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ABSTRACT

Aims: This study aimed to investigate the effects of the Mollii Suit method (MSM) on gross motor function, muscle tone,
postural control and lower extremity selective motor control in children with cerebral palsy (CP) at different ambulance levels.
Methods: Children with CP were divided into two groups according to gross motor function classification system (GMEFCS)
levels. The first group consisted of 10 ambulatory children with spastic type CP from GMFCS levels I, IT and III, and the second
group consisted of 10 non-ambulatory children with spastic type CP from GMFCS levels IV and V. Both groups attended 6 weeks
of routine physiotherapy sessions, 3 days a week, 60 minutes MSM. Gross motor function was assessed using the Gross Motor
Function Measure-66 (GMFM-66); muscle tone was evaluated with the Modified Ashworth Scale (MAS); postural control was
measured using the modified functional reach test (mFRT) and the Trunk Impairment Scale (TIS); and selective motor control
was assessed with the selective control assessment of the lower extremity (SCALE). All evaluations were made at the beginning
and end of the treatment (6 weeks later).

Results: A significant increase in total GMFM score was observed for all individuals after the intervention. In children with
ambulatory CP, the TIS score showed a significant increase, whereas no significant change was observed in the other group.
While the increase in mFRT score was not significant for both groups and the increase in SCALE score was significant for the
non-ambulatory group. In the MAS score, there was no difference between the two groups.

Conclusion: This study has shown that MSM affects motor function, body control and selective motor control in children with
CP. Based on these results, we think that the use of MSM in addition to rehabilitation in children with CP may be effective and

hopeful.

Keywords: Cerebral palsy, Mollii Suit, spasticity, motor function, postural control, selectivity

INTRODUCTION

Cerebral palsy (CP) is the most common physical disability
in childhood' and is currently defined as a permanent,
nonprogressive disorder of movement, posture, and motor
function resulting from a lesion or abnormality in the
developing brain.” The epidemiological profile of CP has
evolved over time. Although its prevalence has remained
relatively stable for many years at approximately 2-3 cases
per 1,000 live births,” notable advancements in early
diagnosis, prevention, and treatment over the past decade
have contributed to changes in incidence, prognosis, and
treatment responsiveness.' CP results from damage to various
regions of the brain, with the location and extent of the lesion
influencing the severity, distribution, and type of motor
impairments, such as muscle spasticity. In addition to motor
dysfunction, individuals with CP frequently experience
associated impairments, including sensory, cognitive,
perceptual, and communication deficits, as well as secondary
musculoskeletal complications and pain.*

Corresponding Author: Kiibra Ugurlu, kubraozdamar@kku.edu.tr
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Motor rehabilitation approaches for individuals with
CP encompass a wide range of interventions, including
conventional rehabilitation techniques (e.g., range of
motion exercises, neurodevelopmental treatments, muscle
strengthening and stretching, aerobic and biofeedback-
based exercises, gait training, and the use of orthoses),
intensive rehabilitation programs [such as constraint-
induced movement therapy (CIMT) and hand-arm bimanual
intensive therapy (HABIT)], physical and sports activities, as
well as technology-assisted methods.” Among these, electrical
stimulation is frequently employed and has been shown to
contribute to the reduction of spasticity while enhancing
functional capacity, muscle strength, and joint range of
motion.® One specific technique that has gained increasing
attention in recent years is transcutaneous electrical nerve
stimulation (TENS). TENS functions by delivering electrical
impulses to the nervous system, thereby modulating or
altering neuronal activity. It is utilized in a variety of

@ @ @@ This work is licensed under a Creative Commons Attribution 4.0 International License.
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clinical domains, including neuromotor rehabilitation,’
pain management,® the treatment of defecatory and urinary
dysfunctions,”” and cognitive modulation."” Furthermore,
TENS can be integrated with other rehabilitation modalities
to enhance the overall effectiveness of treatment strategies."

The Mollii Suit method (MSM) (Exoneural Network AB,
Danderyd, Sweden) is a wearable system that integrates TENS
into a full-body garment equipped with strategically placed
electrodes. These electrodes are designed to replicate the
natural electrical signals of the nervous system, facilitating
controlled muscle fiber contraction and relaxation.
The primary aim of MSM is to reduce spasticity while
enhancing flexibility and range of motion. The embedded
electrodes provide targeted stimulation to specific muscle
groups, allowing for precise and individualized therapeutic
intervention. This selective stimulation approach enables
accurate localization of affected areas, thereby supporting
customized treatment plans tailored to the needs of each user.
The suit is operated via a control unit that can be programmed
according to individual therapeutic requirements, and these
programs can be saved for repeated use, eliminating the
necessity for continuous reprogramming."”

Developed to enhance motor function by reducing spasticity
and pain, the Mollii Suit method is based on the principle of
reciprocal inhibition, wherein stimulation of the antagonist
muscle at low frequencies and intensities leads to the
inhibition of the spastic muscle. Clinical studies conducted
in pediatric populations have reported no discomfort or
adverse effects associated with the use of this method.”"*
In one study, children described the suit as making them
feel like superheroes, contributing to a sense of well-being
and motivation.”” Parents also expressed optimism, noting
that the method could serve as a promising alternative to
conventional treatments.”” In a pilot study conducted by
Hedin et al.,”” 16 individuals with CP of varying severity levels
received 60-minute treatment sessions every other day for a
period of six weeks. The results demonstrated a significant
reduction in spasticity and an improvement in joint range of
motion.

MSM has been utilized in the treatment of pain and spasticity
in individuals with conditions such as CP, stroke, ataxia,
and fibromyalgia. However, these studies have employed
diverse methodologies, and the findings have demonstrated
variability and inconsistencies across outcomes.'*'**" The
majority of existing studies on the Mollii Suit have been
conducted with limited samples or on homogeneous GMFCS
groups. This limits the generalizability of its effectiveness
in children with different motor function levels (GMFCS
I-V). Furthermore, the Mollii Suit’s operating principle is
to modulate the neuromuscular system via low-frequency
TENS. This mechanism may respond differently depending
on GMEFCS levels. Therefore, this study aimed to examine
the effects of MSM on gross motor function, muscle tone,
postural control, and selective motor control of the lower
extremities in children with CP, according to ambulation
status.

METHODS

This study was designed as an experimental clinical trial
with two parallel arms. Ethical approval was obtained from
the Gazi University Ethics Committee (Date: 13.06.2024,
Decision No: 2024-989). The study was conducted in

accordance with the principles outlined in the Declaration
of Helsinki, and informed consent was obtained from all
participants and their legal guardians.

The study was carried out between July 10, 2024, and
November 30, 2024, at the Developmental Physiotherapy
and Pediatric Rehabilitation Unit within the Department of
Physiotherapy and Rehabilitation, Faculty of Health Sciences,
Gazi University. Children diagnosed with spastic CP who
were referred by a pediatric neurologist were assessed for
eligibility. Only children whose parents provided both verbal
and written informed consent were included in the study.

Inclusion criteria were: (1) voluntary participation, (2)
diagnosis of spastic CP, and (3) age between 4 and 18 years.
Exclusion criteria included: (1) receiving Botulinum toxin
A treatment within the past 3 months, (2) undergoing any
surgical intervention within the past 6 months, or (3) having
an implanted invasive medical device (e.g., baclofen or insulin
pumps).

The required sample size was determined using G*power
software (version 3.1.9, Universitat Diisseldorf, Diisseldorf,
Germany).”' Based on a power of 90%, a significance level of
0.05, and a minimally clinically important difference (MCID)
of 1.6 on the Gross Motor Function Measure (GMFM), a
sample size of 10 participants per group was calculated.””*’
Accordingly, a total of 20 children with CP were included in
the study, with 10 participants allocated to each group.

