-
tion of choice in rotator cuff tendinopathy is MRI. 
In experienced hands, ultrasonography of the 
shoulder can also be a useful diagnostic tool.

Therapeutic considerations

Treatment of rotator cuff tendinopathy should be 
divided into two stages. The first stage involves 
symptomatic treatment of the tendinopathy. The 
patient should avoid aggravating activity and apply 
ice locally. There is no high‐level scientific evidence 
to support prescription of NSAIDs, ultrasound, 
interferential stimulation, laser, magnetic field ther-
apy or local massage. A corticosteroid injection into 
the subacromial space may reduce the athlete’s 
symptoms sufficiently to allow commencement of 
an appropriate rehabilitation program. However, the 
long‐term effects of corticosteroids on rotator cuff 
tendons are still unknown. In choosing a manage-
ment plan, clinicians should consider patient pref-
erence, availability of practitioners, and other 
healthcare use. If a patient prefers a more active or 
self‐management approach, manual physical ther-
apy and gentle (isometric) rehabilitation exercises 
should be prescribed. If the patient prefers a corti-
costeroid injection, its effectiveness, safety profile, 
and potential need for additional healthcare should 
be discussed (Coombes and Vicenzino 2014).

The second phase of treatment consists of active 
rehabilitation exercises for the rotator cuff. Several 
kinds of exercises can be prescribed; the selection 
depends upon the irritability of the tendons, the 

goal of the program, and the specific sport in which 
the athlete is involved. Special attention needs to 
be paid to the external rotators, since weakness of 
this muscle group is often present as a volleyball‐
specific (mal)adaptation. In addition, eccentric 
training of the rotator cuff may be implemented 
(Holmgren et al. 2012; Maenhout et al. 2013).

Glenohumeral instability

Pathophysiology and biomechanics

Injury to either the static or dynamic stabilizers of 
the shoulder can result in an unstable shoulder and 
secondary impingement (Cools et  al. 2008). 
Shoulder instability can be classified based on the 
frequency (first time versus recurrent), etiology 
(traumatic versus nontraumatic), direction (ante-
rior versus posterior versus inferior), and severity 
(subluxation versus dislocation) (Kuhn 2010). 
Clinically, however, athletes often present with 
combined patterns of structural as well as func-
tional instability (based on muscle patterning defi-
ciencies). Taking into account the cause, direction, 
and typical clinical presentation of instability, 
patients may be divided into three groups.

• TUBS (Traumatic Unidirectional instability with 
Bankart lesion, for which Surgery is often needed).
• AIOS (Acquired Instability due to Overstress 
Syndrome).
• AMBRI (Atraumatic Multidirectional instability 
with Bilateral laxity, in which Rehabilitation is 
mandatory, but in case of failure Inferior capsular 
shift surgery is performed).
In volleyball, as in other sports requiring repetitive 
upper extremity activities, recurrent glenohumeral 
subluxation can occur even in the absence of dis-
crete trauma. Presumably, the repetitive abduction 
and external rotation of the upper limb during 
serving and spiking result in gradual distension of 
the anterior capsular structures. This capsular lax-
ity permits the humeral head to sublux anteriorly. 
Players with transient anterior subluxation may 
complain of severe pain that causes the arm to go 
“lame” or “dead” when attempting a hard spike, 
service, or other overhead skill.
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Clinical scenario and diagnosis

It is important to determine the injury mechanism, 
particularly traumatic onset of symptoms. External 
rotation combined with abduction in the face of 
anterior laxity promotes anterior subluxation/dis-
location. The neurovascular structures traveling 
through the thoracic outlet are vulnerable to dam-
age with an anterior dislocation. In chronic shoul-
der pain, the athlete may not be able to recount the 
inciting mechanism. The athlete’s symptoms 
should be interpreted in relation to the load on the 
shoulder (timing in the season, position played, 
etc.). Recurrent functional shoulder instability and 
impingement symptoms are often related to 
fatigue, aberrant sporting biomechanics, or a sud-
den increase in training or competition volume 
(Wilk et al. 2009).

During the clinical examination, the clinician 
should identify both the degree and direction of 
the instability, and look for concomitant patholo-
gies like rotator cuff tendinopathy or tears, labral 
pathology such as SLAP lesions, and symptomatic 
involvement of the biceps brachii muscle (Cools 
et al. 2008). In addition, the cervical and thoracic 
spine should be carefully evaluated for any nerve 
root or structural abnormality, and the kinetic 
chain should be tested to determine its strength 
and integrity.

Clinical tests of shoulder instability may be 
divided into provocative tests and tests of laxity. 
Commonly used provocative tests for instability are 
the apprehension and relocation tests (Figure 8.3). 
If the shoulder is unstable, these tests will provoke 
responses to the instability, such as apprehension 
and guarding. Laxity tests assess humeral transla-
tion with respect to the glenoid fossa. For anterior 
laxity, the load and shift test (Figure  8.4) may be 
used. Inferior laxity will provoke a sulcus sign upon 
distraction of the upper limb (Figure 8.5), and pos-
terior laxity will result in the posterior subluxation 
sign (Cools et al. 2008) (Figure 8.6).

Therapeutic considerations

Anterior glenohumeral instability can be treated 
conservatively or surgically. Conservative treat-
ment is indicated in the early stages of anterior 

instability in the overhead athlete, after the initial 
episode of traumatic dislocation, and as a prelimi-
nary approach to atraumatic multidirectional 
instability. The surgical procedure may be open or 
arthroscopic. Recurrence rates are relatively low, 
ranging from 2% to 11%. Elite volleyball athletes 

(a)

(b)

Figure 8.3 The apprehension and relocation tests. 
Placing the shoulder in maximal external rotation and 
horizontal abduction can reproduce impingement‐
related pain (a). Anterior pain suggests subacromial 
impingement, whereas posterior pain suggests 
posterosuperior glenoid impingement. Resolution of 
pain by application of posteriorly directed force to the 
humeral head suggests secondary impingement, while 
continued pain suggests primary impingement (b).
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Figure 8.4 The load and shift test 
is one of several tests that may be 
used to assess for anterior gleno-
humeral instability.

Figure 8.5 The sulcus sign is indicative of inferior 
glenohumeral instability.

Figure 8.6 A positive posterior subluxation test 
suggests posterior glenohumeral instability.
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requiring shoulder surgery for the treatment of 
instability may not be able to return to their prein-
jury level of performance. Return to competition 
following surgical repair may take 6 months or 
longer, and athletes who undergo surgery may 
experience a slight to moderate restriction of exter-
nal shoulder rotation.

During postsurgical rehabilitation, a step‐wise 
program may first endeavor to reestablish proprio-
ceptive control of the shoulder and rotator cuff, 
then initiate low load closed chain exercises (e.g. 
wall slides). The program then progresses to closed 
chain exercises with increasing load (prone bridg-
ing, side bridging), and concludes with a graded 
functional open chain exercise program, consisting 
of rotator cuff strengthening, scapular muscle 
training, and functional exercises. It is important 
that the athlete’s functional progression through 
their rehabilitation program be based upon indi-
vidualized goals. A recent qualitative investigation 
of return to sport after arthroscopic Bankart repair 
revealed that fear of reinjury, mood, social support, 
and self‐motivation greatly influenced the timing 
of return to sport (Tjong et al. 2015).

SLAP lesions and biceps‐related 
pathology

Pathophysiology and biomechanics

Pathological disorders of the biceps complex can be 
divided into three categories:
• inflammatory/degenerative conditions and par-
tial tears of the long head of the biceps
• instability of the biceps tendon in the bicipital 
groove
• Superior Labrum Anterior to Posterior (SLAP) 
lesions (Braun 2009).
The three categories of disorders may all present 
with impingement‐related shoulder pain, and 
although they differ widely in patient populations 
and pathogenesis, there is significant overlap 
between the diagnoses.

The glenoid labrum is a cartilaginous rim of tis-
sue that serves to deepen the glenoid, making the 
glenohumeral joint more stable. The biceps tendon 

originates from the labrum, and therefore rapid 
eccentric activation of the biceps can place traction 
on the labrum, resulting in a tear and an unstable 
shoulder. Repetitive overhead activity has also 
been hypothesized to be a common mechanism for 
producing biceps‐related shoulder pathology. 
Although the pathomechanics are debated, the tor-
sional compressive force on the base of the biceps 
during the cocking position, as well as the high 
eccentric activity of the biceps muscle during fol-
low‐through phase of throwing and the impinge-
ment of the biceps tendon underneath the acromial 
arch during overhead activities, are believed to 
contribute to the irritation, dysfunction, and even-
tual failure of the superior labral and biceps tendon 
complex (Kibler et al. 2013).

Clinical scenario and diagnosis

Patients with biceps or SLAP lesions complain of 
pain localized to the posterior or posterior‐superior 
joint line, especially in abduction. Pain in the 
shoulder is exacerbated by overhead and behind‐
the‐back arm motions. The athlete may also com-
plain of popping, catching or grinding sensations 
within the shoulder.

On examination, there may be tenderness over 
the anterior aspect of the shoulder and pain on 
resisted elbow flexion. Although numerous SLAP 
tests exist in the literature, no current SLAP lesion 
test is able to guarantee sufficient diagnostic 
value to merit being used as a stand‐alone test. 
Consequently, an interpretation of “best‐test com-
binations” is advised in the clinical diagnosis of 
SLAP lesions. The apprehension, compression rota-
tion, O’Brien (Figure 8.7), speed and biceps load II 
tests seem to have sufficient sensitivity and/or 
specificity to be used in a test combination for 
SLAP diagnosis.

Therapeutic considerations

Recent clinical guidelines suggest that the vast 
majority of overhead athletes with suspected SLAP 
lesions and biceps‐related shoulder pain should be 
initially treated nonoperatively (Braun 2009). Only 
certain diagnoses, such as traumatic injuries with 
documented structural damage, warrant earlier and 
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(a)

(b)

Figure 8.7 The O’Brien test. (a) Shoulder internally rotated. (b) Shoulder in neutral/external rotation. The test is 
considered to be positive for a SLAP lesion if pain provoked by resisted internal rotation is relieved by externally 
rotating the upper limb at the shoulder.
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more aggressive operative intervention. However, 
only a few studies have examined the results of 
conservative treatment of SLAP lesions. Edwards 
et al. (2010) showed that 50% of the conservatively 
treated athletes returned to play, with a similar rate 
of return to sports as those who had surgery. 
Fedoriw et  al. (2014) concluded from their case 
series that nonsurgical treatment correcting scapu-
lar dyskinesia and GIRD had a reasonable success 
rate in professional baseball players with docu-
mented SLAP lesions. Arthroscopic repair of SLAP 
lesions resulted in good to excellent results in 
patients who were not involved in sports. 
Unfortunately, the result of surgery in overhead or 
throwing athletes is much less predictable, with 
successful return to prior level of play ranging 
between 20% and 94% (Fedoriw et al. 2014). In par-
ticular, the prognosis for full return to sports seems 
to be rather low for baseball pitchers.

Rehabilitation of biceps‐related shoulder pain 
and SLAP lesions (whether representing conserva-
tive management or postoperative rehabilitation) 
should follow a phased progression of rotator 
cuff exercises, scapular exercises, and stretching. 
However, tension on the long head of the biceps 
should be implemented cautiously and increased 
gradually, with early protection of the site of the 
injury. In addition, in postoperative rehabilitation 
programs after SLAP repair, biceps activity needs 
to be controlled during the first 12 weeks following 

surgery, with no resisted biceps activity during 
the  first 8 weeks to protect the healing of the 
biceps anchor, and no aggressive strengthening of 
the biceps for 12 weeks following surgery (Wilk 
et al. 2009).

Recently, a progressive program consisting of 
selected rotator cuff and scapular exercises with 
low to moderate loads on the biceps (based on 
surface EMG activity) was proposed, giving the 
clinician the opportunity to select the appropriate 
exercises based on the goal and the desired load on 
the biceps (Cools et  al. 2014a). In the advanced 
stages of rehabilitation, higher loads are needed 
to strengthen the biceps brachii in order to prepare 
the athlete to return to sport. This is achieved 
by performing eccentric exercises in throwers 
(Figure 8.8) or pull‐up exercises in gymnasts or pole 
jumpers.

Scapular dyskinesis

Pathophysiology and biomechanics

Full upper limb elevation requires coupled movement 
of the scapula and the clavicle in a 2:1 ratio. The 
scapula must also rotate upwards, tilt posteriorly, 
and rotate internally or externally in order to 
 provide adequate clearance for the greater tuber-
osity of the humerus as it moves beneath the 

Figure 8.8 This prone catching 
exercise is a plyometric exercise 
designed to train the rotator cuff.
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coracoacromial arch, thus avoiding potential 
impingement. Scapular control also enhances joint 
stability at greater than 90° of abduction by placing 
the  glenoid fossa under the humeral head, where 
stability is assisted by the action of the deltoid mus-
cle. In view of the limited ligamentous constraints 
between the scapula and the thoracic wall, the 
scapulothoracic muscles play the most important 
role in dynamic scapular stability.

Scapular dyskinesis, defined as abnormal scapu-
lar positioning and/or movement, is thought to 
play a role in the pathophysiology of shoulder 
pain, although the causal relationship remains 
the subject of some debate (Struyf et  al. 2014). 
Scapular dyskinesis has been found to be related 
to shoulder instability, impingement, and stiff 
shoulders, and is identified as a primary risk fac-
tor for shoulder injury in rugby and handball 
players (Clarsen et al. 2014; Kawasaki et al. 2014). 
In particular, shoulder pain seems to be associ-
ated with insufficient upward rotation and poste-
rior tilting of the scapula (Ludewig and Reynolds 
2009), as well as strength and activation deficits 
of the lower trapezius and serratus anterior (Cools 
et al. 2014b). Other findings that may contribute 
to abnormal scapular control include weakness of 
the upper trapezius and tightness or stiffness of 
the pectoralis minor and levator scapulae (Cools 
et al. 2014b).

Clinical scenario and diagnosis

It is incorrect to state that scapular behavior should 
be symmetrical in overhead athletes. Scapular 
asymmetry has been well documented in volleyball 
players at rest (Oyama et  al. 2008; Ribeiro and 
Pascoal 2013). Asymmetry should not automati-
cally be seen as a pathological sign, but rather an 
adaptation to the demands of overhead sports and 
extensive use of the upper limb. Tests of scapular 
involvement can be used to determine if the 
observed scapular malpositioning or scapular 
asymmetry is associated with shoulder symptoms. 
The scapular assistance test (SAT; Figure 8.9) exam-
ines whether shoulder pain is correlated to a lack of 
smooth scapular upward rotation and posterior 
tilting, whereas the scapular retraction test (SRT; 
Figure  8.10) explores a lack of scapular stability 
into retraction during resistance tests of the shoul-
der (Cools et  al. 2008). Scapular upward rotation 
may be objectively measured using an inclinome-
ter and strength using a hand‐held dynamometer.

Therapeutic considerations

Once deficits and imbalances in scapular behavior 
are assessed, a rehabilitation program to restore 
symmetry of scapular muscle performance should 
follow. The main goals are (a) to restore flexibility 
of the soft tissues surrounding the scapula, in 

Figure 8.9 The scapular assis-
tance test. Relief of pain produced 
by an unassisted scapula suggests 
scapular involvement.
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 particular the pectoralis minor, levator scapulae, 
and rhomboid muscles, and (b) to improve peris-
capular muscle performance, focusing on either 
muscle control and inter‐ and intramuscular coor-
dination or muscle strength and balance.

In the early stage of scapular training, conscious 
muscle control of the scapular muscles may be 
necessary to improve proprioception and to nor-
malize scapular resting posture. In the intermedi-
ate phase of scapular rehabilitation, exercises may 
be selected based on the specific deficits and 
demands of the patient (Cools et  al. 2014a). 
Specific exercises are described for activation of 
the serratus anterior, lower and middle trapezius, 
and upper trapezius. In particular, in case of com-
bined flexibility deficits, exercises should be 
selected based not only on high activity in the tar-
geted muscle group, but also on low activity in the 
underactive muscles. In the third stage of scapular 
rehabilitation, the treatment goal is to exercise 
advanced scapular muscle  control and strength 
during sport‐specific movements, and special 
attention is given to integrating the kinetic chain 
into the exercise program. In order to prepare for 
return to play, emphasis is placed on plyometric 
and eccentric exercises. By the conclusion of treat-
ment, scapular control should be automatic and 
integrated into all sport‐specific exercises.

Loss of glenohumeral internal rotation 
range of motion

Pathophysiology and biomechanics

Glenohumeral Internal Rotation Deficit, often 
referred to as GIRD, is a sport‐specific adaptation of 
the posterior shoulder structures to chronic over-
load. Several theories have been advanced to 
explain the development of GIRD, ranging from 
adaptive contracture with shortening of the poste-
rior capsule to bony response to repetitive exces-
sive torsion resulting in bone remodeling. A third 
hypothesis regarding the cause of GIRD is hyperto-
nus of the external rotators due to excessive 
 eccentric loading. GIRD may cause aberrant gleno-
humeral kinematics and thus result in impinge-
ment symptoms.

Clinical scenario and diagnosis

The assessment of GIRD is performed by measuring 
glenohumeral internal rotation range of motion, pref-
erably in supine position with the shoulder abducted 
90° and the scapula stabilized against the table 
(Figure 8.11). A side‐to‐side difference of 20° is consid-
ered diagnostic for GIRD. However, in view of a possible 

Figure 8.10 The scapular 
retraction test. Scapular involve-
ment in the impingement 
syndrome is suggested by relief of 
pain when stabilizing the scapula.
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shift in rotational range of motion due to bony adap-
tations, GIRD may be associated with a gain in exter-
nal rotation ROM. It is important to measure internal 
as well as external shoulder rotation, permitting calcu-
lation of the total range of motion (TROM).

Therapeutic considerations

The clinical impact of GIRD on shoulder kinemat-
ics and the risk of injury appears to be sport spe-
cific. For example, a deficit of glenohumeral 
internal rotation of 18–25° has been demonstrated 
to be a risk factor for shoulder injury in baseball 
players (Shanley et  al. 2011; Wilk et  al. 2011). 
However, in volleyball athletes a statistically sig-
nificant side to side difference in glenohumeral 
internal rotation does not correlate with the risk 
of  shoulder pain. Both the cross‐body stretch 
(Figure 8.12a) and the sleeper stretch (Figure 8.12b) 
can be recommended to decrease posterior shoul-
der tightness. It has been shown that a 6‐week daily 
sleeper stretch program (3 reps of 30 seconds) is 
able to significantly increase the acromiohumeral 
distance in the dominant shoulder of healthy over-
head athletes with GIRD (Maenhout et  al. 2013). 
Tyler et  al. (2010) showed symptom relief after a 
stretching program in a population of overhead 
athletes with impingement‐related shoulder pain.

Suprascapular neuropathy 
(aka infraspinatus syndrome 
or volleyball shoulder)

Volleyball shoulder is a condition uniquely 
common in volleyball athletes. It is defined as a 
frequently painless atrophy of the infraspinatus 
muscle caused by suprascapular neuropathy (Reeser 
et  al. 2013) (Figure  8.13). This syndrome, which 
occurs relatively rarely in athletes participating in 
other overhead sports, has been estimated to occur 
in 12.5–45% of high‐level volleyball players 
(Ferretti et al. 1998).

There are two potential anatomical sites where 
the suprascapular nerve (SSN) may become com-
promised: the suprascapular notch and the spino-
glenoid notch (Figure  8.14). Entrapment at the 
suprascapular notch results in palsy of the com-
mon trunk of the nerve with marked atrophy of 
both the supraspinatus and infraspinatus muscles 
and weakness of shoulder abduction and external 
rotation. Proximal entrapment of the suprascapu-
lar nerve theoretically may result in greater dis-
comfort than would more distal involvement of 
the nerve at the spinoglenoid notch, since beyond 
the spinoglenoid notch the nerve is a pure motor 
nerve. Spinoglenoid entrapment causes a focal 

Figure 8.11 Measurement of 
glenohumeral internal rotation 
using a digital inclinometer. 
A side‐to‐side difference of 20° of 
internal rotation range of motion 
is diagnostic for GIRD.
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palsy of the terminal branch of the SSN, resulting 
in isolated infraspinatus atrophy and loss of 
strength in external rotation. Isokinetic testing has 
revealed that individuals with suprascapular neu-
ropathy are on average 22% weaker in the affected 
arm during external rotation when compared with 
the unaffected limb. Despite this difference, these 
elite athletes often fail to notice significant deterio-
ration in their sport performance.

The diagnosis of suprascapular neuropathy 
requires a high index of suspicion. On examina-
tion, there will be noticeable atrophy of the 
infraspinatus (and possibly the supraspinatus) on 
the dominant side, although the overlying bulk of 
the trapezius may obscure the muscle wasting if it 
is mild. The affected shoulder will be weaker in 
external rotation. The athlete may be tender to pal-
pation at the site of impingement, and cross‐body 

(a)

(b)

Figure 8.12 The cross‐body stretch (a) and the sleeper stretch (b) both address posterior shoulder tightness that is 
characteristic of GIRD.
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adduction of the upper limbs may be somewhat 
provocative of pain. The diagnosis may be con-
firmed by electromyography, which will demon-
strate injury potentials in the affected muscle(s). 
MRI is warranted (particularly in elite athletes) to 
rule out compressive lesions such as ganglia, which, 
if present, might prompt consideration of early sur-
gical decompression. Note that bilateral suprascap-
ular neuropathy has been reported.

Most commonly, there is no identifiable etiology 
for the onset of suprascapular neuropathy. However, 
it has been speculated that the unique kinematics of 
volleyball‐specific skills may result in SSN compro-
mise in anatomically predisposed individuals. In 
particular, spiking and serving result in greater 
shoulder abduction and horizontal adduction at the 
end of the cocking phase when compared to other 
overhead sport‐specific skills such as pitching a base-
ball or serving a tennis ball (Reeser et al. 2013).

Suprascapular neuropathy usually represents a 
benign condition, producing minimal disability in 
the short term. It should be noted, however, that the 
long‐term consequences of suprascapular neuropa-
thy are not entirely clear. The infraspinatus muscle 
also functions as a major depressor of the humeral 
head, acting in concert with the other muscles of 
the rotator cuff to dynamically stabilize the gleno-
humeral joint. Loss of infraspinatus function creates 
a potential imbalance in the force couple formed by 
the deltoid and rotator cuff. Such an imbalance 
might lead, over time, to a secondary impingement 
syndrome. For this reason, the volleyball medical 
professional should be careful to thoroughly assess 
complaints of shoulder pain by an athlete with 
known infraspinatus deficiency, and encourage con-
centric and eccentric external rotator strength train-
ing, even in the absence of symptoms.

Although surgical treatment is rarely indicated in 
volleyball players with infraspinatus atrophy, sev-
eral surgical procedures have been developed to 
release the nerve at the suprascapular notch or at 
the spinoglenoid notch. Athletes who continue to 
have pain despite conservative treatment may ben-
efit from surgical release of the nerve at the site of 
entrapment. Despite clinical improvement in pain 
and strength, recovery of infraspinatus atrophy is 
seldom observed after surgery.

Integration of the functional kinetic 
chain in shoulder stabilization 
exercises

It is important to involve the kinetic chain early in 
the shoulder rehabilitation process. While the 
shoulder is recovering from the injury or surgery, 

Figure 8.13 Pronounced infraspinatus atrophy is 
present on the right side of this athlete.
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Figure 8.14 Anatomy of the suprascapular nerve: 
possible sites of injury.
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leg and trunk exercises can be prescribed so that 
when the shoulder is ready for rehabilitation, the 
base of the kinetic chain is also ready for linked 
activity and functional movement patterns.

The kinetic chain in which the athlete functions 
is highly sport specific, and needs to be reconsid-
ered for every athlete. In ground‐based sports, like 
baseball, tennis or cricket, all the activities of the 
shoulder work within a kinetic chain linkage from 
the ground through to the trunk, mostly in a diag-
onal pattern. These athletes benefit from diagonal 
patterns in a closed chain for the lower extremities, 
e.g. shifting body weight to the contralateral leg 
during the exercise or performing movements in 
unilateral stance on the contralateral leg. In addi-
tion, research has shown that performing shoulder 
exercises (rowing) standing on the contralateral leg 
enhances scapular muscle activity (Figure  8.15). 
Volleyball players load their shoulders most during 
spiking, when their feet are off the ground. They 

should train the spiking and decelerating capacity 
of their shoulders with minimal input from the 
ground (for instance on an unstable surface, such 
as a wobble board). It is important to correct any 
inflexibilities of the hamstrings, hip, and trunk; 
weakness or imbalances of the rotators of the trunk, 
flexors, and extensors of the trunk and hip; 
and any subclinical adaptations of stance or gait 
patterns.

Summary

Shoulder impingement is a frequent cause of pain 
and dysfunction related to overuse in the volley-
ball athlete. Careful examination of the individual 
with complaints of pain during overhead sport 
may provide diagnostic clues suggesting the etiol-
ogy of the impingement (internal or external), and 
appropriate therapeutic interventions.
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Introduction

This chapter discusses two particularly trouble-
some lower limb conditions that cause volleyball 
athletes, in general, a great deal of inconvenience 
and discomfort and which, on occasion, can trun-
cate a player’s career. The first of these is jumper’s 
knee, a condition also known as patellar tendinop-
athy, patellar tendinosis, and, in the past, patellar 
tendonitis/tendinitis. The term jumper’s knee is 
used here because it is well entrenched in volley-
ball circles and aptly describes the mechanism of 
injury. Note that clinicians generally use the term 
“patellar tendinopathy” to refer to this condition, 
as athletes who participate in sports that are not 
particularly jump intensive can also suffer from the 
condition (e.g, soccer players, sprinters, skiers). 
Jumper’s knee is the most common overuse injury 
among volleyball players, with a prevalence of 
nearly 45% (Lian et al. 2005).

This chapter also considers ankle sprains  –  the 
single most common acute injury suffered by vol-
leyball players. Volleyball‐related ankle sprains 
result most commonly from landing on the foot of 
an opponent or teammate during the act of block-
ing. Ankle sprains account for as many as one half 
of all acute injuries in indoor volleyball at the 
national league level, with an incidence of about 
one sprain per 1000 hours of activity (Bahr and 

Bahr 1997; Bahr et al. 1994) and about one in four 
injuries at the international level (Bere et al. 2015).

Both ankle sprains and patellar tendinopathy are 
less common among beach volleyball athletes than 
their indoor counterparts. The softness of the sand 
reduces the load on the patellar tendon during 
jumping and landing and the fact that there are 
only two players per team reduces the risk of con-
tact‐related ankle sprains. Nevertheless, ankle 
sprains and patellar tendinopathy account for a 
significant proportion of injuries in beach volley-
ball as well. Taken together, these observations 
should provide ample incentive for physicians and 
physiotherapists involved in the care of volleyball 
players to learn how to effectively diagnose and 
treat both jumper’s knee and ankle sprain injuries.

Jumper’s knee

Clinical scenario

An Olympic volleyball player reports to the team 
physician with complaints of infrapatellar pain 
that is aggravated by jumping. The athlete’s pain 
tends to occur after particularly arduous on‐court 
training, or after activities such as weight training 
or plyometric jump training. Symptoms improve 
with rest. The player has previously experienced 
similar problems. The first instance occurred when 
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he was in adolescence and he often notices the 
pain at the start of a new season. He localizes his 
pain to the inferior pole of the patella.

Clinical approach to anterior  
knee pain

There are numerous possible causes of pain in the sce-
nario outlined. Box 9.1 lists the more common causes 
of anterior knee pain. In most instances, however, the 
volleyball medical professional must distinguish 
between jumper’s knee and patellofemoral syndrome, 
as these are by far the most frequent causes of anterior 
knee pain in this population. In general, distinguish-
ing one from the other is not too difficult if you look 
for a few key features (Table 9.1). When examining for 
tendinopathy, the clinician should look for the follow-
ing three characteristics: localized tendon pain brought 
on from loading, focal tenderness to palpation, and 
resultant impaired function (Rio et al. 2014). Even so, 
the clinical features of these two conditions can over-
lap, potentially creating some diagnostic  confusion. 
Furthermore, jumper’s knee and patellofemoral syn-
drome can in rare instances present simultaneously as 
a result of an underlying biomechanical abnormality 
or because of excessive training.

History

When a volleyball player presents with a complaint 
of atraumatic knee pain, the clinician must first 
establish an accurate diagnosis. Based on knowl-
edge of volleyball‐specific injury patterns, jumper’s 
knee should be high on the list of potential diagno-
ses. In addition, there are a number of important 
details from the player’s history that facilitate the 
practitioner’s ability to arrive at an accurate diag-
nosis. Some of these characteristics include the cir-
cumstances surrounding the initial onset of pain, 
the specific location of the pain, the nature of 
aggravating activities, any change in load or train-
ing and the presence of any associated clicking, 
giving way or swelling.

If the athlete’s pain is typically precipitated by 
activities that involve repetitive eccentric loading 
of the patellar tendon, such as repetitive spike or 
block training, there is a high likelihood the athlete 
is suffering from jumper’s knee. If, on the other 
hand, the onset of pain is insidious and the athlete 
complains of a diffuse ache that is exacerbated by 
either activity or prolonged sitting (“movie‐goer’s 
knee”), the alternative diagnosis of patellofemoral 
pain syndrome must be considered. Pain that 
occurs with running and which gradually worsens 
during the run is more likely to be of patellofemo-
ral origin, whereas pain that occurs at the start of 
activity, settles after warm‐up and returns after 
activity or the next morning is more likely to repre-
sent patellar tendinopathy.

The prevalence of jumper’s knee ranges from 40% 
to 50% among high‐level volleyball players (Ferretti 
1986; Ferretti et al. 1984; Lian et al. 1996b, 2005). 

Table 9.1 Comparison of the clinical features of two common causes of anterior knee pain. Note that these 
conditions may co‐exist.

Signs Patellofemoral syndrome Patellar tendinopathy

Onset Running (especially downhill), steps/stairs, hills, any weight‐bearing 
sport requiring repeated knee flexion/extension (e.g. distance 
running)

Activities involving jumping and landing (e.g. basketball, 
volleyball, high jump, netball, bounding, ballet)

Pain Vague/nonspecific, may be medial, lateral or infrapatellar Usually around inferior pole of patella, aggravated by 
jumping and mid to full squat

Tenderness Usually medial or lateral facets of patella but may be tender in 
infrapatellar region. May have no pain on palpation due to areas 
of patella being inaccessible

Most commonly inferior pole of patellar tendon 
attachment

Occasionally in midtendon, rarely at distal attachment 
to tibial tuberosity

Box 9.1 Common causes of anterior 
knee pain.

Patellofemoral syndrome
Jumper’s knee
Recurrent patellar subluxation
Osgood–Schlatter disease (younger athlete)
Fat pad impingement
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Extrinsic risk factors identified for jumper’s knee in 
volleyball players include training load (hours of 
volleyball training per week) and match exposure 
(the number of sets played per week). Other factors 
likely include the playing surface as well as changes 
or spikes in the acute training load compared to the 
chronic training load over the preceding weeks. 
Information on intrinsic risk factors also continues 
to evolve. Clinically important intrinsic risk factors 
are likely to exist, since only one in two players 
develop symptoms of jumper’s knee despite identi-
cal extrinsic risk factors. Studies on the dynamic 
performance of volleyball players suggest that those 
with a natural ability to jump higher are at a greater 
risk for developing patellar tendinopathy (Lian et al. 
1996a; Visnes et al. 2013). Additional risk factors 
include decreased ankle dorsiflexion mobility and 
possible influence from landing mechanics. The 
right knee is affected more often than the left knee 
among volleyball players. One reason may be the 
dynamic biomechanical factors acting upon the leg 
extensor apparatus during a spike jump with a 
right‐left take‐off, since this may be expected to 
cause higher eccentric‐concentric loading of the 
right knee compared with the left.

Diagnostic considerations

Reproducing the patient’s anterior knee pain dur-
ing clinical assessment is critical to establishing an 
accurate diagnosis. A double‐ or single‐leg squat 
will usually provoke the athlete’s typical symp-
toms. If symptoms are not reproduced on level 
ground, a series of double‐ or single‐leg squats can 
also be performed on a decline board to further 
stress the tendon. Reproducing the athlete’s symp-
toms is essential both for diagnostic purposes and 
to provide a baseline in order to determine the 
effectiveness of treatment. If the athlete is pain free 
at the time of the examination, he/she should be 
reexamined after completing a symptom‐provoking 
training session, e.g. with intensive jump training.

The clinician should palpate the anterior knee 
carefully to determine the site of maximal tender-
ness. If the athlete has jumper’s knee, tenderness is 
most often located along the proximal patellar ten-
don near the inferior pole of the patella (Figure 9.1). 
To assist with exposing the tendon near the inferior 

pole of the patella, pressure can be placed with one 
hand to the superior aspect of the patella to help 
“tilt” and expose the inferior portion of the patella 
while the tip of one finger from the other hand pal-
pates the proximal patellar tendon. Palpation 
should also be conducted along the midportion of 
the patellar tendon as well as near the tibial 
insertion.

While jumper’s knee typically refers to pain in 
the patellar tendon, it is important to note that 
occasionally volleyball players will present with 
“jumper’s knee”‐like symptoms in their quadriceps 
tendon proximal to their patella. Palpation of the 
quadriceps tendon and history from the player will 
confirm this.

Kinetic chain and biomechanical examination 
should always be conducted as well to examine the 
joints proximal and distal to the knee that may 
have significant deficits leading to increased risk 
for jumper’s knee symptoms. Specifically, ankle 
and hip mobility should be cleared and then tested 

Figure 9.1 Patellar tendinopathy; typical location of 
pathology in the posterior aspect of the tendon.
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for strength and stability throughout their respec-
tive available range of motions. A passive examina-
tion of mobility can be initially performed, but 
should be repeated in weight bearing and ulti-
mately examined through jumping and landing 
tasks to see how the individual athlete actually 
completes the skills required in training.

Radiographic imaging is generally not required 
to confirm the suspected clinical diagnosis of 
jumper’s knee. However, real‐time ultrasound can 
be a useful tool. Ultrasound is excellent for detect-
ing structural abnormalities such as tendon thick-
ening and hypoechoic areas within the tendon. 
In addition to traditional gray‐scale used to exam-
ine tendon structure, color Doppler settings are 
often used to detect neovascularization within 
or near the tendon. However, it must be noted that 
structural abnormalities such as hypoechoic areas 
and neovascularization are often observed in 
about 10% of asymptomatic tendons. This stresses 
the importance for the clinician to marry the 
clinical history and presentation of the patient to 
that which is observed on ultrasound (Cook et al. 
1998; Kongsgaard et al. 2009; Lian et al. 1996b) 
(Figure 9.2).

Treatment of patellar tendinopathy

Once an accurate diagnosis has been made, appropri-
ate treatment can begin. Studies on the outcome of 
treatment for jumper’s knee indicate that some 
unfortunate players can suffer from prolonged 
symptoms, ranging from several months to years 
(Lian et al. 2005) and may require more than 6 
months of treatment before they can return to 
sporting activities (Cook et al. 1997; Schiavone‐
Panni et al. 2000). Education to manage the 
athlete’s expectations can play a critical role in 
building the foundation needed to begin this jour-
ney. To tackle this challenging problem, practition-
ers usually combine treatments that include self‐care, 
medical management and an exercise prescription. 
If multiple bouts of conservative treatment fail and 
the athlete has been unable to return to sport, 
then  surgical intervention may be considered. 
Unfortunately, surgical intervention for jumper’s 
knee is unpredictable (Coleman et al. 2000) and the 
only randomized controlled trial available on open 
surgery showed no better outcome compared with 
conservative treatment (Bahr et al. 2006).

Volleyball players must recognize that jumper’s 
knee is potentially a very serious condition requiring 

Figure 9.2 Ultrasound evaluation of the athlete with symptoms of patellar tendinopathy may show the presence 
of hypoechogenicity (a), while MR imaging can reveal high signal abnormality (b).

(a) (b)
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a long period of rehabilitation. Thus, players 
should not defer seeking appropriate medical atten-
tion. There is evidence to suggest that early diagno-
sis and treatment of patellar tendinopathy helps to 
minimize the need for time off from volleyball. 
Early diagnosis provides an opportunity to make 
early adjustments to training load and number of 
jumps, while beginning the appropriate treatment 
to address the underlying condition.

Ice massage may provide some pain relief. Ice 
can be applied over the affected tendon several 
times a day for up to 15 minutes per session.

The issue of whether a player should be treated 
with nonsteroidal antiinflammatory medication 
(available without prescription in many countries) 
is somewhat controversial. Historically, the most 
common pharmaceutical agents used to treat 
patellar tendinopathy have been nonsteroidal 
antiinflammatory drugs (NSAIDs) and corticoster-
oids. Although jumper’s knee was originally 
considered to be an inflammatory disorder (hence 
the term “tendinitis”), it is now believed to represent 
a degenerative condition. Thus, there is no biological 
basis for using antiinflammatory drugs (Jozsa and 
Kannus 1997; Khan et al. 1999). Nevertheless, these 
drugs remain the most commonly used sympto-
matic therapy, but it should be noted that no effect 
can be expected on healing patellar tendinopathy 
(Almekinders and Temple 1998). In fact, by mask-
ing pain, NSAIDs are often used to be able to con-
tinue playing, making matters worse in the long 
term. It would be reasonable to summarize current 
medical practice by saying that NSAIDs play a less 
than prominent role in the management of 
 tendinopathy, particularly in chronic cases (Khan 
et al. 2002).

For similar reasons that oral antiinflammatory 
medications appear to be inappropriate in the treat-
ment of tendinopathy, the role of corticosteroids 
also remains controversial (Fredberg 1997; Shrier 
et al. 1996). Positive short‐term clinical effects fol-
lowing corticosteroid injections have been reported 
but these effects diminish after 12 weeks and end 
with poor long‐term clinical outcomes. Other 
injection techniques, such as of high‐volume saline 
(including local anesthetics and often also aproto-
nine or corticosteroids) or sclerosing agents (such as 
polidocanol), at the interface between the deep 

 surface of the patellar tendon and Hoffa body have 
been shown to provide some pain relief in the short 
term (Hoksrud and Bahr 2011).

