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ORIGINAL ARTICLE

Effects of exergame on kinesiophobia, depression, and
physical parameters in kinesiophobic older adults:

a pilot study

Exergame 'in kinezyofobik yash yetiskinlerde kinezyofobi, depresyon ve fiziksel parametreler

lizerine etkisi: pilot calisma

Géniil ERTUNG GULGELIK®, Ebru SEVER?, Elmira OZUTULS, Hasret BOZTEPE 4

Abstract

0z

Purpose: It is known that virtual reality applications applied to older adults are effective on balance and mobility. Exergames is a
virtual reality-based exercise. The aim of the study was to investigate the effects of exergames on kinesiophobia, balance, lower
extremity muscle strength, depression and cognitive function in older adults with kinesiophobia.

Methods: The older adults over the age of 65 living in Nursing Home and Elderly Care Centerwere included in the study. Exergames
were played for 30 minutes per week for 8 weeks and the participants who participated in the study were given rehabilitation.
Before starting the application, the demographic information form, Tampa Kinesiophobia Scale, BeCure Balance Assessment
System, Geriatric Depression Scale-Short Form, Mini Mental State Test and 5 Times Sit to Stand Test were applied to the
participants. The assessments were performed pre- and post-treatment (8 weeks).

Results: 13 geriatric adults who completed an exergame-based rehabilitation program were included in the study. When the pre-
and post-treatment evaluations were made; statistically significant differences were found in kinesiophobia, balance and
depression (p<0.05). There was no statistically significant difference in functional muscle strength and cognitive status (p>0.05).
Conclusion: Exergames reduce kinesiophobia and depression and improve balance in older adults, however more studies are
needed to investigate their effects on cognitive status and lower extremity muscle strength.

Keywords: Exergame, Older adults, Kinesiophobia, Balance, Depression.

Amag: Geriatrik bireylere uygulanan sanal gerceklik uygulamalannin denge ve mobilite iizerinde etkili oldugu bilinmektedir.
Exergame sanal gerceklik tabanli bir egzersizdir. Calismanin amaci kinezyofobisi olan geriatiik bireylerde exergame’in
kinezyofobi, denge, alt ekstremite kas kuvveti, depresyon ve bilissel islev lizerindeki ethilerini arastirmaktir.

Yéntem: Calismaya huzurevi ve yasli bakim merkezinde yasayan 65 yas listii geriatiik bireyler dahil edildi. 8 hafta boyunca haftada
30 dakika egzersiz oyunlan oynandi ve calismaya katilan katilimcilara rehabilitasyon verildi. Uygulamaya baslamadan énce
katiimeilara demografik bilgi formu, Tampa Kinezyofobi Olgegi, BeCure Denge Degerlendirme Sistemi, Geriatrik Depresyon
Olgegi-Kisa Form, Mini Mental Durum Testi ve 5 Tekrar Otur Kalk Testi uygulanai. Degerlendirmeler tedavi dncesi ve sonrasi (8
hafta) yapiladi.

Bulgular: Calismaya exergame tabanli rehabilitasyon programini tamamiayan 13 geriatrik birey dahil edildi. Tedavi oncesi ve
sonrasi degerlendirmeler yapildiginda; kinezyofobi, denge ve depresyonda istatistiksel olarak anlamli farkliliklar bulundu
(p<0,05). Fonksiyonel kas giicii ve bilissel durumda istatistiksel olarak anlamii bir fark gorilmedi (p>0,05).

Sonug: Exergame yasl bireylerde kinezyofobi ve depresyonu azalttigs ve dengeyi iyilestirdigi gosterilmistir, ancak bilissel durum
ve alt ekstremite kas giicti lizerindeki etkilerini arastirmak icin daha fazla calismaya ihtiyag vardir.

Anahtar kelimeler: Exergame, Yasli yetiskinler, Kinezyofobi, Denge, Depresyon.
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INTRODUCTION

Geriatrics is a field of medicine that is
related to older adults. According to the World
Health Organization (WHO), old age is defined
as a decrease in the ability to adapt to
environmental factors. WHO classifies persons
aged 65 and over as elderly and persons aged 85
and over as multi-age.! In older adults,
physiological changes occur with advancing age
and functional dependence increases gradually.2

Kinesiophobia means 'fear of moving',
which is formed by the combination of the words
'kinesis = movement, phobus = fear'. In addition
to the concept of fear of movement, re-injury
anxiety is also used for the definition of
kinesiophobia.? In the long term, consequences
such as receding from movement and activity,
decreased physical activity, functional
limitation, decreased quality of life and
depression emerge.4 Older adults with
kinesiophobia avoid physical activity because of
their sensitivity. They have the idea that
physical activity can harm them.5

Studies have indicated that virtual reality
interventions implemented in  geriatric
individuals are effective in enhancing balance
and mobility. Additionally, video game—based
approaches may serve as an effective strategy
for fall prevention. It leads older adults to
adapting exercises and increase their functional
output. The fact that the practice is fun and
motivating as it allows individuals to fully focus
their attention on the exercise. Studies releaved
that virtual reality applications improve
physical functionality in older adults with a
history of falls.6:78 Virtual reality games can
reduce the fear of falling in the elderly and
improve their balance and mobility.?

Exergames is a virtual reality-based
exercise and may be a good alternative to
increase the level of physical activity, since they
have a greater component of fun. Exergames are
defined as video games that promote (either via
using or requiring) players' physical movements
(exertion) that is generally more than sedentary
and includes strength, balance, and flexibility
activities. The exergames require digital
devices, such as computers or game consoles and
their accessories, as balance boards.10

There are studies on virtual reality and
kinesiophobia in the literature. However, there

Ertung Giilcelik et al

is no study that directly applies to older adults
as a population. Xbox 360 KinectTM games were
used in this study for virtual reality. The study
was conducted using the Xbox 360 Kinect™ and
various games in older adults; however, the
participants did not include geriatric
individuals with kinesiophobia.l® Although
older adults are sometimes considered as a
single group, previous studies have evaluated
specific subgroups, such as balance in healthy
older adults, cognitive function in individuals
with cognitive impairment, and kinesiophobia.!l!

The aim of this study was to investigate the
effects of an exergame-based rehabilitation
program on kinesiophobia, balance, lower
extremity muscle strength, depression, and
cognitive function in older adults. To the best of
our knowledge, this is the first study to evaluate
the effects of exergaming specifically in older
adults with kinesiophobia.

Hypotheses
HO: Exergame-based rehabilitation program
will not improve kinesiophobia, balance, lower
extremity muscle strength, depression, and
cognitive function in older adults with
kinesiophobia.
H1: Exergame-based rehabilitation will
significantly reduce kinesiophobia in older
adults with kinesiophobia.
H2: Exergame-based rehabilitation will improve
balance performance in older adults with
kinesiophobia.
H3: Exergame-based rehabilitation will reduce
depressive symptoms in older adults with
kinesiophobia.
H4: Exergame-based rehabilitation will increase
lower extremity muscle strength in older adults
with kinesiophobia.
H5: Exergame-based rehabilitation will improve
cognitive function in older adults with
kinesiophobia.

METHODS

Participants and study design

The study included older adults over the
age of 65 living in the Kizilay Zeynep Nedim
Oyvar Nursing Home and Elderly Care Center.
The ethics committee of the Istanbul Gedik
University Ethics Committee dated 17/01/2023
and numbered E-56365223-050.01.04-
2023.137548.27-433 was recruited. A written
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consent form was signed by older adults who

met the conditions of this study. Inclusion and

exclusion criteria of the study:
Inclusion criteria:

e Getting 38 or above on the Tampa
Kinesiophobia Scale

e  Mini-Mental State Test Score >20 (no or
minimal cognitive impairment, sufficient
cognitive capacity for understanding and
performing the exercises)

e Being physically competent to apply the
scales to be used

e Being 65 years and older

e  Volunteering to participate in the study
Exclusion criteria:

e Having mental and psychiatric problems
diagnosed by the physician

e Having a serious neurological and
orthopedic problem diagnosed by the
physician

¢ Having serious hearing and vision problems

e Having uncontrollable diabetes and
hypertension

e Using a walking device other than a cane
(crutches, walkers, etc.)

e Using drugs that increase the risk of falling
(to be determined with information
obtained from nurses and physiotherapists
working in the nursing home)

Power analysis

In this study, a power analysis was
conducted using G*Power 3.1.9.7 software to
examine whether the difference between the
dependent variables was statistically
significant. The analysis was designed to test
the difference between two means for paired
samples, with the kinesiophobia measurement
as the criterion. According to the analysis
results, with a sample size of 13, the critical t-
value was calculated as 2.17881, degrees of
freedom as 12, and power (1-8 error probability)
as 0.9107085. The effect size was found to be
1.54. These results indicate that the sample size
and effect size were sufficient and that a
statistically significant difference could be
detected.

Participants in the study were played
exergame games for 30 minutes once a week for
8 weeks and rehabilitation was applied. Before
starting the application, Demographic
Information Form, Tampa Kinesiophobia Scale
for kinesiophobia, BeCure Balance Assessment
System for balance measurement, Geriatric

Depression Scale-Short Form for depression,
Mini Mental Status Test for cognitive functions
and 5 Times Sit to Stand Test for lower
extremity functional strength and fall risk were
applied to the participants. These tests were
repeated at the end of 8 sessions, and the values
before and after were measured.

Applied evaluation parameters
1. Demographic Information Form

It is the form in which the frequency of
sociodemographic characteristics such as name,
surname, age, diseases and/or surgeries, drugs
used, concomitant diseases, balance problem
and history of falling is questioned.
2. Tampa Kinesiophobia Scale

It measures fear of movement and fear of
re-injury. 4-point Likert scoring (1= Strongly
disagree, 4= Strongly agree) is used. It consists
of 17 questions. The total score is calculated
after the reversal of items 4, 8, 12, and 16. It has
a total score between 17 and 68. The high score
indicates that kinesiophobia is also high.12
3. Geriatric Depression Scale - Short Form

Its validity and reliability were determined
by Burke et al. in 1991. It consists of 15
questions questioning the mood in the last week.
The primary goal of this 15-question self-report
scale is to include questions that are easy for
older adults to answer. This scale, which
consists of only "yes" or "no" questions, is scored
with 1 point for each response suggestive of
depression, and 0 points for all other responses.
The final score is considered the depression
score. A score of 0-4 indicates that there is no
depression, 5-8 indicates mild depression, 9-11
indicates moderate depression, and 12-15
indicates severe depression.13
4. Mini Mental State Test

It was first published in 1975 by Folstein et
al. The test was develop because the tests used
to quantitatively evaluate cognitive
performance contain too many questions and
take more than 30 minutes in practice. It is a
cognitive test applied to the elderly, especially
those with delirium and/or dementia.!4
5. & Times Sit to Stand Test

It is a test used to evaluate the functional
strength, balance, and risk of falling of the lower
extremities. Individuals were asked to sit and
stand up as fast and straight as possible 5 times
in a row with their hands crossed on their
breasts, and this time was measured with a
stopwatch and recorded in seconds. The test was
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performed with 3 repetitions and the average
value of the recorded times was calculated.15
6. BeCure Balance Assessment System

This system is basically adapted to the
balance platform of the Nintendo Wii Fit
system. In the system, balance center change,
balance center position, weight, and weight
pressure data taken from the 4 corner points of
the device are obtained by wusing the
BalanceBoard. Includes Image/Non-Image,
Eyes Open/Closed, and Intermittent
Measurement parameters. To start the
measurement, press the green "Start" button
located in  the middle under  the
parameterization fields. After pressing the Start
button, the measurement-taking screen
appears. When all measurements are completed
according to the parameters we have
determined, a BalanceSystem Sample PDF
Report can be created.'® The BeCure Balance
Assessment System is shown in Figure 1.

The BeCure Balance Evaluation System
protocol used in this study was planned to
determine the amount of center of gravity
change in the x and y axes and the position of
the body's center of gravity while standing on
the board for 15 seconds with eyes open and

images.
Applied exergame games
Geriatric adults participated in an

exergame-based rehabilitation program, which
is exercise implemented with virtual reality
technology. The intervention included game-
supported therapeutic exercises designed to
improve strength, balance, postural control, and
functional mobility. The Nintendo Wii games
used in the study are presented in Figure 2.9.16

The Xbox Kinect 360™ games used in the
study are presented in Figure 3.9.16

The exergame-based rehabilitation
program consisted of nine different games, each
targeting specific functional outcomes such as
balance, lower and upper extremity strength,
postural control, and cognitive engagement.
Each game was played for approximately 3
minutes per session, resulting in a total session
duration of 27 minutes. While minor
adjustments were made to accommodate
individual participants’ abilities, the sequence
and duration of the games were standardized for
all participants.

Ertung Giilcelik et al

Balance System Measurement Parameters Screen

69,44 kg

Balance System Sample Report

Figure 1. BeCure Balance Assessment System. 16

Data analysis

The data analysis of the study was
performed using the statistical program
"Statistical Package for Social Sciences" (SPSS
version 20.0 (SPSS Inc., Chicago, IL USA). The
One-Sample Kolmogorov—Smirnov test was
used to The One-Sample Kolmogorov—Smirnov
test was used to investigate the suitability
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Balance System Assessment System and Active Video
Games
Center of balance position, instantaneous change and
balance distance {cm)Measuring and reporting front, back
and lateral weight transfer movements, postural control
and using them for exercise purposes
Game Name Game Description

Stepping and weight-
shifting

Bowling simulation to
improve coordination and
lower limb strength

Virtual obstacle courses for
balance and mobility

Surfing simulation to
enhance balance and
postural control

BalanceSurf

Figure 2. Used Nintendo Wii Games.?:16

of the wvariables for normal distribution.
Demographic characteristics were expressed as
number, percentage, medium, and standard
deviation. Student's-t paired test was applied for
the group's numerically normally distributed
evaluation results, and Wilcoxon signed rank
test was applied for the non-normally
distributed evaluation results. The level of
p<0.05 was considered statistically significant.

Upper Extremity
Xbox Kinect 360 TM Games
Upper extremity strength and functional mobility
Game Name Game Description

Stepping through virtual gates
to improve lower limb strength
and coordination

Upper and lower limb
coordination through ball-
catching tasks

Virtual cleaning activities to
engage core and upper limbs

Interactive bubble-popping to
enhance upper limb mobility
and reaction time

4 S
SmanrtBubblePop

Lower Bxtremity
Xbox Kinect 360 TM Games
Lower extremity strength and functional mobility
Game Name Game Description

Knee-lifting exercises to
strengthen lower extremities
and improve balance

Figure 3. Xbox Kinect 360 TM Games Used. 916

RESULTS

There were 46 older adults in the
nursing home. Fifteen older adults who met the
inclusion and exclusion criteria were included in
the study. Two older adults left the study due to
health problems during the rehabilitation
process and the study was completed with 13
older adults The older adults included in the
rehabilitation program were evaluated before
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Assessed for eligibility (n=15)

Excluded (n=2)
P - Health problems

Enrolled in study (n=13)

h 4

Ertung Giilcelik et al

Table 1. Descriptive characteristics of the older adults.

Pre-exergame evaluation

Exergame based rehabilitation

h 4

Post-exergame evaluation

kA

Mean+SD
Age (year) 78.69+7.96
Weight (kg) 74.00+12.58
Height (m) 1.62+0.09
n (%)

Gender

Female 8(61.5)

Male 5(38.5)
Educational status

Secondary school 5(38.5)

High School 4(30.8)

University 4 (30.8)
Falling History

Yes 6(46.2)

No 7(53.8)

Analysis (n=13)

Figure 4. Flowchart of the study.

and after the exergame program. The
participant selection and study process are
illustrated in the flow chart (Figure 4).
Descriptive characteristics of the older
adults participating in the study are shown in
Table 1. Tampa Kinesiophobia Scale, Geriatric
Depression Scale-Short Form, Mini Mental
State Test, 5 Times Sit to Stand Test and
BeCure Balance Assessment System Results are
shown in Table 2. Normality of the data from
these tests was assessed using One-sample
Kolmogorov-Smirnov test. The results indicated
that the data were not normally distributed
(p<0.05). Consequently, non-parametric
statistical tests were applied for analyses.
Kinesiophobia of the participants decreased
(p=0.006). Depression levels  decreased
(p=0.007). There was no improvement in
cognitive performance (p=0.073). There was no
progress in lower extremity muscle strength
(p=0.650). There was an improvement in
balance parameters (p=0.023) (Table 2).

DISCUSSION

The decline in physiological reserves
associated with aging can trigger the
development of kinesiophobia in older adults by
creating a fear of movement and reinjury.?
Virtual reality-based exercise games can
support physical and psychological functions in
older individuals by providing real-life
experiences.!” In this study, exergame-based
rehabilitation resulted in a significant reduction
in kinesiophobia and significant improvements
in depression and balance scores in older adults.
These findings suggest exergame may provide
both physical and psychological benefits for
older adults.

Virtual reality reduces pain and
kinesiophobia in individuals with chronic pain.18
Morales Tejera et al.l® argued that virtual
reality was more effective in reducing
kinesiophobia compared to exercise in patients
with chronic neck pain. Although there are
studies stating that virtual reality applications
have a reducing effect on kinesiophobia, there
are also inconsistent studies.20 In this study, it
was concluded that exergame games applied to
individuals with kinesiophobia over the age of
65 in the nursing home reduced their fear of
moving. The fact that the games motivated and
encouraged the person to act and that they
believed that they could act more confidently
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Table 2. Scores of Tampa Kinesiophobia Scale, Geriatric Depression Scale-Short Form, Mini Mental State Test, 5 Times Sit to

Stand Test and BeCure Balance Assessment System (N=13).

Before After

MeantSD MeantSD p
Tampa Kinesiophobia Scale 46.76+6.02 38.69+4.42 0.006*
Geriatric Depression Scale-Short Form 5.30+1.31 3.15+1.90 0.007*
Mini Mental State Test 24.84+2.79 26.15+2.44 0.073
5 Times Sit to Stand Test 25.34+20.22 23.59+14.51 0.650
BeCure Balance Assessment System 3.46+£2.25 1.74+0.77 0.023*
*p<0.05.

with positive increases in their balance, was
effective in making the result meaningful.

Kim et al.?2! reported that personalized
virtual reality—based cognitive training reduced
depression levels in middle-aged women.
Similarly, exergame interventions have been
shown to improve depressive symptoms in older
adults (aged 70-91) residing in long-term care
facilities with neurocognitive impairment.22 In
our study, it was concluded that Nintendo Wii
and Xbox Kinect 360TM games reduced
depression in elderly individuals with
kinesiophobia. The fact that they moved away
from the negativities and problems while
playing games in the wvirtual reality
environment and carried out physical activity in
a fun way has been effective in producing
positive results in depression levels.

In a study conducted on older adults
without cognitive problems, it was concluded
that exergame games improved cognitive
function and that long-term exergame games
positively affected working memory.23 In a study
conducted on 55 elderly individuals, positive
results were found that the Nintendo Wii
application improved executive functions.2¢ The
effects of exergame applications on physical
functions in older adults who have been in
nursing homes for a long time have been proven,
but many studies are needed to prove their
effects on cognitive function.2> In this study,
cognitive functions were evaluated with the
mini-mental state test, however, no significant
change was observed in Mini Mental State Test
scores. This may be attributed to several factors.
First, the duration and intensity of the program
may have been insufficient to produce
measurable cognitive gains. Second, the Mini
Mental State Test is a general cognitive
screening tool and may lack the sensitivity to

detect subtle improvements in specific cognitive
domains over a short intervention period.
Additionally, baseline cognitive function and
age-related variability among participants may
have limited detectable changes. Similar
findings have been reported in previous studies,
suggesting that longer or more targeted
interventions may be necessary to achieve
significant cognitive improvements in older
adults.

Many studies in the literature have shown
that exergame games have positive effects on
balance and muscle strength. Kinect-based
exercise games applied to 57 healthy elderly
individuals in 2015 were found to have positive
results on lower extremity muscle strength,
balance and walking.26 In the study conducted
on elderly individuals over 65 years of age, the
participants were divided into two groups as the
exergame group and the home exercise group.
After the 6-week program, more positive results
were observed in the balance parameter of the
participants in the exergame group compared to
the home exercise group.2” In a study conducted
in 2022 in older adults, it was concluded that
exergame games had positive effects on lower
extremity strength and balance.28 In this study,
while positive results were found in the balance
parameters according to the results of the
BeCure Balance Evaluation System, no increase
was found in the lower extremity muscle
strength compared to the sitting and getting up
test 5 times. The lack of improvement in lower
extremity muscle strength, as measured by the
5 Times Sit to Stand Test, may be attributed to
several factors. The duration and intensity of
the intervention might not have been sufficient
to elicit measurable strength gains, and the
exergame content was primarily focused on
balance and coordination rather than targeted
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lower-limb strengthening. Additionally, the
functional nature of the Sit to Stand Test may
have limited sensitivity in detecting subtle
strength changes. Variability in participants’
baseline physical capacity and adherence to the
intervention may also have contributed to the
absence of significant improvement.

Limitations

The study is a cross-sectional study on the
effects of exergame on kinesiophobia, balance,
lower extremity muscle strength, depression
and cognitive function in older adults. This
study has some methodological limitations.
First, the single-group design without a
comparison group limits the ability to directly
evaluate the effectiveness of the exergame
intervention relative to other exercise programs.
Second, the relatively short duration of the
intervention may have restricted the
observation of longer-term or more pronounced
effects. Third, the small sample size may limit
the generalizability of the findings. Future
research with randomized controlled trials,
longer intervention periods, and larger samples
is warranted to confirm these results and
provide more robust evidence regarding the
benefits of exergame interventions in older
adults with kinesiophobia. Another limitation
may be the inclusion criterion for the study. The
older adults in the study have kinesiophobia.
With exergame, the older adults' mobility
increased and their fear of movement decreased
because they moved. This situation may have
created a selection bias. Another limitation of
the study is the potential selection bias arising
from the recruitment process. Since the sample
was drawn from a single institution and
participation was based on voluntary
involvement, the characteristics of the
individuals who agreed to participate may differ
from those who declined. This may limit the
generalizability of the findings to the broader
geriatric population.

Conclusion

Exergames used in geriatric rehabilitation
are effective in reducing kinesiophobia and
depressive symptoms, and they also improve
balance in older adults. The adaptability and
accessibility make them a promising tool for
older adults potentially enabling specialized
interventions to complement traditional
rehabilitation programs. Long-term exergame-
based rehabilitation is needed in future studies

Ertung Giilcelik et al

to investigate the extent of improvement in
muscle strength and cognitive functions.
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Kronik bel ve boyun agrili bireylerde farkli egzersiz
sliipervizyon yontemlerinin egzersiz uyumuna etkisi

Effects of different exercise supervision methods on exercise adherence in individuals with

chronic back and neck pain
irfan KUGUKOGLU?, Kezban YIGITER2, Yavuz YAKUT?
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Abstract

Amag: Bu calisma, kronik bel ve boyun agnsi olan bireylerde farkli egzersiz egitim yaklasimlarinin egzersize uyuma etkisini
arastirmak amaciyla yapildi.

Yontem: Toplam 519 hasta, kapal zarf yontemiyle ev egzersizi programi, fizyoterapist esliginde egzersiz ve takipli ev programi
olmak iizere ii¢c gruba aynldi. Calismada ev egzersiz programi grubuna taniya 6zgii egzersiz brosiirleri verildi. Fizyoterapist
esliginde egzersiz grubunda egzersizler tedavi siiresince birebir uygulandi. Takipli ev programi grubuna ise egzersiz egitimi sonrasi
giinliik kisa mesaj (SMS) ile egzersiz hatirlatmalan yapildi. Tiim hastalara 10 seans geleneksel fizik tedavi uygulandi. Ardindan
her gruba farkli egzersiz egitimleri verildi. Klinik degerlendirme icin Oswestry Oziirliiliik indeksi (ODI) ve Boyun Oziirliiliik indeksi
(NDI)’'nden faydalanildi. Egzersiz uyumu, arastirmacilar tarafindan gelistirilen 5 maddelik bir form ile memnuniyet ise 0-100
skalasi ile él¢iildii. Degerlendirmeler tedavi 6ncesi, sonrasi ve 3. ayda yapildi.

Bulgular: Egzersizlerin dogrulugu takipli ev programi grubunda en yiiksek, ev egzersiz grubunda ise en diisiik bulundu (p<0,05).
Fizyoterapist esligindeki grup, ev egzersizi grubuna gére anlamli olarak daha iyi uyum gosterdi (p<0,05). Memnuniyet diizeyleri
tiim gruplarda benzerdi (p>0,05).

Sonug: Egzersizuyumunu artirmak icin egzersizlerin fizyoterapistler tarafindan detayli anlatiimasi ve takipli sistemlerin (SMS gibi)
kullaniimasi 6nerilmektedir. Elde edilen bu sonuglar, klinik uygulamalarda hasta egitimi ve takibinin egzersiz uyumuna katkisini
desteklemektedir.

Anahtar Kelimeler: Bel Agrisi, Boyun Agnsi, Egzersiz Tedavisi, Hasta Uyumu

Purpose: This study aimed to investigate the effects of different exercise training approaches on exercise adherence in individuals
with chronic low back and neck pain.

Methods: A total of 519 patients were randomly assigned, using a sealed-envelope method, into three groups: home-based
exercise groups, physiotherapist-led groups, and home-based follow up groups. In the home-based exercise groups, diagnosis-
specific exercise brochures were provided. In the physiotherapist-led groups, exercises were demonstrated and performed one-
on-one under physiotherapist supervision throughout the treatment period. In home-based follow up groups, daily text message
(SMS) reminders were sent following exercise training. All participants received 10 sessions of conventional physical therapy,
followed by the assigned exercise training protocol. Clinical outcomes were assessed using the Oswestry Disability Index (0D/)
and the Neck Disability Index (NDI). Exercise adherence was evaluated using a five-item form developed by the researchers, and
satisfaction was measured on a 0-100 scale. Assessments were conducted at baseline, post-treatment, and at the third-month
follow-up.

Results: Exercise accuracy was highest in the home-based follow up groups and lowest in the home-based exercise groups
(p<0.05). The physiotherapist-led groups demonstrated significantly greater adherence compared to the home-based exercise
groups (p<0.05). Satisfaction levels were comparable across all groups (p > 0.05).

Conclusion: Detailed instruction by physiotherapists and the use of monitoring systems (e.g., SMS reminders) are recommended
to improve exercise adherence. These findings support the role of structured patient education and follow-up in enhancing
exercise compliance in clinical practice.

Keywords: Low Back Pain, Neck Pain, Exercise Therapy, Patient Compliance
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GIRIS

Kronik bel ve boyun agrisi, diinya genelinde
is glicli kaybi, yasam kalitesinde diisiis ve saghk
hizmetleri kullaniminda artigla iligskilendirilen
yaygin kas-iskelet sistemi rahatsizliklaridir. Bel
agrisinin yasam boyu gorilme sikligi %70-80
diizeyindedir ve siklikla giinlik yasam
aktivitelerini kisitlayici bir nitelik tagir.1.2 2015
yil1 verilerine gore, kiiresel dlgekte 540 milyon
insanin bel agrisindan etkilendigi
bildirilmektedir. Ozellikle diisiik ve orta gelirli
ulkelerde son yillarda bu durumun yol agtig:
engellilik belirgin gsekilde artig géstermisgtir.3.4

Benzer sekilde, boyun agris1 da bireyin
fiziksel ve psikososyal saghgini olumsuz
etkileyen o6nemli bir semptomdur. Diinya
genelinde yayginligi %16,7 ile %75,1 arasinda
degismekte ve  kadinlarda  daha sik
goriilmektedir.> Boyun agrisi, engellilige neden
olan saglik sorunlar1 arasinda ust siralarda yer
almakta ve saghik harcamalar1 ile is gicu
kaybina  baglh  olarak  ekonomik  yuk
olusturmaktadir. Kroniklesme siirecinde ise
psikososyal faktorler, sedanter yasam tarzi,
cinsiyet ve cevresel kosullar gibi degiskenler
etkili olmaktadir.6.7

Kronik bel ve boyun agrisinin basarili bir
sekilde yonetilebilmesi, yalnizca tani1 ve tedavi
protokollerinin etkinligine degil, ayn1 zamanda
bireylerin uygulanan tedaviye, 6zellikle egzersiz
programlarina ne o6l¢glide uyum sagladigina da
baghdar.

Diinya Saghk Orgiiti, tedaviye uyumu
bireyin saglik uzmaniyla lzerinde uzlasilan
tedavi planina ne él¢tide bagh kaldig seklinde
tanimlar.® Rehabilitasyon baglaminda bu uyum,
onerilen egzersizlerin dogru bigimde ve
belirlenen siklikta uygulanmasi anlamina gelir.
Egzersiz uyumu, kas-iskelet sistemi
rahatsizliklarinin  yonetiminde wuzun vadeli
etkinligin saglanmasi1 acisindan kritik 6neme
sahiptir.® Uyumsuzluk, tedavi basarisin
olumsuz yonde etkileyebilmekte ve maliyetleri
artirabilmektedir.8

Literatiirde egzersiz uyumunun
degerlendirilmesinde 6z bildirim gtnlikleri,
anketler ve nesnel 6l¢iim cihazlar1 gibi cesitli
yontemler  kullanilmaktadir.  Ancak  bu
yontemlerin standardize olmamasi ve subjektif
degerlendirmelere agik olmasi, uyumun objektif
bicimde izlenmesini zorlastirmaktadir.10.11

Uyum diizeyinin 6l¢gimiinde de ortak bir esik
bulunmamakta; baz1 c¢alismalar %50-75
katilimi yeterli gériurken, digerleri %100'i ideal
seviye olarak kabul etmektedir.12

Mevcut literatiir, kronik bel ve boyun
agrisina sahip bireylerde egzersize uyumu
degerlendiren c¢alismalarin simirli oldugunu,
ozellikle uygulanan egzersizlerin dogrulugunun
ve slirekliliginin takip edildigi arastirmalarin
yetersiz kaldigini géstermektedir.

Bu ¢aligsma, kronik bel ve boyun agrisi olan
bireylerde ev egzersiz programi, fizyoterapist
esliginde egzersiz egitimi ve giinlik kisa mesaj
(SMS) destekli takipli ev programi olmak tizere
u¢ farkli egzersiz egitiminin egzersize uyum
tuzerindeki etkilerini kargilagtirmali olarak
arastirmayr amaglamaktadir. Elde edilen
bulgularin, klinik uygulamalarda hasta egitimi
ve takibine iligkin stratejilerin gelistirilmesine
katki saglayacagi diigtiniilmektedir.

YONTEM

Calisma dizayni

Bu prospektif, randomize kontrolli
c¢alisma, kronik bel ve boyun agrisi olan
bireylerde ui¢ farkli egzersiz egitiminin egzersize

uyum Uzerindeki etkisini karsilastirmak
amaciyla yuritialdi.
Randomizasyon siralamasi ¢alismadan

bagimsiz bir arastirmaci tarafindan bilgisayar
destekli random say1 tretimiyle olusturuldu.
Katilimcilar kapali zarf yontemiyle sirasiyla ti¢
gruba (Ev  Egzersiz Programi  Grubu,
Fizyoterapist Egliginde Egzersiz Programi
Grubu, Takipli Ev Programi Grubu) atandi.
Degerlendirmeleri yapan arastirmaci grup
bilgisinden habersiz olacak gekilde koérleme
saglanda. Calisma, Hasan Kalyoncu
Universitesi Girigimsel Olmayan Arastirmalar
Etik Kurulu tarafindan 03.05.2021 tarihinde
2021/063 numaras1 ile onaylandi ve
ClinicalTrials.gov platformunda
(NCT05851495) kayit altina alindi. Tiim
katilimcilara ¢alisma hakkinda yazili ve sozli
bilgi verilerek, goniilli onamlar: alinda.

Katilimcilar

Calismaya, 40-80 yas araliginda, bel veya
boyun agris1 semptomlar: en az ti¢ aydir devam
eden, Mini Mental Test skoru > 24 olan, Tiurkce
iletisim kurabilen ve bagka bir fizyoterapi
programina katilmayan 519 birey dahil edildi
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(Sekil 1). Ciddi patolojilere sahip (6r. spinal
stenoz, spondilolistezis, fibromyalji, kanser,
tiiberkiiloz, konjenital anomaliler), spinal
cerrahi ge¢misgi olan, periferik sinir tutulumu
veya spinal defisiti bulunan bireyler diglanda.

Orneklem biiyiikligi

G*Power 3.1.9 yazilimi kullanilarak
hesaplandi. Cohen d=0.37 etki buyuklugu, %5
anlamhilik diizeyi (a=0.05) ve %80 gii¢ (1-8=0.80)
kriterlerine gore, her grup i¢in minimum 78
katilime1 6ngorildi. Olasi veri kaybini énlemek
amaciyla her gruba 185 birey dahil edildi.

Degerlendirme araglar:

Katilimcilarin  sosyodemografik verileri
ozel olarak hazirlanmig formlar araciligiyla
kaydedildi. Egzersiz uyumu, arastirmacilar
tarafindan geligtirilen 5 maddelik 6zgtin bir
degerlendirme formu ile 6lgiilda. “Miktar olarak
yeterli mi?” sorusuna az-¢ok-uygun, “Sikildiniz
m1?” ve “Zorlandiniz m1?” sorularina ise evet-
hayir-biraz cevaplarindan birinin verilmesi
istendi. Hasta memnuniyetinin
degerlendirilmesi i¢in hastalara almig olduklar:
tedaviyi 0-100 arasi bir puan vererek
degerlendirmeleri istendi. Hastalara ayrica
onerilen egzersizleri ne siklikla yaptig: soruldu.
Egzersiz uyumunun yan sira hastalara verilen
egzersizlerin dogru yapilip yapilmadiginin
kontrolu “0: unutulmus, 1: yapamiyor, 2: dogru
pozisyon ama yanlis hareket, 3: dogru pozisyon
ve hareket, solunum kontroli yok ve 4:
kesinlikle yapiyor” seklinde degerlendirilerek
yapildi. Egzersizlerden 3 ve 4 puan alan
hastalarin egzersizleri hatirladigi kabul edildi.

Ayrica, bel agristi olan katilimcilara
Oswestry Oziirliilliik Indeksi (ODI) ve boyun
agris1 olanlara ise Boyun Ozirliliik Indeksi
(NDI) uygulanarak tedavi éncesi, tedavi sonrasi
ve li¢ ay sonrasi klinik degigim izlendi.

ODI, bireyin bel agrisina bagli fonksiyonel
yetersizligini 6lgmek i¢in  kullanilan 10
maddelik, 0—5 puan araliginda degerlendirilen
ve toplam puam ylzdeye ¢evrilen bir 6lgektir.
Turkce gegerlilik ve guvenilirligi Yakut vd.!3
tarafindan yapilmigtir. NDI ise boyun kaynakl
fonksiyonel kisithiligi = o6lgmekte olup, 10
baghiktan olugsur ve toplam puanlar 0-50
arasinda degismektedir. Tirkge uyarlamasi
Telci vd.14 tarafindan gergeklestirilmigtir.

