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ABSTRACT

IR The present study aimed to investigate the effect of scapular stability-based corrective exercise pro-

i gram on scapular upward rotation and scapulohumeral rhythm in Wheelchair Basketball (WB) players with
Received: 27 Oct 2019 ¢ bilateral scapular downward rotation syndrome.

: According to the research conditions, 24 wheelchair basketball athletes with spinal cord
injury voluntarily participated in this study. Initially, eight players were selected from each sport class (1 to 1.5
class, 2 to 2.5 class, and 3 to 4.5 class). Then, four subjects in each group were randomly assigned to each group
(12 control subjects with MeanzSD age of 43.23+11.0 years and 12 experimental subjects with MeanzSD age of
39.08+5.08 years). Thus, the control and experimental groups were present in an equal number of three sport
classes. WB athletes were professional players in Mashhad City league, Iran. The participants were classified
according to the Classification Committee of the IWBEF, as well as the corresponding national classification from
the Islamic Republic of Iran Sports Federation for the Disabled (IRISFD). Two digital inclinometers were used to
measure the humeral range of motion and scapular upward rotation and scapulohumeral rhythm in resting po-
sition, 45°,90°, and 135° shoulder abduction in scaption plane. The exercise group performed scapular stability-
based corrective exercises based on the Gym training principles and following ACSM guidelines for eight weeks.
The independent t-test, analysis of variance, and analysis of covariance were used for statistical analysis at the
significant level of less or equal to 0.05.
[{EEWTE The results showed no significant asymmetry between dominant and non-dominant shoulders in
the scapula’s upward rotation at different angles of shoulder abduction. Contrary to the non-dominant
shoulder, the dominant shoulder’s scapula had a less downward rotation at the resting position and a
higher upward rotation at 45° of shoulder abduction. Also, in 45° humeral abduction, the dominant shoul-
der has a less scapulohumeral rhythm ratio than the non-dominant shoulder. WB athletes’ dominant
shoulders in lower classes (2-2.5 and 3-4.5) have less scapular downward rotation in scapular resting po-
sition and more scapular upward rotation in 45°, 90° 135° humeral abduction. There was no significant
difference in scapulohumeral rhythm ratio between WB players with different classes. Scapular upward
rotation increased significantly after eight weeks of scapular stability-based corrective exercise program
(P<0.05). Also, a significant decrease in the scapular upward rotation was observed at post-program in
resting position (P=0.001) and significantly increased in 45° (P=0.01), 90° (P=0.001), and 135° (P=0.001)
humeral abduction compared with pre-program in dominant and non-dominant shoulders. However, the
ratio of scapulohumeral rhythm in the dominant shoulder did not improve significantly, and the ratio of
scapulohumeral rhythm in the non-dominant shoulder improved at 90° and 135°.
[T Scapular stability-based corrective exercises can be used as one of the training methods to restore
muscle balance, prevent and correct scapular upward rotation and scapulohumeral rhythm in wheelchair bas-
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Extended Abstract

Introduction

thletes who mainly use their upper limbs in
sports usually complain of shoulder disor-
ders and pain [1, 2]. Inman et al. were the
first to measure scapulohumeral rhythm by
radiography and suggested a 2:1 ratio for
glenohumeral elevation and scapulothoracic upward rotation
[3]. Some of the literature suggests the 2:1 ratio is not consis-
tent across an entire arc of shoulder elevation and that vari-
ability in this ratio may increase when considering the scapu-
lohumeral rhythm exhibited by shoulder injured subjects [4,
5]. Some previous studies have suggested that scapula mus-
cle dysfunction can lead to abnormal alignment and upper
limb dysfunction [6, 7]. One of the scapula’s abnormal prob-
lems is its low rotation syndrome, which causes the scapula
to fall, drain, and tilt [8, 9]. Previous research in people who
use wheelchairs examined their scapulae condition in activi-
ties such as translocation and weight loss [10-12]. According
to these studies, changes in the scapula directions and move-
ments and arm during these activities reduce the space un-
der the acromion, which increases the risk of injury [10-12].
Transmissions in people who use wheelchairs are performed
with compensatory changes in the scapula kinematics, main-
taining space under the acromion during activity [11].

