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Introduction: This study quantifies the differences in individual scapular muscle strength in 
both arms along with obtaining a force couple ratio of scapula stabilizers to gain values in 
terms of the strength of muscles.

Materials and Methods: A quantitative cross-sectional study was done on 30 stroke patients 
to assess the muscle strength of the serratus anterior, rhomboids, and upper, middle, and lower 
trapezius (in both shoulders) using a suspension scale. Meanwhile, the muscle force couple 
ratios were calculated.

Results: The results showed significant strength differences between both arms for upper 
trapezius (P=0.0020), serratus anterior (P=0.018), rhomboids (P=0.001), middle trapezius 
(P=0.0068), and no difference for lower trapezius (P=0.1746). The mean muscle strength in 
the non-affected arm is greater than the affected arm. The middle trapezius strength is lowest in 
the affected arm (0.574 kgf) and the lower trapezius strength is lowest in the non-affected arm 
(0.767 kgf). The mean force couple ratio for upper trapezius versus lower trapezius was higher 
in the affected side (10.08) and the non-affected side (7.74). The remaining force couples were 
similar for both arms.

Conclusion: Overall muscle strength of the scapula stabilizers is greater in the non-affected 
arm than in the affected arm. The strength of the force couple between the upper and lower 
trapezius is greater in both arms which shows considerable incoordination between the muscles.
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Introduction

troke is defined as paralysis or weakness on 
one side of the body contralateral to the site 
of the lesion [1]. Stroke patients frequently 
exhibit a combination of muscle weakness 
or imbalance, decreased postural control, 

muscle spasticity, poor voluntary control, and body mis-
alignment [2]. Occlusion of the middle cerebral artery is 
the most common cause of stroke. The upper extremities 
are more involved in middle cerebral artery syndrome. 
Upper limb functional impairment is a common con-
sequence of a stroke, affecting approximately 80% of 
stroke survivors [3].

The scapular stabilizers are frequently compromised 
by muscle weakness because the paretic arm might alter 
the scapular position. Such weakness exacerbates upper 
extremity motor deficits. For the upper limbs to operate 
well, it is necessary to control movement and maintain 
scapular posture. At the glenohumeral joint, the scapula 
provides dynamic stability with controlled movement 
[2]. The scapular muscles are responsible for providing 
stability due to their anatomy and biomechanics. The 
serratus anterior muscle helps stabilize and move the 
scapula during the elevation of the arm. It attaches from 
the first 9 ribs to the medial border of the scapula and 
produces simultaneous scapular upward rotation, poste-
rior tilting, and external rotation [4, 5]. The upper trape-
zius supports the shoulder against gravity, elevates the 
scapula, and assists in upward rotation and adduction of 
the scapula when standing upright. The middle trapezius 
primarily adducts the scapula, while the lower trapezius 
depresses and upwardly rotates the scapula. The rhom-
boid minor and major muscles downwardly rotate the 
scapula, causing simultaneous elevation and adduction 
[4, 6, 7].

All the muscles described above work in harmony to 
produce normal physiological movements through bal-
anced action according to the line of pull which is known 
as the anatomical force couples. Thus, two equal forces 
acting in opposing directions to rotate a part about its 
axis of movement are known as force couples [7]. The 
upper trapezius muscle combined with the lower trape-
zius forms the upper force couple [7]. The elevation and 
depression motions of the upper and lower components, 
respectively, balance each other out while simultaneous-
ly producing scapular upward rotation [6]. The serratus 
anterior and lower trapezius act in conjunction as the ser-
ratus anterior pulls the scapula laterally around the chest 
wall while the lower trapezius resists maintaining the 
position of the deltoid tubercle [8]. The middle trapezius 

and serratus anterior work together to produce upward 
rotation of the scapula [6]. By stabilizing the medial or 
vertebral border of the scapula to the thorax, the rhom-
boid muscles help prevent excessive internal rotation 
of the scapula at the acromioclavicular joint and offset 
the lateral translation component of the serratus anterior 
muscle [5].

