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Effects of myofascial release with tennis ball on 
spasticity and motor functions of upper limb in 
patients with chronic stroke
A randomized controlled trial
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Abstract 
Background: Impaired motor function and upper extremity spasticity are common concerns in patients after stroke. It is 
essential to plan therapeutic techniques to recover from the stroke. The objective of this study was to investigate the effects of 
myofascial release with the tennis ball on spasticity and motor functions of the upper extremity in patients with chronic stroke.

Methods: Twenty-two chronic stroke patients (male-16, female-6) were selected to conduct this study. Two groups were 
formed: the control group (n=11) which included conventional physiotherapy only and the experimental group (n=11) which 
included conventional physiotherapy along with tennis ball myofascial release – in both groups interventions were performed for 
6 sessions (35 minutes/session) per week for a total of 4 weeks. The conventional physiotherapy program consisted of active 
and passive ROM exercises, positional stretch exercises, resistance strength training, postural control exercises, and exercises 
to improve lower limb functions. All patients were evaluated with a modified Ashworth scale for spasticity of upper limb muscles 
(biceps brachii, pronator teres, and the long finger flexors) and a Fugl-Meyer assessment scale for upper limb motor functions 
before and after 4 weeks. Nonparametric (Mann–Whitney U test and Wilcoxon signed-rank test) tests were used to analyze data 
statistically. This study has been registered on clinicaltrial.gov (ID: NCT05242679).

Results: A significant improvement (P < .05) was observed in the spasticity of all 3 muscles in both groups. For upper limb motor 
functions, significant improvement (P < .05) was observed in the experimental group only. When both groups were compared, 
greater improvement (P < .05) was observed in the experimental group in comparison to the control group for both spasticity of 
muscles and upper limb motor functions.

Conclusion: Myofascial release performed with a tennis ball in conjunction with conventional physiotherapy has more beneficial 
effects on spasticity and motor functions of the upper extremity in patients with chronic stroke compared to conventional therapy 
alone.

Abbreviations:  MCID = minimal clinically important difference, MMSE = mini-mental state exam, PNF = proprioceptive 
neuromuscular facilitation, ROM = range of motion

Keywords: chronic stroke, Fugl–Meyer assessment scale, modified Ashworth scale, motor functions, myofascial release, spasticity

1. Introduction

Stroke is a rapid onset of neurological dysfunction caused by 
abnormalities in the cerebral circulation, with signs and symp-
toms corresponding to the involvement of specific areas of the 
brain.[1] After a stroke, the most common primary impairments 
are altered sensations, pain, visual changes, motor dysfunc-
tion, postural instability, speech and language dysfunction, 

perception, and cognition defects.[2] Many individuals experi-
ence chronic unilateral upper-extremity motor dysfunction, 
significantly restricting their functional movements.[3] Motor 
dysfunctions are the major factors that make an individual inca-
pable to participate in many activities of daily living. Only 5% 
to 20% of stroke survivors have been reported to have made 
a near-complete functional recovery.[4] Approximately 50% of 
stroke survivors have significant functional problems in their 
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hands and arms[5] and remain with reduced arm functions even 
after 6 months of stroke incidence.[6] These reduced upper limb 
functions restrict the activities of daily living of the patient, 
reduce their productivity, make social integration difficult, and 
cause an economic burden.[7] Stroke causes motor disorders 
such as spasticity, which is caused by an imbalance of brain 
activity. Spasticity is high resistance to passive muscle stretching 
influenced by velocity.[8] Spasticity prevalence after stroke var-
ies from 18% to 60%.[9,10] Spasticity affects the upper extrem-
ities more frequently than the lower extremities. This regional 
inclination adds to the slower recovery of upper limb functions 
while there is a near-permanent disability in hand and wrist 
function.[11] Spasticity delays stroke recovery because it inter-
feres with the ability to move normally and perform everyday 
tasks, including grooming, clothing, and bathing. According 
to several researchers, dysfunctional reflexes linked to spas-
ticity are the primary determinants of motor dysfunction.[12,13] 
Spasticity is considered one of the factors that contribute to a 
motor and functional impairment after stroke. However, it is 
not an autonomous agent because other primary factors, such 
as muscle weakness, may also be present.[14,15]