A prescription of therapeutic exercise with the 
goal of decreasing pain and improving load toler-
ance of the patellar tendon is the treatment of 
choice for athletes with patellar tendinopathy. Two 
exercise programs have been studied, which both 
provide promising results. An exercise program 
emphasizing eccentric loading of the knee exten-
sors is the treatment most studied and well docu-
mented. This eccentric exercise program often 
focuses on a series of single‐leg squats (Figure 9.3a) 
consisting of three sets of 15 repetitions performed 
twice daily on a decline board and with progressive 
loading (Visnes and Bahr 2007).

The second exercise program is one laid out by 
Kongsgaard et al. that uses heavy slow resistance 
(HSR) exercises (Figure  9.3b,c,d). Many clinicians 
are moving away from daily decline squat exercises 
towards this HSR exercise program which consists 
of a series of squats, hack squats and leg presses 
 performed three times weekly. It seems easier to 
motivate players to perform what they perceive as 
“real” strength training three times weekly rather 
than the rather monotonous, low‐intensity decline 
squat program two times daily. Each exercise is per-
formed for 3–4 sets and with gradual increases in 
load from 15 repetition maximum in week 1 and 
progressing up to 6 repetition maximum by weeks 
9–12. Athletes are instructed to take 2–3 minutes of 
rest between sets and perform each repetition 
slowly with 3 s for the eccentric phase and 3 s for 
the concentric phase of the exercise. Use of the HSR 
program has yielded good short‐ and long‐term 
clinical outcomes.

Some athletes with very irritable patellar tendons 
may not tolerate either of these programs. They 
may respond best to a program focusing on isomet-
ric exercises designed to help manage pain. 
Combined with appropriate load management, 
including reduction in training drills that require 
jumping and landing, athletes perform a midrange 
quadriceps exercise of 5 repetitions of 45 s isomet-
ric holds. These can be done on a leg extension 
machine or with an exercise called a Spanish squat 
and can be performed 2–3 times per day. A four‐
step program that includes isometric exercise for 
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pain management initially and progresses to a 
modified HSR program before preparing an athlete 
for return to sport has been described by Malliaras 
et al. (2015).

With all the exercises outlined above, it is worth 
noting that it is permissible for the athlete to per-
form the exercises with some pain. Possibly the 
more important criterion is to test for pain and see 
how they feel 24 hours after performing the exer-
cises. This could be done with a single‐leg decline 
squat or with any other activity that reproduces 
symptoms. An increase in pain from doing the 
exercise is permissible as long as their pain does not 
continue to increase day by day. In fact, the 

expectation is that after a few weeks of training, 
pain will subside, first when not training and 
 eventually also during training.

As the athlete progresses, the exercise pre-
scription can be made more challenging and 
functional by increasing the load and speed of the 
exercises. Endurance can subsequently be introduced 
once the athlete can perform these exercises well. 
Thereafter, combinations of load (weight), speed, 
and/or height (e.g. jumping exercises) can be added 
(Cook et al. 2000). These end‐stage eccentric 
exercises can provoke tendon pain and are 
 recommended only if the athlete’s sport demands 
intense loading (and then only after the athlete 

(a) (b)

(c) (d)

Figure 9.3 Exercises used to treat jumper’s knee. (a) Eccentric decline squats, (b) leg press, (c) squat, and (d) hack 
squat. All exercises should be conducted to a 90° knee angle. Note that the exercises used in the Kongsgaard 
program (bc,d) are performed bilaterally, while eccentric decline squats (a) should be performed on one leg at a 
time. Source: Kongsgaard et al. (2009). Reproduced with permission of John Wiley & Sons.
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has completed a sufficiently long rehabilitation 
period). Eccentric training programs and HSR pro-
grams, performed under close supervision and 
adjusted as needed, have been shown in clinical tri-
als to be effective in improving or even eliminating 
symptoms associated with jumper’s knee. Jump 
training and evaluation of landing mechanics 
are also essential components of a comprehensive 
rehabilitation program. Ice may be used to cool the 
tendon after exercise training to minimize postex-
ercise pain.

Of course, conservative treatment is not uni-
formly successful. There are numerous potential 
reasons why an eccentric strength training pro-
gram might fail to produce the desired clinical out-
come, including excessively rapid progression 
through the rehabilitation program, inappropriate 
loading (e.g. insufficient strength or speed work, 
eccentric work started too early or too aggressively, 
insufficient single‐leg work), excessive reliance on 
passive treatments (such as electrotherapeutic 
modalities), insufficient focus on kinetic chain and 
biomechanical deficits and inadequate monitoring 
of the patient’s symptoms both during and after 
therapy.

Surgical intervention for jumper’s knee is gen-
erally reserved for symptomatic volleyball play-
ers who have not improved after at least 6 
months of conservative management. A variety 
of surgical techniques have been described but 
the outcome of surgery remains rather unpredict-
able. In addition to the traditional open tech-
nique, where access is through the anterior 
tendon, new techniques for arthroscopic surgery 
have been developed, where access to the patel-
lar tendon is from its posterior aspect and where 
arthroscopic shaving and ultrasound (plus 
Doppler) examination are performed simultane-
ously. Using this technique, the tendon and the 
areas with structural tendon changes and high 
blood flow can be demonstrated in the operating 
field. In this way, the shaving procedure can be 
more exactly addressed to the area of interest on 
the dorsal surface of the tendon and trauma to 
the Hoffa fat pad and the anterior healthy part 
of  the tendon is minimized. However, there are 
few  randomized controlled studies to guide 
t reatment choice.

Ankle injuries

Clinical scenario

A volleyball player reports to the team physician or 
therapist after suffering a sprained ankle. The 
sprain occurred when she landed on the opposing 
attacker’s foot after a block. She experienced imme-
diate pain in the lateral aspect of the ankle and 
noticed local swelling beginning only a few min-
utes later. Fortunately, she had been given immedi-
ate first aid, including application of an ice bag and 
local compression to minimize swelling. At the 
time of the physician visit, the player was limping 
noticeably, reluctant to bear full weight on the 
affected limb. This was her third lateral ankle sprain 
involving the same ankle.

Clinical approach to ankle 
sprain injuries

When a volleyball player presents after suffering an 
ankle sprain, the practitioner must first determine 
which structures have been injured and to what 
extent. In most cases, a lateral ankle sprain injures 
one or more of the lateral ankle ligaments, but 
other structures may also be involved (Table 9.2). 
The most important objective is to distinguish 
between ligament injuries and fractures. Fractures 
are rare among adolescents and young adults, but 
fractures of the lateral malleolus and fifth metatar-
sal do occur relatively frequently among older 
 recreational athletes. Since they may require early 
surgery, it is important to rule out injuries to 
the syndesmosis, often referred to as a “high ankle 
sprain,” as well as growth plate injuries in children. 
Syndesmotic injuries result in damage to the liga-
ments between the tibia and fibula. A careful 
 history should be taken, since the mechanism of 
injury is an important clue to establishing an 
accurate diagnosis. A precise examination will 
reveal whether it is necessary to submit the patient 
to a radiographic examination to rule out a possi-
ble fracture. If a fracture is suspected, x‐rays should 
be obtained without delay. Surgery for an acute 
fracture, if necessary, should be performed within 
6 hours (before the onset of significant swelling).
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Injury situation

The typical scenario that leads to an ankle sprain in 
volleyball is when a player who is blocking lands 
on the foot of an opposing attacker underneath the 
net. This can happen when the attacker is forced to 
play a ball tight to the net because of a bad set. 
Alternatively, the attacker may have simply chosen a 
poor trajectory to play the ball and as a consequence 
lands partially into the opponent’s court (while still 
remaining partially over the centerline.) Another 
common scenario leading to ankle sprains is when 
one blocker, typically the middle blocker, is late to 
close the block with a teammate. The middle will 
drift laterally and land late into a densely populated 
area of the court that has been termed “the conflict 
zone.” Ankle sprains have also been observed when 
a backrow attacker lands on a front row teammate.

Pathophysiology

Video analysis of ankle sprains sustained during 
the Olympic Games volleyball competition, FIVB 
World Championships and FIVB World League has 
revealed that the majority of ankle sprains sus-
tained within the conflict zone share a common 
mechanism of injury. As the soon to be injured 
player begins to land from his/her jump, the soon 
to be injured foot is plantarflexed and preparing to 
land on the firm, even and predictable court sur-
face. The player continues his/her descent towards 
the court as the ankle dorsiflexes towards a neutral, 
flat foot position. Suddenly, however, the foot has 
a surprise encounter with another player’s foot and 

everything changes. As the foot nears this flat foot 
position, the ankle rapidly inverts as a result of the 
moment created by the unexpected contact with 
another player. This inversion moment occurs too 
quickly for the dynamic musculotendinous ankle 
stabilizers to compensate and at court contact the 
load is transmitted to the ligaments that statically 
stabilize the lateral ankle. As the foot inverts, the 
overloaded ligaments fail in predictable order. The 
forces and the tensile strength of the ligaments 
involved determine both the extent and degree of 
ligament injury. In about half the cases, there is an 
isolated tear of the anterior talofibular ligament, 
while in about 25% there is a combined rupture of 
the anterior talofibular and calcaneofibular liga-
ments. Concomitant rupture of the posterior 
talofibular ligament is rare (1%).

In the unusual event of an eversion mechanism 
(resulting from the combination of foot prona-
tion and external rotation), injury to the strong 
medial (deltoid) ligament must be suspected. 
Medial ankle sprains comprise only 10–15% of 
volleyball ankle sprains. Thus, if the injury mech-
anism is atypical, the volleyball medical profes-
sional should maintain heightened suspicion for 
injuries other than the typical lateral ligament 
injury complex.

Diagnostic considerations

The goal of the initial physical examination is to 
decide whether the patient has a lateral ligament 
injury as opposed to a different type of injury that 

Table 9.2 Diagnoses to consider after an acute ankle sprain.

Common Less common Do not miss

Lateral ligament injury Fractures:
Lateral malleolus
Medial malleolus
Base of the fifth metatarsal
Talus
Calcaneus

Syndesmosis injury

Medial ligament injury Growth plate injury
Dislocated ankle
Tendon rupture/dislocation:

Tibialis posterior tendon
Peroneal tendons
Achilles tendon



Knee and ankle injuries in volleyball 117

may require surgery or immobilization. According 
to the Ottawa ankle rules (Figure 9.4), ankle x‐rays 
are indicated only if there is bony tenderness to 
palpation or if the athlete is unable to bear weight 
both immediately following the injury and at the 
time of the subsequent clinical assessment (Leddy 
et al. 1998). These guidelines, followed correctly, 
detect all clinically significant fractures with 100% 
sensitivity.

Injury to the tibia‐fibular syndesmosis can be 
diagnosed by a number of specific tests (Figure 9.5). 
The “squeeze test” is performed by compressing 
the fibula against the tibia about halfway between 
the knee and ankle. If the syndesmosis is injured, 
this maneuver will produce local pain in the area of 
the syndesmosis. The “external rotation test,” per-
formed by externally rotating the foot with the 
ankle in neutral, is also considered positive if 
the athlete complains of pain in the region of the 
 syndesmosis. These tests are reasonably specific, 
i.e. they usually do not cause significant pain if 
only the lateral ankle ligaments have been injured. 
A positive test necessitates radiographic evaluation 
to rule out injury to the syndesmosis.

Medical personnel may have learned that the 
anterior drawer and talar tilt tests can be used to 
clinically evaluate whether an ankle is mechanically 
unstable after a significant lateral ligament injury. 
From a theoretical anatomic and biomechanical per-
spective, the anterior drawer test should be positive 
if the anterior talofibular ligament is torn, while the 
talar tilt test should be positive if the calcaneofibular 
ligament is also ruptured. However, these tests have 

limited diagnostic value in the acute phase of injury, 
since they do not enable the clinician to distinguish 
between total and partial ligament ruptures, or 
between isolated and combined lateral ligament 
injuries. Furthermore, the treatment of ankle sprains 
is not dependent on the degree of ankle instability 
demonstrated on stress radiographic views. 
Therefore, the talar tilt and anterior drawer tests and 
stress x‐rays have no clinical relevance in the evalu-
ation of acute ankle sprain injuries.

If signs indicate that a fracture may be present 
according to the Ottawa ankle rules, a routine x‐ray 
investigation is indicated (images obtained should 
include anteroposterior (AP), lateral and mortise 
views). Also, the same radiographic investigation is 
indicated if the physical examination has raised 
suspicion of a syndesmosis injury. Other imaging 
studies are usually not indicated in the acute phase.

Treating ankle sprains

Conservative management of lateral ligament inju-
ries is recommended, even if there is evidence of a 
combined injury to the anterior talofibular and cal-
caneofibular ligaments. Nonoperative, function‐
based treatments have been shown to result in 
outcomes rivaling the outcome of surgical repair 
and/or casting, regardless of degree of lateral liga-
ment injury (Kaikkonen et  al. 1996). Functional 
treatment provides the quickest recovery of full 
range of motion and return to physical activity, 
does not compromise mechanical stability any 
more than other treatments and is safer and less 

Base of
fifth metatarsal

Lateral malleolus

Medial
malleolus

Navicular bone

Figure 9.4 According to the Ottawa rules, the 
following four structures should be palpated to 
reveal bony tenderness: the lateral malleolus, 
medial malleolus, base of fifth metatarsal, and 
navicular bone.
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expensive than surgical intervention. The goals of 
a functional treatment program are to:
1. minimize the extent and consequences of the 
initial injury, including swelling and pain;
2. restore range of motion, muscle strength and 
proprioception;
3. graduate the athlete to a sport‐specific exercise 
program prior to return to competition.
The goal of the on‐site treatment of acute ankle 
sprains is to minimize bleeding and swelling. This 
may be accomplished by providing immediate 
Protection, Rest, Ice, Compression and Elevation 
(PRICE treatment; Figure 9.6). Of these early inter-
ventions, compression is probably the most impor-
tant (so as to limit bleeding), while the main effect 
of cold therapy is to provide analgesia. The term 
“relative rest” is often used which encourages early, 
gentle, pain‐free mobility to help with the healing 
process while activities that cause pain or stress 
to the area are avoided. If PRICE treatment is initi-
ated immediately following the sprain injury and 

provided continuously for the first 24–48 hours, it 
is possible to significantly limit the amount of 
bleeding or swelling following a ligament injury.

Analgesics can be used to provide pain relief, but 
acetylsalicylic acid (aspirin) can prolong bleeding 
and should therefore be avoided. Nonaspirin pain 
relievers and over‐the‐counter NSAIDs are reason-
able alternatives and may also accelerate recovery 
by permitting earlier active range of motion and 
weight bearing.

After the initial bleeding phase is over, the goal of 
treatment is to regain normal, pain‐free range of 
motion. Increased range of motion can be achieved 
through passive, active or active‐assisted stretching 
exercises and by submaximal exercise, including use 
of a cycle ergometer. The exercise program should 
progress (according to the improvement in function 
and degree of symptoms) from progressive linear 
movements, e.g. toe‐raises, squats, jogging, jumping 
in place on two legs, then one leg, skip‐rope jump-
ing, to cutting movements, e.g. running figure of 8 s, 

(a) (b)

Figure 9.5 The squeeze test (a) and external rotation test (b) to detect injury to the anterior tibiofibular ligament 
(“high sprain”).
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Do not bear weight on the ankle – no walking
or testing. A quick examination to determine
that there is lateral injury is all that is needed
at this stage. Mix the contents of an ice bag by
crushing the inner bag and shaking the bag
carefully.

Place the ice bag with the center over the tip
of the lateral malleolus. Fasten the proximal
end of the ice bag with an elastic wrapping.

Place the patient with the ankle elevated as
much as possible and the cold/compression
bandage on for at least 30 minutes.

Fasten the distal end of the ice bag – continue
fastening the ice bag with the elastic wrapping
to apply firm compression using the ice bag
as a compression tool.

Avoid weight bearing when the patient needs
to be moved – provide crutches if possible.
Keep the cold/compression bandage on
during transportation even after the cold effect
has subsided.

A more complete examination can be done
after the initial 30-minute PRICE treatment
has been completed. Continued compression
bandage treatment is continued for the first 48
hours using an elastic wrapping with a felt or
paper filling around the malleolus to provide
maximum pressure on the injured ligaments.

Cold treatment provides effective pain relief
and intermittent cold treatment can be given
for 20–30 minutes every 2–3 hours. Cold
treatment can be given by simply using cold,
running water or dedicated cold therapy
equipment as shown here.

Figure 9.6 Initial management of acute ankle sprains.
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sideways jumping, sideways hurdle jumps. The goal 
of these exercises is to gradually progress towards 
sport‐specific exercises.

During the rehabilitation period, it is important 
to protect the ankle from new or recurrent injury 
by taping or bracing. Tape or a semi‐rigid brace 
should be worn during both daily and sporting 
activities which pose an increased risk of reinjury 
(e.g. walking over uneven terrain). The athlete 
should protect the injured ankle with an orthosis 
until a proprioceptive training program has been 
completed.

Reestablishing neuromuscular control of the 
injured ankle through a program of balance 
exercises is an important goal in the successful 
rehabilitation of an ankle sprains. Proprioceptive 
function is impaired in patients with residual 
functional instability after previous sprains 
(Konradsen and Ravn 1991) and can be improved 
by a variety of balance exercises such as through 
the use of balance boards (Gauffin et  al. 1988). 
Such programs can reduce the risk of reinjury to 
the level of a previously uninjured ankle (Tropp 
et al. 1985). A program of proprioceptive training 
is described in detail in Chapter 6. Proprioceptive 
training should be carried out for 6–10 weeks after 
an acute injury.

“Problem ankles” – persistent pain 
or instability

While most patients with a lateral ligament injury 
seem to do well following functional treatment, 
some athletes will develop residual symptoms 
and persistent complaints. The prevalence of 
chronic ankle problems following sprain injury 
has ranged between 18% and 78% in different 
studies (Karlsson and Lansinger 1993; Shrier 
1995). It is therefore important to instruct ath-
letes during the acute phase of rehabilitation to 
follow up with their physician if they have persis-
tent problems after completing a program of 
functional rehabilitation.

Patients with residual complaints can be broadly 
classified into two groups: those complaining of 
pain, stiffness and swelling and those with recur-
rent sprains and episodes of ankle instability. The 

cause of pain, stiffness and residual swelling is 
often chondral or osteochondral injury of the 
ankle joint. Such lesions are more common after 
high‐energy injuries, such as when landing after a 
maximal jump, and may therefore be expected to 
occur more often in volleyball players than in 
some other sports. Focal uptake on a bone scan 
may indicate that there is an osteochondral injury. 
A CT or MRI scan can be used to differentiate 
between subchondral fractures and chondral frac-
tures with or without separation and/or displace-
ment. Patients with persistent symptoms and 
chondral injuries should be referred to an orthope-
dic surgeon. Pain may also result from impinge-
ment of scar tissue, particularly in the anterolateral 
corner of the ankle joint.

Ankle instability may be described as either 
mechanical or functional in etiology. Mechanical 
instability can occur after complete ligament tears if 
the scar tissue is lengthened and provides inadequate 
mechanical support, while functional instability 
results from inadequate sensorimotor control of the 
ankle joint. Some patients can suffer from both 
mechanical instability and loss of sensorimotor con-
trol. Subtalar instability may also result from ankle 
sprains and the sinus tarsi pain syndrome may occur 
as a sequela of a lateral ankle sprain injury.

The anterior drawer and talar tilt tests are useful 
to assess the mechanical stability of the ankle 
joint in such chronic cases and stress x‐rays are 
used by some clinicians to quantify and docu-
ment the degree of instability. However, the large 
variability in talar tilt values in both injured and 
noninjured ankles precludes the routine use of 
these diagnostic tests. A simple functional balance 
test may be used to estimate sensorimotor control, 
although the predictive value of the test has 
not  been properly documented. The patient is 
instructed to stand on one leg for 1 minute with 
arms held across the chest, eyes fixed forward and 
the opposite leg straight down. The test is said to 
be normal if the patient can complete 1 minute 
on one leg and during at least 45 s of this time 
avoid having to adjust balance other than at the 
ankle (i.e. using the knees, hips or shoulders to 
keep balance). The test result is supranormal if the 
patient can complete an additional 15 seconds 
with their eyes closed.
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Patients with persistent instability symptoms 
should complete at least 10 weeks of intensive pro-
prioceptive training as studies examining myriad 
interventions have found neuromuscular training 
to be the most effective intervention for chronic 
ankle instability at the present time. The affected 
ankle should also be taped or braced to prevent 
reinjury during this period. Figure  9.7 shows a 
theoretical relationship between neuromuscular 
training and external support in an attempt to 
provide optimal ankle stability and future ankle 
sprain prevention. If instability episodes persist 
even after an adequate sensorimotor training pro-
gram has been completed, the patient should be 
referred to an orthopedic surgeon for further 
evaluation and management.
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Introduction

As discussed in previous chapters, the most com-
monly occurring volleyball‐related injuries are acute 
ankle sprains and overuse injuries of the knee exten-
sor mechanism. However, the volleyball a thlete is 
also at risk for developing a host of other injuries 
and painful conditions, such as low back pain. 
Trauma to the thumb and fingers is quite common, 
as are direct injuries of the hip girdle and indirect 
injuries of the limb muscles. It is also important 
to note the increasing incidence of c oncussion in 
volleyball.

Stress fractures

Stress fractures are overuse injuries of bone and, 
like most overuse injuries, are typically multifacto-
rial in etiology (Bennell 1999). Thus, if a volleyball 
athlete has been diagnosed with a stress fracture (or 
if a stress injury is suspected), it is important to try 
to determine what factors precipitated or contrib-
uted to the injury. Details of the athlete’s training 
history should be noted, in terms of both volume 
and intensity. Intensive, prolonged muscular activity 
may itself result in bone strain and overload. 
Muscle fatigue, perhaps due to poor conditioning 
or as the result of overtraining, can attenuate the 

shock‐absorbing capacity of the muscular system 
and thereby result in greater ground reactive forces 
transmitted to the lower limb. Structural malalign-
ments (e.g. leg length discrepancies) or biomechan-
ical inefficiencies (e.g. excessive subtalar pronation) 
can result in increased loads on the tibia, eventu-
ally precipitating a stress injury. Poor bone health, 
perhaps due to hormonal or dietary causes as seen 
in the relative energy deficiency in sport (RED-S) 
syndrome, can weaken bone and make it more 
s usceptible to injury. These and other intrinsic and 
extrinsic risk factors for the development of stress 
fractures are summarized in Table 10.1.

The most salient historical feature in the diagno-
sis of stress injury is the insidious onset of activity‐
related pain. Early on, the pain is typically mild 
and occurs towards the end of the inciting activity. 
Subsequently, the pain may worsen and occur earlier 
during sporting activity, limiting participation. 
While rest may transiently relieve symptoms in the 
early stages, as the stress injury progresses the 
a thlete’s pain may persist even after cessation of 
the activity. Night pain is a frequent complaint, 
but  this is a nonspecific symptom as it may be 
a ssociated with osteoid osteoma (among other 
diagnoses).

Stress fractures of the lower limb are among the 
most frequently encountered stress injuries among 
volleyball athletes (Ha et al. 1991). In addition, 
volleyball players appear to be at increased risk for 
developing stress fractures of the pars interarticularis 

Other injuries in volleyball
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of the vertebral bodies of the lower lumbar spine 
(Soler and Calderon 2000). This condition is known 
as spondylolysis. Spondylolysis typically affects a 
single level of the lumbar spine, most commonly 
the fourth or fifth lumbar vertebral body (L5 > L4). 
Spondylolysis, which usually affects the pars 
b ilaterally, is most commonly seen among athletes 
who participate in sports demanding repetitive 
lumbar hyperextension, truncal rotation, or axial 
loading, all of which describe the kinematics of 
spiking and jump serving (Figure  10.1). Once 
c onsidered to be a congenital variation in spinal 
anatomy, the current thinking is that in most cases 
spondylolysis is an acquired condition. However, 
genetic predisposition undoubtedly plays a role in 
its development. Studies suggest that the preva-
lence of spondylolysis among athletes at risk for 
developing the condition (including beach volley-
ball players, track and field athletes, gymnasts, and 
weight lifters) ranges anywhere from 1.5 to 8 times 
the 3–7% rate found among the general population 
(Soler and Calderon 2000).

Although the individual with spondylolysis may 
be asymptomatic, more likely he/she may com-
plain of mechanical low back pain. Males and 
females appear to be equally affected, although 
females are more likely than males to have associ-
ated spondylolisthesis. The incidence of pars frac-
tures among Caucasians is greater than in African 
Americans, perhaps reflecting the generally higher 
bone density among African Americans (Bennell 
et al. 1999; Soler and Calderon 2000).

The symptomatic individual with a pars frac-
ture  will typically complain of localized axial 
(n onradicular) low back pain. On physical exami-
nation, the individual will withdraw upon palpa-
tion or percussion of the affected area. Inspection 
may reveal localized swelling and possibly ery-
thema. A  thorough assessment of the athlete’s 
flexibility, lower limb alignment (including leg 
lengths), foot structure (cavus versus flat feet), and 
motor function (evaluating for strength imbal-
ances) should be performed. The pain associated 
with an acute pars fracture may be provoked by 
lumbar extension, particularly while bearing 
weight on the ipsilateral lower limb. Hamstring 
inflexibility is a common finding among individuals 
with spondylolysis.

The clinical diagnosis of stress fracture may be 
confirmed radiographically. Plain films are often 
unrevealing but if present, the fracture line is best 
visualized on oblique views. Incomplete or recently 

Table 10.1 Risk factors for stress fracture.

Intrinsic risk factors Extrinsic risk factors

Low bone mineral density Excess volume or intensity of training
Lower limb malalignment Change in training surface (density or 

topography)
Muscle fatigue or weakness Worn‐out training shoes
Genetic predisposition Cigarette smoking
Menstrual/hormonal 

irregularities
Inadequate nutrition 

(calories or calcium)
Relative energy deficiency 

in sport syndrome

Figure 10.1 The mechanical loading of repetitive 
jump serving and spiking places the volleyball 
athlete at risk for developing stress fractures of the 
lumbar spine, a condition known as spondylolysis. 
Source: FIVB Photo Gallery. Used with permission 
of FIVB.
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completed stress fractures of the pars may be 
detected on bone scan imaging (Anderson et al. 
2000). Single photon emission computed tomo-
graphic (SPECT) views are considered the most sen-
sitive imaging modality (Figure 10.2a,b). Magnetic 
resonance imaging (MRI) is also an excellent diag-
nostic imaging procedure (Bergman and Fredericson 
1999) which permits concurrent evaluation of the 
lumbar intervertebral disks as well as other potential 
pain generators in the spine (Figure 10.2c).

The recommended treatment for acute spon-
dylolysis has evolved considerably over the years 
but remains somewhat controversial. As with other 
stress fractures, the central tenet in such cases is 
relative rest with appropriate activity modifica-
tion. Although some clinicians recommend brac-
ing to minimize extension and resultant shear 
forces across the affected spinal segment, the pre-
vailing opinion appears to be that bracing is only 
necessary for those individuals who remain symp-
tomatic despite limiting their activity or who 
require a physical/tactile reminder to avoid pro-
vocative activities. Once the individual’s symp-
toms subside, they should begin a rehabilitation 
program of flexibility training and dynamic lum-
bar spinal stabilization exercises. The program 
should emphasize pain‐free functional progression, 
and once the a thlete can perform sport‐specific 
skills without symptoms, they may return to training 
and competition.

Radiographically documented pars interarticularis 
defects that are “cold” on bone scan probably repre-
sent remote injuries and have little chance of bony 
union. If symptomatic, these individuals can be 
treated with antiinflammatories or other analgesics 
and should be instructed in a program of ongoing 
home exercises designed to strengthen the muscles 
that dynamically stabilize the lumbar spine. Note 
that the goal of treatment in such situations is allevia-
tion of symptoms, rather than achieving bony union.

Injuries to muscle

Muscle injuries are among the most prevalent 
i njuries in sports (Kibler 1990). Contusions, defined 
as direct trauma to skin and the underlying soft 

tissues, are quite common among volleyball players. 
Defensive play in particular is associated with 
c ontusion injuries, as the defender may “dive” 
onto the playing surface in an effort to prevent the 
volleyball from contacting the flooring or ground 
(Figure 10.3). Contusions that prevent the athlete 
from playing without pain should be treated 
acutely with relative rest and ice massage within 
the first 48 hours. In the immediate postinjury 
phase, compression and elevation may limit 
h emorrhage and bruising of the affected area. After 
the first 2 days, warm compresses may provide 
symptomatic relief and facilitate restoration of 
t issue flexibility and range of motion. Early range 
of motion should be encouraged, and as soon as 
the athlete’s pain is diminished, he/she may begin 
(or resume) strengthening the affected muscle 
group(s) (Herring 1990). Deep bruises may precipi-
tate heterotopic ossification (HO) of muscle, and 
this diagnosis should be considered if the athlete 
experiences a delayed increase in pain with associ-
ated warmth, swelling, and localized erythema 
over the contusion site. Whereas plain radiography 
may not detect HO until the onset of calcification, 
ultrasound and MRI are more sensitive and may 
permit earlier detection of HO.

Indirect injuries to muscle may result in func-
tional or structural deficits. Structural injuries 
(tears) typically result from forcible stretching of 
eccentrically activated muscle. Long muscles with a 
parallel or fusiform architecture, and those that 
cross two joints (such as the hamstrings and rectus 
femoris), are most vulnerable to indirect injury. 
Fatigued muscles are also less resistant to eccentric 
overload (Mair et al. 1996). Perhaps not surpris-
ingly, muscles with a greater percentage of fast‐
twitch (type II) fibers are more susceptible to 
indirect injury than are slow‐twitch (type I) fiber‐
predominant muscles.

Following a distraction injury, the affected mus-
cle is weaker (and thus at increased risk of further 
injury) (Garrett 1996). Shortly after the injury, an 
inflammatory response occurs at the site of tissue 
damage, characteristically at the myotendinous 
junction. The inflammatory response subsides 
and  the muscle regains the majority of its force‐
producing capacity within 7–10 days following 
the  injury. However, the muscle’s tensile strength 
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(a) (c)

(b)

Figure 10.2 Radiographic features of spondylolysis. A three‐phase bone scan with SPECT imaging (a,b) is 
c onsidered the “gold standard” in detecting areas of stress reaction. However, MRI (c) is increasingly useful in 
detecting areas of bone edema due to stress injury (arrow) in addition to demonstrating other anatomical details 
of the athlete’s spine. These studies document a case of acute unilateral spondylolysis involving the pars 
i nterarticularis of the fifth lumbar vertebral body.
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recovers more slowly, apparently in concert with 
the repair of muscular architecture. The initial 
treatment of indirect structural muscle injuries 
consists of protection, relative rest, ice, compres-
sion, and elevation. Acute‐phase interventions 
include early range of motion and isometric 
e xercises, before rehabilitating the athlete through 
a functional continuum. An adequate warm‐up 
period has been shown to reduce the incidence of 
indirect injuries, possibly by enhancing muscular 
extensibility (Garrett 1996).

Two examples of exercise‐related indirect muscle 
injuries are delayed onset muscle soreness (DOMS) 
and medial tibial stress syndrome. DOMS is a self‐
limiting condition characterized by delayed‐onset 
soft tissue pain and stiffness. Precipitated by 
(p redominantly) eccentric exercise of uncommon 
duration or intensity, DOMS has been shown to 
result in temporary disruption of the myofibrillar 
architecture of skeletal muscle cells. Symptoms of 
DOMS will generally spontaneously resolve within 
7–10 days without specific intervention.

Medial tibial stress syndrome (also commonly 
referred to as “shin splints”) is a painful overuse 

condition involving the deep calf musculature (the 
soleus and tibialis posterior muscles at their origin 
on the medial aspect of the tibia). Exercise‐related 
symptoms localize to the posteromedial border of 
the tibia at the junction of the middle and distal 
third. Bone scintigraphy is a sensitive means of 
r uling out stress fracture from the differential 
d iagnosis. The cornerstone of treatment is relative 
rest followed by gradual, controlled resumption of 
athletic activity.

The role of antiinflammatory medications in the 
treatment of contusions and indirect structural 
injuries is somewhat controversial. Although these 
medications are used liberally by most healthcare 
professionals and indeed are generally available for 
purchase without a physician’s prescription, there 
is evidence to suggest that their use may interfere 
with the inflammatory response that is essential 
to  the normal tissue repair process (Almekinders 
1999). The antiplatelet effect of many nonsteroidal 
antiinflammatory drugs (NSAIDs) may also increase 
the amount of bleeding associated with the injury, 
possibly increasing the risk of developing HO. 
Thus, a prudent approach would be to limit the use 

Figure 10.3 Defensive play often results in soft tissue injuries, such as scrapes and contusions. Source: FIVB Photo 
Gallery. Used with permission of FIVB.
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of NSAIDs following muscular injury, particularly 
during the first 48–72 hours. Acetaminophen 
(Tylenol) or other nonaspirin pain relievers may be 
used during the early stages of treatment to control 
pain and permit the athlete to better participate in 
range of motion and other therapeutic rehabilitative 
exercises.

Injuries to the upper limb

It has been estimated that the hand is moving at a 
speed of 20 m/s at the moment of contact with the 
volleyball when spiking. Furthermore, at the elite 
level, a spiked volleyball can travel at speeds 
approaching 150 km/h. Trauma to digits of the 
upper extremity can therefore occur while spiking 
or more commonly while blocking (Figure  10.4) 
(Bhairo et al. 1992). Blocking is a skill generally per-
formed with the digits spread and fully extended. 
This renders the digits, particularly the thumb 
and  small finger, vulnerable to sprains or other 
l igamentous disruption involving the metacar-
pophalangeal and/or interphalangeal joints. Most 
injuries to the digits do not result in significant 
time lost from training or competition. Many elite 
volleyball players attempt to prevent acute liga-
mentous injury to the digits by reinforcing the 
interphalangeal joints with adhesive athletic tape. 
Fractures and dislocations of the phalanges can 
also occur but with less frequency. A defender 
who successfully “digs” or passes a hard‐driven ball 
must absorb the impact either with the forearm or 
the hands. In the latter instance, the hands are typ-
ically extended and radially deviated at the wrist as 
the volleyball is received, and then quickly flexed 
and ulnarly deviated as the defender reflects the 
ball toward a teammate. The maneuver resembles a 
“set” but is referred to as an “open‐handed dig” in 
this defensive situation.

Performed repetitively, either in defense or when 
setting, this motion can lead to overload of the 
c arpal bones, triangular fibrocartilage, and ligamen-
tous structures of the wrist. Fatigue (stress) fractures 
of the carpal bones have been reported among 
v olleyball players (Israeli et al. 1982), as have neu-
rapraxic injuries of the ulnar nerve in the region of 

the hypothenar eminence. Appropriate orthopedic 
intervention typically results in favorable clinical 
outcomes.

There is evidence in the literature to suggest 
that volleyball players are at risk for overuse‐
related c irculatory disturbances as well as peri-
pheral nerve entrapment syndromes of the upper 
limb (van de Pol et al. 2012). Elevated vascular 
perfusion pressures over the proximal inter-
phalangeal joints of volleyball players have been 
measured when compared with healthy nonvol-
leyball‐playing control subjects. The clinical sig-
nificance of this finding is unclear (McDougall 
et al. 1998). Noninvasive u ltrasound screening of 
the forearm vasculature of professional volleyball 
players has revealed evidence of predominantly 
asymptomatic aneurysms of the  ulnar palmar 
arteries as well as lesions of the digital palmar 

Figure 10.4 Acute injury to the digits occurs 
f requently in volleyball, typically as the result of 
blocking. Taping provides support for the affected 
digit, either prophylactically or therapeutically.
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arteries on the dominant side in approximately 
one‐third of athletes examined (Rosi et al. 1992).

Traumatic aneurysmal dilation of the posterior 
circumflex humeral artery (PCHA) as it passes 
through the quadrilateral space in the upper limb 
has also been documented among volleyball ath-
letes. This can result in recurrent embolization to 
the distal arm and hand with repeated spiking or 
serving (Reekers et al. 1993). In one study, nearly 
40% of the volleyball players enrolled reported 
experiencing cool, cyanotic fingers on their hitting 
hand (van de Pol et al. 2012.)

In addition to the PCHA, the axillary nerve also 
passes through the quadrilateral space, within 
which either the nerve or the artery may poten-
tially be compressed when the athlete abducts and 
externally rotates the ipsilateral upper limb at the 
shoulder (Figure 10.5). Axillary neuropathy appears 
to be far less common among volleyball athletes 
than suprascapular neuropathy (Paladini et al. 
1996). The athlete with axillary neuropathy may 
complain of vague shoulder girdle pain in addition 
to positional numbness over the deltoid muscle. 
The athlete may also demonstrate mild weakness 
of abduction of the upper limb at the shoulder 
(deltoid) and/or weakness of external rotation (teres 
minor). Injury to the long thoracic nerve on the 
dominant side (Distefano 1989) has been described. 
This nerve supplies the serratus anterior muscle, 
one of the principal scapular stabilizers. Injury to 
the long thoracic nerve therefore may result in 
scapular dysfunction and predispose the athlete to 
impingement syndrome and shoulder pain.

Concussions in volleyball

Once dismissed as essentially irrelevant to noncon-
tact sports, concussions are being diagnosed with 
increasing frequency among female collegiate vol-
leyball players. Whether the increased incidence is 
the result of growing awareness of the diagnosis 
(also referred to as mild traumatic brain injury), or 
if concussive head injuries are becoming more 
common is not clear. Data collected by the National 
Collegiate Athletic Association through their Injury 
Surveillance System indicate that concussions occur 

most frequently in matches as opposed to practice 
(roughly four concussions per 10 000 match expo-
sures, compared to one concussion per 10 000 prac-
tice exposures). The most common mechanism of 
injury involves a libero hitting her head on the 
playing surface while attempting to make a defen-
sive play. Approximately 90% of concussed colle-
gians were restricted from playing for 3 or more 
days following their injury. It has also been 
observed that athletes who have sustained a 
c oncussion are at increased risk of developing a 
musculoskeletal injury to the lower limb within 
the 90‐day postinjury period, presumably due to 
impaired neuromotor control. Clearly, ongoing 
study is required.

