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Risk Factors for Volleyball-Related Shoulder Pain and

Dysfunction
Jonathan C. Reeser, MD, PhD, Elizabeth A. Joy, MD, MPH,

Christina A. Porucznik, PhD, MSPH, Richard L. Berg, MS, Ethan B. Colliver, DO,

Stuart E. Willick, MD

Objective: To identify risk factors for volleyball-related shoulder pain and dysfunction.
Design: Cross-sectional, observational.
Sefting: National championship sporting event.
Participants: Competitors at the 2006 National Intramural & Recreational Sports Asso-
ciation Collegiate Club Volleyball Championship competition were invited to volunteer for
the study. A total of 422 athletes returned questionnaires, of whom 276 also underwent a
structured physical examination.
Assessment of Risk Factors: Study participants provided information on any history of
volleyball-related shoulder pain or dysfunction. The simple shoulder test (SST) and a visual
analog scale permitted subjects to quantify the extent of their perceived functional limita-
tion. Subjects also were invited to undergo a physical examination in which dynamic
scapular positioning, glenohumeral range of motion, shoulder girdle strength, and core
stability were assessed.
Main Outcome Measurements: Standard statistical methods of comparison and
tests of association were used to identify risk factors for shoulder pain among participating
volleyball athletes.
Results: Approximately 60% of participants reported a history of shoulder problems.
Attackers and “jump” servers were more likely to have shoulder problems than setters,
defensive specialists, and “float” servers. Nearly half of the athletes who reported shoulder
problems perceived some associated functional limitation, with female athletes providing
lower SST scores than male athletes (9.0 versus 10.1, P = .001). Athletes reporting shoulder
pain and dysfunction were more likely to have SICK scapula scores of 3 or greater (P =
.010). Participants who demonstrated core instability also had greater SICK scapula scores
(3.9 versus 2.9, P = .038), and were more likely to report a history of shoulder problems (x*
= 8.83, P = .032). Although the authors observed a significant mean left-right difference of
8.9° in available glenohumeral internal rotation among participating athletes, this deficit
was not associated with shoulder problems. However, there was an association between
asymmetric coracoid tightness /pectoral shortening and shoulder pain (P = .030), as well as
for restricted shoulder flexion in the sagittal plane and shoulder problems (P = .015).
Conclusions: Although most risk factors for volleyball-related shoulder problems are
similar to those identified for other overhead sports, there appear to be additional volleyball-
specific risk factors that may reflect the biomechanical demands of the sport. An under-
standing of modifiable risk factors is critical to providing optimal care for overuse injuries
and may facilitate future efforts to prevent shoulder problems among volleyball athletes.
PM R 2010;2:27-36

INTRODUCTION

Although volleyball is generally regarded as a safe sport, those who participate in it are
nevertheless at risk for certain types of injuries that reflect both the design and demands of
the discipline. For example, most of the skills performed by volleyball players, including
spiking, setting, serving, and blocking, require the athlete to repeatedly contact the ball with
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the upper limbs in an overhead position. Consequently,
volleyball athletes frequently experience shoulder pain and
dysfunction [1,2].

Shoulder problems have been estimated to account for
between 8% and 20% of all volleyball-related injuries [3].
Data collected prospectively by the National Collegiate Ath-
letic Association Injury Surveillance System (NCAAISS) dur-
ing a period of 16 years indicate that shoulder problems are
among the leading causes of time lost from training and
competition among female volleyball players [4]. With an
acute time-loss injury rate of 0.65 injuries per 1000 athletic
exposures, the shoulder ranks third behind the ankle and the
knee as the most frequently injured body part among these
athletes. The NCAAISS data reveal that time-loss shoulder
injuries are evenly divided between training (0.33 per 1000
athletic exposures) and competition (0.32 per 1000 athletic
exposures). However, the NCAAISS data almost certainly
underestimate the true prevalence of shoulder pain and dys-
function among female collegiate volleyball athletes because
most volleyball-related shoulder pathology (eg, impinge-
ment, rotator cuff tendinopathy, atraumatic glenohumeral
instability, suprascapular neuropathy) is caused by overuse
rather than acute overload [1-3,5-9].

Although the prevalence of volleyball-related shoulder
problems is not known with any degree of precision, a
season-long prospective study of volleyball injuries con-
ducted by Verhagen et al [2] makes it clear that impairment of
the shoulder girdle can result in significant disability. These
authors reported that shoulder injuries resulted in the longest
duration of time lost from training or competition of any
injured body part (mean = 6.2 weeks). Additional evidence
of the functional impact of shoulder injuries comes from
Wang and Cochrane [7], who followed 59 first-division male
English volleyball players during the course of 2 seasons and
reported that 23 had to discontinue training as the result of
shoulder pain.