Myofascial release is a therapeutic technique that aims to 
improve flexibility and sliding between layers of soft tissues, 
reduce the severity of muscle activity pain, and improve func-
tional performance.[16] The tissue will become softer and more 
flexible after a few releases. Restoration of length and health 
of myofascial tissues reduces pressure on pain-sensitive tissues 
such as nerves and blood vessels and restores joint alignment and 
mobility.[17] This approach requires the application of an external 
force to reduce fibrous tissue adhesion in muscles and a long-du-
ration low-load stretch to return the myofascial complex to its 
original length, resulting in pain relief and improved function.[18]

A study by Grieve et al reported significant differences in 
muscle length between the control and intervention groups after 
performing self-myofascial release with a tennis ball.[19] Wilke 
et al reported that the myofascial release technique enhances 
muscular properties, functional capacity, and activities of daily 
living in patients with chronic stroke due to changes in myo-
fascial chains.[20] This is a form of manual therapy of soft tis-
sue release and muscle stretching to increase muscle length, soft 
tissue flexibility, and joint range of motion (ROM).[21] Several 
physiological benefits of myofascial release have been reported, 
such as capillary dilation, and metabolic and cutaneous tem-
perature changes.[22] These changes are reflected in individuals in 
the form of decreased pain, muscle spasms, muscle tone, edema, 
increased extensibility of soft tissues, ROM, and improved bio-
mechanics of the joint.[22]

A previous study included myofascial release with a tennis 
ball in the lower extremity in patients with chronic stroke and 
reported improved balance.[23] Different other unique therapeu-
tic interventions have been proposed over the past 2 decades for 
stroke management; however, myofascial release with a tennis 
ball has not been included in them.[24] To the best of our knowl-
edge, no study has been performed that examined the effects 
of myofascial release of the upper extremity with a tennis ball 
on spasticity and motor functions. Therefore, the present study 
aimed to examine the effects of myofascial release with a ten-
nis ball on spasticity and motor functions of the upper limb in 
patients with chronic stroke. Generally, the term chronic stroke 
refers to the period of recovery that occurs after 6 months after 
the initial stroke incident.[25]

2. Methods

2.1. Study design and setting

A 2-arm parallel pretest–posttest experimental design was 
used. This study was conducted in the outpatient physiother-
apy department of B.J. Medical College & Civil Hospital, 
Ahmedabad. All patients were referred from the outpatient 

department. Each participant was treated 6 days a week for a 
total of 4 weeks.

2.2. Participants

Due to the lack of availability of enough stroke (hemiplegic) 
patients, a convenient sampling method was performed and a 
total of 22 (16 male and 6 female) participants were recruited 
according to the exclusion and inclusion criteria. Participants 
were equally divided into 2 groups viz. experimental and con-
trol, with 11 participants in each group. Random allocation of 
participants was performed by the examiner using the lottery 
method and randomization.com. The control group comprised 
7 males and 4 females, while the experimental group comprised 
9 males and 2 female participants. The allocation of participants 
into 2 groups is shown in Figure 1. Participants and outcome 
assessors were kept blinded to the allocation. In the control 
group, 5 participants had a left affected side and 6 participants 
had a right affected side. In the experimental group, 3 partici-
pants had the left affected side and 8 participants had the right 
affected side. The mean duration of the stroke in the control 
group was 13.45 ± 4.41 months and in the experimental group, 
it was 15.63 ± 5.76 months. Participants (age: 40–65 years,) suf-
fering from unilateral stroke, hemiplegia with upper extremity 
dysfunctions of more than 6 months and less than 2 years of 
duration were selected for the study. The participants younger 
than 40 years and older than 65 years were not recruited 
because younger people tend to recover faster than the older 
people, which could have affected the outcome of our interven-
tions.[26,27] Selected participants had grades 1–3 according to the 
modified Ashworth scale, MMSE (Mini-Mental State Exam) 
score >24 suggesting intact cognition, 3–5 level of recovery of 
voluntary control according to Brunnstrom stages for shoulder, 
elbow, and wrist joints, and full passive ROM of the shoul-
der, elbow, wrist, and hand joints. Participants having circula-
tory problems (e.g., deep vein thrombosis), complex regional 
pain syndrome, sensory aphasia, severe cognitive impairment, 
severe visual impairment, impaired sensation over the affected 
upper limb, recently injured area/open wounds, arthritic or 
any other musculoskeletal condition of the upper extremity, 
shoulder instability based on the posterior or anterior appre-
hension test, and positive sulcus test, history of brain surgery 
after stroke, Botox injection in the past 4 months, medically 
unstable patients and patients who had multiple strokes were 
excluded from the study. Before conducting the study, ethical 
approval was obtained from the institutional ethics committee, 
B.J. Medical College & Civil Hospital (File id: GSTIESC/23/16). 
This study was in accordance with “The Code of Ethics of the 
World Medical Association (Declaration of Helsinki)”. All par-
ticipants were informed in detail about the study procedure, 
potential risks, and benefits. All participants signed informed 
consent. This study has been registered on clinicaltrial.gov (ID: 
NCT05242679) on 2/16/2022.