Measurements

All assessments were performed one day before and one day
after the intervention by a pediatric physiotherapist with 10
years of experience in the field. During the initial evaluation,
demographic data-including age, weight, height, and type
of CP-were recorded. Motor function, muscle tone, trunk
impairment and selective motor control were evaluated
respectively. Motor function was classified using the Gross
Motor Function Classification System (GMFCS) developed
by Palisano et al.,”* while motor performance was assessed
using the Gross Motor Function Measure-66 (GMFM-66),
a validated short form of the original scale.” The GMFM-
66 evaluates motor activities across five domains: lying and
rolling, sitting, crawling and kneeling, standing, and walking/
running/jumping. Each item is scored on a 4-Point Ordinal
Scale ranging from 0 (does not initiate the movement) to 3
(completes the movement independently).

Muscle tone was assessed using Modified Ashworth Scale
(MAS), a widely used tool for evaluating spasticity. Bilateral
assessments of the hamstring and gastrocnemius muscles
were performed with the participant in a supine position,
with the head in the midline and limbs in a relaxed position.
Resistance encountered during passive movement of the
antagonist muscles was graded on a scale from 0 to 4.

Trunk stability during reaching was measured using the
modified functional reach test (mFRT). This test assessed
lateral reach from a seated position, with the distance
measured from the tip of the third metacarpal while the
participant reached laterally toward the wall.”**’ Functional
assessment of trunk control was further evaluated using
the Trunk Impairment Scale (TIS), which includes three
subscales; static sitting balance, dynamic sitting balance,
and trunk coordination. The scale is scored on a total of 0-23
points, with higher scores indicating better trunk control.”
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Selective motor control of the lower extremities was assessed
using the selective control assessment of the lower extremity
(SCALE). This reliable and valid instrument scores selective
voluntary joint movements on a scale from 0 to 2, with higher
scores indicating better motor control.”

Treatment Protocol

Children with CP included in the study were stratified into
two groups based on the GMFCS levels. The first group
consisted of ambulatory children classified as GMFCS levels
L, I1, or III, while the second group included non-ambulatory
children classified as GMFCS levels IV and V.

All participants attended Neurodevelopmental Therapy
(NDT) sessions twice a week throughout the six-week
intervention period. To avoid fatigue, both groups attended
60-minute MSM sessions three times a week on days they
were not attending NDT programs. The Mollii Suit is a
neuromodulatory garment composed of a jacket and pants,
incorporating a noninvasive, detachable control unit that
delivers electrical impulses through 58 embedded electrodes.
These electrodes are flexible, breathable, and strategically
positioned over specific muscle groups to ensure direct
contact with the user’s skin.

The stimulation parameters were set as follows: pulse width of
25-175 microseconds, frequency of 20 Hz, voltage of 20 V, and
a square wave pulse shape.'”'*"* During each session, children
were instructed to remain seated or lying down to minimize
external interference and ensure the consistent efficacy of the
intervention.

After completing a total of 18 sessions over six weeks, post-
intervention assessments were conducted, and the treatment
protocol was concluded.

Statistical Analysis

Data analyses were performed using the Statistical Package
for the Social Sciences (SPSS) version 28.0 (SPSS Inc.,
Chicago, IL, USA). The distribution of variables was assessed
using both visual methods (histograms and probability
plots) and analytical tests (Kolmogorov-Smirnov and
Shapiro-Wilk tests). Continuous variables were presented as
meanztstandard deviation (SD), while categorical variables
were expressed as frequencies and percentages.

For variables that met the assumptions of normality, between-
group comparisons were conducted using the independent
samples T test, and within-group comparisons were
performed using the paired samples T test. For nonnormally
distributed data, between-group comparisons were analyzed
using the Mann-Whitney U test, and within-group
differences were assessed using the Wilcoxon signed-rank
test. A p-value of less than 0.05 was considered statistically
significant.

RESULTS

The demographic and clinical characteristics of the
participants are summarized in Table 1. The mean age of
participants in group 1 was 6.70+0.51 years, while the median
age in group 2 was 6 years. Female representation was 60%
(n=6) in group 1 and 30% (n=3) in group 2. There were no
statistically significant differences between the groups
regarding baseline characteristics such as age, height, weight,
and gender (p>0.05).

Group 1 Group 2

(ambulatory) (n=10) (nonambulatory) (n=10) p-value
Age (years) 6.70+0.51 6 (5-11) 0.631
Gender
(formale), n (%) 6 (60%) 3 (30%) 0.280
Gender
(malo). 1 (%) 4 (40%) 7 (70%) 0.380
Height (cm) 113.00£3.40 105.5 (100-146) 0.393
Weight (kg) 19.35£1.30 17 (14-36) 0912
GMECS level
LIL-III L -

<0.001

GMECS level ) 7.3
Iv-v

In the ambulatory CP group, significant improvements
were observed in both GMFM-T (p=0.026) and TIS scores
(p=0.019), whereas the increases in mFRT, SCALE and MAS
scores were not statistically significant (p>0.05). In the non-
ambulatory CP group, GMFM-T (p=0.020) and SCALE
(p=0.012) scores improved significantly, while changes
in mFRT, TIS and MAS scores remained non-significant
(p>0.05). Within-group comparisons are presented in Table
2.

Group 1 Before intervention After intervention p-value
GMEFM-T 77.63+4.86 82.29+4.55 0.026
SCALE 6.80+1.42 7.90+1.78 0.418
mEFRT (cm) 23.95£1.77 25.70+1.86 0.437
TIS 26.80+3.83 35.90+4.48 0.019
MAS right gastrocnemius 2.5 (0-4) 2.5 (0-4) 0.655
MAS left gastrocnemius 2.5 (1-3) 2.5 (2-4) 0.180
MAS right hamstring 1(0-3) 2 (0-2) 1.000
MAS left hamstring 1.5 (0-3) 1.5 (0-3) 0.739

Group 2 Before intervention After intervention p-value
GMFM-T 26.32+5.75 33.38+6.85 0.020
SCALE 3.20+0.90 5.30+1.46 0.012
mFRT (cm) 10.40+2.40 12.30+2.54 0.094
TIS 5.90+1.74 7.70%£2.12 0.105
MAS right gastrocnemius 3 (1-4) 2.5 (1-4) 0.068
MAS left gastrocnemius 2.5 (0-4) 2 (0-4) 0.414
MAS right hamstring 3(1-4) 2.5(1-4) 0.102
MAS left hamstring 2 (0-4) 2 (0-4) 0.705

Between-group comparisons revealed no significant

differences in the changes for GMFM-T, SCALE, or mFRT
(p>0.05). However, the improvement in TIS scores was
significantly greater in the ambulatory group compared
to the non-ambulatory group (p=0.040). Between-group
comparisons are shown in Table 3.
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Group 1 (ambulatory) Group 2 (non-ambulatory) p-value

GMEM-T 4.65+1.74 7.06+2.51 0.443
SCALE 1.10+1.29 2.10+0.67 0.505
mFRT 1.75+2.15 1.90+1.01 0.950
TIS 9.1043.19 1.80+0.99 0.040
DISCUSSION

This study represents the first investigation into the effects
of the MSM on gross motor function, muscle tone, postural
control, and lower extremity selective motor control in
both ambulatory and non-ambulatory children with CP.
No adverse effects or negative feedback were encountered
during the evaluations and intervention. Our findings
demonstrate that a six-week intervention with MSM led
to significant improvements in gross motor function and
trunk control among ambulatory children with CP, as well
as enhanced lower extremity selective motor control in their
non-ambulatory children. Based on these results, we suggest
that incorporating a six-week MSM protocol into standard
rehabilitation programs may effectively enhance motor
function in children with CP regardless of ambulatory status.
Furthermore, while six weeks of MSM appeared sufficient to
promote trunk control development in ambulatory children,
this duration may be inadequate for similar improvements
in non-ambulatory children. Consequently, we recommend
future research to explore the effects of prolonged MSM
interventions on trunk control in non-ambulatory children
with CP.