These observations underscore the need for shoulder in-
jury prevention initiatives among volleyball athletes. Before
interventions aimed at reducing the shoulder girdle injury
rate can be designed, the risk factors for sport-related injury
must first be identified [10]. However, present understand-
ing of the factors that influence the epidemiology of volley-
ball-related shoulder problems is limited [11].

Kugler et al [12] authored one of the first accounts of the
effect of chronic overuse on the mechanics of the shoulder
girdle in volleyball athletes, describing asymmetric scapular
positioning and restricted shoulder girdle range of motion on
the dominant side in a cohort of elite volleyball players.
Although dominant scapular dysfunction is now thought to
be a relatively common finding in the overhead athlete, there
has been little volleyball-specific follow-up to Kugler et al’s
important study. In most of the published work that has
investigated shoulder girdle function in volleyball players,
authors have focused on the potential significance of various

Table 1. Components of the physical examination

Inspection and palpation; identification of landmarks

Assessment of scapulohumeral rhythm

Scapular slide measurement

Infera/lateral scapular displacement/scapular abduction
measurements

Assessment for impingement

Assessment of shoulder flexion in the sagittal plane

Assessment of coracoid tightness/pectoral shortening

Measurement of glenohumeral range of motion (passive
external and internal rotation)

Assessment of anterior capsular laxity (apprehension test)

Assessment of isometric shoulder intfernal and external
rotation strength (against manual resistance)

Assessment of balance during single leg stance and squat
(screen for core instability)

ratios of shoulder internal and external rotational isokinetic
strength [13-17]. In general, these studies suggest that asym-
metric strength ratios (ie, strength imbalances) are associated
with a history of shoulder injury among adult volleyball
players.

The goal of this study was to characterize the risk factors
for volleyball-related shoulder problems by identifying his-
torical features and easily assessed physical attributes that are
associated with shoulder pain and dysfunction among vol-
leyball players. It is the authors’ hope that these findings will
enable sports medicine practitioners to better identify the
volleyball athlete at risk for shoulder problems while inform-
ing future research on the prevention of volleyball-related
shoulder injuries.

METHODS

The research protocol was approved by both the National
Intramural and Recreational Sports Association (NIRSA) and
the Marshfield Clinic Research Foundation Institutional Re-
view Board. Volunteer subjects were recruited from among
the participants in the 2006 NIRSA Volleyball Champion-
ships. Questionnaires requesting demographic information
and details on any history of shoulder pain or related func-
tional limitation during the preceding competitive season
were distributed to each team as part of the on-site registra-
tion process. These part 1 questionnaires incorporated the
simple shoulder test (SST), a well-validated 12-item index of
shoulder function (scored 0-12) in which greater scores
indicate better function [18]. Subjects who returned com-
pleted part 1 questionnaires were invited to undergo an
optional physical examination, the components of which are
listed in Table 1. The examination was designed to evaluate
the shoulder girdles bilaterally, with particular emphasis on
scapular function (Figures 1-4) [19-23]. A screening assess-
ment of core stability (Figure 5) also was conducted by use of
a technique described by Kibler et al [22].

Those athletes who participated in the physical examina-
tion portion of the study were asked to also complete a brief
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Figure 1. Landmarks identified fo permit measurement of
various indices of scapular positioning included the intersec-
tion of the medial border and the spine of the scapula (A), the
inferior scapular angle (B), and the spinous processes of the
interscapular thoracic vertebral bodies (C).

secondary (part 2) questionnaire that included a 100-mm
visual analog scale assessment of their degree of functional
limitation attributable to shoulder problems (VAS-FL), rang-
ing from no restriction (0) to extremely limited (100). Exam-
iners, who were recruited from the University of Utah De-
partments of Physical Medicine & Rehabilitation and

Figure 2. Infera, defined as the vertical distance between the
infersection of the medial scapular border and the scapular
spine on the right versus the left, is one measure of scapular
asymmetry. The examiner first locates the more superiorly
positioned landmark (in this case on the athlete’s left) and
then, by using a level to extend that position to the contralat-
eral side, measures of the difference between the 2 landmarks
in the coronal plane (the distance between the inferior edge
of the level and the landmark, identified by the arrow).