2.3. Outcome measures

2.3.1. Modified Ashworth scale.  The scale is used to 
determine severe hypertonia. This scale has been proven to have 
strong reliability (0.84 for interrater and 0.83 for intrarater 
comparisons).[28] It is considered a “gold standard” test by which 
other tests are validated.[29] The modified Ashworth scale was 
used to measure the spasticity of the biceps brachii, pronator 
teres, and long finger flexor muscles.

2.3.2. Fugl-Meyer assessment scale for upper extremity 
functions.  The Fugl-Meyer assessment is a performance-
based impairment assessment test for stroke patients. The 
overall reliability of the Fugl-Meyer assessment tool has a very 
high interclass correlation coefficient (ICC) of 0.96.[30] This 
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evaluation was performed in a quiet area when the patient was 
maximally alert. Clear and precise instructions were provided. 
Each movement was repeated 3 times on the affected side and the 
best performance was recorded down for baseline measurement. 
No motor assistance was provided during the testing.

2.4. Study procedure

Before starting the intervention, a pre-participation evaluation 
was performed to find demographic data, history, main com-
plaints, and stroke duration. Before inclusion, participants were 
evaluated for the modified Ashworth scale, MMSE (mini-mental 
state exam), Brunnstrom stages of recovery, and passive ROM 
of the shoulder, elbow, wrist, and hand joints. Once inclusion 
and exclusion criteria were satisfied then participants were 
evaluated for baseline measurement of the modified Ashworth 
scale and Fugl Meyer Assessment Scale for Upper Extremity 
Functions. Similarly, after 4 weeks of intervention, participants 
were evaluated for the modified Ashworth scale and Fugl-Meyer 
assessment scale. All participants were assessed and treated in 
the same room with an optimal temperature of 30°C.

2.4.1. Intervention.  Participants were divided into 2 groups: 
the experimental and control group. The experimental 
group included myofascial release along with a conventional 
physiotherapy program and the control group included only 
a conventional physiotherapy program. In both groups, the 
intervention was performed for 4 weeks.

	 1.	 Myofascial release with tennis ball: A chair was placed 
beside the plinth and the participant was made to sit on 
the chair so that the affected arm faces the plinth side. The 

affected upper limb was placed on the plinth. Myofascial 
release was applied to the patient keeping the ball below 
the patient’s limb. The therapist rolled the patient’s limb 
over the tennis ball passively. Tolerable pressure was 
applied to the limb so that it presses the tennis ball. One 
session of this therapy was given to the patient for about 
2 minutes to biceps brachii, pronator teres, and long fin-
ger flexor muscles, for a total of 6 minutes per day.

	 2.	 Conventional Physiotherapy Protocol: The conventional 
physiotherapy intervention for both groups aimed to 
improve the movement of the affected upper and lower 
limbs. Therapy sessions were tailored according to the 
patient’s needs. Both groups received conventional inter-
vention for approximately 30–40 minutes per session for 
4 weeks (6 days a week).[30]

	 (i).	 To improve ROM/flexibility and manage spasticity: 
Active and passive ROM movements were performed 
with terminal stretch to maintain joint integrity and pre-
vent contractures.
	(a).	 Positional stretching: Different positional stretch like a 

modified plantigrade, kneeling, quadruped, and sitting 
with extended arm support was used. Reach-outs were 
added to the above positions to get a better effect.

