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Abstract: We aimed to investigate the effect of stretching exercises applied to the hamstring, one of
the posterior muscle chains, on musculoskeletal flexibility, chest mobility, and respiratory function.
Proprioceptive neuromuscular facilitation and static stretching exercises were applied to 30 healthcare
personnel caring for children with developmental delays using a crossover randomized study design.
Posterior muscle chain mobility was assessed using the popliteal angle test (PAT) for the hamstring
muscle, the mobility of the lumbar muscles was assessed using the Schober test (ST), and the mobility
of the posterior chain muscles as a whole was assessed using the finger-to-floor distance test. Chest
mobility was measured using chest circumference measurements and lung volumes were measured
using the pulmonary function test (PFT). The results showed that stretching exercises applied to
the hamstrings led to significant improvements in PAT, ST, and chest mobility in the direction of
maximal expiration (p < 0.05), without being superior to each other. Ten males (33.3%) and twenty
females (66.7%) who met the inclusion criteria were analyzed. The mean age of the participants was
26.6 £ 5.9 years, the mean height was 169.53 £ 8.67 cm, the mean weight was 65.26 &+ 12.03 kg, and
the mean body mass index was 22.58 + 3 kg/m?. Chest inspiratory mechanics also showed a low
positive correlation with posterior muscle mobility (r = 0.381; p = 0.038). There was no significant
change in PAT. Within the framework of the myofascial theory, stretching exercises that can contribute
positively to the musculoskeletal and respiratory system structures of healthcare professionals can be
recommended and encouraged to healthcare professionals.

Keywords: caregivers; health personnel; muscle mobility; musculoskeletal; myofascial theory;
stretching exercise

1. Introduction

Children with developmental disabilities can be dependent on rehabilitation health
professionals and their families to meet their complex health needs [1]. Caregiver health
studies are typically conducted on caregivers of children with cerebral palsy, autism, or
mixed disabilities (which largely consist of children with these disabilities and children
with Down syndrome) [2]. In the caregiver burden model, the body-hazardous tasks that
caregivers perform every day have profound consequences on their health [3]. Parents or
healthcare personnel caring for these children need to exhibit different abnormal postures,
hold the child/patient for long periods of time, and have many other risk factors that may
cause the development of musculoskeletal disorders [4]. It has been reported that the care
demands of children with developmental delays negatively affect the caregivers’ muscu-
loskeletal, cardiovascular, immune, and gastrointestinal systems, and somatic symptoms
are seen in caregivers of children with disabilities [5,6]. Moreover, caring for a chronically
ill child requires the investment of additional psychological, emotional, social, physical,
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and economic resources. Therefore, it poses a significant health problem for the parents
and caregivers of children with disabilities who spend most of their lives in contact with
such complex medical conditions [7]. In a screening conducted by Zaid et al. in 2022, it
was found that the most common musculoskeletal problems in physiotherapists were in
the neck and waist areas [8]. In this context, it is important to investigate interventions
that may have a practical and immediate healing effect on improving the musculoskeletal
system health of healthcare personnel working in rehabilitation and their caregivers.

The flexibility of the hamstring muscle is necessary to perform many activities of daily
life effectively and efficiently. Despite this, hamstring muscle shortness is common in the
general population [9]. This is attributed to the fact that this muscle is a biarticular posture
muscle and tends to constantly shorten [10]. This situation causes many musculoskeletal
system pathologies [11]. Considering the origin of the hamstring muscle, the shortening
of the muscle causes the pelvis to move into a posterior pelvic tilt [12]. Following this,
there is a decrease in lumbar lordase and an increase in thoracic kyphosis. This increase in
kyphosis restricts chest expansion. Additionally, the length of the diaphragm and therefore
its tension also changes. As a result, respiratory functions, respiratory muscle strength, and
endurance are negatively affected [13]. The shortening of the hamstring muscle can cause
various problems not only in the surrounding tissues but also in more distant areas [9].
Posterior chain muscles are examples of distant tissues that are affected by the shortness of
this muscle [14]. Posterior chain muscles consist of the erector spinae, gluteus maximus,
hamstring, gastrocnemius, soleus, and foot intrinsic muscles [15]. These muscles are the
muscles that enable a person to maintain an upright posture against the force of gravity and
surround the back of the body [16]. Tension in one of these chain muscles, including the
hamstring muscle, leads to tension in the rest of the muscles in the chain. This is because
the human body is designed according to a biological ‘tensegrity’. According to this idea,
tissues are in equilibrium as a whole, as they are under compression and tension forces at
the same time. Tension in one tissue causes tension in another tissue that is far away from
that point [17]. If there is tightness and shortness in the hamstring muscle, tightness and
problems can almost always be seen in the waist and shoulder muscles [14].