Figure 3. In this study, an asymmetry of anterior shoulder
positioning in the transverse (axial) plane was interpreted as an
indication of coracoid fightness/pectoral shortening (after
Burkhart et al (20)). A carpenter’s level, positioned across the
chest af the level of the coracoid, facilitated detection of any
gross asymmetry. In this case the athlete’s right shoulder girdle
(R) is noticeably more anterior compared with the left (L).

Physical Therapy, were blinded to the athlete’s responses to
either of the questionnaires. In an effort to maximize consis-
tency and standardization of the examinations, each exam-
iner was required to view a tutorial video demonstrating how
each test should be performed and how to obtain the re-
quested measurements.

Standard descriptive statistics were used to describe the
data collected, including the observed prevalence of shoulder
problems among the participants. Statistical methods for
comparisons and tests of association included x* analyses for

Figure 4. Passive glenohumeral range of motion was mea-
sured goniometrically with the athlete in a supine position to
better stabilize the scapula. The upper limb was positioned
either in internal rotation at the shoulder (as in the figure) until
the scapula began to elevate off the examination table or in
external rotation until the scapula or lower back began to
elevate off the table.
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Figure 5. The athlete’s ability to maintain his or her balance
while standing on one leg (A) and while attempting to perform
a single-leg squat (B) was used as an index of core stability.
Postural instability/sway, “corkscrewing,” and outright loss of
balance were all considered indicative of core weakness/
dyscontrol.

categorical variables, the Wilcoxon and Kruskal-Wallis non-
parametric tests for continuous variables, and the Spearman
rank correlation coefficient. A P value of = .05 was taken as
an indication of statistical significance.

RESULTS
Injury Epidemiology

Two thousand three hundred fifty-two athletes (1452 men,
900 women) participated in the NIRSA collegiate club cham-
pionships. The study authors collected 422 completed part 1
questionnaires during the 3-day tournament, an 18% overall
participation rate. Of the 286 male respondents, 57% had
ever experienced a shoulder problem, whereas 44% had
experienced a shoulder problem during the current season.
Sixty percent of the 136 female respondents had ever expe-
rienced a shoulder problem, whereas 42% reported a shoul-
der problem during the current season (Table 2). Ninety-

Table 2. Demographic variables and prevalence data

three percent of respondents were right hand dominant, and
the right shoulder was symptomatic in 92% of those who had
ever experienced a shoulder problem. Sixty-six percent of
athletes who reported shoulder problems during the current
season attributed their symptoms to a recurrent volleyball-
related injury, but only 25% could recall a specific instance
when their symptoms began. Athletes with a history of shoul-
der problems were, on average, older than those who denied
shoulder problems (21.8 years versus 20.5 years, Wilcoxon P
value < .001).

The position assignments of the respondents were repre-
sentative of the standard player positions that constitute a
typical volleyball lineup, (setter 11.4%, middle blocker
30.6%, opposite 15.9%, outside hitter 35.3%, libero/defen-
sive specialist 11.4%). Those athletes who functioned as
attackers (eg, outside hitters, middle blockers, and opposites)
reported shoulder pain during the current season more often
than setters and liberos (64% versus 49%, Xz =573,P=
.017, estimated relative risk 1.3). Service style also was asso-
ciated with a history of shoulder problems. Athletes who
used the more traditional float serve were less likely to have
ever experienced shoulder problems (57%) when compared
to jump servers (67%) or to those who reported “other”
service styles, such as a “top spin” serve (79%; x* = 7.01,P =
.030, estimated relative risk 0.82).

Functional Consequences

Nearly half (46%) of the athletes who reported shoulder
problems believed that their symptoms interfered with their
ability to play volleyball. Female athletes with shoulder prob-
lems scored lower on the SST than did male athletes (women
9.0 versus men 10.1, Wilcoxon P = .001), and they were
more likely than male athletes to seek medical attention for
their complaints (35% versus 21%, respectively, Fisher exact
test P = .025). Fifty-five percent (n = 152) of the 276
athletes who agreed to undergo the physical examination
reported experiencing shoulder problems at some point dur-
ing the current season. Twenty-eight of the 152 (18%) did
not have significant shoulder discomfort or functional limi-
tation at the time they completed the survey, whereas 78

Variable Men Women Total
Participants 286 136 422
Mean age of participants, years 21.5 20.9 21.3
Mean years of volleyball played 7.1 9.1 7.8
Mean numiber of practices/week 1.9 2.9 2.2
Athletes who have ever had shoulder problems, n (%) 163 (67) 82 (60) 245 (58)
Athletes with shoulder problems this season, n (%) 125 (44) 57 (42) 182 (43)
Athletes whose sport performance was adversely affected by 56 (45) 27 (47) 83 (46)

shoulder problems, n (%)

Mean SST score among athletes with SP 10.1* 9.0* 9.8

SP = shoulder problems; SST = simple shoulder fest.
*Significantly different, P = .001.
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(51%) reported “minimal volleyball-related discomfort,” and
38 (25%) complained of “frequent pain while serving or
spiking.” From the subgroup of athletes with shoulder prob-
lems who were examined, 24% reported pain only after
competing, whereas 43% experienced pain while competing.

