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Abstract

Purpose Glenohumeral range of motion adaptations may
affect throwing athletes and contribute to shoulder injury.
The purpose of this study was to evaluate shoulder rotation
deficits among elite professional handball players and its
correlation to the presence of shoulder pain and morpho-
logical changes.

Methods FEighty-seven elite professional handball players
and 41 healthy non-athlete volunteers participated in the
study. Evaluations included measurement of range of inter-
nal and external rotation, total arch of motion, identifica-
tion of shoulder pain and ultrasound scan for diagnosis of
rotator cuff tears and internal impingement.

Results Glenohumeral rotational deficits (>20-25°) were
found among 11 players group (13%). The throwing shoul-
ders in the players group showed a decrease in internal
rotation and an increase in external rotation with signifi-
cantly larger ranges among players compared to the non-
athlete group. Internal rotation deficit >20° was associated
with higher incidence of shoulder pain among players.
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Both internal rotation deficits (>25°) and total arch of
motion deficit (>20°) co-existed with higher incidence of
internal impingement. Shoulder pain was common (36/97-
41%) and was associated with decreased external rotation
and total arch of motion. Internal impingement (found in
13/87-15%) correlated with decreased rotation ranges and
a greater deficit in total arch of motion, whereas higher gain
in external rotation correlated with a partial rotator cuff tear
(found in 12/87-14%).

Conclusions Shoulder pathologies and problems com-
monly affected the group of handball players. Greater
glenohumeral rotational deficits in throwing shoulders of
handball players correlate with shoulder pain and internal
impingement, while increased external rotation with par-
tial rotator cuff tears. Such deficits affect 13% of the ath-
lete population. Major clinical relevance of the study is to
monitor handball players’ shoulders both clinically and by
proper imaging. Evaluation of range of rotation seems to
identify shoulders at risk of the pathology.
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Abbreviations

GIRD  Glenohumeral internal rotation deficit
ER External rotation

ERG External rotation gain

D Dominant

IR Internal rotation

MRI Magnetic resonance imaging

ND Non-dominant

RCT Rotator cuff tear

ROM  Range of motion
SD Standard deviation

SLAP  Superior labral anterior to posterior tear
TAM  Total arch of motion

TAMD Total arch of motion deficit

TAMG Total arch of motion gain

[N Ultrasound scan

Introduction

The phenomenon of decreased shoulder internal rotation
in overhead athletes’ throwing shoulder, has been termed
glenohumeral internal rotation deficit (GIRD) [2, 3, 15, 20,
32]. A majority of the current literature has been based on
baseball players. Handball, in comparison, is a very explo-
sive, contact overhead sport, associated with multiple colli-
sions, frequent direction changes and various techniques of
throwing [12, 23, 30]. Epidemiology data show high prev-
alence of injury and self-reported shoulder pain [10, 23].
It has been suggested that athletes with GIRD >20° have
twice as high an incidence of shoulder injury [3, 14]. On
the other hand, Clarsen et al. have not found any associa-
tion between injury and any internal rotation deficit [15]. It
is also not very clear as to what is the incidence of GIRD
among players and non-players. In general, the concept of
pathological events of the throwing shoulder resulting in
tissue compromise (internal impingement, fibrosis, rotator
cuff tears) is well accepted. However, we have not yet found
reliable studies which link morphological changes to rota-
tional shoulder parameters, especially in handball players.
It has been hypothesized that shoulder pain and mor-
phologic abnormalities detected by an ultrasound scan
are associated with rotational profile deficits of the shoul-
der. There were several aims to the study. First, to com-
pare shoulder rotation ranges and deficits between elite
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professional handball players and a control group of
healthy non-athletes. Second, to assess the frequency of
rotational deficits among the tested populations. Third, to
correlate rotational shoulder properties to the presence of
shoulder pain and morphological changes found on shoul-
der ultrasound scan. To our best knowledge, our study
is the first to explore and find the association between
shoulder pathologies in tissue morphology and various
magnitudes of GIRD. It is also the first one to explore
incidence of various magnitudes of GIRD among throw-
ing athletes and relating to non-throwing population.

Materials and methods

This is a cross-sectional study (level II) in a group of Pol-
ish male elite professional handball players.