The previous scapula kinematics results of wheelchair
drivers are mainly concluded from studies that have ex-
amined the scapula movements unilaterally (right or left)
[13-15]. But wheelchair driving is a bilateral activity that
requires coordination of both upper limbs, and therefore
its symmetry cannot be ignored [16]. Although previous
data show scapula asymmetry when driving in a wheel-
chair [16, 17, 18-20], we still need to research scapula
movements bilaterally (right and left). Wheelchair play-
ers are at risk of overworked shoulder injuries due to the
frequent use of their upper limbs to drive wheelchairs. Re-
peated wheelchair mechanisms cause repetitive scapular
protrusions that can lead to postural changes, stabilizing
muscle weakness, and anterior muscle stiffness. Com-
pensatory muscle imbalances may be due to prolonged
wheelchair use or defects in the rotator cuff and scapula
stabilizers’ strength training programs. This condition can
lead to musculoskeletal injuries in athletes who require
different movement patterns (such as swimming, throw-
ing, or racket sports) [21, 22]. However, it is unknown
whether activation has a protective effect on the muscu-
loskeletal system [23]. Previous studies in this field have
investigated the scapulohumeral rhythm in injured people
and healthy athletes. However, no studies have been per-
formed on wheelchair basketball players, and the effect of
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exercise interventions on the scapula in these people has
not been studied. Thus, we aimed to investigate the index-
es of scapular upward rotation and scapulohumeral rhythm
in wheelchair basketball players and see the exercise pro-
gram’s results based on scapula stability on these indexes.

Materials and Methods

The research method is quasi-experimental. Accord-
ing to the research conditions, 24 wheelchair basketball
players with spinal cord injuries participated in this study.
First, 8 players from each sports class (sports class 1 to
1.5, sports class 2 to 2.5, and sports class 3 to 4.5) were
selected. Then, four people from each sports class were
randomly assigned to the control or experimental group
(12 control and 12 experimental). Thus, an equal number
of three sports classes were present in each group. Wheel-
chair basketball players were professional players in the
Mashhad City League, Iran. The participants were classi-
fied according to the IWBF classification and the relevant
sports classification from the Veterans and Disabled Sports
Federation of the Islamic Republic of Iran (IRISFD), both
of which are required for people with physical disabilities
to participate in competitions. Individuals with a history of
shoulder surgery, injury, and pain were excluded from the
study 6 months before the test. Two digital inclinometers
were used to measure the motion of the arm and scapula
range at rest position and 45°, 90°, and 135° shoulder ab-
duction angles at the scapula scaption surface. The study’s
final results to measure the scapular upward rotation in
resting positions (ICC=0.89) and angles 45° (ICC=0.88),
90° (ICC=0.89), and 135° (ICC=0.82), arm abduction had
internal reliability between tests.

The exercise group performed a corrective exercise pro-
gram based on scapula $tability for eight weeks to strength-
en and stretch the scapula stabilizing muscles. In the first
session, all subjects received about one hour of training on
how to do the exercises, and also each subject was given
written instructions and a picture of how to do the exer-
cises for guidance at home. The training program included
five days a week, daily stretching exercises, and three days
of strength training. Each training session consisted of a
maximum of 60 minutes (10 minutes of warm-up, 10 min-
utes of stretching and range of movement after warm-up
or cooling, and a maximum of 30 minutes of strength and
postural exercises based on scapula stability and 10 min-
utes of cooling). In each training session, the examiner and
a bodybuilding instructor were present to guide the sub-
jects. This exercise program has been prepared using Gym
exercises for people with spinal cord injury provided by
Harborview Medical Center and following The American
College of Sports Medicine (ACSM). guidelines for these
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people [24, 25]. The independent t-test, Aanalysis of Vari-
ance (ANOVA), and Analysis of Covariance (ANCOVA)
were used to analyze the data. The significance level was
determined at P<0.05 in all tests.

Results

Table 1 presents the demographic information of the sub-
jects. Tables 2 and 4 show the scapular upward rotation
and the scapulohumeral rhythm before and after the exer-
cise program in the control and exercise groups. ANCOVA
showed a significant difference between the control and
exercise groups in the scapular upward rotation in resting
positions and 45°, 90°, and 135° shoulder abduction angles
after exercise in preferred and non-preferred hands. The re-
sults showed a significant improvement in scapulohumeral
rthythm ratio after non-preferred hand training at 90° and
135° shoulder abduction angles. The results showed no sig-
nificant asymmetry between the preferred and non-preferred
shoulder in the scapular upward rotation (Figure 1) at differ-
ent shoulder angles, but there was a significant difference in

Table 1. Demographic information of the subjects
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the scapulohumeral rhythm ratio at the 45° angle of shoulder
abduction in the preferred and non-preferred shoulder (Ta-
ble 3). Based on the variance test results analysis, there was
a significant difference in the scapular upward rotation and
scapulohumeral rhythm in different sports classes at resting
position, 45°, 90°, and 135° shoulder abduction (Table 5).