Those with shoulder pain during the current volleyball
season reported a mean VAS-FL score of 22.3 compared with
a mean VAS-FL score of 11.9 for those who did not experi-
ence significant shoulder pain during the current season
(Wilcoxon P < .001). Forty (23%) of the athletes reporting
shoulder problems during the current season lost time from
training or competition as the result of their shoulder injury;
25 respondents took 7 or fewer days to recover, whereas 9
missed up to amonth, and 6 missed more than a month as the
result of their injury. Those who experienced the greatest
time lost also reported the highest mean VAS-FL scores
(Kruskal-Wallis P < .001) and the lowest mean SST scores
(Kruskal-Wallis P = .001).

Findings on Physical Examination

One hundred eighty-six male and 90 female athletes (a com-
bined 65% of the responding cohort) were examined. The
examination included aspects of inspection, as well as func-
tional testing. Virtually half of the examination cohort was
thought to demonstrate a head-forward posture, whereas
47% of the cohort (51% of men versus 38% of women)
demonstrated rounded shoulders (Fisher exact test P
=.040). Male athletes were more likely than female athletes
to have a unilaterally “dropped scapula” (36% versus 19%,
Fisher exact test P = .007). Periscapular atrophy was ob-
served in 39 subjects (14% of those who underwent exami-
nation) and was more common among male than female
athletes (18% versus 7%, Fisher exact test P = .016). How-
ever, in the final analysis neither atrophy nor any of the other
static inspection variables (with the exception of coracoid
tightness/pectoral shortening; discussed later) was found to
have a significant statistical association with self-reported
shoulder pain or dysfunction.

More than half (60%) of the participants who were exam-
ined were thought to demonstrate abnormal scapular me-
chanics on at least one side. Seventy-three (26%) of the
examination group were determined to have type 1 scapular
dyskinesis as defined by Burkhart et al [19,20], whereas 56
(20%) demonstrated evidence of type 2 dyskinesis and 29
(11%) were thought to exhibit type 3 scapular dyskinesis.
The authors also measured the extent of dynamic scapular
malposition by use of the scapular slide technique [21]. They
observed a prevailing lateralization of the dominant scapula
that was detectable in all 3 testing positions (signed ranks
test, P < .001). However, it was only in the third position of
the scapular slide (ie, with the upper limbs abducted 90° and
in maximal voluntary internal rotation at the shoulder) that
the data revealed a significant association between the extent

Table 3. Lateral scapular displacement (as measured by the
scapular slide technique) in athletes with and without a history
of shoulder pain

Pain History
(With vs Without)

Difference of the Means

(cm)
Test Position Right Left
| (arms at side) 0.3 0.4
Il (hands on hips) 0.3 0.2
Il (90° - max IR) 0.8* 0.7t

*P =.012; 'P = .009.

of scapular lateral displacement (as measured by the mean
difference of the distance from the midline to the medial
scapular border) among those with and those without a
history of shoulder problems during the current season
(Table 3).

Other indices of scapular positioning that were measured
included infera (the vertical distance between the medial
scapular border at the intersection with the scapular spine on
the right versus the left; Figure 2), lateral scapular displace-
ment (a static measure of relative scapular lateralization
which compares the distance from the intersection of the
scapular spine and the medial scapular border to the adjacent
spinous process, right versus left), and scapular abduction (a
measure of the side to side difference in the degree of scapular
rotation, measuring and comparing the angle created by the
medial scapular border and a vertical plumb line, right versus
left) [21]. None of these measures was able to independently
discriminate between those with and those without a history
of shoulder pain during the present season, or ever. However,
the authors did discover an association between coracoid
tightness/pectoral shortening (present in 63% of those exam-
ined; Figure 3) and shoulder pain (Fisher exact test P =
.030), and they also documented a statistically significant
association between restriction of pure flexion of the upper
limb in the sagittal plane and a history of shoulder problems
(Wilcoxon P = .015).