Miidahale protokolleri

Tim katilimcilara, giinde bir seans olmak
tuzere toplam 10 seans siiresince hotpack,
ultrason (US) ve transkutanéz elektriksel sinir
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stimiilasyonu (TENS) iceren geleneksel fizik

tedavi uygulandi. Tedavi sonunda:

e Ev Egzersiz Programi Grubu’'na, taniya 6zel
egzersiz brogiirleri dagitilda.

e Fizyoterapist Esgliginde Egzersiz Grubu'na,
egzersizler tedavi  sliresince  birebir
uygulamali olarak gosterildi ve hastalar
fizyoterapist goézetiminde uygulamalara
katilda.

e Takiph Ev Programi Grubu’na,
fizyoterapist esliginde egzersiz egitimi
sonrasinda gunlik SMS araciligiyla
egzersiz hatirlatmalar: génderildi.

Uc gruptaki bireylerin egzersiz uyumu,
tedavi sonrasi1 TUclnci ay kontrollerinde
degerlendirildi. Calismada yer alan tim
bireyler degerlendirilen parametreler ve
fonksiyonel sorunlar acisindan benzerdi.
Baglangi¢c degerlendirmeleri sonrasinda tim
katilimcilara, bu benzer sorun alanlarim
hedefleyen bireysel tolerans diizeyine uygun
siklikta ve fizyoterapist tarafindan belirlenen
yogunlukta bes temel egzersiz onerildi. Tim
egzersizler giinde ti¢ kez, 8-10 tekrar seklinde
uygulanacak gekilde planlandi. Fizyoterapist
gozetimindeki egzersizler yalnmizca seans
saatlerinde gilinde bir kez wuygulandi ve
katilimcilara bu egzersizleri gunin diger
saatlerinde evde tekrar etmeleri énerildi.

Istatistiksel analiz

Istatistiksel analizler, SPSS v22.0 (IBM
Corp., Armonk, NY) yazilim ile gerceklestirildi.
Strekli degiskenler ortalama + standart sapma
(X£SD) olarak, kategorik degiskenler ise yiizde
(%) seklinde raporlandi. Verilerin dagilimi
Kolmogorov-Smirnov testi ile degerlendirildi.
Normal dagilima uymayan veriler i¢in grup
kargilastirmalarinda Kruskal-Wallis testi, ikili
kargilagtirmalarda Mann-Whitney U testi
kullanildi. p<0,05 degeri istatistiksel anlamlilik
sinir1 olarak kabul edildi.

BULGULAR

Aragtirmaya toplam her grupta 185 birey
olacak sekilde toplam 555 birey dahil edildi.
Ancak tedavi takipleri siiresince c¢esitli
nedenlerle ¢calismadan ayrilmak zorunda kalan
bireyler olmasi sebebiyle ev egzersiz programi
grubu (n=168), fizyoterapist esliginde egzersiz
programi grubu (n=176) ve takipli ev programi
grubu (n=175) olmak tizere toplam 519 birey ile
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calismaya devam edildi.

Tam  katilimcilarin ~ demografik  ve
tamimlayic1 6zellikleri Tablo 1'de sunuldu.
Gruplar yas, boy, viicut agirligi ve beden kiitle
indeksi (BKI) acisindan benzer 6zellikler
gosterdi (p>0,05). Cinsiyet dagilim
incelendiginde, fizyoterapist egliginde egzersiz
programi grubunda kadin oranmi (%71) diger iki
gruba kiyasla farkliydi (p<0,001). Bu sonuclar,
calisma gruplarinin demografik ve klinik
degiskenler bakimindan genel olarak homojen,
ancak cinsiyet dagilimi ac¢isindan heterojen
oldugunu gosterdi.

Bel agrili bireylerin tedavi 6ncesi, tedavi
sonrasi ve tedaviden sonraki ¢ ayhik takip
verileri Tablo 2’de verildi. Tedavi oncesinde
gruplar arasinda anlamli fark saptanmadi.
Tedavi sonrasi ve ugiincii ay kontrollerinde
anlaml farklhiliklar gériildii. (p<0,001). Post-hoc
analizlerde, fizyoterapist egliginde egzersiz
programi grubunun hem tedavi sonrasi hem de
3. ay sonrasinda ODI skorlarinda ev egzersizi
grubuna goére belirgin Ustunlik gosterdigi,
ayrica takipli ev programi grubunun da ev
egzersizi grubuna gore daha iyi sonuglar verdigi
bulundu (p<0,001). Fizyoterapist esliginde
egzersiz grubu ile takipli ev programi grubu
arasinda 3. ay sonunda anlaml fark
saptanmadi (p>0,05).

Boyun agrili bireylerin tedavi éncesi, tedavi
sonrasi ve tedaviden sonraki ¢ ayhik takip
verileri ise Tablo 3’te verildi. Boyun agrili
bireylerde NDI skorlari, tim gruplarda tedavi
sonrasl ve 3. ay Ol¢glimlerinde anlaml iyilesme
gosterdi (p<0,05). Gruplar arasl
kargilagtirmalarda anlamli fark saptanmadi
(p>0,05).

Egzersize uyum ve hasta memnuniyet
diizeylerine iligkin bulgular Tablo 4’te 6zetlendi.
Katilimcilarin  genel tedavi —memnuniyet
diizeyleri gruplar arasinda benzer bulundu
(p>0,05). Yapilan egzersizlerin dogruluk toplam
skorlarinda anlaml fark saptandi (p<0,001). En
yiksek dogruluk skorlar1 takipli ev programi
grubunda (12,12+4,02), ardindan fizyoterapist
esliginde egzersiz programi grubunda
(11,03+4,97) elde edildi. Ev egzersizi programi
grubunda dogruluk skorlar1 belirgin gekilde
daha diisiik bulundu (9,13+£5,26). Hastalarin
buyik c¢ogunlugu egzersiz miktarimi “uygun”
(%89-90) olarak degerlendirdi. Zorlanma
diizeyleri ve sikilma oranlar1 ise gruplar
arasinda anlamh fark géstermedi (p>0,05).

Bel agrili bireylere oOnerilen egzersizlerin
dogruluk oranlarina iligkin veriler Tablo 5te
verildi. Bel agrili bireylere 6nerilen bes egzersiz
(kedi-deve, lumbal germe, mekik, képrii, sirt
ekstansor kuvvetlendirme) dogruluk oranlarina
gore incelendiginde, tim gruplarda
egzersizlerin biiyiik bélimiiniin dogru bigimde
yapildigr goriilldii. Ozellikle mekik ve sirt
ekstansor egzersizlerinde dogru uygulama
oranlar1 yiiksek olup (medyan=3), gruplar
arasinda anlaml fark gozlenmedi. Ancak kopri
egzersizinde fizyoterapist egliginde egzersiz
grubunun dogruluk oram (%41,7) ev egzersizi
grubuna kiyasla daha ytiksek bulundu. Takipli
ev programi grubunda da benzer bir egilim
gozlendi ve SMS ile hatirlatma yapilan
bireylerin egzersiz formunu daha dogru
stirdirdigi  saptand. Egzersiz  uyumu
analizleri kapsaminda, bel agrili hastalardan ev
egzersizi programi grubundaki 105 bireyden
19y, fizyoterapist egliginde egzersiz grubundaki
113 bireyden 12’si ve takipli ev programi
grubundaki 103 bireyden 5’1 egzersiz yapmayi
reddetti ve bu nedenle uyum analizlerine dahil
edilmedi (Tablo 5).

Boyun agrili bireylere onerilen
egzersizlerin dogruluk oranlarina iligkin veriler
Tablo 6’da yer almaktadir. Tim egzersizlerde
(boyun fleksiyon-ekstansiyon, lateral fleksiyon,
rotasyon, omuz kapsil germe, omuz 6ne-arkaya
cevirme) medyan dogruluk skorlar: genellikle 2—
3 diizeyinde olup yiiksek dogruluk orani,
fizyoterapist esliginde ve takipli ev programi
gruplarinda yapilan boyun fleksiyon-
ekstansiyon egzersizlerinde goruldi
(medyan=3). Boyun agrili hastalar arasinda ise
ev  egzersizi programi grubundaki 63
katilimcidan  7’si, fizyoterapist egliginde
egzersiz grubundaki 63 katilimcidan 9u ve
takipli ev programi grubundaki 72 katilimcidan
2’si benzer sekilde egzersiz yapmay: reddetti.
Bu bireyler de egzersize uyum analizlerinin
disinda tutuldu (Tablo 6).

TARTISMA

Bu caligsmada, kronik bel ve boyun agrili
hastalarda farkli egzersiz egitim modellerinin
egzersize uyuma etkisi arastirildi. Sonuglar,
ozellikle takipli ev programi ve fizyoterapist
esliginde uygulanan egzersiz programlarinin, ev
egzersiz programina kiyasla daha yliksek uyum
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Uniteye basvuran toplam hasta: n=1653

Tanilan uymayan: n=790
Yabanci uyruklu: n=308

¥
Dahil edilme kriterlerine uyan: n=555

l
R

Grup 1 Grup 2 Grup3
Ev Egzersiz Fizyoterapistle Egzersiz Takipli Ev Egzersizi
(n=185) (n-185) (n=185)
Y Y
Caligmaya devam edemeyen: Caligmaya devam edemeyen: Caligmaya devam edemeyen:
n=17 n=9 n=10
h b4
Grup 1 Grup 2 Grup 3
Ev Egzersiz Fizyoterapistle Egzersiz Takipli Ev Egzersizi
(n=168) (n=176) (n=175)

Sekil 1. Calisma akis diyagrami.

Tablo 1. Bireylerin demografik ve tanimlayici 6zellikleri

Ev Egzersizi Fizyoterapistle Egzersiz  Takipli Ev Egzersizi
(n=105) (n=113) (n=103)
n (%) n (%) n (%) p
Cinsiyet Kadin 87(51,8) 125(71) 111(63,4) 0.001
Erkek 81(48,2) 51(29) 64 (36,6) ’
Egitim durumu ilkokul 55(32,7) 56 (31,8) 62 (35,4)
Ortaokul 19(11,3) 37(21) 30(17,1)
Lise 38(22,6) 40 (22,7) 42 (24)
Lisans-Onlisans 51(30,4) 41(23,3) 41(23,4)
Lisansiistii 5(3) 2(1,1) 0(0)
Medeni hali Evli 157 (93,5) 152 (86,4) 161 (92)
Bekar 11 (6,5) 24 (13,6) 14 (8)
Sigara kullanimi Evet 42 (25) 37(21) 32(18,3)
Hayir 126 (75) 139 (79) 143 (81,7)
Alkol kullanimi Evet 6(3,6) 3(1,7) 9(5,1)
Hayir 162 (96,4) 173 (98,3) 166 (94,9)
X+SD X+SD X+SD
Yas (yil) 53,99+8,97 54,31+7,74 54,08+8,47
Boy (m) 1,69+0,08 1,67+0,08 1,670,10
Viicut agirligi (kg) 80,54+9,83 78,40+9,41 80,39+10,61
Beden kiitle indeksi (kg/m?) 28,20+2,76 28,17+2,74 28,62+2,27

Journal of Exercise Therapy and Rehabilitation



Kiiciikoglu et al

Tablo 2. Bel agnl hastalarin tedavi 6ncesi, tedavi sonrasi ve tedaviden ii¢ ay sonrasi igin élciimleri.

Ev Egzersizi Fizyoterapistle Egzersiz  Takipli Ev Egzersizi
(n=105) (n=113) (n=103)
Oswestry Oziir indeksi X+SD X+SD X+SD p
Tedavi dncesi 51,57+14,44 50,91+16,68 51,16+17,28 0,910
Tedavi sonrasi 42,36+14,53 34,20+£15,75 38,38+15,08 <0,001 a,c
Ug ay sonra 32,59+13,73 21,72+10,72 23,26+13,43 <0,001 a,b
a: p<0,05 (Ev Egzersizi-Fizyoterapistle Egzersiz). b: p<0,05 (Ev Egzersizi-Takipli Ev Egzersizi). c: p<0,05 (Fizyoterapistle Egzersiz-Takipli Ev Egzersizi).
Tablo 3. Boyun agnli hastalarin tedavi dncesi, tedavi sonrasi ve tedaviden ii¢ ay sonrasi icin élciimleri.
Ev Egzersizi Fizyoterapistle Egzersiz Takipli Ev Egzersizi
(n=105) (n=113) (n=103)
Boyun Oziirliiliik indeksi X+SD X+SD X+SD p
Tedavi dncesi 17,62+6,50 19,5148,15 18,50+5,96 0,281
Tedavi sonrasi 12,30+5,02 11,2545,67 12,12+5,59 0,149
Ug ay sonra 7,51+4,04 7,76+4,88 8,93+5,36 0,874

Tablo 4. Tiim bireylerin egzersize uyum, hasta memnuniyeti ve yapilan egzersizlerin dogrulugunun degerlendirilmesi sonuglan

(tedaviden ii¢ ay sonra).

Ev Fizyoterapistle Takipli Ev
Egzersizi Egzersiz Egzersizi
(n=105) (n=113) (n=103)
X+SD X+SD X+SD p
Uygulanan tedaviden memnun kaldiniz mi 82,4+7,7 83,8+7,9 83,37,6 0,188
Yapilan egzersizlerin dogrulugu toplam skoru 9,1+5,3 11,0+5,0 12,1+4,0 <0,001
n (%) n (%) n (%)
Miktar olarak yeterli mi Az 1(0,6) 2(1,1) 1(0,6)
Cok 15(8,9) 17(9,7) 18(10,3)
Uygun 152 (90,5) 157 (89,2) 156 (89,1)
Zorlandiniz mi Evet 55(32,7) 36 (20,5) 47(26,9)
Hayir 99 (58,9) 131(74,4) 118(67,4)
Biraz 14 (8,3) 9(5,1) 10(5,7)
Sikildiniz mi Evet 43 (25,6) 23(13,1) 30(17,1)
Evet Hayir 109 (64,9) 132 (75) 125(71,4)
Hayir Biraz 16 (9,5) 21(11,9) 20 (11,4)

sagladigini ortaya koydu. Tedaviye yonelik

Dhondt vd.15,

egzersize uyumlu hastalarin

hasta memnuniyeti agisindan gruplarin benzer
oldugu gozlendi.

Literatiirde benzer sekilde, yliksek egzersiz
uyumunun disabilite ve agr1 diizeyinde anlamlh
iyilesmelerle iligkili oldugu bildirilmistir.

yalnizca bir kisminda Kklinik olarak anlamh
diizelme oldugunu ve bu durumun cesithi
bireysel ve c¢evresel faktorlerden etkilendigini
belirtmiglerdir. Yas, fiziksel aktivite dizeyi,
kinezyofobi, egitim seviyesi ve sosyal destek gibi
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degiskenler uyum uzerinde belirleyici
olabilirken, semptomlarin siddeti, beklentiler ve
cevresel stresorler de dikkate alinmalidir.

Kolt vd.16 uyumu etkileyen faktorlerin ¢ok
boyutlu oldugunu vurgularken; Altuntas vd.17,
artan agri, egzersizlerin dogrulugu
konusundaki belirsizlikler ve giinlik yasam
yukimliliklerinin egzersiz uyumunu olumsuz
etkiledigini belirtmigtir. 121 hasta ile baslayan
calismada ilk kontrolde 73, ikinci kontrolde ise
hasta sayis1 21’e diismiis bu da bireysel
motivasyon eksikligi ve izlem eksikligi ile
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Calismamizda, egzersiz uyumunun en
diistik oldugu grup ev egzersizi grubudur. Bu
durumun, yalnmizca brogir ile bilgilendirme

yapilmasi ve uygulamalarin birebir
gosterilmemesi nedeniyle hastalarin
egzersizleri dogru ve yeterli sikhikta uygulama
konusunda yetersiz kalmalarindan
kaynaklandig1 distinilmektedir.
Bilgilendirmenin pasif bir yontemle

gerceklestirilmesi, hastalarin egzersizlere dair
soru igaretlerini giderememesine ve motivasyon
eksikligi yasamasina yol ac¢mis olabilecegi

iligkilendirilmigtir. gorisiindeyiz. Buna karsihik, fizyoterapist
Tablo 5. Bel agnli hastalara dnerilen egzersizlerin dogruluk oranlari.
0 1 2 3 4
n (%) n (%) n (%) n (%) n (%)
Kedi deve
Ev Egzersiz Programi 13 (15,1) 20(23,3) 23 (26,7) 28(32,6) 2(2,3)
Fizyoterapist Esliginde Egzersiz Programi 13(12,6) 15 (14,6) 25 (24,3) 39(37,9) 11(10,7)
Takipli Ev Programi 13(13,3) 10(10,2) 33(33,7) 32(32,7) 10(10,2)
Toplam 39(13,6) 45 (15,7) 81(28,2) 99 (34,5) 23 (8)
Lumbar germe
Ev Egzersiz Programi 5(5,8) 4(4,7) 25(29,1) 40 (46,5) 12 (14)
Fizyoterapist Esliginde Egzersiz Programi 18(17,5) 2(1,9) 21(20,4) 55(53,4) 7(6,8)
Takipli Ev Programi 2(2) 2(2) 13(13,3) 68 (69,4) 13 (13,3)
Toplam 25(8,7) 8(2,8) 59 (20,6) 163 (56,8) 32(11,1)
Mekik
Ev Egzersiz Programi 2(2,3) 0(0) 14 (16,3) 44 (51,2) 26(30,2)
Fizyoterapist Esliginde Egzersiz Programi 2(1,9) 0(0) 1(1) 74(71,8) 26 (25,2)
Takipli Ev Programi 2(2) 1(1) 1(1) 56 (57,1) 38(38,8)
Toplam 6(2,1) 1(0,3) 16 (5,6) 174 (60,6) 90(31,4)
Koprii
Ev Egzersiz Programi 12 (14) 8(9,3) 28(32,6) 20(23,3) 18(20,9)
Fizyoterapist Esliginde Egzersiz Programi 4(3,9) 5(4,9) 31(30,1) 20(19,4) 43 (41,7)
Takipli Ev Programi 4(4,1) 6(6,1) 13 (13,3) 31(31,6) 44 (44,9)
Toplam 20(7) 19 (6,6) 72 (25,1) 71(24,7) 105 (36,6)
Sirt ekstansor kuvvetlendirme
Ev Egzersiz Programi 5(5,8) 8(9,3) 18(20,9) 49 (57) 6(7)
Fizyoterapist Esliginde Egzersiz Programi 12(11,7) 5(4,9) 15(14,6) 59 (57,3) 12 (11,7)
Takipli Ev Programi 9(9,2) 5(5,1) 17 (17,3) 54 (55,1) 13 (13,3)
Toplam 26(9,1) 18 (6,3) 50(17,4) 162 (56,4) 31(10,8)

0: Unutulmus. 1: Yapamiyor. 2: Dogru pozisyon ama yanls hareket. 3: Dogru pozisyon ve hareket, solunum kontrolii yok. 4: Kesinlikle yapiyor.
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Tablo 6. Boyun agrili hastalara dnerilen egzersizlerin dogruluk oranlari.

0 1 2 3 4
n (%) n (%) n (%) n (%) n (%)

Boyun fleksiyon-ekstansiyon

Ev Egzersiz Programi 0(0) 7(12,5) 25 (44,6) 23(41,1) 1(1,8)

Fizyoterapist Esliginde Egzersiz Programi 0(0) 0(0) 19 (35,2) 30(55,6) 5(9,3)

Takipli Ev Programi 0(0) 0(0) 14 (20) 48 (68,6) 8(11,4)

Toplam 0(0) 7(3,9) 58 (32,2) 101 (56,1) 14 (7,8)
Boyun lateral fleksiyon

Ev Egzersiz Programi 1(1,8) 7(12,5) 31(55,4) 16 (28,6) 1(1,8)

Fizyoterapist Esliginde Egzersiz Programi 1(1,9) 3(5,6) 25 (46,3) 23 (42,6) 2(3,7)

Takipli Ev Programi 1(1,4) 5(7,1) 32 (45,7) 31(44,3) 1(1,4)

Toplam 3(1,7) 15(8,3) 88(48,9) 70(38,9) 4(2,2)
Boyun rotasyon

Ev Egzersiz Programi 2(3,6) 15(26,8) 28 (50) 11(19,6) 0(0)

Fizyoterapist Esliginde Egzersiz Programi 1(1,9) 2(3,7) 25 (46,3) 25 (46,3) 1(1,9

Takipli Ev Programi 4(5,7) 7(10) 33(47,1) 25(35,7) 1(1,4)

Toplam 7(3,9) 24 (13,3) 86 (47,8) 61(33,9) 2(1,1)
Omuz kapsiil germe

Ev Egzersiz Programi 11(19,6) 23 (41,1) 22(39,3) 0(0) 0(0)

Fizyoterapist Esliginde Egzersiz Programi 5(9,3) 15(27,8) 28(51,9) 6(11,1) 0(0)

Takipli Ev Programi 6(8,6) 20 (28,6) 36(51,4) 8(11,4) 0(0)

Toplam 22(12,2) 58(32,2) 86 (47,8) 14(7,8) 0(0)
Omuz 6ne arkaya gevirme

Ev Egzersiz Programi 16 (28,6) 24 (42,9) 16 (28,6) 0(0) 0(0)

Fizyoterapist Esliginde Egzersiz Programi 5(9,3) 17 (31,5) 30(55,6) 2(3,7) 0(0)

Takipli Ev Programi 8(11,4) 22(31,4) 32 (45,7) 8(11,4) 0(0)

Toplam 29 (16,1) 63 (35) 78 (43,3) 10 (5,6) 0(0)

0: Unutulmus. 1: Yapamiyor. 2: Dogru pozisyon ama yanhs hareket. 3: Dogru pozisyon ve hareket, solunum kontrolii yok. 4: Kesinlikle yapiyor.

esliginde uygulanan egitim silireci sayesinde,
hastalarin  egzersizlerin  dogru formunu
o6grenmeleri, yanhis uygulamalarin diizeltilmesi
ve siirece aktif katilim gostermeleri saglandi.
Ayrica, takip sturecinde SMS ile hatirlatma ve
destek mesajlarinin gonderilmesinin, hastalarin
egzersizlerini ginlik yasamlarina entegre
etmelerini kolaylastirdigi, unutmalarini
onledigi ve  motivasyonlarimi  arttirdig:
goriisiindeyiz. Bu sistematik takip, bireylerin
sorumluluk duygusunu pekistirerek tedaviye
olan bagliliklarini arttirdi. Bu sonug, Jones vd.!8

egzersize uyumu artiran unsurlar olarak
bireysellestirilmis tedavi, terapist ile guven
iligkisi ve geri bildirim ihtiyacina vurgu yaptigi
calismalariyla benzerlik géstermektedir.
Areerak vd.19 tarafindan yapilan
sistematik derlemede, Oz-yeterlilik, egitim
diizeyi ve psikososyal c¢evrenin egzersize
baghhkla  iligkili = oldugu  gosterilmistir.
L’Heureux2® ve Horder?! gibi arastirmacilar ise
dijital takip, hatirlatma sistemleri ve hasta
destek mekanizmalarinin uzun dénemli uyum
tizerinde etkili olabilecegini vurgulamislardir.
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Bu dogrultuda, calismamizdaki SMS temelli
takip sisteminin etkinligi de literatirle
tutarhidir.

Hou vd.22, tedavi planinin acik hedeflerle
desteklenmesinin, hasta-motivasyonunu ve
sonuglar: olumlu etkileyebilecegini ifade etmis;
Palazzo?3 ve Liljenin2¢ c¢alismalarinda ise
teknolojik araglarin egzersize uyumu artirici rol
oynayabilecegi, ancak  fizyoterapist-hasta
iligkisinin bu slire¢te merkezi rolini korumasi
gerektigi belirtilmigtir.

Boyun agrisi olan bireylerde, her bir
grubun kendi ic¢inde yapilan analizler,
uygulanan miudahalelerin NDI skorlarinda
anlamh diizeyde iyilesme sagladigini ortaya
koydu. Ancak gruplar arasi karsilagtirmalarda,
farkl egzersiz uygulamalari arasinda
fonksiyonel iyilesme acisindan belirgin bir
ustinlik saglanmadign gorildi. Bu durum,
uygulamalarin etkinlik dizeylerinin benzer
olabilecegini, fakat bunun egzersizlerin dogru
veya yanlis uygulanmasiyla ilgili olmadigi, tim
gruplarda belirli bir diizeyde tedavi edici etkinin
saglanmig olabileceginden  kaynaklandig:
diigiiniildii. Ote yandan, egzersiz uyumu
acisindan degerlendirildiginde, dizenli takiple
desteklenen ev programi ve fizyoterapist
esliginde yiriitilen wuygulamalar, standart
bilgilendirme ile yiriitilen programa kiyasla
daha basarili sonuglar ortaya koydu. Bu sonug,
egzersizlerin yalmizca verilmesi degil, dogru,
stirdurtlebilir ve  hasta  motivasyonunu
artiracak gekilde uygulanmasinin 6énemini bir
kez daha ortaya koymaktadir. Takipli
yaklagimlar, hastanin siirece aktif katilimin
desteklemis, surekliligi artirmis ve sorumluluk
duygusunu  pekistirmigtir. Bu  sonuglar,
Gialanella?®> ve Reina2¢ gibi aragtirmacilarin
uzun vadeli takip ve yapilandirilmig hasta
egitimi yaklagimlarinin egzersiz uyumunu
artirmadaki roliini vurgulayan calismalariyla
da ortismektedir. Sonug¢ olarak, bireysel
faktérlerin (yas, egitim, agr1 algisi, motivasyon
gibi), tedaviye erisim ve destek sistemlerinin
(takip, hatirlatma, birebir egitim) egzersiz
uyumunu dogrudan etkiledigi soéylenebilir.
Dijital ¢oziimler bu slirecte yardimeci olabilir,
ancak insan etkilesimi ve yapilandirilmig
rehberlik yerini alamayacagi diistiniilmektedir.

Limitasyonlar
Bu calismada psikolojik faktorler
(anksiyete,  depresyon, kinezyofobi  vb.)

degerlendirme kapsamina alinmadi. Egzersiz

Kiigiikoglu et al

uyumunun 06z-bildirime dayali olmas1 ve uzun
dénem (6 ay-1 yil) takip yapilmamasi
calismanin kisithihiklar1 arasindadir. Ayrica,
gruplar cinsiyet dagilimi agisindan dengeli
degildir; bu durum egzersiz uyumu tizerinde
etkili olabilecek bir degisken olarak g6z énlinde
bulundurulmalidir. Bu durum, uzun vadeli
egzersiz uyumu ve slrdirilebilirlik agisindan
bir sinirlilik olusturabilir. Ayrica tarafimizca
geligtirilen bu formun gecerlilik giivenilirliginin

de olmamasi c¢alismamizin  kisithihiklar
arasindadir.
Sonug

Tim Dbireylerde yapilan degerlendirme
sonucunda egzersiz uyumu sirasiyla takipli ev
programi grubu, fizyoterapist esliginde egzersiz
programi grubu ve ev egzersiz programi
seklinde oldu. Bu ¢aligsma ile hastalara verilen
egzersizlerin fizyoterapistler tarafindan
detaylica anlatilmas1 gerektigi, egzersizlerin
dogru yapilip yapilmadigiyla ilgili rutin
kontrollerin belli zaman araliklarnyla
yapilmasinin egzersize uyumu ve tedavinin
bagarisini arttirabilecegi sonucuna varildi.

Gelecek c¢alismalarda, hem uzun streli ve
diizenli takibin saglanmasi hem de psikososyal
faktérlerin (anksiyete, depresyon, motivasyon
diizeyi vb.) degerlendirmeye dahil edilmesi,
egzersiz uyumuna etki eden ¢ok boyutlu
etmenlerin daha kapsamli bir sekilde analiz
edilmesine  olanak  tamiyacaktir.  Ayrica
bireysellestirilmis dijital miidahalelerin (mobil
uygulamalar, cevrim ici danigsmanhk vb.)
etkinligi de ayrintili bicimde arastirilabilir. Ote
yandan, fizyoterapi ve rehabilitasyon
uygulamalarinda hastalarin belirli periyotlarla
kontrol randevularina cagrilmasi ve
egzersizlerin diizenli takibinin yapilmasi, klinik
acidan programin etkinligini artiran o6nemli
unsurlar arasinda yer almaktadir.

Tesekkiir: Yok

Yazarlarin Katk: Beyam: IK: Konsept/fikir geligimi,
calisma  dizayni, veri toplamal/igleme, veri
analizi/yorumlama, literatiir aragtirmasi, olgularin
saglanmasi, tesislerin/ekipmanin saglanmasi, yazma;
KY: Konsept/fikir gelisimi, ¢alisma dizayni, proje
yonetimi, veri toplama/igleme, veri
analizi/yorumlama, kritik goézden gegirme; YY:
Konsept/fikir gelisimi, c¢alisma dizaym, proje
yonetimi, veri analizi/yorumlama, kritik goézden
gegirme.
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Effect of mirror therapy on brain re-organization,

functional motor skills and quality of life in spastic

hemiplegic cerebral palsy

Spastik hemiplejik serebral palside ayna terapisi uygulamasinin beyin reorganizasyonu,

fonksiyonel motor beceriler ve yasam kalitesi lizerindeki etkisi

Duygu KORKEM YORULMAZ?, Mintaze KEREM GUNEL2, Arzu Ceylan HAS SILEMEKS, Kader KARLI 0GUZ*

Abstract

0z

Purpose: Spastic hemiplegic cerebral palsy is a complex disability with sensory-motor problems characterized by functional
movement and posture disorders and negatively effects daily living activities. The aim of this study was to investigate the effects
of mirror therapy for upper extremity and hand functions on brain re-organization, functional motor development, daily living
activity level, and quality of life in children with spastic hemiplegic cerebral palsy.

Methods: This self-control study employed a sample of nine children aged from 4 to 18. The children were evaluated before and
after eight weeks of routine physiotherapy and were included in mirror therapy sessions of 30 minutes each for three days a week
by the same physiotherapist. The evaluation measured activation intensity, upper extremity activation intensity, upper extremity
skill levels, goal achievement states, functional independent states, brain re-organization states, and quality of life levels.
Results: No statistically significant difference was detected regarding the evaluation parameters before and after the first eight-
week follow-up period (p>0.05). However, a statistically significant improvement was found in upper extremity skill states,
functional independence levels, brain re-organization states, and quality of life levels in the second 8-week study period in which
mirror therapy was added to physiotherapy (p<0.05).

Conclusion: This study contributes to the limited literature on the determination of treatment effectiveness by employing
functional magnetic resonance imaging (/MR/) in the mirror therapy on children with spastic hemiplegic cerebral palsy.
Keywords: Cerebral palsy, Motor skills, Functional status, Quality of life.

Amag: Spastik hemiplejik serebral palsi, duyusal-motor sorunlar, fonksiyonel hareket ve postiir bozukluklan ile karaktenize,
ginliik yasam aktivitelerini olumsuz etkileyen kompleks bir noro-gelisimsel bozukluktur. Bu calismanin amaci, ist ekstremite ve
el fonksiyonlanna yonelik ayna terapisinin beyin yeniden digiitlenmesi, fonksiyonel motor gelisim, giinliik yasam aktiviteleri ve
yasam Kalitesi lizerindeki ethilerini incelemekt.

Yéntem: Bu 6zdenetimli calisma, yaslan 4 ile 18 arasinda degisen dokuz cocuktan olustu. Cocuklar, sekiz haftalik rutin fizyoterapi
ancesi ve sonrasi degerlendirildi, ardindan aymi fizyoterapist tarafindan haftada i giin, 30 ar dakikalik ayna terapisi seanslanni
iceren bir miidahale programma alindi. Degerlendirmelerde aktivasyon siddeti, iist ekstremite aktivasyon yogunlugu, lst
ekstremite beceri diizeylen, hedef gerceklestirme durumu, fonksiyonel bagimsizlik diizeyi, beyin yeniden digiitlenme durumu ve
yasam kalitesi o/¢iildd.

Buigular: llk sekiz haftalik takip déneminde, degerlendirme parametreleri agisindan istatistiksel olarak anlamii bir degisiklik
saptanmadi (p>0,05). Ancak, ayna terapisinin fizyoterapi programina eklendigi ikinci sekiz haftalik dénemade ist ekstremite
becerilerinde, fonksiyonel bagimsizlik diizeylerinde, beyin yeniden drgiitlenme bulgulannda ve yasam kalitesinde istatistiksel
olarak anlamli iyilesme gorildi (p<0,05).

Sonug: Bu calisma, spastik hemiplejik serebral palsili cocuklarda ayna terapisinin etkinliginin belirlenmesinde fonksiyonel
manyetik rezonans goriintileme (fMR/) kullamimina iliskin sinirli literatiire katki saglamaktadir.

Anahtar Kelimeler: Serebral palsi, Motor beceriler, Fonksiyonel durum, Yasam kalitesi.
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INTRODUCTION

Spastic hemiparetic cerebral palsy (SHCP)
results from brain damage during fetal and
infant development, leading to motor pathway
degeneration, primarily affecting the premotor
(PM, BA6) and primary motor (M1, BA4) areas,
involved in somatosensory control and bimanual
coordination.! SHCP presents with complex
sensory-motor issues and declined upper
extremity function, particularly in distal
sections.? Functional imaging studies
demonstrate increased stimulability of the
ipsilateral primary motor area (BA4) when
observing extremity illusions during unilateral
movement.? Interhemispheric disinhibition
occurs after bilateral movements.4

Bilateral movements stimulate the affected
hemisphere's primary motor area during the
acute recovery phase after brain injury,>67
impacting daily living activities and bimanual
coordination in children with SHCP.8 Mirror
therapy (MT) is a recent approach aiming to
improve the functionality of the affected
extremity and brain re-organization.5911

MT activates the mirror neuron system
using mirror visual feedback to stimulate the
motor cortex.!>15 Visual, motor order, and
proprioceptive capacity play crucial roles in
activating mirror neurons.>616 MT enhances
awareness and spatial perception in children,
reducing learned non-use following motor
imagery.411

Previous studies have shown that MT can
improve functional outcomes in SHCP,
increasing hand strength and function.l” It
effectively enhances muscle activity, motor
speed, and functionality in daily living
activities.’819 Considering the limitations in
evidence-based studies and the lack of research
on MT's effect on brain re-organization in
children with SHCP, this study aims to
investigate the combined effect of MT and
routine therapy on brain re-organization, upper
extremity function, daily living activities, and
quality of life.