Overtraining syndrome

There is compelling evidence to indicate that 
o ptimal strength and fitness are protective of 
both acute and overuse injuries in sport. Strength 
and fitness also typically correlate positively with 
improved athletic performance. Consequently, 
strength training and conditioning programs have 
become essential to the development of elite ath-
letes. However, training volumes below an optimal 
level do not generate sufficient stimulus to pro-
mote the desired physiological adaptation. Thus, 
coaches and the athletes themselves often push 
harder in an effort to run faster, jump higher, and 
become stronger.

Unfortunately, when athletes push (or are 
pushed) too hard, their risk of overuse injuries 
and acute overload injuries may increase. Training 
p rograms can therefore result in the desired posi-
tive effect of improved performance, but may also 
have potential negative effects. Over time, ath-
letes who train excessively may develop sequelae 
of the overtraining syndrome (Box  10.1). This 
syndrome, which has been described in both 
endurance‐ and strength‐trained athletes, is char-
acterized by a constellation of symptoms and 
signs including deteriorating performance, loss 
of motivation, fatigue, myalgias, sleep and mood 
disturbance, and immunological deficits (Kentta 
and Hassmen 1998).
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Supraspinatus

Axillary nerve Deltoid

Teres minor

Teres major

Posterior circumflex
humeral artery

Triceps

Infraspinatus

(c)

(a) (b)

Figure 10.5 (a) Angiographic appearance of the posterior circumflex humeral artery (PCHA) in a young volleyball 
player who reported shoulder pain when spiking or serving. With the arm at rest by the athlete’s side, the vessel 
appears unremarkable (a). When the upper limb is abducted at the shoulder, however, the PCHA becomes occluded 
within the quadrilateral space (arrow) (b). The quadrilateral space (aka the quadrangular space) is defined by its 
borders, which include the teres minor, teres major, humerus, and long head of the triceps. (c) The athlete 
underwent a surgical procedure to relieve the position‐dependent compression of the PCHA.
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Other terms used to describe overtraining include 
athlete “staleness” or “burnout” but overtraining 
per se should not be confused with the more tran-
sient effects of acute “overreaching.” Generally, an 
athlete who fails to recover from a workout within 
72 hours should be considered to have overreached. 
If symptoms persist despite appropriate modifica-
tions in the training program, the athlete may have 
overtrained. Biochemical, hormonal, and physio-
logical markers of the overtraining syndrome have 
been described, and the interested reader is referred 
to the references at the end of the chapter for 
a dditional information.

What is clear is that the beneficial effects of 
training are maximized when the athlete is given 
sufficient time to recover. What is less clear, and 
often becomes apparent only in retrospect, is the 
appropriate balance between training and recov-
ery for an individual athlete. Individual variation 
in exercise capacity, ability to recover, and toler-
ance for both physical and psychosocial stressors 
probably accounts for the varying degree of 
“s taleness” experienced by athletes participating 
in identical training programs. Sports medicine 
professionals should maintain a reasonable degree 
of clinical suspicion for the overtraining syndrome, 
particularly in a thletes who suffer multiple or 
recurrent injuries or who develop diffuse somatic 
complaints.

Treating the overtraining syndrome effectively 
depends on accurate identification of the different 
physical and psychological stressors involved and 
intervening appropriately. Most often, the critical 
areas of intervention are nutrition and hydration, 

sleep, psychosocial status, and a sufficient quantity 
of low‐volume/low‐intensity activity (“active rest”) 
to restore an appropriate athletic balance between 
training stress and recovery.

Prevention of overtraining begins with individu-
alized, structured (periodized) training programs 
which incorporate varied activities and which 
adjust training loads in anticipation of concurrent 
nonathletic stressors, including travel or academic 
demands, which might push the athlete beyond 
their unique threshold for successful adaptation 
to stress.

Illnesses

Although the emphasis of this chapter has been on 
musculoskeletal conditions affecting volleyball 
players, athletes are also at risk for other ailments. 
Viral upper respiratory illnesses occur commonly 
and may easily be transmitted among team mem-
bers, particularly if they share living quarters. 
Gastrointestinal complaints are not uncommon, 
especially while traveling. Although competitive 
athletes at the collegiate and international levels 
are generally in good health, sports medicine prac-
titioners should be aware of the potential impact of 
sports participation on chronic conditions. This is 
particularly relevant for the older competitive 
athlete with underlying medical conditions who 
may be at risk for exacerbating those conditions 
through intensive physical exertion. For example, 
there is one case report of a recreational volleyball 
player who suffered a heart attack after being struck 
directly in the chest by a spiked ball (Grossfeld et al. 
1993). The authors speculate that the impact 
caused an acute thrombus to form at an atheroma-
tous plaque in one of his coronary arteries, precipi-
tating the myocardial infarction. Thus, medical 
personnel who care for volleyball athletes but who 
may not have training to provide specialty medical 
care should be prepared to triage nonmusculoskel-
etal conditions to an appropriate healthcare provider 
who can attend to these individuals acutely and 
ultimately assist their return to health and to sports 
participation.

Box 10.1 Selected clinical features 
of the overtraining syndrome.

Deteriorating performance
Fatigue
Headaches
Impaired concentration
Lack of motivation; depressed mood
Loss of appetite
Menstrual dysfunction
Myalgias
Sleep disturbance
Susceptibility to colds and viral illnesses
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Introduction

Injuries are an unavoidable consequence of sport
ing participation, and can result in considerable 
pain, dysfunction, and time lost from the sport. 
Injuries may be classified as acute, suggesting a 
s ingle defined mechanism that occurs suddenly, 
or as overuse, which suggests repeated subclinical 
t issue irritation leading to mechanical adaptation 
throughout the entire kinetic chain, While an 
acute injury typically results in a defined tissue 
injury, overuse injuries typically result in a spec
trum of musculoskeletal changes including both 
protective adaptions and maladaptions to the soft 
tissues involved. Both acute and overuse injuries 
require comprehensive treatment in order to 
reduce symptoms, minimize recovery time, shorten 
time away from sport, and reduce the risk of 
repeated injury.

The goal of rehabilitation is the restoration of 
optimal function. Optimal treatment consists of 
making an accurate diagnosis, identifying the 
mechanism of injury, and designing and continu
ously updating a rehabilitation program. In order 
to obtain optimal outcomes, medical providers 
require a detailed understanding of the sympto
matic, anatomical, and functional consequences 
of  the specific injury. They should also identify 
the athlete’s modifiable intrinsic and extrinsic risk 

f actors for injury. Advanced imaging should be 
used if it can help direct the treatment plan.

The tissue injury cycle

The tissue injury cycle, as described by Kibler et al. 
(1998), provides a means of understanding the 
f actors involved in overuse injury, and also 
describes the possible sequela of an untreated (or 
inadequately treated) acute injury (Figure  11.1). 
The injured a thlete may present with a variety of 
complaints, including pain (either with activity, at 
rest, or both), swelling, erythema, bruising, stiff
ness, or simply an inability to perform at their 
usual level. Collectively, these observations may 
be referred to as the injured athlete’s “clinical 
symptom complex.” This constellation of signs 
and symptoms results from underlying tissue 
damage. The anatomical changes can be referred 
to as the “tissue injury complex.” As a direct result 
of the injury or as a consequence of the abnormal 
movement patterns that result from the injury, 
other tissues and structures may be placed under 
increased physiological demand and/or anatomi
cal stress. These affected structures may be collec
tively referred to as the “t issue overload complex.” 
In practice, the underlying overload results in 
changes in the athlete’s technique and biomechanics, 
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collectively referred to as the “functional biome
chanical complex.”

Subconsciously, the athlete may substitute new 
or altered mechanics in an attempt to compensate 
for a decrement in performance or to avoid fur
ther pain/dysfunction. Unfortunately, the change 
in mechanics can lead to additional tissue over
load, injury, symptoms, biomechanical deficits, 
and further maladaptions. As seen in Figure 11.1, 
these “subclinical adaptations” are a result of the 
injury, but also feed forward, resulting in further 
dysfunction.

To reduce the risk of progressing toward a self‐
perpetuating vicious cycle, a comprehensive reha
bilitation program should emphasize restoration of 
balanced strength, flexibility, and neuromuscular 
control (proprioception), in addition to proper 
technique and endurance. Attempting to return to 
play before all components of the injury paradigm 
have been addressed could promote progression of 
the cycle instead of breaking the cycle. Return to 
competitive sport should only happen once the 
athlete has returned to symptom‐free performance 
and has addressed the modifiable risk factors that 
may have originally contributed to the injury.

Phases of recovery

Although not all injuries should necessarily be 
treated in the same way, there is some general 
c onsistency in the healing process. Treatment of 
and recovery from an injury can be divided into 
three successive phases: the acute phase, the recov
ery phase, and the functional phase. During each 
phase, there are associated goals and directives 
depending on the physiological steps of healing 
(Table 11.1). Using this structured approach facili
tates recovery, but also helps communicate appro
priate goal setting for both the athlete and coach. 
This helps to keep the athlete motivated during a 
physically and psychologically challenging time, 
while helping to keep the athlete’s and coach’s 
expectations for recovery realistic.

During the acute phase, possibly even before the 
diagnosis is made and full extent of injury is under
stood, the athlete’s clinical symptoms are addressed. 
The initial treatment of most injuries, whether 
acute or overuse in nature, usually focuses on 
m anagement of pain and swelling, restoration of 
range of motion, and prevention of secondary 

Tissue injury complex 

Acute injury 

Functional biomechanical complex 

Subclinical adaptions 

Rehabilitation 

Healing 

“Vicious cycle” 

Clinical injury complex 

Tissue overload complex 

Figure 11.1 The tissue injury cycle. Deficits in one area “feed forward” to perpetuate the injury cycle in a 
self‐r einforcing manner. Source: adapted from Kibler et al. (1992).
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complications. Common interventions include 
analgesic medications, thermal modalities (ice and, 
in appropriate circumstances, heat), and protection 
and relative rest of the injured body part. Relative 
rest permits the injured tissues to begin healing 
while minimizing the deleterious effects of inactiv
ity on the athlete as a whole by potentially reduc
ing joint loss of motion, deconditioning, and 
disuse atrophy. Invasive treatment options such as 
aspiration and/or injection may help to accelerate 
completion of the acute phase.

During the recovery phase, the emphasis of treat
ment shifts to providing appropriate stimulation to 
initiate and facilitate gradual restoration of the 
affected body part and associated structures, treat
ing the entire functional biomechanical complex. 
Typically, this involves a program of progressive 
strengthening and conditioning, emphasizing flex
ibility and proprioceptive training throughout the 
kinetic chain. Biomechanical analysis of motion 
through the injured area should be considered, 
and  early neuromuscular reeducation should be 
employed to reduce the strain on the injured area 
and retrain technique to avoid stress. At comple
tion of the recovery phase, the athlete should 
be  able to progress to sport‐specific functional 
e xercises, culminating in eventual return to play.

Finally, the functional phase of rehabilitation 
focuses on prevention of reinjury and “prehabilita
tion” of future injury. With this focus in mind, it 
is  clear that the injured athlete should always be 

rehabilitated beyond the mere absence of symp
toms. For this reason, some clinicians refer to this 
final phase as the “maintenance” phase of care. 
Relieving pain can be accomplished quickly, but 
full rehabilitation includes optimization of func
tion and maximization of technique and move
ment efficiency. This phase can be challenging for 
all those involved, but should not be abbreviated 
despite pressure for earlier return to play.

Although the phases of recovery overlap, pro
gression through the stages requires continuous 
reevaluation and identification of barriers for 
successful return to play.

Barriers to rehabilitation

As discussed earlier, the components of rehabilita
tion include restoration of range of motion, strength, 
endurance, neuromuscular control, and propriocep
tion. However, these factors are interconnected and 
can therefore affect one another. Understanding of 
the interactions helps to move rehabilitation in a 
positive direction. In contrast, disregarding them 
may hinder clinical advancement.

A sports medicine provider should be aware of 
the basic anatomical and physiological functions 
of the structures involved in the injury and 
adjust  the rehabilitation program accordingly. 
One well‐studied example of this concept is the 

Table 11.1 The stages of rehabilitation.

Phase of rehabilitation Goals Modalities Exercises

Acute Pain control, swelling
Range of motion
Prevent 2 ̊ complications

Protection
Relative rest
Ice/cooling
Compression/massage
Elevation

Isometric
Cardiovascular
Uninjured areas

Recovery Full range of motion
Gradual strengthening
Restore normal function
Begin neuromuscular reeducation

Electric stimulation
Ultrasound
Laser
Injection/invasive options

Isokinetic/isotonic
Active assisted
PNF patterns
Stabilization/control

Functional Correct biomechanical deficit
Optimize movement efficiency
Prevent recurrence/future injury
Endurance

Neuromuscular stimulation
Video analysis
Heat prior to activity
Kinesiotaping

Multiplanar motion
Agility
Sport‐specific skills
Eccentric strengthening

PNF, proprioceptive neuromuscular facilitation.
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importance of the vastus medialis muscle in patel
lar tracking. The core, hips, and quadriceps muscu
lature all play a role in lower limb kinematics, with 
the vastus medialis assisting in anchoring the 
patella medially. Efficient firing of this muscle can 
improve patellar control. However, the muscle 
only fires maximally in the last 20–30° of extension, 
especially in open chain situations like quad sets 
(Escamilla et al. 1998). If an injury to the knee has 
resulted in joint swelling, effusion or contracture, 
the joint may not be able to achieve full motion, 
thereby preventing the efficient firing of the vastus 
medialis. Consequently, attempts to strengthen the 
vastus medialis without first restoring knee range 
of motion would be inefficient. Therefore, aiming 
for restoration of normal passive range of motion 
in the involved limb is typically an early goal to 
permit proper restoration of the mechanics of the 
structures involved.

Similarly, neuromuscular function can be 
affected by the physiological changes that result 
from injury. Pain, swelling, effusion, and ecchymo
sis can cause true neurological inhibition of the 
muscles acting upon the injured area. Consider the 
supraspinatus muscle in rotator cuff impingement 
and tendinosis. The humeral head must be 
mechanically depressed in order for effective and 
pain‐free overhead motion to occur, and to mini
mize external impingement of the muscles of the 
rotator cuff between the acromial arch and humeral 
head. With pain or dysfunction, the supraspinatus 
is actively inhibited via neural pathways and 
c annot effectively contribute to humeral head 
depression. Consequently, further mechanical 
impingement may occur, with worsening pain and 
deteriorating glenohumeral function. Unless the 
muscle can be retrained to contract prior to active 
overhead motion, progress towards the rehabilita
tion goals may be delayed. Typically, a rehabilita
tion program will include isometric or limited 
isokinetic motion to ensure proper firing of the 
involved muscle(s) before functionally challenging 
the area.

Again, all the components described above con
tribute to normal mechanical patterns in the mus
culoskeletal system. Although range of motion, 
strength, endurance, and neuromuscular control 
are all essential for optimized performance, they 

are not independent factors in function. Their 
interdependent nature should be considered when 
directing a rehabilitation program. A plateau in 
progress may require reanalysis of the area involved 
to identify if the structures are interacting properly 
with each other. Concurrent communication with 
the entire rehabilitation team can help troubleshoot 
any barriers to progression.

Therapeutic interventions

Therapeutic interventions can include any treat
ment with a goal of encouraging the healing pro
cess of the acute phase and reducing the clinical 
symptom complex. The treatments commonly 
available are numerous, but the evidence base jus
tifying their use is sparse. This dichotomy makes it 
very difficult to standardize treatments, especially 
considering the wealth of possible injuries and 
combinations of treatments.

Treatment options can be categorized in many 
ways, but typically they are loosely divided 
into  medications, thermal modalities, manual 
t herapies, electric modalities, invasive options, and 
strengthening regimens. Although a comprehen
sive review of all the options is beyond the scope 
of this chapter, we will touch on some of the high‐
yield points.

Medications are commonly used for pain control 
and to possibly reduce inflammation. The fact 
that  many volleyball athletes are minors makes 
r ecommendation of medications challenging. 
Medications should be used cautiously, with a spe
cific goal in mind. Acetaminophen is a common 
analgesic, but has no antiinflammatory properties. 
Nonsteroidal antiinflammatory medications such as 
ibuprofen do have antiinflammatory properties, 
but evidence has shown that this function is only 
achieved at higher doses. Therefore, only pulsed 
doses of NSAIDs should be taken, under medical 
supervision. NSAIDs are cleared by the kidneys 
and can result in renal damage. There are many for
mularies of topical antiinflammatory medications 
now available. Their efficacy in controlling pain and 
inflammation is as yet unproven. In addition, there 
are some supplements that have been suggested 
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for bone and joint issues, like curamin, but the evi
dence is nonexistent. Providers should be aware if 
the athletes under their care are choosing to take 
supplements. Unintentional doping is always a 
possibility, due to the unregulated manufacture 
and distribution of these nutraceuticals.

Heating and cooling modalities are traditionally 
employed in treatment and rehabilitation proto
cols to minimize pain and swelling and to pro
mote healing. Cooling modalities such as ice, cold 
whirlpools, and vapo‐coolant sprays are well 
established as part of the treatment of acute inju
ries. The practice is so universally accepted that 
ice is a cornerstone of the PRICE acronym for the 
treatment of acute sports injury (protection, rest, 
ice, compression, and elevation). Although ice 
does seem to help minimize pain, the effect on 
healing is debatable. In addition to reducing swell
ing and lymphatic flow, cold therapy has been 
shown to reduce transmission of muscle spindle 
firing and may reduce spasm, allowing greater 
motion. In contrast, the application of heat can 
increase blood flow to an area, improve elasticity 
and theoretically aid in healing after the conclu
sion of the acute phase. Typical application is 
with heat packs, or warm baths, but therapeutic 
ultrasound can be used for deep heating up to a 
depth of about 5 cm. Although attempts have 
been made to use ultrasound to “drive” medications 
into the injured soft tissues, such efforts have 

never been shown to improve healing more than 
ultrasound alone.

Similar to deep heating, electric modalities are 
used to create an environment that promotes 
h ealing by increasing blood flow and encouraging 
transmission of nutrients across membranes. 
Neuromuscular stimulation can provide a variety 
of benefits depending on the current intensity, 
waveform, duty cycle, and placement of electrodes 
(Figure  11.2). Transcutaneous electrical nerve 
s timulation (TENS) may provide local analgesia 
after trauma, and functional electrical stimulation 
can assist in muscle reeducation and maintenance 
of tone during recovery. Iontophoresis is the 
c ombination of electric stimulation with a topical 
steroid to further reduce inflammation, but the 
depth of penetration and practical success rate 
have been questioned. Finally, some are using 
laser  treatment to promote healing, although the 
effectiveness of laser therapy is still unproven.

Manual therapy can facilitate tissue healing, 
recovery, and proper activation of muscle patterns. 
Massage therapy, for example, includes a variety of 
techniques to alter the flow of blood and lymph, 
reduce adhesions, and decrease spasm (Figure 11.3). 
The functional outcome from massage is difficult 
to quantify, but massage is typically appreciated 
and utilized by most athletes in some form.

Compression can be included in manual thera
pies to reduce swelling using either massage or 

Figure 11.2 Neuromuscular 
stimulation can be used to 
emphasize muscle firing during the 
course of rehabilitation.
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compression wraps/supports/garments. Contact 
with the athlete’s skin can provide biofeedback and 
encourage neuromuscular reeducation. In addi
tion, biofeedback can be enhanced during func
tional movement with the aid of taping (e.g. using 
kinesiotape) or bracing (Figure 11.4).

There are several invasive means of diagnosing 
and treating musculoskeletal injuries. Injection of 
anesthetic or corticosteroid into the injured tissue 
is a long‐standing therapeutic measure (Figure 11.5). 
Most injuries, including chronic injuries, include 
some component of inflammation. Not all 
inflammation is deleterious, however. Inflam
mation brings a host of cellular and molecular 
elements to the injured area, and is a critical 
c omponent of normal healing. Therefore, anti
inflammatories, such as NSAIDs or corticosteroids, 
are not typically recommended in the early stages 
of injury in order to avoid inhibiting the normal 
healing process.

Even though research suggests that the inflam
matory component of chronic or overuse tissue 
injury is minimal, there may be some indication for 
use of corticosteroids in such situations. Chronically 
injured tissues have been shown via histological 
study to demonstrate increased mucoid substance, 
intratendinous degeneration, and c ollagen disor
ganization, in addition to a 10–20‐fold increase in 

Figure 11.3 One of many types 
of massage, in this case including 
instrument‐assisted soft tissue 
mobilization of adhesions and 
realignment of tendon fibers.

Figure 11.4 Use of kinesiotape to encourage proper 
patellar motion during functional activity.
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calcium concentration (Tsikopoulos et al. 2016). 
Instead of acting on inflammation, steroid injections 
may serve two useful purposes: disrupting the 
vicious cycle of pain and confirming the identity of 
the pain generator through accurate placement of 
the injection. Although an occasional injection can 
be helpful, there is some suggestion that multiple 
steroid injections can have deleterious effects in 
the  long term (Coombes et al. 2010). Therefore, 
although they may provide a short‐term window of 
opportunity for symptom control and progression 
in the rehabilitation program, corticosteroids 
should be used judiciously. These powerful (and in 
some cases prohibited) medications should only be 
used under a physician’s directed care, with complete 
(and documented) understanding of the risks 
involved with such therapy.

Other invasive procedures that have been used, 
with varying degrees of success, include platelet‐
rich plasma injections, hyaluronic acid injections, 
prolotherapy, and stem cell therapy.

Selected needle techniques have the potential to 
stimulate the normal healing process and disrupt 
the pathological changes described in tendinosis 

above. For example, percutaneous tenotomy 
may  effectively restart a healing process that has 
p lateaued and become refractory to standard inter
ventions. Typically performed under ultrasound 
guidance, a needle is used to puncture the tendon 
or fascia in an identified area of tendinosis 
(Figure  11.6). The goal is to elicit inflammation 
and bleeding, and to promote the influx of growth 
factors. The normal healing process is restarted, 
which may permit the area to heal completely. 
A  host of factors contribute to the variability in 
this emerging tenotomy technique, including the 
selection of anesthetic, the addition of therapeutic 
ultrasound, utilization of supplemental platelet 
products and growth factors, as well as the possible 
inclusion of stem cells. The ideal treatment proto
col has yet to be agreed upon and therefore the 
full  effectiveness of this technique is unknown. 
Certainly, there is inherent risk, as there is with any 
invasive treatment option.

Yet another treatment option is dry needling of 
the muscles themselves to address muscle spasm 
and cause reflexive relaxation of the area. Usually, 
a provider locates the area of maximal tenderness 

Figure 11.5 An AC joint injection using ultrasound guidance. Corticosteroid injections can be used sparingly to 
enhance the recovery process by reducing inflammation and improving pain.
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and places a small gauge needle into the contracted 
muscle until there is a referral of pain or muscle 
twitch indicating a true trigger point. The area is 
treated until the spasm relaxes. Again, effectiveness 
and reproducibility are difficult to determine based 
on variability in timing, number of areas treated, 
and difficulty in determining the completion of 
treatment. Techniques continue to evolve and new 
invasive options will continue to become available. 
They should always be paired with a thorough 
and  comprehensive rehabilitation program for 
optimizing function and performance.

Therapeutic exercise represents the cornerstone 
of a complete rehabilitation program. The goal is to 
reestablish normal strength and range of motion in 
the affected area (tissue injury complex), the sec
ondarily affected structures (tissue overload com
plex), and the body as a whole. A typical program 
includes resistance training, flexibility training, 
and neuromuscular reeducation (Figure  11.7). 
Different combinations of these may be used dur
ing different phases of rehabilitation. For example, 
in the acute phase, joint range of motion is a 
p riority. Strengthening is typically initiated with 
isometric exercises in order to prevent atrophy of 

muscles acting upon a joint. During the recovery 
phase, neuromuscular reeducation should be a pri
ority to emphasize proper and efficient movement 
patterns. The injured athlete gradually transitions 
to isokinetic and possibly isotonic strengthening. 
Finally, the functional phase of rehabilitation 
should emphasize progressive multiplanar strength
ening with an emphasis on eccentric, high‐intensity, 
and sport‐specific strengthening (Figure 11.8).

Eccentric muscle activation is defined as a 
lengthening of force‐generating muscle. Generating 
more force per cross‐sectional area than concentric 
 muscle activity, eccentric activation produces 
 considerable tensile strain on muscle and the actin
omyosin cross‐bridges. Although excessive eccentric 
training can result in delayed‐onset muscle soreness 
and (in extreme cases) rhabdomyolysis, eccentric 
training is more physiological than other types of 
muscle activation, and if performed in a controlled 
manner, it promotes tissue remodeling and adapta
tion (Figure 11.9).

Eccentric muscular activity is critical to the sport‐
specific function of several essential muscle groups. 
For example, the muscles of the rotator cuff act 
eccentrically to decelerate the upper limb during 

Figure 11.6 An ultrasound image showing severe Achilles tendinosis consisting of a thickened heterogeneous tendon.



Figure 11.7 A neuromuscular reeducation program for the scapula encourages scapular control, especially with 
the lower trapezii. Tactile biofeedback from an athletic trainer helps to emphasize proper technique.

Figure 11.8 A sport‐specific drill for volleyball 
emphasizing control and proprioception of the ankle 
during the functional phase of rehabilitation.

Figure 11.9 Box jumps are an advanced option for 
training eccentric strength before return to play.
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follow‐through after a spike or serve, and the quadri-
ceps of the thigh act eccentrically to limit knee flex-
ion upon landing from a jump. Eccentric muscle 
activation is essential for sport, but forces or repeti-
tions that exceed the athlete’s capacity can place the 
joint(s) about which the muscles act at increased 
risk of ligamentous sprain injury or chronic tendi-
nosis at the muscle insertions (Mair et al. 1996).

While graded progression during recovery can 
help to more efficiently return the athlete to sport, 
progressing too quickly beyond the athlete’s toler-
ance may lead to further injury. In general, once 
the recovering athlete can perform volleyball‐
s pecific skills involving the affected body part 
without pain and with good technique, they can 
return to training and competition.

Effectively and comprehensively treating and 
rehabilitating volleyball injuries is a complex p rocess. 

The ability to rehabilitate the athlete beyond the 
absence of symptoms requires a sound understand-
ing of the structure and function of the affected 
body part in a volleyball‐specific context.

Injury‐specific examples of progression through 
the phases of rehabilitation follow herewith, in 
Boxes 11.1, 11.2, and 11.3.

Prevention of reinjury

Although appropriate treatment and rehabilitation 
of injuries permit the athlete to return to play as 
quickly as possible, the ideal situation would be 
to prevent injuries entirely. The above discussion 
suggests that one way to prevent overuse injuries is 
to attend to the strengthening and conditioning of 

Box 11.1 Rotator cuff tendinopathy.

Rotator cuff injuries are typically overuse injuries. Of the four 
m uscles comprising the rotator cuff, the supraspinatus is the most 
frequently injured. As alluded to previously, the explanation for this 
observation is principally anatomical  –  the supraspinatus tendon 
travels in the space beneath the acromion and coracoacromial 
l igament to insert on the humeral head and can become injured/
inflamed as it is cyclically compressed with repetitive overhead 
motion (external impingement). The mechanism by which the tissue 
injury occurs can be a primary phenomenon, wherein the rotator 
cuff simply deteriorates with time, age, and overuse. In athletes, 
however, tissue injury is typically a secondary phenomenon due to 
scapular dysfunction, inefficient neuromuscular control, and the 
resultant dynamic instability of the glenohumeral joint (Meister 
2000a,b). By the time the athlete complains of symptoms, the 
supraspinatus tendon shows little histological evidence of inflam-
mation and thus it is probably more appropriate to diagnose the 
athlete with tendinosis or tendinopathy rather than tendinitis per se.

If, through repetitive overload or acute trauma, the shoulder’s 
well‐coordinated system of static and dynamic glenohumeral stabi-
lization is compromised (tissue injury complex), the athlete will begin 
to substitute altered movement patterns in an effort to minimize 
symptoms and maintain performance (subclinical adaptation 
complex). This may in turn lead to imbalances in flexibility (functional 
biomechanical deficit complex). One nearly universal sign of disturbed 
shoulder girdle mechanics is scapular dysfunction. Clinically, this is 
manifest by abnormal scapular kinematics and restricted range 
of motion. As a result of this scapular dysfunction, glenohumeral 
c ontrol from all the shoulder muscles is typically impaired. Increased 
anterior translation of the humeral head in the glenoid fossa creates, 
in effect, a “functionally unstable” shoulder and places the athlete at 
risk for impingment of the supraspinatus tendon and attrition of the 
glenoid labrum (Levine and Flatow 2000). Given its crucial role in 
shoulder function, therefore, the scapula should not be overlooked 
when evaluating the volleyball athlete who complains of anterior 

shoulder pain with overhead activity. Indeed, early rehabilitation of 
rotator cuff injuries should emphasize scapular motion and proper 
strengthening in order to provide a sound, stable “base” for upper 
limb function.

Acute‐phase management of rotator cuff tendinopathy also 
focuses on relieving the athlete’s pain (through medication and the 
judicious use of thermal modalities, such as ice, ultrasound, and 
electrical stimulation). The goal is to provide an environment that 
permits tissue healing, while minimizing the deleterious effects of 
rest and time off from competition. Once the athlete has minimal 
pain through a full range of motion and full neuromuscular function, 
they can progress on to the recovery phase of rehabilitation. This 
stage emphasizes strengthening, range of motion, and progressive 
scapular control.

Spiking and serving are reintroduced in the functional phase of 
rehabilitation. Just before, and during this third and final stage, the 
physician or physiotherapist should seek to identify and correct any 
underlying biomechanical deficits and subclinical adaptations else-
where within the kinetic chain that might have precipitated the rotator 
cuff injury. The legs and back generate 85% of the energy required to 
spike or serve a volleyball. Therefore, when a proximal segment of 
the kinetic chain is inefficient, the more distal segments often attempt 
to “make up” the deficit so as to maintain performance, thereby 
placing these structures at higher risk of overload injury. Thus, an 
athlete with low back pain or stiffness may attempt to compensate 
for a drop‐off in spike velocity by altering their s piking mechanics, 
which in turn may overload the shoulder girdle and precipitate an 
episode of shoulder pain. Because of the fine coordination needed 
throughout the entire kinetic chain to perform volleyball‐related over-
head skills, optimum shoulder function is dependent on maintaining 
balanced strength and flexibility, not only in the shoulder girdle but in 
the hips and trunk as well. Once the athlete can perform sport‐
specific skills through a pain‐free range of motion without significant 
postpractice soreness, they can return to play.



Box 11.2 Jumper’s knee (patellar tendinopathy).

Jumper’s knee is probably the most common overuse injury suf-
fered by volleyball athletes; by some estimates, approximately 40% 
of volleyball players experience symptoms of jumper’s knee. The 
knee joint must withstand high forces during jumping that render it 
vulnerable to overload and injury. The patella plays a critical role in 
the biomechanics of the knee and in jumping ability. By lengthening 
the moment arm on which the quadriceps acts, the patella increases 
knee extensor torque and enhances the mechanical advantage of 
the quadriceps muscle group, increasing extensor force production 
by approximately 50%. Komi has estimated that the knee extensors 
contribute in excess of 50% of the force required to produce a 
forceful jump (Luhtanen and Komi 1978). Thus, jumping ability 
would appear to be highly dependent on the patella’s role in amplify-
ing the force‐producing capacity of the quadriceps.

Some of the force generated during activation of the quadriceps 
is directed through the patella toward the knee joint’s center of rota-
tion. The patellofemoral joint reaction force is a measure of the com-
pression of the patella against the femur, and is dependent on the 
angle of knee flexion and the load applied. In general, with increas-
ing knee flexion there is greater contact between the patella and 
femur, serving to distribute the increasing force which, with a deep 
knee bend, can approach eight times the body weight. Maximal 
patellofemoral joint reaction force occurs at 60–90° of knee flexion. 
Not surprisingly, research has shown that there is a correlation 
between knee joint kinematics and jumper’s knee; in one study, 
those volleyball athletes with the deepest knee flexion angle during 
landing from a spike jump were more likely to experience symptoms 
of jumper’s knee (Richards et al. 1996).

Epidemiological studies have shown that patellar tendinopathy is 
related to repetitive loading of the knee extensor mechanism; the 
prevalence of jumper’s knee increases with the frequency of jump 
training, and is higher among players who train or compete on hard, 

unforgiving surfaces. Research has also shown that athletes with 
superior jumping ability may be at increased risk of developing 
patellar tendinopathy (Lian et al. 1996). As the study attempted to 
control for the volume of jump training, it seems unlikely that this 
association is simply due to a training effect. Rather, there may be 
intrinsic structural and biomechanical properties of the lower limbs 
that are unique to athletes who jump well, particularly in regard to 
the athlete’s ability to eccentrically activate the knee extensors.

It is also important to note that weakness of the hip external rota-
tors may be seen in athletes with jumper’s knee, as can tightness of 
the hip flexors, tensor fascia lata and iliotibial band, hamstrings, and 
gastrocnemius–soleus complex. Again, it is not clear whether these 
inflexibilities should be considered causal or secondary in relation to 
the pathomechanics of patellar tendinopathy. Inspection of the 
entire kinetic chain may reveal evidence of prior lower limb injury, or 
other predisposing factors, including a rigid, cavus foot. Insufficiency 
of the medial quadriceps can predispose the athlete to abnormal 
patellar tracking, as can excessive pronation or a tendency for 
dynamic valgus positioning at the knee with motion.

More recently, attention has focused on the role of the pelvis and 
the athlete’s “core” strength and dynamic stability as intrinsic risk 
factors for knee injuries, an idea proposed in the literature by 
Sommer (1988). Rehabilitation should therefore focus on correcting 
strength and flexibility imbalances throughout the trunk and entire 
lower limbs. Strengthening exercises should initially be performed at 
knee flexion angles that minimize patellar loading, beginning with 
isometric exercises and progressing through a functional continuum 
emphasizing eccentric strength training. Attempting to correct 
abnormal patellar tracking through bracing or taping can be a useful 
therapeutic adjunct to control symptoms while rehabilitating the 
knee. Theoretically, refractory symptoms could be treated with a 
proinflammatory treatment such as percutaneous tenotomy.

Box 11.3 Lateral ankle sprains.

The lateral ankle sprain is the most common acute volleyball‐
related injury. The true ankle joint consists of the tibiofibular talar 
joint, but in a functional sense the “ankle” also includes the sub-
talar joint. The typical volleyball‐related ankle sprain mechanism 
of injury involves net play, most often a blocker landing on a 
teammate’s foot or on the foot of the opposing spiker who has 
crossed over the centerline. As the blocker lands, their feet are 
typically plantarflexed in anticipation of accepting and dissipating 
the ground reaction force associated with landing. This is an ana-
tomically disadvantageous position for the ankle, since when 
the  foot is plantarflexed there is inherently greater laxity in the 
true ankle joint. When landing on an uneven surface, unless the 
dynamic (muscular) ankle stabilizers can maintain the joint in a 
stable alignment, the ligaments that passively stabilize the ankle 
are suddenly overloaded. As the foot inverts and the subtalar 
joint oversupinates, a predictable pattern of ligamentous loading 
occurs which can lead to failure of one or more of the lateral 
ankle ligaments. The anterior talofibular ligament (ATFL) fails 
i nitially, followed by the calcaneofibular ligament, and then the 
posterior talofibular ligament. In mild (grade 1) sprains, the ATFL 
may be s imply stretched. In more serious (grade 2) injuries, one 
or more ligaments may be partially disrupted, while a grade 3 
injury indicates complete diastasis of one or more lateral ankle 
ligaments.

The athlete who has suffered an inversion ankle injury usually 
recalls a definite mechanism of injury with immediate functional 
disability proportional to the severity of the injury. The athlete may 
have felt or even heard a distinct “pop.” On early examination, the 
amount of swelling typically correlates with the severity of the injury. 
The athlete will be tender over the ligaments involved. Palpatory 
examination should include the entire leg and foot to rule out 
associated proximal fibular (maisonneuve) fractures or avulsion 
injuries of the peroneal tendons off their insertion onto the lateral 
aspect of the fifth metatarsal.

Grade 1 and 2 injuries are more common than grade 3 injuries, 
and can be treated nonoperatively with aggressive early weight bear-
ing and range of motion, progressing to strengthening and proprio-
ceptive retraining exercises prior to return to play. Studies have 
demonstrated that proprioceptive training reduces not only the risk 
of reinjury but also the incidence of acute lateral ankle sprains if used 
prophylactically (Bahr  et al. 1997). Furthermore, there is evidence 
that chronic ankle instability might place volleyball athletes at higher 
risk of eventually d eveloping arthritic changes in the ankle (Gross and 
Marti 1999). Thus, a comprehensive rehabilitation program should 
include proprioceptive retraining. Use of an ankle‐stabilizing orthosis 
can provide protection during early ambulation, and in some cases 
may actually reduce the risk of reinjury, particularly within the first 
12 months following an ankle sprain injury (Thacker et  al. 1999).
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muscle groups routinely overloaded by the sport. 
Such an approach has been termed “prehabilita
tion.” Flexibility is also a key factor in optimizing 
muscle function and joint motion. Endurance is a 
critical component of athletic fitness; there are 
several studies that suggest that fatigue results in 
abnormal muscular activation patterns, thereby 
placing the joint(s) acted upon by those muscles 
and the muscles themselves at increased risk of 
injury. Thus, in order to achieve maximum perfor
mance and reduce the risk of injury, the volleyball 
athlete should participate in a structured, volleyball‐
specific training program, periodized to minimize 
the risk of overtraining, with appropriate attention 
to nutrition and rest.
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Introduction

The rate of youth participation in organized sport 
in the United States and in many other countries 
around the world has increased exponentially 
over the past 50 years. Whereas youthful pastimes 
used to consist largely of unstructured free play, 
recently the trend has been for children to become 
involved in competitive sports programs as early 
as age 5. In the United Kingdom, nearly 80% of 
children aged 5–15 participate in organized sport. 
Perhaps more significantly, 11% of those took 
part in “intensive training” (Bruns and Maffulli 
2000). In the United States, it has been estimated 
that up to half of boys and 25% of girls aged 
8–16 participate in organized sport annually. 
Approximately 75% of male and 50% of female 
secondary school students in the USA compete in 
an organized sport.