Participants

Study material was based on both professional handball
players and control group of non-athletes. Eighty-seven
elite professional male handball players from four Super
League (the first Polish division) teams and one team
from the first League (the second Polish division) were
enrolled to the study. All the players were full-time pro-
fessionals. Their typical training schedule included a 2-h
session a day, 4-5 times a week. In addition, they played
a competitive match every weekend during this period.
The dominant shoulder was defined as the shoulder used
to throw. All tests (described in detail below) were per-
formed during the off-season, and none of the partici-
pants included in the study had any recent or current dis-
abling shoulder injury or condition.

Forty-one healthy non-athlete volunteers were
included in the control group based on the following
inclusion criteria: age 20-30; no history of shoulder
injury, surgery, pain and/or dysfunction; and no history
of professional sport participation. The average age in the
players group was 25 years (SD 4.7, range 18-38), height
was 188 cm (SD 6, range 175-202) and weight was 92 kg
(SD 11, range 64125 kg). The right shoulder was domi-
nant in 68 participants and the left one in 19. The aver-
age age of the control group was 25 years (SD 1, range
20-24), height was 181 cm (SD 5.1, range 174-189) and
weight was 77.9 kg (SD 12.7, 61-105). The right shoul-
der was dominant in 38 and left in 3 participants. There
was no difference in age between the groups. However,
height and weight were significantly higher in the players
group compared to the control group (p <0.0001).
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Study protocol

The study protocol included: measurement of shoulder
range of internal rotation (IR) and external rotation (ER),
registration of existing throwing shoulder pain and a shoul-
der ultrasound examination to assess for possible rotator
cuff tears and posterior internal impingement.

Measurements of range of shoulder rotation were per-
formed with the participant lying in a supine position, hav-
ing the shoulder abducted to 90° and the elbow flexed to
90°. Measurements were made in a passive mode. Two
examiners (PK and PC) performed the evaluation. Shoulder
rotation was established both visually and manually by one
examiner, while the scapula was stabilized to elicit pure
glenohumeral motion. The other examiner recorded the
angle of rotation using a goniometer with the centre of rota-
tion placed at the olecranon tip. One arm of the goniometer
was placed along the axis of the ulna and the other perpen-
dicular to the ground. Further calculations included total
arch of motion (TAM—total of ER and IR), deficit of inter-
nal rotation (GIRD—difference of IR between non-domi-
nant and dominant shoulders), total arch of motion deficit
(TAMD—difference of TAM between non-dominant and
dominant shoulders), external rotation gain (ERG—differ-
ence of ER between dominant and non-dominant shoul-
ders), and total arc of motion gain (TAMG—difference of
TAM between dominant and non-dominant shoulders).

Pilot study has been performed to evaluate the reliability
of measurements in the first 20 control-group participants.
Intraclass correlation coefficient was very high: 0.99 for IR
and ER both within the raters and between the raters (at
p <0.0001 for both correlations).

Shoulder pain

The presence of shoulder pain was established as reported
by participants when the pain level was at least 2 in the
0-10 visual analogue scale, which occurred for the duration
of at least 1 week within the last month of playing.

Ultrasound scan

An ultrasound evaluation was performed by an experienced
musculoskeletal radiologist, using the 5-12-MHz linear
transducer (HD11 XE system, Phillips Ultrasound, Ando-
ver, MA, USA). The scan was preformed to screen for mor-
phological changes including: rotator cuff integrity, pres-
ence of posterior internal impingement, possible changes
in long head of the biceps, bursitis, inflammation of acro-
mioclavicular joint. Postero-superior impingement was
dynamically examined in the ABER position with diagno-
sis criteria including humeral head anterior translation with
the posterior surface of the greater tuberosity facing the

postero-superior glenoid rim and the interposition of the
articular side of the rotator cuff in-between.

The study was approved by the Ethical Committee of
the University of Medical Sciences in Poznan (962/11). All
participants were informed about the purpose and study
procedures. Informed consent was obtained from all indi-
vidual participants included in the study.