METHODS

Participants
This study included randomly selected

Korkem Yorulmaz et al

children with SHCP from the Department of
Pediatric Physiotherapy, Faculty of
Physiotherapy and Rehabilitation, Hacettepe
University. Ethical approval (No: 99950669/3A)
was obtained from University Health Sciences
Research Ethics Committee. The minimum
number of subjects required for the study was
eight, based on an alpha error rate of 0.05 and a
beta of 0.20, together with 80% power. Assuming
the loss of 25% of individuals during the training
period, we specified the number of subjects as
10. The clinical trial number was NCT03612128.
Parents or their carers gave informed consent
for participation. Children aged 4 to 18 years,
without visual function disorders other than
refractive errors, and their families agreed to
participate. Exclusion criteria included upper
extremity fractures, recent muscle-tendon and
bone surgery, exposure to spasticity-inhibiting
drugs in the last six months, dental braces,
epileptic seizures, or platinum in the upper
extremity. Fourteen children were assessed, but
only nine completed the treatment program
(Figure 1).

Study design

The study was a self-control study to ensure
similarity between experimental and control
groups, enhancing intervention effectiveness in
SHCP (Figure 2). A single group of children
participated in two eight-week periods. The first
period was the control group without MT while
the second period included MT alongside routine
physiotherapy. Routine physiotherapy
comprised various exercises for the upper
extremity. Initial assessments were made before
the first period, and routine physiotherapy was
conducted twice a week. Second assessments
were performed after the first period, and then
MT was added to routine sessions. MT was
applied for 30 minutes three days per week
during the second period, following the
literature.19:20

Treatment protocol

A single physiotherapist conducted all
implementations. During MT, each child sat
upright with both feet on the floor, supported by
a chair with back support, and arms on the
table. A mirror divided the body into two parts,
reflecting the healthy extremities while
concealing the affected ones. Each child with
SHPC was given exercises for fine motor
activities such as opposition, picking up and
throwing objects into a box, and rolling soft
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objects for MT. Prior to the MT intervention, all
participants received routine physiotherapy
based on neurodevelopmental principles. The
program included stretching, strengthening,
bilateral upper extremity activities, task-
oriented functional motor training, and
activities of daily living practice. These sessions
were conducted twice weekly by the same
physiotherapist to ensure consistency.

Clinical assessment

Brain Re-organization

Its non-invasive nature has made
functional magnetic resonance imaging (fMRI)
the most commonly used method for mapping
the neural activities of the human brain. We
used fMRI to evaluate the brain re-organization
in this study (Figure 3). A neuroradiologist
performed fMRI assessments.

Imaging

The 3T magnetic resonance imaging
scanner (Magnetom, Trio TIM system, Siemens,
Germany) with a 32-channel head coil was used
for imaging before and after control and study
periods. Imaging protocol included a multi-
section single-shot T2* echo-planar imaging
sequence (TR/TE: 2000/35 msec) with 28
sections, 3.4x3.4x3.4 mm voxel size, 220x220
FOV, and 64x64 matrix size. fMRI-BOLD
procedure lasted 610 seconds with five
repetitions, each cycle comprising 20 seconds of
right-hand movement, 20 seconds of left-hand
movement, 20 seconds of bimanual movement,
and 20 seconds of rest. 3D T1-weighted high-
resolution images were also obtained (TR/TE:
1900/3.4 msec; FA: 90; FOV: 256 mm; matrix:
224x256; distance factor: 50%).

MRI Analysis
fMRI data were analyzed using Brain
Voyager QX 1.2 (Brain Innovation,

Netherlands). Image preprocessing involved
eliminating low-frequency shifts, 3D motion
detection, and correction, and spatial
antialiasing (6 mm FWHM). The General Linear
Model (GLM) determined voxel correlations
between BOLD signal and predictor. Six motion
parameters from fMRI pretreatment (X, Y, Z
translation and rotation) were used as
covariates in GLM. Images were reconciled with
an anatomical dataset, and Talairach
transformation was performed by manual
detection of AC-PC point for normalization.
Correlation estimation used p<0.05 threshold
(family-wise errors) with minimum cluster

threshold of 10 mm and t>3.1. Regions of
interest (ROI) were created with bilateral
Brodmann areas 4 and 6, extracting mean t-stat
value for each ROI.

Functional Motor Capacity

Functional motor capacity of cerebral palsy
was measured by using the Gross Motor
Function Classification System (GMFCS).
GMFCS is a 5-level system used for classifying
motor activation intensity in children with
cerebral palsy. Level I and Level II indicate that
ambulation can be performed in society or at
home without any restriction. In contrast,
children at level V do not have independent
mobility (Cronbach’s alpha 0.99).21.22

Manual Skills
The Upper Extremity Bimanual Ability
Classification System (MACS) classified

subjects' manual abilities into five levels. Level
I indicates easy object handling, while Level V
reflects limited activity performance
(Cronbach’s alpha 0.99). The Quality of Upper
Extremity Skills Test (QUEST) evaluated upper
extremity skills in children with spastic cerebral
palsy aged 18 months to 18 years. QUEST
comprises 7 sections, assessing various aspects
of hand function (Cronbach’s alpha 0.98).23

Goal Achievement

The Goal Achievement Scale (GAS)
evaluates children's success in achieving
targets. Scores range from -2 (poor) to +2 (above
expected). GAS measures individualized
progress and is reliable for assessing treatment
effects.2¢ In our study, three goals were set for
each child based on importance and difficulty.
Achievement was assessed wusing GAS
(Cronbach’s alpha 0.83).

Functional Independence

The Functional Independence Measure for
Children (WeeFIM) is a pediatric scale with 18
items in 6 areas: self-care (6), sphincter control
(2), transfers (3), locomotion (2), communication
(2), and social status (3). Scores range from 1
(entirely dependent) to 7 (full independence),
considering assistance, timing, and device use
(Cronbach’s alpha 0.95).25

The Evaluation of Health-Related Quality
of Life

The Child Health Questionnaire—Parent
Form 50 (CHQ-PF50), a 50-item parent-
reported measure, was used to assess the
health-related quality of life (HRQoL) of the
participants. CHQ-PF50 has been prepared for
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children aged 5-18 years. It has 12 subscales.
Each subscale is scored between 0 and 100, and
high scores express a better quality of life and
well-being (Cronbach’s alpha 0.96).26

Statistical analysis

SPSS 22.0 analyzed data. Cronbach’s alpha
estimated internal consistency. Descriptive
stats used mean and standard deviation for
quantitative data (X+SD), and
number/percentage for qualitative. Kolmogorov-
Smirnov tested normal distribution. Friedman

Assessed for eligibility (n=14)

Korkem Yorulmaz et al

test assessed time change significance. Wilcoxon
test with Bonferroni correction (p<0.017)
conducted post-hoc comparisons. Variance
analysis examined changes in normally
distributed body activation and upper extremity
quality. Cohen's d measured effect sizes (0.2:
small, 0.5: moderate, 0.8: large). The
significance level was set up as 0.05.
Greenhouse-Geisser corrected non-sphericity
assumption.

Excluded (n=4)
- Dental braces placement, n=1

Enrolled in study (n=10)

- No tolerance for fMRI imaging, n=2
- Quitting the rehabilitation with no reason, n=1

Analysis (n=9)

Figure 1. The flow diagram of the individuals included in the study.

8 weeks Time

»  Excluded (n=4)
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Figure 3. fMRI sample showing increased hemisphere activation with movements of both hands compared to rest at 2 months
follow up. Time course segmentation was extracted from highly activated nodes in the BA4.

RESULTS

Sociodemographic characteristics

Nine children with SHCP completed the
study (mean age: 12.3+2.4 years, disease
symptom onset: 6+2.8 months, diagnosis age:

7.944.0 months). Table 1 shows
sociodemographic and descriptive
characteristics. Bimanual hand skills and

GMFCS levels showed no significant difference
between control and study periods (p>0.05)
(Table 1).

Primary outcomes

Brain Re-organization

At the beginning and end of the control
period, brain re-organization in BA4 and BA6
areas showed no statistically significant
difference (p>0.05). However, after the study
period, significant differences were found in the
affected hemisphere's BA6 area during affected
extremity and in the affected and unaffected
hemisphere BA4 and affected hemisphere BA6
areas with bilateral extremity movement after
the study period (p<0.05).

When a comparative evaluation of brain re-
organization at the beginning and end of the
study period was performed, a statistically

Table 1. Socio-demographic and descriptive characteristics,
Gross Motor Functional Classification System (GMFCS), and
Manual Ability Classification System (MACS) scores of
individuals (n=9).

X+SD
Age of child (year) 12.3+2.4
Age of onset of disease symptoms (months) 6.0+2.8
Time of diagnosis by the doctor (months) 7.9+4.0
Physiotherapy period (years) 8.9+3.1
n (%)

Gender

Male 2(22

Female 7(78)
Classification

Right Hemiplegia 4 (44)

Left Hemiplegia 5 (56)

Median (Min-Max)

GMFCS

1st assessment 2(1-2)

2nd assessment 2(1-2)

3rd assessment 2(1-2)
MACS

1st assessment 3(1-3)

2nd assessment 3(1-3)

3rd assessment 3(1-3)

Min-Max: minimum - maximum. GMFCS: Gross Motor Function Classification
System. MACS: Manual Ability Classification System.
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significant difference was found in the affected
hemisphere BA6 area with the movement of the
affected extremity and in the unaffected
hemisphere BA6 area with bilateral extremity
movement (p<0.05) (Table 2).

Effect sizes for BA4 activation in the non-
affected hemisphere with Dbilateral limb
movement were medium (2nd and 3rd
assessments: d=0.79) and large (1st and 3rd
assessments: d=0.9). Effect sizes for BA6
activation in the affected hemisphere with
bilateral limb movement were medium (1st and
2nd assessments: d=0.65) and large (2nd & 3rd
assessments: d=0.93, 1st and 3rd assessments:
d=1.63). Other variables had small effect sizes.

Upper Extremity Manual Skills

No statistically significant difference was
found in the QUEST sub-sections between
evaluations at the beginning and end of the
control period (p>0.05).

However, disassociated movements, grip,
weight carrying, and protective extension sub-
sections showed a significant difference (p<0.05)
(Table 2). Effect sizes for disassociated
movements were medium (2nd and 3rd

Korkem Yorulmaz et al

assessments d= 0.54, 1st and 3rd assessments
d=0.59). Other variables had small effect sizes.

Secondary outcomes

Functionality in Daily Living Activities

No difference at control period's start and
end, but a significant difference in motor score
and total score of self-care sub-section in the
functional independence measurement at study
period's start and end (p<0.05). All variables had
small effect sizes.

The State of Achieving the Identified Goals

No significant difference in achieving
identified goals between control period
evaluations (p>0.05). However, a significant
difference in goal 1 at study period's start and
end (p<0.05) (Table 3). GAS' effect sizes were
medium (2nd & 3rd assessments d=0.52, 1st &
3rd assessments d=0.52).

Health-Related Quality of Life

No significant difference in life quality
levels between control period evaluations
(p>0.05). However, HRQoL showed significant
differences in Physical Function (PF),
Role/Social-Physical Behavior (REB), Self-
Esteem (SE), Parent Effect/Time (PT), and

Table 2. Evaluation of brain re-organization (fMRI) and quality of upper extremity skills test (QUEST).

1. week 8. week 16. week
Median Median Median
(IQR) (IQR) (IQR) p
Functional Magnetic Resonance Imaging (fMRI)

BA4 ACT in AF-Hem w/ associated affected limb movement 2.3(7.5) 5.4(12.5) 6.6 (9.8) 1.00

BA4 ACT in NAF-Hem w/ associated affected limb movement 5.1(5.87) 2.8(7.9) 2.9(6.2) 0.79

BAG ACT in AF-Hem w/ associated affected limb movement 0.0(0.0) 0.0(3.9) 5.8 (5.6) <0.001 a,b
BAG ACT in NAF-Hem w/ associated affected limb movement 0.0(0.0) 0.0(4.3) 2.7(6.1) 0.07

BA4 ACT in AF-Hem w/ associated non-affected limb movement 2.5(5.5) 2.7 (6.5) 0.0(5.3) 0.94

BA4 ACT in NAF-Hem w/ associated non-affected limb movement 5.9(7.4) 6.2(8.2) 8.6(3.6) 0.19

BAG ACT in AF-Hem w/ associated non-affected limb movement 0.0(0.0) 0.0(5.0) 0.0(0.0) 0.17

BAG ACT in NAF-Hem w/ associated non-affected limb movement 0.0(0.0) 0.0(6.1) 5.7(7.0) 0.11

BA4 ACT in AF-Hem w/ associated bilateral limb movement 5.2(6.1) 5.5(4.4) 7.2(2.8) 0.03* b
BA4 ACT in NAF-Hem w/ associated bilateral limb movement 6.2(7.2) 7.5(2.8) 8.0(3.1) 0.03* b
BAG ACT in AF-Hem w/ associated bilateral limb movement 0.0(0.0) 2.3(5.7) 5.6(7.6) 0.01* b
BA6 ACT in NAF-Hem w/ associated bilateral limb movement 0.0(0.0) 2.6 (6.0) 6.2 (9.7) 0.08

The Quality of Upper Extremity Skills Test (QUEST)

Dissociated movement 73.4(21.1) 73.4(17.9) 76.6 (10.2) 0.01* ab
Grasp 55.5(25.3) 55.5(25.3) 60.0(29.6) <0.001 a,b
Weight bearing 82.0(22.0) 82.0(22.0) 84.0(20.0) <0.001 ab
Protective extension 83.3(26.4) 83.3(26.4) 88.9(23.6) 0.40

Total Score 70.6 (23.7) 70.6 (22.9) 77.1(20.3) <0.001 a,b

*p<0.05. IQR; Inter Quantile Range. a: p<0.05, , 8-16. Week. b: p<0.05, , 1-16. Week. ACT: Activation. AF-Hem: Affected hemisphere. NAF-Hem: Non-

affected hemisphere.
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Table 3. Functional independence level (WeeFIM), achievement of defined goals (GAS) and health-related quality of life

(CHQ_PF50).
1. week 8. week 16. week
Median Median Median
(IQR) (IQR) (IQR) p

The Functional Independence Measure for Children (WeeFIM)
Self-care 32.0(8.5) 32.0(8.50) 35.0(7.5) 0.01* ab
Sphincter Control 14.0 (0.5) 14.0 (0.50) 14.0 (0.5) 1.00
Transfers 21.0(2.0) 21.0(2.00) 21.0(2.0) 1.00
Locomotion 14.0 (0.5) 14.0 (0.50) 14.0 (0.5) 1.00
Motor Subtotal Score 81.0(10.5) 81.0(10.5) 83.0(10.0) 0.01* ab
Communication 14.0 (1.0) 14.0 (1.0) 14.0 (1.0) 1.00
Social Cognition 19.0(5.0) 19.0(5.0) 19.0(5.0) 1.00
Coghnitive Subtotal Score 33.0(6.0) 33.0(6.0) 33.0(6.0) 1.00
Total Score 110.0(8.5) 110.0(8.5) 113.50 (7.5) 0.01* a,b

The Goal Achievement Scale (GAS)
Goal 1 2.0(1.0) 2.0(1.0) 2.0(0.5) 0.01* ab
Goal 2 2.0(1.0) 2.0(1.0) 2.0(0.5) 0.50
Goal 3 2.0(1.5) 3.0(1.0) 2.0(1.0) 0.50

The Child Health Questionnaire Parent Form (CHQ_PF50)
Physical functioning (PF) 61.1(36.9) 61.1(50.8) 72.2(36.1) 0.06
Role/social-behavior (REB) 61.1(64.5) 77.8(61.1) 100.0 (65.6) 0.01*
Role/social-physical (RP) 66.7 (48.1) 50.0 (55.6) 66.7 (33.3) 0.12
Bodily pain (BP) 83.3(33.9) 80.0(30.0) 100.0(20.0) 0.29
Behavior (BE) 72.5(42.1) 64.2(27.1) 85.0(31.7) 0.04* a
Mental Health (MH) 80.0 (35.0) 80.0(27.5) 80.0(26.7) 0.29
Self-esteem (SE) 65.0 (25.0) 70.0(29.2) 75.0(34.6) <0.001 ab
General health (GH) 35.0(37.5) 39.2(31.3) 43.3(32.5) 0.19
Parental impact/ emotional (PE) 33.3(37.5) 26.7 (25.0) 41.7 (52.5) 0.07
Parental impact/ time (PT) 66.7 (36.1) 55.6 (27.8) 77.8(14.6) <0.001 a,b
Family activities (FA) 77.8(22.1) 75.0(16.7) 83.3(29.2) 0.09
Family Harmony 60.0 (38.3) 70.8(25.0) 85.0(25.0) 0.15
Physical Health Summary Score 35.2(12.7) 33.9(13.3) 40.2(11.3) <0.001 a,b
Psychosocial Health Summary Score 42.8(14.1) 43.3(13.1) 50.3(15.4) <0.001 a,b

*p<0.05. IQR; Inter Quantile Range. a: p<0.05, , 8-16. Week. b: p<0.05, , 1-16. Week.

Parent Effect/ Emotional (PE) sub-sections of DISCUSSION

CHQ-PF50 and, Physical and Psychosocial
Health Summary Scores at study period's start
and end (p<0.05) (Table 3). Effect sizes were

medium and large (REB 1st and 3rd
assessments d=0.59; BE 2nd and 3rd
assessments d=0.77; SE 2nd and 3rd

assessments d=0.70, 1st and 3rd assessments
d=0.86; PT 2nd and 3rd assessments d=1.08, 1st
and 3rd assessments d=0.77; Physical Health
Summary Score 2nd and 3rd assessments
d=0.83, 1st and 3rd assessments d=0.59;
Psychosocial Health Summary Score 2nd and
3rd assessments d=0.78, 1st and 3rd
assessments d=0.84).

Authors observed an activation increase in the
PM(BAG) area of the affected hemisphere with
the movement of the hemiplegic arm and in the
M1(BA4) area of the affected hemisphere as well
as in the M1(BA4) and PM(BAG6) areas of the
unaffected hemisphere with bilateral arm
movement when the brain re-organization
evaluations were compared with fMRI in our
study. The observation could indicate that the
motor area of the hemisphere containing the
lesion can be activated when the hemiplegic side
is active, and the motor areas in both
hemispheres can be activated with the use of
both arms.
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To the best of our knowledge, no study has
explored fMRI for MT effectiveness in SHCP.
Altschuler et al.10 suggested that mirror illusion
enhances PM(BAG) region by compensating for
decreased proprioception in adult hemiplegic
patients. Fukumura et al.2? found increased
activation in PM(BA6) and M1(BA4) with MT
using transcranial magnetic stimulation. In this
study showed activation in PM(BA6) and
M1(BA4) in both hemispheres during MT.

Garry et al.28 found increased PM(BA6)
activation due to mirror neurons' increase using
transcranial magnetic stimulation and MT in
healthy subjects. Inverzinni et al.29 showed MT
activates patients' mirror neuron system,
improving upper extremity mobility and
functional independence. In this study, bilateral
hand movements on fMRI revealed activation in
motor regions of both hemispheres. PM(BAG)
area activation in both hemispheres suggests
involvement of mirror neurons in this
development.

This study also showed increased activation
in the affected hemisphere during hemiplegic
hand movement, in contrast to the healthy
hemisphere. Perry and Bentin3 found stronger
brain waves in the contralateral hemisphere
after MT. Both hemispheres exhibited
activation increase by MT, with the affected
hemisphere showing stronger effects, consistent
with our results. Previous studies have proven
activation increase in specific neuronal regions
of the lesioned hemisphere. Studies on mirror
illusion related to poor motor function found
decreased activation in control motor
regions.13,28,30

In this study, MT improved disassociated
movements, grasp, and weight-bearing in the
upper extremity, aiding protective extension
and supporting upper extremity skill
development. Neuronal regeneration in
M1(BA4) and PM(BA6) areas likely justifies
these improvements.

Bruchez et al.3! studied 90 children with
hemiparetic cerebral palsy, finding that MT
improves upper extremity strength, function,
and daily performance, especially grasp
strength. Feltham et al.32 measured MT's effect
on muscle strength using EMG in children with
SHCP, observing increased muscle activation,
especially in the shoulder and elbow region.
Michielsen et al.33 studied 40 chronic adult
hemiplegic patients, revealing increased upper
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extremity motor function development and
neuronal re-organization, with a shift in
hemispheric activation towards the affected
hemisphere after MT. MT was found to have
additional benefits beyond repetitive tasks and
focused training, enhancing motor cortex
excitability and somatosensory input. Summer
et al.34 reported that simultaneous movement of
the hemiplegic and intact extremities during
MT increased activation in the motor cortex,
improving affected upper extremity motor
functions. Steven and Stoykov35 showed that MT
positively affects affected extremity function by
providing visual feedback, reinforcing our
study's outcomes. Altschuler et al.1° found that
positive visual feedback during MT restructured
decreased proprioceptive input in hemiplegic
individuals. Kuys et al.36 demonstrated MT's
improvement of sensory disturbances, including
mild touch sensation and proprioception,
supporting our study's findings of increased
weight bearing. Afferent messages transmitted
to the spinal cord, along with joint
mechanoreceptors' pressure sensation and
proprioceptive knowledge restructuring, likely
explain the development of weight-bearing in
the upper extremities. In summary, various
studies confirm the positive effects of MT on
upper extremity skills and functions. The
therapy's impact is attributed to enhanced
motor cortex excitability and somatosensory
input, providing valuable insights into its
potential benefits for individuals with SHCP.
Understanding the mechanisms underlying
MT's effects may aid in refining its
implementation and optimizing outcomes in
clinical practice.

Various studies have explored the impact of
MT on upper extremity skills, including grasp
and disassociated movements.1937 Gygax et al.l7
investigated ten children with SHCP, observing
increased grasp strength and functional arm
movements with MT. Smorenburg3? compared
the effects of mirror visual feedback on impaired
and less-impaired upper limbs, demonstrating
that mirrors can offer appropriate visual
feedback for intended and dissociated
movements, grasp, and weight-bearing.

Dohle et al.3®8 proved that MT increased
corticospinal stimulability for motor function
development in 25 hemiplegic adults,
specifically affecting distal arm muscles.
Proximal and distal motor functions were
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differently influenced by both hemispheres, with
distal movements organized unilaterally and
proximal movements primarily represented
bihemispherically. Based on this, we believe MT
stimulated lateralized motor areas, improving
grasp in the distal parts of our study. The
illusion of MT also activated both hemispheres,
enhancing  disassociated movements by
increasing proximal extremity movements.

Altschuler et al.l® found increased
functionality associated with motor and sensory
development. Park et al.3? reported positive
effects of MT on upper extremity function and
daily living activities in 30 hemiplegic patients,
enhancing independence, particularly in self-
care. Yavuzer et al.ll observed motor
improvement and functional development in 20
hemiplegic patients after four weeks of MT, with
improved self-care activities. Our study
demonstrated that MT positively impacted
upper extremity motor function, leading to
better self-care activities, and increased
functional independence levels.

In this study demonstrated that goal-
oriented MT positively impacted self-care
activities and increased functional
independence levels. Similar findings were
shown by Park et al.39 where goal-oriented MT
improved upper extremity function and self-care
in hemiplegic patients. Eom-dJi et al.40 also found
positive effects of goal-oriented MT on upper
extremity function and independence in daily
activities for 20 hemiplegic patients. Increased
daily living activities and motivation can lead to
greater achievement, independence, and self-
confidence, promoting positive behavioral
development and encouraging individuals to
fulfill their social and physical roles in life.

Previous studies were pilot studies without
investigating brain re-organization with fMRI.
Limited literature on MT in SHCP makes this
study relevant.

Limitations

Although the number of individuals
required was eight in the power analysis
performed to detect the adequacy rate of the
children, we believe that this number is
inadequate for inter-group evaluations and
should be increased for more detailed analysis
in future studies.

The wide age range of the participants (4—
18 years) represents a methodological
limitation, as developmental differences across

this span may influence neuroplasticity, motor
learning capacity, and functional performance.
Such heterogeneity may partially affect the
interpretability and generalizability of the
findings regarding the effects of MT on brain re-
organization, functional motor skills, and
quality of life. Future studies should include
more age-homogeneous cohorts to strengthen
the validity of the outcomes.

Out of the individuals included in the study,
four had left hemisphere involvement and five
had right hemisphere involvement. The fMRI
imaging results for brain re-organization were
not included in the group analysis based on
etiological classification. We suggest evaluating
the data according to hemisphere activation for
more objective insights in future studies.

Long-term treatment evaluation is a
limitation in our study. Future studies with
follow-up time points can determine the
continuity of MT effectiveness.

Conclusion

This study indicates that MT supports
upper extremity motor recovery and functional
independence in children with SHCP by
enhancing activation in the M1(BA4) and
PM(BA6) regions of both hemispheres,
suggesting a positive influence on brain re-
organization. Improvements in grasp,
dissociated movements, and weight-bearing
align with these neurophysiological changes and
highlight the therapy’s potential to augment
motor cortex excitability through visual-
somatosensory feedback. Despite the small
sample size and lack of long-term follow-up, the
findings contribute valuable evidence to
pediatric neurorehabilitation literature and
suggest that MT can serve as an effective, low-
cost clinical adjunct to conventional treatment
for improving upper extremity function in this
population.
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Acute effects of different foam rolling durations on agility,
dynamic balance, and speed in young male soccer

players: a randomized crossover design

Geng erkek futbolcularda farkli foam rolling siirelerinin geviklik, dinamik denge ve siirat

lizerine akut etkileri: rastgele bir capraz tasanm
Erhan SECER?, Sevtap GUNAY UGURUM2:3, Derya OZER KAYA2:3

Abstract

0z

Purpose: This study aimed to compare the acute effects of different foam rolling (FR) durations on agility, dynamic balance, and
speed in young male soccer players.

Methods: Fifteen volunteer young male soccer players (mean age: 16.73+0.44 years) were included in the study, which was
planned as an experimental randomized crossover design. All players performed the 3 sessions [FR (1 min), FR (2 min), and FR
(3 min)] on separate occasions in a randomized order, with an interval of 7 days. Before and after the interventions, dynamic
balance was assessed with the Y balance test, agility was assessed with the agility t-test, and speed was assessed with the 20-
m sprint test.

Results: Compared with the pre-test results, significant improvement in dynamic balance (Time (T): p<0.01, F=107.26,
n p2=0.719), agility (T: p<0.01, F=52.84, n p2=0.557), and speed (T: p<0.01, F=31.98, n p2=0.432) was observed in all
groups. Group x time interaction was not significant for dynamic balance (Group = Time (G xT): p=0.87, F=0.14, n p2=0.007),
agility (G x T: p=0.72, F=0.32, n p2=0.015), and speed (G x T: p=0.23, F=1.51, n p2=0.067).

Conclusion: FR training for 1 minute appears to effectively enhance dynamic balance, agility, and speed in young male soccer
players. Strength and conditioning coaches should consider integrating this approach into their training programs for
optimizing player development.

Keywords: Athletic Performance; Exercise; Football; Myofascial Release; Sport.

Amag: Bu calisma, geng erkek futbolcularda farkli foam rolling (FR) siirelerinin performans ile iliskili fiziksel uygunluk
parametreleri (izerindeki akut etkilerini karsilastirmayr amaclaadl.

Yontem: Deneysel bir rastgelelestirilmis capraz tasanm seklinde planlanan bu calismaya 15 goniilli geng erkek futbolcu
(ortalama yas 16,73+0,44 yil) dahil edildi. Tiim oyuncular 3 ayn seansi [FR (1 dk), FR (2 dk) ve FR (3 dk)] rasigele bir sirayla 7
giin arayla gerceklestirdiler. Miidahale dncesi ve sonrasinda dinamik denge Y denge testi ile, ceviklik ceviklik t testi ile, sirat
ise 20 m sprint testi ile degerlendirildi.

Bulgular: On test sonuglanyla karsilastinldiginda, tim gruplarda dinamik dengede (Zaman (T): p<0,01, F=107,26,
[Ip2=0,719), cevikiikte (T: p<0,01, F=52,84, [p2=0,557) ve siiratte (T: p<0,01, F=31,98, [Ip2=0,432) anlami iyilesme
gozlendi. Dinamik denge (Grup x Zaman (GxT): p=0,87, F=0,14, [p2=0,007), ceviklik (GxT: p=0,72, F=0,32, [Tp2=0,015) ve
stirat (GxT: p=0,23, F=1,51, []p2=0,067) agisindan grup x zaman etkilesimi anlami degildy.

Sonug: 1 dakikalik FR antrenmaninin, geng erkek futbolcularda dinamik denge, ceviklik ve stirat gibi performansa bagl fiziksel
uygunluk parametrelerini etkili bir sekilde gelistirdigi goriliiyor. Gii¢ ve kondisyon antrendrieri, oyuncu gelisimini optimize
etmek icin bu yaklasimi antrenman programlanna entegre etmeyi disinmelidir.
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INTRODUCTION

Foam Rolling (FR) has emerged as a highly
popular self-myofascial release (SMR) tool,
believed to mimic the effects of myofascial
release (MR).! It has rapidly gained popularity
among both elite and recreational athletes.2
However, despite its widespread use, there is no
consensus on its physical and physiological
benefits.? This may be attributed to the limited
research investigating the underlying
physiological mechanisms of FR.¢ Proposed
physiological mechanisms include increased
blood flow, parasympathetic nerve system
activation, inflammatory responses, and the
break down of trigger-points.’ Furthermore,
mechanical mechanisms encompass several sub-
mechanisms, including a reduction in tissue
adhesions, altered tissue stiffness, and
thixotropic responses.® Due to these potential
underlying physiological and mechanical
mechanisms, FR is believed to enhance dynamic
balance, agility, speed, and acute athletic
performance.”

Dynamic balance, a parameter of
performance-related physical fitness, is the
ability of an individual to maintain stability of
the center of mass during movement. Dynamic
balance tests are valuable in detecting potential
lower-limb asymmetries, which can increase the
risk of injury, particularly in team sports like
soccer, where unilateral movements are
frequent.® Agility, another parameter of
performance-related physical fitness, is the
capacity to change directions quickly and
involves perceptual and decision-making
factors.? In field sports such as soccer, agility is
a crucial performance determinant and plays a
role in sports injuries.!0 Lastly, speed is another
performance-related physical fitness parameter,
similar to dynamic balance and agility.
Furthermore, speeding is the most frequent
action preceding goals, both for scoring and
assisting players in soccer.!!

Current literature investigating the acute
effects of FR on health- or performance-related
physical fitness parameters is still emerging.!2
However, FR protocols used throughout the
literature are quite diverse with no clear
consensus regarding the most efficacious
duration.’> Previous studies have reported
similar conclusions that further studies are

needed to determine the optimal FR
duration.!415 It appears that the acute effects of
FR periods of 1 to 3 minutes on health- or
performance-related physical fitness
parameters are generally tested in the current
literature.1415 Therefore, the present study
aimed to compare the acute effects of different
FR durations [FR (1 min), FR (2 min), and FR (3
min)] on dynamic balance, agility, and speed in
young male soccer players. Also, we
hypothesized that there would be a difference
between the acute effects of different FR
durations on dynamic balance, agility, and
speed in young male soccer players.

METHODS

Experimental approach to the problem

An experimental randomized crossover
design was conducted to compare the acute
effects of different FR durations on dynamic
balance, agility, and speed in young male soccer
players. Before the experimental sessions, each
player underwent a one-day of familiarization
with FR intervention. Each player performed
the following 3 experimental conditions in a
randomized order: FR (1 min), FR (2 min), and
FR (3 min) interventions. A 7-day washout
period was implemented between experimental
sessions. Players were instructed to avoid
strenuous training and competition 24 hours
prior to each experimental session. The study
was conducted during the competition period.

Participants

There were 232 licensed soccer players,
including all age groups, in the soccer club
where the study was conducted. Due to the
intense training and match schedule of other
categories soccer players in the club, it was
decided to conduct the study on soccer players
(n=22) in the club's U-17 category. All available
players in the U-17 category were selected to
participate in the study. Inclusion criteria
included no history of musculoskeletal injury
involving the lower extremities. Players with a
history of major sports injury or time-loss injury
that required surgery (n=>5), and those who did
not volunteer (n=2) were excluded. Fifteen
healthy volunteer soccer players (mean age
16.73+0.44 years, 15 males) performed 3 trials;
FR (1 min), FR (2 min), and FR (3 min) on
separate occasions in a randomized order with
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an interval of 7 days. The priori sample size was
estimated at 12 with a power of 0.80, and an
effect size (ES) of 0.60.16 The G*Power (version
3.1.9.2, Heinrich Heine University, Diisseldorf,
Germany) was used for calculations. Fifteen
players were enrolled to increase statistical
power.

Ethical considerations

All players were informed about the details
of the study protocol, the experiment
procedures, and the possible risks and benefits
related to the participation. Informed assent
was obtained directly from the players before
their participation, and informed consent was
obtained from their parents. The study protocol
was approved by the Izmir Katip Celebi
University Non-Interventional Clinical Studies
Ethics Committee (Approval number: 327). The
principles of the Declaration of Helsinki were
adhered to in the treatment of human research
participants.

Procedure

Before participation, all players attended
an informational session about the study and
were familiarized with the procedures,
assessment tools, and equipment by a certified
physiotherapist. A computer-generated
randomized table of numbers was preferred for
randomization. The assessor was blinded to
group allocation. The statistical analysis was
performed by a professional, blinded to the
study’s aim. All sessions were conducted under
the same physical conditions at an indoor gym
at the sports club and at the same time of day
(between 5:00 PM and 7:00 PM). Furthermore,
all players used the same uniforms and shoes
provided by the club in all sessions throughout
the study. Each player performed the 3 sessions
on separate occasions in a randomized order,
with an interval of 7 days. All players were
guided by the same certified physiotherapist for
all FR sessions. During each session, all players
performed 10 minutes of light jogging followed
by pre-test measures in the following order:
dynamic balance (3 times), agility (2 times), and
speed tests (2 times). The duration between
jogging and  pre-test measures was
approximately 5 minutes. After the pre-test
measures, all players performed FR (1 min), FR
(2 min), and FR (3 min) interventions. Post-test
measures were performed in the same order as
the pre-test measures approximately 5 minutes
after the interventions (Figure 1).
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Total number of players in the soccer club (n=232)

|

Players in the U-17 category (n=22)

!

Due to sports injuries excluded players (n=5)
Players who do not volunteer (n=2)

!

Players included in the study (n=15)

!

Pre-test (n=15)
Dynamic balance, Y balance test
Agility, agility T-test
Speed, 20-m sprint test

!

Third session
FR(3 min) (n=5;)
FR(1 min) (n=5,)
FR(2 min) (n=53)

First session Second session
FR(1 min) (n=5;) FR(2 min) (n=5,)
FR(2 min) (n=5,) FR(3 min) (n=5,)
FR(3 min) (n=5;) FR(1 min) (n=55)

|

Post-test (n=15)
Dynamic balance, Y balance test
Agility, agility T-test
Speed, 20-m sprint test

Figure 1. Flowchart of the study.