Volleyball has enjoyed explosive growth over the 
past half century. Nowhere has the growing popu-
larity of the sport been more evident than among 
the youth. Over the last two decades, the number 
of junior and youth athletes registered with USA 
Volleyball has increased 22‐fold to more than 
100 000 participants. Approximately 70% of the 
membership of USA Volleyball is 20 years of age or 
younger. Most (nearly 94%) of these young athletes 
are female. Note that these figures do not reflect the 

numbers who participate in volleyball recreationally, 
or through school‐based physical education cur-
ricula (for example, an estimated 426 814 second-
ary school‐age athletes in the United States 
participated in organized volleyball in 2000, more 
than 90% of whom were female). In response to 
the increasing popularity of volleyball among the 
youth, many national volleyball federations now 
sponsor youth and junior‐level championship 
competitions for both genders. In addition, the 
FIVB currently holds biannual youth and junior 
world championship competitions for both males 
and females. (Note that “junior” is defined by the 
FIVB as younger than age 21 for males and age 20 
for females, while “youth” is defined as younger 
than age 19 for males and age 18 for females.)

Although there are many potential benefits from 
such a programmatic approach to youth sports, a 
number of potential drawbacks exist as well, not 
the least of which is the dramatically increased 
incidence of pediatric athletic injuries. For exam-
ple, in Wales from 1983 to 1998, the rate of sport‐
related injury among girls more than doubled, 
while the risk of injury among boys more than 
t ripled (Jones et al. 2001). In addition, adolescents 
appear to be at higher risk for sport‐related injuries 
than are preadolescents and children, a fact which 
reflects that maturing athletes grow bigger, stronger, 
and faster, and may be more likely to participate in 
year‐round training and competition.

The young volleyball athlete
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Epidemiology of injuries in youth 
volleyball

Although data remain somewhat limited, recent 
studies have added to our understanding of the 
extent and distribution of injuries that befall 
young  volleyball athletes. A 3‐year prospective 
study p ublished 20 years ago revealed an injury 
incidence rate of 3.0 per 1000 hours, ranking vol-
leyball eighth among sports for athletes aged 14–20 
years (de Loes 1995). However, since that study was 
published, participation rates in volleyball have 
consistently risen. From 2009–2010 to 2013–2014, 
the number of girls playing high school volleyball 
rose by 6% to over 400 000, making it the third 
most popular sport among secondary school 
females in the USA (Reeser et al. 2015). Pollard’s 
two‐decade review of pediatric volleyball‐related 
injuries treated in US hospital emergency depart-
ments revealed an estimated 692 024 volleyball‐
related injuries to children younger than 18 years 
(Pollard et al. 2011).

The High School RIO™ (Reporting Injuries 
Online) surveillance system and the National High 
School Sports‐Related Injury Surveillance project 
have bolstered the epidemiological data available 
regarding US high school athletes since their 
inception in 2005. Reeser et al. (2015) compared 
representative data collected by HS RIO to injury 
data collected by the National Collegiate Athletic 
Administration’s injury Surveillance System (NCAA 
ISS), in order to compare and contrast the injury 
profiles characteristic of youth players with those 
of collegiate athletes. The authors found that the 
average rate of time‐lost injuries over the study 
interval (injuries sufficiently severe to warrant 
missing a day or more of training or competition 
during a 4‐year period from 2005–2006 through 
2008–2009) among collegians was more than three 
times higher than was observed among the younger 
high school athletes (40.6 versus 12.4 per 10 000 
athlete exposures (AE)). The documented annual 
injury rate declined in both the collegiate and high 
school populations over the study interval, 
although the prevalence of concussions increased 
slightly. Ligament sprain was the most common 
diagnosis made in either cohort (49.2% of HS RIO 

injuries compared to 28.8% of NCAA ISS injuries.) 
The vast majority of ligament sprains were acute 
lateral ankle sprains, which represented the most 
common specific injury, The knee was the second 
most frequently injured body part, followed by the 
hand, shoulder, and lower back. The frequency of 
anterior cruciate ligament (ACL) injury among 
high school athletes was roughly double that of 
collegiate athletes, while overuse knee injuries were 
twice as common in the NCAA ISS as among HS 
RIO. In general, young athletes sustained more 
acute injuries such as fracture (likely stemming 
from the skeletal immaturity of pubescent ath-
letes), while overuse injuries (such as tendinosis) 
were infrequently diagnosed among younger ath-
letes. It was noted, however, that concussions 
occurred with similar frequency in both age groups.

In a study of middle school female basketball, 
soccer, and volleyball players, volleyball had the 
second highest overall rate of injury (3.68 per 1000 
AE; soccer 6.66, basketball 2.86) (Barber‐Foss et al. 
2014). Overall, middle school athletes showed a 
similar pattern of injury to their high school coun-
terparts. Interestingly, volleyball was the only sport 
that had a higher incidence of injury in practice 
sessions than in games (5.55 versus 0.75 per 1000 
AE). Of the 38 injuries documented in the study, 35 
(92.1%) occurred during practice. Similar to basket-
ball and soccer, the most common body part 
injured was the knee (81.6%), followed by the 
ankle (7.9%), the shoulder (7.9%), and the wrist 
(2.6%). The most common types of injury seen in 
this study of volleyball players were pain/inflam-
mation (71.1%), sprain/subluxation (15.8%), and 
strain/tendinopathy (10.5%). The most common 
diagnoses in order were patellofemoral dysfunc-
tion, Osgood–Schlatter disease, Sinding–Larsen–
Johansson patellar tendinosis, ankle sprain/fracture, 
knee plica, shoulder inflammation, knee contusion, 
knee fat pad, patellar subluxation, shoulder sub-
luxation, and wrist sprain.

Although the data are somewhat limited, as a non-
contact sport volleyball remains relatively safe for 
youth when compared with other “major” sports. It 
should be noted that due to the pre dominance of 
females among this segment of the volleyball‐play-
ing population, the injury pattern characteristic of 
younger male volleyball athletes remains relatively 
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poorly defined. Currently in the USA, only 42 000 
boys play high school varsity volleyball in 22 states 
(www.teamusa.org/USA‐Volleyball).

Pediatric physiology and the risk 
of injury

Although youth sports remain an overall positive 
endeavor, significant concerns exist regarding the 
effect of intensive, year‐round training on the unique 
anatomy and physiology of young athletes. One of 
the biggest differences between young and  adult 
athletes is the presence of skeletal growth plates, also 
known as physes. The physes are v ulnerable to both 
acute and repetitive (or chronic) overload.

In children, the “long” bones of the body (the 
humerus, radius, and ulna in the upper limb and 
the femur, tibia, and fibula in the lower limb) are 
still growing. The areas of longitudinal growth 
(termed the physeal plates) are located at the ends 
of the long bones and are quite vulnerable to 
injury, particularly fracture. As a result of these 
areas of relative skeletal weakness and immaturity, 
children (particularly preadolescents) who suffer 
acute joint‐related trauma are at increased risk of 
fracture along the physeal growth plate compared 
to adults. Imbalances in neuromuscular control 
(balance), strength, and flexibility also contribute 
to the risk of physeal injury (Colvin and Lynn 
2010; Loud and Micheli 2001; Shanmugam and 
Maffulli 2008). During the period of rapid growth 
commonly seen in puberty, the physes are said to 
be “open” and these areas of bony growth are more 
prone to injury compared to adults (who have 
“closed” physes) (Cuff et al. 2010). Between the 
ages of 6 and 14 years, the increase in limb mass is 
double the corresponding increase in limb length, 
which may result in a force imbalance and 
decreased lower extremity control, placing the 
physes at increased risk of injury (Colvin and Lynn 
2010; Ford et al. 2010a,b; Hewett et al. 2066a; 
Quatman et al. 2006). In addition, during adoles-
cence muscles and tendons grow proportionately 
slower than bones, altering the forces on the long 
bones during this phase of rapid bone growth 
(Franklin and Weiss 2012). Therefore, any child 

who suffers a sprained ankle should undergo 
r adiographical evaluation to rule out a fracture 
that might require casting or operative intervention. 
The Salter–Harris classification system (Figure 12.1), 
which describes fractures involving the growth 
plate, has proven to be clinically useful in prognos-
ticating the outcome of such fractures.

Areas of bony growth at sites of musculotendi-
nous insertion are termed apophyses, and are 
potential sites of injury. Apophyses are vulnerable 
to traction injury, particularly when unequal rates 
of skeletal and muscular growth predispose the 
adolescent athlete to inflexibility. “Traction apo-
physitis” refers to a painful condition related to 
repetitive overload of the tendon inserting at the 
involved apophysis. Osgood–Schlatter disease, a 
common apophysitis involving the knee extensor 
mechanism at the tibial tubercle, is contrasted 
with  other common overuse conditions affecting 
the upper and lower limbs of young athletes in 
Table 12.1. Osteochondritis dissecans is an ischemic 
condition of the articular cartilage and subchon-
dral bone of a joint, typically affecting the knees, 
ankles, and elbows. Young baseball pitchers who, 
through repetitive throwing, subject their domi-
nant elbow to recurrent valgus stress are thought to 
be predisposed to osteochondritis dissecans of the 
elbow joint (also known as “Little League elbow”). 
Research has demonstrated that young baseball 
players who limit the number of maximal throws 
to fewer than 300/week have a lower risk of devel-
oping elbow problems (Micheli et al. 2000). 
Although no studies have been performed investi-
gating the optimal number of spikes for young vol-
leyball players, it seems reasonable to empirically 
limit the number of repetitions to avoid structural 
fatigue and overload. Children who are routinely 
given insufficient time to recover between training 
bouts are at risk for developing stress injury of 
weight‐bearing bones.

Treatment of overuse injuries

The general principle underlying treatment of over-
use conditions is to provide the young athlete with 
an appropriate amount of relative rest to permit 

http://www.teamusa.org/USA-Volleyball
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recovery and healing of the involved tissues. Unequal 
rates of skeletal and muscular growth and develop-
ment can lead to inflexibility and relative weakness 
of the soft tissues (muscles, tendons, and ligaments) 
surrounding the child’s skeleton. Consequently, 
temporary structural malalignments are not infre-
quent in children and can render the pediatric ath-
lete more susceptible to overload injuries. Regaining 
and maintaining balanced strength (particularly 
core and scapular stability) and flexibility is therefore 

an integral part of the rehabilitation of these injuries. 
It is equally important to assess the biomechanics of 
the athlete’s sport‐specific skills in an effort to 
identify and correct any flaws in technique which 
could be contributing to tissue overload (Hawkins 
and Metheny 2001). The importance of a thorough 
annual preparticipation examination by a well‐
trained sports medicine provider familiar with 
pediatric development and the demands of volleyball 
should not be overlooked either (Metzl 2000).

Traction
apophysis

Injuries to growth
centres

Diaphysis

Type 1

Type 4 Type 5

a b

Type 2 Type 3

Metaphysis
Growth
plate
(physis)

Epiphysis

(a) (b)

Figure 12.1 (a) Long bones grow longitudinally from the physes, or growth plates, located at both the proximal 
and distal ends of the bone. (b) The Salter–Harris classification system for physeal injury describes five common 
injuries involving the growth plate and surrounding bone. Type 1 and type 2 injuries do not involve the joint 
surface, and represent relatively benign fractures with typically good outcomes from treatment. Types 3 and 4 
include involvement of the joint surface. These are less common than types 1 and 2 but are potentially more 
dangerous, with less favorable outcomes unless treated appropriately. Reduction and surgical fixation may be 
required to correct displacement. If substantial injury to the growth plate occurs, future bone growth may be 
affected. This is particularly problematic in type 5 injuries, which are difficult to detect acutely on radiographs since 
they are crush injuries. Both acute and chronic physeal injuries can have a long‐term impact on the growth and 
performance of young athletes. Proper recognition and response starts with understanding the common causes of 
these injuries and the basic anatomy that makes these athletes unique.
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Other implications of developmental 
physiology

In addition to the musculoskeletal differences 
between children and adults, other physiological 
differences may contribute to the risk of injury 
among pediatric athletes. Specifically, children are 
mechanically less efficient than adults, and as a 
result have a higher energy cost for athletic perfor-
mance. Children suffer from heat illness in the same 
way that adults do but may be less likely to be aware 
of symptoms or to speak up if they occur. Appropriate 
precautions should therefore be taken to safeguard 
young athletes from heat stress when practicing or 
competing in hot and humid conditions. Children 
also have reduced anaerobic capacities compared 
with adults (although when corrected for weight, 
they do not differ significantly), potentially making 
them even more susceptible to muscular fatigue 
and cramping. Finally, it is important to remember 
that neuromuscular coordination (and conse-
quently skill acquisition) typically improves with 
age (and with practice). The motor control ability of 
a young athlete influences their risk of both acute 
traumatic and chronic overuse injuries. For exam-
ple, bad t iming when blocking may result in finger 
injuries, poor take‐off or landing technique when 
jumping may result in an increased risk of ankle 
sprain (to  both the attacker and the opposing 
blocker), and  faulty arm swing technique may 
excessively o verload the shoulder and low back.

The nutritional needs of young athletes are not 
well understood, as limited research has been con-
ducted in this area (Thompson 1998). It is evident, 
however, that adolescent athletes are in general 
poorly educated about the importance of proper 
nutrition. They may be susceptible to peer influence 
and misinformation. For example, studies have 
shown that as many as 11% of male and 2.5% of 
female pediatric athletes admit to taking anabolic 
steroids (American Academy of Pediatrics 1997). Use 
of “nutritional supplements” occurs on a similar 
scale and appears to be motivated by a desire for 
improved performance and concern over appear-
ance. Like adults, young athletes should be encour-
aged to eat a varied and well‐balanced diet. Coaches 
and parents should also be attentive to signs of disor-
dered eating. Preoccupation with weight control and 
aesthetics among female athletes may begin as early 
as age 5–7 in some sports. Although volleyball 
may not typically be included among the “aesthetic 
sports,” females do wear very tight‐fitting uniforms. 
Youth volleyball athletes should therefore be thought 
of as at risk for developing maladaptive eating 
behaviors, with potentially dangerous consequences.

Psychological concerns

Childhood and adolescence can be a difficult 
period of change and development. Sports bring 
both additional risk and protective factors in relation 

Table 12.1 Overuse conditions affecting young athletes.

Condition Anatomical location Pathophysiology Risk factors Treatment options

Osgood–Schlatter’s 
disease

Tibial tubercle Traction apophysitis Growth spurt, excessive 
jumping

Relative rest

Sinding–Larsen– 
Johansson’s disease

Inferior patellar pole Traction apophysitis Growth spurt, excessive 
jumping

Relative rest

Sever’s disease Calcaneus Traction apophysitis Overpronation, inflexibility Rest, orthoses,stretching
Little League elbow Medial elbow/

radiocapitellar joint
Osteochondritis 

dissecans
Excessive valgus load Rest, technique, surgery

Little League shoulder Proximal humeral 
growth plate

Stress fracture Overload, excessive spiking Rest, technique, surgery

Medial tibial stress 
syndrome

Medial border of the 
tibia

Soleus enthesopathy Excessive running, 
overpronation

Relative rest, orthoses

Patellofemoral pain 
syndrome

Undersurface of the 
patella

Chondromalacia Excessive jumping, 
malalignment

Quad strengthening, 
taping
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to mental well‐being. Unfortunately, a large stigma 
still exists around mental health which affects both 
the demand for and availability of services. The 
NCAA, IOC, and other medical organizations have 
recently taken a stance that mental health is not 
separate from but rather is an integral part of ath-
lete health (Brown et al. 2014). It is critical that ath-
letic staff and sports medicine professionals 
understand and support the overall concept of stu-
dent‐athlete wellness, both physical and psychoso-
cial. Previously, the same type of response has not 
been provided to young athletes facing mental 
health issues, such as anxiety, depression, disor-
dered eating, and drug and alcohol abuse, as was 
provided to athletes for physical issues such as con-
cussion or musculoskeletal disorders.

Approximately one in every 4–5 youths in the US 
experiences impairment during his/her lifetime as 
a result of a mental health disorder. The prevalence 
of many emotional and behavioral disorders in 
children and adolescents is higher than that of 
some well‐known physical ailments, such as 
asthma and diabetes. Nearly one in three adoles-
cents (31.9%) met the criteria for anxiety disorder, 
19.1% were affected by behavioral disorders, 14.3% 
experienced mood disorders, and 11.4% had sub-
stance use disorders (Merikangas et al. 2010). The 
early onset of major classes of mental disorders has 
been documented (Substance Abuse and Mental 
Health Services Administration 2012). Of the 
affected adolescents, half experienced symptoms of 
their anxiety disorder by age 6, their behavioral dis-
order by age 11, their mood disorder by age 13, and 
their substance use disorder by age 15. Co‐morbid-
ity rates of affected individuals have been reported 
at 40%, and 22.2% described having a mental dis-
order with severe impairment or distress that inter-
fered with daily life (Merikangas et al. 2010).

A National Athletic Trainer Association‐led 
interassociation work group has developed recom-
mendations for high schools on how to recognize 
such issues and help student‐athletes get treatment 
(Neal et al. 2015). The proposal encourages schools 
to have a plan that focuses on education, early 
r ecognition of potential problems and effective 
referral to the mental health system to help 
s tudent‐athletes, along with a plan to recognize 
and address potential crisis situations.

In addition, certain circumstances can heighten 
risk, especially in an athlete already prone to an 
underlying condition (i.e. anxiety, depression, 
ADHD, etc.). These include bullying and hazing, 
injuries where their identity as an athlete is threat-
ened and diminished team interaction occurs, and 
year‐round sport participation with the additional 
stressors of performance expectations, reduced 
recovery time, and impaired sleep.

Pediatric injury prevention

Prevention efforts should be based on and guided 
by quality epidemiological information such as 
the  frequency, severity, and etiology of injuries. 
Volleyball is a jump‐intensive sport with corre-
sponding predisposition to lower extremity inju-
ries. In general, volleyball athletes have been 
shown to be most at risk for acute ankle injuries 
and overuse conditions of the knee and shoulder. 
The high numbers of these injuries argue strongly 
for the integration of evidence‐based preventive 
measures into youth volleyball training programs.

Although not specific to volleyball, level 1 stud-
ies by McGuine et al. (2011, 2012) have demon-
strated the value of lace‐up ankle braces and 
proprioceptive exercises to reduce the incidence of 
ankle sprain injury. An examination of high school 
football as well as boys’ and girls’ basketball showed 
that lace‐up ankle braces, independent of shoe 
type, taping, and field surface, led to a lower inci-
dence of acute ankle injuries for both first‐time 
injuries and those who have a history of a prior 
sprain. The degree of sprain severity was unchanged 
and there was no secondary effect on other lower 
extremity injuries (McGuine et al. 2011, 2012). 
Meanwhile, the group that used a balance training 
program had an injury rate of 6.1% versus 9.9% in 
the control group (McGuine and Keene 2006). 
In addition, there was a 50% risk reduction if an 
athlete had a prior sprain and performed the inter-
vention (McGuine and Kenne 2006). Bahr was able 
to reduce incidence of ankle sprains in both male 
and female amateur Norwegian volleyball players 
through a multifaceted intervention program that 
included technical training (proper spike approach, 
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take‐off and landing technique, block movement 
drills) along with balance board training and injury 
awareness education (Bahr et al. 1997).

Female athletes have anywhere from a twofold to 
10‐fold increased risk of certain injuries, such as 
ACL tears and the development of patellofemoral 
pain in the collegiate and high school settings 
(Fulkerson 2002; Fulkerson and Arendt 2000; 
Hewett et al. 2006b; Robinson and Nee 2007). 
Previous injury surveillance research in the high 
school setting determined injury rates for female 
athletes in the sports of basketball, soccer, and 
v olleyball to be 4.4, 5.3, and 1.7 per 1000 AE, 
respectively (Powell and Barber‐Foss 1999). 
Neuromuscular training programs have proved to 
be effective in reducing knee and some ankle 
i njuries, especially when implemented in the ado-
lescent female population (Abernethy and Bleakley 
2007; Hewett et al. 2006b). Optimized when they 
include a preseason conditioning program and a 
structured warm‐up in‐season, neuromuscular 
p revention strategies result in a number needed to 
treat of 4–10 for minor/moderate injuries and 66 
for serious injury such as ACL tear (Abernethy and 
Bleakley 2007; Hewett et al. 2006b).

Risk factors for overuse knee injuries include the 
playing surface, training volume, and jump/land-
ing mechanics. Therefore, teaching fundamentals 
and form along with minimizing the volume of 
jump training on hard surfaces can minimize 
cumulative load on the knee. Knee extensor eccen-
tric training exercises can be used prophylactically 
to prevent anterior knee pain (Reeser et al. 2006). 
In addition, addressing deficits in core strength 
and functional imbalances may help to prevent 
lower limb injuries (Sommer 1988).

With regard to overhead training, programs that 
focus on scapular and dynamic glenohumeral sta-
bilization, core strength, stretching the posterior 
capsule, and proper mechanics are key. Addressing 
form, fundamentals, and training load is also 
likely beneficial. However, no volleyball‐specific 
prevention studies have been performed to date in 
this area.

The incidence of concussions has increased, 
although the increasing frequency of diagnosis 
may simply be a matter of increased awareness 
by medical personnel or family members. Causes 

include contact with the playing surface and con-
tact with the net/pole. Ensuring that protective 
padding covers all volleyball poles and protruding 
hardware should help to prevent impact‐related 
injuries, including concussions (Pollard et al. 2011).

Finally, incomplete recovery from a prior injury 
is a leading risk factor for reinjury. Therefore, 
appropriate and complete rehabilitation is a crucial 
step toward prevention efforts.

Goals of youth volleyball

As alluded to earlier, there are many potential ben-
efits for enrolling youth in organized volleyball 
programs. Ideally, sport promotes a healthy life-
style and fosters a sense of teamwork and fair play. 
Reasons why children participate in sport include 
“having fun,” but in many instances this innocent 
motivation is cast aside by well‐meaning but over-
zealous parents and coaches. Overly structured 
athletic programs may in many instances stifle 
long‐term interest in fitness and athletics by chil-
dren as they mature. Rather than focusing on skill 
development and enjoyable physical activity, 
many regimented youth athletic programs have 
overemphasized winning, which has been postu-
lated to account for the rather dramatic decline in 
athletic participation as children age. Consequently, 
the American Academy of Pediatrics has concluded 
that “reasonable goals for children and preadoles-
cents participating in organized sports include 
acquisition of basic motor skills, increasing physi-
cal activity team, learning good sportsmanship, 
and having fun” (American Academy of Pediatrics 
2001).

Increasing youth participation has helped to 
“grow the game” of volleyball worldwide. These 
youth feed the athlete developmental pipeline that 
produces talented volleyball athletes and which 
enables nations to sustain (or develop) competitive 
excellence in the sport. The youth of today may 
bring Olympic glory in the future and consequently 
there has been considerable interest in trying to 
identify the characteristics that contribute to vol-
leyball proficiency and success. Anthropometric 
studies have been published which profile the body 
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morphotype, height, jumping ability, and other 
physical and physiological traits of the elite volley-
ball athlete (Gualdi‐Russo and Zaccagni 2001; 
Kioumourtzoglou et al. 2000). Not surprisingly, the 
elite adult volleyball athlete tends to be tall, lean 
(ecto‐ or mesomorphic/leptosomatic), and jumps 
well. However, no features have been identified 
which consistently and accurately predict future 
volleyball success at the international level.

Nature and nurture

So the question remains: are champions born or 
made? Certainly, features such as physical size 
and an athlete’s physiological potential are genet-
ically predetermined and contribute greatly to 
sports s uccess. There is also undeniably a traina-
ble component of sports talent. Increasingly, 
however, there is concern that starting sport‐
s pecific training at too young an age may prove 
detrimental in the long term. Intense physical 
training combined with premature sports speciali-
zation may not only jeopardize the developing 
athlete’s health but also detract from their 
advancement as a volleyball player. Research has 
demonstrated that there are potential adverse 
physiological consequences from intense physical 
training, including delayed menarche in females 
and an increased risk of overuse injuries to imma-
ture musculoskeletal systems (American Academy 
of Pediatrics 2000). The International Federation 
of Sports Medicine (FIMS), in conjunction with 
the World Health Organization, examined the 
issue and concluded that “there is growing evi-
dence that excessive and intensive training may 
increase the rate of overuse and c atastrophic 
i njuries” (FIMS 1997).

Recent research on talent identification, profil-
ing, and athlete development suggests that the 
best athletes are those who are exposed to a vari-
ety of different sporting experiences in their 
youth. It is thought that this breadth of exposure 
stimulates not only visual perceptual skills such as 
anticipatory timing, but also motor development 
and neuromuscular control in addition to a gener-
alized appreciation for the tactical aspects of ball 

games and sport in general. There is therefore 
ample e vidence to support the contention that 
sport specialization should be avoided before 
10  years of age in favor of broader sporting 
experience.

How, then, does one create a youth program that 
at once attracts children to the sport while provid-
ing opportunities for promising athletes with apti-
tude to develop their talent? First and foremost, 
the program should encourage participation. 
Youth should be encouraged to contact the ball as 
many times as possible in both skill‐enhancing 
structured drills and during unstructured “play 
time.” Children learn best by playing, and the 
early emphasis should be on learning the basic 
skills of the game. Youth also learn a great deal by 
imitating the skills of more skilled athletes they see 
on television or in the sporting arena. Coaches 
should capitalize on this innate mimicry and 
encourage novice volleyball players to repeat skills 
such as setting and spiking that have been demon-
strated for them. USA Volleyball has developed 
pictographic instructional guides that provide 
novice players with a model upon which they can 
pattern their skill‐specific movements and kine-
matics (Figure 12.2).

For children aged 9–13 years who demonstrate 
an interest in the game and wish to play it competi-
tively, a developmentally appropriate version of 
volleyball has been invented. Called mini‐volley-
ball, the game is tailored to preadolescent athletes 
and permits them to learn the essential elements 
and skills of the sport in a safe environment. Play is 
co‐educational, with three boys and/or girls to a 
team. Employing a smaller court (9 × 6 m total 
dimensions), a lower net height (2.1 m), and devel-
opmentally appropriate equipment and rules (e.g. 
larger and lighter weight volleyball), mini‐volley-
ball is not only fast‐paced and fun but by design it 
minimizes the wear and tear on developing skeletal 
structures that would otherwise occur from playing 
with adult equipment and rules. Transition to a 
regulation volleyball court and equipment is rec-
ommended only after 14 years of age. As the ath-
lete progresses through the youth and junior stages, 
appropriate progression is made in technique 
and  strategy, as well as physical training and 
conditioning.
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Figure 12.2 USA Volleyball, the national governing body for the sport in the United States, has developed a series 
of eight pictograms illustrating the specific movement patterns of the fundamental volleyball skills. These can be 
used by coaches and players alike to better appreciate the kinematics of the sport. (a) Blocking. (b) Digging. 
(c) Jump‐setting. (d) Passing. (e) Serving. (f) Setting. (g) Spiking. (h) Underhand serving. Source: USA Volleyball. 
Reproduced with permission of USA Volleyball.



156 Chapter 12

Summary

In conclusion, it is apparent that education is per-
haps the most vital ingredient in youth volleyball. 
Nurturing young volleyball talent requires knowl-
edge of developmental physiology and age‐appro-
priate strengthening and conditioning techniques. 
Youth coaches should be familiar with develop-
mental sports psychology, and both coaches and 
parents should have realistic expectations of both 
the physical and emotional abilities and limita-
tions of young athletes. Sports medicine personnel 
working with young athletes must remember that 
they should place the health and well‐being of the 
child before the needs of the team or the expecta-
tions of coaches or parents. Working together, 
c oncerned and knowledgeable adults can create an 
environment conducive to personal and athletic 
growth and development that will foster a life‐long 
love for the great sport of volleyball among the 
world’s youth.
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Introduction

While the gender breakdown of participants inter
nationally is not known, in the United States 
s ignificantly more females participate in organized 
volleyball than do males. Nearly half a million 
girls (compared to approximately 50 000 boys) play 
competitive volleyball during secondary school in 
the USA. National Collegiate Athlete Association 
(NCAA) participation data suggest that over 27 000 
females competed at the collegiate level during the 
2015–2016 season, compared to fewer than 3000 
males. It is therefore important to consider sports 
medicine issues that pertain specifically to female 
athletes. Although the majority of injuries and 
a ilments for which the female athlete is at risk are 
similar to male athletes, there are several issues that 
apply uniquely to female athletes that are deserving 
of separate discussion.

Sports injuries

Sports injuries result from a complex interaction 
of intrinsic and extrinsic risk factors. They are 
largely a consequence of the type of sport in 
which  one participates and one’s fitness level. 

With only a few exceptions, sports injuries sustained 
by female athletes are no different from those 
s ustained by males.

Nevertheless, sex specificity of injuries in sport 
has been much researched in recent years. Published 
studies support the following observations.

• Women report injuries differently than do men.
• Women are capable of equal efficiency and 
a erobic metabolism compared with men.
• There are sex differences in upper body strength, 
power, and endurance and lesser (but significant) 
differences in lower limb fitness parameters.
• A greater number of knee injuries are reported 
among female athletes than male athletes. In par
ticular, an increased rate (2–10‐fold) of noncontact 
anterior cruciate ligament (ACL) injuries has been 
observed for women compared with men in the 
same sport, particularly where abrupt deceleration, 
jumping, and pivoting are demanded (Arendt and 
Dick 1995).
Epidemiological studies of collegiate women’s volley
ball injuries reveal that ankle sprains and knee inju
ries are the most common, with injury rates slightly 
higher in game situations than during practice. 
Knowledge about pediatric female volleyball play
ers is limited, but one prospective study (Barber‐Foss 
et al. 2014) in middle school female athletes (age 
6–14) reported that knee injuries p redominated 
(81.6%), followed by shoulder and ankle (7.9% each).

The female volleyball athlete
Constance Lebrun
Glen Sather Sports Medicine Clinic, University of Edmonton, Edmonton, Alberta, Canada

Chapter 13
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Knee injuries

The knee is at considerable risk of injury in volley
ball athletes. The most common volleyball‐related 
knee injuries are overuse injuries involving the 
extensor (patellofemoral) mechanism. The inci
dence of acute internal derangement of the knee 
joint is relatively low among female volleyball 
players, particularly when compared with such 
high‐risk sports as women’s basketball. Data from 
the NCAA Injury Surveillance System (ISS) best 
illustrate the magnitude of the disparity between 
volleyball and other collegiate sports for women. 
Common clinical and historical features of ACL 
injury include:

• ACL injuries occur four times more frequently 
among females than males
• the most common mechanism of ACL injury in 
volleyball is the offensive skill of hitting (spiking), 
with most injuries occurring during the landing 
phase of a jump
• most ACL injuries are noncontact in nature.
Sport injury epidemiological data have conclu
sively demonstrated a sex‐specific difference in the 
rates of noncontact ACL injury. Reasons for this 
sex‐specific difference have been reviewed in detail 
elsewhere (Arendt and Dick 1995), and appear to 
include the female athlete’s unique hormonal envi
ronment and gender variation in neuromuscular 
control of lower limb function.

It has been hypothesized, but not definitively 
proven, that estrogens and/or other sex hormones 
may contribute to increased joint laxity in women, 
or that ligaments may be intrinsically weaker in 
females than in males. Nevertheless, despite a num
ber of studies and significant speculation, there is 
no consensus on the cause‐and‐effect relationship 
of hormones and sex‐specific musculoskeletal 
injuries. More rigorous studies must be performed 
before one can accept any relationship between 
hormone environment and injury as causal, to say 
nothing of understanding the mechanism of such a 
relationship.

Currently the most intriguing modifiable 
risk factor for acute knee injuries in females 
is  the a thlete’s neuromuscular control of the 
lower limb, particularly the proximal lower 

limb during jumping and landing maneuvers. 
Strengthening programs that promote proximal 
hip control (mediated through gluteus medius and 
proximal hamstring activation in a closed chain 
fashion) and appropriate landing technique are 
thought to be beneficial in injury prevention. A 
strengthening program consisting in part of plyo
metrics and skill  training, particularly in landing 
and pivoting maneuvers, should be encouraged. 
A  metaanalysis of six different studies of neuro
muscular intervention programs found that the 
preseason addition to regular training of three 
key  interventions of plyometric training, balance 
and core training, and strength training with 
r esistance exercises resulted in a 72% reduction 
in  noncontact ACL injuries in comparison with 
untrained controls (Griffin et  al. 2006; Hewett 
et al. 2006).

Shoulder pain

Upper limb overuse injuries occur frequently 
among volleyball players. Whether there is gen
der predisposition to upper limb injury in general 
and shoulder girdle injury in particular is difficult 
to determine based on the available injury inci
dence data (the NCAA ISS unfortunately does not 
include incidence data for male collegiate volley
ball). Factors contributing to the prevalence of 
shoulder pain syndromes in female athletes 
include poor upper body strength and repetition 
of a given upper limb activity or skill without ade
quate torso strength. Faulty technique in sports 
skills performed with the upper limbs is also likely 
to play a role. For example, to perform an over
head volleyball serve or spike, glenohumeral 
motion needs to be coupled with scapulothoracic 
motion. Improper body mechanics, including 
motor function of the torso and pelvis, can lead 
to overuse of the shoulder girdle musculature. 
Rehabilitation of shoulder injuries as well as pre
conditioning for volleyball activity should focus 
on strengthening the muscles of the rotator cuff 
and the scapular stabilizers, in addition to evalua
tion and management of any mechanical issues 
noted while hitting.
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Anemia

Multiple factors can potentially contribute to the 
development of anemia in female athletes. 
Inadequate dietary iron intake is a major causative 
factor, and vegetarian athletes, with diets typically 
lower in available iron, may therefore be at greater 
risk. Female athletes with recognized eating disor
ders not only have a diet deficient in energy, but 
one that is likely deficient in iron as well. Potential 
causes of iron loss in female athletes include men
struation, gastrointestinal disorders, hemolysis, 
and urinary and sweat losses. Menstrual bleeding 
accounts for the majority of iron losses. On aver
age, 34 mL of blood is lost per menstrual period; 
the average eumenorrheic female athlete must 
therefore consume an additional 0.55 mg iron/day 
over the course of 1 month to compensate for men
strual losses. Newer research also suggests that 
impairment of iron uptake is regulated through the 
peptide hormone hepcidin, which increases in 
response to inflammation, peaking 3–6 hours after 
an acute exercise bout (Clénin et al. 2015).

Appropriate treatment of iron deficiency anemia 
(defined as hemoglobin concentration <120 g/L 
for women) is dependent upon understanding the 
etiology of the blood loss. In most cases involving 
female athletes, nutritional deficiency is superim
posed upon menstrual losses. Dietary modifica
tion and iron supplementation (recommended 
dosage 40–60 mg of elemental iron daily) are 
therefore appropriate therapies. Simultaneous 
ingestion of vitamin C on an empty stomach 
increases gastrointestinal absorption of supple
mental iron. When athletes fail oral therapy, intra
venous therapy should be considered, but it is 
important to rule out malabsorptive syndromes 
such as celiac disease.

The clinician must also be aware of “pseudoane
mia,” a condition caused by dilution of the ath
lete’s hemoglobin concentration as a result of the 
volume expansion induced by endurance training. 
One can differentiate pseudoanemia from true 
anemia by evaluating both the athlete’s iron stores 
and a reticulocyte count. Laboratory assessment of 
the athlete’s iron stores and reticulocyte count 

should be normal in pseudoanemia, but will be 
abnormal in true anemia.

Not infrequently, an elite athlete may have a low 
ferritin level (reflective of iron stores) but a normal 
hemoglobin and hematocrit. Ferritin levels below 
15 μg/L are specific for empty iron stores, and 
v alues of 15–30 μg/L correspond to low iron stores, 
with 30 μg/L being suggested as a reasonable cut‐off 
for athletes. It is possible that many athletes with 
“normal” hemoglobin and low ferritin actually 
have experienced a relative decrease in hemo
globin concentration, but nevertheless remain 
within the normal reference range. This relative 
deficiency can be appreciated only after adequate 
iron supplementation has succeeded in increasing 
the hemoglobin concentration. However, iron is 
also a key component of the enzymatic system of 
the respiratory chain, and important for oxidative 
capacity. Iron supplementation may be of benefit 
in such cases.

Thyroid disorders

Thyroid disorders are often ignored when address
ing conditions of the female athlete. It is well 
known that thyroid disease affects women more 
than men. This difference is felt to be secondary to 
sex steroids and local cytokines. Hypothyroidism is 
the most common thyroid disorder, affecting 0.6–
5.9% of women, depending on the diagnostic crite
ria and the population surveyed. Hypo thyroidism 
may be primary (most commonly) or secondary in 
etiology. Primary thyroid failure can  result from 
autoimmune disease, iodine deficiency, prior radi
oiodine treatment, or thyroid surgery. Secondary 
hypothyroidism may derive from pituitary or 
hypothalamic tumors, cranial radiation, or head 
trauma. Whatever the cause, the symptoms of 
hypothyroidism can include fatigue, weakness, 
weight gain, constipation, cold intolerance, depres
sion, muscle cramps, and m enstrual irregularities.

Hyperthyroidism affects 0.54–2.0% of women, 
and is 10 times more common among females than 
males. The most common cause of hyperthyroidism 
is Graves’ disease, an autoimmune disorder in 
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which antibodies are produced that bind to the 
thyrotropin receptor. Symptoms of hyperthyroidism 
include palpitations, heat intolerance, weight loss, 
dyspnea, tremor, hyperdefecation, muscle weakness, 
and menstrual irregularities.

Since thyroid disorders are more common among 
females, and can produce symptoms such as fatigue, 
menstrual irregularities, and weight loss, thyroid 
dysfunction must be considered when evaluating a 
female athlete with amenorrhea, an eating disorder, 
and/or fatigue. Generally, hypothyroidism is treated 
with thyroid hormone replacement and hyper
thyroidism is treated with medical management, 
radioiodine ablation of the overactive thyroid, or 
surgical resection.

Fatigue

Fatigue can result from a multitude of causes, 
including anemia, thyroid dysfunction, sleep dis
orders, fibromyalgia, jet lag, and the overtraining 
syndrome, to name but a few. Calorie malnutrition 
can also precipitate fatigue, especially in the face of 
excessive energy expenditure as seen in those 
a thletes who are overtraining. Although not gender 
specific, overtraining is a significant cause of fatigue 
among athletes.

