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INTRODUCTION

The scapula is a triangular-shaped flat bone located on the back side of the thorax, which plays 
a key role in facilitating shoulder movement and maintaining stability.[1,2] One of the primary 
movements associated with the scapula is upward rotation. This movement is crucial for activities 
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Objectives: The objective of this was to compare the effects of the proprioceptive neuromuscular facilitation 
(PNF) hold-relax technique on pain severity, range of motion (ROM) of the shoulder, shoulder disability, and 
scapular asymmetry in stroke patients with scapular dyskinesis.

Methods: The study used a randomized clinical trial design including 46 patients ranging from 40 to 60 years 
with at least five months of stroke with type-1 scapular dyskinesia. The participants were divided into two groups, 
taking the upper limb Diagonal 1 (D1) flexion pattern and Diagonal 2 (D2) flexion pattern, respectively, which 
were allocated by consecutive sampling using the lottery method. We used a visual analog scale (VAS) for pain, 
goniometry for shoulder ROM, shoulder pain and disability index (SPADI) for shoulder disability, and lateral 
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Results: D1 flexion and D2 flexion both improved the ROM in both groups (P < 0.05) and decreased pain and 
disability, while in-between comparisons did not find a significant difference between the effectiveness of both 
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that require lifting the arm overhead such as reaching for 
objects on high shelves or performing overhead sports 
movements.[3,4] The physiology of the scapula involves the 
coordinated actions of various muscles and ligaments that 
attach to its distinct features including the borders, angles, 
and prominent processes.

Scapular pathophysiology can result from various factors 
including injury, poor posture, muscle weakness, and nerve 
damage. These factors can contribute to structural and 
functional abnormalities in the scapula leading to altered 
movement patterns and biomechanics in the shoulder 
joint. One common condition associated with scapular 
pathophysiology is scapular dyskinesis. It can also contribute 
to conditions such as rotator cuff impingement and 
shoulder bursitis. Another prevalent scapular pathology is 
scapular winging. Scapular winging is commonly observed 
in individuals involved in activities that require repetitive 
pushing or lifting motions.[3]

Physical therapy plays a central role in rehabilitating 
scapular disorders. Therapeutic interventions aim to restore 
normal scapular position, movement, and muscle strength. 
Specific exercises are prescribed to target the scapular 
stabilizing muscles including the trapezius, serratus anterior, 
and rhomboids. These exercises help to strengthen weak 
muscles, improve muscle balance, and promote proper 
scapular kinematics. Techniques used in manual treatment 
such as releasing trigger points and mobilizing joint and 
soft tissue may also be used to address muscle imbalances, 
restore normal alignment, and reduce pain. Proprioceptive 
exercises, balance training, and kinesthetic awareness drills 
are employed to improve muscle activation and coordination 
enabling individuals to perform functional movements with 
optimal scapular control.

In some cases, bracing or taping techniques may be used 
to provide external support and promote correct scapular 
positioning during activities. These assistive devices can help 
individuals maintain proper scapular alignment and prevent 
excessive or abnormal movements.[5]

Stroke is a clinical syndrome characterized by poor blood 
flow to the brain that leads to the sudden death of brain 
cells in localized areas and the formation of a long-lasting, 
focal neurological impairment as a result of a vascular 
incident. As toxic metabolites accumulate in the body, the 
brain parenchyma gets damaged structurally. After a stroke, 
a low-tone flaccid stage without voluntary control followed 
by the spastic stage, which results in scapulothoracic joint 
asymmetry, are the initial symptoms.[6,7] The occurrence 
of hemiplegic shoulder pain is a widely recognized and 
significant complication that can arise in the aftermath of 
a stroke. Its prevalence has been reported to range from 
34% to 84% among stroke patients making it a common 

and debilitating issue.[6] Age plays a significant role, as the 
incidence of strokes tends to rise as individuals get older. The 
constant high pressure within the blood vessels can weaken 
and damage them over time increasing the likelihood of a 
stroke. Smoking and high cholesterol levels also increase the 
risk of stroke.[8] The occurrence of hemiplegic shoulder pain 
is a widely recognized and significant complication that can 
arise in the aftermath of a stroke.