Primary outcome measure

Dynamic Balance

Dynamic balance was assessed using the Y
balance test, a wvalid and reliable method
developed as a version of the star excursion
balance test.l” During test preparation, 3 tape
measures were positioned at 135° between the
anterior direction and the
posterolateral/posteromedial directions. Players
were instructed to maintain balance on their
dominant leg at the junction of the tapes while
reaching as far as possible with the non-
dominant leg in three directions, namely
anterior, posterolateral, and posteromedial.
Measurements were taken 3 times for the
dominant side, and the average of the endpoints
reached by the players was used for data
analysis. Leg dominance was determined by
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asking players, "If you were to shoot a ball at a
target, which leg would you use to shoot the
ball?" During reaches to different sides, the
players' stable feet remained stationary, and
their feet were placed completely on the junction
of the tapes. Reach distances were normalized to
limb length by calculating the maximized reach
distance (in percentage of maximized reach
distance) using the formula: (excursion
distance/limb length) x 100 = percentage of
maximized reach distance.’8 The composite
score was calculated by summing the 3 reach
directions, dividing by 3 times the limb length,
and then multiplying by 100. The mean value for
the Y balance composite score was used for data
analysis.

Secondary outcome measures

Agility

Agility was assessed using the agility t-test,
a valid and reliable method used in the
assessment of agility performance.l’® For this
test, an agility circuit was created using 4 cones
named a, b, ¢, and d. Cones were also set up at a
distance of 10 yards between a and b, and 5
yards between b and ¢, and b and d. At the “go”
command, the players sprinted forward from
cone a to cone b, sidestepped to cone c,
sidestepped to cone d, sidestepped to cone b,
then backpedal as fast as possible to cone a. The
test was conducted with timing gates
(SmartSpeed System, Fusion Sport, Brisbane,
Australia) positioned to the right and left of a
cone. The test was performed 2 times with at
least 2-minute rest periods between trials. The
best score of the 2 trials was used for data
analysis.20

Speed

Speed was assessed using the 20-m sprint
test, a valid and reliable method used in studies
to evaluate speed.2! During the test, at the “go”
command, the players were instructed to
complete the 20-meter distance as quickly as
possible, and timing gates (SmartSpeed System,
Fusion Sport, Brisbane, Australia) were used to
determine the time to complete the test. All
players performed the test 2 times with at least
2-minute rest periods between trials. The best
score of the 2 trials was used for data analysis.20

Foam Rolling Interventions

FR was performed using a foam roller (The
Grid Foam Roller, Trigger Point Technologies,
Austin, TX, USA). Before the experimental

sessions, all players performed a familiarization
session on the correct FR technique. Players
actively rolled back and forth between the origin
and insertion of the target muscles, applying
their body weight as much as possible for 1, 2
and 3 minutes. In all conditions, players
performed foam rolling for each muscle group
interspersed with 30 seconds of rest between
sets. Rolling frequency was standardized using
a metronome set at 60 beats per minute.
Subjects were instructed to roll at a velocity of 2
metronome beats for each rolling direction.
Intensity of pressure was controlled with a
target rating of 7 out of 10 on a Numerical
Rating Scale (0 = no discomfort and 10 =
maximum discomfort) during FR
interventions.?2 The target muscle groups were
the bilateral anterior thigh, posterior thigh,
gluteals (buttocks), and posterior calf (Figure 2).

Statistical analysis

Statistical analyses were performed using
the statistical package program IBM SPSS
Statistics Standard Concurrent User V 26
(IBM., Armonk, New York, USA). Descriptive
data were reported as mean + SD. The normal
distribution of the data was confirmed using the
Shapiro-Wilk test. Differences in all variables at
the pre-test assessments between the FR (1
min), FR (2 min), and FR (3 min) interventions
were determined using one-way analysis of
variance (ANOVA). A two-way repeated-
measures ANOVA using two factors (test time:
pre-test vs. post-test) and (conditions: FR (1
min) vs. FR (2 min) vs. FR (3 min)) was used to
analyze the interaction and main effects for all
the variables. Classification of effect size (ES)
was set where np? < 0.01 was considered small,
0.02 - 0.1 was considered medium, and more
than 0.1 was considered to be a large effect
size.23 If the interaction or main effect was
significant, a post-hoc analysis was conducted
using a paired t-test with Bonferroni correction
on each group to determine differences between
pre-test and post-test values. Additionally, ES
was calculated (d = M1 - M2 / opooled) for each
group. ES values in the range of 0.00-0.19 were
considered trivial, and values in the ranges of
0.20-0.49, 0.50-0.79, and >0.80 were considered
small, moderate, and large, respectively.23 The
significance level (a) was set at 0.05.
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Figure 2. Foam roIIig performed in the study.

RESULTS

Players’ characteristics are presented in
Table 1. The one-way ANOVA showed no
differences in pre-test values between FR (1
min), FR (2 min), and FR (3 min) groups,
presented in Table 2. There were main effects
for time for dynamic balance (Time (T): p<0.01,
F=107.26, np2=0.719), agility (T: p<0.01,
F=52.84, np?=0.557), and speed (T: p<0.01,
F=31.98, np?=0.432). Accordingly, dynamic
balance, agility, and speed improved in all
conditions [FR (1 min), FR (2 min), and FR (3
min)] (Table 2 and Figure 3).

Table 1. Players’ characteristics (N=15).

Mean+SD
Age (year) 16.73+0.44
Height (cm) 177.86+6.04
Weight (kg) 68.66+6.41
Body mass index (kg/m?) 21.70+1.37
Soccer experience (year) 7.93+1.25

The two-way repeated-measures ANOVA
indicated no significant interactions for dynamic
balance (Group x Time (GXT): p=0.87, F=0.14,
np2=0.007), agility (GxT: p=0.72, F=0.32,

Seceret al

np2=0.015), and speed (GXT: p=0.23, F=1.51,
np2=0.067). Accordingly, the improvement in
dynamic balance, agility, and speed were similar
in all conditions [FR (1 min), FR (2 min), and FR
(3 min)] (Table 2 and Figure 3).

DISCUSSION

The present study aimed to compare the
acute effects of different durations of FR on
dynamic balance, agility, and speed in young
male soccer players. The main findings revealed
that 1, 2, and 3 minutes of FR significantly
improved dynamic balance, agility, and speed.
Additionally, the positive effects of different FR
durations on dynamic balance, agility, and
speed were similar.

Current literature investigating the effects
of different FR durations on performance-
related physical fitness parameters in various
populations is still emerging.2426 One of the
performance-related physical fitness
parameters is dynamic balance, a key
determinant of performance in sports and is
associated with agility and speed.2” Therefore,
the change in dynamic balance was the primary
interest of the present study. Similar results
have been observed in previous studies
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Figure 3. Comparison of (mean *+ SD) Y balance test
composite score (A), agility t-test total time (B), and 20-m
sprint test total time (C) changes from pre-test to post-test
measurements within and between the groups. “*” indicates
the difference from pre-test to post-test measurements within
the group.

investigating the acute effects of FR on dynamic
balance. Accordingly, De Benito et al.24 reported
the positive effects of FR applied for 2 minutes
on dynamic balance in healthy recreationally

active participants. Lee et al.25 found that FR
applied for 90 seconds improved dynamic
balance in young adults. Furthermore, Dadfar et
al.26 showed that FR applied for 3 minutes
improved dynamic balance in recreationally
active females. Similarly to the current
literature, the results of the present study
revealed the positive effects of FR on dynamic
balance in young male soccer players. Moreover,
according to the present study, FR applied for 1
minute is sufficient to improve dynamic balance.
Considering the results of studies in the current
literature, the positive effects of the FR on
balance can be explained by different
mechanisms, even when applied with different
durations or protocols. Firstly, mechanical
pressure on soft tissues during FR stimulates
mechanoreceptors and increases proprioceptive
input.2®6  Another explanation is that FR
improves the perception of stability in the knee
and ankle joints.24

On the other hand, agility and speed were
the secondary interest of the present study.
Agility, like balance, is a crucial determinant of
high-level performance in sports. Therefore,
agility is also included in studies examining the
acute effects of FR on performance determinants
in sports.2932 Accordingly, some studies have
reported that FR applied for 1 minute is
effective in increasing agility on different
subjects.2931 However, Henning et al.32 reported
that FR applied for 1 minute did not improve the
agility 1in recreationally active subjects.
Contrary to the positive effects reported in the
literature, they stated that these results may be
due to the different types of subjects used.
Considering the results of the studies in the
literature, it was seen that FR applied for at
least 1 minute may be sufficient duration to
increase agility. Similarly, as a result of the
present study, it was concluded that the FR
applied for 1 minute was sufficient to increase
agility. These results can be explained by an
increase in arterial blood flow and tissue
perfusion.?3 In other words, these peripheral
changes may have a positive effect on muscle
performance. Furthermore, the improvement in
dynamic balance may have positively affected
agility.

Lastly, speed is also one of the parameters
of performance-related physical fitness and a
determinant for high-level performance in
sports, like dynamic balance and agility.
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Table 2. Changes in dynamic balance, agility, and speed before (Pre-test) and after (Post-test) FR (1 min), FR (2 min), and FR (3
min) interventions.

FR (1 min) (n=15) FR (2 min) (n=15) FR (3 min) (n=15)

Pre-test Post-test Pre-test Post-test Pre-test Post-test
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
Dynamic balance (cm) 110.12+11.48  118.39+12.05* 110.45+11.00 118.30+10.22* 110.09+8.49 117.39+7.78*

d=0.70 d=0.73 d=0.89

Agility (sec) 9.87+0.45 9.55+0.44* 9.68+0.40 9.39+0.34* 10.11+0.44 9.73+0.42*
d=0.71 d=0.78 d=0.88

Speed (sec) 3.21+0.24 3.11+0.20* 3.20+0.11 3.11+0.11* 3.35+0.27 3.17+0.24*
d=0.45 d=0.81 d=0.70

ANOVA results

p value, F value, [1p2

Dynamic balance (cm)

Agility (sec)
Speed (sec)

T:p<0.01,F=107.26, (1p2=0.719, G x T: p=0.87, F = 0.14, [1p2 = 0.007
T:p<0.01,F=52.84, (p2=0.557,GxT: p=0.72, F=0.32, (1p2=0.015
T:p<0.01,F=31.98, (0p2=0.432,G xT: p=0.23, F=1.51, [1p2 =0.067

* p<0.05, diference from the Pre-test values. FR(1 min): Foam rolling applied for 1 minute. FR(2 min): Foam rolling applied for 2 minutes. FR(3 min): Foam
rolling applied for 3 minutes. ANOVA: Analysis of variance. d: Cohen’s d. T: time. G: group. G x T: group x time. The two-way ANOVA results (T: time effect, GxT:
group x time interaction effect; F-value) and partial (12 (C]p?) are shown in right column.

However, different results are reported in
previous studies examining the acute effects of
FR on speed in the literature. Accordingly, Kaya
et al.34 reported that FR applied for 45 seconds
improved speed in male soccer players.
Conversely, Lopez-Samanes et al.2% showed that
FR applied for 1 minute did not improve speed
in elite tennis players. Similarly, Pelana et al.3!
reported that FR applied for 1 minute did not
improve speed in elite futsal players. Also, Klich
et al.35 found that FR applied for 90 seconds
improved speed in academic athletes. The
reason for the differences in the results of the
studies may be the application of different
protocols and the preference of different
populations. As a result of the present study, it
was concluded that the FR applied for 1 minute
was sufficient to increase speed, like dynamic
balance and agility. These results can be
explained by similar mechanisms described
above. Other possible mechanisms are that FR
reduces myofascial and arterial stiffness,
increases vascular endothelial functions, and
changes the viscoelastic and thixotropic
properties of fascia.3¢ Additionally, the
improvement in dynamic balance may have
positively affected speed as well as agility.
Interestingly, in the present study, it was
observed that applying the FR method for a
longer period did not provide additional benefits
to dynamic balance, agility, and speed. This
result can be explained by the fatigue due to
possible insufficient strength and endurance of

the upper extremity and core region muscles
that occurs during long-term FR in players and
the reflection of this fatigue on performance.

Limitations

The present study had some limitations.
The present study did not include a control
group. Therefore, the lack of comparative
analysis of the results obtained with the control
group is an important limitation of the study.
The present study was conducted on young male
soccer players. Performance-related physical
fitness parameters may worsen with age due to
adverse physiological changes. This may affect
the results obtained from the studies. Therefore,
these results cannot be generalized to all age
groups of soccer players. Although the intensity
of pressure is controlled by the Numerical
Rating Scale, pressure exerted during FR
interventions may vary due to differences in the
player’s body weight. This difference may have
affected the effect of FR and the results
obtained. Similarly, possible differences in the
pain threshold of players may have prevented
the standardization of the application dose of
FR.

Conclusion

FR training for 1 minute appears to
effectively enhance dynamic balance, agility,
and speed in young male soccer players.
Strength and conditioning coaches should
consider integrating this approach into their
training programs for optimizing player
development.
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in female basketball players

Kadin basketbolcularda masaj tabancasi ve foam roller uygulamalarinin
sigrama performansina etkilerinin karstlastirnimasi
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Abstract
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Purpose: The purpose of this study is to compare the effects of massage gun (MG) and foam roller (FR) applications on vertical
and horizontal jump performance in female basketball players.

Methods: This study included 15 female baskethall players with an average age of 18. Participants completed a demographic
information form in the first week, followed by measurements of vertical and horizontal jump distances after a 5-minute warm-
up. In the second week, FR application was performed and final test measurements were taken. In the third week, MG application
was conducted and final test measurements were repeated. Each application was followed by a 48-hour rest period to minimize
residual effects. Measurements were scheduled to align with participants' regular training routines and were taken at the same
time of day.

Results: Both MG and FR applications significantly increased vertical and horizontal jump distances compared to baseline
measurements (FR: p=0.028 for horizontal, p=0.001 for vertical; MG: p=0.004 for horizontal, p=0.002 for vertical). The MG
application appeared to be more effective in improving jump performance compared to the FR application.

Conclusion: Massage gun and foam roller applications are effective methods for enhancing jump performance in female
basketball players. However, the MG application appears to provide superior results. MG application may be preferred in training
and rehabilitation processes, but further studies are needed to confirm its efficacy.

Keywords: Basketball, Foam roller, Jump, Massage gun.

Amag: Bu calismanin amaci, kadin basketbolcularda masaj tabancasi (M) ve foam roller (FR) uygulamalarnnin dikey ve yatay
sigrama performansina etkilerini karsilastirmaktr.

Yontem: Calismaya yas ortalamasi 18 olan 15 kadin basketbolcu katildi. Katilimcilara, ilk hafta demografik bilgi formu
doldurtuldu ve 5 dakikalik isinma sonrasi dikey ve yatay sigrama degerleri 6/liildii. fkinci hafta FR uygulamasi yapildi ve son test
dlciimleri alindy. Ugiincii hafta ise MT uygulamasi gerceklestirildi ve son test dliimleri tekrar edildi. Her uygulama arasinda,
uygulamanin etkilerinin kaybolmasini dnlemek icin 48 saatlik bir ara verildi. Olciimler, katiimeilann diizenli antrenman
programiyla uyumlu sekilde ve giiniin aymi saatinde gerceklestirildy.

Bulgular: Hem MT hem de FR uygulamalan, baslangi¢ olgimleri ile karsilastinldiginda dikey ve yatay sigrama mesafelerinde
anlami artis sagladi (FR: yatay icin p=0,028, dikey icin p=0,001; MT: yatay i¢in p=0,004, dikey icin p=0,002). MT uygulamasinin,
FR uygulamasina kiyasla sicrama performansini yilestinmede daha ethili oldugu gorildli.

Sonug: Masaj tabancasi ve foam roller uygulamalan, kadin basketbolcularda sicrama performansini artirmada etkili
yontemlerdir. Ancak MT uygulamasinin daha istin oldugu gorilmektedir. MT uygulamasi, antrenman ve rehabilitasyon
stireglerinde tercih edilebilir ancak etkinligini dogrulamak icin daha fazla calismaya ihtiyac vardir.

Anahtar kelimeler: Basketbol, Foam roller, Sicrama, Masaj tabancasi.
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INTRODUCTION

Vertical and horizontal jumping are critical
components of success in power sports such as
soccer, volleyball, and basketball. Among these,
basketball heavily relies on explosive
movements like jumping for scoring,
rebounding, and defensive actions. The vertical
jump test is a widely used, simple, and reliable
method for assessing power output in athletic
populations. Accurate evaluation of jump
performance is essential for tailoring training
and rehabilitation protocols in athletes.1. 2

Massage gun (MG) and foam rolling (FR)
are two commonly used methods in athletic
training and rehabilitation routines, aimed at
enhancing power output and improving
performance. Fascia, a major component of
connective tissue, plays a pivotal role in muscle
function. Stress, tension, or trauma-induced
imbalances in fascial tissue can lead to reduced
joint range of motion, muscle pain, and
neuromuscular hypertonicity. When fascia loses
its gel-like properties and becomes stiff, it
negatively impacts movement and
performance.34

Foam rollers provide a self-myofascial
release technique that enhances recovery,
flexibility, and performance by applying
pressure to soft tissues and fascia. This method
is widely used due to its simplicity and cost-
effectiveness. Similarly, massage gun devices
utilize percussive therapy, combining vibration
and mechanical stimulation to alleviate muscle
stiffness, improve blood flow, and enhance range
of motion. However, despite the growing
popularity of MG in sports applications, its
effects on performance remain underexplored.56

Although both FR and MG are known to
positively affect flexibility and recovery, there is
a lack of comparative studies investigating their
specific impacts on vertical and horizontal jump
performance. Understanding the differences
between these methods can provide athletes,
coaches, and clinicians with evidence-based
recommendations for optimizing performance
outcomes.”10

The purpose of this study is to compare the
acute effects of 2-minute massage gun and foam
roller applications on the hip, upper leg, and
lower leg muscles in junior female basketball
players. By focusing on functional anaerobic

Urinov et al

power output, this research aims to identify the
more effective method for enhancing athletic
performance, thereby contributing valuable
insights to the existing literature.

METHODS

Participants

This study was conducted in accordance
with ethical guidelines and approved by the
Non-Invasive  Clinical = Research  Ethics
Committee of Pamukkale University (approval
date: 17.08.2021, number: 15). Informed consent
was obtained from all participants prior to the
study.

The study included 15 junior female
basketball players from a professional team in
Turkey, with a mean age of 18 years. Inclusion
criteria included being 18 years old, actively
participating in competitive basketball, and
having no medical conditions affecting
performance. Exclusion criteria were a history
of musculoskeletal injuries, lower extremity
surgeries, or any condition that could interfere
with participation in the study within the last 3
months.

Procedures

The study spanned three weeks, during
which participants underwent vertical and
horizontal jump performance tests under
different conditions. Before each testing session,
participants completed a 5-minute standardized
warm-up routine consisting of dynamic
stretching exercises.

In the first week, baseline measurements of
jump performance were taken following the
warm-up. In the second week, the FR
intervention was applied to targeted muscle
groups, followed by post-intervention
performance measurements. In the third week,
the MG intervention was applied, and
performance measurements were repeated. To
minimize residual effects and ensure recovery, a
48-hour interval was maintained between each
application. All measurements were conducted
at the same time of day (between 11:00 am and
2:00 pm) and aligned with participants’ regular
training schedules. Height and body weight
measurements were among the data collection
methods. Height was measured with a Seca 700
device with a precision of + 0.1 cm, with
participants standing barefoot, feet together,
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and their heads, backs, and heels touching the
measuring instrument. Body weight was
measured with a Seca 700 scale with a precision
of £0.1 kg, while participants wore shorts and t-
shirts and were barefoot.

Interventions

Foam Roller (FR): A medium-density EVA
foam roller (33 cm x 14 cm) was used. The FR
intervention targeted the gluteal muscles,
hamstrings, quadriceps, tibialis anterior, and
gastro-soleus muscle complex. Participants
performed rolling motions by transferring their
body weight onto the foam roller for 120 seconds
per muscle group. Rolling was conducted
bilaterally, with each direction lasting
approximately 4 seconds. Examples of foam
roller application are given in Figure 1.

Massage Gun (MG): The MG intervention
was performed using a Theragun Pro massage
gun with a large round head attachment. The
application targeted the same muscle groups as
the FR intervention and utilized a frequency of
40 Hz. Each muscle group was treated for 120
seconds bilaterally. The MG intervention was
performed by a trained physiotherapist to
ensure standardization.0

Outcome Measures

Vertical Jump Performance: Vertical jump
height was assessed using the My Jump mobile
application, a validated tool for measuring jump
height in athletic populations. Participants
performed the test with hands on hips to isolate
lower body power. The test was repeated three
times with a 1-minute rest between attempts,
and the highest value was recorded.!

Horizontal Jump Performance: Horizontal
jump distance was measured using a tape
measure. Participants were instructed to jump
forward with both feet, maintaining balance
upon landing. The distance between the starting
line and the heel closest to the starting line was
measured. The test was repeated three times,
and the best value was recorded.!

Visuals of the vertical and horizontal
jumping application are given in Figure 2.

Statistical analysis

Data were analyzed using the SPSS 25.0
software package. Continuous variables were
presented as mean + standard deviation, and
categorical variables were presented as
numbers. When parametric test assumptions
were met, the significance of the difference
between two means was tested with the

Independent Samples T-Test; when parametric
test assumptions were not met, the Mann-
Whitney U test was used to compare differences
between independent groups. For dependent
group comparisons, the Paired Samples T-Test
was used when parametric test assumptions
were met, and the Wilcoxon Test was used when
parametric test assumptions were not met.

i
il
A

Figure 2. Jump performance (A: Vertical jurﬁp, B: Horizontal
jump).

RESULTS

The demographic characteristics of the
participants are shown in Table 1. When the
horizontal jump distances of the participants
before and after the FR application were
compared, a significant increase was observed
(p<0.05) (Table 2). When the vertical jump
distances of the participants before and after the
FR and MT applications were compared, a
significant increase was observed (p<0.05)
(Table 2).
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Table 1. Demographic characteristics of participants (N=15).

Meant SD
Height (cm) 178.86+6.37
Weight (kg) 71.13+8.14
Body mass index (kg/m?2) 22.17+1.49
Age 18+0

DISCUSSION

In this study, the effects of MG and foam FR
applications on vertical and horizontal jump
performance in female basketball players were
compared. The results show that both MG and
FR applications significantly increased jump
distances compared to baseline measurements.
However, MG application was found to be more
effective than FR application in improving jump
performance.

Although studies examining the individual
effects of MG and FR are available, direct
comparisons of their effects on jump
performance are scarce. This study contributes
to the literature by addressing this gap and
providing comparative data on these two
methods.12:13

Coaches and athletes often use warm-up
techniques before competitions or physical
activities to optimize performance. While
traditional warm-up methods consist of
submaximal aerobic exercises or static
stretches, dynamic warm-up techniques are
more effective in increasing range of motion and
preparing the muscles for sport-specific
movements. In this study, a standardized 5-
minute warm-up consisting of dynamic
stretching exercises was applied before each
intervention. This protocol likely contributed to
the observed improvements in  jump
performance by optimizing muscle flexibility
and activation, as supported by previous
research.1416

MGs represent a relatively novel
technology in sports applications, with limited
evidence available on their effects on athletic
performance. Previous studies have
demonstrated that MG can increase local blood
flow, modulate pain, and improve myofascial
mobility. Similarly, our findings suggest that
MG enhances performance by more effectively
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preparing the muscles and tissues, possibly
through mechanical percussion and reduced
passive stiffness of tendons. The significant
improvement in jump performance observed in
this study aligns with these proposed
mechanisms, adding valuable insights to the
growing body of evidence supporting MG’s
efficacy.1719

FR, on the other hand, is a well-established
method with extensive evidence supporting its
role in enhancing flexibility, recovery, and
athletic performance. Studies have shown that
FR application improves hamstring flexibility,
increases jump height, and enhances
performance when combined with dynamic
warm-up exercises. While our findings confirm
the effectiveness of FR in improving jump
performance, they also suggest that MG may
provide superior results within a shorter
timeframe, making it a more efficient option in
certain scenarios.20:21

It is 1important to note that the
improvements observed in this study are based
on acute interventions. Future studies should
investigate the long-term effects of repeated MG
and FR applications on various performance
parameters to better understand their potential
in training and rehabilitation processes.

The interaction between participants’
regular training schedules and intervention
effects warrants consideration. Although 48-
hour intervals were maintained between
interventions to minimize residual effects, the
potential overlap with training-induced
adaptations may have influenced the outcomes.
Future studies should control for such variables
to isolate the effects of MG and FR more
effectively.

This study has several limitations that
should be considered when interpreting the
results. First, the sample size was relatively
small, with only 15 participants, and no power
analysis was conducted to determine the
optimal sample size. The limited availability of
eligible participants from a single professional
basketball team constrained the sample size.
Second, the menstrual cycle phases of the
participants were not recorded, which could
have influenced the results due to hormonal
fluctuations affecting performance. Future
studies should control for this factor to ensure
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Table 2. Comparison of horizontal jump and vertical jump distances before and after foam rolling (FR) and massage gun (MG)

applications.
Baseline After
Meant SD Meant SD p
Horizontal Jump Distances
Foam rolling (FR) 209.38+10.09 211.23+9.96 <0.001
Massage gun (MG) 209.38+10.09 213.43+9.81 <0.001
Vertical Jump Distances
Foam rolling (FR) 32.91+3.47 33.96+3.51 <0.001
Massage gun (MG) 32.91+3.47 35.32+4.14 <0.001

more reliable outcomes. Third, the study focused
exclusively on female basketball players,
limiting the generalizability of the findings to
other athletic populations or male athletes.
Fourth, only vertical and horizontal jump
performance parameters were assessed. Other
performance metrics such as agility, speed, or
strength were not evaluated, which could
provide a more comprehensive understanding of
the interventions' effects. Lastly, the
interventions were assessed for their acute
effects. The long-term impacts of repeated MG
and FR applications remain unclear and
warrant further investigation. Future research
should explore these methods over extended
periods and in more diverse populations to
better understand their broader applications in
training and rehabilitation.

Conclusion

In conclusion, while both MG and FR
applications are effective in enhancing jump
performance, MG demonstrates a potential
advantage by delivering more pronounced
improvements within a shorter timeframe.
These findings provide valuable guidance for
coaches and physiotherapists in selecting
appropriate  methods for training and
rehabilitation.
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Abstract

Amag: Bu calisma, Hacettepe Universitesi, Fizyoterapi ve Rehabilitasyon Béliimii 6grencilerinde teknostres diizeyleri ile bilgi,
medya ve teknoloji becerilerini incelemek amaciyla yapildi.

Yontem: Tanimlayici ve kesitsel tasanma sahip arastirmaya Hacettepe Universitesi Fizyoterapi ve Rehabilitasyon Béliimii'nde
dgrenim goren 231 dgrenci (yas=20.52+2.08 yil) katildi. Veriler gevrim ici anket formu ile toplanmis, teknostres diizeyi Universite
Ogrencilerinin Teknoloji Destekli 0grenme Ortaminda Teknostres Diizeyleri Olcegi ve dijital yeterlilik Bilgi, Medya ve Teknoloji
Becerileri Yeterlilik Olcegi kullanilarak degerlendirildi.

Bulgular: Katiimcilann %80.5’i kadin, %19.5’i erkektir. Ortalama teknostres puani 32.1+10 ve dijital yeterlilik puani 73.8+12.6
bulundu. Teknostres ile dijital yeterlilik arasinda zayif ve negatif yonde anlamli iliski saptandi (r=— 0.273, p<0.001). Alt boyut
analizlerinde, problem ¢ozme, dijital icerik gelistirme, bilgi-veri okuryazarlig|, giivenlik ve iletisim-is birligi becerileri ile teknostres
arasinda benzer bicimde zayif diizeyde negatif iliskiler gozlendi.

Sonug: Fizyoterapi dgrencilerinin dijital yeterlilik diizeyi arttikca teknostres diizeyi azalmaktadir. Dijital yeterliligi artirmaya
ybnelik egitim midahalelerinin, d8rencilerin teknoloji destekli 68renme ortamlarina uyumunu kolaylastirarak teknostresi
azaltabilecegi diisiiniiimektedir.

Anahtar kelimeler: Dijital teknoloji, Profesyonel yetkinlik, Fizyolojik stres, Fizyoterapist.

Purpose: This study aimed to examine the relationship between technostress levels and information, media, and technology (IMT)
skills among students of the Department of Physiotherapy and Rehabilitation at Hacettepe University.

Methods: A descriptive and cross-sectional design was employed. The study included 231 students (mean age=20.5+2. 1 years)
enrolled in the Department of Physiotherapy and Rehabilitation. Data were collected online using self-administered
questionnaires. Technostress levels were assessed with the Technostress Scale for Technology-Enhanced Leamning Environments,
and digital competence was evaluated using the Information, Media, and Technology Skills Competency Scale.

Results: Ofthe participants, 80.5% were female and 19.5% were male. The mean technostress score was 32.1+10, and the mean
IMT skills score was 73.8+12.6. A weak negative correlation was found between technostress and IMT skills (r=- 0.273,
p<0.001). Subscale analyses revealed similarly weak negative relationships between technostress and problem-solving, digital
content creation, information and data literacy, security, and communication-collaboration skills.

Conclusion: Higher digital competence levels were associated with lower technostress among physiotherapy students.
Implementing educational interventions that enhance digital skills may reduce technostress and facilitate students’ adaptation
to technology-enhanced leaming environments.

Keywords: Digital technology, Professional competence, Physiological stress, Physiotherapist.
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GIRIS

Dijital dontisim siireci, yliksekogretimde
6grenme ve 6gretme bi¢imlerini kokli bigimde
degistirmistir.  Ozellikle saghk  bilimleri
alaninda, c¢evrim i¢i Ogrenme ortamlari,
simiillasyon temelli uygulamalar ve dijital
degerlendirme sistemleri, 6grencilerin egitim
deneyimini yeniden sekillendirmigtir.1.2
Fizyoterapi egitimi, dogas1 geregi teknolojiyle
yakindan iligkili olup; ti¢ boyutlu hareket analiz
sistemleri, giyilebilir sensoérler ve sanal
rehabilitasyon platformlar: gibi dijital ara¢larin
yogun bicimde kullanildig1 bir alandir.3 Ancak
dijitallesmenin bu hizla artmasi, 6grenciler
acisindan yeni stres faktorlerini de beraberinde
getirmistir. Bu baglamda, bilgi ve iletisim
teknolojilerinin zorunlu veya yogun kullanimi
sonucu ortaya c¢ikan psikolojik ve biligsel stres
turi olarak tamimlanan teknostres, egitim
ortamlarinda giderek daha 6nemli bir arastirma
konusu haline gelmigtir.4

Teknostres, bireylerin teknolojiyle
etkilesimi sirasinda yasadigi stres tepkilerini
kapsayan c¢ok boyutlu bir yapidir.# Kavram;
agir1  bilgi yiikii (techno-overioad), sistem
karmagsikhig1 (techno-complexity), yetersizlik ve
beceri kaygisi (techno-insecurity), teknolojik
degisimin hizi nedeniyle belirsizlik (techno-
uncertainty) ve dzel zamana miidahale (techno-
invasion) gibi alt boyutlardan olusmaktadir.56
Universite ogrencilerinde bu stres
kaynaklarinin varligi, 6grenme tiikenmigligi,
diugstk o6z-diizenleme, akademik uretkenlikte
azalma ve biligsel yorgunluk ile
iligkilendirilmigtir.” Ozellikle cevrim i¢ci veya
teknoloji destekli 6grenme ortamlarinda, yeterli
teknik destek ve dijital beceri bulunmadiginda,
teknostresin 6grencilerin akademik
performansini ve genel iyi olusunu olumsuz
etkileyebildigi belirtilmistir.8 Guncel literatiir,
teknostresin sadece biligsel degil ayn1 zamanda
duygusal sonuglar da dogurdugunu
gostermektedir. Teknostres dlzeyi ylksek
ogrencilerde tiikenmiglik, kaygi ve disiuk 06z-
etkililik gibi sonuglar daha sik rapor
edilmigtir.569 Bununla birlikte, 6gretim elemani
destegi, teknik kaynaklara erisim ve dijital 6z-
yeterlik gibi faktérlerin bu olumsuz etkileri
hafifletebildigi belirtilmistir.8

Teknostresin azaltilmasinda &nemli bir
koruyucu faktor olarak dijital yeterlilik 6ne
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citkmaktadir. Dijital yeterlilik, bireyin bilgiye
erigsme, dijital igerigi degerlendirme, dijital
ortamlarda iletisim kurma, igerik tretme,
giivenli ve etik bigimde teknoloji kullanma
becerilerini kapsayan ¢ok boyutlu bir yapidir.10
Saglik  profesyonelleri  agisindan  dijital
yeterlilik; e-saglik uygulamalarini yoénetme,
klinik veri sistemlerini  kullanma, tele-
rehabilitasyon ve hasta egitimi siireglerinde
etkin rol oynama acisindan biiyik 06nem
tagimaktadir.1:2

Birgok arastirma, dijital yeterlilik dizeyi
ile teknostres arasinda ters yonli bir iligki
bulundugunu gostermektedir. Isvicre'de
psikiyatri  hastanelerinde c¢alisan saghk
profesyonelleri tizerinde yapilan bir ¢aligmada,
dijital yeterliligi yiiksek bireylerde teknostresin
anlamli olarak daha disik oldugu, ayrica
teknostresin tiikkenmiglik ve kéti saghk
sonuglarin1 yordadigi bulunmustur.® Benzer
sekilde, tuniversite 6grencilerinde yapilan
arastirmalarda  dijital beceri  diizeyinin
artmasinin, algilanan teknolojik yikt azalttig:
ve Ogrenme tikenmigligi riskini distrdigu
rapor edilmigtir.69 Ancak bu bulgularin buyik
cogunlugu kesitsel arastirmalara
dayanmaktadir ve nedensel iligkinin yoni
heniiz net olarak ortaya konmamistir.!? Ayrica
Tirkiye’de, ozellikle fizyoterapi 6grencilerinde
teknostres ile dijital yeterlilik arasindaki
iligkinin incelendigi bir calisma
bulunmamaktadir. Bu nedenle, dijitallesmenin
yogun olarak yasandigi saghk bilimleri egitimi
baglaminda bu iligkinin degerlendirilmesi énem
arz etmektedir. Bu dogrultuda c¢alismanin
amaci, Hacettepe Universitesi Fizyoterapi ve
Rehabilitasyon Bolumu o6grencilerinin
teknostres diizeyleri ile bilgi, medya ve teknoloji
becerileri yeterlilikleri arasindaki iligkiyi
incelemektir.

Aragtirmanin hipotezi su sekildedir: “H1:
Ogrencilerin dijital yeterlilik diizeyleri arttik¢a
teknostres diizeyleri azalir.”

