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ABSTRACT

Aims. The aim of this study was to clarify whether volleyball and handball players, as representatives of
the so-called overhead athletes, already have an increased ROM and specific local hypermobility in the
shoulder joints in the junior categories. These changes are described by goniometric measurements and
hypermobility tests according to Sachse and Beighton. The results are examined with respect to gender
and sport specialization.

Methods. Ninety-five subjects without previous shoulder joint injury aged 16 to 19 years, including 73 vol-
leyball and handball players, were tested. The cohort included 33 men, 40 women, 34 handball players and
39 volleyball players. The control group consisted of 22 participants, including 11 men and 11 women. The
majority (90.5%) of the study participants were right-hand dominant. Only 9.5% of the participants were
left-handed. Measurements were taken with a goniometer with digital display and hypermobility tests
according to Sachse and Beighton.

Results. In a selected group of volleyball and handball players, the ROM of the shoulder joints of the
dominant arm was significantly greater in three ways: into extension, horizontal adduction and external
rotation. On the other hand, the ROM of their shoulder joints in internal rotation is smaller and the re-
search group has significant hypermobility in the glenohumeral (scapulohumeral) joint compared to the
control group. Our study showed that females compared to males playing volleyball and handball have
asignificantly higher degree of internal rotation of both dominant and non-dominant arms. No significant
differences were found when comparing volleyball and handball players. The difference in ROM between
the dominant and non-dominant arms of volleyball and handball players was shown in extension and
external rotation.
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INTRODUCTION

Throwing above head level is an extremely complex and agile movement. The throw-
er’s arm must be sufficiently lax to allow excessive external rotation, but at the same
time stable enough to prevent subluxations of the humeral head, which requires a bal-
ance between joint mobility and functional stability. We speak of this as the “thrower’s
paradox”. This balance is very often disturbed and is thought to lead to various types
of injuries to surrounding tissues. Among these injuries, the authors also include “in-
ternal impingement”, which was first described in 1992 by the Tennis Association. In
total, patients with this pathology usually have full range of motion (ROM), but on the
dominant arm the external rotation is increased by 10° to 15° and the internal rotation
is decreased by 10° to 15° compared to the non-dominant arm (Wilk et al., 2011).

According to Wilk and Arrigo (1992), most overhead athletes show significant gleno-
humeral joint laxity (scapulohumeral), which allows for excessive ROM. The hypermo-
bility of the “overhead shoulder” was referred to in this article as the “thrower’s laxity”.

However, Borsa and colleagues did not report any difference in overhead athletes
compared to the control group when objectively testing joint hypermobility on a Telos
device (Borsa et al., 2005).

An extensive study of the “overhead shoulders” of New York Yankees baseball play-
ers has come to several conclusions. The first conclusion was that players have an
increased range of external rotation and a reduced range of internal rotation of the
dominant arm, and thus an altered arc of glenohumeral movement in the throwing
position relative to the non-dominant arm. In this study, the authors also sought to de-
termine the relationship between a player’s age and years of active career and ROM in
the shoulder joints or hypermobility in the shoulder joints. According to their results,
there is no significant relationship in this direction (Bigliani et al., 1997).

Regarding the shoulder joint and throw, the relationship between the individual’s
height and weight and the speed of the shoulder during the baseball throw was also
observed. The result was negative, no regularity between these factors was demon-
strated (Pappas, Zawacki, & Sullivan, 1985).

THEORETICAL BACKGROUND

Jobe and Pink (1993) describe that overhead athletes most often have a rotator
cuff rupture during a shoulder injury. These altered ranges of motion (increased in
extension, external rotation, and decreased in internal rotation) can affect this type
of injury.

Due to the nature of volleyball and handball, a significant burden is placed on ex-
ternal rotation. Wilk et al. (2011) described that there is a significant difference in the
ROM between the external and internal rotators on the dominant shoulder joint. This
author described that overhead athletes usually have a full ROM, but on the dominant
arm the outer rotation is increased by 10° to 15° and the inner rotation is reduced by
10° to 15° compared to the non-dominant arm.