Pregnancy

A detailed discussion of the effects of pregnancy on 
athletic performance is outside the scope of this 
chapter. However, all healthcare professionals 
c aring for female athletes must be aware that preg
nancy can cause amenorrhea and fatigue and 
therefore should be included in the differential 
diagnosis when evaluating these complaints. 
Although no volleyball‐specific studies regarding 
the pregnant athlete have been published, the 
Canadian Academy of Sport and Exercise Medicine 
published a Position Statement on exercise and 
pregnancy which concludes: “The current data 
suggest that a moderate level of exercise on a 

r egular basis during a low risk pregnancy has mini
mal risk for the fetus and beneficial metabolic and 
c ardiorespiratory effects for the exercising preg
nant woman” (http://casem‐acmse.org/wp‐content/
uploads/2013/07/Discussion‐Paper‐Pregnancy.
pdf). The IOC has recently convened a group of 
experts to review the evidence surrounding guide
lines for exercise in pregnancy in recreational and 
elite athletes (Bø et al. 2016).

Pelvic floor dysfunction

The pelvic floor is the term given to the muscles 
that create the inferior part of the muscular base 
of the abdomen, which together form the “core.” 
The anterior half of the core consists of the 
abdominal wall musculature, the posterior half 
is  composed of  the thoracolumbar paravertebral 
muscles, and the superior cap is formed by the dia
phragm (Figure 13.1). The transversus abdo minis, 
iliopsoas, and gluteal muscles also contribute to 
the core. Together, these muscles work to modu
late intraabdominal pressure (IAP), which in turn 
helps stabilize the lumbar spine, providing a solid 
base of support for the upper torso and limbs.

The pelvic floor also functions as a sphincter for 
the urethra and anus. Dysfunction of the pelvic 
floor can precipitate loss of voluntary sphincter 
control, resulting in urge and stress incontinence 
of both urine and stool. Prevalence of pelvic floor 
dysfunction (PFD) resulting in incontinence is esti
mated to range from 15% to 50% of elite female 
athletes. Risk factors for PFD include participation 
in jumping sports (such as volleyball) and/or 
strength training. Pregnancy may also play a role 
in the incidence of PFD.

Prevention of PFD consists of training the pelvic 
floor musculature to increase its inherent stiffness 
and ability to resist exercise‐related elevations in 
IAP. Treatment of urinary incontinence consists of 
bladder training, pelvic floor muscle training (Kegel 
exercises), biofeedback, or (in persistent cases) sur
gery. Absorbent products and devices designed to 
prevent urinary leakage can help to mitigate the 
consequences of PFD.

http://casem-acmse.org/wp-content/uploads/2013/07/Discussion-Paper-Pregnancy.pdf
http://casem-acmse.org/wp-content/uploads/2013/07/Discussion-Paper-Pregnancy.pdf
http://casem-acmse.org/wp-content/uploads/2013/07/Discussion-Paper-Pregnancy.pdf
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Disordered eating and energy 
availability

Nutrition is a critical component of many of the 
conditions that can affect female athletes. Poor 
nutrition can contribute to anemia, osteoporosis, 
and fatigue, among other things Females are at 
greater risk of nutritional disorders than male vol
leyball athletes. For a number of reasons, the true 
prevalence of disordered eating and low energy 
availability in female athletes is difficult to ascer
tain. Certain individual sports that are judged 
s ubjectively (such as gymnastics and ice skating), 
and which place a premium on leanness and appear
ance, are thought to foster disordered eating behav
iors among their participants to a greater extent 

than team sports (such as volleyball). Although vol
leyball is not considered a “high‐risk” sport, it does 
rank in the top of the second tier of sports in which 
eating disorders occur (after such high‐risk sports as 
ballet, figure skating, gymnastics, and diving). 
Intuitively, female beach volleyball athletes must 
feel even more pressure to maintain a lean appear
ance than do their indoor counterparts (Figure 13.2), 
because of the skimpiness of their uniforms (biki
nis). These are actually mandated by FIVB Rules to 
be a certain size/measurement, including a maxi
mum of 7 cm for the side seam of the bikini bottom, 
while the male players wear longer shorts and tank 
tops. Interestingly, however, there have been recent 
advances in the regulations to allow additional 
options such as long‐sleeved tops and pants, or 
short‐sleeved tops and shorts, to allow for players’ 
religious and/or cultural beliefs. The longer uni
forms are also beneficial in cold environments.

Anorexia nervosa and bulimia nervosa are per
haps the two most publicly recognized eating dis
orders, and are characterized by typical behaviors 
and attitudes towards eating and body image 
(Box  13.1). The Diagnostic and Statistical Manual 
of  Mental Disorders V (American Psychiatric Asso
ciation 2013) has had substantial changes from 
previous versions. Notably, amenorrhea was removed 
from the diagnostic criteria for anorexia, and Binge 
Eating Disorder (BED) was approved for inclusion 
as its own category of eating disorder, whereas 
it  was previously diagnosable using the catch‐all 

D

LP

TA

A

B

PF

Figure 13.1 The pelvic floor (PF) contributes to the 
muscular “core” of the body. Other components of the 
core, as diagrammed, include the diaphragm (D), the 
thoracolumbar paravertebral musculature (LP), the 
abdominals (A) and the transversus abdominis (TA). 
PFD can lead to incontinence of the urinary bladder (B).

Figure 13.2 The extent to which the beach volleyball 
culture encourages skin exposure may place female 
beach athletes at risk for disordered eating. Source: 
FIVB Photo Gallery. Used with permission of FIVB.
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phrase EDNOS (eating disorder not otherwise 
specified). The latter has been replaced with two 
new categories: Other Specified Feeding or Eating 
Disorder (OSFED) and Unspecified Feeding or 
Eating Disorder (UFED). These new categories are 
intended to more appropriately recognize and 
categorize conditions that do not more accurately 
fit into Anorexia Nervosa, Bulimia Nervosa, BED, 
or the other eating and feeding disorders. Clinically, 
however, it is important to identify and treat any 
athlete who exhibits pathological eating behavior, 
rather than focusing only on those who fulfill the 
formal criteria for a specific diagnosis.

Identification of an individual with an eating 
disorder usually results from concerns voiced by 
teammates, coaches, and family members. Less 
commonly, health questionnaires administered as 
part of the preseason physical examination can 
detect disordered nutrition. If an eating disorder is 
suspected, a longer standardized questionnaire 
such as the EAT‐26 or EDI‐2 can be used to screen 
for disordered eating, although these question
naires are limited in several respects, and usually a 
clinical interview is needed to establish the diagno
sis. The reliability of these instruments is depend
ent in large measure on the extent to which the 
athlete’s confidentiality is maintained. Furthermore, 
the “defense mechanism” of denial is common 
among those who suffer from disordered eating. 
Thus, questionnaires and interviews may not be 
sufficient to uncover states of disordered nutrition, 
particularly in the early stages of the condition.

Another quick screening tool is the SCOFF 
Questionnaire, which consists of five questions 
that are designed to clarify suspicion of an eating 
disorder, rather than to make a definitive diagno
sis. The questions can be delivered either verbally 
or in written form (Box 13.2).

True eating disorders are extremely difficult to 
treat. Patient denial, underlying depression, and 
the inherent complexity of the problem may com
plicate the clinician’s ability to effectively treat the 
female athlete with disordered nutrition. It is rec
ommended that athletes be referred to a multi
disciplinary team, which may include a clinician 
experienced in the treatment of athletes with eat
ing disorders, a certified athletic therapist, a regis
tered dietitian, a mental health professional, and 
at times an exercise physiologist and/or a strength 
coach. The athlete (and coach) should also be 
e ducated regarding the detrimental effects of poor 
nutrition on sports performance. Coaches must be 
made aware that they have a powerful influence 
on athletes and that they should therefore not be 

Box 13.1 Characteristics of anorexia nervosa and bulimia nervosa 
(from DSM‐5).

Anorexia
1. Restriction of energy intake relative to requirements leading to 

a  significantly low body weight in the context of age, sex, 
d evelopmental trajectory, and physical health.

2. Intense fear of gaining weight or becoming fat, even though 
underweight.

3. Disturbance in the way in which one’s body weight or shape is 
experienced, undue influence of body weight or shape on self‐
evaluation, or denial of the seriousness of the current low body 
weight.

Bulimia
1. Recurrent episodes of binge eating characterized by BOTH of 

the following:
• Eating in a discrete amount of time (within a 2‐hour period) 

large amounts of food.
• Sense of lack of control over eating during an episode.

2. Recurrent inappropriate compensatory behavior in order to 
p revent weight gain (purging).

3. The binge eating and compensatory behaviors both occur, on 
average, at least once a week for 3 months.

4. Self‐evaluation in unduly influenced by body shape and weight.
5. The disturbance does not occur exclusively during episodes of 

anorexia nervosa.

Box 13.2 SCOFF questionnaire 
(from Luck et al. 2002).

S Do you make yourself Sick because you feel uncomfortably full?
C Do you worry you have lost Control over how much you eat?
O Have you recently lost more than One stone (6.35 kg) in a 

3‐month period?
F Do you believe yourself to be Fat when others say you are 

too thin?
F Would you say Food dominates your life?
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advising athletes to lose weight without a legiti
mate reason. One study revealed that 13–17% of 
elite female adolescent volleyball players felt pres
sured by their coaches or parents to achieve or 
maintain a particular body weight (Beals 2002). 
This study also showed this group to be at risk 
for  menstrual dysfunction and have energy and 
nutrient intakes placing them at risk for nutritional 
deficiencies and compromised performance.

If weight loss is indicated, it should be under
taken through an appropriately monitored, nutri
tionally sound program. In addition to the more 
immediate physiological and medical problems 
that accompany disordered eating, the long‐term 
impact on the female reproductive system and 
bone mineral density (BMD) are potential additional 
long‐term concerns.

Menstrual dysfunction

Menstrual dysfunction exists in several forms. 
Amenorrhea, defined as the absence of menstrua
tion, can be classified as either primary or second
ary in etiology. Primary amenorrhea is the absence 
of menses in a 15 year old with normal secondary 
sex characteristics, or within 5 years after breast 
development if that occurs before the age of 10 
years. Secondary amenorrhea is the absence of 
three or more consecutive menstrual periods after 
menarche. Oligomenorrhea is defined as menstrual 
cycles lasting longer than 35 days. A woman may 
also suffer from shortened luteal phase (less than 
10 days) or anovulatory cycles, in which “regular” 
menstrual bleeding still takes place but the normal 
fluctuations of the ovarian hormones estrogen and 
progesterone are altered or missing.

There are numerous potential causes of amenor
rhea (Box 13.3), one of which is pregnancy. When 
evaluating primary amenorrhea, it is also impor
tant to note that menarche is typically delayed in 
athletes compared to nonathletes. Secondary 
amenorrhea can result from reduced energy avail
ability and/or stress, in which case it is termed 
functional hypothalamic amenorrhea (FHA). FHA 
is characterized by the absence of menses due to 
suppression of the hypothalamic‐pituitary‐ovarian 

axis, without an identifiable anatomical or organic 
cause. Energy availability (EA) is defined as the 
amount of energy available for physiological pro
cesses and activities of daily living after subtracting 
out the energy used for exercise training: (dietary 
energy intake  –  energy expenditure)/kg fat‐free 
mass (FFM). One can lower the energy availability 
and affect energy balance by decreasing energy 
intake (as seen with eating disorders, disordered 
eating or inadvertent poor nutrition), or by increas
ing energy expenditure (e.g. through increased 
volume or intensity of exercise) without a compen
satory increase in caloric intake.

The “energy drain” hypothesis suggests that it is 
the inadequate energy intake relative to energy 
expenditure (i.e. not the stress of exercise) that 
then leads to menstrual dysfunction and amen
orrhea by altering the levels of reproductive 
h ormones, including gondadotropin‐releasing 
hormone (GNRH) (with subsequent reduction of 
estrogen secretion) and luteinizing hormone (LH). 
The latter is secreted in a pulsatile fashion, and is 
the first to be altered (Loucks et al. 2003). The neg
ative energy balance has been implicated as the 
principal mechanism by which training predisposes 

Box 13.3 Potential causes 
of amenorrhea.

Hypothalamic
Space‐occupying lesions
Functional disturbances of the hypothalamic‐pituitary axis

Pituitary
Hypopituitarism
Prolactin‐secreting tumor

Ovarian
Gonadal dysgenesis
Tumor
Polycystic ovaries
Resistant ovary syndrome

Uterine or vaginal
Absence of uterus
Complete or partial absence of vagina
Imperforate hymen resulting in hematocolpos

Other
Pregnancy
Congenital adrenal hyperplasia
Hypothyroidism or hyperthyroidism
Debilitating chronic disease (liver/kidney disease)
Eating disorders

Medications
Oral contraceptive pills, chemotherapy, antipsychotics, anti-

depressants, corticosteroids
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female athletes to menstrual dysfunction, which in 
turn has a detrimental effect on bone health, as 
discussed in further detail later. Other hormonal 
changes can include elevated cortisol and decreased 
total and free triiodothyronine levels, increased 
growth hormone, ghrelin and peptide YY levels 
and low leptin and insulin‐like growth factor 1.

Bone health

Maintenance of bone health through a woman’s 
active, athletic years is critical to maintenance of 
functional capacity in later life. The greatest accre
tion of bone mass (>50%) happens during puberty, 
between the ages of 11 and 14 years in girls. Factors 
that contribute to the bone health of the female 
volleyball athlete include nutritional status and 
menstrual history, and the volume of ground reac
tive forces that must be dissipated as the result of 
repetitive jumping. Female athletes in general have 
BMD 5–15% higher than the general population, 
and fortunately, female volleyball athletes appear 
to maintain higher bone mineral densities of the 
lumbar spine and bones of the lower limb (femur, 
tibia, calcaneus). One possible explanation is that 
regular participation in such weight‐bearing exer
cise may cause the principal skeletal structures 
exposed to the recurrent ground reactive forces to 
adapt to the imposed demands by laying down 
new bone in accordance with Wolff’s law. Thus, 
the  regular jumping that is part of the sport 
may help to offset any adverse skeletal effects of 
hypoestrogenism in the female volleyball athlete.

Bone mineral density is normally measured with 
dual‐energy x‐ray absorptiometry (DEXA) scans. 
Assessment of BMD status in premenopausal 
woman is based on Z‐scores instead of T‐scores to 
determine low bone density for age and osteo
porosis. The International Society for Clinical 
Densitometry (ISCD) defines BMD within the 
expected range as a Z‐score > –2 SD below the aver
age value for age‐, sex‐, and race‐matched controls, 
and BMD below the expected range for age as a Z‐
Score ≤ –2 SD. The authors of the 2007 Position 
Statement of the American College of Sports 
Medicine (ACSM) on the Female Athlete Triad 

(Nattiv et al. 2007) recommend a slightly different 
classification, defining low BMD as a Z‐score of –1 
to –2 with secondary clinical risk factors for frac
ture (e.g. chronic malnutrition, eating disorders, 
hypogonadism, glucocorticoid exposure, previous 
fractures), and osteoporosis as a Z‐score ≤ –2 with 
secondary clinical risk factors for fracture.

The long‐term consequences of delayed men
arche on developing bone, particularly when 
c oupled with exercise at a young age, are unknown. 
However, there are a few studies in the literature 
that implicate osteopenia, stress fractures, and 
s coliosis as potential complications of delayed 
menarche. Low BMD also puts these women at risk 
for suboptimal peak bone mass acquisition, leading 
to an increased risk of premature osteoporosis (and 
the potential for stress fractures as well). In adult
hood, a 10% decrease in BMD is associated with a 
two‐to threefold increase in fracture risk.

In addition to the effects of lower estrogen on 
the menstrual cycle and subsequent bone health, a 
low Body Mass Index independently correlates 
with low BMD. Unfortunately, treatment of estro
gen deficiency alone may not be enough to reestab
lish normal bone mineral density. Research has 
shown that improvement in bone density was 
found only when estrogen replacement was coupled 
with weight gain.

Universally accepted guidelines for the treatment 
of low BMD or premature osteoporosis secondary 
to hypoestrogenic menstrual irregularity have not 
yet been established. Appropriate interventions 
would include proper nutrition (including ade
quate calories, calcium, and vitamin D intake), 
restoring the athlete to a positive energy balance 
and encouraging modest weight gain among 
underweight athletes. Hormone replacement may 
be necessary if dietary measures are not sufficient, 
but there are an inadequate number of well‐
designed studies investigating the effects on BMD 
in this population.

However, despite this lack of prospective longitu
dinal data, estrogen replacement is frequently 
p rescribed. The Committee on Sports Medicine of 
the American Academy of Pediatrics (AAP) recom
mends that amenorrheic athletes within 3 years of 
menarche should be counseled on improving their 
nutritional status and decreasing the intensity of 
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exercise, to restore menses. According to the pub
lished AAP recommendations (1989), estrogen 
supplementation, such as the use of combined oral 
contraceptives or the oral contraceptive pill (OCP), 
may be considered for hypoestrogenic amenorrheic 
athletes who are 3 or more years post menarche. 
More recent studies suggest that this will not replen
ish BMD, and in fact may be detrimental to accrual 
of maximal bone mass. There is also the clinical 
concern of masking amenorrhea with the OCP, 
prior to proper assessment and diagnosis of the 
cause. These older athletes should also undergo an 
analysis of their nutritional status/energy balance.

Transdermal estrogen, in contrast to OCP, main
tains or increases insulin‐like growth factor 1, a 
bone trophic hormone essential for bone forma
tion and remodeling. It has been successfully 
used  in populations of anorexic patients, and is 
being investigated for use in athletes. The use of 
oral bisphosphonates (such as alendronate and 
risedronate) to treat low bone mass in the premen
opausal female remains controversial, because of 
their long half‐life in bone and possible teratogenic 
effects. Other pharmacological therapies are still 
under investigation for this population.

Nutrition and bone health

Lifelong healthy eating habits, including adequate 
dietary intake of calcium, help to maximize bone 
health, in addition to regular physical activity. The 
amount of dairy products consumed during child
hood and adolescence is directly related to achiev
ing satisfactory bone density in later life. Vitamin 
D intake is also essential, with positive effects on 
bone tissue, including stimulation of osteoblast 
activity, increased calcium transport, and decreased 
parathyroid hormone secretion. In addition to ade
quate daily calcium (up to 1500 mg) and vitamin D 
(up to 800 IU), macronutrients are important in 
adequate bone health. Protein, fat, and carbohy
drates are the nutrients from which energy can be 
metabolically derived. Protein comprises most of 
the nonmineral composition of bone, and its 
intake is essential for synthesis of the bone matrix. 
Indeed, there is a positive correlation between 

protein intake and bone mass gains in children. 
Low energy availability has also been identified as 
a determinant of bone health due to both energy‐
related (suppression of bone formation and upreg
ulation of bone resorption) and estrogen‐related 
(increase in bone resorption) factors (Ihle and 
Loucks 2004).

Stress fractures

Stress fracture represents the ultimate consequence 
of bone exposed to a persistent increased load to 
which it cannot accommodate through normal 
repair and remodeling.

The diagnosis of stress fracture in a mature 
female athlete should alert the clinician to the 
p ossibility of concomitant osteopenia or osteopo
rosis, as well as underlying menstrual dysfunction. 
Amenorrheic athletes have 2–4 times greater risk 
for stress fracture than their eumenorrheic counter
parts. An association between stress fractures and 
menstrual irregularity has also been observed. 
Stress fractures are also associated with low body 
weight and reduced lean body mass. Bone mineral 
density studies should be considered in those ath
letes with recurrent stress fractures, and for those 
with concomitant risk factors for osteoporosis such 
as amenorrhea and disordered eating, or simply 
low energy availability.

Treatment of stress fractures involves identifying 
and modifying the underlying cause(s) of the stress 
fracture, including accelerated training programs, 
suboptimal fitness level, and potential nutritional 
deficiencies. Menstrual irregularity may be treated 
with hormonal replacement, if appropriate, but 
only after nonpharmacological therapies, including 
improved energy availability, have been attempted.

The Female Athlete Triad and Relative 
Energy Deficiency in Sport (RED‐S)

The term “Female Athlete Triad” was initially 
coined in 1997 to bring attention to the marked 
interrelatedness of amenorrhea, osteoporosis, and 
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disordered eating among female athletes. In 2007, 
the ACSM renamed the three components as men
strual function, bone mineral density (BMD), and 
energy availability (EA), and described each entity 
as existing on a continuum from health to disease 
(Figure  13.3), emphasizing that the athlete may 
move along the different axes in different direc
tions and at different speeds. For example, changes 
in EA happen over hours or days, while menstrual 
dysfunction may ensue over days or weeks, with 
significant alterations in BMD taking months or 
years. An athlete may present with any or all of 
the  component diagnoses of the triad. Increased 
awareness of the triad by healthcare providers has 
resulted in improved clinical recognition of its 
component parts.

Identification of the Female Athlete Triad 
requires an increased level of clinical suspicion. 
Ideally, screening for the components should occur 
regularly, such as during the annual preparticipa
tion exam. Regrettably, screening practices for both 
Canadian collegiate (Rumball and Lebrun 2005) 
and US National Collegiate Athlete Association 

Division 1 athletes (Mencias et al. 2012) are notably 
insufficient. The Female Athlete Triad Coalition 
(a  consortium of organizations) has proposed a 
12‐item questionnaire, containing eight questions 
about disordered eating, three regarding menstrual 
dysfunction, and a question about stress fractures. 
Eight of these specific questions are also contained 
in the Female Athlete section of the form from 
the PPE monograph (4th edition) (Box 13.4). More 
recently, the 26‐item Low Energy Availability in 
Females Questionnaire (LEAF‐Q) has been found to 
have an acceptable sensitivity (78%) and specific
ity (90%) in screening for triad disorders (Melin 
et al. 2014).

Clinical detection of one component of the triad 
should prompt an evaluation for the others. 
Inadequate energy availability is usually the princi
pal underlying factor, and there can be other sig
nificant health and performance consequences 
besides menstrual dysfunction and altered BMD. 
For example, low levels of estrogen in amenorrheic 
or oligomenorrheic athletes have also been shown 
to cause endothelial dysfunction, resulting in 

Low energy availability
with or without an

eating disorder

Functional
hypothalamic
amenorrhea Osteoporosis

Reduced energy availability
with or without

disordered eating

Subclinical
menstrual
disorders

Low BMD

Optimal energy
availability

Optimal
bone health

Eumenorrhea

Figure 13.3 Spectra of the Female Athlete Triad. The three interrelated components of the Female Athlete Triad 
are energy availability, menstrual status, and bone health. Energy availability directly affects menstrual status, and 
in turn, energy availability and menstrual status directly influence bone health. Optimal health is indicated by 
optimal energy availability, eumenorrhea, and optimal bone health, whereas at the other end of the spectrum, the 
most severe presentation of the Female Athlete Triad is characterized by low energy availability with or without an 
eating disorder, functional hypothalamic amenorrhea, and osteoporosis. An athlete’s condition moves along each 
spectrum at different rates depending on her diet and exercise behaviors. BMD, bone mineral density. Adapted 
from Nattiv et al. (2007) with permission from Lippincott Williams and Wilkins/Wolters Kluwer Health: Medicine 
and Science in Sport and Exercise.
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e levated low‐density lipoprotein levels and an 
increased risk of cardiovascular disease (Temme 
and Hoch 2013). There are many physiological 
processes that may be affected by low EA, includ
ing metabolic rate, menstrual function, bone 
health, immunity, protein synthesis, cardiovascu
lar and psychological health. For this reason, when 
the IOC Medical Commission revised and updated 
its Position Paper on the Female Athlete Triad, 
a  newer, more inclusive term was introduced: 
Relative Energy Deficiency in Sport (RED‐S) 
(Mountjoy et al. 2014). The diagnosis of RED‐S 
subsumes (but does not replace) the Female Athlete 
Triad, and expands upon the complex interrela
tionships between various conditions that can 
potentially affect female athletes, which appear to 
have as their root cause a deficit of energy availa
bility (Figures  13.4, 13.5). Male athletes can be 
affected by RED‐S as well.

Features of the clinical examination and the 
necessary diagnostic laboratory investigations of 
the associated RED‐S disorders are beyond the 
scope of this chapter, as are specific treatments. 
The Female Athlete Triad Coalition has proposed 
a  cumulative risk stratification system, based on 
p resenting symptoms and physical findings, to aid 
in guiding further testing and treatment, as well 
as  in clearance of the athlete to return to play 
(Joy et al. 2014).

In general, RED‐S should be suspected when BMI 
is less than 18.5 for women age over 18 years and 
below the fifth percentile for other age groups. 
Optimal energy availability is thought to be at least 
45 kcal/kg FFM/day. At levels lower than 30 kcal/kg 
FFM/day, changes in the pulsatile release of LH 
start to occur.

The underlying principle of care is to restore a 
positive energy balance by either increasing the 
athlete’s dietary intake or decreasing their energy 
expenditure. The initial target intake is at least 
30 kcal/kg of fat‐free mass per day. However, 
because RED‐S may result in serious sequelae that 
may prove refractory to treatment, prevention of 
RED‐S represents the goal. Education of athletes, 
coaches, parents, and healthcare providers, com
bined with early identification, will have the larg
est impact on the reproductive and long‐term 
bone health of female athletes. The RED‐S Clinical 
Assessment Tool (RED‐S CAT) is a screening tool 
which has been translated into many languages 
and is freely available online (Mountjoy et al. 2015) 
(www.bjsm.bmj.com). Large‐scale epidemiological 
studies identifying the incidence and prevalence of 
RED‐S in various athletic populations (including 
males) have yet to be done but it is hoped that the 
RED‐S concept will help medical professionals 
better understand and recognize some of the con
ditions that affect the female volleyball athlete.

Box 13.4 Female Athlete Triad Coalition’s recommended screening questions 
for the Female Athlete Triad (from Joy et al. 2014).

Question Included on the Fourth‐Edition PPE Form

1.  Do you worry about your weight or body composition? ✓
2.  Do you limit or carefully control the foods that you eat? ✓
3.  Do you try to lose weight to meet weight or image/appearance 

requirements in your sport?

✓

4.  Does your weight affect the way you feel about yourself? —

5.  Do you worry that you have lost control over how much you eat? —

6.  Do you make yourself vomit or use diuretics or laxatives after you eat? —

7.  Do you currently or have you ever suffered from an eating disorder? ✓
8.  Do you ever eat in secret? ✓
9.  What age was your first menstrual period? ✓

10.  Do you have monthly menstrual cycles? ✓
11.  How many menstrual cycles have you had in the last year? ✓
12. Have you ever had a stress fracture? ✓

http://www.bjsm.bmj.com
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Introduction

Competing at the highest level of international 
volleyball is both physiologically demanding 
and psychologically stressful. International indoor 
v olleyball players usually compete for their club 
team from October to April. Currently, the most 
competitive leagues are found in Russia, Turkey, 
and Poland. The national team season starts 
towards the end of April and continues into early 
to mid‐autumn. The final competition of the 
s eason for club teams is the club championships, 
while the ultimate contest of the national team 
c alendar cycles between the Grand Champions 
Cup, the World Championships, the World Cup, 
and the Olympic Games.

The elite volleyball athlete “lives on the edge,” as 
we can see in Figure 14.1. Constantly striving for 
optimal performance, the elite volleyball athlete is 
subject to physical wear and tear, mental fatigue, 
and social stressors. The level of medical care 
offered to elite athletes often differs from the care 
made available to recreational athletes, particularly 
in terms of timing and the willingness to pursue 
testing or imaging in an effort to promptly arrive at 
a comprehensive understanding of the injury and 
appropriate treatment options.

In this chapter, I will endeavor to describe my 
experience as a team physician for the Brazilian 
national women’s team from 1997 to 2000, and 

subsequently with the Brazilian national men’s 
team from 2001 to the present. During this period, 
these teams matured from teams used to finishing 
in “the middle of the pack” to teams that consistently 
earned a position on the medals stand in major 
competitions.

The staff: roles and responsibilities

During my first international competition in 1998, 
the Brazilian national women’s team traveled 
with the head coach, two assistant coaches (one of 
whom was in charge of the video editing), one 
a thletic trainer, one doctor (who was also in charge 
of overseeing physical therapy), and the head of 
the delegation. By contrast, during our most recent 
road trip with the men’s national team, our entou-
rage consisted of the head coach, three assistant 
coaches, two statisticians, one trainer, one physical 
therapist, one massage therapist, one doctor, and 
the head of the delegation. Awaiting return of the 
team to Brazil was a sports nutritionist, a second 
orthopedic surgeon, and an internist.

More important than the number of personnel, 
however, is the respect that all the staff have for 
each other. As a result, the staff work very well 
together. For example, when practicing during 
a  road trip, everyone chips in to shag balls so 
that  the practice time can be more productive. 

The elite indoor volleyball athlete
Alvaro Chamecki
Artro Clinica de Ortopedia, Curitiba, PR, Brazil
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During some years, I kept statistics while sitting 
on the bench, and at other times this work has 
been done by the physical therapist. All of us are 
willing to work outside our comfort zones for the 
good of the team.

Even though everyone on the staff functions in 
multiple roles, and frequently gives opinions in 
areas other than their specialty, the coaching staff 
have always respected the medical decisions made 
by the team medical personnel. During my 20 years 
of working with the Brazilian national teams, when 
it comes to medical issues my decisions have always 
been respected as the final word.

Cooperation between national 
and club teams

The national team (NT) season begins when the 
club leagues around the world end, usually in late 
spring. Since different leagues end at different 
times, some athletes may have very little time off 
from the demands of the sport. Eventually, the elite 
NT athletes all arrive at our training center in 
Saquarema. With little time off, this transition 
can be very stressful for the athlete. One source of 
p ossible stress for the medical team is effective 

Figure 14.1 The elite volleyball athlete places him or herself at risk of injury simply by taking the floor.
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communication with the health providers that 
supervised each athlete’s medical care during the 
just completed club season. During this transition 
between commitments, it is vital that communica-
tion between medical personnel is clear to all par-
ties involved. Essential details about those athletes 
who are (or have been) injured must be clearly 
transmitted so that the athlete can continue to 
receive prescribed treatment. Occasionally, there 
may be disagreement between the two medical 
staffs regarding the diagnosis or the appropriate-
ness of therapy. This can strain relationships with 
the club medical staff. At these times it is best to 
remember that the goal is to work for the health 
and well‐being of the athlete, and to “do no harm.” 
In such situations, it might prove helpful for the 
medical staffs to arrange consultations prior to 
i nitiating treatment so that all can agree on the 
optimal course of action. When the NT season has 
concluded, we send a report on every athlete who 
has been under our supervision to the appropriate 
club medical staff. In complicated cases, or when 
there is an important injury or problem not to be 
missed, we speak personally with the club doctor.

The preseason assessment

An assessment of the athlete’s injury history and a 
physical examination are performed on each ath-
lete prior to the start of the season. In 2014, 230 
indoor athletes underwent precompetition evalua-
tion as part of the indoor national team program 
(Table 14.1, Boxes 14.1, 14.2).

As part of these precompetition evaluations, all 
players undergo odontological, ophthalmological, 
orthopedic, and gynecological (women) examina-
tions. After a detailed history and system review, 
we proceed to a physical examination in all r elevant 
areas, then collect relevant laboratory analyses. 
Among other things, we test the pH of the saliva, 
test for gingival bleeding and conduct an oral 
c ytological exam for bacteria and fungi. Panorex 
and bite wing x‐rays screen the athlete for dental 
decay. Routinely, every 2 years, we test visual acuity, 
extraocular muscle function, tonometry, and direct 
fundoscopy. If there are any complaints or any 

findings in the clinical, orthopedic, gynecological 
or specialty tests, we conduct the appropriate exams.

The laboratory analyses performed are shown in 
Box 14.3.

After we finish all these screening exams, as well 
as any others that may be indicated, we have an 
understanding of the current issues for every a thlete. 

Table 14.1 Brazilian indoor volleyball 
athletes evaluated in 2014.

Category Number of athletes

Under 15 female 13
Under 15 male 21
Under 17 female 34
Under 17 male 29
Under 19 female 25
Under 29 male 23
Under 23 female 18
Under 23 male 15
Adult female 21
Adult male 31
TOTAL 230

Box 14.1 Healthcare specialties 
involved in evaluation and care 
of Brazilian national team athletes, 
2004–2014.

Medicine
Internal medicine
Sports medicine
Clinical cardiology
Cardiology (echocardiography)
Orthopedics
Clinical pathology
Ophthalmology
Radiology
Gynecology
Genetics

Odontology
Surgeon

Nutrition
Sports nutritionist

Physical education
Professor

Technicians
Laboratory medicine
Radiology
Nursing auxiliary
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As a medical team, we begin to address each issue 
identified by the periodic health evaluation (PHE). 
Once the process is completed, we are ready to 
begin training.

Sport‐specific training

Generally, we begin by training in the sand. This 
permits the athletes to recover somewhat from the 
rigors of the club season by minimizing ground 
reactive forces and thus reducing the load on the 
lower limbs. After this short period, we start 
p racticing indoors and lifting in the fitness center. 
The adult national team, when out of competition, 
stays in our training center from Monday to Saturday 
morning, practicing on the court two periods per 
day, for approximately 2 hours per s ession. One of 
the two daily sessions is devoted to fitness and 
strength training. Between those p eriods, the play-
ers who need it receive physical therapy treatment, 
in addition to receiving recovery treatment at the 
conclusion of the day (e.g. soaking in an ice bath).

The elite volleyball player needs to diligently 
p repare for playing sport at the highest possible 
level throughout the entire year. Maintaining 
f itness throughout the entire season enables the 
athlete to achieve peak performance year round. 
and to be ready when called upon.

In 2001, we embarked on a novel, virtually revo-
lutionary strength and conditioning program with 
the Brazilian men. Observing that many of the ath-
letes exhibited imbalances of muscle strength and 
had significant proprioceptive deficit (predomi-
nantly at the knee and shoulder), it was decided 
that the physical preparation should focus on 
improving muscular strength with balance between 
agonist and antagonist muscles and that could 
impact on proprioceptive performance. Strict con-
trol over the intensity of the effort was key to the 
success of this strategy. Moreover, this strategy 
allowed training of vertical jump skill through ply-
ometric exercises. With an established muscular 
base, volleyball technical skills could be trained 
without premature impairment of motor coordina-
tion due to muscle fatigue. Flexibility training, 
both dynamic and static, was emphasized during 
physical conditioning drills. With a muscle 
strength base established, we began the interval 
training sessions by emphasizing technical skills 
and tactical strategies. This strategy has improved 
the aerobic and anaerobic endurance specific to the 
demands of the game.

Box 14.2 Diagnostic and laboratory 
testing performed on Brazilian 
national team athletes.

Odontology
Ophthalmology
Clinical
Orthopedics
Gynecology
Laboratory (clinical pathology)
ECG (at rest and with effort)
Echocardiogram with Doppler
Pulmonary function
Dietary analysis
Kinematic analysis
Anaerobic testing (Wingate test)

Box 14.3 Examples of tests 
obtained by Brazilian national 
team physicians.

Blood work
Blood type ABO
Rh factor
Hemogram
Iron
Ferritin
Vitamin B12, folic acid
Vitamin D3, C, and A
Transferrin, albumin, and globulins
Glycosis
Total cholesterol
HDL and LDL cholesterol
Triglycerides
Creatine phosphokinase
Uric acid
ALT, AST, γ‐GT, bilirubinase
Alkaline phosphatase
Urea
Creatinine
NA, CL, K, Mg, Ca, P, Cr, Se, Zn
TSH, T4, cortisol, testosterone
FSH, LH, progesterone, estradiol
Serology for hepatitis A, B, and C

Urinalysis
Urine culture

Fecal analysis
Parasitology
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Injuries and returning to play

Injury is the biggest fear of any athlete, but particu-
larly professional athletes since playing the sports 
they love is the way in which they earn their salary. 
According to the literature, the kind of injuries sus-
tained by recreational and elite athletes is similar, 
but the approach to treating elite athletes has to be 
totally different. If a recreational player comes to 
my office with a grade 1 ankle sprain, he will stay 
out of competition for 3 weeks, receive physical 
therapy 1 hour a day, and if he returns to play in 4 
weeks he will be happy. If, on the other hand, a 
national team athlete sustains the same type of 
injury, treatment will be much more aggressive. 
Advanced radiographic imaging will be obtained 
early to rule out fracture and, depending on which 
portion of the season it is, the athlete will receive 
physical therapy around the clock. Aggressive pain 
management will permit early ambulation. In less 
than 1 week the athlete will return to play. 
Although we must respect the biology of healing 
when determining when an athlete may return to 
play, sometimes the elite player’s schedule will 
force the medical staff and player to “push the 
envelope of risk” somewhat.

Four brief cases will illustrate the way in which 
medical care for elite athletes can differ from the 
way in which recreational athletes are typically 
treated. Coincidentally, two of these athletes suf-
fered injuries requiring surgery 4.5 months before 
the Olympic Games. Figure 14.2 demonstrates the 
rotator cuff tear suffered by a member of our national 
team prior to the Athens games. Figure 14.3 shows an 
anterior cruciate ligament (ACL) lesion suffered by 
one of our athletes prior to the Beijing Olympics. 
The normal recovery time from a shoulder surgery 
is 6–9 months, for an ACL tear 9–12 months. These 
two athletes underwent surgery, and each, some-
what miraculously, was capable of playing in the 
Olympics. Achieving this goal required the agree-
ment and concerted effort of the athletes and the 
medical staff. The other two cases are from the 2014 
World Championships in Poland. In Figure  14.4, 
there is a grade 1 muscle lesion. Normally, a thigh 
contusion such as this would keep a player out of 
competition for at least 10–15 days. Because of the 
important role played by this athlete and the 
importance of the competition, he attempted to 
return to competition in 3 days. Despite intensive 
physical therapy treatment and the use of a com-
pression bandage, his performance was not up to 
his usual standard. Figure 14.5 shows the knee MRI 

Figure 14.2 This member of the Brazilian national team sustained a tear of his supraspinatus 4.5 months before 
the 2004 Olympic Games in Athens. He underwent surgical repair and was subsequently able to play, winning a 
gold medal.
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of a player who experienced chronic pain in the 
quadriceps tendon. Despite this discomfort, he 
was able to play in all the important games of the 
tournament.