A significant improvement in gross motor function scores was
observed in both groups following the application of the MSM
for one hour, three times per week, over a six-week period.
These findings align with previous research demonstrating
positive outcomes with MSM applied thrice weekly for three
weeks in children with spastic CP.”* Similarly, Flodstrom
et al.”® reported increased GMFM scores in six children
with CP who received MSM combined with activity for one
hour every other day over a three-month period. Impaired
sensory processing and integration are known contributors
to motor dysfunction in CP.” TENS has been shown to
preferentially activate large sensory fibers, primarily within
the A-beta range, through cutaneous muscle stimulation,
thereby enhancing sensorimotor cortex excitability.”* This
mechanism reduces deficits in somatosensory feedback,
which may otherwise constrain motor performance.’”
Consequently, TENS normalizes sensory input by providing
peripheral sensory stimulation, positively influencing
sensorimotor integration and subsequently improving motor
control and coordination.’ Additionally, TENS may directly
enhance muscle activity by stimulating motor nerves within
targeted muscle groups via electrical currents,” thereby
contributing to improved motor function.

Spasticity

Spasticity associated with CP is characterized by an
increase in velocity-dependent tonic reflexes resulting from
sensorimotor dysfunction caused by upper motor neuron
lesions.” Previous studies investigating the effects of the

MSM on spasticity have yielded inconsistent results. For
instance, MSM applied three to four times weekly for four
weeks in children with CP aged 4 to 17 years (GMFCS levels
1-4) demonstrated no significant changes in spasticity.”
Similarly, Pennati et al.”” reported no significant alteration in
MAS scores following a single MSM session. Furthermore, a
six-week MSM intervention involving 15 stroke patients and
12 children with CP also failed to elicit significant changes in
spasticity measurements.” Consistent with these findings, the
present study observed no statistically significant reduction
in spasticity after administering MSM thrice weekly for six
weeks in both ambulatory and non-ambulatory children with
CP.

Despite the widespread use of TENS for spasticity
management, the literature highlights a lack of consensus
regarding optimal stimulation parameters necessary to
effectively reduce spasticity.”* In our study, assessments
were conducted approximately 48 hours post-intervention,
which may have limited detection of TENS’s short-term
effects on spasticity regulation. Given the absence of
standardized timing for post-treatment evaluations, future
research should focus on identifying optimal assessment
intervals and include multiple evaluation points following
successive treatment sessions.

Although our findings did not indicate significant changes
in spasticity measured by MAS, it is important to note that
MAS scores can reflect increased resistance due to changes
in the elastic properties of muscle rather than purely
neural contributions.” Clinically, spasticity treatment is
recommended as part of a multidisciplinary approach
targeting functional goals at the activity and participation
levels.*>** While no significant reduction in resting spasticity
was observed after a single MSM session in this study,
repeated sessions over six weeks coincided with a notable
decrease in spasticity during daily activities in approximately
60% of participants. These observations align with systematic
review evidence supporting the efficacy of TENS applied
during activity for spasticity management."* Therefore, the
cumulative effect of repeated MSM sessions combined with
active engagement may be critical to achieving meaningful
reductions in spasticity, which may explain the absence of
immediate effects following isolated treatments at rest.

Postural Control

Performance on the mFRT is closely associated with an
individual’s ability to effectively displace the center of
gravity forward, as those with impaired balance or fear of
falling often limit such displacement.”” One of the primary
postural deficits observed in children with CP is the inability
to coordinate timely and sequential activation of postural
muscles, particularly during functional activities.* Trunk
control, including the capacity to execute selective trunk
movements, is a critical component for maintaining postural
stability and generating appropriate balance reactions.”
However, spasticity and muscle weakness commonly
seen in children with CP may contribute to diminished
motor abilities, which typically require time and targeted
interventions to improve.**

Although this study is the first to investigate the effects
of wearable TENS on postural control, existing literature
suggests that TENS combined with therapeutic exercise over
extended durations positively influences postural stability.”
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The present intervention, limited to six weeks with thrice-
weekly sessions and without concurrent exercise during
treatment, may have been insufficient to elicit measurable
improvements in postural control. Therefore, future research
should explore longer-duration MSM protocols, include
multiple assessment time points, and examine the synergistic
effects of MSM combined with exercise interventions to
better determine its efficacy in enhancing postural control in
children with CP.

In the literature, TENS has often been applied concurrently
during the evaluation of postural control. It is suggested
that this temporal synchronization may produce cumulative
effects by integrating with other sensory inputs, thereby
facilitating improvements in postural control.”””" In contrast,
in our study, post-intervention assessments were conducted
after the removal of the Mollii Suit, meaning that the children
with CP were deprived of both electrical stimulation and
the proprioceptive feedback provided by the garment. This
methodological difference may partly explain the discrepancy
between our findings and the positive effects of TENS on
postural control reported elsewhere.

A meta-analysis of seven randomized controlled trials
demonstrates that TENS significantly reduces spasticity and
enhances static balance and gait velocity, but does not yield
significant improvements in dynamic balance.”” The postural
control assessments employed in our study predominantly
measure dynamic balance components, aligning with the
meta-analysis results. Furthermore, it is plausible that the
effects of TENS dissipate immediately after cessation of
stimulation, limiting efficacy to the duration of application.
Participant characteristics and the specific stimulation
parameters utilized may also influence the impact of TENS
on postural control outcomes.

Selective Motor Control

This is defined by the National Institutes of Health
Taskforce on Childhood Motor Disorders as the ability to
isolate muscle activation in a specific pattern in response to
voluntary movement or postural demands.” Although the
precise etiology of impaired selective motor control remains
unclear, it is established that voluntary movements are
primarily mediated by the corticospinal tracts.”* Impairment
in selective motor control detrimentally affects motor
function in children with CP more profoundly than in other
neurological conditions.”>

The underlying mechanisms contributing to the loss of
selective motor control are complex and multifactorial.
Proposed theories include the release of primitive flexor and
extensor movement patterns originating from brainstem
regions due to the absence of normal inhibitory control.
Alternatively, selective motor control deficits may arise
from a loss of descending inhibition of synergistic muscles
or a failure of descending excitation to synergists to activate
inhibitory spinal interneurons effectively.” These varying
pathophysiological mechanisms may differentially impact
the manifestation and severity of selective motor control
impairments.

In the present study, selective motor control of the lower
extremities showed significant improvement in the non-
ambulatory group, whereas no notable change was observed
in the ambulatory group. It is postulated that reductions in

spasticity may contribute to enhancements in gross motor
function and selective muscle control.”” Although the
decrease in spasticity observed in the non-ambulatory group
was not statistically significant, this trend may have facilitated
improvements in motor selectivity. Furthermore, previous
research suggests that children with more severe impairments
tend to exhibit greater gains following intervention,” which
could explain the more pronounced improvement in lower
extremity selective motor control observed in children with
CP classified at GMFCS levels IV and V.

Gross motor function is considered a critical determinant
of selective motor control,”> and the loss of selective motor
control has been proposed to more substantially hinder
progress in gross motor capabilities.” Consistent with this,
our findings demonstrated greater improvements in gross
motor function within the non-ambulatory group compared
to their ambulatory children, potentially accounting for the
more marked development of selective motor control in this
subgroup.

Limitations

Nevertheless, the study has limitations. Perspectives of the
children and their caregivers regarding this intervention
were not evaluated. Notably, the absence of a control group
restricts the ability to definitively attribute observed effects
to the intervention. Furthermore, the study design may
introduce placebo effects, performance bias, and recall bias,
which could potentially influence the outcomes. Future
research should focus on assessing the efficacy of MSM in
combination with targeted rehabilitation interventions aimed
at improving activity performance across different clinical
subtypes of spasticity. Larger-scale, longitudinal studies
with extended follow-up periods are warranted to establish
the true efficacy and optimal application parameters of this
method.