After a stroke, there is a low-tone flaccid stage with 
no voluntary control, followed by a spastic stage. There 
are significant changes in the glenoid fossa angle in 
the first flaccid stage due to hypotonia of the trapezius, 
serratus anterior, and rhomboid muscles, which cause 
scapular descending revolution, depression, and protrac-
tion, which may prompt, thus adding to subluxation. The 
tone of the flexor is predominant in the upper extremity 
during the spastic stage, causing scapular withdrawal in 
retraction and depression with adduction at the shoulder 
[9]. Reliable outcome measures are required to assess 
the recovery of muscle strength and the effectiveness 
of interventions [10]. Various techniques to measure the 
strength of muscles are available. One such technique is 
the isometric strength measurement where peak torque 
generated by a muscle is measured which is an indicator 
of maximal strength and is a reliable method [10, 11]. 
Along with testing the isolated strength of muscle, it is 
important to consider muscle balance within the force 
couples since the balance can reveal the functional status 
of the movement [7]. Accordingly, this study quantifies 
the differences in individual scapular muscle strength in 
both arms along with obtaining the force couple ratio 
of the scapula stabilizers to gain values in terms of the 
strength of muscles and create strengthening regimens in 
the rehabilitative process. 

Materials and Methods

This was a cross-sectional, quantitative study conduct-
ed on 30 hemi-paretic stroke patients at Health Center 
of Dr. D. Y. Patil Vidyapeeth, Pimpri, Pune. The study 
span was 6 months, from August 1, 2022, to January 10, 
2023. The sampling was done via a purposive method. 
Considering Mean±SD of affected and non-affected 
arm’s isometric shoulder abduction to be 47.4±15.8 and 
32.0±16.5, respectively, according to isometric and iso-
kinetic muscle strength in the upper extremity can be 
reliably measured in persons with chronic stroke [10], 
at 95% confidence interval power of 80% the minimum 
sample size was calculated to be 19 individuals. We used 
the G*Power software, in this study. Nonetheless, 30 
individuals (instead of a minimum of 19) were consid-
ered since a larger sample size can improve the precision 
and reliability of the results. The inclusion criteria were 
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patients with age above 20 years old, suffering from a 
unilateral stroke at least 6 months earlier, upper extrem-
ity spasticity in the range of 1 to 2 (modified Ashworth 
scale), upper limb Brunnstrom recovery stages above 4, 
and having a mini-mental state score higher than 24 out 
of 30. Patients were excluded if they had any difficulty 
in communicating or understanding test instructions, 
complete motor disability of the upper extremity, any 
upper limb fracture or dislocation, and any musculo-
skeletal condition, such as frozen shoulder, or tendini-
tis before stroke. The institutional ethical approval was 
taken from Dr. D. Y. Patil College of Physiotherapy, 
Pimpri, Pune. The nature of the study was explained and 
informed consent was taken from the patients meeting 
the inclusion criteria. Demographic data and basic neu-
rological examination were performed before the testing 
procedure. The study tools included a suspension scale, 
two non-elastic belts, and a kettlebell.

Outcome measure

A suspension scale was used to measure the isometric 
strength of scapular muscles. The device could measure 
strength ranging from 10 g to 50 kg and has an accuracy 
of 5 g (0-10 kg) or 10 g (10-50 kg). The tool is a valid 
and reliable measure with established values [12].

Study procedure

The muscle strength of the serratus anterior, the up-
per, middle, and lower trapezius, and the rhomboids (in 

both shoulders) was determined in kilogram-force (kgf) 
using a suspension scale and separately measured for 
affected and non-affected arms. Next, the ratios of the 
force couples, upper trapezius versus lower trapezius, 
serratus anterior versus rhomboids, serratus anterior ver-
sus middle trapezius, and serratus anterior versus lower 
trapezius of the scapulae were calculated for affected 
and non-affected arm. Each muscle was tested twice and 
in the same order as follows:

● Upper trapezius: A non-elastic belt was placed 
around the lateral part of the shoulder over the acromio-
clavicular joint. The belt was attached to a suspension 
scale which was stabilized to the other end with a kettle-
bell and another belt. The patient was asked to stand and 
then instructed to shrug the shoulder. Maximum isomet-
ric contraction was held for a count of 10 (Figure 1).

● Serratus anterior: A non-elastic belt was placed 
around the distal forearm region. The belt was attached 
to a suspension scale which was stabilized to the other 
end with a kettlebell and another belt. The patient was 
asked to stand and then instructed to maximally protract 
the shoulder in 130° of sagittal flexion. Maximum iso-
metric contraction was held for a count of 10 (Figure 2).