Supplements and other therapies

Medical doctors who work with elite teams must 
keep up to date on all new therapies, medications, 
and supplements that claim to enhance perfor-
mance, treat and prevent injuries, and decrease 
pain. When injured, athletes want nothing more 
than to recover as fast as possible. Occasionally, 
this will prompt the athlete to look for a “miracle 
cure” so we have to try and ensure that the athlete 
does not believe everything he may hear or read 
regarding the effect of these interventions.

Due to the repetitive loading and weight bearing 
of their knees, the majority of professional players 
will sooner or later develop degeneration of their 
knee joint cartilage. Based upon our experience, 
we  advise those athletes to take supplemental 
g lucosamine and chondroitin. Intraarticular hyalu-
ronic acid is also beneficial in the management of 
degenerative joint disease, but since it is an invasive 
therapy, we try to avoid it if possible.

The use of PRP is very controversial in the litera-
ture, and since we do not have abundant proof of 
its effectiveness we do not use it, either for chon-
dral lesions or for muscle injuries. In selected cases 
of patellar or Achilles tendonitis that are refractory 
to traditional methods (such as physical therapy), 
a trial of PRP may be considered as the last chance 
intervention, prior to going to surgery.

Figure 14.3 An ACL lesion sustained 4.5 months before Beijing 2008. The athlete underwent reconstruction with 
a hamstring tendon allograft. He played in the Games, winning a silver medal.

Figure 14.4 A grade 1 thigh muscle lesion sustained 
during the 2014 World Championships. The player 
returned to play in 3 days, but did not perform at 
his best.
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Supplements such as whey protein, creatine, and 
amino acids are popular with athletes. We determine 
on a case‐by‐case basis whether or not such supple-
ments might be beneficial to the athlete. We advise 
the players to drink as much water or sports drink as 
they need to stay hydrated. We find carbohydrate 
gel helpful to maintain physical performance during 
competition. Of course, doping control is the 
responsibility of the team doctor as well. All players 
should be advised to check with the team doctor to 
verify that all medicines prescribed are not on the 
Prohibited List, and reminded that ultimately they 
are responsible for all products ingested.

Traveling around the world

The national team spends a great part of each sea-
son (at least 2 months) in foreign countries. This 
presents a considerable stress for the team and 
staff. Frequently, travel will be complicated by a 

significant time difference (3+ hours) between the 
point of departure and the destination. The result-
ing jet lag leads to sleep dysfunction, and the 
resultant fatigue can negatively affect individual 
and team performance, In the past, we have admin-
istered melatonin to the athletes in an effort to 
regulate sleep, but we found it generally ineffec-
tive. We have had more success with shifting the 
body clock and synchronizing meals, activities, 
and sleep to coordinate with the corresponding 
time at our destination. Maintaining adequate 
hydration during travel and avoiding alcohol are 
also important in minimizing the effect of crossing 
several time zones.

In a foreign country, the accommodations and 
menu might be substantially different from what 
we are used to in Brazil, so if our inquiries and 
inspections fail to reveal an adequate variety and 
selection of food, we take it upon ourselves to shop 
for items that will be palatable and nutritious. 
Since we are away from home for weeks at a time, 
the comfort of the hotel is another concern. Small 
details such as having access to reliable internet 
service can make a huge difference to team morale 
if the athletes are able to maintain communication 
with their families back home.

Also at issue when we are on the road is access to 
medical facilities should we need them. In competi-
tions such as the Olympics, all manner of imaging 
modalities and clinical care are available, but for 
smaller or less well‐structured events, or for events 
held in countries that may not have all the medical 
equipment we might need, another issue would be 
where we should take the players if they require 
prompt medical care. Team doctors not only attend 
to sprained ankles and sore shoulders, but also must 
diagnose and treat medical illnesses such as flu, com-
mon colds, diarrhea, sore throats, stomach aches, 
headaches, etc. We always carry medications for the 
most common diagnoses that might affect the play-
ers, since at times it becomes a challenge to identify 
a local doctor to provide the athlete with a pre-
scription. We also have supplies for a small surgery, 
should stitches be necessary to close a wound. The 
physical therapist who travels with us brings all his 
equipment as well, since the majority of the players 
need his help daily. We may also visit local health-
care practitioners if we think their services would 
be helpful (like an acupuncturist when in Asia).

Figure 14.5 Calcified quadriceps tendinitis in a 
professional volleyball player.
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Lastly, it is advisable to have a “disaster plan” in 
case an athlete’s injury requires prompt inter vention 
that is unavailable or inadvisable in the host country. 
I recall that in my first official match as a team doctor 
for the men’s national team, one of our athletes rup-
tured his patellar tendon, necessitating his prompt 
return to Brazil to facilitate surgical repair (Figure 14.6).

In conclusion, matches and championships 
are often decided in the details, so taking care to 
p rovide the best conditions for the team can make 
a big difference in the final result.

Brazilian volleyball: the Diamond 
Generation

Getting to the top is difficult, but remaining there 
is even more difficult.

(Bernardo Rezende,  
Brazilian national men’s team coach)

In the 1980s, the Brazilian national men’s team 
experienced their best results ever. However, win-
ning silver medals in the 1982 World Championship 
and the 1984 Los Angeles Olympic Games in 1984 
proved to be a mere prelude to the team’s success in 
the 1990s through 2010. In 1992, the Brazilian 
men won the gold medal at the Olympic Games in 
Barcelona, thus becoming known as the “Golden 
Generation.” Between 2001 and 2010, Brazil won 
three World Championships, eight World League 
titles, two World Cup trophies, and three Olympic 
medals (two silver and one gold). This group of ath-
letes became known as the “Diamond Generation” 
(Figure 14.7).

What is the difference between a team or an 
a thlete who wins repeatedly (such as the Diamond 
Generation) and a team or an athlete who always 
comes up short of the medals stand? Athletes can 
be born with the DNA that provides the blueprint 
for the physical capacity to play volleyball. But it is 
only when ability is mixed with determination and 
hard work, in an environment that pushes athletes 
and teams to succeed, that special talents are cre-
ated. Those who would be the best are the athletes 
who are driven to succeed, and are willing to put in 
the effort to improve year after year. Some players 
burst upon the scene from nowhere, but they do 
not commit to improving and growing with the 
team, and so they fail to progress to elite status.

If a team can attract players with all the desired 
qualities, and has a coach who works tirelessly day 
and night considering every detail on and off the 
court and is respected by his/her staff and the 
p layers, then that team will definitely be successful 
once they develop the intense focus and concen-
tration required. Those traits are what distin-
guished Brazilian volleyball from other programs, 
and ultimately led to the legend of the Diamond 
Generation.

In Brazilian volleyball, we had two other cases 
where we could reach the gold standard in winning 
competitions. Our national women’s team became 
part of world elite volleyball in the 1990s, winning 
medals but facing an extraordinary Cuban team 
that won everything back then. After struggling 
at the beginning of the current century, and failing 
in the decisive moments, the team was able to 
recover, mainly in the mental aspect, and now is 

Figure 14.6 Surgical exposure of a ruptured patellar 
tendon. The large calcification in this tendon suggests 
previous injection with corticosteroid.
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the d ominant indoor team in the world, achieving 
back‐to‐back Olympic gold in Beijing and London. 
The other example is Brazilian beach volleyball. 
Since it became a Olympic sport, Brazil (along with 
the USA) has been dominating the medal stand in 
World Championships and Olympic Games.

Winning or losing is part of any sport. It is my 
hope, however, that Brazilian volleyball can continue 
to help our men’s and women’s teams maintain their 
top rankings, both indoors and on the sand.

Conclusion

The care for the elite volleyball athlete is unique. He 
or she competes year round and is vulnerable to 
multiple stressors. It is important to provide the elite 
athlete with state‐of‐the‐art medical care, including 
injury prevention, treatment, and rehabilitation. 
The national team physician may also be responsible 

for prescribing proper medication, managing 
doping‐related issues, counseling the athlete on 
nutrition and the use of dietary supplements, and 
attending to travel‐related issues. It is of critical 
importance to build an experienced support 
staff  around the team in which all members 
are  open to the suggestions of others and work 
c ooperatively. In doing so, the international 
v olleyball athlete can concentrate fully on the 
core goal of any elite athlete: winning games and 
competitions!
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Introduction

The Paralympic sporting movement has its roots in 
post‐World War II England where a physician by 
the name of Ludwig Guttmann conceived of sport 
as a means of enhancing the rehabilitation of 
s pinal cord‐injured soldiers being treated at the 
Stoke Mandeville Hospital. Guttmann subsequently 
organized the first International Wheel Chair 
Games to coincide with the 1948 London Olympic 
Games. The Wheel Chair Games evolved into the 
Paralympic Games, which were first held in 1960 
in conjunction with the Rome Olympics. Since 
then, the Paralympic movement has grown to 
include athletes with many types of physical 
impairment and disability. Over this intervening 
half‐century, several sports have been adapted to 
allow a growing number of impaired individuals 
the opportunity to participate and compete.

In the mid‐1970s, the World Health Organization 
published the International Classification of 
Impairments, Disabilities, and Handicaps (ICIDH). 
The ICIDH established a concept of disability 
which first defines the level of functional impair
ment suffered by the individual as a result of 
injury  or disease, and then proceeds to evaluate 
the resulting disability and handicap caused by 
the impairment. The ICIDH therefore provides 
a  c onceptual framework that has improved our 
a bility  to accurately communicate the extent to 

which an individual with an impairment may be 
functionally limited.

The ICIDH defines the following terms.
1. Impairment: is any loss or abnormality of psychologi-
cal, physiological, or anatomical structure or function. 
An example would be a volleyball player with a 
transtibial (below‐knee) amputation.
2. Disability: is any restriction or lack of ability 
(resulting from an impairment) to perform an activity 
in the manner or within the range considered normal 
for a human being. An example would be the 
a bility  of the aforementioned volleyball player 
to ambulate without a prosthesis or other assistive 
device.
3. Handicap: is a disadvantage for a given individual, 
resulting from an impairment or a disability, that limits 
or prevents the fulfillment of a societal role that is 
c onsidered normal (depending on age, sex, and social 
and cultural factors) for that individual. For example, 
the individual with the trans‐ tibial amputation 
would be expected to be handicapped with regard 
to sports participation.

However, volleyball has been adapted in several 
ways to permit participation by individuals with 
impairments, thereby eliminating the role‐specific 
handicap. The various forms of adapted volleyball 
may be played by individuals with a variety of 
physical and mental impairments and disabilities, 
including (but not limited to) limb amputation, 
neuromuscular disorders, and hearing loss (deafness). 
As a result, the impaired individual may be disabled 

Adapted volleyball for the athlete 
with an impairment
Jonathan C. Reeser
Marshfield Clinic Research Foundation, Marshfield, Wisconsin, USA

Chapter 15



182 Chapter 15

but, thanks to a modification of the sport, may not 
be handicapped with regard to participation in 
volleyball.

In order for competition between individuals 
with various impairments to be fairly contested, 
there are accepted international standards which 
must be met for the athlete to be eligible for compe
tition. For example, for an athlete to be eligible for 
the World Games for the Deaf, she/he must demon
strate a hearing loss of 55 dB or greater in both ears 
(a standard established by the Comité Internationale 
des Sports des Sourdes  –  CISS). Individuals with 
mental retardation (defined as an IQ of less than 
70) can participate in the volleyball competition of 
the Special Olympics International World Games. 
To participate in adapted volleyball internationally, 
an individual must have a physical disability.

The two forms of volleyball that have been most 
recently contested during the Paralympic Games 
are sitting volleyball and standing volleyball. 
Only  sitting volleyball is included on the current 
Paralympic calendar.

Sitting volleyball

Sitting volleyball, considered by some to have 
evolved from a fusion of volleyball with the German 
game of “sitzball,” was developed in the Netherlands 
where the first competitive match was played in 
1957. Sitting volleyball has subsequently grown 
into the most popular form of adapted volleyball 
for individuals with physical impairment.

Sitting volleyball varies from conventional 
v olleyball in three obvious ways:
1. the court is smaller (10 × 6 m total dimension, 
compared to 18 × 9 m for the standing game)
2. the net is lower (1.15 m for men/1.05 m for 
women versus 2.43 m for men/2.24 m for women 
in regular volleyball) (Figure 15.1)
3. participants must remain “seated” during com
petition (the rule stipulates that it is obligatory for 
a player’s buttock or part of the athlete’s torso to 
remain in contact with the floor at all times) 
(Figure 15.2).

Figure 15.1 Sitting volleyball is played on a smaller court, with a lower net, than is able‐bodied volleyball. 
Source: World ParaVolley. Used with permission of World ParaVolley.
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To participate in international competition, the 
sitting volleyball athlete must meet a “minimum 
standard of disability” as defined by World Para
Volley (WPV), the international governing body for 
sitting and standing volleyball (Figure 15.3). This 
means that the athlete’s impairment may appear 
minimal but nonetheless prevents the individual 
from competing in the conventional version of 
the  sport. The process by which athletes with an 
impairment are evaluated for qualifying disability 
is referred to as “classification.” Classification eval
uates the extent to which individuals with physical 
impairments are capable of moving and perform
ing the physical actions demanded by the sport, i.e. 
classification defines their sport‐specific level of 
functional limitation. Sitting volleyball classifica
tion is based on the “Amputee and Les Autres” sys
tem used by the International Sports Organization 
for the Disabled (ISOD). In general, classification 
is conducted u tilizing one or more of the following 
measures: the level of amputation, muscle strength, 
joint range of motion, and differences in limb 
length.

Furthermore, there are minimum team stand
ards which must be met in an effort to ensure that 

fair functional balance is maintained between 
teams. “Class allocation” refers to the process of 
quantifying the amount of disability that results 
from the qualifying impairment. In sitting volley
ball, there are only two recognized categories: 
minimal disability (MD) and disabled (D) 
(Figure  15.4). WPV regulations for international 
competition require that of the six people who 
comprise a sitting v olleyball team (i.e. the athletes 
on the court at the same time), only one may carry 
a “minimal disability” classification. In many 
countries, sitting volleyball is also enjoyed recrea
tionally by mixed teams featuring both able‐
b odied and impaired persons, making sitting 
volleyball truly an integrated sporting pastime at 
the grassroots level.

Standing volleyball

A “standing” version of adapted volleyball for 
a thletes with physical impairments has also 
gained considerable popularity around the world. 
Standing volleyball is not presently contested in 

Figure 15.2 The rules for sitting volleyball stipulate that the athlete’s buttocks or torso be in contact with the 
playing surface at all times. Source: World ParaVolley. Used with permission of World ParaVolley.



184 Chapter 15

the Paralympic Games, having last been on the 
schedule during the 2000 Paralympics in Sydney.

Originally developed in Great Britain, standing 
volleyball is played by individuals with congenital 
or acquired limb deficiency (“amputation”) or 
other neuromuscular limb impairment. The rules 
for disabled standing volleyball are modified only 
slightly from those of the Fédération Internationale 
de Volleyball (FIVB). Court size and net height are 
unchanged, as are the basic rules governing scor
ing and ball handling. The only significant differ
ence is that each athlete must meet a minimum 

level of disability as defined by the classification 
system endorsed by World ParaVolley. This system 
considers level of amputation, loss of motor func
tion, and restricted range of motion, in an effort 
to group athletes with similar movement poten
tial together. Based on their disability classifica
tion, players are assigned to one of three classes: A, 
B, or C. In g eneral, athletes with greater functional 
limitations are  assigned to class C, while those 
with minimal degree of impairment are assigned 
to class A (class B is intermediate). During sanc
tioned international competitions, each standing 

Figure 15.3 World ParaVolley is the international governing body for the adapted forms of volleyball that are 
competed throughout the world. Source: World ParaVolley. Used with permission of World ParaVolley.
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Shoulder
– No movement (cannot raise
above 90 degrees)
Classification: FULL DISABLED

Upper limb
– One limb shorter by more than 1/2
Classification: FULL DISABLED

Lower limb
– One limb shorter by more than 1/3
– Paralysis of limb
Classification: FULL DISABLED

Lower limb
– Weakness of limb
– Decreased range of motion due to
injury (eg. severe ACL tear)
– One limb shorter by up to 1/3  
Classification: MINIMAL DISABLED

Amputee above elbow
Classification: FULL DISABLED

Amputee below elbow
Classification: FULL DISABLED

Amputee above knee
Classification: FULL DISABLED

Amputee below knee
Classification: FULL DISABLED

Foot (amputation above toes)
Classification: MINIMAL DISABLED

Ankle (fused or decreased motion)
Classification: MINIMAL DISABLED

Hip (replacement joint)
Classification: MINIMAL DISABLED

Wrist (reduced movement)
Classification: MINIMAL DISABLED

Elbow (no movement)
Classification: MINIMAL DISABLED

Upper limb
– Weakness or paralysis of limb
– One limb shorter by up to 1/2
Classification: MINIMAL DISABLED

Classification Figure for International Sitting Volleyball
The below diagram is a guideline for international classification. The classification below does not prevent other athletes from

competing at community, club and national levels.

Hand and fingers
(7+ digits missing or not functional)
Classification: MINIMAL DISABLED

Figure 15.4 For international sitting volleyball competitions, athletes must be classified prior to any participation. 
Athletes will be classified as either minimal disability (MD) or full disabled. Teams can only have two MDs on the 
roster and one MD on the court at any given time. Source: World ParaVolley. Used with permission of World 
ParaVolley.
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team must have no more than one class A player 
on the court and at least one class C player on the 
court at all times.

Adapted beach volleyball

With the growing popularity of the beach game, 
an effort has been made to adapt sand volleyball 
to provide persons with physical impairments the 
opportunity to enjoy the sport and compete on 
the  beach. The two versions (sitting and stand
ing) f ollow a combination of the rules of able‐
bodied beach volleyball, and World ParaVolley 
sitting and standing volleyball. Sitting beach 
volleyball is played with three players on a team, 
on a court measuring 4 × 4 m. Standing beach 
v olleyball is played on a regulation 8 × 8 m court 
with three players per team. For purposes of 
c lassification, only one minimal disability athlete 
may be included per team (the equivalent of a 
class A standing player). The remaining two 
p layers (no substitutions allowed) must be the 
equivalent to a  standing class B or C rating. At 
present, sitting and standing beach volleyball are 
not contested in the Paralympics, nor is standing 
indoor volleyball.

Injury patterns

Volleyball, in virtually all its forms, has developed 
into a sport of explosive, powerful skills. These 
skills place enormous demands on the musculo
tendinous and ligamentous structures of the 
shoulders, low back, hips, knees, and ankles, and 
consequently these structures are at increased risk 
for injury. Since congenital and acquired limb 
deficiencies, combined with the use of prosthetic 
limbs, may result in significant biomechanical 
alterations of how sport skills are performed, to 
say nothing of how loads are absorbed and dissi
pated, soft tissues along the kinetic chain may be 
at even greater risk of overload and overuse injury 
compared to the able‐bodied athlete (Stewart 
1983). On the other hand, the biomechanical 

demands of adapted sport may be significantly 
d ifferent from those of the able‐bodied version. 
It  would be reasonable to speculate, then, that 
v olleyball athletes with impairments may be at 
increased risk for injury when compared to their 
able‐bodied counterparts. Unfortunately, there is 
scant published research on this topic in the world 
literature.

Ferrara and Petersen (2000) and Nyland et al. 
(2000) have studied the injury trends among ath
letes with physical impairment, but their studies 
did not focus on adapted volleyball specifically. 
Although it might appear reasonable to deter
mine the risk of volleyball injuries based upon 
research focusing on other forms of adapted sport, 
most of the recent sport literature focuses on 
wheelchair athletics and on adapted alpine skiing, 
sports that do not share common equipment 
movement p atterns or physiological demands 
with volleyball (Busconi and Curtis 1995; 
Shephard 1988). Ferrara et al. (1991) retrospec
tively studied injury prevalence among several 
disabled sports groups and concluded that disa
bled athletes had injury rates comparable to able‐
bodied athletes. However, the sport‐specific 
injury patterns of impaired athletes understanda
bly differed from those of able‐bodied athletes 
competing in similar sporting disciplines.

Other researchers, however, have concluded 
that disabled athletes are “more vulnerable to 
stress and fatigue” (Jackson and Fredrickson 
1979), and have suggested that “there is a need … 
for better training of disabled athletes” (Calmels 
et al. 1994). These factors might be hypothesized 
to present a significant problem for standing vol
leyball athletes, in view of the fact that most are 
limb amputees and the use of a prosthesis involves 
c onsiderable metabolic cost. Studies have demon
strated that an i ndividual with a below‐knee 
amputation expends between 15% and 55% more 
energy during ambulation than does a nonamputee 
(Gailey et al. 1997).

Only three studies have been published that 
investigate the injury history of disabled volley
ball athletes. In their survey of injuries occurring 
among1992 British Paralympians, Reynolds et al. 
(1994) reported that 90% of the volleyball team 
members were treated for injuries suffered during 
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training or competition – the highest percentage 
among any of the 15 British disabled sports teams 
that participated in the Barcelona Paralympic 
Games. Unfortunately, the authors did not specify 
if these were standing or sitting volleyball players, 
nor did they provide a sport‐specific or diagnosis‐
specific breakdown of the different injuries sus
tained and treated. The second study investigated 
the incidence of osteoarthritis in the sound lower 
limb among male lower limb amputees who also 
play volleyball (Melzer et al. 2001). The authors 
found that amputees have a higher prevalence of 
knee joint arthritis in the sound limb than in 
matched healthy controls.

The third study was a self‐reported retrospective 
review of the injury history of disabled standing 
volleyball athletes participating at the 1996 Atlanta 
Paralympic Games (Reeser 1999). Based on the ath
letes’ own estimation of the number of volleyball 
exposures (practices or competitions) within the 
preceding year, a time‐lost injury rate of approxi
mately 8.5 per 1000 athlete exposures was calcu
lated. The most frequently injured body parts were 
(in rank order): the ankle/foot, shoulder, wrist/
hand, and knee. The most common diagnoses were 
sprain, strain, tendinitis, and bursitis. The majority 
of injuries reported by the standing volleyball 
Paralympians who participated in the study were 
described as new (60%) and occurred during prac
tice or warm‐up more often than during competi
tion (64% versus 36%). These percentages are 
similar to those documented by the Injury 
Surveillance Program for women’s collegiate vol
leyball in the United States (Datalys, Indianapolis, 
IN). As with able‐bodied volleyball players, skills 
involving jumping, such as blocking and spiking, 
were identified most f requently as the activities 
leading to injury. Furthermore, 80% of the ankle/
foot injuries were reported as being caused by con
tact with another player. The majority of reported 
injuries involved the lower limb (58%), compara
ble with the NCAA ISS data (61%). The residual 
limb or prosthesis was involved in less than half of 
the lower limb injuries, and in none of the upper 
limb injuries reported. Fifty‐six percent of the time, 
the athlete returned to participation within 6 days, 
compared to 73% of the time reported for NCAA 
women’s volleyball during the 1995–1996 season. 

However, more time off was taken for injuries 
occurring earlier in the season than was taken for 
injuries occurring later in the season. This observa
tion may reflect injury severity, or simply indicate 
the reluctance of Paralympians to miss important 
season‐ending competitions.

Comparison between the injured and nonin
jured groups revealed no significant difference 
between the estimated number of athlete expo
sures per year. Those athletes who reported 
i njuries were more likely to have lower limb 
impairment as a cause of their disability. However, 
there was no relationship between the nature of 
the athlete’s impairment and the body part 
injured, diagnosis, or severity of injury (as gauged 
by time off from training or competition). Lower 
limb injuries were associated with a longer time 
off for healing compared with upper limb injuries. 
Injured athletes were less likely to participate in 
strength and conditioning programs during the 
season than were uninjured athletes. Finally, play
ers who remained healthy throughout the year 
were somewhat more likely to have played volley
ball prior to becoming disabled, or have had a 
congenital disability, than were players in the 
injury subgroup (57% versus 43%).

The estimated injury rate for elite disabled 
v olleyball players reported in this study is over 
twice as high as the injury rates reported in 
other  studies of able‐bodied volleyball players. 
Unfortunately, due to differences in study design, 
meaningful comparison of these data with other 
existing studies is not possible. The results suggest, 
however, that disabled standing volleyball players 
sustain similar kinds of injuries, involving similar 
etiological factors, as their fellow able‐bodied ath
letes. Disabled volleyball players with lower limb 
impairment do appear to be at an increased risk of 
injury when compared to their teammates with 
upper limb impairment. Adaptive biomechanical 
alterations or substitutions occurring during per
formance of volleyball‐specific skills involving 
jumping may contribute to the increased injury 
incidence in this subgroup (Kibler et al. 1992; 
Molnar 1981), and may also contribute to an 
increased risk of osteoarthritis in  the sound tibi
ofemoral joint. This suggests that unique, individu
alized training and conditioning programs should 
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be designed for athletes based on their impairment 
to minimize the risk of injury and to facilitate their 
rehabilitation from injury.

Finally, the data indicate that players who 
remained healthy were more likely to have a 
c ongenital impairment or have learned to play vol
leyball prior to their disability. While not 
s tatistically significant, this observation raises 
questions regarding motor learning of sport‐
s pecific skills following a disabling injury or illness. 
From a coaching standpoint, it would be p rudent 
for coaches of disabled athletes to pay particularly 
close attention to form and technique when teaching 
new volleyball skills to minimize the risk of overuse 
pathology brought on by subclinical biomechanical 
adaptations or substitutions.

Summary

As the Paralympic movement attests, disabled sport 
has evolved from therapeutic recreational activities 
introduced by Ludwig Guttmann into intensely com
petitive international sport (McCann 1996). As these 
elite athletes strive to become stronger, run more 
swiftly, and jump higher, their risk of injury increases 
(Webborn and Emery 2014). Although much research 
needs to be conducted, the limited work that has 
been published appears to demonstrate that disabled 
volleyball athletes may have an  increased risk of 
injury compared with their able‐bodied counterparts. 
As adapted volleyball continues to grow in popular
ity, it may be that future volleyball competitions will 
feature greater integration of disabled and able‐
bodied athletes. It  would therefore behoove all 
volleyball coaching and sports medicine personnel to 
understand the injury patterns of disabled athletes so 
that they receive the optimum care they deserve. 
Clearly, f urther prospective studies are needed to 
improve our understanding of the natural history of 
injuries among volleyball players with an impair
ment. In particular, research is needed in the area 
of sitting volleyball. Because sitting volleyball attracts 
athletes with different impairments than does 
standing volleyball, it follows that injury patterns 
may differ between the two forms of adapted sport.
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Introduction

What makes competition fair? Is it comparable 
age? Equal strength? Is there a minimum IQ that 
results in fairness? What of socioeconomic status? 
The best answer to the question is probably “All of 
the above” since there are undoubtedly competitions 
in which an unequal distribution of any of these 
traits could systematically influence the competitors’ 
chance of victory. In sport, one consistent answer 
is sex.

Postpubertal males typically outperform females 
of similar developmental status due to superior 
physical traits (on average) whose expression is 
(in part) developmentally regulated by testosterone. 
In fact, testosterone and many other genes partici
pate in a tightly orchestrated process whose out
come is an individual’s trainable phenotype that 
includes size, strength, and speed. Consequently, 
to ensure fair competition, it has always stood to 
reason that males should compete against males, 
and females should compete against females.

This seems intuitively obvious, and as long as sex 
is reliably a dichotomous condition, the paradigm 
of competing against members of the same sex 
makes sense. But what happens when the relation
ship between sex and elevated levels of endoge
nous androgens becomes disconnected? How do 
we maintain the promise of fair and equitable 

a thletic competition in the face of variable hormone 
levels, or indeed variable sexes?

The process by which a fertilized egg becomes a 
female or a male is a multistep process that is much 
more complicated than the simple chromosomal 
paradigm XX = female and XY = male would sug
gest. At every step along this complicated, geneti
cally determined developmental pathway, there 
exists the possibility that a statistically improbable 
event will occur that will influence the degree and 
timing of the physiological response to endo
genous androgens. In fact, a continuum of states 
has been described. These were once termed “inter
sex” but have more recently been identified by 
the  descriptive nomenclature [46,XY Disordered 
Sex Development]. “Issues of sexual identity” also 
seems an appropriate way to characterize the 
struggle that these athletes encounter.

Although volleyball is (as far as we know) no 
more or less affected by issues of sexual identity 
than any other sport, it seems appropriate to discuss 
the potential impact of both disordered sex devel
opment (DSD) and transsexuality (TS) on the sport, 
including our ability (or inability) to guarantee 
freedom from issues of sex bias and resultant 
p henotypic inequality in sport. As we shall see, 
these “statistically improbable events” have the 
power to challenge long‐established paradigms of 
what constitutes fairness on the athletic pitch or 
volleyball court.

Issues of sexual identity
William W. Briner, Jr 1 and Jonathan C. Reeser 2
1 Hospital for Special Surgery, Long Island, Uniondale, New York, USA

2 Marshfield Clinic Research Foundation, Marshfield, Wisconsin, USA

Chapter 16
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Disorders of sex development

Disorders of sex development is a catch‐all phrase 
that collectively describes the morphological and 
functional outcomes of a variance in the sex deter
mination pathway (Box 16.1). One cause is insensi
tivity to androgens due to a faulty androgen 
receptor, despite the presence of an XY karyotype. 
Other possible etiologies of DSD in XY individuals 
include genetic mutations leading to 5‐alpha 
reductase deficiency, 17‐alpha reductase deficiency, 
or C17 hydroxylase deficiency, all of which may 
profoundly virilize at puberty with activation of 
alternative pathways. In XX fetuses, defects in the 
pathway leading to production of cortisol and 
compensatory ACTH secretion result in congenital 
adrenal hyperplasia with variable, at times pro
found, virilization.

Depending on the exact cause of the DSD, the 
phenotypic consequence is typically apparent at 
birth. The newborn infant may demonstrate a vari
ety of phenotypes ranging from that of a “normal” 
female (but with undescended testes) to hermaph
roditic with a rudimentary vaginal orifice and dis
tinct clitoral hypertrophy. This genital ambiguity 
makes it difficult for the obstetrician and parent(s) 
to designate the infant as definitively male or 
female. Thus, the descriptive phrase “disorders of 
sex development” (or differences, as some advocates 
prefer) has gained favor to describe these “intersex” 

phenotypes that lie somewhere in the middle of 
our traditional binary concept of sex as either male 
or female. From a practical standpoint, in most 
instances of DSD the individuals are raised as females 
even though they may have a Y chromosome.

Historical perspective

In the mid‐1960s, the International Olympic 
Committee (IOC) and the International Amateur 
Athletics Federation (IAAF, the international 
g overning body for track and field) encountered a 
rash of female athletes who were decidedly mas
culine. Among the possible explanations enter
tained to explain this influx of females with male 
characteristics (who also happened to be very 
good athletes) was that men were masquerading 
as females. In order to discourage misrepresenta
tion of identity and to ensure that “athletes are 
competing on an equal basis considering their 
physical status,” it was decided to require sex veri
fication tests of all athletes registered to compete 
in female contests.

Regrettably, the first attempts at sex identifica
tion were clumsy and unquestionably demeaning 
to the competitors. In 1966 at the European Track 
and Field Championships and in 1967 at the Pan 
American Games, female athletes had their geni
tals directly examined by a panel of physicians. 
There were complaints about this procedure, and 
it was decided to replace visual inspection with 

Box 16.1 Examples of “disordered sexual development.”

Athletes with conditions that afford no advantage over females 
should be allowed to compete as females.

1. Complete or almost complete androgen insensitivity (previ-
ously known as “testicular feminization”). These individuals are 
genetically male, with XY sex chromosomes, but they are not 
responsive to testosterone. As a result they develop as pheno-
typic females, and do not gain any performance advantage from 
circulating testosterone.

2. Gonadal dysgenesis, in which individuals also develop female 
external genitalia, are genotypically XY. They have streak 
gonads which cannot produce sex hormones and do not expe-
rience puberty. Streak gonads are typically surgically removed 
at the time of diagnosis and exogenous female h ormones are 
administered.

3. Turner syndrome is a condition affecting females in which one 
of the sex chromosomes is absent or partially missing. These 

individuals have a 45X or 45XO genotype, and distinct physical fea-
tures. They likewise do not secrete sex hormones and one aspect 
of treatment is often estrogen and progesterone replacement.

There are other conditions that may accord some theoretical 
a dvantage but have not been proven to enhance performance over 
other females. Athletes with these conditions should also be 
allowed to compete as females in most situations.

1. In congenital adrenal hyperplasia, genetic females’ adrenal 
glands secrete greater than normal amounts of adrenal 
h ormones and may secrete androgens. However, this has not 
been conclusively shown to enhance performance.

2. Androgen‐producing tumors may result in elevated testos-
terone levels, but have not been demonstrated to result in a 
definite enhancement of athletic performance.

3. Anovulatory androgen excess or polycystic ovarian 
s yndrome do not confer any competitive advantage.
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microscopic analysis of the presence of a Barr body 
in epidermal cells collected by a buccal smear 
(Figure 16.1). This represented a more “scientific” 
means of confirming female sex (defined by an XX 
karyotype), but the test lacked specificity. In fact, it 
was never a valid test for its stated purpose. It 
excluded women without significant physiological 
advantage over their competition, such as XY 
females with complete androgen insensitivity, 
while it missed XX women with congenital adrenal 
hyperplasia or androgen‐secreting tumors who 
might have had a theoretical competitive advan
tage. In fact, from the time sex testing was intro
duced through to its formal discontinuation, no 
male was ever caught misrepresenting a female. 
There were accusations that a male participated on 
a female Asian volleyball team competing in the 
1972 Munich Olympic Games, but this remains 
unproven.

While Barr body testing could not “level the 
playing field”, it did effectively devastate the per
sonal life and careers of many unsuspecting female 
athletes. The first athlete to be disqualified due to 
absence of a Barr body was Polish sprinter Ewa 
Klobukowska. During a trial of the testing proce
dure at the 1967 European Cup, Ms Klobukowska 
was found to have “an extra chromosome” and 
“internal, male‐like characteristics.” María Patiño 
was the Spanish national hurdles champion and in 
fact had been previously awarded a “certificate of 
femininity” (Figure  16.2) when she was screened 
out of competition by a test conducted prior to the 

1985 World University Games. She was subsequently 
found to have complete androgen insensitivity. 
After suffering the shock and public humiliation of 
this disqualification on the athletic stage, Ms 
Patiño became the first woman to be reinstated 
after protesting her disqualification.

The demise of sex testing

After two decades of experience, geneticists were 
aware of some of the shortcomings of the karyo
type test, but despite their collective protest, IOC 
and IAAF procedures remained unchanged. During 
these years, athletes who tested as “not XX” could 
either quietly withdraw from competition or sub
mit to an extensive gynecological and clinical 
examination to decide whether they should be 
banned or allowed to compete. A very few followed 
Ms Patiño’s lead. Eduardo Hay, former chair of the 
IOC Medical Commission, estimated that “one or 
two women” were found to have DSD during each 
Olympic Games, beginning with Mexico City in 
1968 and culminating at Calgary in 1988. Although 
the exact number is not known with any accuracy, 
over the years it seems probable that many female 
athletes may have disqualified themselves because 
of misunderstanding of the procedure or to avoid 
embarrassment over possible results. Others may 
have been screened out prior to the Olympics.

Now sufficiently concerned about the impact 
Barr body testing was having on its female athletes, 
in 1990 the IAAF convened a group of expert 

Figure 16.1 A Barr body represents an inactivated X chromosome. Barr bodies are visible on the periphery of the 
nuclei in the cells on the right (arrows), suggesting that two copies of the X chromosome are present in these cells.
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physicians, scientists, and athletes to address the 
issue. The panel arrived at three conclusions. First, 
that individuals with intersex states and raised as 
females have no unfair physical advantage and 
should not be excluded from competing as females 
or stigmatized. No longer would females having 
nondrug‐induced masculinization, such as those 
with 21‐steroid hydroxylase and 5‐alpha‐steroid 
reductase deficiency, incomplete androgen insen
sitivity or chromosomal mosaicism, be restricted 
from competition. Second, that gender screening 
based upon identification of Y chromosomal 
material should be abandoned. Third, only males 
masquerading as females should be excluded from 
female competition. Despite point two above, 
IOC medical officials decided to retain a deterrent 
to sex subterfuge and adopted a more advanced 
buccal screen employing polymerase chain reac
tion (PCR) technology to detect (supposedly) 
male‐specific SRY genetic sequences. Some felt 
that the IOC had missed the point in simply 
m andating another genetic screen, but there was 

optimism that the PCR test would succeed where 
the Barr body test had failed.

It did not. Despite the less than hoped for result, 
the PCR testing mechanism remained in effect 
through the 1996 Atlanta Summer Olympics. In 
Atlanta, eight of 3387 female athletes tested posi
tive for male genetic material. Of these eight, seven 
had the androgen insensitivity syndrome (three 
complete and four incomplete). Six of the eight 
had had previous gonadectomy. None of the eight 
was excluded from competition, and there were no 
males caught masquerading as females. This posi
tive test rate of 0.24% was consistent with the prior 
Olympics (Albertville, Barcelona, Lillehammer) for 
which PCR data were available. The fact that this 
screening resulted in no disqualifications argued 
against the utility of screening. Others voiced con
cern regarding the time, effort, and cost of this 
questionable endeavor. In Atlanta, for example, 58 
professionals donated from 18 to 90 days of their 
time, and the lab testing alone cost more than 
$150 000.

Figure 16.2 Maria Patiño’s certificate of femininity issued prior to the World Championships in 1983. Two years 
later, she forgot to bring the card with her to the World University Games. Karyotype analysis on that occasion 
demonstrated her to have an XY genotype, resulting in her suspension from competition.
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While the goal of sex testing was reasonable in 
theory, in practice it was difficult to justify the 
testing being performed. By 1999, after more than 
30 years of maintaining a policy of mandatory 
female sex identification, the IOC was ready to 
accept the recommendation of medical experts and 
its Athlete Commission and it discontinued blanket 
sex testing prior to the 2000 Sydney Olympic Games.