CONCLUSION

Technology-assisted rehabilitation represents a valuable
opportunity to enhance functional outcomes in children
with CP. In this study, MSM delivered as a whole-body form
of TENS, demonstrated meaningful improvements in motor
function, postural control, and selective motor control
in both ambulatory and non-ambulatory children with
CP. These findings suggest that MSM can be considered a
feasible and effective adjunct to conventional physiotherapy,
particularly in populations with severe motor impairment
who often have limited treatment options. The high adherence
and motivation observed among participants and their
families further support the practicality of incorporating
MSM into clinical rehabilitation programs. Clinicians may
therefore integrate MSM into routine practice to complement
existing interventions, while future research should focus on
optimizing stimulation protocols and confirming long-term
benefits.
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ABSTRACT

Aims: This study aimed to investigate the relationships between various isokinetic strength ratios-including conventional
concentric (CVRC) with separate velocities, conventional eccentric (CVRE), functional deceleration ratio (FDR), and mixed
ratios (MR, MR_cross)-and two clinical performance measures; closed kinetic chain upper extremity stability test (CKCUEST)
and Unilateral Seated Shot Put Test (USSPT).

Methods: Thirty-two asymptomatic young adults (18-40 years) were assessed using an isokinetic dynamometer (Cybex
NORM?®, Humac, CA, USA). Seven isokinetic ratios were calculated from peak torque values. CKCUEST and USSPT were used
to measure upper extremity stabilization and power, respectively. Normality was tested via Shapiro-Wilk and histogram analysis.
Pearson correlation was applied for CKCUEST, and Spearman correlation for USSPT.

Results: No isokinetic ratio was significantly correlated with CKCUEST. For USSPT, CVRC_240 showed the strongest negative
correlation (p=-0.585, p<0.001), followed by MR_cross (p=0.467, p=0.007), CVRC_120 (p=-0.422, p=0.016), and CVRC_60
(p=-0.378, p=0.033).

Conclusion: CVRC_240 and MR cross ratios demonstrated moderate associations with segmental upper extremity power. These
findings support their use as performance markers for ballistic functional tasks, while their lack of correlation with stabilization
tests suggests different neuromechanical determinants.

Keywords: Muscle strength, shoulder joint, athletic performance, athletic trainers, athletic injuries

INTRODUCTION

The shoulder is a highly mobile and complex joint system
that requires a delicate balance between mobility and
stability to ensure functional performance during daily and
athletic activities. Among its components, the glenohumeral
joint plays a central role in allowing multiplanar movement
while relying heavily on dynamic neuromuscular control to
maintain stability. Unlike joints with inherent structural
congruity, the glenohumeral articulation depends more
on surrounding musculature and sensorimotor input to
preserve joint centration under load and during high-velocity
movements.’

Muscle performance balance is critical for functional joint
integrity, particularly between the rotator cuff’s external
and internal rotators. Previous studies have emphasized
the importance of the strength ratios between these muscle
groups in maintaining joint control and preventing overuse
injuries. Isokinetic dynamometry has become a widely
accepted method for quantifying this muscle performance,
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providing objective data across different contraction types
(concentric, eccentric) and angular velocities (e.g., 60%s, 240%s).* *

Over the years, different muscle strength ratios have been
used to interpret shoulder performance and identify
potential muscular imbalances. The conventional ratio (ER/
IR), usually calculated using peak torques from concentric
contractions, is one of the most commonly used indices.
However, functional ratios-which compare eccentric external
rotator strength to concentric internal rotator strength-may
better reflect the demands of overhead and throwing motions.
More recently, mixed ratio models, involving different speeds
and contraction types, have been proposed to capture the
complexity of shoulder function during real-life movement
patterns.”**°

Despite their widespread use, the clinical implications of
these isokinetic ratios remain partially understood. While
some studies have associated lower ER/IR ratios with
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shoulder dysfunction or increased injury risk, there is limited
consensus on which ratios best reflect different clinical
domains such as dynamic stabilization capacity or segmental
power output.”® Clinical functional tests such as the closed
kinetic chain upper extremity stability test (CKCUEST)
and the unilateral seated shot put test (USSPT) have been
developed to measure these domains in a more task-specific
and field-applicable manner. Still, their relationship with
isokinetic ratios has not been clearly defined in asymptomatic
young adults.”"

This knowledge gap highlights the need to explore how
specific isokinetic strength ratios correlate with clinical
tests of stabilization and power, particularly in populations
with no evident shoulder pathology. Such information could
improve screening practices, inform rehabilitation programs,
and provide normative data for performance optimization in
overhead athletes and general populations.”'""”

Therefore, this preliminary study aimed to investigate the
relationships between selected isokinetic shoulder strength
ratios-namely, conventional, functional, and mixed ratios-
and two clinically relevant functional outcomes: CKCUEST
and USSPT. We hypothesized that specific isokinetic
ratios would demonstrate significant correlations with
these performance measures, reflecting their potential as
biomechanical markers for shoulder function assessment.

METHODS
Study Design and Participants

To maintain consistency in assessment, only the dominant
upper limb of each participant was evaluated. Dominance
was determined based on the arm preferred for writing
and throwing tasks. The principles of the Declaration of
Helsinki were followed in this study. Ethical approval was
obtained from the Gazi University Ethics Committee (Date:
24.05.2022, Decision No: 2022-933) before data collection,
and all participants provided written informed consent.

This preliminary observational study included data from 32
asymptomatic adults aged 18 to 40. All participants were free
of upper extremity injury, surgery, or pain within the past
six months and had not participated in structured shoulder
rehabilitation or overhead throwing programs. Participants
were required to be physically able to complete high-demand
upper extremity tasks.

Isokinetic Testing and Strength Ratio Calculations

Isokinetic strength testing used an isokinetic dynamometer
(Cybex NORM?®, Humac, CA, USA). Participants were
positioned supine with the shoulder in the frontal plane at 90°
abduction and the elbow at 90° flexion. The range of motion
was set from 50° internal to 40° external rotation.”>*'*"

Each participant completed isokinetic testing for concentric
contractions at 60°s, 120%s, and 240°%s, and eccentric
contractions at 60°s only. Each contraction type was
performed for five repetitions at 60°s and 120°%s, and 20
repetitions at 240%s, as per the standard testing protocol. Peak
torque values (Nm) were recorded for each test condition.

Based on these values, seven isokinetic strength ratios were
calculated:

o  Concentric external rotation/concentric internal rotation
at 60 degrees per second (CVRC_60)

o Concentric external rotation/concentric internal rotation
at 120 degrees per second (CVRC_120)

o Concentric external rotation/concentric internal rotation
at 240 degrees per second (CVRC_240)

o  Eccentric external rotation/eccentric internal rotation at
60 degrees per second (CVRE_60)

o  Eccentric external rotation/concentric internal rotation
at 60 degrees per second (FDR_60)

o Eccentric external rotation at 60 degrees per second/
concentric internal rotation at 240 degrees per second
(MR)

o Eccentric internal rotation at 60 degrees per second/
concentric external rotation at 240 degrees per second
(MR_cross)

All ratio calculations were performed after screening for
outliers and missing values.

Clinical Performance Tests

CKCUEST: Participants were positioned in a modified push-
up stance with hands placed 36 inches (91.4 cm) apart. They
were instructed to alternately touch the opposite hand as
many times as possible within 15 seconds. The total number
of touches was recorded and used as the stability score.

By standard sex-specific procedures, the test was performed
in a modified push-up position (knees on the ground) for
female participants, and in a standard push-up position for
male participants.'”"’

One-arm seated medicine ball throw test (USSPT):
Participants were seated with their backs supported and
instructed to throw a 3-kg medicine ball using a single
arm, in a forward direction, with maximal effort. Each
participant completed three trials, and the farthest distance
(in centimeters) was used as the final score. This test served as
a measure of unilateral upper extremity segmental power.'**

Statistical Analysis

All data analyses were performed using IBM SPSS Statistics
version 24.0 (IBM Corp., Armonk, NY, USA). The normality
of continuous variables was assessed using the Shapiro-Wilk
test, skewness-kurtosis values, and visual inspection of
histograms and Q-Q plots.

USSPT scores were found to be non-normally distributed.
All isokinetic strength ratios and CKCUEST scores followed
normal distribution.

As aresult:

o Pearson correlation was used to explore the relationship
between strength ratios and CKCUEST scores.

o Spearman correlation was applied to compare the
involvement of USSPT.