● Rhomboids: The patient was in the prone lying po-
sition. A belt was placed on the distal forearm region. 
The patient’s arm was placed in 45° of abduction, thumb 
pointing down. The other end of the belt was attached to 
a suspension scale which was stabilized to the other end 
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Figure 1. Illustrating upper trapezius testing Figure 2. Illustrating serratus anterior testing
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with a kettlebell and another belt. Maximum isometric 
contraction was held for a count of 10 (Figure 3).

● Middle trapezius: The patient was in the prone lying 
position. A belt was placed on the distal forearm region. 
The patient’s arm was placed in 90° of abduction, thumb 
pointing up. The other end of the belt was attached to the 
suspension scale which was stabilized to the other end 
with a kettlebell and another belt. Maximum isometric 
contraction was held for a count of 10 (Figure 4).

● Lower trapezius: The patient was in the prone lying 
position. A belt was placed on the distal forearm region. 
The patient’s arm was placed in 145° of abduction, thumb 
pointing up. The other end of the belt was attached to a 
suspension scale which was stabilized to the other end 
with a kettlebell and another belt. Maximum isometric 
contraction was held for a count of 10 (Figure 5).

Statistical analysis

Statistical analyses were performed using the MedCalc 
software for Windows, version 20.211 (MedCalc Soft-
ware, Ostend, Belgium), and descriptive analysis was 
done. Demographic data and clinical characteristics were 
presented as frequencies, Mean±SD, minimum, and 
maximum. The Shapiro-Wilk was utilized to test the data 
distribution of numerical variables. All muscle strength 
measurements were presented as Mean±SD, minimum, 
and maximum. Similar analyses were performed using 
the strength ratios wherein force ratios were calculated 
by averaging the strength values obtained during the 

three trials on each side and then by dividing the mean 
strength for the paretic side and the non-paretic side. The 
Wilcoxon test for paired samples was employed for the 
comparison between the affected and non-affected sides’ 
muscle strength. The statistical significance was set at 
5% and P<0.05 were considered statistically significant.
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Figure 5. Illustrating lower trapezius testing
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Results

Patient demographics

The demographic and clinical characteristics of the 
30 participants (4 women and 26 men) are presented in 
Table 1. The Mean±SD of their age was 52±15 years and 
the mean body mass index was 23.84±2.59 kg/m2. All 
participants were right-handed and the dominant hand 
was affected in 37% and non-dominant in 63% of the 
participants. Spasticity varied between grade 1, 1+, and 
2 in 11, 12, and 7 participants respectively according to 
the modified Ashworth scale. The Brunnstrom recovery 
stages varied between 4, 5, and 6 in 3, 17, and 10 partici-
pants, respectively.

Strength measurements

Table 2 shows upper trapezius strength (mean) is the 
greatest in both arms followed by the serratus anterior 
muscle. There is decreased strength in rhomboids, and 
middle, and lower trapezius muscles in both arms among 
which middle trapezius strength is lowest in the affected 
arm and lower trapezius strength is lowest in the non-
affected arm. Here, the values of P show significance 
for individual muscle strength. The strength of the up-
per trapezius (P=0.0406), serratus anterior (P<0.0001), 
rhomboids (P<0.0001), middle trapezius (P=0.0010), 
and lower trapezius (P<0.0001) is significant for the af-
fected arm. Similarly, the strength of serratus anterior 
(P=0.0003), rhomboids (P=0.0280), middle trapezius 
(P<0.0001), and lower trapezius (P=0.0001) is signifi-

cant for a non-affected arm. However, the strength of the 
upper trapezius (P=0.1892) is statistically not significant 
for the non-affected arm (Figure 6).

Force couple ratio measurements

Table 3 shows that the mean force couple ratio for up-
per trapezius versus lower trapezius was higher in the 
affected side, as well as the non-affected side. The re-
maining force couples are nearly similar for both arms 
(Figure 7).

Strength differences measurement

Table 4 shows that there are significant strength dif-
ferences for the upper trapezius, serratus anterior, rhom-
boids, and middle trapezius for both arms whereas no 
significant difference is found for the lower trapezius 
muscle for both arms. 