	(b).	 Static stretching: The targeted muscle was gradually 
lengthened to the end position (maximum tolerable 
length) and held for at least 20–30 seconds, depend-
ing on the patient’s tolerance. The number of repeti-
tions was also adjusted depending upon the patient’s 
compliance. Positions such as quadruped and kneel-
ing were performed to inhibit spasticity in the quad-
riceps through prolonged pressure and weight-bearing 
exercises.

Figure 1.  Consolidated Standards of Reporting Trials (CONSORT) chart showing recruitment and allocation of participants.



4

Parikh et al.  •  Medicine (2022) 101:31� Medicine

	 (ii).	 To improve force production: Strength training was pro-
vided to the participants as the force was exerted on the 
weakened muscle to work against it. Manual resistance 
was applied according to the capacity of the participants. 
Some of the proprioceptive neuromuscular facilitation 
(PNF) techniques, such as adding resistance and rever-
sal of the antagonist, were used. D1 extension (exten-
sion-abduction-internal rotation) and D2 flexion patterns 
(Flexion-abduction-external rotation) were used.

	(iii).	 To improve postural control and functional mobility: The 
following exercises were used: Walking on different sur-
faces (flat surface, foam), PNF patterns to enhance move-
ment, supine-to-sit, and sit-to-supine with an emphasis 
to rise from the affected side. Compensatory training 
strategies to compensate for the balance deficit were also 
used. Bridging to develop trunk and hip extensor control. 
It also facilitated early weight-bearing through the feet. 
Participants were made to sit on a therapy ball to pro-
mote pelvic alignment and mobility and were asked to 
perform gentle bouncing on the therapy ball to enhance 
upright alignment of the trunk. Gradually challenges were 
added.

	(iv).	 To improve lower limb functions and gait: PNF for lower 
extremity (D1 extension pattern), gait training in the par-
allel bar, and dual-task training were also provided to the 
participants.

2.4.2. Statistical analysis.  IBM Statistical Package for 
Social Sciences (IBM SPSS) version 24 for Windows was 
used for statistical analysis. The data were checked for 
missing data, outliers, and normal distribution. Normal 
distribution was assessed using the Shapiro-Wilk test of 
normality. Data were identified as not normally distributed. 
As a result, nonparametric tests were performed for further 
data analysis. The within-group comparison was determined 
using the Wilcoxon signed-rank test, while the between-group 
comparison was determined using the Mann–Whitney U test. 
The effect size was calculated using Cohen’s d, with d=0.2 
considered as small-, d=0.5 as a medium-, and d=0.8 as a large 
effect size. The significance level was established at 0.05, with 
a 95% confidence interval.

3. Results
The present study was conducted to assess myofascial release 
with the tennis ball on spasticity and upper extremity motor 
function in patients with chronic stroke. A total of 22 partici-
pants completed the study. The mean and standard deviation of 
all anthropometric characteristics of participants in the control 
and experimental group are presented in Table 1.

3.1. With-in group analysis (Wilcoxon signed-rank test)

Table  2 shows there were significant reductions in spasticity 
of Biceps brachii [control group (z=−2.27, P=.02), experimen-
tal group (z=-2.59, P=.01)], pronator teres [control group (z=-
2.12, P=0.03), experimental group (z=-2.46, P=.01)], and long 
finger flexor muscles [control group (z=-2.42, P=.01), experi-
mental group (z=-2.88, P=.00)] in both groups. A significant 
increase in motor functions was observed in the experimental 
group (z=−2.95, P=.00), however, in the control group (z=−1.95, 
P=.051) no significant difference was observed.

3.2. Between-group analysis (Mann–Whitney U test)

Table 3 revealed that there were significant differences between 
the control and the experimental group for spasticity of the 
Biceps brachii (U=32.50, P=.046), the pronator teres (U=25.50, 

P=.012), and the long finger flexor (U=29.00, P=.026). Spasticity 
was reduced more in the experimental group compared to the 
control group. Also, a significant difference was observed in 
upper limb motor functions between the control and experi-
mental group (U=27.00, P=.026). Motor functions of the upper 
extremity increased more in the experimental group compared 
to the control group.