For over a decade, there was no compulsory sex 
testing for females. Then Caster Semenya, a South 
African middle distance runner, recorded a domi
nant performance in winning the 800 m at the 
Women’s World Track and Field Championships in 
2011. Her masculine physique sparked fears that 
elevated endogenous testosterone concentrations 
characteristic of DSD could provide an unfair per
formance advantage. Subsequently, the IOC and 
IAAF hurriedly established regulations prohibiting 
participation by female athletes if their serum 
t estosterone concentrations exceeded 10 nmol/L, 
which represents the lower limit of the male testos
terone reference range. Adopted in time for imple
mentation at the 2012 London Olympic Games, it 
wasn’t long afterwards that an Indian sprinter 
named Dutee Chand challenged the regulation in 
court. In 2015, the Court of Arbitration for Sport 
(CAS) ruled that endogenous testosterone, even at 
concentrations within the male range, had not 
been indisputably proven to provide females with a 
significant athletic advantage compared to those 
with a lower concentration of testosterone. The 
court did allow that such evidence may yet be 
forthcoming, and granted the IAAF an opportunity 
to present new data at a future time. For now, how
ever, by court order no sex testing or performance 
screening is being conducted. In fact, at the time of 
this writing, as a result of this CAS ruling, there 
are no plans to screen athletes competing as females 
in the 2016 Rio de Janeiro Olympic Games for 
hyperandrogenism.

Nearly 40 years after the first sex testing was per
formed, we have seemingly come full circle. In the 
end, the IOC’s desire to promote fair and equitable 
competition for its female participants has made us 
wiser regarding the continuum of human sexual 
development, and how we define male and female 
sex. The experience has led to an understanding 
that genetic based sex testing has distinct limitations 

that challenge its utility, and that phenotype is as 
important a consideration as genotype.

Transsexual athletes

Transsexuality exists when a person identifies 
strongly with the sex opposite their birth sex, and 
seeks to adopt a new sexual identity and pheno
type. This process is referred to as transitioning 
between sexual phenotypes, and is made possible 
through manipulation of sex hormones and sex 
reassignment surgery.

The timing of the transitioning process influ
ences the posttransition phenotype, and con
ceivably may leave the transsexual athlete with 
an “unfair” performance advantage, and thus the 
IOC has taken steps to regulate the Olympic par
ticipation of transsexuals. Currently, the regula
tions are in flux, but for many years the 
Stockholm Consensus served to guide Olympic 
participation by transsexuals. These guidelines 
stipulated that in order to be eligible for the 
Olympics in one’s acquired sex, the transsexual 
athlete must have undergone sex reassignment 
surgery and have completed a minimum of 2 years 
of appropriate hormone therapy. Recently, the 
requirement that the transsexual athlete undergo 
sex reassignment surgery was dropped by the 
IOC with the requirement that testosterone 
l evels be maintained <10 nmol/L for a minimum 
of 12 months before competition. It is too 
soon to know what effect this decision will have 
on the participation of transsexuals at the 
Olympic level.

Timing and direction of transition

An increasing number of cases of transsexuality are 
diagnosed before puberty. Puberty is a time during 
which young men and women begin to explore their 
sexuality. It is also a time during which males acquire 
the androgen‐dependent traits that generally give 
them competitive advantages compared to women. 
Some of these traits become immutable (e.g. height) 
while others are more malleable (e.g. muscle mass). 
Thus, puberty serves as a developmental landmark 
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that guides the extent of intervention necessary to 
manipulate sex, depending on the direction of the 
transition to be effected (Box 16.2).

Females who identify as males
Although the typical volleyball female phenotype 
has evolved over the years, the average female vol
leyball athlete is shorter and less powerful than the 
average male volleyball athlete. Thus, there is little 
concern that the female who transitions to a male 
(FtM) will have gained a substantial competitive 
advantage, regardless of the timing of transition
ing. For this reason, the FtM transsexual athlete 
need only document their legal identity as a male 
to be eligible to compete as a male. However, FtM 
athletes receiving androgen therapy as part of their 
ongoing phenotype maintenance should be aware 
that excessive supplementation may lead to a 
d oping violation.

Males who identify as females
Prepubertal transitioning, male to female (MtF)
If a prepubertal male can be appropriately diag
nosed and evaluated, and undergoes appropriate 

treatment prior to onset of puberty, the develop
mental effects of testosterone should be negligi
ble. If sex reassignment surgery with gonadectomy 
is performed prior to the onset of puberty, then 
the youth should be permitted to compete as a 
female without restriction from that point for
ward. If surgery is not included and only hormo
nal suppressive therapy is prescribed, then the 
MtF transsexual will need to periodically docu
ment the ongoing success of suppression therapy 
(see Box 16.2).

Pubertal and  postpubertal transitioning, male 
to female (MtF)
Males who transition after the onset of puberty 
must maintain hormonal treatment designed to 
induce and maintain their adopted phenotype so 
as to minimize differences between competitors. 
Surgery is not mandated, but hormone levels must 
be maintained for a sufficient length of time in 
order to minimize any residual androgenic perfor
mance advantage (see Box 16.2).

Summary

While cases of transsexual or intersex athletes are 
fairly infrequent in volleyball, undoubtedly there 
will be instances in which competitive questions 
may arise. Governing bodies will do best in deal
ing with these situations if they have a mecha
nism in place to address such questions prior to 
being confronted with them. Cases, when they 
do occur, must be evaluated confidentially on an 
individual basis. As this chapter suggests, the 
p urpose and mechanism of evaluating an athlete’s 
genotype and phenotype have changed over the 
years. Ultimately, however, the steps taken to 
ensure fair and equitable competition for female 
athletes have proven to be overly cautious. 
Sporting competition seeks to determine which 
team or athlete has greater skill and ability at a 
given moment. The legendary talents of a Karch 
Kiraly or Lang Ping are undoubtedly (to some 
extent) heritable, but they were also developed 
and polished by long hours, indeed years, of 
p ractice. In many respects, there is no difference 

Box 16.2 Transsexual participation 
requirements recommended by 
the USA Volleyball Sports Medicine 
and Performance Commission 
in 2016.

Female to male, all age groups (prepubertal, pubertal, 
and adult)
All athletes must submit appropriate documentation upon 
request. Testosterone levels must not exceed the upper limit of 
the normal male reference range for their age group.

Male to female
All athletes must submit appropriate documentation upon 
request. Testosterone levels must not exceed the upper limit of 
the normal female reference range for their age group.

Age 12 and under (prepubertal or youth)
No restriction if seeking to play on a female team.

Age 13–18 (pubertal or adolescent)
Testosterone levels must be within the normal female reference 
range (for the age range) for a minimum of 6 months preceding 
the application to participate.

Age 19 and over (adult)
Testosterone levels must not exceed the upper limit of the normal 
adult female reference range for a minimum of 1 year prior to the 
application to participate.
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between the randomness of these athletes excelling 
at volleyball and an athlete who has been con
ferred a unique phenotype by virtue of issues of 
his/her sexual identity.
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Pronoun dysphoria

So, what is the correct way to refer to a transgender athlete? 
This can be a vexing question for medical providers, coaches, 
and even teammates. It demonstrates the difficulty that we as a 
society have in dealing with these issues. Even medical provid-
ers may experience discomfort when confronted with “intersex” 
conditions. Some faced with this situation may try to avoid using 
any pronoun at all. Others attempt to dodge the issue by using 
the gender neutral plural “they” or “them” to refer to an individual. 
It may not be easy, especially for those who have previously 
known the a thlete as a member of the opposite sex, but 
the answer to this question is that it is correct to refer to each 
individual in accordance with the sex with which they identify. 
“He” or “him” if they identify as male. “She” or “her” if they 
i dentify as female.
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Introduction

Doping may be defined as the illegal use of 
b iochemical substances or methods in an effort 
to  improve or maximize athletic performance. 
Fortunately, there is very little evidence to suggest 
that deliberate doping is common in the sport 
of  volleyball. Very few positive cases have been 
recorded in international volleyball since doping 
tests were started. Although systematic doping 
does not seem to be a problem, it is nonetheless 
important for players, coaches, and medical staff 
to be aware of the anti‐doping regulations of the 
Fédération Internationale de Volleyball (FIVB).

According to the FIVB medical and anti‐doping 
regulations, doping “contravenes the ethics of both 
sports and medical science, can be harmful to the 
health of the athlete, and constitutes a clear 
attempt to cheat in sports competition.” The FIVB 
definition of doping is restricted to the use of 
c ertain pharmacological agents, as well as selected 
doping methods.

The official FIVB prohibited list is based on the 
list  of banned substances published by the World 
Anti‐Doping Agency (WADA). The WADA prohibited 
list  represents the standard to which all volleyball 
players participating in international competition 
are held accountable.

This chapter will discuss accidental doping, with 
particular attention given to compliance with the 

doping rules. It will also review the anti‐doping 
programme of the FIVB. To avoid accidental 
d oping, it is, of course, essential to confirm that 
substances legitimately prescribed by the athlete’s 
personal or team physician are not on the prohib
ited list. The WADA prohibited list, which is 
updated continuously, is available at www.wada‐
ama.org. The FIVB also publishes the prohibited 
list on its website (www.fivb.com), but it is impor
tant to note that the list of banned substances and 
methods published by WADA is not exhaustive 
in  its content. Rather, it contains only selected 
examples of substances from the different pharma
cological classes in order to illustrate which types 
of agents are banned. Substances belonging to a 
banned class of pharmaceuticals cannot be used for 
medical treatment except in specific, preapproved 
situations. This applies to all agents within a drug 
class, even those not specifically enumerated in the 
published list. For this reason, the phrase “and 
related substances” is emphasized throughout the 
list of banned substances. This term refers to and 
legally encompasses all drugs that belong to the 
class by virtue of their pharmacological action(s) 
and/or chemical structure.

If a banned substance is detected in the doping 
laboratory, the relevant sports authority will act to 
sanction the athlete. This is normally the IOC 
d uring the Olympic Games, the FIVB during other 
international competitions, or the national federa
tion  –  also referred to as the national governing 
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body or NGB  –  during national competitions. It 
should be noted that the mere presence of the pro
hibited substance in the urine or blood constitutes 
an offence, irrespective of the route of administra
tion, unless a therapeutic use exemption (TUE) has 
been granted. If an athlete is prescribed medication 
by a physician or uses an over‐the‐counter prepara
tion, it is ultimately the athlete’s responsibility to 
make certain that the substance(s) taken is not 
itself, or does not contain ingredients, on the pro
hibited list. In such situations, it is important to 
check with competent medical personnel that the 
product is safe from a doping standpoint.

Many, if not most, of the ubstances found on the 
prohibited list have a therapeutic indication. 
Frequently, it is the side effect of the agent that 
results in its inclusion on the prohibited list. 
Acknowledging this, certain agents can be used to 
treat illness or disease if permission is granted by 
the supervising authority. Up to 30 days prior to 
the competition, the athlete can apply for a TUE 
which, if granted, permits the athlete to use the 
agent for reasons of specific medical treatment. 
Note that while most common illnesses can be 
treated with medications that do not contain pro
hibited substances, the TUE permits athletes whose 
complex or chronic condition may be well controlled 
with a specified agent to continue their ongoing 
treatment.

Therapeutic use exemption applications should 
be submitted to the sport regulatory agency appro
priate to the level of competition (e.g. the FIVB for 
international competition). The application will be 
reviewed by the TUE committee to evaluate the 
legitimacy of the intended use of the agent. For 
example, certain medications used in the treat
ment of asthma and other respiratory disorders are 
also powerful stimulants and are therefore banned 
as doping agents. Other agents may be approved 
with dose thresholds or restricted methods of 
administration. For instance, treatment of asthma 
with the inhaled corticosteroids salbutamol or 
f ormoterol may be allowable as long as the dosage 
does not result in drug concentrations that exceed 
specified thresholds.

Banned substances may be included in many 
d ifferent formulations, making the status of a prod
uct particularly confusing. Antitussive preparations 

have proven to be especially problematic for ath
letes in this regard. The most fool‐proof approach 
to avoiding a doping violation is the simplest: 
never take or prescribe a product for upper respira
tory symptoms, common cold symptoms, sore 
throats, cough, or the flu without first checking 
with a physician or pharmacist who has special 
expertise in the area of doping control.

Nutritional supplements

Professional athletes and amateurs alike are in con
stant search for new methods that will enable them 
to achieve better sport results in a shorter time. An 
analysis of co‐medication on the occasion of dop
ing controls shows that a high percentage of elite 
volleyball players use dietary supplements. A vast 
array of nutritional supplements is available to ath
letes. These products all claim to improve physical 
performance, often in unique ways. However, there 
is little to no scientific evidence to support the 
majority of these claims.

Generally, athletes cite three principal reasons to 
justify their supplement use: to compensate for less 
than adequate diets or lifestyles; to meet unusual 
nutrient demands induced by heavy exercise; 
and to produce a performance‐enhancing (i.e. ergo
genic) effect. In the following discussion, nutri
tional supplements (also referred to collectively as 
“nutraceuticals”) will be classified either as dietary 
supplements or nutritional ergogenic aids (Burke 
et al. 2000).

Dietary supplements

According to one proposed definition (Burke and 
Read 1993; Burke et al. 2000; Kreider et al. 2010), a 
dietary supplement should:
• contain nutrients in amounts generally similar 
to the recommended dietary intakes and similar to 
the amounts found in food
• provide a convenient or practical means of 
ingesting these nutrients, particularly in the 
a thletic setting
• permit or facilitate the attainment of known 
physiological or nutritional requirements in athletes
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• contain nutrients in large amounts for use in 
treating a known nutrient deficiency
• have been shown to meet a specific physiologi
cal or nutritional need that improves sports perfor
mance or treats a nutrient deficiency
• be generally acknowledged as a valuable product 
by sports medicine and science experts.
Agents that meet the definition of dietary 
s upplement are summarized in Box 17.1.

It is important to appreciate that dietary sup
plements do not improve sports performance 
per  se. Rather, the use of a dietary supplement 
may help the athlete achieve a specific sports 
nutrition goal that in turn creates an environ
ment that permits optimal performance. In most 
cases, the use of a supplement should be part of 
a larger plan of optimal sports nutrition or the 
clinical management of a nutritional problem. 
This means that education is important to high
light the general importance of optimal nutrition 
for athletes, and to insure that dietary supplements 
are only used when they are beneficial to the 
player.

Nutritional ergogenic aids

The second category of supplements, nutritional 
ergogenic aids, is described by the following char
acteristics (Burke and Read 1993; Burke et al. 2000; 
Kreider et al. 2010).
• They contain nutrients or other food compo
nents in amounts greater than the recommended 
daily allowances, or the amounts typically provided 
by food.

• They claim to have a direct ergogenic (work‐
enhancing) effect on sports performance, often 
through a pharmacological rather than a physio
logical mechanism.
• They often rely on anecdotal support rather 
than documented evidence from scientific trials.
• They are generally not supported by sports 
nutrition experts, except where scientific trials 
have documented a significant ergogenic effect.
Well‐conducted scientific trials have produced evi
dence that some ergogenic aids can enhance sports 
performance (Kreider et al. 2010; Russell and Kingsley 
2014). The evidence available for some ergogenic 
aids is summarized in Box 17.2. It should be noted 
that each ergogenic aid works in a specific and nar
row set of exercise situations, and thus may not have 
any effect on (or could conceivably prove to be 
detrimental to) the volleyball athlete’s performance.

There are three nutritional ergogenic aids for 
which there is some credible scientific support: 
c reatine, caffeine, and bicarbonate.

Box 17.1 Supplements that 
meet the definition of dietary 
s upplements (Burke et al. 2000; 
Kreider et al. 2010).

Sports drink
Sports gel
High‐carbohydrate supplement
Liquid meal preparation
Sports bar
Vitamin/mineral supplement
Iron supplement
Calcium supplement
Protein supplement

Box 17.2 Nutritional ergogenic aids 
classified according to the scientific 
evidence for their efficacy in sports 
(Burke et al. 2000; Kreider et al. 
2010).

With scientific support
Creatine
Caffeine
Bicarbonate

With mixed scientific support
Antioxidant supplements
Protein and amino acids
Glycerol

Lacking substantial scientific support and/or dangerous
Ginseng and related herbal products
Carnitine
Co‐enzyme Q10
Inosine
Chromium picolinate
Medium‐chain triglycerides
Smilax officinalis
Isoflavones
Glutamine
Prohormones
Chromium
Tribulus terrestris
Boron
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Creatine is a high‐energy muscle fuel. Stored pri
marily in skeletal muscle, there is some evidence to 
show that the oral intake of large doses of creatine 
can increase muscle stores of phosphocreatine. 
Since phosphocreatine provides a rapidly available, 
but transient, source of cellular energy, it appears 
to increase performance during repeated maximal 
efforts of 5–10 s duration in laboratory tests. In 
other words, volleyball players may experience a 
performance‐enhancing effect from creatine load
ing. However, it is important to note that about 
30% of individuals appear to be nonresponders. 
Creatine loading consistently leads to a weight 
increase of 1–3 kg, probably as a result of water 
retention within muscle. Such an increase in body 
weight is clearly detrimental to the jumping 
a thlete. Furthermore, the published studies have 
not been conducted with elite athletes, nor are the 
protocols and performance outcome measures 
directly relevant to volleyball. Reports have also 
suggested that creatine use can precipitate com
partment syndrome in the lower limbs. For these 
and other reasons, including the lack of large‐scale 
long‐term studies, a cautious approach to creatine 
use seems warranted.

Caffeine stimulates the central nervous system as 
well as cardiac muscle, and promotes both diuresis 
and epinephrine release and activity. There is no 
clear mechanism to explain the “beneficial” effects 
of caffeine supplementation. Whereas caffeine has 
been shown to increase performance during steady‐
state endurance exercise (such as running and 
swimming), studies examining its effect on sports 
like volleyball, which require intermittent maxi
mal performance, are lacking. The few studies 
available on short‐term maximal exercise generally 
show no effect from caffeine supplementation. 
Moreover, since caffeine is a nonrestricted sub
stance according to the doping rules, it is included 
in a so‐called monitoring program to detect patterns 
of misuse in sport.

Bicarbonate increases the buffering capacity of 
muscle, and there is some evidence that bicarbo
nate supplementation may increase an athlete’s 
anaerobic capacity. A positive effect on perfor
mance might therefore be expected in athletes who 
participate in events of medium duration that 
demand maximal effort, such as the 800 m race in 

track and field (or other predominantly anaerobic 
sporting events). There is therefore no reason to 
expect that bicarbonate loading would be physio
logically beneficial to the volleyball athlete. 
Furthermore, many athletes suffer from gastroin
testinal distress and nausea after sodium bicarbo
nate loading.

In conclusion, with the possible exception of 
c reatine, there is no evidence to support the use 
of  nutritional ergogenic aids among volleyball 
players.

Accidental doping through nutritional 
supplementation

Nutritional supplements are very popular among 
athletes, being used by up to 90% of participants in 
different athletic diciplines (Braun et  al. 2009; 
Huang et  al. 2006; Tscholl et  al. 2010). As stated 
earlier, it is vitally important for athletes, coaches, 
and sports medicine personnel to understand that 
nutritional supplements and herbal medicines may 
contain banned substances. These nutritional 
s upplements are generally produced by a (poorly) 
self‐regulated industry of food manufacturers and 
marketers in which product labeling and advertis
ing are often purposely incomplete or misleading. 
Consequently, sports nutritional supplements may 
contain banned substances and inaccurate labeling 
information (Catlin et  al. 2000; de Hon and 
Coumans 2007; Geyer et  al. 2004; Judkins and 
Prock 2012). There are several documented cases in 
volleyball and other sports of athletes testing posi
tive after consuming nutritional supplements or 
herbal medication that, unbeknown to the athlete, 
contained a banned substance that had not been 
identified in the list of ingredients.

Moreover, since supplements purchased via 
international mail order, through internet sales, or 
by personal marketing schemes are not subject to 
any scrutiny in the country of destination, it is 
important to have a global understanding of the 
regulation of supplements. In many countries, 
there is only minimal regulation of production and 
marketing. When considering the enthusiasm and 
emotive nature of the advertising claims made, it is 
important to realize that such advertising is not 
regulated either. This is especially the case with 
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products that target the bodybuilding or resistance 
training industry, where testimonials and multi
level marketing “rackets” abound.

Consequently, the use of nutritional supple
ments or herbal medication in connection with 
sports is strongly discouraged without careful con
sideration, including one‐on‐one nutritional coun
seling with a sports nutritionist. If, after thoughtful 
deliberation, the athlete and their support person
nel decide to proceed with supplement use, it is 
advisable to select products from large companies 
that also manufacture conventional dietary supple
ments such as vitamins and minerals. It is reason
able to expect that companies involved in the 
preparation of “mainstream” pharmaceutical 
products are likely to demand and achieve better 
quality control than would be expected from less 
invested companies. To protect athletes against an 
accidental positive doping test, the Netherlands 
(www.dopingautoriteit.nl/nzvt), Germany (www.
koelnerliste.com), and several other countries 
(AUS, NOR, SUI, USA, etc.) have developed pro
grams to minimize the risk of contamination and 
inadvertent doping. All the products listed there 
are tested for known stimulants and anabolic 
s teroids. However, it should be noted that contami
nation of the product or falsification of records 
cannot be definitively excluded (Geyer et al. 2008). 
Thus, any athlete who uses these products assumes 
a significant risk in doing so.

World Anti‐Doping Agency (WADA)

The World Anti‐Doping Agency was founded in 
1999. The WADA is responsible for the World Anti‐
Doping Code, adopted by more than 500 sports 
organizations including international federations, 
national anti‐doping organizations, the International 
Olympic Committee, and the International Para
lympic Committee.

World Anti‐Doping Code

The Code is a document aiming to harmonize anti‐
doping regulations across all sports and countries. 
It publishes an annual list of prohibited substances 

and methods that sport persons are not allowed to 
take or to use. The first World Anti‐Doping Code 
was implemented in 2004. Code revisions were 
adopted in 2009, 2013, and 2015 (see www.wada‐
ama.org).

The FIVB is a signatory to the World Anti‐Doping 
Code. To fulfill its responsibility to the Code, it is 
obligatory that the FIVB:

• conducts doping controls in volleyball and 
beach volleyball (in international competitions as 
well as out of competition testing)
• defines and maintains registered testing pools of 
international players
• defines the sport risk assessment
• collects whereabouts information
• follows the Code sanctions policy
• establishes an anti‐doping education program.

WADA prohibited list

The prohibited list identifies substances and meth
ods that are prohibited in competition and out of 
competition.

Substances prohibited both in and out 
of competition
• S0 Nonapproved substances
• S1 Anabolic agents
• S2 Peptide hormones, growth factors, related 
substances, and mimetics
• S3 β‐2 agonists
• S4 Hormone and metabolic modulators
• S5 Diuretics and masking agents

Methods
• M1 Manipulation of blood and blood components
• M2 Chemical and physical manipulatons
• M3 Gene doping

Substances prohibited in competition
• S6 Stimulants
• S7 Narcotics
• S8 Cannabinoids
• S9 Glucocorticoids
Alcohol and β‐blockers are prohibited in some 
sports, but not in volleyball and beach volleyball.

The list is revised at least once a year. The new 
prohibited list usually comes into effect on January 
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1 each year. The list in force is available at all times 
on www.wada‐ama.org. The prohibited list also 
includes a so‐called monitoring program for sub
stances that are not on the prohibited list, but 
which the WADA wishes to monitor in order to 
detect patterns of misuse in sport (e.g. caffeine).

The WADA has also introduced the athlete bio
logical passport to track personal use of prohibited 
substances. In 2009, the hematological module was 
launched and in 2014 the steroid module was 
introduced. Currently in use by the FIVB, any ath
lete who has a urine test entered into the Anti‐
Doping Administration and Management System 
(ADAMS) is issued a steroid passport. A single test 
may be sufficient for targeted testing or immediate 
expanded urine analyses, although two or three 
urine tests are necessary for longitudinal analysis. 
The review of sample data is conducted by an 
Athlete Passport Management Unit (APMU) which 
is responsible for the administrative management 
of athlete passports, advising the FIVB on i ntelligent 
target testing, liaising with the Expert Panel, and 
compiling and authorizing an ABP documentation 
package.

FIVB anti‐doping program

Education

A frequent complaint of an athlete caught violat
ing the anti‐doping rules is: “I did not have any 
education or sufficient information concerning the 
danger of doping.” Therefore, educating and trans
mitting information on medical and anti‐doping 
matters are major tasks in the anti‐doping program 
of the FIVB. The education programme includes 
different components.

FIVB Play Clean program
This is a web‐based, interactive education program 
aimed at athletes, coaches, and other support person
nel. There are seven modules available in different 
languages (http://playclean.fivb.org). The program is 
mandatory for all international beach volleyball and 
volleyball athletes, as well as for coaches, team 
managers, team doctors, and therapists.

The modules are:
• doping control procedures
• consequences to health
• therapeutic use exemptions
• breach of anti‐doping regulations
• the prohibited list
• dietary supplements
• whereabouts.
When all modules are successfully completed, a 
certificate is issued. This certificate is used to 
c onfirm that all FIVB requirements are fulfilled and 
authorizes the player to take part in FIVB competi
tions. Some national federations have also made 
this a requirement at the national league level.

Through 2014, more than 7000 users completed 
the FIVB Play Clean program. More than 4000 
international beach volleyball and volleyball ath
letes have been educated and moved from being 
passive to become active players in the field of edu
cation and in the fight against doping. Detailed 
information for athletes, coaches, and team manag
ers can be found at medical@fivb.org or www.wada‐
ama.com (Education and awareness).

FIVB Outreach program
In 2013, the FIVB joined the WADA Outreach cam
paign, the inaugural event of which was the boys’ 
U19 World Championship in Mexico. This cam
paign focuses especially on young players and their 
entourage. The goal of the program is to provide 
education regarding all matters concerning anti‐
doping, particularly the risks of doping. The FIVB, 
in collaboration with the national anti‐doping 
organizations (NADO) and the national federa
tions, organizes the Outreach program mainly 
d uring youth and junior events, but also in many 
other competitions. The WADA provides a variety 
of informational handouts and materials, includ
ing a starter kit. The FIVB Medical Department 
(medical@fivb.org) supports local organizers if 
they  wish to provide such an activity during an 
international competition.

New media
In 2014, the FIVB launched a Twitter account, @
FIVBMedical, to broadcast relevant information on 
sports medicine and anti‐doping news on a daily 
basis. In addition, the medical section of the FIVB 
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website and the FIVB YouTube channel will post all 
relevant information about athlete health, the 
referee Health Management Program, anti‐doping, 
future FIVB medical congresses, and the most 
recent edition of the medical and anti‐doping 
regulations.

FIVB testing program

Doping tests
The extensive anti‐doping progam in volleyball and 
beach volleyball coordinates responsibility for test
ing between the national federations and confedera
tions, and the FIVB. The national federations are 
responsible for testing in national competitions 
(with their local NADOs), the continental confeder
ations are responsible for continental competitions, 
and the FIVB for international competitions and the 
FIVB testing pool. In‐ and out‐of‐competition dop
ing tests are executed by the respective NADOs and 
the FIVB. Under the supervision of the FIVB medical 
delegate, several doping control officers from 
independent sample collection providers, such as 
International Doping Tests and Management, 
Professional Global Services, Sports Physicians of 
Latin America and Caribbean, and NADOs are in 
charge of collecting samples in accordance with the 
WADA requirements and guidelines.

In addition to in‐competition testing, out‐of‐
competition testing is a priority in the FIVB anti‐
doping policy. The objective is to have approx imately 
50% of doping tests done in competition and 

50% out of competition (Figures  17.1, 17.2). The 
majority of tests are urine tests, including testing 
for erythropoietin. In 2013, blood tests were 
introduced into the FIVB anti‐doping program 
(Figure 17.3) to extend the testing profile of doping 
substances to include human growth hormone. 
The  FIVB adopted this testing plan according to 
the WADA Technical Document for Sport Specific 
Analysis.

In beach volleyball, the top five players of each 
gender are included in the registered testing pool, 
requiring individual whereabouts information to 
be reported annually. In volleyball, 16 players 
from the Club World Championships, World 
League, and World Grand Prix provide individual 
whereabouts information and the top 20 teams 
provide their team whereabouts information 
from May to October.

In 2014, 703 players were tested in FIVB competi
tions. Together with the anti‐doping program of 
the confederations, 1337 tests were conducted by 
the FIVB (Figure 17.4).

Anti‐doping rule violations
In 2013 and 2014, the WADA reported collection of 
4375 and 4532 samples in volleyball and beach 
volleyball, respectively. Of the nearly 9000 sam
ples, only 30 adverse analytical findings (AAFs) 
were detected (approximately 0.3% of all tests con
ducted). All blood samples were negative. This rate 
of AAFs is low compared to other Olympic sports, 
for which the rate of AAFs is roughly 1.0% on 
average.
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Conclusion

In conclusion, the FIVB is fully compliant with the 
WADA Code. The FIVB anti‐doping program is 
both effective and successful. Efforts to educate 
athletes regarding the hazards of doping and the 
risk of accidental doping must continue, as the 
science of performance enhancement is always 
evolving. The FIVB wants to protect the disciplines 
of volleyball by continually encouraging its athletes 
to “play it clean.”
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Introduction

Competitive sports are played mainly on a five‐
and‐a‐half‐inch court; the space between your ears.

(Bobby Jones, golfer,  
four time winner of the US Open)

The application of sport psychology is often over
looked in favor of the more familiar training of 
physical abilities and technical volleyball skills. 
Sport psychology interventions are too often 
p erceived as the last call for help if all else has failed 
to generate success. However, sport psychology is 
much more than picking up the pieces after a 
defeat. It should be regarded as a very useful tool 
in all stages of the training and coaching process.

The present chapter will outline the broad variety 
of contexts in which sport psychology can be used 
to foster team function, including goal setting and 
establishment of expectations at the beginning of 
the season, developing athlete leadership skills and 
motivational coaching ability during practices and 
games, and dealing with interpersonal conflicts. It 
will also offer practical tools to assist the coach in 
creating a team that has the capacity to function 
autonomously and is therefore able to positively 
withstand stressors, even without the constant 
supervision of the coach. As such, we argue that 
the various aspects of sport psychology are not a 
one‐time technique for the coach to employ when 

conflicts arise, but are consistently valuable to 
f oster, indeed to train, team effectiveness.

Motivation – the key to success

Passion is a huge prerequisite to winning. It 
makes you willing to jump through hoops, go 
through all the ups and downs and everything in 
between to reach your goal.

(Kerri Walsh, 2004, 2008, and 2012 
Olympic gold medalist, beach volleyball)

Passion fosters optimal sport performance and moti
vates the athlete to strive to achieve his or her goals. 
We can distinguish between two types of motiva
tion: intrinsic and extrinsic. Volleyball players are 
intrinsically motivated when their actions are driven 
by their interest in and enjoyment of the sport itself. 
In contrast, extrinsically motivated a thletes do not 
participate in practices and games out of pleasure, 
but rather to derive some kind of reward that is 
external to the volleyball game itself. Common 
examples of extrinsic motivation include praise 
from the coach, avoidance of physical or mental 
punishment by the coach if an individual or the 
team does not give their best effort, or parental pres
sure to play volleyball. It can be intuitively assumed 
that more intrinsically motivated athletes put forth 
more effort, demonstrate greater persistence, and 
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are less likely to drop out compared to extrinsically 
motivated athletes. Several studies have indeed shown 
that intrinsic motivation, in contrast to extrinsic 
motivation, leads to a variety of positive outcomes, 
ranging from greater attention, creativity, positive 
emotion, and satisfaction to more persistence and 
enhanced performance (Vallerand and Ratelle, 2002).

It should be noted that professional volleyball is 
by nature characterized by several extrinsic motiva
tions, such as salary, praise from the fan base, and 
enhanced media attention. These extrinsic motiva
tional factors are not inherently problematic, but 
they can be. Coaches should be aware that these fac
tors can undermine an athlete’s intrinsic motiva
tion, and as a consequence lead to decreased effort, 
poor attitude, less perseverance, and (eventually) 
drop‐out. Thus, it is vitally important that the coach 
fosters his/her players’ intrinsic motivation in 
addition to providing extrinsic motivational factors.

Knowing that intrinsic motivation is the goal to 
aim for is one thing. The key question, however, 
remains: how do we get volleyball players to be 
intrinsically motivated for their sport? Coaching 
style is without a doubt a critical factor in players’ 
motivation and commitment. In this regard, recent 
research has demonstrated that the perceived 
j ustice of the coach (i.e. the extent to which players 
perceive their coach’s behavior and decisions to be 
fair) is an important determinant not only for team 
cohesiveness but for individual athletic effort as 
well (de Backer et al. 2011). Research has also 
shown that an autonomy‐supportive rather than a 
controlling coaching style fosters a more stable 
p erception of the fairness of a coach, which is crucial 
for optimal team functioning.

Particularly in elite sport, it is rare for a coach to 
adopt an autonomy‐supportive style (i.e. one in 
which open two‐way communication exists 
between coach and player and players can partici
pate in the decision‐making process). In competi
tive situations, there is frequently no time for 
consultation or discussion between coach and 
player, and as a result, coaches in these situations 
often adopt a more controlling approach (i.e. the 
decisions are made by the coach in an authoritative 
way without any input from the athletes). However, 
on other occasions an autonomy‐supportive 
coaching style may be more effective and appropriate. 

For example, it has been shown that a directive 
controlling coaching style is better accepted by 
players when the team has together established its 
ambitions and goals, and has agreed upon the way 
to reach these goals. Furthermore, the effectiveness 
of game communication can be improved by 
involving players in tactical decision making dur
ing practice, as a result of which players obtain 
more tactical insight, take initiative, and demon
strate problem‐solving behavior (Vande Broek et al. 
2011). In this chapter, we will demonstrate in 
which situations the coach can profit from a more 
autonomy‐supportive coaching style, thereby 
allowing athletes to have voice in certain aspects of 
the decision‐making process.

The provision of voice is not the only important 
determinant for athletes’ intrinsic motivation. The 
self‐determination theory postulates that intrinsi
cally motivated behavior can be fostered by sup
porting three basic needs that are inherent to each 
individual: autonomy, competence, and related
ness. Autonomy refers to the need to feel in control 
of one’s own behaviors and goals, while competence 
represents the feeling that the athlete is competent 
in the tasks assigned to them. Finally, relatedness 
refers to a sense of belonging and attachment to 
teammates and coach. In the following sections, we 
will discuss how the coach can satisfy these three 
basic needs and thus foster the players’ intrinsic 
motivation in different facets of the coaching job:

• the coach as goal setter
• the coach as facilitator of shared leadership
• the coach as catalyst to foster group dynamic 
processes
• the coach as conflict manager to create highly 
resilient teams.

The coach as goal setter

If I look at the three stages to coaching, the thing 
I do first is I know the process of reaching a goal. 
Second I know the route towards the goal. The 
third thing is, players whom I select I have to trust!

(Joop Alberda, coach of the Dutch 
men’s national volleyball team,  

1996 Olympic gold medalists)
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Goal setting is much more complex than simply 
postulating a goal. As Alberda stated, knowing how 
to reach the goal is at least as important as setting 
the goal. In this regard, there are some important 
boundary conditions which must be met if the goal‐
setting process to is to effectively influence the 
team’s functioning. As Kerri Walsh has demon
strated throughout her career, passion for the sport 
is an important prerequisite to successfully facing 
the challenges encountered on the way to your goal. 
As discussed, this passion is an example of intrinsic 
motivation. As previously noted, a need‐supportive 
coaching style, in which the coach is able to satisfy 
players’ need for autonomy, competence, and relat
edness, is critical to fostering a v olleyball player’s 
intrinsic motivation to reach her goals.

In a team sport like volleyball, it is important to 
initiate the goal‐setting process at the individual 
level. Individual goals should then be incorporated 
into more general team goals, thereby enhancing 
the players’ commitment and motivation for the 
shared team goals. The need‐supportive coaching 
style is one way in which challenging but feasible 
team goals may be constructed and endorsed by 
the entire team. We propose five key rules that 
underpin the effectiveness of the goal setting 
p rocess, at both the individual and the team level.

Rule #1: Autonomy support fosters 
goal clarity, goal acceptance, 
and goal commitment

It is not uncommon for the coach to single‐handedly 
decide on the goals to aim for and thereafter impose 
these goals on the players. However, this situation 
carries considerable risk that the athletes will 
not  share the coach’s vision, which will seriously 
thwart their motivation to achieve these individual 
or collective goals. Without this motivation, the 
likelihood of obtaining the goal is practically zero. 
Autonomy support by the coach (i.e. giving the 
players a voice in setting their objectives) will foster 
player motivation, and as such their willingness to 
work towards their goals.

In this regard, it is a good idea for the coach to 
hold a meeting with each athlete on the team, to 
discuss the athlete’s individual goals and antici
pated contributions towards the team goals. Such a 

conversation provides goal clarity; having clear and 
consistent information regarding role responsibili
ties has been suggested to lead to greater athlete 
acceptance of those responsibilities. The provision 
of voice, leading to a joint discussion of team goals, 
further increases the likelihood that the athletes 
will accept those goals. In addition to goal accept
ance, the autonomy support provided by the coach 
also creates shared responsibility, which as a conse
quence makes the team much more committed to 
work toward team and individual goals.

Goal acceptance and goal commitment have 
been shown to enhance the team climate and posi
tively impact team performance. On the other 
hand, failure to accept the appointed roles (e.g. as a 
consequence of the coach imposing the roles 
instead of providing voice to athletes) violates 
team rules, which in turn causes negative emotions 
and interpersonal conflicts.

Rule #2: Support the players’ need 
for competence by setting feasible 
goals

An important requisite of providing athletes with 
voice in the goal‐setting process is the ability of the 
athletes to set appropriate goals. A frequently 
employed method in this regard is the SMART prin
ciple, which stipulates that goals should be Specific, 
Measurable, Attainable, Relevant, and Timely. In the 
previous section, we saw how an autonomy‐support
ive coaching style can contribute to goal clarity (i.e. 
specific, measurable goals) and goal commitment 
(goals become more relevant for the athletes because 
they had a voice in the decision process).

In this section, we will outline how competence 
support by the coach fosters attainability of the 
goals. More specifically, competence feedback by 
the coach is crucial in teaching athletes how to form 
a realistic self‐image. Athletes who are able to accu
rately assess their own performance will be better 
able to set feasible individual goals. Meeting those 
goals will satisfy their need for competence, thereby 
increasing their intrinsic motivation to aim for the 
next goal. In contrast, without regular feedback 
from the coach on the players’ performance, players 
might overrate their performance. This in turn 
may prompt athletes to set unrealistic, unachievable 
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goals. If in fact goals remain unmet, the odds 
increase that the athlete will lose motivation. This 
may have far‐reaching consequences, ranging from 
exerting less effort to eventual drop‐out.