In the literature, there are studies explaining the relationship between hamstring mus-
cles and respiratory parameters with the myofascial theory [9,16]. According to this theory,
the human body is composed of fascia, a single tissue that functions as interconnected
chains. Tension in one point of the fascia, which shows integrity, can result in tension or
restriction in another part of the body [17]. In addition, some authors have suggested that
approaches applied to the diaphragm may cause effects on distant tissues by transmitting
myofascial tension [15]. In this context, researchers also took into account the limitations
in the diaphragm when examining hamstring muscle flexibility. When we look at the
future perspective, many studies can be planned within the scope of the myofascial theory,
especially the function in the regions where it is dangerous to intervene, the function can
be increased by intervening in a different part of the body. For this, different ideas and
advanced study ideas with different designs are needed.

Stretching exercises are considered to have a very significant impact on joint flexibility,
adding biomechanical precision to a person’s movement while providing the opportunity to
perform at maximum strength throughout their range of motion [18]. Physical activity (PA)
is defined as any body movement that is produced by skeletal muscles that requires energy
expenditure, and exercise is one of the parameters of physical activity. People with low
PA levels consume more medications and may struggle with a variety of health problems.
While focusing on healthcare costs, encouraging healthcare professionals to engage in
physical activity and exercise is very important for caregivers’ health [19]. Proprioceptive
neuromuscular facilitation (PNF) stretching is known to be more effective than other
stretching techniques as it increases both passive and active flexibility and improves the
range of motion in the short term [20].
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Related Studies

In the literature, although health professionals, nurses, and physiotherapists examine
the problems in musculoskeletal systems in their professional environments, there are few
studies that reveal the effectiveness of exercise approaches that can benefit the muscu-
loskeletal problems of caregivers. Especially in studies focusing on the musculoskeletal
problems of caregivers, it is known that studies investigating the effect of a therapeutic
intervention on any part of the respiratory system and musculoskeletal system, which are
closely related to each other within the framework of the myofascial theory, are very few
in the literature [9,15,16]. The hypothesis put forward in this study was made within the
framework of the myofascial theory, which explains the relationship between the muscu-
loskeletal system and the respiratory parameters and focuses on the fascia, which is a single
tissue in the human body that functions as interconnected chains. This study aimed to
investigate the effect of stretching exercises applied to the hamstring, one of the posterior
muscle chains, on the respiratory functions, as well as the flexibility of the musculoskeletal
system and the chest mobility of caregivers of children with developmental delays.

2. Materials and Methods
2.1. Study Design and Participants

The type of this study is a crossover randomized controlled trial. The sample of
the study composed male and female healthcare workers who provide rehabilitation to
children with developmental delays in rehabilitation centers between the ages of 18 and
40 years. Research data were collected from caregivers working at three different reha-
bilitation centers between 14 October 2023 and 15 May 2024. The study was carried out
according to the Declaration of Helsinki and with the approval of the Istanbul Gedik
University Scientific Research Ethics Committee (dated 24 August 2023, numbered E-
56365223-050.02.04-2023.137548.174-548). The study’s clinical trial website registration
number is NCT06466239.