Statistical significance was set at p<0.05 for all analyses.

RESULTS
Descriptive Statistics and Normality Testing

The sample included 32 asymptomatic adults (16 females and
16 males; mean age: 24.9+3.5 years). All assessments were
conducted on the dominant side, determined by self-reported
writing and throwing preference.
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Normality testing was performed for each variable using a
combination of the Shapiro-Wilk test, skewness-kurtosis
indices, histogram distributions, and Q-Q plots. The USSPT
was found to be non-normally distributed (p=0.000), while
CKCUEST scores and all isokinetic strength ratios exhibited
normal distribution characteristics (p>0.05).

Correlational Analysis: CKCUEST and Isokinetic
Ratios
Given the normal distribution of CKCUEST scores, Pearson’s

correlation analysis was conducted between CKCUEST and
the isokinetic strength ratios, as shown in Table 1.

Isokinetic ratio r (Pearson) p-value Interpretation

CVRC_60 -0.254 0.161 No significant correlation
CVRC_120 -0.284 0.115 No significant correlation
CVRC_240 -0.190 0.299 No significant correlation
CVRE_60 -0.149 0.416 No significant correlation
FDR_60 -0.233 0.200 No significant correlation
MR -0.109 0.553 No significant correlation
MR_cross 0.134 0.465 No significant correlation

These results indicate that none of the isokinetic ratios
were significantly associated with shoulder stabilization
performance as measured by the CKCUEST.

Correlational Analysis: USSPT and Isokinetic Ratios

Due to the non-normal distribution of USSPT data,
Spearman’s rho correlation analysis was used. The results are
presented in Table 2.

Isokinetic ratio  p (Spearman) p-value Interpretation

CVRC_60 -0.378 0.033  Significant, moderate negative
CVRC_120 -0.422 0.016  Significant, moderate negative
CVRC_240 -0.585 0.000 Significant, strong negative
CVRE_60 -0.276 0.127 No significant correlation
FDR_60 -0.316 0.078 No significant correlation
MR -0.255 0.158 No significant correlation
MR _cross 0.467 0.007  Significant, moderate positive

The strongest correlation was observed between USSPT
scores and the CVRC_ 240 ratio (p=-0.585, p<0.001), followed
by MR_cross (p=0.467, p=0.007). CVRC_60 and CVRC_120
also demonstrated moderate negative correlations with
segmental power output.

Interpretation of Results

The findings revealed that concentric strength imbalances,
particularly at high angular velocities (240°%s), were
significantly associated with segmental power output, while
eccentric and mixed ratios showed weaker or no associations.
No meaningful relationships were observed between
stabilization performance and any of the isokinetic ratios.
These results suggest that isokinetic strength ratios may
provide greater insight into segmental power capacity than
dynamic stabilization ability in asymptomatic populations.

DISCUSSION

This preliminary investigation aimed to explore the
relationship between various isokinetic shoulder strength
ratios-including conventional (CVRC_60, CVRC_120,
CVRC_240), eccentric (CVRE_60), functional deceleration
(FDR_60), and mixed ratios (MR, MR_cross)-and clinical
measures of shoulder stabilization and segmental power as
assessed by CKCUEST and USSPT, respectively.

The most notable finding was the significant moderate
negative correlation between CVRC_240 and USSPT (rs:-
0.460, p<0.01), suggesting that increased strength imbalance
at higher angular velocities may negatively influence
segmental power output. This observation aligns with prior
evidence indicating that muscle imbalances at high velocities
could compromise performance in explosive tasks requiring
rapid force production and neuromuscular efficiency.”"”

Additionally, MR_cross, which involves cross-mode and
cross-velocity comparison (eccentric IR at 60%s over
concentric ER at 240°%s), showed a moderate positive
correlation with USSPT (r =0.404, p<0.05). This highlights
the potential relevance of eccentric IR capacity in conjunction
with high-speed concentric ER during ballistic throwing-like
movements. Similar mixed-mode models have been proposed
in the literature to better approximate functional joint

5222

demands.”*>?*

Contrary to expectations, none of the strength ratios
correlated significantly with the CKCUEST performance.
While previous research has demonstrated moderate
associations between rotator cuff strength and closed-chain
functional stability tests,”*** the absence of correlation in the
present study may be explained by the broader involvement
of trunk and scapular musculature in CKCUEST, reducing
its sensitivity to isolated glenohumeral rotation strength.
Moreover, the push-up-based task may rely more heavily
on stabilization and endurance of proximal stabilizers than
segmental torque ratios.***

Regarding the functional deceleration ratio (FDR_60), no
significant association was observed with either USSPT
or CKCUEST. While functional ratios are conceptually
meaningful, their applicability may depend on the task’s
movement specificity and angular velocity demands.”*** The
FDR_60 calculation-based on eccentric ER and concentric
IR at 60°-may not adequately reflect the dynamic shoulder
control mechanisms required in the tests used.

Interestingly, both CVRC_60 and CVRC_120 failed
to demonstrate significant relationships with either
performance test, suggesting that conventional strength
ratios at lower speeds may have limited predictive utility
for functional capacity in healthy young adults. This aligns
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with prior findings emphasizing the contextual relevance of
strength assessment protocols, particularly in asymptomatic
populations.”!

The results suggest that high-velocity and mixed-mode
strength ratios, particularly CVRC_240 and MR_cross, may
offer greater functional relevance in predicting segmental
power outcomes, as measured by unilateral medicine ball
throwing. However, their lack of association with stabilization
performance indicates that different neuromechanical
properties underlie these constructs.

Limitations

This preliminary study has several limitations that should be
considered when interpreting the findings. First, the sample
size was relatively small and limited to asymptomatic young
adults, which may restrict the generalizability of the results
to clinical populations. Second, only the dominant shoulder
of each participant was assessed, preventing bilateral
comparisons. Third, the analysis was cross-sectional, based
solely on pretest isokinetic strength data, and therefore does
not reflect longitudinal adaptations. Moreover, the study
included only two clinical performance tests (CKCUEST and
USSPT), which may not capture the full spectrum of shoulder
function, particularly proprioceptive or scapular control
components. Future studies with larger and more diverse
samples, as well as additional functional assessments, are
recommended.

CONCLUSION

This preliminary study demonstrated that among various
isokinetic shoulder strength ratios, the high-velocity
concentric conventional ratio (CVRC_240) and the cross-
mode mixed ratio (MR_cross) were moderately associated
with segmental upper extremity power, as assessed by the
USSPT. These findings suggest that strength asymmetries
may influence dynamic force output during functional
unilateral tasks, particularly at higher speeds and across
contraction types. In contrast, no meaningful associations
were observed between the ratios and stabilization
performance measured by CKCUEST, indicating a potential
divergence between torque production and closed-chain
stability capacity. These results highlight the selective
predictive value of specific isokinetic ratios in assessing
shoulder performance in asymptomatic young adults. Future
studies involving symptomatic populations and task-specific
strength assessments may further clarify the clinical utility
of such indices in performance monitoring and rehabilitation
planning.
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ABSTRACT

Aims: This study aimed to investigate the acute effects of non-elastic taping applied to the shoulder on the painful side in
individuals with cervical disc herniation, focusing on pain and range of motion (ROM).

Methods: Forty participants were randomly assigned to two groups; study group (n=20) and control group (n=20). Both groups
received a conventional physiotherapy program including TENS, vacuum interferential current, hot pack, and ultrasound. The
control group received no additional intervention. The study group received one session of non-elastic taping applied to the
painful side shoulder in addition to conventional physiotherapy. Pain was assessed using the Visual Analog Scale (VAS), and
cervical ROM was measured with a universal goniometer before and after the intervention.

Results: Within-group comparisons revealed statistically significant improvements in pain and ROM in both groups (p<0.01).
Although pain reduction was observed in both groups, no statistically significant difference was found between them (p>0.05).
Similarly, no significant differences were observed between groups in any cervical ROM measurements before and after the
intervention (p>0.05).