YONTEM

Aragtirmanin yeri ve zamani

Bu aragtirma, fizyoterapi ve rehabilitasyon
bolimi 6grencilerin  teknostres diizeyleriyle
dijital yeterlikleri arasindaki iligkiyi belirlemek
amaciyla tanimlayic1 ve kesitsel nitelikte bir
arastirma olarak gercgeklestirildi. Aragtirma,
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Hacettepe Universitesi Fizik Tedavi ve
Rehabilitasyon  Fakiltesi  Fizyoterapi ve
Rehabilitasyon Boluimi 6grencileri tuzerinde
yuritildi. Etik kurul onayimmin alinmasinin
ardindan calisma stresi 1 Ocak — 1 Temmuz
2023 tarihleri arasindaki alt1 aylik dénemde
tamamlandi. Katilimcilara arastirmanin amaci,
kapsami1 ve gizlilik ilkeleri agiklandi; dijital
ortamda aydinlatilmig onam alindi.

Aragtirmanin evreni ve érneklemi

Aragtirmanin evrenini, Hacettepe
Universitesi Fizyoterapi ve Rehabilitasyon
Bolumi’'nde 6grenim géren lisans 6grencileri
olugturuldu. Ilk asamada 200 &égrencinin
arastirmaya dahil edilmesi planlanda.
Literatiirde benzer bir calisma
bulunmadigindan, 6rneklem buyikligi pilot
uygulama verileriyle %80 giic ve %95 giiven
araligi esas alinarak H1 hipotezi gozetilerek ve
post-hoc olarak GPower 3.1. (Diiseldorf
Universitesi, Almanya) yazilimiyla hesaplandi.
Teknostres toplam puani ile Bilgi, Medya ve
Teknoloji Yeterlilikleri Olcegi toplam puani
arasindaki iliskinin (r = —0.273) biiyiikliigiine
gore yapilan post-hoc gili¢ analizi, 6rneklem
biiytikligii (n = 231) ve a = 0.05 anlamhlik
diizeyi altinda ¢alismanin istatistiksel giiciiniin
%98.7 oldugunu tespit edildi. Arastirmaya; 18
yasindan buytk, aktif olarak 6grenimine devam
eden, arastirmaya katilmaya gonilli olan
bireyler dahil edildi. Dahil edilme kriterlerini
kargilamayan ve onam vermeyen Dbireyler
arastirmaya dahil edilmedi.

Veri toplama siireci

Katilimcilarin arastirmaya daveti igin
hazirlanan “Arastirmaya Davet Afigi” sosyal
iletisim araclarinda (WhatsApp) ve duyuru
panolarinda paylasilmigtir. Veriler Google
Forms altyapisi kullanilarak toplanda.

Veri toplama araglar:

Katilimcilarin yas, cinsiyet, sinif dizeyi ve
genel not ortalamas1 gibi akademik ve
demografik veriler, arastirma i¢in tasarlanan
genel bilgi formu aracihigiyla kaydedildi.
Katilimcilarin  teknostres diizeyi Universite
Ogrencilerinin Teknoloji Destekli Ogrenme
Ortaminda Teknostres Diizeyleri Olcegi (TDO)
kullanilarak; dijital yeterlilikleri ise, Bilgi,
Medya ve Teknoloji Becerileri Yeterlilik Olcegi
(BMTYO) kullanilarak degerlendirildi.

Univer_site Ogrencilerinin Teknoloji
Destekli Ogrenme Ortaminda Teknostres
Diizeyleri Olgegi (TDO)

Olgek, Wang (2020) tarafindan gelistirilmig
ve Bas vd. (2021) tarafindan Tirkceye
uyarlanmigtir. Toplam 13 maddeden ve iki alt
boyuttan  (Yetenek-Talepler = Uyusmazhgi,
Ihtiya¢—Tedarik Edilenler Uyusmazhig) olusan
Olcek, 511 Likert tip1 (1=Kesinlikle
katilmiyorum, 5=Kesinlikle katiliyorum) bir
derecelendirme sistemine sahiptir. Olgekten
alinan yiiksek puanlar, yiiksek teknostres
diizeyini goéstermektedir. Orijinal formun ig
tutarhilik katsayis1 a=0.93, Tiirkce formun ise
a=0.90 olarak bildirilmigtir.12.13

Bilgi, Medya ve Teknoloji Becerileri
Yeterlilik Olcegi

Hazar (2018) tarafindan gelistirilen 6lcek,
bireylerin bilgi ve veri okuryazarligi, dijital
iletigim, icerik olusturma, giivenlik ve problem
¢ozme becerilerini degerlendirmektedir. Olgek
23 maddeden olugsmakta ve 51i Likert tipi
(1=Hicbir zaman, 5=Her zaman) 6lceklendirme
kullanmaktadir. Toplam puan araligi 23—
115tir. Ortalama puanlara gore yeterlik
diizeyleri 1.00-1.80 aras1 =zayif, 1.81-2.60
yetersiz, 2.61-3.40 orta, 3.41-4.20 yeterli ve
4.21-5.00 ¢ok yeterli olarak
derecelendirilmigtir.4

Istatistiksel analiz

Tum veriler, IBM SPSS Statistics for Mac,
Version 27.0 (IBM Corp., Armonk, ABD)
yazilimi kullanilarak analiz edildi. Normallik
dagilimi Kolmogorov—Smirnov testi, ¢arpiklik
ve basiklik degerleri, varyasyon kat sayisi ve
histogram grafikleri incelendi. Parametrik
degiskenler ortalama + standart sapma, non-
parametrik degiskenler medyan (Q1-Q3) olarak
ozetlendi. Degigkenler arasi iligkiler normal
dagilim saglandiginda Pearson,
saglanmadiginda Spearman korelasyon testi ile
analiz edildi. Biitin testlerde istatistiksel
anlamhilik diizeyi p<0.05 olarak kabul edildi.
Korelasyon katsayis1 yorumlanirken; 0-0.1
ihmal edilebilir, 0.1-0.39 zayif, 0.4-0.69 orta, 0.7-
0.89 kuvvetli ve 0.9-1 ¢ok kuvvetli iligki olarak
kabul edildi.?5

BULGULAR

Calismaya toplam 231 fizyoterapi 6grencisi
katildi. Katilimeilarin %80.5'i kadin (n= 186) ve
%19.51 erkekti (n=45). Simf diizeyine gére
dagilim 1. siif %25.1 (n=58), 2. siif %25.5
(n=59), 3. smf %25.1 (n=58) ve 4. simf %24.2
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(n=56) seklinde bulundu. Katilimcilarin yas
ortalamasi1 20.5+2.1 yil, medyan degeri 20
(IQR=19-21) olarak saptandi. Genel akademik

not ortalamasi (GANO) 3.0+0.4 olarak
belirlendi. Thtiyac—tedarik edilenler
uyusmazlig 17.845.8, yetenek—talepler

uyusmazhign 14.244.8 ve teknostres toplam
puani 32.1+10.0 olarak tespit edildi. Dijital
yeterlilik  alt  boyutlarinin  ortalamalar
sirasiyla; iletisim  ve ig  birligi  19.7+3.6,
programlama 6.4+2.9, problem ¢6zme 9.7+4.1,
dijital igerik gelistirme 12.3+2.9, bilgi ve veri
okuryazarhigi 15.8+3.4 ve gilivenlik 9.9+3.2
olarak bulundu. Bilgi, Medya ve Teknoloji
Yeterlilik Olcegi toplam puani 73.8+12.6 olarak
saptandi1 (Tablo 1).

Analiz sonucunda, ihtiya¢—tedarik
edilenler uyusmazligi ile yetenek—talepler
uyusmazhg arasinda pozitif yonla ve kuvvetli
bir iliski tespit edildi (=0.721, p<0.001).
Teknostres toplam puani, ihtiyac—tedarik
edilenler uyusmazhg (r=0.944, p<0.001) ve
yetenek—talepler uyusmazligl (r=0.901,
p<0.001) ile pozitif yénlii ve cok kuvvetli iliski
tespit edildi.

Ihtiyac—tedarik edilenler uyusmazhg1 ile
dijital yeterlilik alt boyutlar: arasindaki iligkiler
incelendiginde; problem c¢6zme ile zayif ve
negatif (r=—0.204, p=0.003), dijital icerik
gelistirme ile zayif ve mnegatif (r=—0.263,
p<0.001), bilgi ve veri okuryazarlig ile zayif ve
negatif (r=—0.151, p=0.026) ve iletisim ve is
birligi ile zayif ve negatif (r=—0.142, p=0.040)
iligkiler tespit edildi.

Yetenek—talepler uyusmazligi ile dijital
yeterlilik alt boyutlar1 arasinda zayif dizeyde
negatif yonli iligkiler saptandi. Dijital icerik
gelistirme ile zayif ve mnegatif (r=—0.243,
p<0.001), dijital giivenlik ile zayif ve negatif
(r=—0.170, p=0.009) ve iletigim ve is birligi ile
zayif ve negatif (r=—0.162, p=0.014) iligkiler
bulundu. Problem ¢6zme (r=—0.141, p=0.035) ve
bilgi ve veri okuryazarhig (r=—0.131, p=0.044)
ile iligkiler de zayif ve negatif olarak tespit
edildi.

Teknostres toplam puami ile dijital
yeterlilik alt boyutlar1 arasindaki iligkiler
incelendiginde; problem c¢ozme ile zayif ve
negatif (r=—0.173, p=0.009), dijital icerik
gelistirme ile zayif ve negatif (r=—0.264,
p<0.001), bilgi ve veri okuryazarlig ile zayif ve
negatif (r=—0.155, p=0.022), dijital giivenlik ile
zayif ve negatif (r=—0.165, p=0.017) ve iletisim
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ve ig birligi ile zayif ve negatif (r=—0.154,
p=0.018) iligkiler tespit edildi.

Teknostres toplam puamni ile Bilgi, Medya
ve Teknoloji Yeterlilik Olgegi toplam puani
arasinda zayif ve negatif bir iligki tespit edildi
(r=—0.273, p<0.001). Ayrica dijital yeterlilik alt
boyutlar: arasinda pozitif yonli ve gogunlukla
orta dizeyde iligkiler saptandi. Problem ¢ézme
ile dijjital igerik gelistirme arasinda orta
diizeyde (r=0.301, p<0.001) ve dijital icerik
geligtirme ile bilgi ve veri okuryazarlig:
arasinda orta diizeyde (r=0.484, p<0.001) pozitif
iligkiler bulundu. Dijital gtuvenlik ile diger alt
boyutlar arasinda da benzer sekilde orta
diizeyde pozitif iligkiler tespit edildi (Tablo 2).

TARTISMA
Bu calismada, fizyoterapi o6grencilerinde
teknostres dizeyleri ile dijital yeterlilik
arasindaki  iliski  incelendi. Calismanin

bulgulari, dijital yeterlilik diizeyi yiiksek olan
ogrencilerin teknoloji kaynakli stresle daha
etkin basa ¢ikabildiklerini géstermesi a¢isindan

literatirdeki benzer calismalarla
uyumludur.81l  Saghk Dbilimleri egitiminde
dijitallesmenin hizla arttiga  glintimiizde,

ogrencilerin teknolojik araclara adaptasyonunu
kolaylagtiran faktorlerin belirlenmesi, hem
egitim kalitesinin artirilmasi1 hem de 6grenci
refahinin korunmasi1 acisindan kritik 6nem
tagimaktadir.1617 Bu baglamda, fizyoterapi
Ogrencilerinin teknostres ve dijital yeterlilik
profillerinin  ortaya  konmasi, mifredat
planlamasi ve destek mekanizmalarinin
geligtirilmesi i¢in degerli veriler sunmaktadair.
Calismada elde edilen teknostres toplam
puani orta diizeyde teknostres varligina isaret
etmektedir. Bu bulgu, Tirkiye'de fizyoterapi ve
rehabilitasyon oOgrencileriyle yuriitilen 6nceki
calismalarda bildirilen orta diizey teknostres
skorlariyla benzerlik gostermektedir.18 Secer ve
Ozer Kaya (2024) tarafindan yapilan ¢caligsmada,
fizyoterapi ogrencilerinin teknostres 6lcegi
medyan degeri 26.00 IQR 18.00-29.00) olarak
raporlanmig ve kadin O6grencilerde anlamlh
diizeyde daha yiiksek teknostres saptanmistir.18
Benzer sekilde, uluslararas: literatiirde saglik
bilimleri 6grencilerinde teknostresin asiri
teknoloji kullanimi, bilgi yiki, teknolojik
karmasgiklik ve stirekli erigilebilirlik
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Tablo 1. Katiimcilanin demografik, akademik, teknostres ve dijital yeterliklerine iliskin tanimlayici 6zellikleri (N=231).

X+SD
Yas (yil) 20.5+2.1
Qenel akademik not ortalamasi (0 - 4 puan) 3.0:0.4
Ihtiyag-tedarik edilenler uyusmazlig alt boyut 17.845.8
Yetenek-talepler uyusmazlig alt boyut ) i 14.2+4.8
Universite Ogrencilerinin Teknoloji Destekli Ogrenme Ortaminda Teknostres Diizeyleri Olgegi toplami 32.1£10.0
lletisim ve Is birligi Becerileri 19.743.6
Programlama becerileri 6.4+2.9
Problem ¢dzme becerileri 9.7+4.1
Dijital icerik gelistirme becerileri 12.3+2.9
Bilgi ve Veri Okuryazarhig| Becerileri 15.8+3.4
Giivenlik becerileri ) 9.9+3.2
Bilgi, Medya ve Teknoloji Becerileri Yeterlilik Olcegi toplami 73.8+12.6
Cinsiyet n (%)
Erkek 45 (19)
Kadin 186 (81)
Sinif n (%)
1. Sinif 58 (25)
2. Sinif 59 (26)
3. Sinif 58 (25)
4. Sinif 56 (24)
Tablo 2. Katiimcilanin teknostres diizeyleri ile dijital yeterlikleri arasindaki iliskinin incelenmesi.
1 2 3 4 5 6 7 8 9
r r r r r r r r r
1.1TU
2.YTU 0.72%*
3. Teknostres Toplam 0.94**  0.90**
4. Problem C6zme - 0.20* - 0.14* - 0.17**
5. Dijital igerik Geligtirme - 0.26** - 0.24** - 0.26** 0.30**
6.Bilgive Veri Okuryazarhg - 0.15* - 0.13* - 0.15*  0.12  0.48**
7. Dijital Giivenlik - 013 - 0.17* - 0.16* 0.47** 0.38** 0.41**
8. iletigim ve s birligi - 0.14* - 0.16* - 0.15* 0.20%* 0.43**  0.40**  0.27**
9. Programlama -010 -001 -0.05 039** -0.07 - 0.02 0.17* - 0.04
10. BMTYO Toplam - 0.27*%% - 0.26%* - 0.27** 0.71**  0.63**  0.58**  0.73**  0.60**  0.35**

*: p<0.05, **: p<0.001. r: Spearman korelasyon katsayisi. 1: Intiyag-Tedarik Uyumsuzlugu (ITU). 2: Yetenek-Talepler Uyumsuzlugu (YTU). 3: Teknostres
Toplam Puani, 4: Problem Cézme, 5: Dijital Icerik Gelistirme, 6: Bilgi ve Veri Okuryazarhig, 7: Dijital Giivenlik, 8: lletisim ve Is birligi, 9: Programlama, 10: Bilgi,

Medya ve Teknoloji Becerileri Yeterlilik (BMTYO) Toplam Puani.

beklentileri  gibi  faktorlerle  tetiklendigi
bildirilmigtir. Urrejola-Contreras ve Herrera-
Lillo tarafindan gerceklegtirilen sistematik
derleme, saglik o6grencilerinde teknostresin
yaygin oldugunu ve bu durumun akademik
tikenmiglik, motivasyon kayb1 ve G&grenme
performansinda dugstsgle iligkili  oldugunu

gostermigtir.l® Mevcut calismada tespit edilen
orta diizey teknostres, fizyoterapi egitiminde
artan dijital 6grenme platformlari, simiilasyon
yazilimlar1 ve  c¢evrimi¢i  degerlendirme
sistemlerinin kullanimiyla iligkilendirilebilir.
Ozellikle COVID-19 pandemisi sonrast dénemde
hibrit egitim modellerinin yayginlagmasi,
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ogrencilerin teknolojik araclarla etkilesim
sikligini  artirmis ve bu durum teknostres
diizeylerinin yiikselmesine katkida bulunmusg
olabilir.20

Dijital yeterlilik acisindan elde edilen
toplam puan 6grencilerin yiiksek diizeyde dijital
yetkinlige sahip olduklarimi gostermektedir.
Ancak literatiir, dijital yeterliligin alt boyutlar
arasinda heterojen bir dagilim gosterebilecegini
vurgulamaktadir. Aydinlar vd. tarafindan
Turkiye’de saghik bilimleri 6grencileriyle
yapilan c¢alismada, 6grencilerin ag/iletigim ve
yapay zeka alanlarinda yiiksek puanlar
aldiklari, ancak bilgi yénetimi ve kodlama gibi
alanlarda daha disiik yetkinlik gosterdikleri
saptanmigtir. Ayrica, kadin o06grencilerin
bilgisayar bilgisi ve kodlama deneyiminde erkek
ogrencilere kiyasla daha diigiik diizeyde oldugu
bildirilmigtir.2! Roe vd., fizyoterapi
ogrencilerinin dijital yetkinliklerinin Avrupa
Dijital  Yetkinlik Cercevesi (DigComp)
boyutlarina gore degiskenlik gosterdigini ve bu
dagilimin program planlamasinda dikkate
alinmasi gerektigini vurgulamistir.22.23 Mevcut
calismada dijital yeterlilik alt boyutlarn
arasinda pozitif ve cogunlukla orta diizeyde
iligkiler bulunmasi, dijital becerilerin birbiriyle
entegre bir yapi sergiledigini ve bir alandaki
yetkinligin diger alanlardaki performansi da
destekledigini gostermektedir.

Calismanin temel bulgusu dijital yetkinligi
yiksek 6grencilerin teknolojik zorluklarla daha
etkin basa cikabildiklerini géstermektedir. Bu
bulgu, literatirdeki c¢esitli  c¢aligmalarla
desteklenmektedir. Golz vd. (2021), Isvigre'de
psikiyatri  hastanelerinde c¢alisan saghk
profesyonellerinde dijital yetkinlik ile
teknostres arasinda anlamli negatif iligki
(B=—-0.20, p <0.001) bildirmistir.8 Benzer sekilde,
Vasquez-Pajuelo vd., yiksek O6gretim
kurumlarinda djjital yeterliliklerin teknostres
varyansinin 6nemli bir kismimi agikladiginmi ve
logistik regresyon analizinde R? = 0.622 degeri
elde edildigini raporlamistir.® Bu bulgular,
dijital becerilerin teknostresin yaklagik %62’sini
aciklayabildigini gostermektedir. Mevcut
calismada ihtiyac—tedarik edilenler uyusmazhg:
ve yetenek—talepler uyusmazhg alt boyutlari ile
dijital yeterlilik alt boyutlar1 arasinda zayif
diizeyde negatif iligkiler saptanmasi, Person-
Environment (P-E) uyum teorisi perspektifiyle
aciklanabilir. Bu teoriye gore, bireylerin
teknolojik yetenekleri ile ¢evresel talepler
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arasindaki  uyumsuzluk teknostrese yol
agmaktadir.2¢  Dijital  yeterliligi  yiiksek
ogrenciler, teknolojik araclari daha etkili
kullanabilmekte, sorunlari daha hizl
¢ozebilmekte ve teknoloji destekli 6grenme
ortamlarina daha kolay adapte
olabilmektedir.25 Bu durum, algilanan ihtiyac¢—
kaynak uyumsuzlugunu azaltarak teknostres
diizeylerinin diismesine katkida
bulunmaktadir.

Fizyoterapi egitiminde dijital teknolojilerin
kullanim1 giderek artmakta; sanal gerceklik,
oyunlagtirma, hibrit 6grenme modelleri ve
dijital degerlendirme araclari mifredatin
ayrilmaz parcalar1 haline gelmektedir. Pagels
vd., dijital 6grenme uygulamalarinin bilgi ve
beceri  kazanimini  destekledigini  ancak
o6grenciler arasinda  dogrudan etkilesim
eksikligi ve disiik 6z-yeterlik algisinin sorun
olusturdugunu bildirmistir.26 Bu nedenle,
fizyoterapi programlarinda dijital yeterlilik
egitimlerinin miifredata entegre edilmesi ve
6grencilerin teknolojik 6z-yeterliklerinin
desteklenmesi kritik énem tagsimaktadir. Secer
ve Ozer Kaya, teknostres ve yapay zeka
konularinin ders programlarina dahil
edilmesini ve  0Ogrencilerin  etik/mesleki
kaygilarinin  giderilmesini  6nermektedir.!®
Ayrica, kurumsal diizeyde bilgisayar 06z-
yeterliginin gliclendirilmesi, O0gretim
elemanlarina ve 0Ogrencilere yoénelik dijital
egitimler, teknik destek mekanizmalar1 ve
dijital mola/baglant1 kesme stratejilerinin
geligtirilmesinin  teknostresi  azaltabilecek
6nemli yaklagimlar oldugu distntlmektedir.
Klinik ac¢idan, teknostresin tiikenmiglik, is
tatmini azalmasi ve saghk sorunlariyla iligkisi
g0z ontine alindiginda, gelecekteki
fizyoterapistlerin mesleki yagsamlarinda
karsilagsacaklar1 dijital saglik teknolojilerine
hazirlanmalar1 i¢in egitim doneminde uygun
destek saglanmasi gerekmektedir. Elektronik
hasta kayit sistemleri, tele-rehabilitasyon
platformlar1 ve dijital degerlendirme araclar:
gibi teknolojilerin klinik pratikte
yayginlagmasi, mezunlarin bu alanlarda yetkin
olmasini zorunlu kilmaktadir.

Limitasyonlar

Calismanin baz1 sinirliliklar:
bulunmaktadir. Ilk olarak, kesitsel tasarim
nedeniyle neden-sonug iligkisi
kurulamamaktadir; teknostres ve dijital

yeterlilik arasindaki iligkinin y6nind ve
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zamansal dinamiklerini anlamak i¢in boylamsal
calismalara ihtiya¢ vardir. Ikinci olarak,
o6rneklem %80.5 kadin ve %19.5 erkek
o6grenciden olusmakta olup cinsiyet
dagilimindaki dengesizlik, cinsiyete 06zgi
analizlerin giiclinii sinirlamaktadir. Literatiirde
kadin 6&grencilerin daha yiksek teknostres
bildirdigi gosterilmis olsa dal82l, mevcut
calismada bu degigskenin etkisi detayli olarak
incelenmemistir. Uctincii olarak, caligma tek bir
universiteden veri toplamis olup bulgularin
genellenebilirligi  smirhdir. Farkli  cografi
bolgelerde, ¢esitli kurumlarda ve degisen egitim
modellerinde (yiiz yiize, hibrit, tamamen
cevrimici) yiiriitiilecek cok merkezli calismalar
daha kapsamli bir perspektif sunabilir.
Dordiincti olarak, 6z-bildirime dayali &lgekler
kullanilmig olup sosyal begenilirlik egilimi ve
hatirlama yanliligi gibi faktorler sonuglar
etkilemig olabilir. Ayrica, teknostresi azaltmak
icin  yapilacak miudahale c¢alismalarinin
tasarlanmasi ve dijital yeterlilik egitim
programlarinin etkinliginin degerlendirilmesi
onerilmektedir. Ozellikle, dijital yeterlilik
egitimlerinin teknostres diizeylerini
azaltmadaki roliinin randomize kontrolli
caligmalarla test edilmesi, kanit temelli egitim
stratejilerinin geligtirilmesine katki
saglayacaktir. Ek olarak 6z-bildirim temelli
olceklerde sik rastlanan sosyal-begenirlik
yanliligi  arastirma sonuglarim  etkilemis
olabilir. Gelecekte yapilacak arastirmalarda bu
durumun giderilmesi i¢in 6z-bildirim temelli
anketlere ek olarak acik uclu sorular barindiran
nitel arastirma dizayninin uygulanmasi tavsiye
edilmektedir.

Sonuclar

Bu ¢aligsma fizyoterapi 6grencilerinde orta
diizeyde teknostres ve yiliksek diizeyde dijital
yeterlilik oldugunu, iki degisken arasinda ise
negatif yonli zayif bir iliski bulundugunu
gostermigtir. Bulgular, dijital yeterliligin
artirillmasina yonelik egitim programlarinin

teknostres duzeylerini azaltabilecegini ve
ogrencilerin  teknoloji  destekli  6grenme
ortamlarina adaptasyonunu

kolaylagtirabilecegini ortaya ¢ikarmaktadir. Bu
sonuglar, fizyoterapi egitiminde dijital yeterlilik
gelisimine yonelik sistematik yaklasimlarin
benimsenmesi ve kurumsal destek
mekanizmalarinin giiglendirilmesi gerektigini
vurgulamaktadir.
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Kahramanmaras Depremi sonrasi depremden etkilenen
bireylerde deprem kaygisinin depresyon, anksiyete, stres
ve fiziksel aktivite diizeyleri lizerine etkilerinin incelenmesi

Investigation of the effects of earthquake anxiety on the levels of depression, anxiety, stress,

and physical activity in people affected by the earthquake
after the Kahramanmaras Earthquake

Tugba GONEN?, Elif DINLER?, Erkin Ouz SARI, Yavuz YAKUT!
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Abstract

Amag: Bu calismanin amaci, 6 Subat 2023 Kahramanmarags depremi sonrasi depremden etkilenen bireylerde deprem kaygisinin
depresyon, anksiyete, stres ve fiziksel aktivite diizeyleri iizerine etkilerini incelemektir.

Yontem: Depremden etkilenen 187 birey [131 (%70,05) kadin, 56 (%29,95) erkek] calismaya dahil edildi. Demografik bilgilerin
ardindan, deprem kaygisinin degerlendirilmesinde “Deprem Kaygi Olgegi”, depresyon degerlendirmesinde “Beck Depresyon
Olcegi”, anksiyete degerlendirmesinde “Ankiyete Duyarlilik indeksi-3”, stres degerlendirmesinde “Algilanan Stres Olcegi”
kullanildi. Depremden etkilenen bireylerin fiziksel aktivite diizeyleri ise “Uluslararasi Fiziksel Aktivite Anketi-Kisa Formu” ile
degerlendirildi.

Bulgular: Calismaya 18-67 yas araliginda (27,8+10,8 yil) 131 kadin, 56 erkek olmak iizere toplam 187 birey katildi. Tek
degiskenli lojistik regresyon analizleri sonucunda ev tipinin (8=0,284, p=0,048), anksiyete duyarliliginin (8 =0,368, p=0,017),
oturma siirelerinin (8=0,332, p=0,002) ve algilanan stres diizeyinin (8=0,235, p=0,018) deprem kaygis! ile iliskili ve anlamli
etkiye sahip oldugu bulundu.

Sonug: Calismamiz sonucunda anksiyete duyarhihiginin, algilanan stresin, oturma siirelerinin ve yasanilan ev tipinin deprem
kaygisina etki eden esas faktorler oldugu belirlendi.

Anahtar Kelimeler: Deprem, Deprem kaygisi, Stres, Depresyon, Fiziksel aktivite.

Purpose: This study aimed to examine the effects of earthquake-related anxiety on depression, anxiety, stress, and physical
activity levels in individuals affected by the February 6, 2023, Kahramanmaras Farthquake.

Methods: A total of 187 earthquake-affected individuals [131 (70.05%) female and 56 (29.95%) male] participated in the study.
Aftercollecting demographic information, the Earthquake Anxiety Scale was used to assess earthquake-related anxiety, the Beck
Depression Inventory to assess depression, the Anxiety Sensitivity Index-3 to measure anxiety, the Perceived Stress Scale to
evaluate stress levels, and the Interational Physical Activity Questionnaire-Short Form to determine physical activity levels.
Results: The participants included 187 individuals (131 women and 56 men) aged between 18 and 67 years (mean age:
27.8+10.8 years). Univariate logistic regression analyses revealed that house type (8=0.284, p=0.048), anxiety sensitivity
(8=0.368, p = 0.017), sitting time (8 = 0.332, p = 0.002), and perceived stress (8 = 0.235, p = 0.018) had statistically significant
effects on earthquake-related anxiety.

Conclusion: This study found that anxiety sensitivity, perceived stress, duration of residence, and type of housing were the primary
factors influencing earthquake-related anxiety.

Keyword's: Earthquakes, Earthquake anxiely, Stress, Depression, Physical activity.
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GIRIS

Tirkiye’de 06 Subat 2023 tarihi saat
04:17de Kahramanmaras/Pazarcik merkezli 7,7
biyikligiinde bir deprem ve ardindan ayni giin
saat 13:24° te Kahramanmarag/Elbistan
merkezli 7,6 siddetinde ikinci bir deprem
meydana gelmigtir. Siddetli bu iki depremden
sonra 3 ay icerisinde 33.591 art¢i depremin
meydana geldigi ifade edilmigtir. S6z konusu
depremlerden sonra Kahramanmaras,
Gaziantep, Sanlhurfa, Diyarbakir, Adana,
Adiyaman, Osmaniye, Hatay, Kilis, Malatya ve
Elazig illerinde toplam 50,783 kisi hayatini
kaybetmis, 115.353 kisi yaralanmistir. Yapilan
hasar tespit calismalarinda yikik/acil yikilacak
bina sayisinin 58.039 ve agir hasarli bina
sayisinin  205.534 oldugu bildirilmistir. Bu
rakamlar ile Kahramanmaras merkezli
yasanan depremler, son yuzyilda tlkemizde
meydana gelen en buyik deprem felaketini
olusturmaktadar.!

Depremler sebep  olduklar1i  sosyal,
ekonomik, c¢evresel vb. zararlarin disinda
bireysel ve toplumsal etkileri sebebiyle
travmaya sebep olabilmektedir.2 Deprem ayni
zamanda yasanan kayiplar ve kayiplarin
sonuglar itibariyle bireylerde korku ve kaygiya
da sebep olmaktadir. Depremi dogrudan
yasayan bireylerde travma ve kaygilara dair
semptomlar daha sik goézlense de, ekrandan
maruz kalma dahi kaygi ve travma i¢in risk
faktora olusturmaktadir.?

Tiam Diinya’da yasanan buyuk
depremlerden sonra bu travmaya maruz kalan
bireylerin deprem kaygi diizeyleri, anksiyete
belirtileri, depresif semptomlari ve travma
sonras1 stres bozuklugu gérilme oranlarinin
yiksek oldugu literatiirde yer almaktadir.45 Bu
belirtilerin gériilmesi i¢in bireyin sadece can
kayb1 yagamis olmasi da gerekmez, maddi kayip
yasayan bireylerde de tim bu semptomlarda
artig gozlenmigtir.6

Cin’de meydana gelen  Wenchuan
depreminden uzun yillar sonra depremi
yasayan bireylerin depresyon dlzeyleri ve
yasam Kkalitelerinin analizini sunduklar1 bir
caligma da yasam kalitelerinin diigiik olmasinin
sebebi depresif ve uykusuzluk belirtilerinin 6n
planda oldugu az enerjiye sahip olma ile
iligkilendirilmigtir. Bunun sonucunda bireylerin
motivasyonlarini artirma ve sonucunda yasam
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kalitelerini iyilestirme yoniinde enerji azliginin
giderilmesine yonelik fiziksel aktivite
programlarinin olusturulmasi énerilmektedir.?
Literatiirde fiziksel aktivitenin depresyon,
stres, anksiyete gibi bulgular1 azalttig1 yoniinde
calismalar yer alsa da, depremden etkilenen ve
deprem kaygis1 yasayan bireylerin fiziksel
aktivite dlizeyleri tlizerine bir c¢aligmaya
rastlanmamigtir.89

Bu c¢alismanin amaci Kahramanmarasg
depremi sonrasi depremden etkilenen
bireylerde deprem kaygisinin depresyon,
anksiyete, stres ve fiziksel aktivite diizeyleri
tizerine etkilerini incelemektir.

YONTEM

Bireyler

Kesitsel c¢alisma olarak planlanan bu
arastirma Hasan Kalyoncu Universitesi Saghik
Bilimleri Fakiltesi Fizyoterapi ve
Rehabilitasyon Boélimi’'nde gerceklestirildi.
Calismaya baslamadan 6énce Hasan Kalyoncu
Universitesi Saghk Bilimleri  Girisimsel
Olmayan Aragtirmalar Etik Kurulu'ndan
03.08.2023 tarihinde gerekli izin ve onay alindi
(2023/72). Calisma Helsinki Bildirgesinde
tamimlanan ilkelere uygun sekilde yurutilda.
Calisma kapsaminda dahil edilme kriterlerini
saglayan bireylere ¢alisma hakkinda detayh
bilgi verildi. Katilmay1 kabul eden bireylere
aydinlatilmig onam formu imzalatildi.

Calismaya 6 Subat 2023
gerceklesen Kahramanmaras depremleri
sirasinda afet bolgesi illerinde
(Kahramanmaras, Gaziantep, Hatay, Kilis,
Diyarbakir, Adana, Osmaniye, Sanliurfa,
Adiyaman, Malatya, Elazig) bulunan, 18 yas
usti, iletisim problemi olmayan, okuryazar ve
calismaya katilmaya géniilli 205 (n=136 kadin,
n=69 erkek) birey dahil edildi. Psikiyatrik tam
ve fiziksel aktivite yapmaya engel olacak saghk
problemi olan bireyler ¢alisma dig1 birakildi.

Calismanin orneklem buyukliguna
belirlemek amaciyla G*Power 3.1.9.4 (versiyon
3.1.9.2 Universitat Diusseldorf, Diusseldorf,
Almanya) programi kullanildi. Yapilan analiz
sonucunda a = 0,05 tip I hata, %80 gii¢ oraninda
orneklem sayis1 168 kisi olarak belirlendi. Olas:
veri kaybi1 g6z oniinde bulundurularak 205
kiginin g¢alismaya dahil edilmesi planland:
(a=0.05; 1-8=0.80).

tarihinde
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Degerlendirmeler

Calisma kapsaminda deprem bdlgesinde
bulunan Dbireylere Google Form tizerinde
hazirlanan veri toplama formu c¢evrimigi
platformlar iizerinden gonderildi (e-mail,
whatsapp vb.) Bireylerin; yas, cinsiyet, viicut
kiitle indeksi, medeni durumu, kronik hastalik
durumu, egitim durumu, meslek, ev tipi, kat
bilgisi, evin hasar durumu, deprem esnasinda
bulunulan sehir, deprem kaynakli sakathk
durumu, enkazda kalma durumu ve depremde
1. derece yakini vefat durumu sorgulanarak
demografik bilgileri kaydedildi.