Discussion and Conclusion

This study aimed to investigate the indexes of scapular up-
ward rotation and scapulohumeral rhythm in wheelchair
basketball players and measure the effectiveness of an ex-
ercise program based on scapula stability on these indexes.

The results showed no significant asymmetry in the scap-
ular upward rotation in different degrees of shoulder abduc-
tion between the preferred and non-preferred shoulders in
these athletes. At a 45-degree shoulder abduction angle, the
scapulohumeral rhythm ratio in the preferred shoulder was
lower than that in the non-preferred shoulder. The scapula
in the preferred shoulder of athletes with lower sports class-

Mean+SD
Group Number
Age (y) Weight (kg) Sitting Height (cm)
Control 12 43.0+11.23 61.25+9.91 78.25+3.95
Exercise 12 39.08+5.08 54.5+8.73 77.25+3.22
t 2.68 0.04 1.09
P 0.28 0.09 0.50
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Figure 1. The independent t-test results in upward rotation of the scapula at different shoulder angles between the preferred and

non-preferred shoulder
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Table 2. Analysis of covariance test results in upward rotation of the scapula before and after the exercise

Mean+SD

Shoulder Position (Degree)

Shoulder  Test Stage Group
The Scapular The Scapular Upward The Scapular Upward  The Scapular Upward
Upward Rrotation  Rotation at 45° Shoul-  Rotation at 90° Shoul- Rotation at 135°
at Rest Position der Abduction der Abduction Shoulder Abduction
Control -3.95+0.69 3.35+0.86 13.2040.78 26.45+1.69
Before
Exercise -4.02+0.73 3.57+0.84 13.7+0.87 26.7+1.19
Preferred
Control -3.740.73 2.71+1.02 13.65+1.14 27.16+1.24
After
Exercise -3.1310.86 3.93+0.94 14.741.15 28.32+1.4
F=10.48 F=9.35 F=2.72 F=5.96
Analysis of Covariance Sig.=0.004 Sig.=0.006 Sig.=0.11 Sig.=0.02
Eta=0.33 Eta=0.30 Eta=0.11 Eta=0.22
Control -3.53+0.84 2.85+0.84 13.29+1.54 26.58+1.91
Before
Exercise -3.840.57 3.30+0.94 13.611.12 26.78+1.86
Non-pre-
ferred
Control -3.55+0.81 3.25+0.42 1333114 26.57+1.84
After
Exercise -3.04+0.82 3.96+0.72 15.15+1.68 28.54+2.1
F=22.88 F=7.26 F=18.60 F=18.80
Analysis of covariance Sig.=0.001 Sig.=0.01 Sig.=0.001 Sig.=0.001
Eta=0.52 Eta=0.25 Eta=0.47 Eta=0.47

es (2 to 2.5 and 3 to 4.5) had a less low rotation at resting
position and more upward rotation at 45°, 90°, and 135°
shoulder abduction angles.

The ratio of scapulohumeral rhythm in athletes with dif-
ferent sports classes was not significantly different. The
scapula’s further upward rotation was observed as the arm
elevation increased in the frontal plane, which corresponds
to the scapula’s role in overhead activities to optimize
performance. At resting position, the lower rotation was
observed some more. But at different degrees of shoulder
abduction, less upward rotation was observed in the scap-
ula. Almost like the scapulohumeral rhythm, the share of
the scapular upward rotation in the entire shoulder eleva-
tion arch is different, consistent with previous reports [26,
27]. Some kinematic studies have shown differences in the
scapula position and movements on both sides [33-28],
while others suggest symmetry in the scapula kinematics in
the preferred and non-preferred shoulder [27, 34].
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Barry et al. reported internal rotation, upward rotation, and
anterior scapular tilt during wheelchair driving [35]. Martin
et al. showed wheelchair tennis players had a more posterior
tilt in the scapula during arm elevation and lowering it to the
preferred than non-preferred position [36]. The scapula in
these individuals had more upward rotation to the preferred
side during the arm’s elevation on the scapula plate than
those with shoulder involvement [36-39]. It can be conclud-
ed that asymmetry, especially an anterior tilt pattern or the
internal scapula rotation, is associated with shoulder pathol-
ogy or its susceptibility. It seems that one of the reasons for
the anterior glenohumeral instability in athletes is throwing,
which can make them prone to shear stress and damage to
the capsule anterior structure and labrum.