Discussion

This study evaluated scapular muscle strength and 
force couple ratios in stroke patients. The study’s find-
ings revealed that the muscle strength of the scapula sta-
bilizers is greater in the non-affected arm as compared to 
the affected arm. Muscle strength of the upper trapezius 
and serratus anterior is greater for affected and non-af-
fected arms as compared to the rhomboids, middle and 
lower trapezius muscles. Furthermore, the strength of 
the middle trapezius is lowest in the affected arm, and 

Table 1. Demographic and clinical characteristics of the patients

Characteristics Mean±SD/No. (%)

Age (y) 52±15

Gender Male
Female

26(86.66)
4(13.33)

BMI (kg/m2) 23.84±2.59

Recovery stage (mean)
1. Stage 4
2. Stage 5
3. Stage 6

5
3(10)

17(56.6)
10(33.33)

Spasticity
Grade 1-
Grade 1+
Grade 2-

11(36.66)
12(40)

7(23.33)

Dominance Right
Left

30(100)
0(0)

Paretic Side Right affected
Left affected

11(37)
19(63)

SD: Standard deviation; BMI: Body mass index. 
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Table 3. Force couple ratio in affected and non-affected arms (n=30)

Ratio Minimum Maximum Mean±SD P

Affected arm

UT: LT 0.27 125.75 10.08±22.96 <0.0001

SA: RH 0.31 19.05 3.69±3.94 <0.0001

SA: MT 0.32 10.6 3.75±3.17 0.0030

SA: LT 0.2 17.77 3.66±3.54 <0.0001

Non-affected 
Arm

UT: LT 0.49 41.11 7.74±7.90 <0.0001

SA: RH 0.4 16.67 3.03±3.51 <0.0001

SA: MT 0.12 17.39 3.85±3.93 <0.0001

SA: LT 0.53 15.58 4.52±4.44 <0.0001

Abbreviations: UT: Upper trapezius; LT: Lower trapezius; MT: Middle trapezius; SA: Serratus anterior; RH: Rhomboids. 

Table 4. Comparison between strength (kgf) in the affected and non-affected arm (n=30)

Strength Differences Mean±SD P

UT 1.2673±2.0368 0.0020

SA 0.5876±1.6005 0.0018

RH 0.4009±0.585 0.0001

MT 0.3143±0.7268 0.0068

LT 0.07547±0.7581 0.1746

Abbreviations: UT: Upper trapezius; LT: Lower trapezius; MT: Middle trapezius; SA: Serratus anterior; RH: Rhomboids. 

Table 2. Individual strength (kgf) in affected and non-affected arms (n=30)

Muscle Minimum Maximum Mean±SD P

Affected arm

UT 0.373 6.507 2.4335±1.6472 0.0406

SA 0.31 7.11 1.5825±1.5203 <0.0001

RH 0.055 3.3 0.6653±0.6572 <0.0001

MT 0.095 1.72 0.5743±0.4626 0.0010

LT 0.04 4.335 0.6922±0.8513 <0.0001

Non-affected 
arm

UT 0.155 8.495 3.7008±2.1128 0.1892

SA 0.305 6.24 2.1701±1.615 0.0003

RH 0.165 2.51 1.0662±0.7059 0.0280

MT 0.22 4.165 0.8886±0.8226 <0.0001

LT 0.106 2.705 0.7677±0.6464 0.0001

Abbreviations: UT: Upper trapezius; LT: Lower trapezius; MT: Middle trapezius, SA: Serratus anterior; RH: Rhomboids. 

Khandare Sh & Bhavsar DK. Scapular Strength and Ratios in Stroke Patients. JMR. 2024; 18(3):301-309.