According to Russek (1999), 0.6-31.5% of the adult population has hypermobility,
depending on factors such as ethnicity or age. Studies in rheumatology clinics across
Europe report a prevalence of joint hypermobility in adults of 5-15%.
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Demographic characteristics by population are reported a lot, for example, hyper-
mobility is more common in Asians than in Europeans. In our population, however,
the true degree of generalised hypermobility is unknown. Janda states that it is 40%
of the female population, but also adds that local pathological hypermobility is inde-
pendant of gender ( Janda, 2004).

In athletes, local pathological hypermobility is often present, which is further
divided into two types. The first type is compensatory hypermobility in individual
segments, compensation for reduced range in another segment. The second type is
post-traumatic instability arising, for example, after injuries to the shoulder joints
of handball players and volleyball players, ankle joints to basketball players, or, for
example, to the knee joints of football players (Satrapova & Novikova, 2012; Wilk
et al., 2002).

OBJECTIVES OF THE WORK

Because of frequent functional disorders in the shoulder joint of the dominant upper
extremity in volleyball and handball players, we were interested in the question of
whether the functional status of the glenohumeral joint in players without difficulties
shows common features. The objective of this study was to elucidate whether volley-
ball and handball players, experience increased ROM and specific local hypermobility
in their shoulder joints already in junior categories. These changes are going to be de-
scribed by trigonometric measurements and hypermobility tests according to Sachse
(Lewit, 2009) and Beighton (Beighton et al., 2011). The results are monitored with
respect to gender and sport specialization.

METHODS

Data collection was performed using an anamnestic questionnaire, goniometric meas-
urement with a goniometer with a digital display, hypermobility of scapulohumeral
joint according to Sachse and Beighton score. An anamnestic questionnaire was de-
veloped for the appropriate selection of participants. The measurement always took
place according to the prescribed positions and according to the prescribed fixation
from the literature, all lége artis. All players and the members of the control group
were measured after basic athletic warm-up and a dynamic stretching for the shoulder
area with the assumption of obtaining the usual functional ROM in the shoulder joint
used in training or competition. All subjects were measured by one physiotherapist.
The time schedule for data collection took place in November 2019.

It was a deliberate selection of participants. Athletes were selected according to
the anamnestic questionnaire based on the following facts: required junior category,
training or match atleast 3 times a week. Participant had to play the extraleague or the
Ist league of his/her category.

The anamnestic questionnaire was used to reduce the variability of the research
group - the athlete should have no previous problems with the shoulder joint, such
as dislocations, soft tissue damage, frozen shoulder, impingement, postoperative
conditions similar disorders. All subjects included in the research group signed
informed consent and the project was approved by the ethics committee FTVS UK
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(N. 149/2019). The total number of overhead athletes in the research group was 73
(there were 33 men and 40 women, 34 handball players and 39 volleyball players).
22 participants were measured in the control group (11 men and 11 women). The
group includes the majority of right-handers — 91%, with 9% left-handers.

Data collection method

Beighton score assessment

To distinguish whether it is only local hypermobility or generalised mobility, the
Beighton score was used. Testing is performed on both halves of the body and it is
possible to get 0-9 points (Beighton et al., 2011).

Sachse scapulohumeral joint hypermobility test

The test is performed sitting. We perform passive abduction of the examined arm
while fixing the scapula and the collar bone from above. The range “A” is up to 90°, the
range “B” from 90° to 110° and the range “C” above 110° (Lewit, 2009).

Goniometry — ROM in the shoulder joint

During the research, the active and passive ROM in the shoulder joint was measured.
The measurement was performed in all planes of the shoulder joint (Norkin & White,
2016). That is, in the sagittal plane (extension and flexion), vertical (abduction and
adduction), transverse (abduction and adduction) and in rotations (external and in-
ternal). A two-arm goniometer with a digital display was used for the measurement.

Data processing
The measured values were converted into a spreadsheet in Excel. Trigonometric val-
ues were written in degrees. Sachse hypermobility tests were recorded by a numerical
record, where the test result “A” corresponds to the numerical value 1, the test result
“B” corresponds to the numerical value 2 and the test result “C” corresponds to the
numerical value 3. This record was chosen due to the necessary statistical processing.
Overhead athletes were then compared using statistical methods against hy-
potheses compared to the control group. This was followed by a comparison of
the differences in the dominant shoulder between women and men, then between
handball players and volleyball players, and in the end the dominant shoulder joint
was compared in measured values against the non-dominant shoulder joint in all
participants.