Athletes were screened for evidence of functional anterior
impingement, as well as anterior glenohumeral instability.
Twenty-nine percent of the athletes examined reported ante-
rior shoulder pain when they elevated the upper limb in the
scapular plane. Those athletes with a history of shoulder pain
were more likely to demonstrate impingement than those
without complaints of shoulder pain (39% versus 11%, x* =
20.99, P < .001). Of those with signs of impingement, 73%
had their symptoms relieved by the scapular assistance test.
In addition, 80 of the 276 athletes who were examined (29%)
demonstrated evidence of apprehension at the extreme of
passive glenohumeral external rotation in at least one shoul-
der. Of these, 66 (82.5%) experienced some relief from their
apprehension by the relocation test. The athlete’s response to
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Table 4. Components and derivation of the SICK scapula score, after Burkhart et al (20)

Subjective Pain History Objective Pain History Scapular Position Ocm T1cm 2cm 3cm

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 0 1 2 3
abduction

Proximal lateral arm, Y/N
Radicular symptoms, Y/N

Impingement, Y/N
Scapular assistance test, Y/N
TOS symptoms, Y/N

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 fo the fests 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.

the apprehension test and the relocation test was not associ-
ated with his/her complaints of shoulder problems.

The relative loss of available glenohumeral internal rota-
tion in the dominant shoulder of the overhead athlete (com-
pared with the nondominant shoulder) has been termed the
glenohumeral internal rotation deficit (GIRD) [24]. The
range of motion data revealed a significant reduction in
available passive glenohumeral internal rotation on the right
(dominant) side compared to the left (nondominant) side,
with a mean left—right difference in available glenohumeral
internal rotation of 8.9° (signed ranks test, P < .001; Figure
4). On average, passive internal rotation on the right mea-
sured 46.1° versus a mean of 55° on the left, (t-statistic =
4.51, P <. 001). The authors also detected a nonsignificant
increase in available passive external glenohumeral rotation
on the right side (89° right versus 87° left). Taken together,
the total available glenohumeral range of motion on the right
was not statistically different from that on the left.

In the study population, the authors were unable to detect
an association between the degree of GIRD and self-reported
shoulder problems, either during the current season or ever.
Similarly, there was no association between the degree of
GIRD measured and the position played (although attackers
did have a slightly greater mean deficit of dominant glenohu-
meral internal rotation than did nonattackers, the difference
did not reach statistical significance).

Manual assessment of isometric shoulder motor function
revealed a total of 46 athletes (17%) with imbalanced right
versus left shoulder external rotational strength. Imbalanced
internal rotational motor function was detected less often (n
= 16, 6%). Imbalanced isometric motor function of the
shoulder external or internal rotators was associated with
self-reported volleyball related shoulder problems during the
current season leading up to the championship event (x> =
19.9, P < .001, estimated relative risk 1.8).

The SICK scapula score (Scapular malposition, Inferior
medial border prominence, Coracoid pain and malposition,
and dysKinesis of scapular movement), a composite numer-
ical measure of the extent of scapular malposition and related
symptoms and signs originally developed by Morgan [20],

was calculated from the measurements obtained during the
exam using the scoring algorithm detailed in Table 4. This
index was found to correlate significantly with the degree of
self-reported pain and impairment caused by shoulder prob-
lems (as reflected by the VAS-FL and SST scores, Spearman
correlation coefficient r = —0.351/P < .001 and r = 0.39/P
< .001, respectively). Greater SICK scapula scores, particu-
larly scores =3, were associated with an increased likelihood
of shoulder problems in the current season (Mantel-Haenzel
X° = 6.61, P = .010; Table 5); however, the SICK scapula
score did not correlate with the degree of GIRD.

Functional neuromuscular trunk control (core stability)
was assessed by having each athlete alternately stand/balance
on either his or her right or left leg (Figure 5) [22]. Athletes
were subsequently asked to perform a single-leg knee bend
on each side. Seventy percent of athletes performed single-leg
stance without difficulty, but only 38% of the athletes were
able to perform a single-leg squat without any postural insta-
bility (eg, postural sway, corkscrewing, or outright loss of
balance) on either side. Those who had difficulty with the
single-leg stance were more likely to have ever experienced

Table 5. SICK scapula score vs shoulder pain during the
current season

Shoulder Problems

This Season
SICK Scapula Score No Yes
0 24 11
1 31 16
2 24 26
3 19 28
4 12 17
5 9 8
6 ® 14
7+ 6 19

Scores =3 (shaded area) were more likely fo be associated with a history of
shoulder problems during the current season.
SICK = Scapular malposition, Inferior medial border prominence, Coracoid
pain and malposition, and dysKinesis of scapular movement.
Mantel-Haenzel x*> = 6.6095, P = .010.
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shoulder problems (Xz = 8.83, P = .032, estimated relative
risk 1.2). Furthermore, those who exhibited postural insta-
bility on single-leg stance had greater mean SICK scapula
scores compared to those who demonstrated no deficits of
core stability (3.9 versus 2.9, respectively, Kruskal-Wallis P
=.038).