Conclusion: The findings showed that pain was reduced and ROM was increased in both groups, but there was no significant
difference between them. Further studies with larger sample sizes and long-term follow-ups are recommended to evaluate the

effects of non-elastic taping.

Keywords: Pain, taping, range of motion, cervical disc herniation

INTRODUCTION

Intervertebral discs are cartilaginous structures located
between adjacent vertebrae that function as shock absorbers,
supporting the spine against axial loading.! Anatomically,
they consist of three components: the centrally located nucleus
pulposus, the outer annulus fibrosus, and the endplates
that anchor the disc to the adjacent vertebral bodies.” Disc
herniation is a pathological condition characterized by
the partial or complete protrusion of the nucleus pulposus
through the annulus fibrosus. This condition may manifest
either acutely often due to trauma or chronically, typically
resulting from degenerative changes such as reduced
proteoglycan content and loss of hydration, leading to
weakening of the nucleus pulposus. Acute herniations tend
to produce more severe and sudden symptoms compared
to chronic cases, due to extrusion of the nucleus through a
defect in the annular ring. Cervical disc herniation can result
in significant functional impairments. It most frequently
occurs at the C5-C6 and C6-C7 intervertebral levels, thereby
producing symptoms corresponding to the C6 and C7 nerve
roots, respectively. Patients with cervical disc herniation

Corresponding Author: Deniz Demirci, deniz.demirci@uskudar.edu.tr
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often experience neck pain, reduced cervical range of motion
(ROM), and functional limitations.’

The most common subjective complaints include ipsilateral
arm pain or paresthesia along the corresponding dermatome.
A comprehensive neurological examination is required to
assess sensory deficits, motor weakness, and abnormalities
in deep tendon reflexes.” Although surgical interventions
are available, numerous conservative treatment options are
commonly employed.” Conservative treatment remains the
first-line approach, with non-surgical methods such as oral
neuropathic pain medications, physical therapy, and epidural
steroid injections forming the basis of symptom management.
In addition, clinicians often incorporate taping techniques to
manage pain and edema and to provide functional support.”
Taping is a widely utilized method in clinical settings for both
injury prevention and rehabilitation.® It restricts unwanted
joint movements while allowing or facilitating desired
ones. Another proposed mechanism is the enhancement of
proprioceptive feedback through increased sensory input.’
Two primary types of tape are used in clinical practice for

@ @ @@ This work is licensed under a Creative Commons Attribution 4.0 International License.
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biomechanical support: rigid (non-elastic) adhesive tape® and
elastic therapeutic tape.® Rigid tape provides superior support
and joint positioning compared to elastic tape, as it aims to
maintain the joint in a defined position while still allowing
functional movement.’

Therapeutic taping has demonstrated short-term clinical
efficacy in managing certain musculoskeletal disorders,
including pain reduction,”"” improvement in ROM,'" and gait
enhancement.”” However, the exact mechanisms underlying
its therapeutic effects are still not fully understood.””"
Neuroplastic changes have been observed in individuals
with musculoskeletal pathologies,” though the extent to
which such changes influence regional kinematics and
neuromuscular control remains unclear. These mechanisms
are thought to involve neuromuscular or non-cortical
neurological pathways rather than alterations in corticospinal
excitability."

The aim of this study was to investigate the acute effects of
non-elastic taping applied to the painful-side shoulder in
individuals with cervical disc herniation, focusing on its
impact on pain intensity and cervical ROM. We hypothesized
that maintaining the shoulder in a passively elevated position
with rigid tape would reduce neural tension caused by the
disc pathology, thereby alleviating pain and improving range
of motion.

METHODS

Ethical Considerations

The study was approved by the Uskiidar University Non-
interventional Researches Ethics Committee (Date:
23.02.2023, Decision No: 61351342/2023-51) and conducted
in the Physical Therapy and Rehabilitation Department of
Kadikéy Medicana Hospital between March and August
2023. The study adhered to the principles of the Declaration
of Helsinki.

Informed Consent

This study was conducted in accordance with ethical
principles, and written and verbal informed consent was
obtained from all participants prior to their inclusion.
Participants were informed about the study’s purpose,
procedures, potential risks, and benefits. They were assured
that participation was voluntary and that they could
withdraw at any time.

Study Design

This study was designed as a prospective, randomized
controlled trial.

Participants

The study included 40 volunteers who met the inclusion
criteria. Participants were required to be between the ages
of 18 and 60 and have a confirmed diagnosis of cervical disc
herniation. Individuals with coexisting cervical pathologies,
cognitive or visual impairments, or skin hypersensitivity
were excluded from the study.

Prior to randomization, all participants received baseline
assessments. A blinded independent researcher randomly
allocated participants into either the study or control group
using a computer-generated simple randomization list.

Data Collection Tools and Procedures

Intervention program: Both groups received a conventional
physiotherapy program consisting of transcutaneous
electrical nerve stimulation (TENS, 20 min), vacuum
interferential current therapy (20 min), hot pack application
(20 min), and therapeutic ultrasound (5 min). No additional
intervention was administered to the control group.

The study group received one additional session of non-
elastic taping applied to the shoulder on the painful side
following the physiotherapy session. The tape was kept in
place for 30 minutes while participants remained seated
without performing any physical activity. Post-intervention
measurements were taken immediately after the tape was
removed.

Pain levels were evaluated using the Visual Analog Scale
(VAS), and cervical ROM was assessed using a universal
goniometer, both before and after the intervention.

Taping procedure: Taping was performed in a seated
position after the completion of physiotherapy. Two types of
tape were used; Rollfix (hypoallergenic, applied underneath)
and Rollipek (rigid, applied on top). The tape was initially
applied over the middle deltoid muscle, and while passively
elevating the patient’s arm, it was extended and fixed over the
cervicothoracic junction region while maintaining tension
(Figure). VAS and goniometric assessments were repeated
after the taping. No allergic reactions were observed in any
participants during the procedure.

L

Figure. Application of non-elastic taping to the shoulder fegion
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Socio-Demographic and Clinical Information Form: This
form collected socio-demographic and clinical data from all
participants, including age, height, weight, body-mass index
(BMI), educational level, alcohol and tobacco use, duration of
complaints, side of pain, and medical history. Comorbidities
were also evaluated to ensure eligibility.

Visual Analog Scale (VAS): Pain intensity before and after
the intervention was assessed using the Visual Analog Scale.
The VAS consists of a horizontal line anchored by two verbal
descriptors at each end, where participants mark a point that
best represents their current level of perceived pain.”

Range of motion (ROM) measurement: Cervical ROM
measurements were taken before and after the intervention
using a universal goniometer. ROM assessment is a widely
used musculoskeletal evaluation method employed by
physiotherapists to objectively assess joint function,
asymmetry, and treatment effectiveness.”” Due to its ease
of use, low cost, and established reliability and validity
in numerous studies, the universal goniometer remains a
preferred tool in clinical settings for ROM evaluation.'

Statistical Analysis

All data analyses were performed using SPSS version 25.0 for
Windows (SPSS Inc., IBM Corp., Armonk, NY). Descriptive
statistics were calculated using means and standard
deviations (SD) for continuous variables, and frequency
analyses were used for nominal and binary data. The
normality of the data distribution was assessed with the one-
sample Kolmogorov-Smirnov test and histogram inspection.
The Wilcoxon signed-rank test was used for within-group
comparisons before and after taping. Independent samples
T tests were used for between-group comparisons. Statistical
significance was set at p<0.05.

RESULTS

The socio-demographic characteristics of the participants are
presented in Table 1. There were no statistically significant
differences between the study and control groups in terms of
age, height, or weight (p>0.05).