Proprioceptive neuromuscular facilitation (PNF) is a 
stretching technique that involves using specific patterns of 
movement and resistance to improve muscle strength, range 
of motion (ROM), and function. The PNF is often used 
in the rehabilitation of stroke patients to address muscle 
weakness and impaired motor control. The PNF techniques 
involve various movements such as diagonal movement 
patterns, rhythmic stabilization, and repeated contractions. 
These movements are performed with resistance provided 
by the therapist or equipment.[9] The hold-relax approach 
is a type of PNF frequently used to treat muscular 
tightness, stiffness, and restricted ROM. Muscle deficits 
in stroke survivors can be caused by a variety of variables 
such as muscle spasticity and diminished control over 
their movements. These disorders can lead to muscular 
imbalances, reduced flexibility, and difficulties performing 
functional motions with the afflicted limbs. The technique 
involves actively contracting a muscle for several seconds 
followed by a brief period of relaxation and then a passive 
stretch of the muscle. Stroke rehabilitation seeks to recover 
motor function and functional capacities following a 
stroke.[10]

In clinical practice, most stroke patients were treated in all 
aspects but mostly ignored scapular mechanics. Therefore, 
an untreated scapular dyskinesis may lead to shoulder pain 
and dysfunction, so there was a need to design an alternate 
plan of care if routine management failed, which would 
focus on scapular mechanics. For its treatment, PNF hold-
relax with conservative treatment such as ROM and strength, 
which were effective, but there was limited literature on 
combined impact. Consequently, studies investigating these 
interventions in terms of scapular alignment were required. 
The present study aimed to see the effects of the PNF hold-
relax technique on scapular dyskinesis in patients with 
subacute stroke a nd to compare the effects of Diagonal 1 
(D1) and Diagonal 2 (D2) flexion patterns of PNF on pain, 
ROM, disability, and scapular asymmetry in patients with 
subacute stroke. The findings of this study would help the 
physiotherapist design the plan of care for scapular dyskinesis 
among patients, who underwent PNF hold-relax technique 
and scapular stabilization exercise. These results would be 
utilized by researchers in future studies. Patients would use 
the findings to receive a cost-effective treatment, as these 
interventions can be performed individually.
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MATERIALS AND METHODS

This study used a randomized clinical trial. It was conducted 
at Ibn-e-Siena Hospital and Research Institute, Multan, 
Pakistan. The duration of the study was six months. 
A convenient sampling technique was used for the selection 
of the sample. The sample size of the study was 46.

The sample size was calculated using the formula given by 
Charan and Biswas.[11]

( )α β+
=

22
/2

2

2  

 

SD Z Z
SampleSize

d

SD: Standard deviation, Z: Standard normal deviate, α: Type I 
error, β: Type II error, d: Precision.

The sample size was calculated from Joshi et al.[12] by taking 
the visual analog scale (VAS) as an outcome measure of 
interest. A total of 46 subjects were recruited into the study 
after screening through the selection criteria [Table 1].

The study’s inclusion criteria were stroke patients with an onset 
of at least five months. Patients aged 40–60 years of age included 
both males and females. Patients developing unilateral scapular 
dyskinesis due to stroke were assessed by lateral scapular 
slide test (LSST) and typed 1 scapular dyskinesia prominent 
infernomedial border of the scapula. Exclusion criteria of the 
study included a neurological deficit of the upper extremity, any 
surgery of the upper extremity, active infections, hypermobility, 
calcification of the soft tissues, fragile skin, musculoskeletal 
injuries as upper limb fractures, dislocation, joint instability, or 
any soft-tissue injuries on the affected side, etc., other illnesses 
such as supraspinatus, or bicep tendinitis, fibromyalgia, frozen 
shoulder, and arthritis that produced discomfort in the upper 
extremities, etc., and severe depression.

The data was collected through a questionnaire, which 
consisted of socioeconomic data that was recorded before 
the study. The participants were divided into two groups 
taking the upper limb D1 flexion pattern as group  1 and 
the D2 flexion pattern as group  2, allocated by consecutive 
sampling technique by lottery method. The baseline 
treatment, moist hot-pack, and scapular stabilization exercise 
were done for both groups undergoing the same protocol of 
12 sessions (three sessions/week). The measurements of the 
study parameters including pain and shoulder ROM were 
accomplished at three time periods, that is, at baseline, after 
second week, and after fourth week. Shoulder disability was 
assessed by shoulder pain and disability index (SPADI) at 
baseline and after four weeks.

The patients were given the baseline treatment before respective 
treatment as per the groups allocated to them including 
treatment with a moist hot pack and scapular stabilization 
exercises. The moist hot pack was applied to the affected site 
of the shoulder. Scapular stabilization consists of scapular 

retraction, external rotation, shoulder diagonals, horizontal rows, 
shoulder extension, and prone horizontal extension exercises. 
Each exercise was repeated with two sets of 10 repetitions. The 
time for performing baseline treatment was 25 min.