DISCUSSION

To effectively prevent or treat volleyball-related shoulder
problems, particularly those caused by overuse, the individ-
ual athlete’s modifiable risk factors for injury must be iden-
tified and addressed. Unfortunately, understanding of the
factors contributing to volleyball-related shoulder problems
is limited by a paucity of research. The authors undertook
this investigation with a goal of improving the understanding
of the risk factors for shoulder pain and dysfunction among
volleyball athletes. They speculated that volleyball would
share several risk factors for shoulder injury with other
overhead sports, including the volume of overhead activity,
degree of GIRD, scapular dyskinesis, posterior shoulder
weakness, and a history of previous injury along the kinetic
chain [25].

These data suggest that shoulder problems are common
among competitive college-aged volleyball players. The lim-
ited response rate prevents one from accurately measuring
the true prevalence of shoulder problems in this population.
However, because the authors intentionally did not restrict
themselves to only collecting data on time-loss injuries, this
dataset may more accurately capture the experience of (and
thus the risk factors inherent to) the athlete with shoulder
pain and/or dysfunction caused by chronic overuse, particu-
larly when compared with studies or databases that are
limited to time-loss injuries.

In that regard, (limitations of participation and recall bias
notwithstanding) these data suggest that shoulder problems
that did not result in time loss outnumbered time-loss shoul-
der injuries by a ratio of 3:1. Furthermore, shoulder prob-
lems represent a considerable source of discomfort and func-
tional limitation to the affected athletes. The impact of
shoulder pain on the study cohort is reflected not only in the
SST and VAS-FL scores reported by participants with a
history of shoulder problems, but also by the relatively high
percentage of volleyball players who reported seeking medi-
cal attention for their symptoms. Of those with a shoulder
problem during the current season, 28% sought medical
attention whereas 37% reported the use of antiinflammatory
medication at least weekly for their shoulder problem [26].
Although there does not appear to be a significant gender
difference in the prevalence of shoulder problems, female
participants with shoulder problems reported lower overall
shoulder function and sought medical care more frequently
than did male participants with shoulder problems.

The authors identified 3 historical factors associated with
a history of shoulder problems: age, position played, and

service style. Interestingly, although “years of participation”
was not associated with shoulder problems, this variable was
inversely correlated with the SST score (Spearman correla-
tion coefficient r = 0.248, P = .003). The fact that those
athletes who were required to attack the volleyball or who
used an aggressive service style were more likely to have
experienced shoulder problems points to the importance of
repetitive overhead loading in placing athletes at risk for
shoulder problems.

Spiking, along with its service correlate, the jump serve, is
perhaps the most dramatic skill in volleyball. It has been
estimated that an elite volleyball player, practicing and com-
peting 16 to 20 hours per week, may perform as many as
40,000 spikes in one season [12]. This figure may well
underestimate the actual number of repetitions performed
throughout the year by the modern elite volleyball athlete.
The volume of loading inherent in that much overhead
activity (much like the baseball pitch or the tennis serve)
places enormous demands on the shoulder girdle. Athletic
shoulder function is dependent upon the precise action of the
rotator cuff and the muscles that stabilize the scapula. These
muscles must be well conditioned and their actions precisely
coordinated to ensure pain-free shoulder function. Unfortu-
nately, through repetition and the sheer volume of training,
the musculoskeletal structures of the shoulder girdle may
become overloaded and fatigued, thereby increasing the risk
of injury [27,28]. It is therefore not surprising that attackers
should report a greater frequency of shoulder problems than
setters or defensive specialists.

In addition to historical risk factors, the authors sought to
identify readily assessed physical factors that are associated
with volleyball-related shoulder pain. The authors of other
studies [13-17] have documented shoulder strength imbal-
ances among volleyball athletes who complain of shoulder
pain. The data in this article confirm this association. Impor-
tantly, however, rather than the use of expensive dynamom-
eters or other equipment that may be unavailable to sports
medicine practitioners, the study authors screened for
strength imbalances by using manual muscle testing tech-
niques, thereby underscoring the utility of the physical ex-
amination in screening for risk factors.