Statistical analysis

Statistical analysis was performed using Statistica 10 soft-
ware (StatSoft) and included power analysis, normality
tests (Shapiro—Wilk), parametric (T student) and non-par-
ametric tests (Mann—Whitney). A Fisher’s exact test had
been applied to compare frequencies between specific sub-
groups. The level of significance was set at p <0.05. Power
analysis and sample size were calculated for IR, ER and
TAM. The power was 0.9 for all and the size of valid sam-
ple was determined to be 37, 27 and 33, respectively.

Results

The throwing shoulder in the handball group showed a
statistically significant decrease in IR and increase in ER,
when compared to the opposite shoulder (Fig. 1). No such
difference could be noted for the control group. Handball
players revealed significantly higher ranges of IR and ER
as well as TAM compared to the control group. Average
IR deficit among handball players was statistically signifi-
cantly larger than in control group. Neither the TAMD nor
ERG showed statistically significant differences between
the study groups.

The incidence of pain in the throwing shoulder was 36
out of 87 handball players (41%).

An ultrasound scan revealed articular-side partial-thick-
ness rotator cuff tear (RCT) in 12 out of 87 (14%) hand-
ball players, and postero-internal impingement in 13 out
of 87 (15%). No such changes were detected in the oppo-
site shoulders. There was no statistical difference for the
incidence of pain related to the presence of RCT (painful
RCT—54% vs. painless RCT—46%) nor any difference
related to internal impingement (painful internal impinge-
ment—62% vs. painless internal impingement—38%).
Incidence of RCT was not related to the presence of inter-
nal impingement. Other ultrasonographic abnormalities
included subacromial bursitis (n=3) and acromioclavicular
degeneration (n=2), and long head of the biceps tendinitis
(n=1). Ultrasound evaluation of the control group did not
reveal any shoulder abnormalities.

Shoulder pain was associated with decreased ER
and TAM. Internal impingement was accompanied by
decreased ranges of rotations (IR, ER, and TAM) and larger
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Fig. 1 Results of shoulder rotation ranges and deficits and gains
among handball players and control group. Numbers over the top of
the bars represent the average values; arrows with p values above
represent statistical comparisons between particular values of hand-
ball and control groups (non-parametric Mann—Whitney test). Hand-

ball players’ results have been depicted by black bars and control
group’s by the white bars. ERG external rotation gain, GIRD gleno-
humeral internal rotation deficit, HB handball, TAMD total arch of
motion deficit

Table 1 Results of rotational

. Measurement Shoulder pain Internal impingement Partial RCTs
parameters depending on the
presence or absence of shoulder Yes No Yes No Yes No
pain, internal impingement and
rotator cuff tears IR of throwing shoulder
Ave +SD 5015 53+13 37+ 12 53+12 49+13 52+14
p value NS <0.0001 NS
ER of throwing shoulder
Ave+SD 88+21 94+15 76+26 94+14 94+16 91+18
p value <0.05 <0.0001 NS
GIRD (ND-D)
Ave+SD 611 5+10 711 5+10 4+11 6+10
p value NS NS NS
ERG (D-ND)
Ave+SD 3+11 4+11 1+17 4+10 77 3+12
p value NS NS 0.05
TAM
Ave+SD 138+32 146 +24 11034 148 +22 143 +26 143 +28
p value <0.05 <0.0001 NS
TAMD
Ave+SD 4+14 1+18 6+20 1+11 (=)3=+9 3+13
p value NS 0.029 NS
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p values based on Mann—Whitney test

RCT rotator cuff tear, IR internal rotation, ER external rotation, GIRD glenohumeral internal rotation defi-
cit, ERG external rotation gain, TAM total arch of motion, TAMD total arch of motion deficit, NS not sig-
nificant, ND non-dominant, D dominant
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TAMD (Table 1). There was increased ER in players diag-
nosed with a partial RCT.

Only larger deficits have been significantly associ-
ated with shoulder symptoms (Table 2). Shoulder pain
was more common in players with GIRD >20°, and

internal impingement was more common with GIRD >25°
or TAMD >20°. Both increased ER and TAM co-existed
with a higher prevalence of partial RCT.