July 2024, Volume 18, Number 3

https://jmr.tums.ac.ir/index.php/jmr
cmd:SHOWXMINMAX?2
cmd:SHOWXMINMAX?9
cmd:SHOWXMINMAX?2
cmd:SHOWXMINMAX?27
cmd:SHOWXMINMAX?4
cmd:SHOWXMINMAX?13
cmd:SHOWXMINMAX?17
cmd:SHOWXMINMAX?13
cmd:SHOWXMINMAX?2
cmd:SHOWXMINMAX?11
cmd:SHOWXMINMAX?2
cmd:SHOWXMINMAX?15
cmd:SHOWXMINMAX?8
cmd:SHOWXMINMAX?15
cmd:SHOWXMINMAX?2
cmd:SHOWXMINMAX?5
cmd:SHOWXMINMAX?21
cmd:SHOWXMINMAX?13
cmd:SHOWXMINMAX?19
cmd:SHOWXMINMAX?6
cmd:SHOWXMINMAX?3
cmd:SHOWXMINMAX?2
cmd:SHOWXMINMAX?13
cmd:SHOWXMINMAX?6
cmd:SHOWXMINMAX?17
cmd:SHOWXMINMAX?14
cmd:SHOWXMINMAX?2
cmd:SHOWXMINMAX?6
cmd:SHOWXMINMAX?19
cmd:SHOWXMINMAX?7
cmd:SHOWXMINMAX?13
cmd:SHOWXMINMAX?6
cmd:SHOWXMINMAX?2
cmd:SHOWXMINMAX?6


307

the strength of the lower trapezius is lowest in the non-
affected arm.

While considering force couple ratios, the mean force 
couple measurement between the upper and lower trape-
zius is found to be greatest for both arms as compared to 
other force ratios which shows that there is considerable in-
coordination between upper and lower trapezius muscles.

The results of this study can be justified by those of 
previous research that has shown that there are numerous 
scapular muscles, with serratus anterior, upper trapezius 
and rhomboids being the most significant for preserv-
ing the position of the scapula. To provide stability and 
mobility of the scapula at rest and during shoulder move-
ments, these muscles must interact efficiently [4]. Pre-
vious research has shown that individuals with scapula 
dyskinesia exhibit abnormally high levels of activity in 
the upper trapezius, posterior deltoids, lower trapezius, 
and rhomboids, as well as abnormally low levels of ac-
tivity in these muscles. These altered muscle activation 

patterns are linked to changes in scapular kinematics, 
such as decreased scapular upward rotation, external ro-
tation, and posterior tilt [13].

According to De Baets, the scapula needs to be prop-
erly positioned to produce effective movement of the 
shoulder. Patients with stroke had a decreased capacity 
to perform isolated and specific arm motions during mo-
tor functional tasks of the upper extremity due to the ab-
normal nature of scapula humeral muscles and scapula 
thoracic incoordination.

According to Briel et al. [7], physiologically, both the 
strength of the individual muscles and muscle groups as 
well as the muscular balance within force couples should 
be considered. As therapists, it is in our best interests to de-
termine typical muscular strength values. This is especially 
true for the scapular stabilizers, where only the individual 
muscles are tested and the force couple ratios are ignored.

Figure 6. Illustrating muscle strength for both arms

Abbreviations: UT: Upper trapezius; LT: Lower trapezius; MT: Middle trapezius; SA: Serratus anterior; RH: Rhomboids.

Non-Affected Arm      

UT 0.155 8.495 3.7008 2.1128 0.1892 

SA 0.305 6.24 2.1701 1.615 0.0003* 

RH 0.165 2.51 1.0662 0.7059 0.0280* 

MT 0.22 4.165 0.8886 0.8226 < 
0.0001* 

LT 0.106 2.705 0.7677 0.6464 0.0001* 

Abbreviations: UT, upper trapezius; LT, lower trapezius; MT, middle trapezius, SA, serratus anterior; RH, 
rhomboids. 
 
 
 

 
 

 

 

 

 

 

 

 

 
Figure 6. Illustrating Muscle Strength for Both Arms 
Abbreviations: UT, upper trapezius; LT, lower trapezius; MT, middle trapezius; SA, serratus anterior; RH, 
rhomboids. 
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Figure 7. Illustrating Muscle Force Couple Ratios for Both Arms  

Abbreviations: UT, upper trapezius; LT, lower trapezius; MT, middle trapezius; SA, serratus anterior; RH, 
rhomboids. 
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Figure 7. Illustrating muscle force couple ratios for both arms 

Abbreviations: UT: Upper trapezius; LT: Lower trapezius; MT: Middle trapezius; SA: Serratus anterior; RH: Rhomboids.
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The evaluation of scapular kinematics can be made 
beneficial by the determination of typical values for the 
various force couple ratios of the scapular stabilizers. 
The scapular stabilizing muscles support the scapula 
both statically and dynamically. As a result, knowing the 
values of the force couple ratios is critical for rehabili-
tation and evaluation. The force couple ratios presented 
here can be used as a guide for rehabilitation by clini-
cians. 