Bireylerin deprem kaygisinin
degerlendirilmesinde “Deprem Kaygi Olgegi”,
depresyon degerlendirmesinde “Beck Depresyon
Olgesi”, anksiyete degerlendirmesinde
“Ankiyete ~ Duyarhlik  Indeksi-3”, stres
degerlendirmesinde “Algilanan Stres Olcegi” ve
fiziksel aktivite diizeyinin degerlendirilmesinde
“Uluslararas1 Fiziksel Aktivite Anketi-Kisa
Formu” kullanilda.

Deprem Kayg1 Olgegi (DKO)

Deprem kaygisinin degerlendirilmesinde
Bal vd. tarafindan gelistirilen (2023) deprem
kayg1 olcegi kullamldi. Olgek 34 maddeden
olusmakta ve olgek maddeleri icerisinde ters
kodlama yapilan bir madde yer almamaktadir.
Her madde kiginin suan deprem 6ncesine gore
durumunu sorgulamaktadir. Bireyler 5 li likert
6lcimde “1-Hi¢ Katilmiyorum”, “5-Tamamen
Katiliyorum” olacak sekilde 1’den 5’¢ kadar
verilen ifadelerden en uygun olani secer.
Olgekten alinacak en diigiik puan 34, en yiksek
puan ise 170°dir. Olcekten alinan puan arttikca
deprem kaygisinin arttig1 dastintilmektedir.10

Beck Depresyon Olgegi (BDO)

Duygusal, biligsel, somatik ve motivasyonel
bilegsenleri 6lgmek amaciyla Hisli tarafindan
1998 yilinda Tirkce gegerlik giivenirlik
caligmasi yapilan 6lgek 21 maddeden olusmakta
ve her madde farkli bir ruh durumlarina yénelik
4’1u likert tipi 6l¢im saglamaktadir. Her madde
0 ile 3 arasinda puanlanmaktadir. Elde edilen
puana gore depresyon diizeyi sinmiflandirilir.
Olgekten en disiik “0” en yiiksek “63” puan
alinabilir. Bireyin aldigi puan arttik¢a
depresyon egiliminin arttig1 bildirilmistir. BDO
puanlama sonuclarina bakildiginda; bireyin
aldig1 puan 0 ile 9 arasinda ise minimal, 10 ile
16 puan arasinda hafif, 17 ile 29 puan arasinda
orta ve 30 ile 63 arasinda ise siddetli depresyon
olarak tanimlanmaktadir.1!

Anksiyete Duyarlihk Indeksi-3 (ADI-3)

Bireylerin anksiyete duyarhligini
degerlendirmek i¢in Anksiyete Duyarlihig:
Indeksi- 3 (ADI-3) kullanildi. Mantar vd.
tarafindan 2010 yilinda Turkge gecerlilik ve
guivenirligi yapilan indeks, bireyin anksiyeteye
bagl duyum ve belirtilere kars1 asir1 korkusunu
6lgmektedir. Indeks 18 énerme icerir ve besgli
Likert tipi 6l¢im saglar. “0” ¢ok az, “4” ¢ok fazla
anlamina gelmektedir. Birey Onerme i¢in
kendisine en uygun puan: secer. Olcekten en
disik 0, en yiksek 72 puan alimir. Puan
arttikca anksiyete duyarliligi artmaktadir.12.13

Algilanan Stres Olgegi (ASO)

Bireylerin stres algis1 Tiirkce gegerlik ve
giivenirlik c¢aligmasi 2013 yilinda Eskin vd.
tarafindan yapilan ASO ile degerlendirildi.
Olgek toplam 14 maddeden olugmaktadir. “0-
Higbir zaman”, “4- Cok Sik” anlamina
gelmektedir. Olcekte 6-7-9 ve 10 numarall
maddeler ters puanlanmaktadir. Olgekten en
diistik “0” en yiiksek “40” puan alinabilmektedir.
Olgekten alinan puan arttikca bireyin stres
algisinmin arttig1 gosterilmektedir.1415

Uluslararas: Fiziksel Aktivite Anketi-Kisa
Form (UFAA-KF)

Bireylerin  fiziksel aktivite dizeyleri
UFAA-KF ile degerlendirildi. Anketin Turkge
gegerlilik ve guivenirlik ¢aligsmasi 2010 yilinda
Saglam vd. tarafindan yapildi. Uygulanan
anket ile bireylerin bir hafta i¢erisinde; siddetli-
orta dereceli fiziksel aktivite ile ylrime ve
ginlik oturma stireleri sorgulandi. Siddetli,
orta dereceli aktivite ve ylrime siireleri
asagidaki hesaplamalarla bazal metabolik hiza
karsiik gelen MET'e (1 MET=3.5 ml/kg/dk)
cevrilerek toplam fiziksel aktivite skoru (MET-
dk/hafta) hesaplanir. Fiziksel aktivite diizeyi;
Toplam skor 600 MET’den kiciuk ise, “Aktif
Degil”, toplam skor 600-3000 MET arasinda ise
“Dugiik aktivite diizeyi”, toplam skor 3000
METden daha yiksek ise ‘Yeterli aktivite
diizeyi’ olarak belirtilir.1

Istatistiksel analiz

Verilerin istatistiksel analizi SPSS 25.0
(IBM SPSS Statistics 25 software (Armonk, NY:
IBM Corp.) paket programi kullamilarak
yapildi. Olculebilir degiskenlere iligkin veriler
ortalamazstandart sapma (X+SD) ile kategorik
degiskenlere iligkin veriler say1 ve yiizde olarak
verildi.  Degigkenlerin  normal dagilima
uygunlugu Kolmogorov-Smirnov  testi ile
degerlendirildi. Bagiml degisken olan DKO'nin
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uzerinde etkisi oldugu disgliniilen bagimsiz
degiskenlerin (cinsiyet, ev tipi ve bulundugu
kat, medeni durum, ADI-3, UFAA, BDO ve
ASO) incelenmesinde coklu lojistik regresyon
modeli kullanilarak analiz yapildi. Bagimsiz
degiskenlerin etki orani rZ ve beta degeri ile
hesaplandi. Tum istatistiklerde anlamlilik
degeri p<0,05 olarak kabul edildi.

BULGULAR

Calisma ic¢in olugsturulan 205 kisilik
orneklem grubundan 18 Dbirey c¢alisma
kapsaminda hazirlanan veri toplama formunun
%50’den fazlasimi yanitlamadig igin ¢alismayi
tamamlayamadi. Sonug olarak ¢alismaya 18-67
yas araliginda (27,83+10,83 y1l) 131 kadin, 56
erkek olmak {izere toplam 187 birey katildi (a =
0.05; 1 - B = 0.83). Bireylerin demografik bilgi ve
klinik verileri Tablo 1’ de yer almaktadur.

Tablo 1. Bireylerin demografik ve klinik verileri (N=187).

X+SD
Yas (yil) 27,8+10,8
Boy (cm) 1,7+0,1
Kilo (kg) 67,3+13,4
BKi (kg/m2) 23,6+4,1
n (%)
Cinsiyet Kadin 131 (70,05)
Erkek 56 (29,95)
Medeni durum Evli 89 (47,6)
Bekar 98 (52,4)
Egitim durumu Okur-yazar 11 (5,9)
ikbgretim 11 (5,9)
Lise 32(17,2)
Onlisans 94,8
Lisans 121 (65,1)
Lisansiistii 2(1,1)
Meslek Ogrenci 98(52,7)
Ev hanimi 23(12,4)
Ogretmen 11(5,9)
Diger 55(29,4)
Kronik hastalik Var 16 (8,6)
Yok 170(91,4)

BKi: Beden kiitle indeksi.

Gdnen et al

Depremden etkilenen bireylere sorulan
agck  uglu  sorulara  verilen  yanitlara
bakildiginda; bireylerin  %63,41 (n=118)
depremi Gaziantep ilinde yasamigken, %10,8’1
(n=20) deprem esnasinda Kahramanmaras
ilinde bulunmaktaydi. Bireylerin %25,81 ise
farkli deprem bélgelerinde idi. Bireylerin 139'u
(%74,7) apartman dairesinde ikamet ederken,
47si (%25,3) miistakil evde oturmaktaydi.
Calismaya katilan bireylerin %51,6 sinin evi 0
ile 3. kat arasinda iken, %48,4’u 3. kattan daha
yiksek dairelerde depreme yakalandi. Deprem
sonrasi evlerin hasar durumu sorgulandiginda
56 (%30,1) bireyin evi hasarsiz iken, 100 (%53,8)
kiginin evi az hasarl, 26 (%14) kisinin orta ve
agir hasarl olarak tespit edilirken, 4 bireyin ise
evi yikildi. Deprem sonrasi bireylerin %98,4’4
herhangi bir sakathik durumu bildirmedi. 183
birey enkaz altinda kalmadan depremden
kurtulurken 4 birey 8-48 saat arasi1 enkaz
altinda kalmig ve daha sonrasinda sag olarak
cikarilmigtir. Calismaya katilan bireylerin
%6,5'inde (12 kisi) 1. derece can kaybi tespit
edildi.

Bireylere uygulanan DKO, BDO, ADI-3,
ASO ve UFAA-KFa iliskin tanimlayict
istatistikler Tablo 2’ de gésterildi.

Tek degiskenli lojistik regresyon analizleri
sonucunda ev tipinin (8=0,284, p=0,048),
anksiyete duyarliligimin (8=0,368, p=0,017),
oturma siirelerinin (8=0,332, p=0,002) ve
algilanan stres diizeyinin (8=0,235, p=0,018),
deprem kaygisi Uzerinde iligkili ve anlamh
etkiye sahip oldugu, medeni durum (8=-0,174,
p=0,118), cinsiyet (8=-0,136, p=0,157), evin
bulundugu kat (8=-0,098, p=0,462), siddetli
fiziksel aktivite diizeyi (8=0,109, p=0,243), orta
siddette aktivite dizeyi (8=0,149, p=0,168)
yiiriime skoru (8=0,035, p=0,690), ve depresyon
diizeyinin (8=0,067, p=0,477) deprem kaygisim
etkilemedigi tespit edildi (Tablo 3).

TARTISMA

6 Subat 2023 Kahramanmaras
depremlerinden sonra depremden etkilenen
bireylerde deprem kaygisinin depresyon,
anksiyete, stres ve fiziksel aktivite diizeyleri
lzerine etkilerini incelemek amaciyla
planladigimiz bu c¢alisma sonucunda, deprem
kaygisinin anksiyete duyarhligi, algilanan stres
ve fiziksel aktivite diizeyi (oturma siiresi) ile
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Tablo 2. DKO, BDO, ADI-3, ASO, UFAA Verilerinin Tanimlayici istatistikleri (N=187).

X+SD
Deprem Kaygi Olcegi (DKO) 103,1+27,4
Beck Depresyon Olcegi (BDO) 18,8+10,3
Anksiyete Duyarlilik indeksi-3 (ADI-3) 30,6x13,6
Algilanan Stres Olgegi-10 (ASO-10) 21,5+5,7

Uluslararasi Fiziksel Aktivite Anketi (UFAA)
Siddetli (UFAA-S)
Orta (UFAA-O)
Yiiriime (UFAA-Y)
Oturma Siiresi (UFAA-OTUR)
Toplam (UFAA-TOP)

565,1+1672,7
320,3+835,2
974,2+271,1
376,5+363,1

2236,1+2372,6

Tablo 3. Lojistik regresyon analizi sonuglari.

Standardize

edilmemis katsayi Standardize katsay!

Bagimli Degisken: DKO B SH Beta t p

Medeni Durum -8,962 5,661 -0,174 -1,583 0,118
Cinsiyet -8,219 5,741 -0,136 -1,432 0,157
Ev Tipi -15,561 7,710 -0,284 -2,018 0,048*
Bulundugu kat -0,942 1,274 -0,098 -0,740 0,462
ADI-3 0,681 0,277 0,368 2,459 0,017*
UFAA-S 0,001 0,001 0,109 1,178 0,243
UFAA-O 0,004 0,003 0,149 1,394 0,168
UFAA-Y 0,001 0,002 0,035 0,401 0,690
UFAA-OTUR 0,026 0,008 0,332 3,276 0,002*
BDO 0,188 0,263 0,067 0,715 0,477
ASO-10 1,254 0,518 0,235 2,422 0,018*

*p<0,05. B: Standart olmayan regresyon katsayisi. SH: standart hata. DKO: Deprem Kayg Olcegi. ADI-3: Anksiyete Duyarlilik Indeksi-3. UFAA-S: Uluslararasi Fiziksel Aktivite Anketi-
Siddetli. UFAA-O: Uluslararasi Fiziksel Aktivite Anketi-Orta. UFAA-Y: Uluslararasi Fiziksel Aktivite Anketi-Yiirime. UFAA-OTUR: Uluslararasi Fiziksel Aktivite Anketi-Oturma Siiresi. BDO:

Beck Depresyon Olgegi. ASO-10: Algilanan Stres Olgegi-10.

iligkili oldugu gorildi. Bununla birlikte evli
olan bireylerin ¢ocuklarinin var olmasi ve sayisi
ile ev tipinin apartman dairesi olmasi deprem
kaygisinin artmasinda 6nemli rol oynamigtir.
Son yirmi yilda meydana gelen dogal
afetler goéz oniine alindiginda, 552 deprem
meydana gelmis ve deprem, diger dogal afetler
arasinda %8 ile tglincii en yaygin afet olarak
kayitlara gecmistir. (3.254 sel - %44 ve 2.043
firtina - %28).17 Depremler, 2000-2019 yillar:
arasinda diinya capinda meydana gelen tim
dogal afetlerin kigiik bir bélimiini olustursa
da, etkilenen bolgelerde binlerce can kayba,
yaralanma ve evsiz bireyin oldugu mega
felaketlere yol acabilmeleri nedeniyle en yikic

dogal afetler arasinda yer almaktadir. 6
Subat'ta meydana gelen 7,8 ve 7,6
buytkliklerindeki 2023  Kahramanmaras
depreminin 50.000'den fazla can kaybina ve
119.000 yaralanmaya yol ac¢tig1 bilinmektedir.18

Deprem sonrasi1 yapilan arastirmalara
bakildiginda; hayatta kalanlarin 6nemli bir
kisminda duygusal semptomlar icerisinde yer
alan kaygi bozuklugunun gorildigu tespit
edildi.’® Kaygi, yogun bir endise duygusuyla
karakterize istenmeyen ve tehlikeli bir durumla
kargilagildiginda ortaya cikan duygusal bir
semptomdur. Bu semptomun kalici olma
olasiligr “strekli kayg1” ya donlistiginde
yuksektir.20 Surekli kaygi, devam eden stresli
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durumlara verilen endigeli tepkilerle iligkilidir.
Bu anlamda afetler, herhangi bir yerde ve
herhangi bir zamanda meydana gelme olasilig:
yiksek olaylar olmasi nedeniyle insanlarda
stirekli kaygiy1 tetikler.2! Bizim ¢alismamizda
da deprem kaygisinin ¢alismaya katilan
bireylerde yiiksek oldugu gérilmistiir.

Caia vd.’nin depremzedelerin 6zelliklerine
iligkin yapmis olduklar1 bir ¢alismada yaslar:
15-82 arasinda degisen 80 gontllu katilimcida
depremin tzerinden iki yil ge¢mis olmasina
ragmen anksiyete semptomlarimin géruldigi
literatirde belirtilmigtir.22 Bununla birlikte
2008 yilinda Cin’de meydana gelen “Wencuhan
Depremi” sonras1 1181 erigkin lizerinde yapilan
calisma sonucglarinda bireylerin anksiyete
diizeylerinin yiksek oldugu gosterilmistir.23
Calismamizda da deprem sonrasi anksiyete
duyarhiligi bireylerde yiksek bulunmus ve
deprem kaygisinin artmasi ile bu sonuglarin
dogru orantili olarak artig gosterdigi literatiir de
yer alan ¢aligsmalar ile uyumluluk géstermigtir.

2019 yilinda Bavafa vd. tarafindan yapilan
calismada 2017 yilinda Iran’da meydana gelen
ve 620 kiginin vefat: ile sonu¢lanan depremden
10 giin sonra 999 bireyin anksiyete ve stres
diizeyleri  degerlendirilmistir. Caligmanin
sonuglarina bakildiginda deprem
magdurlarinin; %70 oran ile orta derecede
kaygi, %60.5 oran ile yogun stres yasadiklar:
tespit edilmistir.2* Ulkemizde yapilan bir diger
calisma incelendiginde yasanan
Kahramanmarasg depremi sonrasi 570
katilimcinin anksiyete ve stres diizeyleri
incelenmistir. %58 oraninda yiiksek anksiyete
diizeyine sahip érneklemde deprem kaygisi ile
travmatik stres belirtileri arasinda gucli ve
pozitif bir korelasyon bulunmustur.2>
Calismamizda da deprem kaygisi ile algilanan
stres birbiriyle iligkili bulunmusg ve literatir ile
paralellik gostermigtir.

Calismamizin  sonucglarina bakildiginda
anksiyete ve stres diizeyi deprem kaygisi ile
iligkili iken, deprem kaygisinin depresyonu
etkilemedigi gorilmustir. 6 Subat
Kahramanmarasg depremi sonrasi
o6gretmenlerin kayg1 diizeylerinin incelendigi bir
calismada; yasa gore kaygi diizeyleri incelenmisg
ve 61 yas Uzerinde deprem sonras1 kaygi
diizeyinin daha fazla goéruldigi ve yashlikta
kayginin depresyon ile birlikte arttigi calisma
sonuglarinda belirtilmigtir.3 Bizim
calismamizda da 6rneklemin yas ortalamasinin

Gdnen et al

27,83 olmasi1 depresyonun etkilenmemesine
sebep olmus olabilir. Literatiirde yer alan bir
diger calisma 2020 yilinda meydana gelen
Elazig depremi sonrasi deprem travmasinin
psikolojik  etkilerini  belirlemek amaciyla
yapilmigtir. Calismaya 360 kisi dahil edilmis
olup, bireylerin 284’4 deprem magduru, 76 kisi
de kontrol grubu olarak secilmistir. Depremden
2,5 ay sonra bireylerin depresyon BDO ile
degerlendirilmis ve sonuclar iki grupta da
benzerlik gostermistir. Calismaya bakildiginda
yag ortalamasinin 32,09 oldugu belirtilmis ve
bizim  c¢alismamiz ile Dbenzer sonugclar
gosterilmigtir.26 Depresyon ile yasam
doyumunun incelendigi bir diger ¢aligmada ise;
Kahramanmaras depremi sonrasi depresyon
belirtilerinin yagsam doyumunu negatif yoénde
etkiledigi ortaya konmustur. Bunun aksine
deprem stresinin depresyon ile pozitif iligkisi
bulunmamigtir. Literatiir incelendiginde
sonuclarimiz icerisimde yer alan deprem
kaygisinin depresyonu etkilemedigini
destekleyen ¢aligsmalar yer almaktadir.2?
Calismamizda deprem kaygisinin fiziksel
aktivite Ulzerine  etkilerinin  sonuclarina
bakildiginda; UFAA-KF icerisinde yer alan
parametrelerden oturma siliresinin deprem
kaygisi ile iligkili oldugu, yiksek-orta siddette
fiziksel  aktivite ve  ylUrume  skorunu
etkilemedigi gorildi. Literatirde yer alan
glncel c¢alismalara bakildiginda  fiziksel
aktivitenin  stres, kaygi, depresyon gibi
semptomlar luzerinde etkili oldugu
gosterilmigtir.28 6 Subat Kahramanmarag
depremi sonrasi1 Sirkadiyen ritm, uyku-
uyaniklik bozukluklar: ile bas etmede fiziksel
aktivite ve egzersizin 6nemine vurgu yapan bir
derleme c¢alismas1 yer almaktadir. Deprem
sonras1 diuzenli yapilacak fiziksel aktivitenin
6nemine vurgu yapilmigtir.2® Ancak deprem
sonrasi fiziksel aktivitenin etkileri tizerine bir
¢alismanin  yapilmamis olmas1  {zerine
sonuclarimiz literatir 1s181inda
tartigitlamamistir. Deprem o6ncesi bireylerin
fiziksel aktivite diizeyleri sorgulanmadigi i¢in
deprem sonrasi yliiksek-orta siddette aktivitenin
veya yurume skorunun etkilenmemesi bundan
kaynaklanmis olabilir. Bununla birlikte deprem
kaygisi ile birlikte oturma siirelerinin artmasi 6
Subat 2023 tarihinden itibaren gerek 6grenciler
- gerek Ogretmenler i¢in uzaktan c¢evrimigi
egitime gecis yapilmasi, bir¢ok kisinin depremi
yasadig1 sehirden gegici veya kalici siire ile
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ayrilmak durumunda olmasi, igine uzaktan
devam etmesi veya ara vermesi gerekceleriyle
oturma silirelerinin artig gostermis olabilecegi
gorigiindeyiz. Calisma o6rneklemimizin biyuk
¢ogunlugunu oOgrenciler ve 06gretmenlerin
olusturmasi sonuglarimizi bu yénli etkilemis
olabilir.

Calismaya katilan Dbireylerin  %74,7’si
apartman dairesinde ikamet etmekteydi.
Apartman dairesinde yasayan Dbireylerin
neredeyse yarisi (%48,4) 3. Kat ve iizerinde
oturmaktaydi. Calismamizda bireylerin
yasamis oldugu evin apartman dairesi olmasi
deprem kaygisi ile iligkili bulunmustur. Afet ve
Acil Durum Yonetimi Bagkanligi verilerine
istinaden deprem ani ve sonrasinda 50000’den
fazla binanin yikilmig olmasi bireylerin ¢ok katlh
binalarda kaygi diizeylerinin de arttigini
gostermektedir.

Limitasyonlar

Calismamizin bazi limitasyonlari
mevcuttur. Bu limitasyonlardan ilki bireylerin
deprem oncesi fiziksel aktivite diizeylerinin
bilinmiyor olmasidir. Deprem sonrasi
etkilenimin olmamasinin sebebi olarak sedanter
yasam tarzi dugiinulebilir. Ayrica depremden
etkilenen her 1ilde yasayan bireylerin
sonuglarinin karsilastirmali olarak sunulmasi
ilerleyen caligmalar i¢in ¢ok yonli
degerlendirme firsat1 sunacaktir.

Sonug

Calismamizda; depremi yagsayan bireylerin
deprem kaygisini etkileyen faktorlere
bakildiginda anksiyete duyarliliginin, algilanan
stresin, fiziksel aktivite diizeyinin ve yasanilan
ev tipinin deprem kaygisini arttirdigr goralda.
Asrin felaketi olarak tanimlanan bu yikici dogal

afetten  etkilenen bolgelerde  depremden
etkilenen bireylerin deprem kaygilarini arttiran
faktorlerin azaltilabilmesine yonelik

olusturulacak fiziksel aktivite programlarimin
bu popiilasyonda akilda tutulmasi onemlidir.
Programlarin uygulanmasi1 ve etkilerinin
arastirnldigr ¢alismalarin yapilarak sonuglarin
incelenmesini 6nermekteyiz.

dizayni, veri toplama, yazma; ED: Veri
toplama/igleme, yazma; EOS: Veri toplama/igleme;
YY: Calisma dizayn, veri analizi/yorumlama, kritik
gbzden gegirme.

Finansal Destek: Yok
Cikar Catismasi: Yok

Etik Onay: Bu c¢alismanin etik onayi, Hasan
Kalyoncu Universitesi Saghik Bilimleri Girigimsel
Olmayan Arastirmalar Etik Kurulu'ndan 03.08.2023
tarihinde 2023/72 karar numarasi ile etik onay
alinmigtir.

Tegekkiir: Yasadigimiz bu biyiik felaket sonras:
devam eden zorlu strecte galismamiza biyik bir
ozveri ile katilan, ¢alismamizi yliritmemize verdigi
cevaplar ile tim igtenlikleriyle destek olan butin
katilimcilarimiza sonsuz tesekkiirlerimizi sunariz.

Yazarlarin Katki Beyani: TG: Konsept, ¢alisma
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ORIGINAL ARTICLE

Comparison of the mechanical properties of hand and
wrist muscles at rest and during activity in patients with
rheumatoid arthritis and their healthy peers

Romatoid artritli hastalarda saglikli akranlarina gore el ve el bilegi kaslarinin mekanik
azelliklerinin istirahat ve aktivite halinde karsilastiriimasi

Hakan POLAT?, Serkan USGU2, Engin RAMAZANOGLU?, Zehra DOGMUS!,
Fatih ALBAYRAK3, Biinyamin KISACIK#

e Purpose: The aim of this study is to evaluate the mechanical properties of the hand and wrist muscles in patients diagnosed with
Rheumatoid Arthritis (RA) both at rest and during contraction.
Methods: A total of 83 individuals, including 42 Rheumatoid Arthritis (RA) patients and 41 healthy individuals, were included in
the study. Hand and wrist functionality was assessed using the Duru 0z Hand Index, and the mechanical properties of the muscles
were evaluated using the MyotonPro® device during both during contraction and rest.
Results: The tone and stiffness values of the flexor muscle in the left and right wrists of healthy individuals (except for the right
wrist at rest) during both rest and during contraction were higher compared to RA patients (p<0.05), while the scores for the
extensor muscle were similar (p>0.05).In RA patients, the tone and stiffness values of the muscle in the right and left thenar
region, measured at rest, were higher compared to healthy individuals (p<0.05), whereas the mechanical properties of the muscle
in the hypothenar region were similar (p>0.05). The Duru Oz Hand Index scores of RA patients were lower than those of healthy
individuals (p<0.05).
Conclusion: The mechanical properties (stiffness and tone) of the flexor and thenar muscles in RA primarily affect the wrist and
hand regions. Rehabilitation programs for the hands and wrists in these patients should prioritize specific exercises targeting the
flexor and thenar muscle groups (e.g., relaxation, stretching, functional exercises) and include approaches aimed at improving
overall hand functionality.
Keywords: Elasticity, Hand and wrist, Rheumatoid arthritis, Stiffness.

Amag: Bu calismanin amaci, Romatoid Artrit tanisi almis hastalarda el ve el bilegi bolgesindeki kaslarnn mekaniksel ozelliklerinin
Istirahat ve aktivite halinde degerlendirmehkti.

Yéntem: Calismaya 42 Romatoid Artrit (RA) hastasi, 41 saglikli birey olmak iizere toplam 83 birey dahil edildi. £l ve el bilegi
fonksivonelligi DuruOz El Indeksi, kaslann mekaniksel dzellikleri MyotonPro® cihazi ile aktivite ve dinlenme halinde
degerlendirildi.

Bulgular: Saglikl1 bireylerin sol ve sag el bilegi diciilen fleksr kasin (sag istirahat harig) istirahat ve aktivite halindeki tonus ve
sertlik degerleri RA'l1 hastalara gore daha yiiksek iken (p<0,05), ekstansdr kasin skorlan benzerdi (p>0,05). RA’ll hastalann sag
ve sol tenar boige istirahat halinde dl¢ilen kasin tonus ve sertlik degerleri sagliklilara gore yiiksek iken (p<0,05), hipotenar
bdlgedeki kasin tim mekanik ozellikleri benzerdi (p>0,05). RA’l1 hastalann duru 6z el indeksi skorlan sagliklara gore daha
diisiiktii (p<0,05).

Sonug: RA'de fleksir ve tenar bolge kaslarnn mekanik ézellikleri (sertlik ve tonus), bolgesel olarak ta dnce el bilegi ve el olmak
lizere ethkilendigi gorilmektedir. Bu hastalann el-el bilegi rehabilitasyonunda dncelikli olarak fleksor ve tenar kas gruplarnina
yonelik spesifik egzersizler (gevseme, germe, fonksiyonel egzersizier, vb.) icermeli ve genel el fonksiyonlarini gelistirmeye yonelik
yaklasimlar belirlenmelidir.

Anahtar Kelimeler: Elastisite, El ve el bilegi, Romatoid artrit, Sertlik.
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INTRODUCTION
Rheumatoid  Arthritis (RA) is an
autolmmune, chronic inflammatory,

progressive, and systemic disease that affects
0.5% to 1% of the adult population, particularly
those with genetic predisposition..2 The disease
progresses through periods of activity and
remission.? With increased disease duration and
activity, the joints and the surrounding muscles
and ligaments become affected.4 The joints most
commonly involved in RA are the hand and wrist
joints.5 RA impacts six anatomical regions of the
hand: the skin, muscles, nerves, joints, tendons,
and blood vessels.® Involvement of the hand and
wrist leads to a reduction in functional grip
strength and a two-thirds decrease in lateral
and tip pinch strength performed with the
thumb.” The effects of RA on body functions
manifest as restrictions in daily living activities.
These restrictions are attributed to pain,
decreased range of motion, muscle weakness,
and reduced aerobic capacity. Notably, muscle
strength decline can be observed even in the
early stages of RA.8

Hand functions include components such as
mobility, muscle strength, coordination, and
sensory integration. Since the hand is involved
in numerous daily activities, hand functionality
is critical for individual independence.?
Effective hand use depends on factors such as
anatomical integrity, joint mobility, adequate
muscle strength, proper sensory input, motor
coordination, and the absence of pain. In
individuals with RA, pathological changes such
as joint swelling, pain, deformities, and reduced
joint mobility lead to decreased grip strength
and impaired hand function. These impairments
are further exacerbated by factors like fear of
pain, reflex inhibition, disuse atrophy, and joint
instability.1011 Additionally, the coordinated
activity of the thenar and hypothenar muscles is
essential for maintaining muscular balance
required for proper hand and wrist function. 12
A review of the literature reveals that in two
separate studies, RA patients demonstrated
lower wrist flexor and extensor muscle strength
scores compared to healthy individuals, with
joint  position sense and proprioception
negatively affected.%1© However, no specific
study was found investigating the impact of RA
on the viscoelastic properties of hand and wrist
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muscles. Existing studies suggest that muscle
tone may either increase or decrease.ll'l4
Prolonged inflammation and joint damage in RA
are associated with muscle weakness and
deterioration, while factors such as morning
stiffness and inactivity may also affect muscle
tone and function.1112 Inflammation in RA may
influence the viscoelastic properties of joints and
periarticular muscles. Clinical features such as
morning stiffness and prolonged immobility
have been associated with changes in muscle
function, including increased perceived
stiffness.13.14

The literature indicates a lack of sufficient
studies examining the wrist and hand muscles
in RA patients. Given the frequent hand
involvement in RA and its impact on hand
functions, we hypothesize that the hand and
wrist muscles of RA patients, particularly the
thenar and hypothenar muscles, may exhibit
differences in mechanical properties during rest
and activity compared to their healthy peers due
to changes in muscle activation. Evaluating
muscle mechanical properties both at rest and
during contraction provides valuable insight
into the passive and active behavior of muscle
tissues. While resting measurements reflect
baseline viscoelasticity and muscle tone,
contraction-based assessments reveal how
muscle properties change under load, which is
more functionally relevant to daily activities.
Considering that individuals with RA often
experience both rest-related stiffness and
activity-related limitations, analyzing both
states 1s essential for a comprehensive
understanding of muscle dysfunction.

This study aimed to compare the
mechanical properties of specific hand and wrist
muscles (particularly focusing on thenar and
hypothenar muscles) between patients with RA
and their age-matched healthy peers and
evaluate these properties under two conditions:
at rest and during controlled muscle activity.

METHODS

This study was conducted as a collaboration
between the Department of Physiotherapy and
Rehabilitation and the Department of
Rheumatology at Sanko University. The study
was designed as a cross-sectional research
project. All participants who met the inclusion
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criteria were informed face-to-face about the
study, and voluntary consent forms were signed
to confirm their participation. The study
adhered to the ethical principles outlined in the
Declaration of Helsinki and received ethical
approval from the Non-Interventional Clinical
Research  Ethics Committee of SANKO
University during its meeting dated November
20, 2024, with protocol number 2024/11.

Participants

The study included 42 patients diagnosed
with RA based on the 2010 ACR/EULAR
criteria, who were being monitored at the
Rheumatology Clinic of Sanko University, as
well as 41 healthy volunteers with similar
average ages. The inclusion criteria were being
diagnosed with rheumatoid arthritis according
to the 2010 ACR diagnostic criteria, willingness
to participate in the study, being aged between
18 and 70 years, being able to speak Turkish and
comprehend written text, having stable
medication usage for at least three months or
longer, no history of orthopedic surgery within
the last three years, not undergoing
physiotherapy, being right-handed as the
dominant hand. As an additional inclusion
criterion, participants were required to have
clinically low-to-moderate disease activity and
to be under stable medical treatment for at least
the past three months. This criterion aimed to
reduce variability in muscle mechanical
properties due to acute disease exacerbations.
Individuals with clinical signs of median or
ulnar nerve entrapment neuropathies (e.g.,
carpal tunnel syndrome or cubital tunnel
syndrome), trapeziometacarpal joint
osteoarthritis, or local tendon inflammation
affecting the thenar or hypothenar muscles were
excluded from the study based on clinical
examination. Neurological assessment and
palpation were performed to rule out such
conditions.

Study design

Demographic information such as age,
gender, marital status, occupation, and disease
duration of the participants was recorded.
Measurements for individuals who met the
inclusion criteria and agreed to participate in
the study were conducted face-to-face by the
same physiotherapist. Hand and wrist
functionality of the participants was assessed
using the Duru Oz Hand Index, while the
mechanical properties of the hand and wrist

muscles were evaluated using the MyotonPro®
device. The mechanical properties of the
muscles were measured both at rest and during
contraction. For contraction measurements,
participants were asked to perform a
submaximal isometric contraction of the target
muscle (flexor or extensor for wrist; thenar or
hypothenar for hand) while the MyotonPro®
probe was applied perpendicularly to the muscle
belly. For the hand, measurements of the thenar
and hypothenar muscles were performed using
a pinch meter. Only individuals with a dominant
right extremity were included in the study.
Dominant extremity preference was determined
using the Edinburgh Handedness Inventory.!5

Demographic information form

This form is designed to assess participants'
demographic information, contact details, and
general background. It includes questions about
the participants' disease duration, medications
used, age, contact information, gender, height,
body weight, marital status, education level,
and occupation.