The incidence of GIRD and TAMD decreased with
higher range of deficits (Table 3). No statistically

Table 2 The relationship of incidence of pathological findings and occurrence of rotational deficits and gains

GIRD (any) GIRD (>5°)

GIRD (>10°)  GIRD (>20°) GIRD (>25°) ERG

Yes No Yes No Yes No Yes No Yes No Yes No
Number of players 53 34 47 40 32 55 11 76 2 85 34 53
Shoulder pain
Incidence of pain (%) 43 38 43 40 38 44 67 37 50 41 35 45
Fisher’s exact test (p) NS NS NS <0.03 NS NS
Internal impingement
Incidence of impingement 17 12 15 15 13 16 27 13 50 13.3 12 17
Fisher’s exact test (p) NS NS NS NS 0.02 NS
Partial RCT
Incidence of RCT 9 21 11 18 9 16 8 15 50 13 25 6
Fisher’s exact test (p) NS NS NS NS NS <0.01

TAMD (any)  TAMD (>5°)

TAMD (>10°) TAMD (>20°)  TAMD (>25°)  TAMG

Yes No Yes No Yes No Yes No Yes No Yes No
Number of players (%) 45 42 35 52 21 66 6 81 5 82 34 53
Shoulder pain
Incidence of pain (%) 47 36 43 40 43 41 50 41 40 41 38 43
Fisher’s exact test (p) NS NS NS NS NS NS
Internal impingement
Incidence of impingement 16 14 20 12 19 14 15 5 20 15 15 15
Fisher’s exact test (p) NS NS NS 0.01 NS NS
Partial RCT
Incidence of RCT 11 17 14 13 5 16 0 8 0 15 35 24
Fisher’s exact test (p) NS NS NS NS NS <0.04

GIRD glenohumeral internal rotation deficit, ERG external rotation gain, NS not significant, RCT rotator cuff tear

Table 3 Incidence of GIRD, ERG, TAMD and TAMG among handball and control group

Range of deficit GIRD (>0°) GIRD (>5°) GIRD (>10°) GIRD (>20°) GIRD (>25°) External rota-
tion gain
Group HB Control HB Control HB Control HB Control HB Control HB Control
Incidence (%) 61 51 54 39 37 24 13 2 2 0 39 39
Number of affected 53 21 47 16 32 10 11 1 2 0 34 16
Fisher’s exact test (p) NS NS NS NS NS NS
Range of deficit TAMD (any) TAMD (>5°) TAMD (>10°) TAMD (>20°) TAMD (>25°) TAMG
Group HB Control HB Control HB Control HB Control HB Control HB Control
Incidence (%) 52 51 40 44 24 20 7 2 6 0 39 39
Number of affected 45 21 35 18 21 8 6 1 5 0 34 16
Fisher’s exact test (p) NS NS NS NS NS NS

GIRD glenohumeral internal rotation deficit, ERG external rotation gain, TAMD total arch of motion deficit, TAMG total arch of motion gain,

RCT rotator cuff tear, NS not significant, with Fisher’s exact test
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significant difference has been found between the incidence
of GIRD and TAMD between the athletes and the control
groups. The only difference close to significance was for
GIRD >5° to be more frequent among handball players
(p=0.08). Incidence of ERG and TAMG was very similar
between the groups.

Discussion

The most important finding of the present study was that
larger rotational deficits (GIRD higher then 20°-25° or
TAMD larger then 20°) co-existed with shoulder pain and
postero-superior internal impingement, while external rota-
tional gain with partial rotator cuff tears. However, several
other important observations have been made. The results
of this study show that the handball players group had
significantly higher ranges of both IR, ER and TAM com-
pared to the control group. There was a typical pattern of
decreased IR (by 6°) and increased ER (by 4°) among ath-
letes, compensating for total range of rotation. This adap-
tive phenomena, not seen in the control group, have been
observed before [1, 29, 31] and are explained by soft tissue
[8, 9, 32] and osseous adaptations [22, 26]. Ranges of rota-
tion span as reported among different throwing sports, with
IR of 20°-77°, ER 92°-142° and TAM 140°-216°; higher
values had mostly been recorded among baseball pitchers
[7, 8, 24, 25]. Lower ranges of ER and TAM among hand-
ball players, as suggested by Clarsen at al., could be attrib-
uted to the specificity and diversity of throwing techniques
comparing to other sports [1, 5, 28]. Other factors could
also have impact on different rotational ranges, such as:
measurement techniques, time of season, age, injury, type
of sport, pain or even climate [8, 13, 15, 32].