The results showed no significant difference between the
preferred and non-preferred shoulders of wheelchair bas-
ketball players in the scapula resting position. However, the
scapula had lower rotation in the preferred shoulder than
the non-preferred shoulder. These results are probably due

Maarouf A, et al. Exercise Program Based on Scapula Stability on Scapular Upward Rotation and Scapulohumeral Rhythm in Wheelchair Basketball Athletes. RJ. 2021; 21(4):488-507.
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Table 3. Results of the independent t-test in scapulohumeral rhythm at different shoulder angles between the preferred and non-
preferred shoulder

Shoulder Preferred Non-preferred P
The scapulohumeral rhythm ra.tlc? at 45° of abduction 5.07:1 (0.47)° 5.76:1 (0.87) 0.002
(standard deviation)
The scapulohumeral rhythm raftlc.) at 90° of abduction 4.16:1 (0.15) 4.28:1 (0.38) 0.18
(standard deviation)
The scapulohumeral rhythm ratio at 135° of abduction 3.42:1(0.16) 3.46:1(0.24) 051

(standard deviation)
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" For example, the scapula resting position is up to 45 degrees of abduction, the scapulohumeral rhythm ratio in the upper shoulder is
5.07:1. This means that in the range of 45 degrees of preferred shoulder abduction (from resting up to 45 degrees) per 5.07 degrees in
the glenohumeral joint motion, a degree of motion in the scapulothoracic joint (the upper rotation of the scapula) has been carried out.
Therefore, the lower the scapulohumeral rhythm ratio is the more scapulothoracic joint involvement (the upper rotation of the scapula).

to adaptations to the particular position used in the mus-
culoskeletal system, such as muscle length imbalances in
the scapulothoracic muscles due to repeated but different
frequency and movement patterns in the preferred and
non-preferred shoulder [6, 29, 40]. It was also observed
the mean amount of the scapular upward rotation at resting
position, 45°, 90°, and 135° angles of arm abduction in the
preferred shoulder of wheelchair basketball athletes with
different sports classes was significantly different, which
may be due to muscle imbalance.

People with lower exercise classes have better muscle con-
trol over the trunk, and the trunk-scapular muscles provide
more scapular stability during arm elevation. This study
showed that a corrective exercise program based on scapula
stability improved scapular upward rotation in wheelchair
basketball players. After the training program, the scapular
downward rotation decreased in dominant and non-domi-
nant shoulder in the resting position (effect size respectively,
0.33, 0.52) and scapular upward rotation had a significant

Table 4. Results of ANCOVA test in scapulohumeral rhythm before and after the exercise program

The Scapulohumeral Rhythm Ratio in Varying Degrees of the Shoulder Abduction

Shoulder Test Stage Group
45° (SD) 90° (SD) 135° (SD)
Control 5.18:1(0.46) 4.25:1(0.11) 3.44:1(0.19)
Before
Exercise 4.95:1(0.48) 4.08:1(0.15) 3.39:1(0.11)
Preferred
Control 6.27:1(1.54) 4.19:1(0.25) 3.37:1(0.13)
After
Exercise 5.5:1(1.02) 4.05:1(0.17) 3.29:1(0.15)
F=0.98 F=0.02 F=1.25
Analysis of Covariance Sig.=0.33 Sig.=0.88 Sig.=0.27
Eta=0.04 Eta=0.001 Eta=0.05
Control 6.12:1(0.82) 4.38:1(0.47) 3.49:1(0.25)
Before
Exercise 5.4:1(0.79) 4.17:1(0.25) 3.42:1(0.23)
Non-preferred
Control 5.72:1(0.55) 4.37:1(0.33) 3.5:1(0.26)
After
Exercise 5.44:1(0.4) 3.96:1(0.34) 3.28:1(0.21)
F=0.08 F=8.14 F=8.20
Analysis of Covariance Sig.=0.76 Sig.=0.01 Sig.=0.009
Eta=0.004 Eta=0.27 Eta=0.28
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Table 5. Analysis of variance test results in upward rotation of the scapula in different sports classes