MyotonPro®

The MyotonPro® is a portable digital device
that objectively and non-invasively measures
the tone or tension state, biomechanical, and
viscoelastic properties of muscles and other soft
biological tissues. The device's probe (3 mm in
diameter, made of polycarbonate) is placed
perpendicularly on the skin projection of the
target muscle. A constant pre-pressure (0.18 N)
is applied to the skin surface to compress the
subcutaneous superficial tissues. Beneath these
compressed tissues, the device delivers rapid,
mechanical impulses (0.4 N) with a brief
duration (15 ms) to the target muscle using a
stable mechanical force. These mechanical
impulses from the probe create local and elastic
deformation in the measured muscle. After this
deformation, the muscle returns to its original
state, responding with natural damped
oscillations. These oscillations are recorded as
an acceleration graph by frictionless and highly
sensitive accelerometers located at the opposite
end of the probe. The device simultaneously
calculates the muscle’s tone (characterized by
natural oscillation frequency; Hz), stiffness
(N/m), and elasticity (characterized by
logarithmic decrement of natural oscillations),
along with the tissue's tension state,
biomechanical, and viscoelastic property
parameters. During the measurement, the
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probe of the device is placed perpendicularly on
the muscle surface, targeting the motor point of
the relevant muscle. The assessment position
and points for each muscle are determined
according to the criteria published on the official
website of MyotonPro®.16

The Extensor Carpi Radialis (ECR) muscle
and the Flexor Carpi Ulnaris muscle were used
as reference points for wrist measurements.?
For measurements in the thenar and
hypothenar regions, the Abductor Pollicis Brevis
muscle was used as the reference for the thenar
muscle, and the Abductor Digiti Minimi muscle
was used as the reference for the hypothenar
muscle.18 For myotone assessments;
participants were asked to rest for a while (3-5
minutes) while sitting on a chair. The
participant was asked to sit upright on the edge
of the table and extend their arms comfortably
on the table. For Flexor Carpi Ulnaris (FCU);
1/3 of the distance between the proximal medial
epicondyle and the ulna styloid, the point where
the muscle is most bulging, for ECR, 1/3 of the
distance between the lateral epicondyle and the
radius styloid process was taken as
reference.1920 The hypothenar region is a thick
soft tissue mass on the ulnar side of the palm.
The pisiform is located on the palmar aspect of
the fifth metacarpal bones and the proximal
part of the proximal phalanx of the fifth finger.
The reference point for the hypothenar region
was determined as the midpoint of one-third the
distance between the ulnar styloid process and
the head of the fifth proximal phalanx,
measured with a tape measure, as previously
described.?! For the thenar region, the reference
point was identified as the most prominent part
of the abductor pollicis brevis muscle, which lies
between the radial styloid process and the base
of the thumb. This location was selected based
on anatomical palpation and surface anatomy
guidelines.?2 In the evaluation of both the thenar
and hypothenar regions, the appropriate L-
shaped probe of the MyotonPro device was used
in accordance with manufacturer instructions.
Since the use of this probe was not specified in
the cited anatomical studies, reference to the
device manual was applied for methodological
standardization. The selection of the FCU and
ECR muscles for wrist measurements was based
on their anatomical accessibility and relevance
in wrist flexion and extension. These muscles
are more superficial and easier to isolate for
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mechanical property assessment using the
MyotonPro®. In contrast, Flexor Carpi Radialis
(FCR) and Extensor Carpi Ulnaris (ECU) were
not included due to their deeper location or
overlapping muscle structures, which may
hinder accurate measurement with surface-
based devices.

Hydraulic Hand Dynamometer

This dynamometer (Hand-grip, Jamar
dynamometer) is capable of measuring force
values ranging from 0 kg-f (kilogram-force) to 90
kg-f. The device has two parallel handles and
can be adjusted to five different grip span
settings (ranging from 3.5 cm to 8.5 cm in 1.3 cm
increments) to accommodate individuals with
varying hand sizes.?3 During the hand grip
strength assessment, the participant was seated
in a chair with back support, feet flat on the
ground, hips and knees at 90-degree flexion, the
forearm in a neutral position, and the wrist in
0-30 degrees of extension and 0-5 degrees of
ulnar deviation. The dynamometer was set to
the "0" position before each trial. Participants
were instructed to apply maximum grip
strength for approximately 3-5 seconds, and the
test was repeated three times with 30 seconds of
rest between trials. The highest value among
the three trials was recorded for analysis.
During each trial, standardized verbal
encouragement was provided to ensure maximal
effort.24

Pinch Meter

The pinch meter is a type of dynamometer
used to assess peripheral muscle strength and
measure hand grip strength. Measurements
were performed in the standard position
recommended by the American Society of Hand
Therapists (ASHT): the participant was seated
with the shoulder in adduction and neutral
rotation, elbow in 90-degree flexion, forearm in
mid-rotation and supported, and wrist in a
neutral position. A one-minute rest period was
provided between each measurement, and the
average of three measurements was recorded.2?
Each pinch trial lasted approximately 3-5

seconds, during which participants were
instructed to apply maximum  force.
Standardized verbal encouragement was

provided during each attempt to promote
maximal effort.

Lateral pinch (key pinch) force was
assessed using the pinch meter. Participants
were instructed to perform a lateral pinch
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between the thumb pad and the radial side of
the index finger, as per the American Society of
Hand Therapists protocol.

Duru Oz Hand Index

The Duru Oz Hand Index is an 18-item
questionnaire designed to assess activity
limitations related to hand function. It was first
developed in 1996 by Duruoéz et al. to evaluate
rheumatoid hand functions. The 18 questions
are divided into five categories: kitchen tasks,
dressing, personal hygiene, workplace activities,
and other activities. Possible responses, along
with their corresponding scores, are as follows:
No difficulty (= 0), very little difficulty (= 1),
some difficulty (= 2), quite difficult (= 3), almost
impossible (= 4), 1mpossible (= 5). The total score
is the sum of the scores from all 18 questions
(ranging from 0 to 90), with higher scores
indicating greater impairment in hand
function.26

Statistical analysis

Descriptive statistics included means and
standard deviations for continuous variables
and frequencies and percentages for categorical
variables. The normality of data distribution
was assessed using the Kolmogorov-Smirnov
test. For independent group comparisons: The ¢-
test was used for continuous variables when
parametric test assumptions were met. The
Mann-Whitney U test was used when
parametric test assumptions were not met. A
significance level of p<0.05 was considered
statistically significant. Data analysis was
conducted using the IBM SPSS Statistics 23
software package. The study sample size was
calculated using the G-power program, based on
primary assessments considering stiffness as
the key variable. Assuming a power of 80%
(8=0.20), a=0.05, the minimum sample size was
determined to be 21 participants per group, with
a total of 42 participants.2” Considering
potential dropouts (20%), it was decided to
include a total of 51 individuals in the study.

RESULTS

The study included a total of 83
participants: 42 patients diagnosed with RA and
41 healthy individuals with no chronic illnesses.
The mean ages of the participants were 49.86 +
11.27 years in the RA group and 48.56 + 9.86
years in the control group, with no statistically

significant difference between the groups
(p>0.05). In terms of gender distribution, the RA
group consisted of 85.7% women and 14.3% men,
while the control group comprised 80.5% women
and 19.5% men. The physical and
sociodemographic  characteristics of  the
participants are presented in Table 1. The
disease duration of the patients with
rheumatoid arthritis included in the study was
87.80 (3-360) months

The tone and stiffness parameters of the
right wrist during contraction. as well as the
tone and stiffness parameters of the left wrist
during rest and activity, were statistically
higher in the healthy group compared to the RA
group (p<0.05). The elasticity values of the left
wrist during contraction were statistically lower
(p<0.05). No statistically significant differences
were found in the other evaluated parameters
(p>0.05) (Table 2).

No statistically significant differences were
observed in the tone, stiffness, and elasticity
parameters of the wrist extensor muscle groups
during contraction and rest (p>0.05) (Table 2).
When examining the myotonometric properties
of the thenar muscle groups during contraction
and rest, the tone and stiffness parameters of
the right and left extremities in the RA group
were statistically higher than those in the
healthy group at rest (p<0.05) (Table 2).

No statistically significant differences were
observed in the tone, stiffness, and elasticity
parameters of the hypothenar muscle groups
during contraction and rest (p>0.05). However,
when comparing the Duru Oz Hand Index scores
between the groups, the RA group had
statistically higher scores than the control group
(p<0.05).

DISCUSSION

This study aimed to compare hand and
wrist muscle mechanical properties between RA
patients and healthy controls, revealing
significantly lower muscle tone and stiffness in
the RA group, particularly in flexor muscles
during contraction and the left wrist at rest,
compared to their healthy peers.

Although the patient and control groups
were homogeneous in terms of age and gender,
our findings revealed that the flexor muscle tone
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Table 1.Physical and sociodemographic characteristics of the participants.
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Rheumatoid Arthritis(n=42)

Healthy Group (n=41)

X£SD X+SD p
Age 49.9+11.3 48.6+9.9
Duru Oz Hand Index (Score) 23.1+22.0 0.9+2.2 <0.001
Disease Duration (Months) 87.8 (3-360) -

n (%) n (%)
Gender (Female/Male) 36/6 (86/14) 33/8(80.5/19.5)

Table 2. Myotonometric properties of wrist flexor muscle groups, wrist extensor muscle groups, thenar muscle groups and

hypothenar muscle groups during contraction and rest.

Rheumatoid Arthritis HealthyGroup
(n=42) (n=41)
X£SD X£SD p
Wrist Flexors
Right
Tone (Hz) Rest 20.446.0 21.645.3 0.340
Tone (Hz) During Contraction 25.2+12.9 30.1+10.6 0.010*
Stiffness (N/m) Rest 432+202 480+161 0.060
Stiffness (N/m) During Contraction 533+£324 779+261 0.001*
Elasticity (log) Rest 1.24+0.3 1.12+0.2 0.045*
Elasticity (log) During Contraction 1.2+0.5 1.11+0.5 0.383
Left
Tone (Hz) Rest 19.31+5.2 22.245.1 0.012*
Tone (Hz) During Contraction 23.4+10.0 31.8+10.9 0.001*
Stiffness (N/m) Rest 39+161 468+152 0.020*
Stiffness (N/m) During Contraction 538+271 777+230 0.001*
Elasticity (log) Rest 1.23+0.2 1.13+0.2 0.047*
Elasticity (log) During Contraction 1.2+0.4 1+0.3 0.012*
Wrist Extensors
Right
Tone (Hz) Rest 25.7+10.8 23.247.4 0.639
Tone (Hz) During Contraction 25.5+8.9 2446.7 0.831
Stiffness (N/m) Rest 554+259 566.1206 0.466
Stiffness (N/m) During Contraction 618+233 628+205 0.834
Elasticity (log) Rest 1.27+0.3 1.32+0.3 0.413
Elasticity (log) During Contraction 1.26+0.4 1.18+0.3 0.318
Left
Tone (Hz) Rest 24.4+10.3 21.846.4 0.689
Tone (Hz) During Contraction 25.849.8 24.148.1 0.441
Stiffness (N/m) Rest 541+294 530.+181 0.503
Stiffness (N/m) During Contraction 623+264 664+296 0.511
Elasticity (log) Rest 1.310.3 1.3+0.3 0.946
Elasticity (log) During Contraction 1.2+0.4 1.340.5 0.355

* p<0.05 log: Logarithmic.
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Table 2 (Contd.). Myotonometric properties of wrist flexor muscle groups, wrist extensor muscle groups, thenar muscle groups
and hypothenar muscle groups during contraction and rest.

Rheumatoid Arthritis HealthyGroup
(n=42) (n=41)
X£SD X£SD p
Thenar Region
Right
Tone (Hz) Rest 25.5+4.4 23.2+3.6 0.007*
Tone (Hz) During Contraction 31+4.7 32.845.7 0.122
Stiffness (N/m) Rest 519+124 436198 0.002*
Stiffness (N/m) During Contraction 747+150 798+124 0.094
Elasticity (log) Rest 1.4+0.2 1.3+0.2 0.009*
Elasticity (log) During Contraction 1.2+0.3 1.240.2 0.331
Left
Tone (Hz) Rest 25.45. 23.944.5 0.033*
Tone (Hz) During Contraction 30.7£5.6 30.6+5.3 0.892
Stiffness (N/m) Rest 519+129 453+108 0.014*
Stiffness (N/m) During Contraction 727+168 737+137 0.767
Elasticity (log) Rest 1.440.3 1.3+0.2 0.103
Elasticity (log) During Contraction 1.3+0.3 1.340.1 0.701
Hypothenar Region
Right
Tone (Hz) Rest 23.5+4.1 22.9+2.4 0.795
Tone (Hz) During Contraction 26.1+5.1 24.943.7 0.239
Stiffness (N/m) Rest 468+108 452+77 0.695
Stiffness (N/m) During Contraction 530+158 493195 0.303
Elasticity (log) Rest 1.5+0.2 1.5+0.2 0.698
Elasticity (log) During Contraction 1.4+0.3 1.5+0.2 0.662
Left
Tone (Hz) Rest 22.6+3.3 22.5+2.2 0.851
Tone (Hz) During Contraction 30.4+33 32.14515 0.188
Stiffness (N/m) Rest 442+87 439160 0.871
Stiffness (N/m) During Contraction 525+122 476+103 0.068
Elasticity (log) Rest 1.5+0.2 1.5+0.2 0.902
Elasticity (log) During Contraction 1.5+0.3 1.540,1 0.335

* p<0.05 log: Logarithmic.

and stiffness values during contraction were
significantly lower in individuals with RA
compared to healthy controls. This may reflect
disease-related alterations in neuromuscular
control or structural muscle changes; however,
these interpretations remain speculative and
require further investigation with direct
assessments such as EMG or imaging
techniques. Additionally, the absence of
consistent effects across all muscles or both

sides of the body suggests that local factors -
such as hand dominance, joint protection
behaviors, or subclinical inflammation - may
contribute to the variability in muscle response.

The lack of significant differences in the
extensor group, and the observed asymmetry in
left versus right wrist measurements, may
reflect disease-related variability in joint
protection strategies, hand dominance, or
subclinical inflammation. Clinically, these
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results emphasize the importance of early
detection and rehabilitation of dynamic muscle
dysfunction in RA patients, particularly in the
wrist flexors, to prevent functional decline and
enhance hand use in daily life.

The higher tone and stiffness scores in the
Rheumatoid Arthritis group suggest that the
flexor muscles are more affected by the disease's
pathophysiological process compared to the
healthy group. Smith et al. stated that
inflammation in  the joints, synovial
hypertrophy, and decreased range of motion
observed in RA patients are associated with
changes in muscle tone.28 Stamm et al.
suggested that the flexor muscles of the hand
play a greater role than the extensor group
during daily living activities, which may result
in more pronounced viscoelastic changes in the
flexor muscle group.2?

Tone can be classified into two forms:
neural and non-neural.’® Inflammation
observed in RA can lead to adverse outcomes
such as motor neuron loss, synaptic
degeneration, and muscle atrophy as a result of
microglial activation.3! In the peripheral
nervous system, a reduction in axon caliber may
be accompanied by a decrease in conduction
velocity.32 This neurodegenerative process may
explain why muscle tone in the RA group is
lower compared to the healthy group. The
decrease in tone and stiffness parameters of the
flexor muscles during contraction may result
from the negative impact on neuromuscular
control mechanisms.

One of the key findings of this study is the
difference between passive (at rest) and active
(during contraction) muscle properties in
individuals with RA. Passive measurements
reflect the intrinsic viscoelastic structure of the
muscle, which may be altered by chronic
inflammation, fibrosis, or disuse. In contrast,
contraction-based assessments depend on active
neuromuscular control and voluntary muscle
recruitment. In RA, pain, joint damage, and
inflammation can impair central and peripheral
neuromuscular pathways, leading to reduced
activation capacity during contraction even
when passive properties appear relatively
preserved.

This discrepancy is clinically relevant as it
suggests that muscle dysfunction in RA may not
always be visible at rest but becomes evident
during functional use. Therefore, evaluation and

Polat et al

rehabilitation  strategies  should include
assessments under both conditions to accurately
detect dynamic impairments and guide targeted
interventions. Pain avoidance behavior and
reduced muscle usage in RA patients could also
contribute to this decline when compared to
healthy individuals. Kopriilioglu et al.
highlighted the relationship between decreased
flexor muscle tone and joint dysfunction in their
study involving RA patients, emphasizing that
this should be a key consideration during the
rehabilitation process.33

Although increased tone and stiffness in
flexor and thenar muscles were initially
interpreted as targets for relaxation strategies,
it is also possible that these changes represent a
compensatory neuromuscular mechanism to
stabilize joints affected by ligamentous laxity in
RA. Since joint stability was not specifically
assessed in this study, caution should be
exercised when recommending generalized
relaxation exercises. Instead, individualized
rehabilitation programs that include functional
exercises such as grip strengthening, object
manipulation, and wrist stabilization should be
considered, based on clinical evaluation of joint
integrity. In particular, targeted stabilization
exercises for the wrist flexor muscles - especially
eccentric training - may be beneficial to
counteract the observed reductions in tone and
stiffness. Similarly, neuromuscular retraining
focused on dynamic activation of the thenar
muscle group may help improve grip efficiency.
For patients with increased tone in thenar
muscles, stretching or soft tissue release
techniques could be considered to reduce
compensatory overactivity.

The lack of significant differences in
extensor muscle groups during rest and activity
has also been observed in some studies in the
literature. Chung et al. discussed the functional
differences between muscle groups in RA
patients, noting that extensor muscles play a
lesser role in stabilization and tension control of
the wrist compared to the flexor group. They
highlighted that the absence of changes in tone
and stiffness in the extensor muscles is an
expected finding.3¢ Our study findings were
consistent with the limited studies available in
the literature. We believe that the changes in
the viscoelastic properties (tone, stiffness, and
elasticity) of the wrist flexor and extensor
muscle groups are not solely related to the
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nature of the disease but are also influenced by
usage patterns and compensation mechanisms.
From a clinical standpoint, decreased stiffness
and tone in the wrist flexor muscles during
contraction may indicate a need for strength-
based interventions under load, whereas
preserved passive properties suggest that
passive stretching may be of limited value. In
contrast, the lack of change in the extensor
group may reflect underutilization rather than
pathology, and thus controlled activation
strategies - such as resisted extension
movements - could be beneficial.

Further investigation into the lack of
changes in the extensor muscle group through
more detailed biomechanical analyses and
larger patient cohorts would be valuable. The
RA group had statistically higher tone and
stiffness scores in the thenar muscle groups of
both extremities during contraction and rest
compared to the healthy group, whereas no
differences were observed in tone, stiffness, or
elasticity in the hypothenar region. The Duru Oz
Hand Index scores were also higher in the RA
group than in the control group. Smith et al.
noted that the presence of inflammation, fibrotic
changes, and compensatory mechanisms are
associated with increased tone and stiffness in
the RA group.3®

Compared to the hypothenar region, the
thenar muscles play a more significant role in
grip strength and fine motor skills, making it
expected for RA to have a more pronounced
impact on these muscles. We also believe this
may be associated with clinical findings and
symptoms such as muscle spasms and increased
muscle activity. Brorsson et al. reported that
changes in neuromuscular control mechanisms
can lead to clinical problems such as hypertonia
and rigidity.36 Izod et al. stated that the
hypothenar muscles are used less frequently in
daily living activities compared to the thenar
region, and this reduced usage leads to less
impact from disease-related degeneration.

As aresult, no changes were observed in the
tone, stiffness, and elasticity parameters of the
hypothenar region.?” The higher Duru Oz Hand
Index scores in the RA group indicate
limitations in hand functions. Joint deformities
and muscle dysfunction not only negatively
impact hand functions but also suggest adverse
effects on the mechanical properties of the
muscles. Therefore, rehabilitation planning

should consider both passive and active muscle
properties. For example, reduced contraction
stiffness in the thenar group highlights the need
for resistance-based precision grip training. On
the other hand, the absence of hypothenar
changes may not require direct intervention, but
should be monitored in case of compensatory
overuse. By “functional exercises,” we refer to
clinically oriented movements such as grip
strengthening, fine motor coordination tasks,
object transfer, and activities mimicking daily
hand use. These exercises are intended to
improve practical hand function in RA patients
and should be selected based on the patient’s
individual joint integrity and muscle
performance.

Limitations

This study has some limitations. Although
our study was conducted in a single center and
our sample size calculation was appropriate for
our study, clinicians should be careful when
interpreting our results obtained in a small
sample to the general RA population. Our
second limitation is that submaximal
contraction was asked from the participants in
the measurements during activity. However,
how homogeneous this contraction level is
realized may vary between participants and
may affect the reliability of the measurement.
Our third limitation is that the pain felt by RA
patients during contraction may limit muscle
activation. However, in this study, pain levels
during the measurement were not recorded.
Occupational information, pinc and grip
strength measurements were not questioned.

Conclusion

In RA, the mechanical properties (stiffness
and tone) of the flexor and thenar muscles
appear to be primarily affected, with the impact
observed regionally, starting with the wrist and
hand. While hand and wrist functionality
decreases, strength may remain unaffected.
Rehabilitation programs for the hands and
wrists of these patients should prioritize specific
exercises targeting the flexor and thenar muscle
groups (e.g., relaxation, stretching, and
functional exercises) and incorporate
approaches aimed at improving overall hand
functionality.

Clinically, these findings suggest that
decreased hand function in RA may be linked to
altered mechanical properties (increased
stiffness/tone) in specific muscles like flexors
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and thenar groups, even if overall strength is
maintained. Therefore, rehabilitation strategies
should extend beyond general strengthening to

include targeted interventions such as
stretching, relaxation techniques, and
functional exercises specifically for these

affected muscle groups to effectively improve
hand functionality.
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Digital transformation of knowledge: role of YouTube
electrotherapy videos in physiotherapy and rehabilitation

Bilginin djjital doniisimii: fizyoterapi ve rehabilitasyonda
YouTube elektroterapi videolarnnin rolii

Elif DINLER?, Nail Abidin YARASIRY, Deniz KOCAMAZ!

Abstract

0z

Purpose: YouTube is one of the most important websites among university students and researchers. Because of this reason, it
is important to determine the quality and reliability of videos in this platform to be used as educational content. The purpose of
this study is to evaluate the quality and reliability of YouTube videos in electrotherapy education.

Methods: The keywords namely; electrotherapy in physiotherapy, electrotherapy in physiotherapy lecture, electrotherapy in
physical therapy and rehabilitation were searched on YouTube. The reliability and quality of the videos were evaluated respectively
by using DISCERN and Global Quality Scale (GQS) scores.

Results: A total of 150 videos were reviewed in the current study. Finaly, 28 videos met the inclusion criteria were included in the
study. The level of agreement between the two investigators was good regarding classifying the videos as reliable (Kappa
coefficient: 0.904). Inter-observer agreement was 0.86 and 0.92 for DISCERN and GQS scores, respectively. The types of
organizations that upload videos with Electrotherapy videos were most commonly uploaded by Physiotherapists. Doctors
uploaded the lowest number of videos. It was found that physiotherapist uploaded the highest quality videos. DISCERN
instrument, where the average total score was 3 (range 0 to 5).

Conclusion: YouTube can be a valuable platform for making application-based electrotherapy techniques more comprehensible,
leveraging contemporary technological tools.

Keywords: Electrotherapy, Education, Internet, Video, YouTube

Amag: YouTube, liniversite dgrencileri ve arastirmacilar arasinda en énemli web sitelerinden biridir. Bu nedenle, bu platformdaki
videolanin egitim icerigi olarak kullaniimak lizere kalitesinin ve giiveniliriginin belirlenmesi énemlidir. Bu calismanin amaci,
elektroterapi egitiminde YouTube videolannin kalitesini ve giivenilirligini degerlendirmenti.

Yontem: YouTube 'da fizyoterapide elektroterapi, fizyoterapi dersinde elektroterapi, fizik tedavi ve rehabilitasyonda elektroterapi
anahtar kelimeleri aranmistir. Videolann giiveniliigi ve kalitesi sirasiyla DISCERN ve Genel Kalite Olgegi (GKO) puaniar
kullamlarak degerlendirilmistir.

Bulgular: Mevcut calismada toplam 150 video incelenmistir. Sonug olarak, dahil edilme kriterlerini karsilayan 28 video ¢alismaya
dahil edildi. Iki arastirmaci arasinda videolann giivenilirlik agisindan smnifiandinimasi konusunda ivi bir uyum sagland (Kappa
katsayisi: 0,904). Gozlemciler arasi uyum, DISCERN ve GKO puanlan fcin sirasiyla 0,86 ve 0,92 idi. Elektroterapi videolan
Yiikleyen kurulusiann tirleri arasinda en yaygin olani fizik tedavi uzmanlanydi. Doktorlar en az sayida videoyu yiiklemistir.
Fizyoterapistlerin en yiiksek kaliteli videolan yiikledigi tespit edilmistir. DISCERN aracinda ortalama toplam puan 3 (0 ila 5 araligy)
bulunmustur.

Sonug: YouTube, cagdas teknolojik araclardan yararlanarak uygulama tabanli elektroterapi tekniklerini daha anlasilir hale
getirmek icin degerli bir platform olabilir.

Anahtar kelimeler: Elektroterapi, EZitim, Intemet, Video, YouTube
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INTRODUCTION

In the 21st century, the internet has
become a vital and increasingly convenient
source of information for patients and their
families.! YouTube is considered one of the
largest internet platforms with more than one
billion users and is the second most visited
website after the Google search engine.2
YouTube is a popular video sharing platform
that has been providing online video viewing. It
is reported that approximately eight out of ten
internet users obtain their health-related
information from online information sources.
First of all interns and medical school students
frequently use the internet for educational
purposes.? YouTube has become an important
tool for the students in their access to
information, learning and academic
development processes. The easily accessible,
audiovisual and interactive content offered by
YouTube supports students in understanding
complex concepts, reinforcing course materials
and developing multifaceted perspectives on
topics across different disciplines. In addition to
this many patients and families utilize.
YouTube to learn more about their disease and
available treatment options.! This situation
supports individuals' active participation in
their own treatment processes, increases health
literacy and strengthens awareness in
therapeutic processes. Furthermore,
physiotherapists sharing educational materials
via YouTube contributes to the widespread
dissemination of clinical knowledge and ensures
that current approaches to electrotherapy reach
wider audiences.

Developing digital technologies and social
networking sites offer people opportunities to
learn and collaborate without time and space
restrictions.4? Social networking tools are now a
part of medical education and allow people to
obtain information, stay up to date, present
their knowledge to others, communicate with
others effectively and instantly develop a sense
of community,5” and control video content
characteristics, including speed and time.89

In medical education, students reported
high levels of satisfaction with the brevity and
conciseness of educational videos, ease of access
and use, and the ability to watch videos in a
variety of settings to support clinical

experiences and reinforce their learning.l0
YouTube also has easy-to-use feedback tools.
Viewers can comment on videos to review and
discuss the content, share additional resources,
or ask and answer questions through forums,
and they also support the content by using the
like feature.!! Because this platform is free and
easily accessible, students and academicians
have increasingly begun to combine YouTube
videos with other medical education resources to
meet their learning needs.12 In addition, the fact
that it has many advantages such as being
easily accessible, being able to share videos on
social media, and allowing options for
commenting, liking, and disliking has increased
the interest of publishers in YouTube.!!
Unfortunately, it has been stated that the
popularity of YouTube videos does not depend
on the quality and educational value of the
video, but on the viewing rate, number of
comments and likes.

On the other hand, there are concerns
about the quality and reliability of the content
of videos uploaded to YouTube. Since videos can
be uploaded by anyone without verification and
many videos are produced for commercial
purposes, the information contained in the video
content and the accuracy of this information can
be questioned.'314 Considering all these
conditions there is a constant need to evaluate
the quality of YouTube's health-related videos.
A research investigation of You Tube videos on
a variety of topics found that YouTube can
provide high-quality health-related information,
but can also provide conflicting and misleading
health-related information.1® There are a large
number of videos on Electrotherapy education
on the YouTube Video platform, and it is
important to determine the quality and
reliability of these videos in order to be used as
educational content.

As a result of our literature review, we
could not find any study on You Tube using as a
electrotherapy education platform. In the
current literature, a study was conducted to
evaluate the reliability and quality of YouTube
videos as an information source for
Transcutaneous Electrical Nerve Stimulation
(TENS),16 but no study examining the reliability
and quality of YouTube videos in electrotherapy
education could be found. The aim of this study
is to evaluate the quality and reliability of
YouTube videos in electrotherapy education.
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The hypothesis of our study; YouTube platform
can be used in electrotherapy education consists
of high quality and reliable videos.

METHODS

This research was designed as a descriptive
study and was conducted at Hasan Kalyoncu
University. YouTube was searched with the
keywords " electrotherapy in physiotherapy", "
electrotherapy in physiotherapy lecture”, and
"electrotherapy in physical therapy and
rehabilitation" for this research on 16-17 June
2023. The search was conducted in English, and
each keyword was written separately and all
related videos were identified. Since the
information analyzed in this study was publicly
accessible on YouTube, ethical approval was not
obtained.

The video uploaders were divided into 4
categories: (1) physicians, (2) physiotherapist,
(3) medical companies, (4) independent users.

Selection of keywords

There are no standardized guidelines for
keyword selection in studies analyzing YouTube
content; therefore, researchers typically
determine keywords based on their own criteria.
To enhance the generalizability of the findings
and reduce potential selection bias, a systematic
review of multiple databases was conducted to
identify the most frequently used terms related
to electrotherapy. The keyword selection process
was carried out independently by three
physiotherapists with expertise in the field, Two
of them held doctoral degrees in physiotherapy
and rehabilitation. Each researcher performed
the search on a separate computer to ensure
objectivity. The final set of keywords was

determined through a  consensus-based
approach, incorporating expert input to
strengthen methodological rigor and

reproducibility.1?

Data collection and eligibility criteria

The inclusion criteria were defined as
YouTube videos that (1) matched the predefined
keywords (“electrotherapy in physiotherapy”,
“electrotherapy in physiotherapy lecture”, and
“electrotherapy in physical therapy and
rehabilitation”); (2) were presented in English;
(3) contained educational or clinical information
related  to electrotherapy-including  its
principles, therapeutic techniques, applications,
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or safety considerations-within physiotherapy
and rehabilitation practice; (4) demonstrated
adequate audiovisual quality; (5) included
narration or visual explanation provided by a
physiotherapist, educator, or healthcare
professional to ensure the reliability of the
content; and (6) had a duration between 30
seconds and 30 minutes, as viewer engagement
tends to decline significantly in longer videos.

Videos were excluded if they were
duplicated, unrelated to the study topic, or
inaccessible during the data collection process.
The applied search strategy and eligibility
criteria were consistent with those used in
previous. YouTube-based content analyses. In
total, 28 videos meeting the inclusion criteria
were analyzed in this study.

Video selection

The previous browsing history and cookies
were cleared before the search. A total of 150 top
videos were aimed to be examined and saved in
a separate playlist. Fifty top videos were
targeted for each keyword, which has been
reported to be a feasible method of video
selection in the literature. Previous research has
shown that individuals tend to watch the first
videos listed on any media server.1819 The
number of views on the YouTube videos was
used to search for them. As a result, the videos
with the greatest views were shown first. Links
to the videos were recorded by the researchers.
The study was completed within two days.
During the viewing of the videos, the
researchers scored them independently in
different environments.

Evaluation of the videos

The reliability and quality of the videos
were evaluated by two  independent
physiotherapists (ED, NY) Discrepancies
between the scores of the two researchers were
determined. In case of any disagreements, a
consensus discussion was held to resolve them.
To ensure inter- and intra-rater reliability of the
customized scoring system, the same reviewers
re-evaluated 28 videos 2 weeks after the initial
assessment, which were selected using a simple
random sampling method. Additionally, these
videos were evaluated by the third researcher
(DK) without knowing the scores of the other
two researchers. Finally, the final decision was
reached. Inter-rater reliability was calculated
for DISCERN and Global Quality Scale (GQS)
scores as described as below.20:21
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Review

The characteristics of videos (number of
views, duration, days, years of upload, number
of likes and dislikes, comments) were recorded.
The number of likes, dislikes, and comments
related to the interaction level of the videos was
determined. The engagement rate was
calculated with the following formula: number
of views/day. The like ratio was calculated with
the following formula: likes x 100/(likes +
dislikes).

Video quality

The quality of the videos was evaluated by
GQS. The scale was created by Bernard et al.
The scoring system of this scale is based on the
usefulness, flow, and quality of the video for the
target individual who will potentially watch the
video.22 This scale was designed to evaluate the
content quality of online resources. It is a Likert-
type scale. It evaluates between a minimum of 1
and a maximum of 5 points. A score of 4 or 5
indicates that the video has high quality, a score
of 3 indicates that it has medium quality, and a
score of 1 or 2 indicates that it has low quality.20

Reliability of videos

The reliability of the videos was evaluated
with modified DISCERN. The scale is created to
examine the quality of written health
information. Each question of this instrument,
which consists of 5 items, is answered "yes" or
"no". Each yes answer receives 1 point, and the
maximum score is 5. Higher scores indicate
greater reliability.2!

In addition, the video contents were
categorized and analyzed according to specific
electrotherapy-related themes, such as types of
currents. This classification allowed for a more
systematic and comprehensive evaluation of the
educational and clinical aspects presented in the
videos.

Statistical analysis

The normality of data was analyzed with
the Shapiro-Wilk test. The data were expressed
as median (min-max) for continuous variables
and number (n) and median for categorical
variables. Cohen’s Kappa coefficient of
agreement was used to measure the degree of
agreement of the reviewed video between two
investigators. The Statistical Package for Social
Science version 22.0 IBM Corp. Armonk, NY,
USA) was used for analysis. A P-value of <.05
was considered significant.

RESULTS

In a YouTube search on 16-17 June 2023, a
total of 150 videos were reviewed in the current
study. 39 non-English language videos, 11 poor
quality (voice or resolution) videos, 4 repetative
videos, 34 duplicated wvideos, 5 irrelevant
content videos and 11 videos with inappropriate
time were excluded. The level of agreement
between the two investigators was good
regarding classifying the videos as reliable and
no reliable (Kappa coefficient: 0.904). The
remaining 28 videos were assessed in this study.
Inter-observer agreement was 0.86 and 0.92 for
DISCERN and GQS scores, respectively. The
flow chart of the video selection process is shown
in Figure 1.

Search terms in YouTube™
“glectrotherapy in physiotherapy”,
“electrotherapy in physiotherapy lecture” and
“electrotherapy in physicaltherapy and rehabilitation

¥

Initial: 150 videos

Removal: 122 videos
- 5: contains few pictures
- 39: other language

»| -6 poorvoice quality

- 27:imelevant content

- 3:less than 30 seconds
- 8: more than 30 minutes
- 34: duplicates

Y

Included: 28 videos

Figure 1. The flow chart of the video selection process

Video characteristics

In our study conducted on the YouTube
platform, it was determined that videos
containing the keywords we selected for
electrotherapy and meeting the inclusion
criteria were uploaded between 2020 and
2023.Videos had a median of 6314 views (range
178 to 80,177), with all analyzed videos together
being viewed 647,180 times. There were no
dislikes in any videos. Electrotherapy education
videos available on YouTube received 775
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comments. The video duration, knowledge of
upload, amounts of views, likes, dislikes,
comments, and like ratio are given in Table 1.

Table 1. Video characteristics.

Median Min-Max
Video duration (minutes) 6.58 2.01-12.47
Months since upload 48 12-264
Views 6314 178-80177
Likes 3.5 0-19.000
Dislikes 0 0
Comments 0 775
Like rate 100 0-100
Global Quality Scale (GQS) 3 2-4
DISCERN Total 3 2-5

There are six categories of video uploaders
in this study. The types of organizations that
upload videos with Electrotherapy videos were
most commonly uploaded by physiotherapist.
Doctors uploaded the lowest number of videos.
Independent user has no videos. It was found
that physiotherapist uploaded the highest
quality videos. The video quality details by GQS
and knowledge of video uploaders are given in
Table 2.