4. Discussion
This study aimed to investigate the effects of tennis ball myo-
fascial release on spasticity and upper limb motor functions 
in patients with chronic stroke. Twenty-two participants were 
randomly allotted into an experimental group (n=11) and a 
control group (n=11). In the control group, participants were 
treated with conventional physiotherapy, while in the experi-
mental group, participants were treated with conventional 
physiotherapy along with tennis ball myofascial release to the 
biceps brachii, the pronator teres, and the long finger flexor 
muscles. The results of the within-group analysis of this study 
revealed significant improvements in spasticity for the biceps 
brachii, the pronator teres, and the long finger flexor muscles 
in both groups. However, motor functions of the upper extrem-
ity improved only in the experimental group. The experimental 
group showed a greater improvement in motor functions of the 
upper extremity (P=.026), spasticity for Biceps brachii (P=.04), 
Pronator Teres (P=.012), and long finger flexors (P=.026) than 
the control group.

In this study, the approach adopted to increase flexibility 
was the same as proposed in case of somatic dysfunction, i.e., 
repeat the stretch procedure until an end sensation is achieved. 
Long-term disability in people who have had a stroke is caused 
by sensory and motor deficits, such as weakness in voluntary 
movements, spasticity, and poor coordination. These altered 
structures result in decreased joint ROM and soft tissue exten-
sibility, resulting in deformities and loss of function. Wilke et al 
reported in a systematic review that myofascial release at the 
superficial muscle improves muscular flexibility. The myofascial 
release approach can enhance muscle characteristics, function 
capacity, and activities of daily living in patients with chronic 
stroke.[20] Other benefits were also reported in previous studies, 
such as improved joint biomechanics, increased muscle flexibil-
ity,[22] and reduced fascial adhesion.[31] Park and Hwang con-
ducted a pilot study and found that myofascial release using a 
tennis ball improved balance function in patients with chronic 
stroke who had spasticity in the lower extremity.[23] Timothy et 
al investigated the effects of myofascial release on physical per-
formance and discovered that myofascial release interventions 
help restore normal resting muscle electrical activity.[32] They 
indicated that while the muscle is at rest, it is locally hyper-
active, causing pain, which may prompt people to compensate 
by intentionally decreasing their ROM.[32] According to a study 

Table 1

Anthropometrical characteristics among the control and 
experimental groups.

Parameters 
Control group 

Mean ± SD 
Experimental group 

Mean ± SD 

Age (y) 51.81 ± 5.54 50.27 ± 6.71
Height (cm) 162.47 ± 5.34 165.42 ± 6.24
Weight (kg.) 66.54 ± 4.61 68.74 ± 5.37
BMI (kg/m2) 25.34 ± 6.47 24.87 ± 5.57
Duration of stroke (months) 13.45 ± 4.41 15.63 ± 5.76
Gender, (male/female) (n) 7/4 9/2
Handedness(right/left) (10/1) (11/0)
Affected side(right/left) (6/5) (8/3)

SD = standard deviation.
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conducted by Akta et al on the short-term effect of myofascial 
release on calf muscle spasticity in patients with spastic cerebral 
palsy, myofascial release reduces spasticity by inhibiting motor 
neuron excitability through prolonged stretch and compression 
on muscle spindles, Golgi tendon organ, joint and cutaneous 
receptors.[33] As a result, muscle relaxation with myofascial 
release may improve inhibition of spasticity.

According to Luomala et al, movement dysfunction may be 
caused by changes in connective tissue, which result in a disor-
ganization of the structure of the surrounding fascia, jeopardiz-
ing the sliding system between layers.[34] Loi et al have shown 
that myofascial structural integration therapy is a unique and 
complementary approach to loosening and realigning muscles 
and improving motor functions.[35]

Chandan et al suggested that the most likely mechanism 
for improving spasticity is the neuroreflexive modification 
that occurs when manual force is applied to the musculo-
skeletal system when performing myofascial release.[36] The 
hands-on method provides afferent stimulation via receptors, 
then processed centrally at the spinal cord and brain levels.[36] 
Myofascial release combined with the external force of man-
ual traction and sustained stretching exercises causes the 
breakdown of the fibrous adhesive tissues in the muscle. Low 
load and extended time are also required for this treatment, 
which helps stretch the myofascial complex and restore its 
ideal length, increasing muscular flexibility and function.[18,37] 
Self-induced myofascial release can mechanically break down 
cross-links and scar tissue, remobilizing the fascia to its gel-
like condition. Soft-tissue compliance improves as the fascia 
becomes more gel-like, allowing for a larger ROM after just 
2 minutes of myofascial release.[35] Therefore, all this may 
explain the improvement observed in our study after add-
ing myofascial release to the conventional physiotherapy 
program.