Incidence of pain in the throwing shoulder was 41%
in the handball group. Shoulder problems and pain have
been reported by handball players in relatively high num-
bers (32-52%), leading to absence from the game in 36%
of cases or forcing them to modify training in 68-75%
[1, 5, 23]. Therefore, it has been suggested that shoulder
pain should warrant undertaking special measures, includ-
ing injury and overuse monitoring during both training,
matches and tournaments, and implementing prevention
strategies [4, 29].

The ultrasound scans revealed partial-thickness artic-
ular-sided supraspinatus tendon tear in 12 players (14%),
and internal impingement of the postero-superior cuff in 13
(15%). 1t has been shown by Jost at al., that 70% of hand-
ball playes have been affected by partial rotator cuff tears
and 37% of them by postero-superior internal impingement
[11]. Those numbers are much higher than in our study.
The difference may be due to different study population
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(age of 27, vs. age of our group- 25), but also due to differ-
ent imaging modality (MRI vs. ultrasound).

As this study showed, abnormalities were not predictors
of pain. Less frequent pathologies were found in the study
by Halbrecht at al.: postero-superior labral tears in 30% and
partial tears in 40% of throwing baseball players [9]. Simi-
lar findings were also shown by Tehranzadeh et al. [27]. As
in our study, these changes were not seen in contralateral
shoulders.

Shoulder pain in the throwing shoulder may be attrib-
uted to various reasons, including pathological internal
impingement, RCT, fatigue, labral tears, scapular dyskine-
sis and instability, etc. [14, 18, 20]. Shoulder pathologies
identified in our handball group were associated with spe-
cific rotational parameters. Players suffering from shoulder
pain presented with decreased ER and TAM. Postero-supe-
rior internal impingement was associated with decreased
IR, ER and TAM, as well as larger TAMD. Partial RCT
was accompanied by greater ER and TAMG. Routolo
et al. reported a decrease in IR, ER and TAM associated
with pain in baseball players [25]. Previous season shoul-
der pain in baseball pitchers did not affect rotational ROM
but, however, was associated with posterior shoulder mus-
culature weakness [29]. Contrary to our results, Almeida at
al. have shown handball players with current pain to have
decreased IR and increased ER, with no difference in TAM
in the throwing arm [1]. One explanation would be that
current shoulder pain affects shoulder rotational range. The
occurrence of tears co-existed with increased ER. It may be
suggested that an RCT may be a pathological effect of the
gain in external rotation caused by the throwing. Asympto-
matic tears do not usually need any intervention. However,
the young and active sport population should be regularly
followed clinically and by imaging, since asymptomatic
lesions may convert into chronic pain [33]. Another aspect
is that supraspinatus tears (even asymptomatic) lead to a
decrease in strength parameters [19].

Based on the literature, no studies could be found to be
correlating rotational parameters with morphologic abnor-
malities. One exception is the work by Burkhart et al.,
reporting unpublished data in which players with type II
SLAP lesions would have a GIRD of more than 25° [3].
Tehranzadeh et al., reported MRI evaluation of 6 cases with
clinical and arthroscopic manifestations of GIRD, found
partial RCT, superoposterior subluxation of the humeral
head and SLAP tears [27].

Contact between the rotator cuff and the postero-supe-
rior glenoid and labrum is considered to be physiologic [9];
however, such contact is very intense in the late cocking
phase of throwing and may result in a whole range of possi-
ble pathologies, including RCT, SLAP tears, chondral ero-
sions, and capsular injuries. [5, 9, 18]. Myers et al. found
greater GIRD and posterior shoulder tightness with internal
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impingement in throwers [22]. No such effect on GIRD was
shown in our study; however, the handball group revealed
a decrease of IR, ER and TAM as well as larger TAMD. A
possible explanation is that these findings reflect capsular-
and/or muscular-related glenohumeral rotational stiffness.