After the baseline treatment, group  A patients received the 
scapular hold-relax technique applied in the upper limb D1 
flexion pattern [Figure 1]. The antagonistic pattern in D1 is 
a flexion-adduction-external rotation that includes two sets 
of 20 repetitions performed with a 20-s rest period between 
the sets. The patient was lying on the unaffected side while 
the therapist stood in line with the desired motion. The first 
therapist gave preparatory instructions to patients. In this 
exercise, the therapist’s proximal hand grasps the patient’s 
upper arm on the anteromedial surface exerting resistance 
in the opposite direction of the movement. Simultaneously, 
the distal hand holds the patient’s hand with the fingers 
positioned on the ulnar side and the thumb on the radial side 
allowing the patient’s wrist to flex toward the radial side. This 
particular hand positioning technique is referred to as the 
lumbrical grip.[13] The total time for baseline treatment and 
D1 flexion exercise was at least 50 min.

After the baseline treatment, the patients of group B received 
a scapular hold-relax technique applied in the upper limb D2 
flexion pattern [Figure 2]. The antagonistic pattern in D2 is 
flexion abduction-external rotation that included two sets of 
20 repetitions performed with 20 s rest period between sets. 
The patient was lying on the unaffected side as the therapist 

Table 1: Sample size calculation.

Mean VAS of Group A=4.25
Mean VAS of Group B=3.28
SD=0.93
Zα/2 type I error of 5%=1.96
Zβ keeping power of study at 80%=0.84
Keeping allocation ratio 1:1
Sample size=22.87 approximately 23/group
VAS: Visual analog scale, SD: Standard deviation

Figure 1: Diagonal 1 flexion pattern.
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made the desired motion while standing in line. The first 
therapist gave preparatory instructions to patients. The 
patient’s hand’s dorsal-radial surface is held in the therapist’s 
distal hand. To provide pressure in the opposite direction 
of movement, the proximal hand grasps the anterior-lateral 
surface of the upper arm from below.[13] The total time for 
baseline treatment and D2 flexion exercise was at least 
50 min.

The primary outcomes of the study were pain and 
shoulder asymmetries. The assessment of pain severity and 
scapular asymmetry was used to measure the shoulder’s 
ROM (flexion, extension, abduction, internal rotation, 
and external rotation), the VAS LSST, and Goniometry, 
respectively. The VAS was used to assess the characteristics 
of pain that a patient is experiencing. This scale is the gold 
standard test.[2] The LSST was utilized to assess scapular 
asymmetries under various load conditions. Three test 
positions were applied using Kibler’s approach. The LSST 
had good reliability values. The inferior angle of the 
scapula and the spinous process are identical in all three 
locations in this technique when evaluated bilaterally with 
a piece of tape in the horizontal plane. If it demonstrates 
a difference of 1.5  cm or more in any of the three places, 
it was determined that the LSST has a positive result.[14] 
Shoulder disability was a secondary outcome measure. The 
SPADI evaluates pain as well as the other upper extremity 
functional activities. The SPADI has high reliability and 
validity.[15]

Statistical analysis

The Statistical Package for the Social Sciences version  26 
was used for the analysis and interpretation of results. The 
normality of the data was assessed through Shapiro–Wilk 
statistical tests. The VAS and shoulder ROM were violating 
the normal distribution (P < 0.05), so a non-parametric test 
(Friedman Test and Mann–Whitney U-test) was used for the 
analysis of VAS and shoulder ROM. The SPADI followed the 
normal distribution (P > 0.05), so parametric tests (Repeated 

measure analysis of variance and independent t-test) were 
used for its analysis.

RESULTS

Descriptive statistics

The demographic statistics of the study is shown in Table 2. 
The mean age of participants in group  A (D1 flexion) 
was 48.65 ± 5.21, while in group  B (D2 flexion), it was 
28.21  ±  6.32. The age range for group  A (D1 flexion) is 
between 42 and 58  years old. The age range for group  B 
(D2 flexion) is between 40 and 57  years old. Among 
46 participants in the research, 24 were female (52.2%), while 
22 were male (47.8%).

Inferential statistics

The test statistics of the Friedman test is shown in Table  3. 
Results show a decrease in the mean score on VAS and 
an increase in the mean score of shoulder ROM. Pre-  and 
post-treatment values of VAS and shoulder ROM showed 
a significant difference in group  A as well as in group  B 
(P < 0.05), which means a statistically significant improvement 
is seen in both groups in terms of pain reduction and increase 
in flexion, extension, abduction, and external and internal 
rotation of the shoulder.

The pre-  and post-treatment values of shoulder disability 
as assessed by SPADI are shown in Table  4. A  significant 
reduction in shoulder disability is seen in both groups with 
P < 0.05.