Rule #3: Emphasize the road towards 
the goal to motivate players to engage 
in deliberate practice

It is one thing to clearly visualize the goal to aim 
for; it is another thing altogether to know how to 
get there. Given the crucial importance of meeting 
goals, coaches have a significant responsibility to 
point out the means by which athletes may achieve 
their goals. One means to this end is to help the 
athlete subdivide the larger goal into manageable 
chunks. Doug Beal, head coach of the 1984 USA 
men’s Olympic gold medal team, stated: “To have a 
successful program, you must be able to develop an 
overall plan or blueprint of the goal. You then do 
your best to break down that ideal image into 
building blocks useful for laying the foundation of 
a winning program.”

If the goal setting happens by mutual agreement 
with the player, it will foster goal clarity, goal accept
ance, and goal commitment (Box 18.1). The inter
mediate goals will provide players with competence 

feedback throughout the learning process, thereby 
allowing them to more consciously gain control of 
their own learning. The acquired competence feed
back, together with the autonomy support of the 
coach, will motivate players to engage in deliberate 
practice (i.e. highly structured exercises, not inher
ently enjoyable but specifically aimed at improving 
performance through self‐regulated feedback). 
Examples include multiple repetitions of a float 
service, in which the player consciously considers 
the different technical aspects of good performance, 
and is able to adjust his/her performance through 
self‐regulated feedback. Research demonstrated 
that deliberate practice and intrinsic motivation are 
directly related: more motivated athletes engage in 
more deliberate practice, and greater deliberate prac
tice results in more intrinsically motivated athletes.

Rule #4: Select mastery goals instead 
of performance goals to enhance effort 
and strengthen team cohesion

The specific content of the established goals is often 
closely connected with the team climate. In this 
regard, two types of climate have been distinguished: 
(1) a task‐involving (or mastery) motivational climate 
and (2) an ego‐involving (or performance) motivational 

Box 18.1 Theory into practice: performance profiling.

An approach that can assist in translating these goal‐setting princi-
ples into practice is performance profiling. In this technique, coaches 
give their athletes a chance to voice their opinion about their self‐per-
ceived strengths and weaknesses. In discussion with the coach, the 
athletes identify the key attributes of an elite performer at their spe-
cific position (these characteristics can include mental, physical, and 
technical qualities). Technical abilities could include skills like block-
ing, defense, attacking, service, and passing. Physical abilities could 
include strength, power, speed, agility, and flexibility. Examples of 
mental strengths are resilience, confidence, self‐awareness, focus, 
and a winning attitude. And finally, leadership abilities may include 
skills both on the field (e.g. a task or motivational leader) and off the 
field (e.g. a social and external leader).

After identifying the key attributes, players rate the degree to which 
they satisfy each one. These self‐perceptions result in a performance 
profile, which clearly maps the player’s strengths and weaknesses. 
An example profile is presented in Figure 18.1, in which the player 
rated himself on each of the chosen characteristics on a scale from 0 
(I am not strong in this area) to 7 (I am very strong in this area).

Similarly, the coach can rate the qualities of a given player. 
When combined, the similarities and differences between the two 

performance profiles provide a sound basis for an open communi-
cation between player and coach, in which the coach helps the 
athlete to determine plans of action to improve his/her deficiencies.

The same technique can be adopted at the team level, in which 
players and coaches can determine the key attributes for effective 
teams. Examples of such characteristics include communicating 
well on court, possessing a winning attitude, being mentally tough, 
physically strong, unselfish, etc. After the performance profiles are 
completed, the coach and athletes can openly discuss contrasting 
ratings in a subsequent team meeting.

It has been shown that adoption of these performance profiling 
procedures creates an open atmosphere for volleyball coach–ath-
lete communication, thereby facilitating both individual and team 
goal setting. Performance profiling was demonstrated to be an 
autonomy‐supportive assessment tool that benefits athletes in a 
variety of ways, including increasing their self‐awareness, intrinsic 
motivation, and confidence. It also provides a useful t emplate to 
help in setting goals, structure training, and facilitate communica-
tion. As noted before, it is important to not only d iscuss the desired 
characteristics and identified goals but, more importantly, to deter-
mine plans of action and to outline the road towards the goals.

(continued )
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climate (Ntoumanis and Vazou 2005). The mastery 
goals that are set in a task‐involving climate focus on 
intrapersonal (or intrateam) progression. Examples 
include learning a new technique like a jump float 
service or increasing your own scoring percentage 
against the same opponent. The performance goals 
that are set in an ego‐involving climate, on the other 
hand, emphasize interpersonal comparison and 
competition with teammates (or competing teams). 
Examples include becoming a starting player (instead 
of a substitute player) or, at the team level, winning 
the championship.

One significant difference between the two types 
of goals is the perceived locus of control in attain
ing them. The locus of control varies from a belief 
that through his effort the athlete can completely 
influence the attainment of the goal (i.e. internal 
locus of control) to the belief that it is entirely 
o utside his ability to influence the outcome (i.e. 
external locus of control). While most players do 
feel capable of attaining mastery goals (i.e. intrap
ersonal progression), meeting performance goals is 
frequently susceptible to uncontrollable external 
factors (e.g. progression of teammates, level of 
competing teams, or referee decisions). Therefore, a 
task‐involving climate (having mastery goals) is 
usually associated with positive motivational out
comes such as enjoyment, interest, performance 
improvement, performance satisfaction, and team 
cohesion. In contrast, an ego‐involving climate 

(with performance goals) has been linked with feel
ings of anxiety, reduced effort, less cohesive teams, 
and other maladaptive outcomes.

Rule #5: Prioritize the team 
goals – towards goal clarity 
and a shared vision

When setting team goals, an approach similar to 
that used for individual goals can be adopted. At 
the team level, it is important for coaches to pro
vide adequate autonomy support to the team and 
to decide in mutual agreement with the players on 
the common goals for the team, as well as the 
norms and values that are necessary to reach these 
goals. In this way, a shared vision can be obtained. 
The more team members internalize the team’s 
goals as their own, the more a shared accountability 
is established, and as a result the players are more 
strongly committed to these goals. Team compe
tence feedback is critical to inform the team of 
their progression towards the overall goal as well as 
towards the identified intermediary goals.

Although performance goals (such as winning 
the championship, attaining the cup final, or 
avoiding play‐downs) are sometimes imposed by 
the club management, it is important as a coach to 
emphasize mastery goals, which are focused on the 
progression (individually or as a team) in order to 
provide players with an internal locus of control. 

Figure 18.1 Mapping a performance 
profile.
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In a team sport such as volleyball, in which each 
player has individual goals but together all players 
aim for common team goals, it is crucial to find the 
right balance between both. Iit might be a useful 
strategy for coaches to identify two types of goals 
for each athlete: priority aims (P1‐aims) and sec
ondary aims (P2‐aims). The P1‐aims are oriented to 
the individual contribution of each player towards 
the common team goal, while the P2‐aims are the 
individual goals that each player has in recognition 
of his/her long‐term progression as a volleyball 
player. To optimize the team’s functioning, it is 
important to communicate the P1‐aims of every 
individual player in the whole team, which further 
improves role clarity. This open communication 
fosters a task‐involving climate, in which players 
are focused on developing together as a team, 
rather than outplaying their teammates. Further
more, this approach delineates the accountability 
of each individual player and allows players to 
reprimand teammates if they do not attain their 
priority aims. This open communication climate 
and the willingness to help teammates reach their 
goals will result in stronger task cohesion.

The coach as facilitator of shared 
leadership

Talent is important. But the single most impor-
tant ingredient after you get the talent is internal 
leadership. It’s not the coaches as much as one 
single person or people on the team who set 
higher standards than that team would n ormally 
set for itself …

(Mike Krzyzewski,  
head coach of the United States men’s 

national basketball team, 2008, 2012, and 
2016 Olympic gold medalists)

When it comes to leadership, athletes, fans, 
media  –  even those who have no real interest in 
sports – will identify the coach as the leader of the 
team. It is important to realize, however, that team 
members can fulfill important team leadership 
roles within a team. (For an overview of athlete 
leadership, see Cotterill and Fransen 2016.) Fransen 

et al. (2014) distinguished between four leadership 
roles that athletes can occupy:

• task leader, who gives his/her teammates tactical 
advice when necessary
• motivational leader, who encourages his/her 
teammates to perform at their best when on court
• social leader, who develops a good team atmos
phere outside the competitive environment
• external leader, who handles communication 
with club management, media, and sponsors.
When examining athlete and team leadership, it is 
important to move beyond the formal leadership 
role of the team captain. In fact, it has been dem
onstrated that the informal leaders (players who 
emerge as natural leaders in the team without for
mal leadership recognition), rather than the team 
captain, were perceived as the real athlete leaders of 
the team (Fransen et al. 2014). In 44% of the teams, 
the captain did not fulfill any of the four leadership 
roles. The captain was thus not perceived as best 
leader on the field (neither as task leader, nor as 
motivational leader), nor as best leader off the field 
(neither as social leader, nor as external leader). 
Recent research further confirms that most sports 
teams establish a shared leadership paradigm: while 
coaches and athlete leaders were seen as equally 
good leaders on the task and external leadership 
role, the athlete leaders were perceived as better 
leaders than their coaches on the motivational and 
social leadership role (Fransen et al. 2015a).

Several studies have confirmed the importance 
of athlete leadership by demonstrating that higher 
quality athlete leadership in each of these four 
leadership roles resulted in greater team identifica
tion and stronger task and social cohesion (Fransen 
et al. 2014; Price and Weiss 2011). Furthermore, 
athlete leaders have been shown to be the catalysts 
in propagating confidence throughout the team. 
In volleyball, soccer, and basketball, it was shown 
that the expression of team confidence by the 
athlete leaders in the team was one of the most 
important sources of players’ confidence in their 
team (Fransen et al. 2012, 2015b). Two experimen
tal studies further confirmed that contagion of 
team confidence emanates from the athlete leader 
(Fransen et al. 2015c, 2016). More specifically, the 
findings revealed that athletes had greater team con
fidence when the leader expressed high confidence 
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in the team’s success. In addition, the results indi
cated that when team leaders expressed high team 
confidence, athletes’ performance improved. By 
contrast, when leaders expressed low confidence, 
team and individual members’ performance 
decreased. Athlete leaders thus seem to have the 
capacity to influence collective team confidence 
(in both positive and negative ways), thereby sig
nificantly affecting team members’ performance.

Given all these positive outcomes, it is important 
for the coach to facilitate athlete team leadership. 
However, before designating the team leadership, it 
is crucial to have a good insight into the leadership 
structure within the team. Who are the right leaders 
for the different jobs? The perception of the coach 
in this regard might differ from the perceptions of 
the players. It is the players’ perception, however, 
that is most crucial when it comes to effective 
a thlete leadership: if the coach‐appointed athlete 
leaders are not seen as athlete leaders by their 
teammates, their guidance will not be followed 
and effective leadership is a long way off.

Social network analysis (SNA) is a novel diagnostic 
tool to identify key players for the different leader
ship roles within the team (Fransen et al. 2015a). 
This network approach also allows the coach to 
map the evolution of these leadership structures 
over time. By using this approach, coaches can 
appoint task, motivational, social, and external 
athlete leaders who are supported by the team. 
A clear delineation of the leadership role, followed 
by competence feedback along the way, will foster 
the further development of the leadership qualities 
and skills of the leader. The fact that athlete leaders 
realize that teammates support and even expect 
their leadership will further motivate them to 
accept their role and engage in high‐quality athlete 
leadership behavior.

Given all the benefits of shared leadership, it is 
important that the coach not only identifies the 
athlete leaders on the team but also facilitates 
and  develops team athlete leadership. An auto
cratic controlling coaching style, in which the 
coach imposes the rules, norms, goals, and ways of 
working on his/her players without providing any 
voice to the athletes, will most likely produce a 
flock of meek sheep. Such an environment offers 
very little opportunity to develop effective athlete 

leadership in the team. By contrary, an autonomy‐
supportive coaching style provides voice to the 
players when deciding on the team rules, norms, 
and goals. This participation leads to higher mem
ber accountability and a higher degree of commit
ment. It can be assumed that a coaching style in 
which athletes are given autonomy, rather than 
being controlled, nurtures the development of 
their leadership abilities.

Despite the established benefits of shared leader
ship for optimal team functioning, sharing leader
ship also carries significant risks. For example, if 
the appointed task leader holds a strongly different 
view of the optimal playing strategy from the other 
task leaders or the coach, the contrasting input 
during a match might lead to confusion and doubt, 
thereby thwarting optimal team functioning. In 
order to develop an effective shared leadership 
structure while avoiding the risks inherent in the 
process, we suggest three important preconditions 
that coaches should keep in mind.

Precondition #1: Aim for role clarity 
instead of role ambiguity

In the same way that goal clarity was important for 
the goal‐setting process, the clarity of someone’s 
leadership role is important for effective athlete 
leadership. As a coach, it is essential to clearly 
delineate the function and responsibilities attached 
to a given leadership role together with the ath
letes. Perceptions of role ambiguity (i.e. the lack of 
clear, consistent information regarding an individ
ual’s role) have been associated with decreased task 
cohesion and lowered confidence in their own 
ability to successfully fulfill the leadership role. On 
the other hand, if athlete leaders are well informed 
of the expectations that are connected to a given 
leadership role, greater role satisfaction should 
ensue, as should overall athlete satisfaction, leading 
to better fulfillment of their leadership role.

Precondition #2: Develop leadership 
abilities with regard to specific roles

Knowing what is expected of an athlete leader does 
not always equate with effectively providing 
high‐quality athlete leadership. Before being able 
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to provide high‐quality athlete leadership, athlete 
leaders need adequate competence in their leader
ship role. For example, a task leader needs to have 
insight into the game tactics, while a motivational 
leader needs to know how to motivate each of his/
her teammates. Undoubtedly, some players need to 
be incited, while others benefit more from being 
calmed. Off the court, athlete leaders need to learn 
specific competencies: the social leader needs to 
learn how to deal with intrateam conflicts and how 
to foster the team atmosphere, while an external 
leader should be trained in communication skills 
so that the team is well represented before club 
management, media, and sponsors.

Appointing the right athlete leaders thus is not 
enough in itself: athlete leaders need to be further 
developed on their critical task competencies. One 
of these crucial task competencies is tactical aware
ness, especially for a task leader. In this regard, it has 
been demonstrated that it is important to teach the 
players how to think along with their coach – in set
ting up norms, values, and goals but also in t actical 
and strategic reasoning (Vande Broek et al. 2011). 
The study findings demonstrated that an auton
omy‐supportive coaching style resulted in increased 
tactical awareness on the part of the p layers. Tactical 
observation and questioning, in which players were 
asked to independently evaluate their tactical deci
sions, was a very important tool for coaches to fos
ter team tactical awareness. The autonomy‐supportive 
coaching style, together with players’ improved tac
tical awareness, will motivate athletes to take on 
leadership roles and to take the initiative in discuss
ing match strategy. High‐quality athlete leadership 
in this area will result in improved team function
ing and better performance (Fransen et al. 2015c, 
2016; Price and Weiss 2011).

Precondition #3: Establish a shared 
vision

Clearly delineating the function of the different ath
lete leaders and guiding them in becoming better 
athlete leaders are important boundary conditions 
for effective shared leadership. The final and per
haps the most important condition for effective 
shared leadership is the development of a shared 
vision. Similar to the goal‐setting process, a shared 

vision with regard to what the team is trying to 
accomplish is essential to getting all the athletes “on 
the same page.” As Phil Jackson, one of the greatest 
basketball coaches of all time, once said: “Good 
teams become great ones when the members trust 
each other enough to surrender the Me for the We.”

As mentioned earlier, the provision of autonomy 
and voice in the decision process will lead to higher 
player commitment and thus more effective 
a thlete  leadership. Furthermore, a task‐involving 
team climate, focused on common goals and team 
development, is the perfect environment in which 
to develop a shared vision (in contrast to an ego‐
involved climate, characterized by intrateam com
parison). The fact that all players are looking in the 
same direction and share the same team goals will 
promote concurring messages from the different 
athlete leaders and the coach, thereby leading to 
more optimal team functioning (Box 18.2).

The coach as catalyst to foster group 
dynamics processes

Coming together, sharing together, leading 
together, succeeding together.

A common framework for evaluating a team’s 
development was provided by Tuckman (1965), 
who identified four stages of team development: 
forming, storming, norming, and performing. 
Tuckman further postulated that teams must pass 
through each of these phases in order to grow, effec
tively face challenges, negotiate the path towards 
team goals, and ultimately perform optimally. The 
competence of the coach as goal setter, facilitator of 
shared leadership, and conflict manager, while pro
viding players with their basic needs (autonomy, 
competence, and relatedness), is essential to foster 
effective group dynamics as described by Tuckman.

First stage of development: Forming

A newly composed team or a team at the start of a 
volleyball season automatically enters into the first 
phase of the developmental process: the forming 
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phase. During this stage, the players get to know 
each other and their behaviors are guided by the 
desire to be accepted by their teammates and 
coach. In this phase, players will avoid any contro
versy or conflict. The forming stage is a comforta
ble stage. However, because all players seek to avoid 
conflict, they behave mainly independently, focus
ing on themselves. Consequently, players adopt a 
cautious, wait‐and‐see attitude, and fail to identify 
with the team.

To facilitate identification with the team, 
the  coach must provide the players with a 
voice in discussing individual and team goals. In 
addition, coaches would do well to stimulate 
team discussion about team goals, norms, and 
values. This discussion moves the team toward a 

shared vision. Autonomy support by the coach 
is  critical for deciding which goals should be 
p rioritized, as well as how these goals should be 
attained.

Second stage of development: 
Storming

Despite the coach’s best planning and expectation, 
team development does not always proceed 
smoothly. The storming phase is characterized by 
players who deviate from the expected behavior or 
ignore the values, norms, and goals established by 
the team. In contrast to the first stage, the storming 
phase is no longer comfortable. Rather, it can be 
contentious, unpleasant, and even painful for 

Box 18.2 Theory into practice: the coach as facilitator of shared leadership.

Vital Heynen, head coach of the German men’s national volleyball 
team (bronze medalists in the 2014 World Championship), once 
noted: “I provide my players with a lot of voice. I teach them how to 
think along, which results in a high commitment. How does that 
work in practice? For example, by providing the players with the 
video material and the raw scouting data before participating in 

the  tactical discussion, and then letting them decide as a team 
how they will play against the opponent. Another example is to 
allow the players to outline their own training schedule in the month 
before an important championship. The players decide themselves 
when they train, and I can guarantee you, they will train more than 
I would.”
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players who are conflict averse. This phase can 
even be destructive to the team and its motivation if 
the behaviors are allowed to progress out of control.

If the coach provides the right support, however, 
this stage can be very important and valuable in the 
development of the team. Deviations from the for
mulated values, norms, or goals cannot be ignored 
at this stage of team growth. If a player does deviate 
from the expected standards, it is vital that the 
coach reminds him/her of the expected behavior for 
team members. In addition, if a clear structure of 
athlete leadership has been established, it is essential 
that the athlete leaders ensure that all players travel 
the same path towards the common team goals. If 
not, it is also the responsibility of the athlete leaders 
to appropriately reprimand their teammates. Players 
who dare to stand up for their opinion might cause 
dissension within the team, but it is exactly these 
discussions that can make players stronger and 
come together more effectively as a team.

Third stage of development: Norming

If the coaches and athlete leaders are able to handle 
the anticipated intragroup conflicts well, the storm
ing phase will give way to the norming phase. In this 
phase, the testing of responsibilities and boundaries 
eases and the players begin to respect each other, 
perhaps because of the interpersonal differences that 
exist. Each player begins to settle into his/her indi
vidual role in the team. Further more, the leadership 
structure of the team has been established at this 
point and the roles of the athlete leaders have been 
accepted by their teammates. In this phase, the team 
develops and agrees upon a shared vision or goal to 
which members will be committed and motivated 
to work together. A task‐involving team climate will 
result, in which players highly identify with their 
team. A sense of “us” has been created.

Fourth stage of development: 
Performing

When each of the previous three stages has been 
negotiated, the team will arrive at the performing 
phase. This is the final stage of team development, 
in which the group of players becomes one team 

with a shared vision and a common goal. The team 
is optimally structured and under the guidance of 
the coach and the athlete leaders, it works effi
ciently towards the team and personal goals. In this 
phase, all players know their role in the team 
and  their resulting responsibility. These high‐
p erformance teams are able to function largely 
independently given their accurate self‐knowledge, 
their ability to adjust their learning process, their 
motivation for deliberate practice, and their 
i nternal leadership. As such, progress can be made 
quickly and without inappropriate conflict or the 
need for a directive coaching style. Players can 
effectively shoulder their responsibilities and use 
their coach’s competence feedback to further 
improve their learning process.

As already indicated throughout the different 
sections, teams that actually reach the performing 
phase of Tuckman’s cycle are characterized by several 
strengths. For example, strong team identification in 
the norming phase will in turn foster players’ adher
ence to team norms. Favorable effects will also be 
noted in team confidence, the team’s task and social 
cohesion, the team’s optimal functioning, and (even
tually) in team performance. In addition, an effective 
structure of shared athlete leadership will promote 
clarity of understanding of the team goals, norms, 
and values. This in turn will enhance the athletes’ 
motivation and their commitment to achieving 
team goals, thereby enhancing team performance. 
This focus on achieving team goals, rather than 
performing better than teammates, is a reflection of 
the task‐involving c limate that has been established 
throughout the development process.

Furthermore, high‐performing teams are charac
terized by enhanced confidence in their team’s abili
ties and in the team’s chances of achieving their 
goals. This team confidence in turn positively affects 
players’ individual performance, as well as their 
team performance (Fransen et al. 2015c, 2016). 
As  noted earlier, this team confidence, together 
with  team identification, shared leadership struc
ture, and task‐involving team climate, will foster the 
team’s resilience and enable the team to effectively 
withstand stressors or setbacks.

The performing phase does not last indefinitely. 
Even the most high‐performing teams will go 
through this cycle many times as the team and its 
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personnel react to changing circumstances. For 
example, changes in the coaching staff or athlete 
leadership (e.g. a new coach is hired or a player 
with strong leadership abilities is transferred) may 
cause the team to revert to the storming phase as 
these new members challenge the existing status quo. 
It is therefore important for coaches to recognize 
when teams revert to earlier stages of the develop
ment process, so that they can act appropriately 
and guide the team once more through the different 
developmental stages.

The coach as conflict manager 
to create highly resilient teams

It’s not whether you get knocked down; it’s whether 
you can and will get back up.

(Vince Lombardi, one of the most 
successful football coaches in American 

history, and member of the National 
Football League Hall of Fame)

Teams that are able to effectively withstand stress
ors are called highly resilient teams. The resilience 
of a team is more than the sum of the individual 
players’ resilience. Morgan et al. (2013) identified 
four attributes that characterize resilient teams: 
group structure; task‐involving c limate; social capi
tal; and team confidence (Figure 18.2). It is impor
tant for coaches to foster these characteristics in 
order for the team to be able to effectively handle 
both within‐team conflicts and external stressors 
(e.g. repeatedly losing, injuries, etc.).

Characteristic #1: Group structure

The first characteristic of highly resilient teams 
p ertains to the creation of an optimal group 
 structure, characterized by collective group norms 
and  values, shared leadership, and an open com
munication climate. We have already highlighted 
the importance of these aspects at the beginning 
of  a season, but they will become even more 
d ecisive when the team is confronted with obstacles 

Figure 18.2 Attributes that characterize resilient teams.
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or intrateam conflicts as the season progresses. 
First, by providing a voice for the players, the 
players will be more committed to realize their 
goals and adopt the team norms and values. Second, 
if a clear structure of athlete leadership has been 
established, the athlete leaders can assist their 
coach in ensuring that all players travel the same 
path towards the common team goals, and if nec
essary reprimand their teammates. Mike Candrea, 
head coach of the USA softball team (2004 
Olympic gold medalists), highlighted the impor
tance of such a set of key leaders within the team:

Having great leadership is a big key to success. 
It’s really the leaders’ team because they are the 
ones whom the rest of the players, especially the 
freshmen, look up to when setting the standards. 
Our team will go as far as our leaders are willing 
to take us.

Third, discussing such intrateam conflicts in an 
open communication environment will allow the play
ers to voice their opinions, resolve their differences, 
and find a common, positive way of interacting 
with each other.

Characteristic #2: Task‐involving 
climate

A second important characteristic of highly resil
ient teams is a task‐involving climate, which 
focuses on learning and improving together as one 
team, instead of promoting intrateam comparison. 
Morgan et al. (2013) established that resilient teams 
are able to focus on both personal and team devel
opment because they can filter out irrelevant cues 
and isolate what is important. Furthermore, they 
revealed how resilient teams exhibited a range of 
effective behaviors to overcome stressors, thereby 
increasing the likelihood of team progression. 
For  example, thorough preparation for difficult 
moments was seen as an important factor which 
could make the difference when encountering 
difficult match situations.

When conflicts arise or when goals, norms, or 
values have been deviated from, communication will 
be crucial. It is the task of the coach, together with 
the athlete leaders, to clearly outline each player’s 

responsibility and to remind players of the common 
goals set at the start of the season. Several studies 
reported that such open communication, which 
reflects the shared values and emphasizes the com
mon goal, is the most optimal way to resolve con
flicts, to get everyone back on the same wavelength, 
and to enhance the task cohesion within the team.

Characteristic #3: Social capital

The third characteristic of highly resilient teams is 
the existence of high‐quality interactions and car
ing relationships within the team, also called the 
social capital (Morgan et al. 2013). Resilient teams 
develop emotional bonds and learn to accept their 
teammates, regardless of individual differences. 
Furthermore, this deep emotional bonding and 
closeness will give players the feeling that they 
can rely on each other and that teammates would 
provide assistance if needed.

Trust is the key word here. Mike Hebert, former 
head coach of the US national volleyball team, 
emphasized the importance of trust in dealing with 
conflicts:

As I look back on the conflicts we encountered, it 
is clear to me that all of us had benefitted from 
our earlier work together with the concept of 
trust. They were learning to trust each other 
when taking on issues. They were freeing them-
selves of the fear of retaliation that often accom-
panies such intimate discussions. We were able 
to arrive at a full awareness of both the problem 
and a solution without having to waste time tip-
toeing around the issue. We trusted each other to 
refrain from unfairly exposing each other to ridi-
cule. We trusted each other to leave individual 
agendas behind and to contribute to the dialogue 
in an open and unselfish fashion. All of this was 
possible only because sufficient levels of trust 
were in place.

Regardless of how talented your players are, a 
positive environment that includes a solid mutual 
trust among everyone involved with the program 
is vital for your program both on and off the 
court. When I am asked to reveal the secret 
to  my  past success, I could answer that I was 
an exceptional skilled trainer, a tactical genius, 
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a  thorough game planner, and a great motiva-
tional speaker, but I don’t. Instead, I tell them the 
truth: I spent most of my time trying to get people 
to learn how to trust. All of the other elements are 
important, but trust is the one variable without 
which the entire program‐building effort would 
collapse.

(Hebert 2014)

To develop trusting relationships between the play
ers, a safety climate should be established, charac
terized by mutual respect and understanding, in 
which players dare to freely voice their opinion. 
Such a climate will emphasize a player’s feeling of 
being united with his/her teammates, and forms a 
warm environment in which to deal positively 
with intrateam conflicts. In addition, it is impor
tant to foster players’ team identification: the extent 
to which players feel connected to the team and to 
which team membership is important for them. 
Research has demonstrated that coaches and 
a thlete leaders who were able to strengthen the 
players’ team identification also strengthened their 
confidence in the team’s abilities and their confi
dence in attaining their goals (Steffens et al. 2014). 
In turn, this stronger feeling of connection with the 
team resulted in improved performance (Fransen 
et al. 2015c, 2016). This brings us to the importance 
of team confidence.

Characteristic #4: Team confidence

The fourth and final characteristic of teams that 
effectively withstand stressors is team confidence 
(also termed collective efficacy). Lang Ping, head 
coach of the Chinese women’s national team (that 
captured an Olympic gold medal in 2016, and a 
silver medal at the 2014 World Championships), 
stated in this regard:

As a coach, you have to know your players really 
well. The coach needs to give his players a lot of 
confidence! During the game, for me, the coach 
has to be really calm. For instance, the player, 
the  one who gets nervous, watches the coach. 
She will get more and more nervous, if she sees 
the coach in the same condition. So it is very 
important to be a role model for your players.

When coaches express confidence in their team, 
the players will be inclined to have confidence as 
well (Fransen et al. 2015b).

Not only the coaches but also the athlete lead
ers have an important responsibility in being a 
role model for their team. It was shown that 
when athlete leaders expressed high confidence 
in their team, this confidence spread throughout 
the players. As a result, team member confidence 
in the ability of the team grew and, as a consequence, 
performance improved. In contrast, when athlete 
leaders expressed that they had lost all confi
dence in their team’s chances, their behavior 
negatively affected teammates’ confidence and 
their performance deteriorated (Fransen et al. 
2015c, 2016).

Conclusion

The four characteristics of highly resilient teams 
provide valuable tools for coaches to prevent or 
effectively handle the conflicts which will 
undoubtedly arise throughout the development 
process of a team. It is important to remind peo
ple that it is not the intragroup conflicts them
selves that are by definition positive or negative 
influences on team development, but rather it is 
the way in which the team deals with those con
flicts that is crucial for team outcome (Martin 
et  al. 2014). For example, it was shown that 
destructive styles of intragroup conflict resolu
tion (e.g. criticizing those involved or avoiding 
the problem altogether) negatively impacted 
the  task and social cohesion of sports teams. A 
potential consequence could be the emergence 
of v arious cliques within the team. The develop
ment of such within‐team cliques has been found 
to increase athlete stress levels, to be detrimental 
to team cohesion, and to detract from team 
p erformance. Coaches often list “breaking up 
cliques” as an important strategy to improve 
team cohesion (Martin et al. 2014). Indeed, quan
titative research has confirmed that constructive 
conflict resolution styles (e.g. mutual disclosure 
and effort) resulted in stronger task cohesion. 
Intragroup conflicts thus do not have to be 
destructive but can be very valuable in the 
d evelopment of a team.
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Summary

Motivation is the key to success that enables play
ers to get back up after repeated failures and still 
achieve their goals, as illustrated by the following 
bit of wisdom: “If you’re not willing to learn, no 
one can help you. If you’re determined to learn, no 
one can stop you.”

As outlined in the beginning of this chapter, 
players have three basic needs in order to be 
i ntrinsically motivated for their sport: autonomy, 
competence, and relatedness. We hope we have 
demonstrated how coaches can support these 
needs while setting goals, while facilitating shared 
leadership, while resolving conflicts, and through
out the different stages of the group dynamics 
development process. When these needs are 
f ulfilled and players feel in control of their own 
actions (autonomy satisfaction), competent in 
what they are doing (competence satisfaction), and 
related to their coach and teammates (relatedness 
satisfaction), they will be intrinsically motivated to 
play volleyball. As a result, they will exert more 
effort during training sessions and games, be more 
persistent when attempting to overcome obstacles, 
and demonstrate less drop‐out.

However, it is important to note that although 
this need‐supportive coaching style has many ben
efits, some situations require a more directive 
coaching style (Chelladurai and Turner 2006). For 
example, when time is limited (e.g. during a time‐
out), a decisive coaching style is more appropriate. 
Also, some decisions are more important than 
o thers and therefore vary in the appropriate extent 
of voice. For example, coaches should take respon
sibility in selecting the best players for their team 
and deciding upon the starting players. However, 
other decisions, such as the selection of a team 
c aptain, can be decided by democratic vote. In the 
latter situation, it is important that players are 
given a say in electing their captain, since that 
leader’s effectiveness depends upon the extent to 
which they are accepted by their team. Furthermore, 
the style adopted by the coach also depends upon 
the developmental phase which the team is going 
through. If the quality of interpersonal relations is 
limited and team members hold diverse opinions, 

the participative decision process may further 
weaken an already fragile team consensus and 
team spirit.

Our goal in compiling this chapter has been to 
demonstrate the importance of studying and 
applying psychological aspects of team building 
and athlete development. While it is important 
to  consider the physical, technical, and tactical 
aspects of the sport, by taking into account the psy
chological aspects of the team development, we are 
confident that even greater progress (and success) 
can be achieved on the volleyball court.
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Volleyball was invented in the city of Holyoke, 
Massachusetts, USA in 1895 by a YMCA instructor 
by the name of William G. Morgan. Since then, the 
sport has enjoyed exceptional growth. Over a rela-
tively brief period of years, volleyball matured and 
the rules became codified. In 1964, volleyball 
became a member of the pantheon of Olympic 
sports. In 1996, beach volleyball (the outdoor 
cousin of the indoor game) also achieved Olympic 
status. Participation numbers in the sport are 
increasing worldwide. In fact, by some estimates, 
volleyball is the second most popular participation 
sport in the world, trailing only football (soccer).

Concomitant with volleyball’s increasing popu-
larity, sport scientists have demonstrated a growing 
interest in researching the fundamental questions 
relevant to the sport. This is perhaps best reflected 
by the growing number of volleyball‐related papers 
published annually in the peer‐reviewed literature. 
As shown in Figure  19.1, the number of articles 
identified by the key word “volleyball” that were 
abstracted by the National Library of Medicine and 
have been listed by Index Medicus has increased 
steadily over the past 50 years. Since the article 
entitled “Typical injuries in volleyball” by H. 
Berndt appeared in 1956, a total of 1359 articles 
with the key word “volleyball” have been pub-
lished (as of 15 July 2016). Of these, nearly 10% 
were published in 2015 alone.

In that 1956 paper, which described several 
 volleyball‐related finger injuries, Berndt suggested 

that the injury rate in volleyball was comparatively 
modest. Further epidemiological study has proven 
Berndt correct: volleyball and beach volleyball are 
among the safest of all sports. Nevertheless, no 
sport is without some risk of injury. Indeed, each 
sport has its own characteristic pattern of injuries, 
and volleyball athletes at every level assume a risk 
of injury each time they take the court to practice 
or compete.

It could be argued that the world’s best athletes 
are among the greatest risk takers, exchanging their 
time, energy, and (all too frequently) their health 
for an opportunity to represent their country in 
pursuit of victory that is less than certain. Any 
number of circumstances may conspire to prevent 
the athlete from excelling or the team from winning. 
However, an athlete’s greatest fear is sustaining a 
serious time‐loss injury that will compromise his/
her ability to compete.

Why do athletes take such risks? The simplest 
answer is that their desire to compete and to win is 
greater than their fear of becoming injured. For 
many athletes in certain sports, however, this is no 
longer true. Witness the recent rash of retirements 
among American professional football players who 
have decided to retire from the sport well before 
their athletic prime rather than risk developing 
debilitating central nervous system trauma from 
repetitive head injuries. Such concerns are not limited 
to professional athletes, as parents are increasingly 
prohibiting their children from playing American 

Looking ahead: the future of volleyball 
sports medicine and science
Jonathan C. Reeser
Marshfield Clinic Research Foundation, Marshfield, Wisconsin, USA
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football (and other sports) out of fear of permanent 
sequelae from injury.

Clearly, science and medicine have played and 
will continue to play a significant role in the evolu-
tion of sport. Although the practice of caring for 
athletes dates back to the ancient Greek physician 
Herodicus, the term “sports medicine” was coined 
in the last century. Perhaps the most indelible 
image of sports medicine is of physicians providing 
triage and medical care on the sidelines, a practice 
which began in the 1940s. In those early days of 
modern sports medicine, “coverage” meant that 
there was a doctor who had some familiarity with 
the sport prowling the sideline of the field or court, 
ready to “patch and go.” Today, sports medicine is 
a multidisciplinary field that draws upon the exper-
tise of many different specialties to provide the ath-
lete with optimal care, both on the sideline and 
away from the arena.

Over time, through experience and the cooperative 
efforts of clinicians and scientists, our understanding 

of the pathophysiology and biomechanics of sports 
traumatology has improved. This in turn has led 
to  advances in the treatment and rehabilitation 
of sport injuries. Some 30 years ago, a handful of 
sports medicine experts advanced the question of 
how sport‐related injuries might be avoided in the 
first place. Thus was born the field of sports injury 
prevention. Research in this discipline has shown 
that although time‐loss injuries cannot be elimi-
nated altogether, the risk of selected injuries can be 
reduced through implementation of structured 
prevention programs.

What does the future of sports medicine and sci-
ence hold? Among the current “hot topics” on the 
sports medicine research agenda is the optimiza-
tion of physiological recovery from intensive exer-
cise. Recovery lies at the intersection of sports 
medicine and sports performance, and advances in 
this area may prove to be essential to overcoming 
residual barriers to athletic success. Meanwhile, 
other scientific disciplines, such as genetics, hold 
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the promise of revealing the heritable components 
of elite performance as well as susceptibility to 
injury. A further challenge will be to fully appreciate 
the economics of injury and the ethical conundrums 
that arise in the course of scientific investigation so 
that we may make future discoveries available and 
affordable to all.

There is still much to learn. Evidence‐based deci-
sions grounded in research and fortified by longitudi-
nal outcome studies and randomized clinical trials 
will create the gold standard of medical care for our 
elite and developing athletes as we move forward. 
Future care plans will no doubt look substantially 
different from those we currently employ and promote 
as “state of the art.”

Even though we constantly look to advance the 
limits of medical intervention available to our ath-
letes, as the discipline of sports medicine inevitably 
progresses we must continue to be honor bound by 
the principal tenet of the Hippocratic Oath, to “First, 

do no harm.” Only if the bonds of trust remain 
unbroken between physician, scientist, and athlete 
will the discoveries that have yet to be made result 
in true progress for those who are dedicated to sport.
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physiological temperature regulation, 50
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risk factor, 52
sun exposure, 56–57
sweating and cutaneous vasodilation, 50
sympathetic nervous system, 50
“warning flag” concept, 51
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heat stress, 53–55
heat stroke, 54–55
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local muscular endurance, 42
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