The study included male and female participants aged 1840 years who volunteered
to participate in the study, participants without a history of infection or exacerbation in the
4 weeks preceding the study, participants who had not been involved in another clinical
trial in the past 1 month prior to inclusion in the study, and both males and females with a
knee flexion angle of 15 degrees or more in the hamstring muscle shortness test.

Participants with diagnosed conditions, such as vestibular disorders (vertigo, etc.),
known balance disorders due to concussion in the past three months, musculoskeletal
problems in the lower extremities (since the focus of our study was the hamstring muscle),
those who had undergone lower extremity and thoracic surgery in the past year, and those
with metabolic diseases, were excluded.

In the study, it was checked whether the caregivers of 38 children with developmental
delays met the inclusion criteria. In the first stage, 30 caregivers who met the criteria were
assigned to one of the proprioceptive neuromuscular facilitation (PNF) stretching group
(PNFSGr) and the static passive stretching group (SSGr) using an online randomization
method (www.randomiser.com). After the evaluations were made, the intervention pro-
cedure was applied and then the participants were evaluated again. A 1 day washout
period was allowed to remove the effectiveness of the first application. One day later, the
participants underwent a stretching procedure that was not applied in the first phase. The
randomized controlled crossover study design is described in the flow diagram (Figure 1).

2.2. Measurement Instruments

Information such as gender, age, height, body mass index, complaints, comorbidities,
discomforts experienced in the past 4 weeks, family history, medical history, presence of
recurrent infections, and medications used by the caregivers were questioned with the
demographic data form. Posterior muscle chain mobility was evaluated using the popliteal
angle test (PAT) with a goniometric measurement for the hamstring muscle, the mobility
of the lumbar muscles was evaluated using the Schober test (ST), and the finger-to-floor
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distance test (FFDT) was used to evaluate the mobility of the posterior chain muscles as
a whole. In the PAT procedure, the caregiver was laid down on their back with the hip
and knee joints of the side to be evaluated at 90° flexion and the contralateral side with the
extremity in extension. The participant was told to hold the back surface of their leg with
their hands and maintain the flexion angle. Meanwhile, the inclinometer was kept at the
anterior midline of the tibia. The person was then asked to extend their knee as much as
they could tolerate, and the measurement was taken at the last degree of movement [21].
During the Schober test, while the person was standing, the midpoint at the posterior
superior level of the spina iliaca and 10 cm above this point were marked. The person was
then asked to lean forward and the distance between the two marked points was measured
again using a tape measure. The difference between the two measurements was recorded.
To talk about normal lumbar mobility, a difference of 5 cm was determined as the reference
value. It has been stated in the literature that this measurement has a high and moderate
validity compared with radiography [16]. In the FFDT evaluation, the person standing
on a block with a height of 15 cm from the ground was asked to lean forward and touch
their toes without bending their knees. At the end point of the movement, the distance
between the distal end of the extended fingers and the ground was measured. Values above
the block were considered as minus, values below were considered as positive, and the
measurement was repeated three times and the average value was recorded [9].

Assessed for eligibility (n= 38)

Excluded (n=8)

+ Not meeting inclusion criteria (n= 8 )
+ Declined to participate (n= 0)

+ Other reasons (n=0)

\ 4

Randomized (n= 30)

!

A

y \4

Proprioceptive Neuromuscular Facilitation Static Passive Stretching Group (SSGr) (n=16)
(PNF) Stretching Group (PNFSGr) (n=12) + Received allocated intervention (n= 16)

+ Received allocated intervention (n=12) + Did not receive allocated intervention (n= 0)
+ Did not receive allocated (n= 0) + Analized (n= 16)

+ Analized (n=12)

Washout (1 day)

+ Analized (n= 16)

Allocated to intervention (n= 16) Proprioceptive Neuromuscular Facilitation
+ Received allocated intervention (n= 16) (PNF) Stretching Group (PNFSGr) (n=12))

+ Did not receive allocated intervention (n= 0)

+ Received allocated intervention (n= 12)
+ Did not receive allocated (n= 0)
+ Analized (n=12)

Figure 1. Study flow diagram.