Post Hoc Test Results

) :t:g::hon State of Shoulder df F Sig.
Comparison Between Sports Classes Sig.
Class 1to 1.5 with 2to 2.5 0.001
Preferred 2 16.14 0.001 Class 1to 1.5 with 3to 4.5 0.001
Class 2 to 2.5 with 3t0 4.5 0.9
Resting state

Class 1to 1.5 with 2to 2.5 0.001

Non-preferred 2 19.37 0.001 Class 1to 1.5 with 3to 4.5 0.001

Class 2 to 2.5 with 3t0 4.5 0.95

Class 1to 1.5 with 2to 2.5 0.001

Preferred 2 14.59 0.001 Class 1 to 1.5 with 3to 4.5 0.001

45° shoulder abduc- Class 2 to 2.5 with 3 to 4.5 0.93
tion .

Class 1to 1.5 with 2to 2.5 0.05

Non-preferred 2 6.83 0.05 Class 1 to 1.5 with 3to 4.5 0.004

Class 2 to 2.5 with 3 to 4.5 0.47

Class 1to 1.5 with 2to 2.5 0.03

Preferred 2 3.96 0.03 Class 1to 1.5 with 3to 4.5 0.17

90° shoulder abduc- Class 2 to 2.5 with 3to 4.5 0.65
tion .

Class 1to 1.5 with 2to 2.5 0.01

Non-preferred 2 5.59 0.01 Class 1to 1.5 with 3to 4.5 0.68

Class 2 to 2.5 with 3t0 4.5 0.06

Class 1to 1.5 with 2to 2.5 0.05

Preferred 2 3.77 0.04 Class 1 to 1.5 with 3to 4.5 0.09

135° shoulder abduc- Class 2 to 2.5 with 3 to 4.5 0.95
tion .

Class 1to 1.5 with 2to 2.5 0.05

Non-preferred 2 3.37 0.05 Class 1to 1.5 with 3to 4.5 0.14

Class 2 to 2.5 with 3 to 4.5 0.89

increase in 45° and 135° of shoulder abduction in dominant
side (effect size respectively, 0.3, 0.22) and had a significant
increase in 45°, 90° and 135° of shoulder abduction in non-
dominant side (effect size respectively, 0.52, 0.25, 0.47).
Although no significant improvement was observed in the
scapulohumeral rhythm ratio in the preferred shoulder, it
improved in the non-preferred shoulder at 90° and 135° an-
gles of arm abduction (effect size, 0.27, 0.28, respectively).
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The scapula muscle strengthening was associated with a
significant increase in its upward rotation angle and a sig-
nificant decrease in scapulohumeral rhythm. According to
this study results, the scapula direction, as described by
Kendall et al. [41], deviated somewhat from the normal
state. Therefore, a corrective exercise program based on
scapula stability can maintain and restore the scapula’s
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normal position and possibly repair and improve the stan-
dard muscle length in the upper rotator scapula muscles.

Overall, this study showed that wheelchair basketball
players have some asymmetry in the upward scapular
rotation and the ratio of the scapulohumeral rhythm be-
tween the preferred and non-preferred shoulder. It is due
to specific adaptations to imposed demands [42] and mus-
cle imbalances caused by spinal cord injury. This study
showed that the selected exercise program could be effec-
tive in correcting the scapula direction and movements
during arm elevation in wheelchair basketball players.
This finding is consistent with the Shaman and Caldwell
results, which examined the impact of scapula exercise
programs [43, 44].

The study’s limitations were the small sample size and
its non-blindness according to the research conditions. It
is suggested that similar studies on scapula disorders be
performed in other groups of athletes with wheelchairs,
especially spinal cord injuries (such as tennis, archery,

etc.) and women.

The study results supported the effectiveness of the
scapula stability-based correction exercising program in
improving scapula movements in wheelchair basketball
players. The scapula has an essential role in shoulder
movements, whose postural and movement disorders can
cause secondary problems such as shoulder pain, shoulder
entrapment syndrome, and limited motion range. So, phy-
sicians and trainers devote part of their training program
to scapula stabilizers. Despite our results, more research
and follow-up are needed to prepare an effective exercise
therapy program for wheelchair athletes and identify its
long-term effects in preventing injury and determining
its benefits in wheelchair athletes, especially wheelchair
basketball players.
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