As did Kugler et al [12], the current authors also detected
evidence of dominant scapular adaptation to overuse in the
majority of volleyball athletes who submitted to the stan-
dardized shoulder examination. In particular, they docu-
mented widespread postural abnormalities and shoulder gir-
dle adaptations (including coracoid tightness/pectoral
shortening, GIRD and infera) that, although not all statisti-
cally associated with a history of shoulder problems, may
represent functional adaptations to the imposed demands of
this overhead sport [29-31].

Deficits of glenohumeral range of motion on the dominant
side have been described among athletes participating in a
variety of overhead sports, including baseball, tennis, and
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volleyball [24,32]. GIRD exceeding 20-25° has been linked
with an increased risk of shoulder problems in overhead
athletes [33]. Given that the mean side-to-side difference in
available glenohumeral internal rotation among the current
cohort of volleyball athletes was only 8.9°, it was not surpris-
ing to find that GIRD was not associated with self-reported
shoulder problems in this study, either for the present season
or ever. Indeed, the mean GIRD that was documented on the
right (dominant) side is comparable with what has been
previously documented in nonpathological shoulders of ath-
letes competing in other overhead sports [33]. Thus, from a
mechanistic standpoint, this lack of association suggests that
the cumulative forces on the shoulders of these competitive
collegiate volleyball players simply did not exceed the thresh-
old necessary to precipitate more extensive reactive/adaptive
changes. Testing that hypothesis would require a more de-
finitive assessment of both the intensity and volume of the
load experienced by each athlete over time.

Such a study would also permit determination of whether
the relatively minor degree of GIRD measured is a conse-
quence of the age and skill level of our sample of athletes or
whether it is representative of volleyball athletes in general.
Kibler et al [24] found that the degree of GIRD among a
cohort of tennis players was dependent on the athlete’s age
and the number of years they had been competing. The fact
that the study authors did not detect such an association
forces them to ask whether the mobility pattern observed (ie,
minor GIRD on the dominant side without a significant
corresponding increase in external rotation ipsilaterally) re-
flects the typical extent of physiologic adaptation that occurs
among volleyball athletes. Interestingly, the authors of 2
other studies [34,35] document relatively small amounts of
GIRD in the dominant shoulder of volleyball athletes, sug-
gesting that the biomechanical demands of volleyball may be
decidedly different from those of other overhead sports.

Studies comparing the scapular mobility of volleyball
athletes at various stages of development (eg, high school,
collegiate, and elite/national team) would afford some insight
into the natural history of the scapular adaptations that
accrue over time in response to chronic overloading. It could
be that the spike and the jump serve, both of which are
performed with the volleyball athlete in an unsupported
position with his or her feet off the ground, produce less
posterior capsular overload than do skills such as the baseball
pitch, in which the athlete remains in contact with the
ground. It is interesting to note that water polo athletes
apparently do not demonstrate significant GIRD either but
have been found to have a significant unilateral gain in
shoulder external rotation [27]. Recent data also indicate that
the proximal force on and the torque generated at the shoul-
der by the volleyball spike and serve are lower than those
generated by the baseball pitch and the tennis serve (Reeser
J., etal, 2009 unpublished data), perhaps contributing to the
comparatively smaller GIRD detected among the study sam-

ple of collegiate club volleyball athletes. The current authors
therefore speculate that the shoulder mobility pattern ob-
served in this study reflects a volleyball-specific pattern of
physiologic adaptation to the unique demands of the sport.
Clearly, further longitudinal research is indicated.

The fact that the study data did not reveal a statistical
association between periscapular atrophy and shoulder prob-
lems cannot be considered surprising, given that clinically
diagnosed suprascapular neuropathy is typically painless and
frequently results in no discernible performance deficit [36].
It is surprising, however, that the scapular slide technique
was not more sensitive in distinguishing between athletes
with shoulder problems and those without. Asymmetric lat-
eral displacement of the dominant scapula during the scap-
ular slide test was originally thought by Kibler et al [21] to
serve as a reliable indicator of clinically significant scapular
dyskinesis. In the current study, the right-versus-left differ-
ence in mean scapular displacement from the midline in each
testing position failed to show an association with shoulder
injury history. However, the scapular slide testing did reveal
significantly greater lateralization of both scapulae in the
third position among volleyball athletes with a history of
shoulder problems during the current season compared with
those athletes without a similar history of shoulder com-
plaints (Table 3). Whether a threshold exists for symptomatic
scapular lateralization in the third position (ie, a value that
might serve as a reliable predictor of shoulder dysfunction)
remains to be seen.