In addition to statistical significance, clinical relevance is also 
important in deciding the prognosis of the intervention. In the 
present study, both groups produced statistically significant 
results. The Minimal clinically important difference (MCID) is 

defined as “the smallest variation in the domain of interest that 
patients perceive as favorable, and that would demand a change 
in patients’ care in the absence of bothersome side effects and 
high cost”. MCID was observed in the Fugl-Meyer assessment 
score for motor functions of the upper extremity in the experi-
mental group with a mean difference of 9.63. Page et al deter-
mined that the expected MCID of the Fugl-Meyer scores for the 
upper extremity ranged from 4.25 to 7.25 points, depending 
on the different aspects of the movements of the upper extrem-
ities.[38] Therefore, myofascial release along with the conven-
tional physiotherapy program was statistically and clinically 
effective in our study.

There were a few limitations in this research that need to be 
addressed. To begin with, the study sample size was small. As a 
result, the study’s findings cannot be applied to the entire stroke 
population. Second, the application of tennis ball myofascial 
release in stroke patients was for a short period of time and there 
was no long-term follow-up after 4 weeks. The improvements 
observed in spasticity and motor functions may be short-lived. 
Future studies are needed with larger sample size and long-term 
follow-up to assess whether the observed improvements are sus-
tained even after discontinuation of treatment. Third, this study 
determined only 2 outcome measures, ie, spasticity, and motor 
function in patients with chronic stroke. Further investigation 
should also confirm the effectiveness of tennis ball myofas-
cial release treatment in pain reduction, balance, and walking 
patterns.

5. Conclusion
The present study concluded that the addition of tennis ball 
myofascial release to the conventional physiotherapy program 
caused a clinically and statistically significant improvement in 
upper limb motor functions as tested by the Fugl-Meyer assess-
ment scale and spasticity of the biceps brachii, pronator teres, 
and long finger flexor muscles as measured by the modified 
Ashworth scale in patients with chronic stroke. Myofascial 
release using a tennis ball can be combined with a conventional 

Table 2

Baseline and postintervention values (mean±SD) for spasticity and upper limb motor functions in both groups, Shapiro–Wilk test 
results for baseline values, and with-in group analysis results (P values).

Group BaselineMean±SD 
P value for 

Shapiro-Wilk Test df 
Post-intervention 

Mean±SD z-value 
P value for Wilcoxon-

signed rank test 

Spasticity Biceps brachii Control 2.136 ± 0.63 .018* 11 1.681 ± 0.40 −2.27 .022*
Experimental 2.045 ± 0.56 .008* 11 1.363 ± 0.45 −2.588 .014*

Pronator teres Control 1.95 ± 0.65 .001* 11 1.65 ± 0.47 −2.12 .034*
Experimental 1.94 ± 0.65 .009* 11 1.25 ± 0.49 −2.460 .014*

Long finger flexor Control 1.83 ± 0.32 .000* 11 1.36 ± 0.39 −2.42 .015*
Experimental 1.77 ± 0.34 .000* 11 1.13 ± 0.49 −2.88 .004*

Motor 
Function

Fugl-Meyer 
assessment

Control 24.63 ± 7.33 .043* 11 27.72 ± 11.65 −1.95 .051
Experimental 23.18 ± 7.88 .012* 11 32.81 ± 10.12 −2.95 003*

df = degree of freedom, SD = standard deviation.
*Significant.

Table 3

Results of between-group comparison for spasticity and motor functions of the upper extremity, mean difference±SD, U-, P- and 
Cohen’s d values.

Control groupmean difference±SD Experimental groupmean difference±SD U value P value Cohen’s d 

Spasticity Biceps brachii 0.45 ± 0.47 0.86 ± 0.39 32.50 .046* 0.94
Pronator teres 0.45 ± 0.52 1.04 ± 0.56 25.50 .012* 1.09
Long finger flexor 0.36 ± 0.39 0.72 ± 0.26 29.00 .026* 1.08

Motor Function Fugl-Meyer assessment 6.27 ± 3.46 9.63 ± 5.50 27.00 .026* 0.73

SD = standard deviation.
*Significant.
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physiotherapy program for better improvement in chronic 
stroke patients.
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