The analysis between groups A and B is shown in Table 5. No 
significant difference was found between the effects of both 
treatments in terms of pain measured by VAS and ROM, 
that is, flexion, extension, and abduction (P > 0.05). In terms 
of external and internal rotation, the D1 flexion pattern of 
PNF techniques showed more improvement as compared to 
D2 flexion (P < 0.05). While in terms of SPADI, D2 flexion 
showed more improvement as compared to D1 flexion 
(P < 0.05).

Table 2: Demographic statistics.

n Mean±SD

Age of participants
Group A (D1 flexion) 23 48.65±5.21
Group B (D2 flexion) 23 48.21±6.32

fr Percentage

Sex of participants
Male 22 47.8
Female 24 52.2

Total 46 100
SD: Standard deviation, D1: Diagonal 1, D2: Diagonal 2, fr: Frequency

Figure 2: Diagonal 2 flexion pattern.
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Table 3: Within-group analysis of VAS and shoulder ROM (Friedman test).

VAS
Groups n Mean SD Asymp. Sig.

Group A (D1 flexion)
VAS at baseline 23 8.95 0.84 <0.001
VAS after 2nd week 22 5.95 1.36
VAS after 4th week 22 2.18 0.85

Group B (D2 flexion)
VAS at baseline 23 9.48 0.75 <0.001
VAS after 2nd week 21 6.95 0.80
VAS after 4th week 21 1.80 0.81

Shoulder ROM
Group A (D1 flexion)

Pre-treatment shoulder flexion 23 121.81 11.90 <0.001
After-2nd week shoulder flexion 22 140.68 13.02
After-4th week shoulder flexion 22 158.40 7.69

Group B (D2 flexion)
Pre-treatment shoulder flexion 23 130.09 9.49 <0.001
After-2nd week shoulder flexion 21 147.33 4.83
After-4th week shoulder flexion 21 157.00 5.70

Group A (D1 flexion)
Pre-treatment shoulder extension 23 25.90 2.06 <0.001
After-2nd week shoulder extension 22 32.09 1.44
After-4th week shoulder extension 22 35.68 2.27

Group B (D2 flexion)
Pre-treatment shoulder extension 23 26.90 1.37 <0.001
After-2nd week shoulder extension 21 32.00 1.54
After-4th week shoulder extension 21 37.71 5.33

Group A (D1 flexion)
Pre-treatment shoulder abduction 23 104.54 14.64 <0.001
After-2nd week shoulder abduction 22 121.68 6.28
After-4th week shoulder abduction 22 130.95 3.38

Group B (D2 flexion)
Pre-treatment shoulder abduction 23 120.47 7.36 <0.001
After-2nd week shoulder abduction 21 127.90 1.37
After-4th week shoulder abduction 21 133.38 3.23

Group A (D1 flexion)
Pre-treatment shoulder external rotation 23 41.72 4.53 <0.001
After-2nd week shoulder external rotation 22 49.72 5.82
After-4th week shoulder external rotation 22 57.77 6.63

Group B (D2 flexion)
Pre-treatment shoulder external rotation 23 41.14 1.01 <0.001
After-2nd week shoulder external rotation 21 45.90 1.54
After-4th week shoulder external rotation 21 51.61 4.65

Group A (D1 flexion)
Pre-treatment shoulder internal rotation 23 43.77 5.53 <0.001
After-2nd week shoulder internal rotation 22 48.72 5.62
After-4th week shoulder internal rotation 22 56.95 7.12

Group B (D2 flexion)
Pre-treatment shoulder internal rotation 23 41.38 2.17 <0.001
After-2nd week shoulder internal rotation 21 45.76 1.81
After-4th week shoulder internal rotation 21 52.76 4.48

VAS: Visual analog scale, D1: Diagonal 1, D2: Diagonal 2, SD: Standard deviation, ROM: Range of motion, Asymp. Sig.: Asymptomatic significance
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DISCUSSION

Similar to previous research by Saeed et al. in 2022, they 
analyzed the effects of myofascial release technique (MRT) 
and PNF on pain and function in scapular dyskinesia caused 
by adhesive capsulitis.[16] They gave both treatments, that is, 
MRT and PNF, for six weeks. In the present study, D1 and D2 
flexion patterns of PNF were used as two treatments for four 
weeks. Saeed et al. revealed that both PNF and MRT led to 
significant improvements in numeric pain rating scale (NPRS) 
and SPADI scores, but the PNF technique showed more 
significant results in improving pain and function in scapular 
dyskinesia associated with adhesive capsulitis compared to 
MRT.[16] In the present study, both treatment groups showed 
improvement in within-group analysis (P < 0.05) in pain and 
disability parameters. In between-group comparisons, no 
significant difference was found between D1 and D2 flexion 
patterns of PNF in terms of pain reduction measured by VAS.