Strength training is recommended to improve motor 
function in post-stroke patients even years after a stroke, 
so the reliability of strength measurements must be de-
termined to assess strength improvement [14]. A study 
conducted by Bertrand et al. [15] confirmed that maxi-
mum static strength as well as a strength ratio measure-
ment in hemiparesis patients is reliable. The findings of 
this study support the concept that strength is a determi-
nant of upper limb function in hemi paretic patients and 
that the difficulty in providing adequate proximal limb 
stabilization may limit movements produced at more 
distal joints.

The present study requires to include scapular muscle 
strengthening exercises. Additionally, maintaining the 
force couple of the scapulae, which has been altered as 
a result of muscle imbalance, and creating targeted ex-
ercises based on the strength of the scapula stabilizers 
will help patients with hemiparesis have better shoulder 
function and experience less pain and disability.

Conclusion

In an era when there is a call for more objective, sen-
sitive, and measurable evaluation methods, the findings 
presented here could aid in the creation of a database for 
scapular muscle force measurements. The advantage 
of knowing the values of the scapular stabilizers in the 
study can be utilized to create strengthening programs in 
the stroke rehabilitation process.

Study limitations

This study faced some limitations. There were unequal 
numbers of male and female participants in the study due 
to which strength differences were not measured sepa-
rately for males and females.

Ethical Considerations

Compliance with ethical guidelines

This research was approved by the Ethics Committee 
of Dr. D.Y Patil College of Physiotherapy, Pimpri, Pune 
(Code: DYPCPT/ISEC/20/2022).

Funding

This research did not receive any grant from funding 
agencies in the public, commercial, or nonprofit sectors.

Authors' contributions

Study supervision: Shilpa Khandare; Methodology, 
data collection and writing: Dharti Bhavsar.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

The authors would like to thank Tushar J. Palekar, at 
Dr. D.Y Patil College of Physiotherapy, Pimpri, Pune for 
giving us this opportunity to conduct this study.

References

[1] O’Sullivan SB, Schmitz ·TJ. Physical rehabilitation. Philadel-
phia,: F.A. Davis; 2007. [Link]

[2] Park SE, Kim YR, Kim YY. Immediate effects of scapular sta-
bilizing exercise in chronic stroke patient with winging and 
elevated scapula: A case study. Journal of Physical Therapy 
Science. 2018; 30(1):190-3. [DOI:10.1589/jpts.30.190] [PMID] 

[3] Jadhav R, Pazare S. Effect of scapular kinesiotaping as an 
adjunct to dynamic neuromuscular stabilization exercises on 
upper extremity functions in stroke patients. International 
Journal of Health Sciences and Research. 2022; 12(1):13-22. 
[DOI:10.52403/ijhsr.20220103]

[4] Paine RM, Voight M. The role of the scapula.The Journal of 
Orthopaedic and Sports Physical Therapy. 1993; 18(1):386-91. 
[DOI:10.2519/jospt.1993.18.1.386] [PMID]

[5] Levangie PK, Norkin CC, Lewek MD. Joint structure & 
function: A comprehensive analysis. Philadelphia, PA: Davis 
Company; 2019. [Link]

[6] Oatis CA. Kinesiology: The mechanics and pathomechan-
ics of human movement. Philadelphia, PA: Wolters Kluwer; 
2017. [Link]

[7] Briel S, Olivier B, Mudzi W. Scapular force: Couple ratios 
in healthy shoulders - an observational study reflecting typi-
cal values. The South African Journal of Physiotherapy. 2022; 
78(1):1619. [DOI:10.4102/sajp.v78i1.1619] [PMID] 

Khandare Sh & Bhavsar DK. Scapular Strength and Ratios in Stroke Patients. JMR. 2024; 18(3):301-309.