Data analysis
The R mathematical system (Free Software) was used for data analysis and statistical
processing, and the R Studio environment was used, which was used for data analysis,
prognostic analysis and hypothesis testing.

The Shapiro-Wilk test used on smaller populations was used to test the normality
of the data. Due to the abnormality of half of the variables, non-parametric tests were
used for statistical testing (p < 0.05 = level of statistical significance).
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RESULTS

File characteristics

95 people without a prior injury of a shoulder joint in the age from 16 to 19 years old
including 73 volleyball and handball players as overhead athletes were tested. There
were 33 men, 40 women, 34 handballers, and 39 volleyballers. In the control group,
there were 22 participants, of which 11 men and 11 women. The 91% of the study
participants were right-handed. Only 9% people were left-handed.

Beighton score assessment

Beighton’s score results show that the experimental and control group are balanced.
Graph 1 shows both examined groups according to the degree of generalised hyper-
mobility and thus emphasizes the balance of both groups in this score.

Beighton Score of Hypermobility
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Graph 1 Evaluation of Beighton score according to the degree of generalised hypermobility a) in control group and overhead
athletes and b) in handball and volleyball players (expressed as a percentage)
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Sachse scapulohumeral joint hypermobility test

Local hypermobility was considered significant if the subject did not have generalized
hypermobility. Graph 2 shows the results of the scapulohumeral examination accord-
ing to Sachse. It can be seen that the control group is over-represented by people with
an “A” rating (no hypermobility). People with a rating of “B” and “C” do not even
make up half of those tested, 40.9% to be precise. In overhead athletes, individuals
with a physiological rating of “A” are only 4.1% and, conversely, a rating of “C”, the
highest possible hypermobility rating for this test, was found in 79.5% of overhead
athletes.

Scapulohumeral joint hypermobility according to Sachse -
dominant arm
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Graph 2 Evaluation of scapulohumeral joint hypermobility according to Sachse in control group and overhead athletes in
a) dominant arm and b) non dominant arm (expressed as a percentage)
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ROM in compare of dominant and non-dominant arm in overhead athletes

Table 1 shows statistically significant difference in ROM in the shoulder joint of the
dominant arm between overhead athletes and the control group. Measurements were
performed in active and passive ROM, and comparisons and results from active ranges
are included in the paper. No significant difference was observed for passive ROM.

Table 1 Comparison of shoulder joint active ROM of overhead athletes and control groups

Dominant arm P-value Result

Sagittal plane — Extension 0.002 ROM athletes increased
Sagittal plane — Flexion 0.121 ROM athletes not increased
Vertical plane — Abduction 0.190 ROM athletes not increased
Transverse plane — Adduction 0.100 ROM athletes not increased
Transverse plane — Abduction 0.123 ROM athletes not increased
Rotation — External Rotation 0.000 ROM athletes increased
Rotation — Internal Rotation 1.000 ROM athletes not increased

Table 2 compares the difference in ROM between the dominant and non-dominant
arm in the examined group of overhead athletes. The difference and thus the asymme-
try was found in the extension and external rotation.

Table 2 Comparison of dominant and non-dominant shoulder joint in active ROM movement in overhead athletes overhead
athletes

Athletes P-value Result
Sagittal plane — Extension 0.034 asymmetry in ROM
Sagittal plane — Flexion 0.366 no asymmetry
Vertical plane — Abduction 0.091 no asymmetry
Transverse plane — Adduction 0.416 no asymmetry
Transverse plane — Abduction 0.300 no asymmetry
Rotation — External Rotation 0.000 asymmetry in ROM
Rotation — Internal Rotation 0.326 no asymmetry

Extension in the sagittal plane (see Graph 3) was more pronounced in non-domi-
nant shoulder joints of overhead athletes.