Variable

Pre-treatment
VAS
Post-treatment

) ) Pre-treatment
Flexion (°
Post-treatment

e Pre-treatment
Extension (°
Post-treatment

Pre-treatment
Lateral flexion (right) (°)
Post-treatment

Pre-treatment
Lateral flexion (left) (°)
Post-treatment

Pre-treatment
Rotation (right) (°)
Post-treatment

Pre-treatment
Rotation (left) (°) Post.treat .
ost-treatmen

Study group Control group

(n=20) (n=20)
n (%) n (%)
Female 13 (65) 10 (50)
Sex
Male 7 (35) 10 (50)
High school 4 (20) 3 (15)
Education level
University 16 (80) 17 (85)
Yes 8 (40) 7 (35)
Alcohol use
No 12 (60) 13 (65)
Yes 13 (65) 13 (65)
Smoking
No 7 (35) 7 (35)
Right 12 (60) 13 (65)
Painful side
Left 8 (40) 7 (35)
1 week 2 (10) 4 (20)
Complaint 2 weeks 8 (40) 3 (15)
Qe 3 weeks 5(25) 7 (35)
4 weeks 5(25) 6 (30)
Mean+SD Mean+SD p
Age (years) 37.75+8.45  39.35+11.13 0.081
Height (cm) 148.15£57.22 133.40+69.27 0.128
Weight (kg) 71.35+11.32 72.20+12.46 0.694

In group and inter-group comparisons for pain severity
and cervical ROM are presented in Table 2. A statistically
significant improvement was observed in pain and ROM
within both groups following treatment (p<0.01). While
both groups experienced a reduction in pain severity, no
statistically significant difference was found between the
groups (p>0.05). Similarly, no statistically significant inter-
group differences were observed in any of the cervical ROM
measurements before and after treatment (p>0.05).

Study group (n=20) Control group (n=15)

Mean+SD p Mean+SD P p

5.35+2.10 5.15+2.53 0.783
<0.01 <0.01

2.35%1.56 3.30£2.05 0.118

38.60+7.40 39.70+7.48 0.606
<0.01 <0.01

43.25+5.89 43.65+5.10 0.989

37.35+7.76 38.20+6.44 0.786
<0.01 <0.01

41.65+6.86 41.45+5.23 0.644

35.10+5.49 34.35+5.73 0.663
<0.01 <0.01

39.05+6.21 36.70+4.13 0.186

35.40+5.73 34.20+6.24 0.549
<0.01 <0.01

39.25+3.62 38.20+5.43 0.565

71.65+8.52 72.30+9.13 0.806
<0.01 <0.01

75.60+7.52 75.80+7.00 0.946

71.30+9.35 73.05+8.30 0.567
<0.01 <0.01

75.85+7.46 76.85+7.11 0.595
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DISCUSSION

This study aimed to evaluate the acute effects of non-elastic
taping applied to the shoulder on the painful side in individuals
with cervical disc herniation, specifically regarding pain
intensity and cervical ROM. The results demonstrated a
significant reduction in pain and improvement in ROM
within both the intervention and control groups; however,
no statistically significant differences were found between the
two groups.

Neck pain is recognized as a major global public health
concern,”'® with the cervical intervertebral disc considered
a common source of neck pain,'””’ In cases of cervical disc
herniation-with or without radiculopathy-conservative
treatment is typically the first-line approach. Various non-
surgical treatment modalities are available, supported by
varying levels of scientific evidence. These include oral
medications, injections, physiotherapy, cervical collars,
manual therapy, and acupuncture. Despite the lack of
strong consensus regarding specific exercise combinations,
physiotherapy remains a primary treatment method
for patients presenting with neck pain and/or radicular
symptoms not requiring surgical intervention.” For this
reason, pain was selected as the primary outcome in the
current study.

Among conservative treatment options, taping is a
therapeutic method commonly used by physiotherapists
for the prevention and management of musculoskeletal
conditions, including spinal pain.”>* Although taping
techniques are widely used in clinical practice, their efficacy
remains under investigation due to inconsistent evidence.*
One study examined the effects of both elastic and non-
elastic taping on spinal pain and disability, aiming to
determine their effectiveness relative to other interventions.
Elastic taping was shown to have low-level evidence when
compared to placebo and moderate-level evidence compared
to no treatment in patients with neck pain. In contrast, non-
elastic taping demonstrated only a small effect on pain and
was supported by low-level evidence when compared to no
treatment.”

In a study investigating kinesio taping in patients with
cervical radiculopathy, the addition of kinesio taping to
conventional treatment was associated with reduced neck
pain, decreased disability, and improved upper extremity
function.” Another study involving patients with non-
specific neck pain showed that kinesio taping led to significant
improvements in pain and disability; however, no statistically
significant differences were observed in cervical ROM when
compared to an exercise-only group.” Current literature
suggests that kinesio taping is primarily used to alleviate
pain, reduce swelling and disability, and improve circulation.
Non-elastic taping, on the other hand, stands out due to its
supportive and positional correction properties. McConnell,
for example, utilized non-elastic taping to support the patella
and maintain it in the proper position in patients with
patellofemoral pain syndrome.”” This method has also been
applied to the shoulder and hip joints.” One study reported
an acute increase in shoulder flexion and abduction ROM
following McConnell taping,' although the effect was not
sustained at 24-hour follow-up, suggesting a primarily
mechanical effect. In contrast, our study may have provided
not only mechanical support but also a reduction in neural

tension at the nerve root, thus offering a neurophysiological
benefit as well. In a study investigating patients with shoulder
pain and limited ROM, mobilization techniques with and
without taping were compared. Both groups demonstrated
significant acute improvements; however, improvements
were more persistent in the taping group during a one-week
follow-up.”® Similarly, in a study involving stroke patients,
modified Mulligan techniques with and without taping were
compared, showing significant improvements in both active
and passive ROM in both groups.”

The limited number of studies focusing specifically on non-
elastic taping is noteworthy. This study may contribute to the
literature by addressing this gap. Non-elastic taping is one of
the earliest taping methods and is still used as an adjunct in
the management of musculoskeletal injuries. Its mechanism
of action is thought to involve increased proprioception and
mechanical support for joint protection.** Given the rationale
for using non-elastic taping by McConnell and Mulligan,
this method could be explored in greater detail as a potential
intervention for cervical disc herniation. Patients with
cervical disc herniation are often evaluated using inhibition
tests, one of which is the shoulder abduction test. This test
reduces tension on the nerve root and can alleviate pain,
particularly in cases involving lower cervical radiculopathy.
In such cases, lifting the arm often results in symptom relief.
According to a case report, the shoulder abduction test can
serve not only as a diagnostic tool but also as a conservative
intervention strategy for patients with cervical radiculopathy
involving the lower cervical nerve roots.”

Limitations

One of the main limitations of this study was the inability
to use gold-standard objective measurement tools for the
evaluated parameters-namely, pain and ROM. Due to
financial constraints and practical considerations, pain was
assessed using the VAS, and ROM was measured using a
traditional universal goniometer. For future research, the
use of more sensitive and advanced tools such as three-
dimensional motion analysis systems is recommended. These
technologies may enhance the reliability of the findings and
provide more clinically applicable insights.