July 2024, Volume 18, Number 3

https://jmr.tums.ac.ir/index.php/jmr
https://physiotherapy.dpu.edu.in/
https://physiotherapy.dpu.edu.in/
https://www.google.com/books/edition/_/_LNmQgAACAAJ?hl=en&sa=X&ved=2ahUKEwjcus3o3_GHAxV-wAIHHbQyOH8Qre8FegQIHRAJ
https://doi.org/10.1589/jpts.30.190
https://www.ncbi.nlm.nih.gov/pubmed/29410596
https://doi.org/10.52403/ijhsr.20220103
https://doi.org/10.2519/jospt.1993.18.1.386
https://www.ncbi.nlm.nih.gov/pubmed/8348140
https://fadavispt.mhmedical.com/content.aspx?bookid=2678&sectionid=220743439
http://
https://doi.org/10.4102/sajp.v78i1.1619
https://www.ncbi.nlm.nih.gov/pubmed/35937095


309

[8] Johnson G, Bogduk N, Nowitzke A, House D. Anatomy and 
actions of the trapezius muscle. Clinical Biomechanics (Bristol, 
Avon). 1994; 9(1):44-50. [DOI:10.1016/0268-0033(94)90057-4] 
[PMID]

[9] Mahmoud LS, Aly SM. The effect of Scapular Dyskinesia on 
the scapular balance angle and upper extremity sensorimotor 
function in stroke patients with spasticity. Bulletin of Faculty 
of Physical Therapy. 2020; 25:1-8. [DOI:10.1186/s43161-020-
00004-w]

[10] Ekstrand E, Lexell J, Brogårdh C. Isometric and isokinetic 
muscle strength in the upper extremity can be reliably meas-
ured in persons with chronic stroke. Journal of Rehabilitation 
Medicine. 2015; 47(8):706-13. [DOI:10.2340/16501977-1990] 
[PMID]

[11] Nascimento LR, Teixeira-Salmela LF, Polese JC, Ada L, 
Faria CD, Laurentino GE. Strength deficits of the shoulder 
complex during isokinetic testing in people with chronic 
stroke. Brazilian Journal of Physical Therapy. 2014; 18(3):268-
75. [DOI:10.1590/bjpt-rbf.2014.0030] [PMID] 

[12] Ueda A, Mitani Y, Koda H, Omine T, Inada R, Konishi N, 
et al. Verification of shoulder external rotators strength meas-
urement using a suspension scale. Cureus. 2022; 14(6):e26106. 
[DOI:10.7759/cureus.26106]

[13] Tang L, Chen K, Ma Y, Huang L, Liang J, Ma Y. Scapular 
stabilization exercise based on the type of scapular dyskinesis 
versus traditional rehabilitation training in the treatment of 
periarthritis of the shoulder: Study protocol for a randomized 
controlled trial. Trials. 2021; 22(1):713. [DOI:10.1186/s13063-
021-05654-2] [PMID] 

[14] Bohannon RW. Number of pedometer-assessed steps tak-
en per day by adults: a descriptive meta-analysis. Phys Ther. 
2007; 87(12):1642-50. [DOI: 10.2522/ptj.20060037] [PMID]

[15] Bertrand AM, Mercier C, Bourbonnais D, Desrosiers J, 
Gravel D. Reliability of maximal static strength measure-
ments of the arms in subjects with hemiparesis. Clinical reha-
bilitation. 2007; 21(3):248-57. [DOI: 10.1177/026921550607079]

Khandare Sh & Bhavsar DK. Scapular Strength and Ratios in Stroke Patients. JMR. 2024; 18(3):301-309.

July 2024, Volume 18, Number 3

https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.1016/0268-0033(94)90057-4
https://www.ncbi.nlm.nih.gov/pubmed/23916077
https://doi.org/10.1186/s43161-020-00004-w
https://doi.org/10.1186/s43161-020-00004-w
https://doi.org/10.2340/16501977-1990
https://www.ncbi.nlm.nih.gov/pubmed/26181580
https://doi.org/10.1590/bjpt-rbf.2014.0030
https://www.ncbi.nlm.nih.gov/pubmed/25003280
https://doi.org/10.7759/cureus.26106
https://doi.org/10.1186/s13063-021-05654-2
https://doi.org/10.1186/s13063-021-05654-2
https://www.ncbi.nlm.nih.gov/pubmed/34663424
https://doi.org/10.2522/ptj.20060037
https://pubmed.ncbi.nlm.nih.gov/17911274/
https://doi.org/10.1177/0269215506070792