Another direction of movement, where a significant difference between the dom-
inant and non-dominant arm of overhead athletes was discovered, was external rota-
tion. External rotation had a higher extent in the dominant shoulder joint of overhead
athletes. As can be seen in Graph 4, both shoulder joints of overhead athletes exceed
the physiological limit of 90° in external rotation. The extent of the non-dominant arm
is slightly above this limit, the dominant arm exceeds the limit by 9°. There are also
some participants in the graph whose ranges of external rotation are very different
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Graph 3 Extension of dominant and non-dominant shoulder joint in overhead athletes (given in degrees)

Both sexes: Rotation - External rotation

1201
7]
0]
=
g 100 A Shoulder
[ ]
kel )
g | | - Dominant
g E Non-dominant
(0]
= 80-1 .
L L]
* L}
60 T T
Dominant Non-dominant
Shoulder

Graph 4 External rotation of the dominant and non-dominant shoulder joint in overhead athletes (given in degrees)

from the rest of the measured set. These participants are highlighted by a black dot in
the graph, and with the exception of one case of a non-dominant arm, these were re-
duced ranges of motion in external rotation. Despite these differences, the difference
between the shoulder joints is significant.

Our study showed that females compared to males playing overhead sports have
significantly higher internal rotation rates of both dominant and non-dominant arms
(Table 3).
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Table 3 Comparison dominant and non-dominant shoulder joint in active ROM in overhead athletes according to gender

Athletes — dominant arm P-value Result

Sagittal plane — Extension 0.786 no difference
Sagittal plane — Flexion 0.408 no difference
Vertical plane — Abduction 0.387 no difference
Transverse plane — Adduction 0.075 no difference
Transverse plane — Abduction 0.357 no difference
Rotation — External Rotation 0.094 no difference
Rotation — Internal Rotation 0.000 significant difference ROM
Athletes — nondominant arm P-value Result

Sagittal plane — Extension 0.202 no difference
Sagittal plane — Flexion 0.552 no difference
Vertical plane — Abduction 0.481 no difference
Transverse plane — Adduction 0.070 no difference
Transverse plane — Abduction 0.594 no difference
Rotation — External Rotation 0.859 no difference
Rotation — Internal Rotation 0.000 significant difference ROM

DISCUSSION

Both volleyball and handball participants showed an increased ROM to extension in
the sagittal plane. The increased range may be due to the nature of the start of the
spike in volleyball. Here, the emphasis is on maximum engagement in the shoulder
joints with extended elbow joints, so that subsequently the arms during flexion in the
shoulder joints help to make the maximum vertical jump and thus the attacker obtains
optimal conditions for attack. According to the literature, handball shows the upper
arc of the stretch when throwing the ball. This is the most common way and the fastest
way to throw the ball. Very often, however, in handball players you can see the ball
leading the so-called lower arc, when the dominant arm with the ball reaches maxi-
mum extension, in modern handball, when thrown up from the lower arc, recedes,
especially due to the length of holding the ball. In handball, there is also a method of
shooting so-called shot and undershot. When shooting with a shot or undershot, the
dominant arm with the ball during the stretch phase gets back to maximum extension
(Sibila, Pori, & Bon, 2003).

Due to the nature of volleyball and handball, a significant burden is placed on ex-
ternal rotation. Wilk et al. (2011) described that there is a significant difference in the
ROM between the external and internal rotators on the dominant shoulder joint. This
author described that overhead athletes usually have a full ROM, but on the dominant
arm the external rotation is increased by 10° to 15° and the internal rotation is reduced
by 10° to 15° compared to the non-dominant arm. The results of this research agree
with this statement.
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The scarf test showed an increased range of the control group compared to over-
head athletes, the difference was clear between the rating “A”, ie the physiological
range, and the rating “B” mild hypermobility. However, this test is not only affected by
the hypermobility of the shoulder joint, but especially by muscle hypertrophy (mainly
pectoralis major and biceps humeri) and also by muscle tension, which is significantly
higher in athletes than in the control group not performing any sport at the perfor-
mance level. For this reason, the control group appears to be more hypermobile in
this test.