While evaluating chest mobility, a chest circumference measurement (CCM) was made
by measuring the normal resting tidal volume, maximum inspiration, and maximum
expiration time from the axillary, epigastric (xiphoid), and subcostal regions with a tape
measure and recording it in centimeters. Respiratory functions were determined using a
pulmonary function test (PFT). Using the COSMED microQuark spirometer device with a
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personalized anti-viral filter, measurements were made while the caregiver was in a sitting
position and the lung volumes (FVC, FEV1, FEV1/FVC, PEF values) were recorded.

2.3. Procedures

In the PNF stretching application, the hold-relax technique for each muscle was
applied to the caregiver as self-stretching with the concept of direct treatment. While the
muscle to be stretched was in the standing position for the caregiver (the antagonist muscle
for the pattern—the muscle causing limitation), it was first brought to the position where
it could extend and at that point, the stretched muscle was contracted to a submaximal
level (65% of the intensity determined according to the Stretch Intensity Scale) for 5 s (sec)
as a way to initiate isometric contraction. Then, five relax commands were given to the
caregiver for the tensed muscle. Then, the stretched muscle was stretched to the point it
could reach and the muscle to be stretched was passively stretched for 20 s (one set) [22].
After a 5 s rest interval [20], the method was repeated and eight sets (4 min duration) were
performed in one muscle [22]. For the hamstring muscle, the person positioned their lower
extremity on a step with their knee straight, i.e., in extension, and leaned as far as they
could with their hand on the toe of the foot with their back straight. Then, in this position,
the isometric contraction of the hamsting muscle was made for 5 s by pressing the heel
against the step. Then, after relaxing the muscle and waiting for 5 s, they extended their
hand in the direction of the fingertip and waited for 20 s at the last point where the muscle
could extend. In the static stretching application, the classical static stretching application
was performed on the hamstring muscle for 30 s each, eight repetitions, 4 min for one leg,
and 8 min for both legs in the posture position in PNF stretching.

2.4. Data Analysis

We used the a priori method with the help of the G-Power (Ver. 3.1.9.7) program to
determine the sample size before conducting the study and during the design and planning
phase. This method allows for the calculation of the sample size required to achieve the
desired o level and power level (1-f3) to estimate the effect size. An a priori analysis is
an ideal method to test the hypothesis, as it controls for Type I and Type Il errors. In the
literature, a minimum of 28 participants were included in the study [23]. This study used
an effect size of 0.71, a power of 95%, and a margin of error of 0.05.

In this study, the Shapiro-Wilk test was used to assess whether the continuous vari-
ables were normally distributed. Since the sample size was small, the analyses indicated
that none of the variables were normally distributed. Therefore, we used non-parametric
tests. When all the assumptions are met, non-parametric tests are less sensitive than their
parametric counterparts, meaning that larger differences are needed for a non-parametric
test to reject the null hypothesis. Non-parametric tests also tend to use less information
than parametric ones. However, when the assumptions are not met (e.g., data are not
normally distributed), non-parametric tests are the ideal choice.

The descriptive statistics for the variables are expressed as mean =+ standard deviation
and median (minimum-maximum). The descriptive statistics for the categorical variables
are reported as n (%). To compare the differences between two independent groups when
the variables are not normally distributed, we used the Mann—-Whitney U test.

To compare two related samples, such as paired differences in repeated measurements
(e.g., before-and-after treatment measures in this study), we used the Wilcoxon signed-rank
test. The Spearman correlation test was employed for comparisons of two continuous
variables that were not normally distributed.

In the analysis, p < 0.05 was considered significant. We used the common threshold of
p < 0.05, which indicates that the data are likely to occur less than 5% of the time under the
null hypothesis. When the p-value falls below the chosen alpha value, the result of the test
is considered statistically significant.