Video quality evaluation with DISCERN
scores and Global Quality Score (GQS)

Videos were assessed for user-focused video
quality using the DISCERN instrument, where
the average total score was 3 (range O to 5).
Question-based clustering of the questionnaires
examining video quality is demonstrated in
Table 3. Two videos received a score of O on the
DISCERN assessment, while three videos
included all questions from the survey and
achieved a score of 5. According to DISCERN,
the most basic problem in videos is that they are
no additional sources of information listed. The
distribution of responses according to the
DISCERN scoring and the quality of the videos
according to the GQS are presented together in
Table 3. The responses clustering demonstrated
that many videos achieved high scores according
to GQS.

Content of electrotherapy methods

The distribution of treatment methods in
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articles published on YouTube in the field of
electrotherapy is presented in Table 4. The
largest segment in the chart represents
electrical stimulation, which was the most
studied and discussed method in the field of
electrotherapy (50%). Other video content topics
were distributed as follows: TENS (25%),
combined electrotherapy applications (20%),
iontophoresis (10%), biofeedback (5%),
Shortwave Diathermy (SWD) (5%), shock
therapy (5%), and paraffin therapy (5%).

DISCUSSION

In the digitalized world, driven by the
expectations of Generation Z, technology has
become an essential tool in the field of
education. With advancements in global
technology, education has extended beyond
traditional classroom settings and has
increasingly embraced digital platforms 23. A
key reason for this transition is that Generation
7Z tends to favor interactive and non-traditional
approaches to learning.24

In recent years, YouTube has transcended
its initial role as an entertainment platform and
has emerged as an educational resource across
various domains, including academic subjects,
hobbies, and cultural topics.25

Electrotherapy education comprises both
theoretical knowledge and practical skills. The
theoretical concepts taught in class are expected
to be integrated with hands-on practice and
applied in clinical settings. While students
typically receive device-related information
from course instructors during practical
sessions, opportunities to practice and reinforce
this knowledge outside the classroom are often
limited. This limitation arises due to factors
such as the cost, size, and safety requirements
of the devices, which are typically available only
in specialized laboratories. Consequently, there
is a growing need for visual materials that
enable students to revisit and reinforce their
practical applications.26

Practical demonstrations performed by
experts using devices commonly encountered in
clinical settings play a crucial role in reinforcing
course content and supporting repeated
practice. Short, focused, and comprehensible
videos that align with the learning outcomes of
the course can be used by students for
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Table 2. Video quality assessment according to the Global Quality Scale by source group.

Poor Quality (n=9) Moderate Quality (n=12) High Quality (n=7) Total (n=28)

Sources n n n n

Doctor 1 - 1

Physiotherapist 4 6 5 15

Hospital/Clinic 3 4 2 9

Patient - 0

Medical Company 2 1 3

Independent user - 0

Table 3: Question-based clustering of the questionnaires according to video quality
Q1 Q2 Q3 Q4 Q5 DISCERN Total GQS (Quality)

1. Yes No Yes No Yes 3 3 (Moderate Q)
2. Yes Yes Yes Yes Yes 5 5 (High Q)
3. Yes No Yes No No 2 4 (High Q)
4. Yes No Yes No Yes 4 5 (High Q)
5. Yes No Yes No No 2 4 (High Q)
6. No No No No No 0 2 (Low Q)
7. Yes No Yes No No 2 3 (Moderate Q)
8. No No No No No 0 2 (Low Q)
9. Yes No No No No 1 3 (Moderate Q)
10. Yes No Yes No Yes 3 3 (Moderate Q)
11. Yes No Yes No Yes 3 3 (Moderate Q)
12. Yes No Yes No Yes 3 3 (Moderate Q)
13. Yes No Yes No Yes 3 3 (Moderate Q)
14. Yes No Yes No No 2 3 (Moderate Q)
15. Yes No Yes No No 2 2 (Low Q)
16. Yes No Yes No No 2 2 (Low Q)
17. Yes No Yes No Yes 3 2 (Low Q)
18. Yes No No No Yes 2 4 (High Q)
19. No Yes Yes No Yes 3 2 (Low Q)
20. Yes No Yes No Yes 3 3 (Moderate Q)
21. Yes Yes Yes No Yes 4 3 (Moderate Q)
22. Yes No Yes Yes No 3 2 (Low Q)
23. Yes Yes Yes Yes Yes 5 4 (High Q)
24, Yes Yes Yes No Yes 4 4 (High Q)
25. Yes Yes Yes No Yes 4 3 (Moderate Q)
26. Yes Yes Yes Yes Yes 5 2 (Low Q)
217. Yes Yes Yes No No 3 3 (Moderate Q)
28. Yes Yes Yes Yes No 4 2 (Low Q)
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Table 4. Distribution of electrotherapy methods.

Electrotherapy method n (%)
Electric stimulation 11 (40)
TENS 6 (20)
Combine method 5(16)
Shockwave therapy (ESWT) 2(8)
Shortwave diathermy 14)
Biofeedback 1)
lontophoresis 1(4)
Paraffin 1(4))

independent study and can also Dbe
recommended by instructors as supplementary
materials. Such instructional content enables
learners to progress at their own pace and helps
detach the learning process from time and place
restrictions. In this way, practice-based topics
can be reviewed as often as needed in an online
environment, contributing to more permanent
and meaningful learning.27

In this context, the present study aimed to
evaluate the quality and reliability of YouTube
videos as educational resources  for
electrotherapy.

The YouTube videos included in the study
were created by physiotherapists, which aligns
with the fact that electrotherapy is a primary
domain of physiotherapy students and
professionals.28 Other healthcare professionals
and assistants, apart from physiotherapists and
physical therapy technicians, do not generally
utilize this method. Therefore, it is both reliable
and appropriate for such videos to be created
and uploaded by these professional groups.

A prior study examined the perspectives of
physical therapy graduates on electrotherapy
education. According to the findings, graduates
emphasized the importance of covering topics
such as wultrasound, hot pack, cold pack,
shortwave diathermy, paraffin therapy, TENS,
interferential current, electrical stimulation,
and iontophoresis within electrotherapy courses
(28). In the current analysis, the most commonly
covered topics in the YouTube videos included

electrical  stimulation, TENS, combined
electrotherapy  applications, iontophoresis,
biofeedback, shortwave diathermy, shock

therapy, and paraffin therapy. This overlap
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suggests that the electrotherapy-related video
content on YouTube largely meets the
expectations of physical therapy graduates.

The findings of the present study are
consistent with our initial hypothesis, which
assumed that the YouTube videos used in
electrotherapy education would demonstrate an
acceptable level of quality and reliability.
Although only a limited number of videos met
the inclusion criteria, those selected videos were
of sufficient educational value and aligned well
with the needs of electrotherapy training. From
an educational perspective, these results
highlight the importance of carefully curated
and evidence-based video content as a
supportive tool for students, particularly in
skill-oriented courses with limited laboratory
time. When integrated into the learning process,
structured online videos have the potential to
reinforce  knowledge, enhance self-paced
learning, and contribute to competency-based
electrotherapy education.

To ensure optimal quality, videos were
evaluated based on predefined criteria,
resulting in only 19% of the videos being
included in the study. While the videos that met
the criteria demonstrated high quality and
reliability, the limited number highlights the
need to enhance existing content in terms of
material quality, narration, and visual
presentation. Therefore, it is recommended that
future video content be enriched to better
support educational objectives.

Limitations

Certain limitations of this study should be
acknowledged. The subjective scales utilized in
the study may have been influenced by the
personal perceptions and opinions of the
evaluators. However, as mno standardized
quantitative method exists for this purpose,
similar criteria have been commonly employed
in previous studies. Another notable limitation
pertains to the timing of the video assessments.
YouTube is a dynamic platform where millions
of new videos are uploaded daily, and the
characteristics of these videos can change over
time. Consequently, the findings of this study
are confined to a specific time frame. Future
research should consider this dynamic nature
and analyze the same videos at different time
points to assess potential changes over time.

Conclusion

YouTube appears to be a valuable platform
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for making application-based electrotherapy
techniques more comprehensible, leveraging
contemporary technological tools. However,
there remains a need to increase the number of
high-quality videos available on the platform.
Additionally, newly uploaded videos should be
further enriched to maximize their educational
impact.
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ORIGINAL ARTICLE
Reliability of tele-evaluation of Timed Up and Go, Single

Leg Stand, and 30 s Sit to Stand Tests
in patients with low back pain

Bel agnisi olan hastalarda Zamanli Kalk Yiiri, Tek Ayak Uzerinde Durma ve 30 Saniye Otur Kalk

Testlerinin tele-degerlendirmesinin givenirligi
Muhammed Zahid UZ1, Hayriye YILMAZ2, Bilge KARA3

Abstract Purpose: This study aimed to examine the reliability of the Timed Up and Go (TUG), Single Leg Standing (SLS), and 30-Second

0z

Sit-to-Stand (30STS) tests, both between different raters (inter-rater) and within the same rater (intra-rater), when administered
through face-to-face and tele-evaluation methods in individuals with low back pain (LBP).

Methods: Fifty individuals diagnosed with LBP and meeting the inclusion criteria participated in the study. Detailed demographic
characteristics, including age, sex, and body mass index (BMI), were recorded. Functional tests were conducted both in a
traditional face-to-face setting and under synchronous (real-time) and asynchronous (recorded) tele-evaluation conditions.
Results: Inter-rater reliability between face-to-face and tele-evaluation methods was found to be very high (TUG: 1ICC=0.999;
SLS: ICC=0.998; 30STS: ICC=0.996). Similarly, inter-rater reliability between two tele-evaluation sessions was also excellent
(TUG: 0.997; SLS: 0.999; 30STS: 0.999). Intra-rater reliability, representing repeated measurements by the same rater, was also
high in synchronous tele-evaluations, with ICC values of 0.997, 0.925, and 0.924 for TUG, SLS, and 30STS, respectively.
Conclusions: The TUG, SLS, and 30STS tests demonstrated high reliability in tele-evaluation applications among individuals with
LBP. These findings indicate that the tests are valid, feasible, and clinically useful tools for standardized, safe, and remote
evaluation of functional capacity in a home environment.

Keywords: Low back pain, Telemedicine, Telerehabilitation, Reliability.

Amag: Bu calismanin amaci, bel agnsi olan bireylerde Zamanli Kalk-Yirii (Timed Up and Go; TUG), Tek Ayak Uzerinde Durma
(Single Leg Standing; SLS) ve 30 Saniye Otur-Kalk (30-Second Sit-to-Stand; 30STS) testlerinin, hem aymi degerlendirici hem de
farkll degerlendiriciler arasinda, yiz yiize ve tele-degerlendirme yontemleriyle giveniigini incelemekt.

Yontem: Calismaya, bel agnsi tanisi almis ve dahil edilme kriterlerini karsilayan 50 birey katildl. Katihmcilann yas, cinsiyet ve
beden kitle indeksi (BKI) gibi aynntili demografik verileri kaydedildi. Fonksiyonel testler hem geleneksel yiiz yiize ortamda hem
de senkron (es zamanly) ve asenkron (farkli zamanty) tele-degerlendirme kosullannda uyguland.

Bulgular: Viiz yiize ve tele-degerlendirme yontemleri arasinda farkli degerlendiriciler arasi (inter-degerlendirici) givenirlik cok
Yyiksek bulundu (TUG: 1€C=0,999; SLS: ICC=0,998; 30STS: ICC=0,996). i tele-degerlendirme oturumu arasindaki farkl
degerlendiriciler arasi (inter-degerlendirici) givenirlik de oldukca yiiksekti (TUG: 0,997; SLS: 0,999; 30STS: 0,999). Ayni
degerlendirici tarafindan yapilan tekrar 6lcimler arasindaki (intra-degerlendirici) giivenirlik, senkron tele-degerlendirmede TUG,
SLS ve 30STS igin sirastyla 0,997, 0,925 ve 0,924 olarak bulundu.

Sonug: TUG, SLS ve 30STS testlen, bel agnsi olan bireylerde tele-degerlendirme uygulamalan acisindan yiiksek diizeyde
glivenirlik sergilemistir. Bu bulgular, s6z konusu testlerin fonksiyonel kapasitenin ev ortaminda uzaktan, givenli ve standardize
bir bicimde degerlendirilmesi icin gecerli, uygulanabilir ve klinik olarak yararl araclar oldugunu gostermehtedir.

Anahtar kelimeler: Bel agnisi, Tele-tip, Tele-rehabilitasyon, Givenirlik.
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INTRODUCTION

Low back pain (LBP) is defined as
discomfort or pain occurring between the lower
rib margins and the gluteal folds, with or
without radiating symptoms to the lower
extremities. It represents one of the most
prevalent musculoskeletal disorders globally
and is a major cause of disability, work loss, and
reduced quality of life.! According to the Global
Burden of Disease Study, more than 80% of
adults experience at least one episode of LBP
during their lifetime, and recurrence rates are
high. The persistent nature and economic
consequences of LBP make it an important
public health problem.13

Conventional management of LBP
primarily involves physical therapy and
rehabilitation. However, access to such services
is often limited-particularly in rural or
underserved areas-due to workforce shortages,
mobility limitations, and economic barriers.?
These challenges have stimulated the
development of telerehabilitation, an emerging
approach that enables healthcare providers to
deliver physiotherapy and monitoring remotely
through video conferencing and digital tools.24
Telerehabilitation offers advantages such as
increased accessibility, reduced travel costs, and
continuity of care during situations like the
COVID-19 pandemic.56

In physical rehabilitation, objective and
reliable functional tests are essential for
evaluating a patient’s mobility, balance, and
overall functional status.4 Among the most
widely used are the Timed Up and Go (TUG),
Single Leg Stand (SLS), and 30-Second Sit-to-
Stand (30STS) tests. The TUG assesses
functional mobility and dynamic balance by
measuring the time needed to stand up, walk 3
m, turn, and sit down again.”8 The SLS
evaluates static balance and postural control,?
while the 30STS measures lower-limb muscle
strength and endurance.l!2 These tests are
practical, inexpensive, and easily applicable in
both clinical and tele-based contexts.!3.14

Although numerous studies have verified
the reliability of these tests in traditional face-
to-face evaluations, their reliability under tele-
evaluation conditions remains limited.13.15.16
Recently, Ozsoy and Uz demonstrated excellent
tele-reliability of the TUG and five-repetition

Uzetal

sit-to-stand tests in individuals with chronic
non-specific low back pain.!” Similarly, Bowman
et al. confirmed the feasibility and safety of
remote administration of the 30STS test,!® and
Karim et al. verified the practicality of tele-TUG
in older adults.!® These studies suggest that
tele-evaluation can be a valid tool for functional
performance measurement;20.21 however,
evidence among individuals with LBP is still
scarce.

Therefore, this study aimed to investigate
the intra-rater and inter-rater reliability of the
TUG, SLS, and 30STS tests when administered
via tele-evaluation in individuals with LBP. By
comparing face-to-face and tele-based outcomes,
this research sought to determine whether these
tests could be safely and reliably integrated into
telerehabilitation programs.6.22.23

METHODS

Study design and ethical considerations

This methodological reliability study was
conducted at the Department of Physical
Therapy and Rehabilitation, University of
Health Sciences Izmir Bozyaka Training and
Research Hospital. The research protocol was
approved by the institutional ethics committee
(Approval No: 2022/142; October 19, 2022) and
complied with the ethical principles of the
Declaration of Helsinki24 All participants
signed informed consent forms prior to
participation.

Participants

A total of 50 participants (33 female, 17
male) with LBP were recruited using simple
random  sampling. Randomization was
generated by computer to minimize evaluator
bias®®. Participants were aged between 18 and
65 years (mean+SD = 52.4+7.1 years) and had
experienced pain for at least three months.

Inclusion criteria

o Age between 18-65 years

e Body mass index (BMI) < 30 kg/m?

o Literate and able to follow instructions

e Basic smartphone skills sufficient for

video calls

e Voluntary participation

Exclusion criteria

e History of spinal surgery or major

orthopedic intervention
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e Structural spinal pathologies (scoliosis,
kyphosis, spondylolisthesis)

o Neurological, metabolic, vascular or
psychiatric disorders affecting balance
or mobility

e Uncontrolled
conditions

o Inability to complete the test protocol or
withdrawal from the study

Demographic and clinical data collected
included age, sex, height, weight, BMI and
dominant side.

Evaluation tools

Oswestry Disability Index (ODI)

“The Oswestry Disability Index (ODI) is
used to determine the degree of functional
limitation caused by LBP, providing a
standardized measure of how the condition
affects daily activities. The ODI assesses
functional disability related to LBP across ten
items (0-5 scale per item). Scores are converted
to percentages (0-100%), with higher values
indicating greater disability.413

Timed Up and Go (TUG)

This functional assessment evaluates the
time required for an individual to rise from a
standard chair, walk 3 meters at a usual
walking speed, turn around, return to the
starting point, and sit down again. Participants’
performance was recorded in seconds using a
stopwatch, and this measurement served as the
primary outcome variable.” In line with
established guidelines for conducting
evaluations in the home environment, the
appropriate chair dimensions for the TUG test
were predetermined. These required
measurements were communicated to all
participants, and chairs that met the optimal
specifications were identified based on the
participants’ feedback.

Single Leg Stand (SLS)

Participants stood on their preferred leg
while crossing arms over the chest; time was
recorded until the raised foot touched the floor
or arms moved for balance.® Participants who
achieved a score of less than 10 seconds on their
first attempt were allowed to repeat the test.
When necessary, they were given a rest period
between trials to allow sufficient recovery. This
test assessed static postural control.

30-Second Sit-to-Stand (30STS)

The 30STS test measured lower-limb
strength and endurance.19!2 Participants stood

cardiopulmonary

up and sat down as many times as possible
within 30 seconds from a 43 cm-high chair
placed against a wall for safety. Participants
completed the test three times, and the highest
number of repetitions among the trials was
documented as the final score. When necessary,
they were permitted to rest for more than 5
minutes between trials to allow adequate
recovery.

Procedures

Each participant was evaluated under both
face-to-face and tele-evaluation conditions to
compare reliability between methods.810 Tele-
evaluations were conducted via WhatsApp video
calls in two forms: Synchronous (real-time
supervised session by Evaluator 1),
Asynchronous (video recordings analysed later
by Evaluator 2).

Evaluator 1 initially performed all
evaluation face-to-face in the clinical
environment.

The same evaluation procedures were
subsequently repeated remotely and
synchronously by Evaluator 1.

The video recordings generated during
these remote evaluations were reviewed
asynchronously by Evaluator 2.

During the retest phase, Evaluator 1 again
conducted the evaluation via synchronous tele-
evaluation.

The recordings from the retest session were
also evaluated asynchronously by Evaluator 2.

Face-to-face evaluations were performed in
the clinic by Evaluator 1. The evaluation
procedure is visually outlined in Figure 1.

The smartphone camera was placed
horizontally at hip height, 3 m from the
participant, ensuring the entire movement
remained visible during testing.'®1® Each
participant performed three trials per test; the
mean of the trials was used for analysis. Rest
periods of > 5 minutes were provided between
tests to prevent fatigue. A second evaluation
session was performed 24-48 hours later to
assess test-retest reliability.25

Statistical analysis

Data analysis was performed using IBM
SPSS Statistics v25. Normality was checked
using the Kolmogorov-Smirnov test and
histograms.26

COnsensus-based Standards for the
Selection of Health Measurement Instruments
(COSMIN) guidelines provide a qualitative
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Evaluator 1 . Inter-rater reliability Evaluator 2
Synchronous tele-evaluation Asynchronous video review
(home) (home records)

Intra-rater reliability

Evaluator 2

Synchronous retest
(home)

Figure 1. Evaluation procedure of the study.

rating framework in which a sample size of
approximately 50 participants is categorized as
‘adequate’ for reliability studies.24 Accordingly,
in the present study, the selection of 50
participants was not based on a formal sample
size calculation but was guided by COSMIN’s
indication of an acceptable minimum sample
size for reliability research. This approach
aligns with recommended methodological
standards for conducting validity and reliability
analyses.24

Reliability was evaluated using the
Intraclass Correlation Coefficient (ICC) and
Bland-Altman plots:27

o Intra-rater reliability: two-way mixed-

effects model
o Inter-rater reliability: two-way random-
effects model

Interpretation of ICC values was as follows:
<0.50=poor, 0.50-0.75=moderate, 0.75-
0.90=good, >0.90=excellent. The Standard Error
of Measurement (SEM) and Smallest Detectable
Change (SDC95%) were computed using
established formulas.26

SEM= SD *V1-R

SEM95%= SEM*1.96

SDC95%= SEM95% * 2

Systematic differences between sessions
were examined wusing repeated-measures

Asynchronous retest review
(home records)

ANOVA.38 A p-value<0.05 was considered
statistically significant.

RESULTS

Sixty patients with a diagnosis of LBP who
met the inclusion criteria were initially enrolled
in the study. However, ten participants were
excluded due to relocation or failure to complete
the tele-evaluation process (Figure 2.)
Consequently, the evaluation was completed for
fifty patients. The mean age of the participants
was 52.4+7.1 years, and 66% (n=33) were
female. Detailed demographic characteristics of
the participants are provided in Table 1.

Each participant successfully performed
the Timed Up and Go (TUG), Single Leg Stand
(SLS), and 30-Second Sit-to-Stand (30STS)
tests, both through face-to-face clinical
evaluation and tele-evaluations conducted in
the home environment. The descriptive results
of these functional evaluations are summarized
in Table 2.

Inter-Rater Reliability

The study demonstrated high inter-rater
reliability between the face-to-face and tele-
evaluation methods for all three functional
tests. The statistical models revealed
exceptionally high levels of agreement between
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Assessed for eligibility
(n=60)

Relocation or failure to complete the tele-evaluation process
(n=10)

Included study
(n=50)

Completed Face-to-Face Evaluation
(Synchronous & Asynchronous) (n=50)

Final analysis
(n=50)

Figure 2. Flow chart of the study.

in-person and tele- evaluation results: TUG
(ICC=0.999), SLS (ICC=0.998), and 30STS
(ICC=0.996).

Evaluator experience was standardized to
ensure consistency: the first tele-evaluator had
16 years of clinical physiotherapy experience,
and the second had 14 years. Between these two
tele-evaluators, the inter-rater reliability was
also excellent: TUG (ICC=0.963), SLS
(ICC=0.995), and 30STS (ICC=0.983).

Analysis of Bland-Altman plots (Figures 3-
5) showed no systematic bias or trend,
indicating the absence of proportional error or
drift between in-person and tele- evaluation
outcomes. A comprehensive summary of inter-
rater reliability values, including ICC, 95%
confidence intervals (CI), standard error of
measurement (SEM), SEM 95%, and smallest
detectable change (SDC 95%), is presented in
Table 3.

Intra-Rater Reliability

The results from two-way mixed-effects
models demonstrated excellent intra-rater
reliability for synchronized tele-evaluations:
TUG (ICC=0.997), SLS (ICC=0.925), and 30STS
(ICC=0.924).

Similarly, the intra-rater reliability of
asynchronous (video-based) tele-evaluation was
excellent for the TUG (ICC=0.995) and good for

both the SLS (ICC=0.807) and 30STS
(ICC=0.839) tests. Visual inspection of Bland-
Altman plots again showed no systematic
differences, confirming measurement stability
across sessions.

Repeated-measures ANOVA further
indicated no significant differences between the
two synchronized tele-evaluation sessions for
the TUG (F=2.590, p=0.116), SLS (F=1.640,
p=0.202), and 30STS (F=1.487, p=0.223) tests
(Figures 3-5).

A detailed summary of the intra-rater
reliability metrics for all three functional
evaluations is provided in Table 3.

Overall, both synchronous and
asynchronous tele-evaluation methods yielded
reliability levels comparable to face-to-face
evaluations for the TUG, SLS, and 30STS tests.
The high intra- and inter-rater agreement
supports the methodological robustness of tele-
evaluation procedures in individuals with LBP.
These results also highlight the consistency of
test performance irrespective of evaluator
experience and testing environment, aligning
with the literature on remote functional
evaluation reliability.

Table.1 Descriptive characteristics of patients.

MeanSD
Age (years) 52.4+7.1
Height (m) 1.66+0.08
Weight (kg) 81.6+13.2
Body mass index (kg/m?) 29.59+4.92
Oswestry Disability Index 54.619.1
n (%)
Gender
Male 17 (34)
Female 33(66)
Educational status
llliterate 1(2)
Primary-secondary education 37 (74)
High school 9(18)
University 3 (6)
Social security
Yes 48 (96)
No 2(4)
Marital Status
Married 48 (96)
Single 2(4)
Dominant Side
Right 44 (88)
Left 6(12)
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Face-to-face

Retest tele-

Evaluation in home Retest evaluation in

evaluation in Tele- evaluation in evaluationinhome  fromvideo records  home from video records
clinic home (synchronized) (synchronized) (asynchronized) (asynchronized)
Evaluator 1 Evaluator 1 Evaluator 1 Evaluator 2 Evaluator 2
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
TUG (sec) 9.31+2.42 9.30+2.46 9.33+2,42 9.71+2.48 9.78+2.31
SLS (sec) 26.92+24.27 26.90+24.25 26.93+24.27 25.44+24.28 24.40+22.72
30STS (n) 9.78+2.36 9.74+2.30 9.78+2.36 9.70+1.98 9.58+2.13

n: number of repetitions. TUG: Timed Up and Go Test. SLS: Single Leg Stance Test. 30STS; 30-s Sit-to-Stand Test.

Table.3 Reliability results of the tests.

ICC (%95ClI) SEM SEM95% SDC95%

Inter-reliability between face to face and tele- evaluation

TUG (sec) 0.999 (0.998-0.999) 0.03 0.06 0.08

SLS (sec) 0.998 (0.997-0.999) 0.18 0.35 0.49

30STS (n) 0.996 (0.994-0.998) 0.03 0.06 0.08
Inter-reliability between two tele-evaluators

TUG (sec) 0.999 (0.998-0.999) 0.002 0.004 0.006

SLS (sec) 0.999 (0.998-0.999) 0.003 0.006 0.008

30STS (n) 0.990 (0.974-0.996) 0.06 0.012 0.18
Intra rater-reliability of the tele-evaluation (synchronized)

TUG (sec) 0.997 (0.996-0.998) 2.06 4.03 5.71

SLS (sec) 0.925 (0.863-0.958) 0.11 0.22 0.31

30STS (n) 0.924 (0.871-0.956) 0.11 0.22 0.31
Intra rater-reliability of the tele-evaluation from video records (asynchronized)

TUG (sec) 0.995 (0.992-0.997) 2.07 4.05 5.73

SLS (sec) 0.807 (0.721-0.908) 0.19 0.37 0.52

30STS (n) 0.839 (0.733-0.905) 0.17 0.33 0.47

ICC: intraclass correlation coefficient. Cl: confidence interval. SEM: Standard Error of Measurement (with a 95% confidence interval). SDC: Smallest Detectable
Change (with a 95% confidence interval). TUG: Timed Up and Go Test. SLS: Single Leg Stance Test. 30STS:30-s Sit-to-Stand Test. n: number of repetitions.

DISCUSSION

This study evaluated the intra- and inter-
rater reliability of three widely used functional
tests—TUG, SLS, and 30STS—when performed
via tele-evaluation in individuals with LBP. The
results revealed good-to-excellent reliability for
all tests, confirming that tele-evaluation is a
feasible and accurate method for assessing
physical performance in this population.17-19.20,21

The present findings align with previous
research showing that remote administration of

functional tests yields consistent and
reproducible results. Ozsoy and Uz found
excellent reliability for the tele-assessed TUG
and sit-to-stand tests in chronic LBP patients.1?
Similarly, Bowman et al. demonstrated that the
30STS test can be safely administered through
telehealth platforms,!8 and Karim et al. reported
comparable findings for the TUG test in older
adults.’® Together, these studies support the
validity of remote performance testing in
musculoskeletal and geriatric populations,22
further reinforcing the consistency observed in
the present study.
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Figure 3. Bland-Altman plots for the Timed and Go Test. The means on the x axis are the average of two trials for the Timed and Go
Test, and the differences between Timed and Go Test scores are in the y axis. (A) Inter-reliability between face-to-face and tele-
evaluation. (B) Inter-reliability between two tele-raters. (C) Intra-rater reliability of the tele-evaluation (synchronized). (D) Intra-rater
reliability of the tele-evaluation from videorecords (asynchronized). The 95% limits of agreement are depicted (dashed line). SD,
standard deviation.
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Figure 4. Bland-Altman plots for the Single Leg Stance Test. The means on the x axis are the average of two trials for the Single Leg
Stance Test, and the differences between Single Leg Stance Test scores are in the y axis. (A) Inter-reliability between face-to-face
and tele-evaluation. (B) Inter-reliability between two tele-raters. (C) Intra-rater reliability of the tele-evaluation (synchronized). (D)
Intra-rater reliability of the tele-evaluation from videorecords (asynchronized). The 95% limits of agreement are depicted (dashed
line). SD, standard deviation.

Journal of Exercise Therapy and Rehabilitation



Uzetal

C

D

Figure 5. Bland-Altman plots for the 30-s Sit-to-Stand Test. The means on the x axis are the average of two trials for the 30-s Sit-
to-Stand Test, and the differences between 30-s Sit-to-Stand Test scores are in the y axis. (A) Inter-reliability between face-to-face
and tele-evaluation. (B) Inter-reliability between two tele-raters. (C) Intra-rater reliability of the tele-evaluation (synchronized). (D)
Intra-rater reliability of the tele-evaluation from videorecords (asynchronized). The 95% limits of agreement are depicted (dashed

line). SD, standard deviation.

The relatively lower ICC values observed
for the SLS test appear to be associated with
limitations in camera angles during tele-
evaluation and the difficulty of capturing subtle
postural adjustments that occur during balance
tasks.® A similar pattern was noted for the
30STS test, particularly in asynchronous
evaluations, where challenges in accurately
identifying the start and end points of the
movement from video recordings, as well as
issues such as reduced resolution and frame
drops caused by rapid repetitions, may diminish
intra-rater consistency. These findings are in
line with previous reports indicating that both
static and dynamic balance evaluations are
sensitive to visual perspective, camera distance,
and environmental factors in tele-evaluation
settings.2329 Despite these constraints, the
acceptable reliability demonstrated by both SLS
and 30STS tests in synchronous and
asynchronous tele-evaluation formats suggests
that, when appropriate camera positioning,
adequate lighting, and standardized recording

procedures are ensured, these tests remain
feasible tools for remote functional evaluation.

Tele-evaluation offers several clinical
advantages, such as reduced transportation
barriers, improved accessibility for individuals
in rural areas, and enhanced patient
engagement in  home  environments.256
Furthermore, the reliability demonstrated here
suggests that remote evaluation may
complement traditional in-person
physiotherapy, particularly in follow-up and
maintenance phases where continuity of care
and convenience are critical.20.22

The excellent reliability of TUG and 30STS
may stem from their clearly defined start-end
actions and high visual detectability of gross
motor movements, which minimize
interpretation errors.”11.12 Conversely, the SLS
test requires precise visual feedback to detect
subtle sway patterns, explaining its slightly
reduced ICC wvalues in asynchronous
conditions.? These differences highlight the
importance of selecting appropriate camera
perspectives and ensuring sufficient video
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quality when administering balance-focused
tests remotely.

The absolute reliability of measurements
and tests depends primarily on the precision of
repeated test results. SEM and SDC95% are
more clinically useful than ICC values because
they are expressed in the same units as the
instruments. In clinical practice, SDC95% can
aid in categorizing research participants as
either 'changed' or 'unchanged'. For instance, in
the context of synchronous tele-SLS, SEM95%
was determined to be 0.22 seconds. This
indicates that if a patient’s SLS score is 10
seconds, the actual score, 95% of the time, will
fall within the range of 9.78 to 10.22 seconds.
Under the same test conditions, SDC95% was
calculated to be 0.31 seconds. Consequently, for
a patient with an SLS score of 10 seconds, any
score between 9.69 and 10.31 seconds would be
considered within the margin of error.26

In repeated testing, it is anticipated that
95% of the time, the performance will accurately
reflect an ‘unchanged’ status. However, it is
essential to emphasize that these values
represent measurement error rather than
minimum clinically important difference values.
According to the findings from repeated-
measures ANOVA analysis, the results of the
TUG, SLS, and 30STS tests did not exhibit
statistically significant systematic errors,
indicating the absence of consistent
discrepancies between test trials.30

This study also contributes
methodologically by providing explicit details on
evaluator training, randomization, and camera
setup—factors that have been underreported in
previous tele-evaluation research.2022,26
Additionally, the participants’ BMI, which was
close to 30 kg/m?, might have influenced test
performance, as overweight individuals often
demonstrate reduced balance and endurance
capacity.:31

Consistent with prior systematic reviews,
our results reaffirm the feasibility and safety of
telerehabilitation in musculoskeletal conditions,
while underscoring the importance of
standardizing video protocols and
environmental parameters.522.28 These findings
align with growing evidence that tele-evaluation
can deliver outcomes comparable to in-person
evaluations,6.23.32.33 provided that technical and
procedural standards are carefully maintained.

Finally, this study adds to the expanding
body of literature supporting  digital
physiotherapy, which has become increasingly
relevant in the post-COVID-19 era.3435 Ensuring
patient privacy, adequate technology access,
and user-friendly telehealth interfaces will be
essential for the widespread and sustainable
implementation of such approaches.36

Limitations

This study has several limitations. First,
although the sample size (n=50) aligns with
COSMIN’s recommendations for reliability
studies, a larger and more heterogeneous
population would enhance the generalizability
of the findings. Second, the participants were
recruited from a single rehabilitation center,
limiting external validity. Third, the mean BMI
was close to 30 kg/m?, and overweight status
might have influenced postural control and
endurance. Fourth, tele-evaluation accuracy
depends on technical factors such as camera
placement, lighting, and internet quality, which
may vary across home environments. Fifth, all
tests were performed under the supervision of a
single research team, which may restrict inter-
center comparability. Future studies should
include multiple centers and assess test-retest
reliability across different time points and
devices to enhance generalizability and external
validity.

Conclusions

The current study demonstrated that the
Timed Up and Go (TUG), Single Leg Stand
(SLS), and 30-Second Sit-to-Stand (30STS) tests
exhibit good-to-excellent intra- and inter-rater
reliability when administered via tele-
evaluation in individuals with low back pain.
These  findings confirm  that remote
administration of functional performance tests
is both feasible and reliable, suggesting that
such evaluations may be safely incorporated
into telerehabilitation programs.

Tele-evaluation offers significant potential
for improving accessibility and continuity of
rehabilitation services, especially in rural
regions and post-pandemic healthcare settings.
Further large-scale studies are warranted to
standardize tele-evaluation protocols and
determine the long-term clinical utility of digital
rehabilitation systems.
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