Conversely, it was found the SICK scapula score [20] was
able to discriminate between volleyball athletes with and
without a history of shoulder problems. Specifically, the
authors found that scores of =3 were statistically more likely
to be associated with a history of shoulder problems during
the current season. Furthermore, the SICK scapula score was
significantly correlated with the VAS-FL score, the SST score,
and measures of core instability. Therefore, it is believed that
the SICK scapula score may be a potentially useful screening
instrument to detect (and possibly monitor the status of)
shoulder problems among volleyball athletes.

The fact that core instability was more common among
athletes with shoulder problems than among those without
shoulder issues is consistent with the current understanding
of the importance of the kinetic chain in generating force for
the execution of overhead sports skills and the role that the
core plays in efficiently transmitting the force produced by
the lower limbs up to the shoulder girdle (which in turn
funnels it out to the distal upper limb). Whether core weak-
ness and functional trunk instability are necessary precondi-
tions for the development of scapular dyskinesis and shoul-
der dysfunction and pain in volleyball, athletes must await
further prospective research, but the present data do imply a
role for core dysfunction in the etiology of the various over-
use conditions affecting the shoulder of the volleyball athlete.
In that regard, it is important to note that the study authors
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used a relatively simple and quick screening assessment of
functional neuromuscular trunk control; consequently, un-
derstanding of the mechanisms at play may be enhanced if
future research specifically tested the individual muscle
groups that work cooperatively to dynamically stabilize our
core, as proposed by Arendt [37].

Study Limitations

This study has limitations. The participation rate was disap-
pointing, and in retrospect, questionnaires should have been
distributed directly to the athletes rather than reliance on the
team representatives to perform that task. As noted previ-
ously, the participants who underwent the physical exami-
nation reported shoulder problems at a greater rate than did
those in the larger group who returned the first question-
naire, suggesting participation bias. However, because a pri-
mary objective of the study was to identify physical attributes
associated with shoulder problems, this bias was less conse-
quential than if the sole intent had been to measure injury
prevalence. Of course, there is also the possibility that those
athletes with more serious injuries may not have attended
this championship event, thereby potentially skewing this
study’s examination data in the other direction.

Because data were collected at a single point in time, by
necessity the authors relied on self-report when determining
volleyball-related exposures. Consequently, risk assessments
evaluated associations rather than true cause-and-effect rela-
tionships. Finally, although the authors endeavored to stan-
dardize the physical examination, there was undoubtedly
some variability in the way in which data were collected and
recorded. For example, there were approximately 12 outliers
in the glenohumeral passive range of motion data that sug-
gested the possibility of inconsistencies in measurement
technique. However, even when those outliers were removed
from the dataset, there was no appreciable change in the
statistical significance or interpretation of the relevant analy-
ses. Consequently, all analyses were conducted on the full
dataset without any effort to sanitize the data.

CONCLUSION

In summary, this investigation identified several risk factors
for shoulder problems among volleyball players (tabulated in
Table 6). Although these volleyball-related risk factors are
indeed similar to those that have been identified for other
overhead sports, the study data suggest that risk factors for
shoulder problems exist in patterns that reflect the unique
demands of each sport. The authors propose that the factors
identified as associated with shoulder pain and dysfunction
in volleyball athletes might facilitate early identification of
those athletes at risk for shoulder problems, which in turn
might permit timely introduction of appropriate injury pre-
vention/therapeutic interventions. Specifically, the authors

Table 6. Factors associated with volleyball-related shoulder
pain and dysfunction

Factor Type of Risk
Age Infrinsic/unmodifiable
Coracoid tightness/pectoral Infrinsic/modifiable
shortening
Core instability Infrinsic/modifiable
Gender Intrinsic/unmodifiable
Imbalanced shoulder strength Infrinsic/modifiable
Impingement Infrinsic/modifiable
Position played Extrinsic/modifiable

Restricted shoulder flexion
Service style
SICK scapula score =3

Intrinsic/modifiable
Extrinsic/modifiable
Intrinsic/modifiable

SICK = Scapular malposition, Inferior medial border prominence, Coracoid
pain and malposition, and dysKinesis of scapular movement.

propose that coaches and team medical personnel may wish
to periodically assess scapular function and dynamic postural
control (eg, during preseason examinations as well as during
season-ending exit examinations) to identify those athletes at
greatest risk for shoulder dysfunction.
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