CONCLUSION

In the intervention group of our study, non-elastic taping was
applied in a manner consistent with the shoulder abduction
relief test. The painful-side shoulder was passively elevated
to reduce tension on the nerve roots, and this position was
maintained using non-elastic tape. Acute outcomes showed
a reduction in pain and an increase in cervical ROM in the
taped group. However, there were no statistically significant
differences between the intervention and control groups,
both of which received conventional physiotherapy. Non-
elastic taping can be considered a simple, cost-effective,
and easily applicable method that may serve as an adjunct
to rehabilitation programs. In our study assessing the acute
effects of non-elastic taping on pain and ROM, no superiority
was found over standard conservative treatment alone.
However, considering the mechanism of action-mechanical
support and enhanced proprioception-non-elastic taping may
offer improved clinical outcomes over the long term when
integrated into conservative therapy programs. We believe
that future studies with larger sample sizes and longer follow-
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up periods are necessary to further explore and support the
clinical utility of non-elastic taping. It is also recommended
that future research include functional outcome measures
specific to the cervical region. A better understanding of the
underlying kinematic and neuroplastic mechanisms involved
in cervical taping may help refine intervention strategies
using this method.
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ABSTRACT

The biceps brachii is an arm muscle which normally has two heads named as the long head and the short head. The incidence
of an accessory head of biceps brachii was reported to be 8-20% in the literature. Variations in biceps brachii were found mostly
in cadaver studies and also, they were rarely found incidentally in clinical practice. We report a 38 years-old man who presented
with right shoulder pain during routine daily activities. Shoulder impingement syndrome and rotator cuff tear were suspected
during physical examination. MRI incidentally revealed bifurcation of the long head of the biceps tendon. Biceps tendon has an
important role in shoulder stability. Variations in long head of biceps brachii are reported to cause compression syndromes at
upper extremity. Moreover, being aware of this variation may provide clinical benefit in diagnosis or arthroscopic surgery. It is

also clinically important to plan a treatment or follow up for a patient presenting with shoulder-arm pain.
Keywords: Biceps brachii, anatomical variation, anatomy, shoulder

INTRODUCTION

Bicipital tendon originates from upper border of glenoid
cavity, continues with glenoid labrum, and passes through
bicipital groove. A few anatomical variations have been
defined." Variations in biceps brachii were found mostly in
cadaver studies and also they were rarely found incidentally
in clinical practice. Variations in biceps brachii are important
in surgical interventions to the shoulder and they should be
considered in compression syndromes of the upper extremity.

CASE

A 38 years old male presented with right shoulder pain
from which he was suffering for 5 months. In his physical
examination no swelling, erythema or muscle atrophy was
revealed and Neer test, Yergason and speed test which suggest
rotator cuff tear were positive and tenderness was present
over right bicipital groove. However, her right subacromial
bursa and acromioclavicular joint were tender. Degrees of
flexion, abduction and external rotation were 90°, 70° and 30°,
respectively, and internal rotation was through lumbosacral
level. Progressive pain was denoted when flexion over 90°.
The opposite shoulder was symptom free and normal on
examination. There wasn’t a comorbidity and laboratory tests
were within normal limits. In radiological evaluation, osseous
structures were normal in direct X-Ray films (Figure 1). In
magnetic resonance imaging T2 axial, coronal and sagittal
lipid suppression proton density sections showed duplication
of tendon at the level of bicipital groove. Signal intensity of the
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tendon was normal and there was peripheral effusion (Figure
2a-c). After the first visit, 10 sessions of physical therapy
modalities (TENS, US, Superficial heat) were done once every
two days, each session for 45 minutes. Beside modality, 15
mg Meloxicam tablet was prescribed for the patient twice
per day, which was taken for only the one first week by the
patient. An exercise program began from the fifth session
of physical therapy modalities. Exercise program was under
the physician’s supervision twice per week in the first month
and trained exercises were performed daily at home. Patient’s
cooperation during 6 months of treatment was excellent and
he performed taught exercises with high precision.

Figure 1. Anterd—posteriﬁr shoulder graphy
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Figure 2. MRI shows duplication at the level of bicipital groove in T2 axial
(a), coronal (b), and sagittal (c) sections

DISCUSSION

Biceps brachii is a long fusiform muscle at the anterior
side of arm and it has two heads. Its short head originates
from coracoid process, while its long head originates from
supraglenoid tubercle at the upper border of glenoid cavity,
continues with glenoid labrum, passes through bicipital
groove, and terminates at radial tuberosity.!

Several variations of the long head of biceps brachii have been
described. Some of these anomalies are believed to have roles
in rotator cuff tendinopathy. The most common anomaly
occurs at the body of the muscle. Variations of the long head
are more common than short head although absence of the
long or the short head is rare. With multiplication of the long
head 3, 4, or 5 headed biceps brachii have been described.
Variation rate in biceps brachii change between different
populations and rates between 8-38% have been reported.””

Three headed biceps brachii is seen in 10% of the population.
The third head extends at upper and medial side of the
brachialis muscle and it may terminate at lacertus fibrosus
or medial side of the brachialis tendon. Rarely a fourth head
is present. It may originate from lateral side of humerus,
bicipital groove or great tubercle. Kopuz et al.’ studied
shoulders of 160 cadevers and found 15% prevalence for
three headed biceps brachii. In literature, during diagnostic

shoulder arthroscopy, long head of the biceps was reported
to have a bifurcated origin. In these cases, one of the long
heads originates from supraglenoid tubercle and the other
originates from posterosuperior capsulolabral tissue.*”
Posttraumatic tendon separation which may have a similar
appearance can be differentiated with formation of a bony
septum.’

Awareness of this anatomical variation may be helpful for
clinical diagnosis and surgical intervention.” Appearance of
this variation in the long head of biceps tendon may mimic a
tear in tendon or superior labrum.”

In some cases brachial artery and median nerve may
pass inside the variant biceps brachii muscle. In addition,
aponeuroses of accessory heads may press on median nerve
at arm or ankle and may produce clinical complaints. Signs
of compression are especially prominent when forearm is
supinated.”’” Variants of biceps brachii may cause clinical
complaints mimicking radiculopathy or carpal tunnel
syndrome."!

CONCLUSION

As a result, biceps tendon has an important role in shoulder
stability. Variations in long head of biceps brachii are
reported to cause compression syndromes at upper extremity.
Moreover, being aware of this variation may provide clinical
benefit in diagnosis or arthroscopic surgery. It is also
clinically important to plan a treatment or follow up for a
patient presenting with shoulder-arm pain.
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Dear Editor,

The integration of Artificial Intelligence (AI) into
musculoskeletal imaging has advanced rapidly in recent
years. Among its most notable applications is the detection
of bone fractures on plain radiographs and computed
tomography (CT) scans. This technological shift invites a
critical question; should the role of the orthopedic surgeon be
redefined in the era of AI-supported diagnosis?

Recent studies confirm that deep learning algorithms can
detect fractures with an accuracy comparable to human
experts. A comprehensive meta-analysis by Kuo et al
analyzed over 55,000 radiographic images and reported
pooled sensitivities and specificities exceeding 90% for both
AT models and human readers. Similarly, a systematic review
evaluating commercial AT tools demonstrated high sensitivity
across platforms, particularly when used in tandem with
clinical oversight.”

ATs added value becomes most apparent in challenging
or subtle cases. For instance, Liu et al.’ showed that an
optimized Al system significantly outperformed radiologists
in identifying subtle avulsion fractures on CT scans. This
diagnostic enhancement is not limited to imaging experts.
Meetschen et al.* demonstrated that AI assistance improved
fracture detection sensitivity among radiology residents from
58% to 77%, without compromising specificity or increasing
reading time. Likewise, Bachmann et al.” found that non-
specialist readers benefited significantly from AI support,
with notable reductions in both missed diagnoses and false
positives.

Despite these advances, current evidence does not suggest
that Al can or should replace orthopedic surgeons. The most
consistent finding across multiple studies is that diagnostic
performance is optimized when Al is used as a complement-
not a substitute-for human expertise. While AI may flag
fractures efficiently, clinical management requires the
integration of imaging results with physical examination
findings, patient history, and surgical acumen-areas in which
AT still lacks capacity.

Corresponding Author: Humam Baki, humambakimd@gmail.com

EY' HC  HD

From an educational standpoint, AI also holds promise as a
training tool for residents and junior clinicians, helping to
calibrate diagnostic accuracy and confidence. However, over-
reliance on algorithmic outputs without clinical correlation
may pose new risks, particularly in ambiguous or atypical
presentations.

In conclusion, AI has demonstrated remarkable accuracy
in fracture detection and shows significant potential as
an adjunctive tool in orthopedic practice. Yet, the human
clinician remains central to the diagnostic and therapeutic
pathway. Rather than redefine the surgeon’s role, the focus
should be on strategic integration of AI to enhance, not
diminish, clinical judgment. As evidence continues to
accumulate, the orthopedic community must guide the
ethical and practical deployment of AI to ensure patient-
centered outcomes remain paramount.

Keywords: Artificial Intelligence, fracture detection,
orthopedic surgery
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