A comparison of the symmetry of the ROM of the shoulder joints in the Sachse
arm test was also performed. When inserted into the created scale and graphical
comparison, it can be seen that the group of overhead athletes has, according to this
measurement, significantly greater asymmetry between the shoulder joints than the
control group. In athletes, 10 participants received a “D” rating, the highest degree
of asymmetry in this test. In the control group, this evaluation was not achieved in
any of the participants. This test confirms the difference in the ROM of the dominant
arm between the athletes and the control group, but also between the dominant and
non-dominant arm of the overhead athletes. When testing hypermobility of joints in
overhead athletes with a control group on a Telos device, Borsa did not report any
difference between these groups. The results of our research do not agree with this
statement (Borsa et al., 2005).

Examination of the scapulohumeral joint is the most important test for this study
in terms of hypermobility. The results of this research agree with the statement of
Wilk and Arrigo (1992) that overhead athletes have a significant laxity of the scapulo-
humeral joint. These authors mentioned the hypermobility of this joint in overhead
athletes as a “thrower’s laxity”. In the Sachse scapulohumeral joint test, the phenome-
non of muscle tension mentioned in the scarf test can be eliminated. This test showed
that overhead athletes are highly hypermobile in the scapulohumeral joint. 79% of
overhead athletes had the highest “C” rating. In contrast, only 5% had a physiological
range. In contrast, the control group had an absolute majority (59%) with a physio-
logical score of “A”. From my point of view, this test is the most accurate evaluation, it
targets exactly the given joint and the result of the examination cannot be significantly
skewed, because the therapist actively participates in the examination with a clearly
defined fixation.

The Beighton score was also measured when testing participants. According to the
scale of this testing, it can be said that both sets were balanced in terms of generalised
hypermobility.

The results show that the increased ranges of motion in extension and external
rotation in goniometric measurements, as well as the increased frequency of hyper-
mobility in the scapulohumeral joint is caused by the practice of overhead sport and
is not caused by generalised hypermobility of the individual.

When comparing the ranges of movement of the dominant arms of athletes per-
forming handball and volleyball, there was no significant difference.

When comparing the dominant and non-dominant arms in our study in overhead
athletes, it was confirmed that the ranges of movement of the dominant and non-dom-
inant arms differ significantly statistically. Compared to the Seabra study, however, the
ROM in other directions differs in our study, namely in extension in the sagittal plane
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and in external rotation (Seabra et al., 2017). The increased active ROM to external
rotation coincides with the Saccol study from 2016 (Saccol et al., 2016).

Extension in the sagittal plane was more pronounced in non-dominant shoulder
joints. At first glance, this is a surprising measurement result, which in overhead ath-
letes was caused mainly by volleyball participants. In my opinion, the result is caused
by the stereotype of a smashing step. During the smash run, both arms, as already
mentioned, get to the maximum extension, then the arms swing into the flex to allow
the maximum vertical jump and the player obtains optimal conditions for attack. At
the moment of contact with the ball, the dominant shoulder joint must stabilize more
due to the impact of the hand on the ball. The non-dominant shoulder joint in a vol-
leyball attack may not have this need and for this reason the non-dominant shoulder
joint has a greater ROM in this direction.

External rotation was increased in the dominant shoulder joints. To achieve game
goals in volleyball and handball, the shoulder dominant joint gets into extreme po-
sitions in external rotation compared to the non-dominant joint, so the ROM in this
direction between the shoulders is different.

CONCLUSION

The altered ROM of the dominant arm of the sports group in two directions was
demonstrated. Furthermore, local hypermobility of the scapulohumeral joint, asym-
metry of the ROM of the shoulder joints and the Beighton score for generalised hyper-
mobility were demonstrated in athletes, which was represented in both groups evenly.

The comparison of female and male athletes in the active ranges of movement
measured goniometrically turned out in such a way that women showed a higher sig-
nificant range in the internal rotation of the dominant and non-dominant arm.

The comparison between volleyball and handball participants turned out without
a statistically significant difference. Thus, essential for a physiotherapist regarding the
ROM of the shoulder joints is the fact that the athlete performs an overhead sport, in
this case a ball overhead sport, rather than a specific sport.

In the last part, the work was devoted to comparing the dominant and non-dom-
inant arms in each participant, ie athletes, but also in the control group. No signif-
icant difference in movement between the arms was found in the control group. In
the group of athletes, there was a significant difference in extension in the sagittal
plane and in external rotation. A higher extent was measured in the extension in the
non-dominant arm and in the external rotation in the dominant arm.
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