The amount of GIRD that is clinically relevant is debat-
able. Burkhart et al. have suggested that GIRD >25° is
associated with SLAP tears [3]. Myers at al. have found
that throwers with internal impingement have an aver-
age GIRD of 19° [22]. Wilk at al. did not find a signifi-
cant difference between injured and non-injured patients
with GIRD [31]; however, TAMD >5° was associated with
higher risk of shoulder injury. Ruotolo et al. has reported a
10° TAMD, and 14° GIRD for painful pitching shoulder in
baseball players, as compared to 1° and 9°, respectively, for
non-painful ones [25]. On the other hand, Clarsen et al. did
not find any association between injury and any rotational
deficits in elite handball players [5]. Our study showed that
shoulder pain was more common (67 vs. 37%) when the IR
deficit was over 20°. Postero-superior internal impingement
was more frequent when GIRD was over 25° (50 vs. 13%)
or TAMD was over 20° (43 vs. 13%).

The incidence of GIRD among the throwers has not
been commonly and clearly reported. As had been shown
in our study, greater deficits have less frequent occurrence
(ranging from 61% for any GIRD to 2% for GIRD >25°)
in the handball group. Other studies have reported a GIRD
incidence of 5-40% [5, 26, 31]. Interestingly, Dwelly et al.
have shown a changing incidence of any GIRD throughout
the season (pre-fall 21%, pre-spring 3% and post-spring
14%) in baseball players [7]. Wilk at al. found TAMD >5°
to be a significant marker of shoulder injury [31].

Several important clinical observations were made
based on the current study. First of all, it was confirmed
that handball players complain commonly on shoulder
pain and discomfort despite being able to continue and
play. The throwing shoulder in that group is most com-
monly affected by internal impingement. That does not
occur in the non-throwing shoulder and non-throwing
population. This young population is already at 14% risk
of rotator cuff pathology. The most important finding is
that larger rotational glenohumeral deficits are associated
with pathologies like internal impingement or pain and
increased ER with rotator cuff tear. Such deficits affected
13 and 6% (respectively) of our athletes (only 2% in con-
trol group for both GIRD and TAMD). This illustrates
that although not every athlete is at risk, a significant
number are. Therefore, this population should be moni-
tored more closely by the medical team with the consid-
eration of introducing preventive and therapeutic meas-
ures [4, 16, 17, 21]. Several studies suggest introducing
an injury risk modification program. Laudner at al. have
found that a stretching program has a profound effect on

internal rotation among baseball players [16]. Consistent
participation in internal rotation stretching programs may
improve both IR and TAM among professional pitchers
[17].

There are several limitations to this study. One is that
various athletes playing at different positions may have
different ROM and GIRD due to the diversity of throwing
mechanisms in different positions. Differentiating this vari-
able was not possible due to small numbers in each position
subgroup. Another potential weakness is that there may
also be other variables that have not been analysed, such
as years of playing and different timings of examination
throughout the season. Another weakness lies in the com-
parison between an elite professional athletic population
and the non-athlete population—a non-matched compari-
son—with the related anthropometric differences. Athletes
were taller and weigh more. Height and weight would not
be possible and easy to match due to different body struc-
ture in the sports population. It may also be argued that MR
might be more accurate to diagnose shoulder pathology.
Ultrasound scan has been chosen in our study as imaging
modality because of its established value in the evaluation
of the shoulder. As analysed by de Jesus at al., its sensi-
tivity and specificity in detecting rotator cuff abnormalities
is comparable to MRI, provided that it is performed by a
specialized musculoskeletal radiologist [6]. The US scan
also allows for dynamic evaluation (internal impingement).
Using the scan is a common practice. The aim was also to
provide a good and simple assessment algorithm that could
be repeated in any outpatient clinic.

The results of the study show that handball players
are at the risk of the shoulder injury and pain. The exact
mechanism is not known but adaptive changes in rotation
movement may play the role. Since larger rotational defi-
cits that develop in the throwing shoulders co-exist with
various pathologies, medical team should routinely monitor
shoulder function clinically and consider proper imaging to
detect pathology. Evaluation of range of rotation seems to
identify shoulders at risk of the pathology.

Conclusions

Handball players showed typical shoulder adaptation with
increased external rotation and decreased internal rotation,
with greater ranges of rotation compared to the non-athlete
control group. Shoulder pathology was a common finding,
however, not always symptomatic. Larger rotational defi-
cits (GIRD higher then 20-25° or TAMD larger then 20°)
co-existed with shoulder pain and postero-superior internal
impingement, while external rotational gain with partial
rotator cuff tears.
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