Jung and Chung[2] and Tedla and Sangadala[17] conducted 
studies with a targeted population suffering from subacute 
stroke as they worked on scapular dyskinesia caused by 
adhesive capsulitis and on adhesive capsulitis of post-surgical 
patients, respectively. Jung and Chung, in 2020, evaluated the 
combining effects of hold-relax and mobilization adhesive 
capsulitis in post-surgical patients. They used ROM, VAS, and 
SPADI as an outcome measure. Similar to Jung and Chung,[2] 
the present study also used VAS, SPADI, and ROM of the 
shoulder as outcome measures and within-group analysis. 
Both treatments improved in each variable (P < 0.05).

The results of the present study are in line with the fact 
that both approaches of PNF (D1 flexion and D2 flexion) 

have significant effects on lowering pain and disability and 
increasing the ROM of the shoulder.[17]

The present study’s main focus on the PNF technique’s 
effect on stroke patients is similar to Chitra and Joshi[18] and 
Chaturvedi et al.[7] Chitra and Joshi[18] evaluated PNF impact 
on scapular function in hemiplegic patients in context to 
shoulder pain and ROM. Treatment given was conventional 
treatment with scapular PNF hold-relax technique, and 
others receiving conventional treatment, respectively. 
Chaturvedi et al.[7] evaluate the upper extremity function, 
which is improved by PNF exercises in acute stroke patients. 
To increase the functionality, independence of patients, 
and overall well-being, it is necessary to improve shoulder 
mobility to engage in daily life activities more effectively.

Limitations

•	 It was a single-blinded study (patients were blinded)
•	 While the scapula’s position and ROM were 

improved along with function and impairment, the 
interrelationships between the variables were not 
explicitly explained

•	 The investigation excluded the strength of each 
particular muscle

•	 The subdividing of the scapula dyskinesis type into 
intervention strategies was not provided

•	 The long-term effects of interventions were not evaluated
•	 The study has a limited sample, which may affect its 

generalizability
•	 For the measurement of pain, VAS was used, which is a 

subjective tool.

Table 4: Within-group analysis of SPADI (Wilcoxon signed-ranks test).

Treatment groups of subjects n Mean SD Asymp. Sig

Group A (D1 flexion)
Pre-treatment total SPADI score 23 111.34 12.27 <0.001
After-4th week total SPADI score 22 38.09 3.39

Group B (D2 flexion)
Pre-treatment total SPADI score 23 120.13 4.25 <0.001
After-4th week total SPADI score 21 35.28 2.30

SPADI: Shoulder pain and disability index, D1: Diagonal 1, D2: Diagonal 2, SD: Standard deviation, Asymp. Sig.: Asymptomatic significance

Table 5: Between-group A and B analysis after treatment of 4 weeks (Mann–Whitney U-test).

VAS Shoulder 
flexion

Shoulder 
extension

Shoulder 
abduction

Shoulder 
external rotation

Shoulder internal 
rotation

SPADI total 
score

Mann–Whitney U 175.000 227.000 173.000 159.500 106.500 146.000 117.000
Wilcoxon W 406.000 458.000 426.000 412.500 337.500 377.000 348.000
Z −1.444 −0.098 −1.445 −1.793 −3.057 −2.080 −2.801
Asymp. Sig. (two-tailed) 0.149 0.922 0.149 0.073 0.002 0.037 0.005
VAS: Visual analog scale, SPADI: Shoulder pain and disability index, Asymp. Sig.: Asymptomatic significance
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CONCLUSION

Scapular PNF has a substantial influence on stroke patients’ 
shoulder discomfort and shoulder ROM. Both the D1 flexion 
and D2 flexion groups significantly improved the ROM and 
decreased pain and disability. However, regarding shoulder 
rotation, D1 flexion showed more improvement, and in 
terms of disability reduction, D2 flexion was found to be 
more competent.

Recommendations

•	 Future studies should assess the long-term effects of 
these interventions, and follow-up examinations should 
be taken into account to look into the carryover effects 
of interventions.

•	 Future studies with a larger sample size are 
recommended.

•	 Scapular PNF might be considered a crucial component 
of the post-stroke shoulder pain rehabilitation program.

•	 Scapular PNF helps to reduce shoulder discomfort, 
SPADI, and shoulder ROM, strengthen scapular and 
proximal muscle groups, and align the scapula to 
improve positional characteristics. However, it could 
not assess the practical implications for the joint capsule 
and muscles including the subscapularis and pectoralis 
major.
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