The data were analyzed using the SPSS 22.0 program.
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3. Results

Thirty-eight individuals participated in the study, and thirty individuals who met the
inclusion criteria and had no missing data were included (Figure 1). Ten males (33.3%)
and twenty females (66.7%) who met the inclusion criteria were analyzed. The mean age
of the participants was 26.6 £ 5.9 years, the mean height was 169.53 £ 8.67 cm, the mean
weight was 65.26 4 12.03 kg, and the mean body mass index was 22.58 + 3 kg/m?. The
distribution of the descriptive characteristics of the caregivers is summarized in Table 1.

Table 1. Distribution of the descriptive characteristics of the caregivers.

n=230 %
Gender
Female 20 66.7
Male 10 33.3
Min.-Max. Mean + SD Median

Age (years) 30 21-40 26.6 £ 5.9 24
Height (cm) 30 156-188 169.53 + 8.67 167
Weight (kg) 30 48-92 65.26 + 12.03 63.5
BMI (kg/ m?) 30 18.68-30 2258 £3 22.65

n: number, %: percent, min: minimum, max: maximum, SD: standard deviation, cm: centimeter, kg: kilogram,
BMI: body mass index, m?: square meter.

The changes in posterior muscle chain mobility before and after stretching are shown
in Table 2. The changes in chest circumference measurements before and after stretching
are shown in Table 3. For the PAT, ST, FFDT, and CCM evaluations performed before and
after PNF stretching and static stretching applications, those who did not show significant
changes (p > 0.05) and those who showed significant changes in negative and positive
directions (p < 0.05) are shown in Tables 2 and 3. In the PFT evaluation, in which the lung
volumes were measured, there was no significant difference in the change of the values
before and after both types of stretching (p > 0.05).

Table 2. Changes in posterior muscle chain mobility before and after stretching applications.

PNFSGr SSGr
Variables Changing n =30 V4 p-Value Changing n =30 z p-Value
Negative changing 24 Negative changing 25
PATright Positive changing 4 —3.808 <0.001 * Positive changing 3 -3.271 0.001
Unchanging 2 Unchanging 2
Negative changing 25 Negative changing 29
PATleft Positive changing 2 —4.442 <0.001 * Positive changing 1 —4.441 <0.001 *
Unchanging 3 Unchanging 0
Schob Negative changing 3 Negative changing
CTO er Positive changing 17 —2.856 0.004 Positive changing 23 —3.93 <0.001 *
est Unchanging 10 Unchanging 5
Negative changing 17 Negative changing 16
FFDT Positive changing 9 —0.370 0.712 Positive changing 13 —0.476 0.634
Unchanging 4 Unchanging 1

Wilcoxon test, * p < 0.05, PNFSGr: proprioceptive neuromuscular facilitation (PNF) stretching group, SSGr: static
passive stretching group, PAT: popliteal angle test, FFDT: finger-to-floor distance test. A negative change in the
result value for PAT indicates increased hamstring flexibility and a positive change in the result value for the
Schober test indicates increased posterior muscle chain mobility.
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Table 3. Changes in chest mobility before and after stretching applications.
PNGSGr SSGr
Variables Changing n =30 zZ p-Value Changing n =30 z p-Value
Negative changing 5 Negative changing 3
ACCTV Positive changing 1 —1.725 0.084 Positive changing 0 —1.633 0.102
Unchanging 24 Unchanging 27
Negative changing 9 Negative changing 9
ACCMI Positive changing 9 -0.137 0.891 Positive changing 13 —0.961 0.337
Unchanging 12 Unchanging 8
Negative changing 13 Negative changing 17
ACCME Positive changing 5 —2.215 0.027 * Positive changing 9 —1.21 0.226
Unchanging 12 Unchanging 4
Negative changing 2 Negative changing 7
ECCTV Positive changing 3 —0.447 0.655 Positive changing 2 —1.81 0.07
Unchanging 25 Unchanging 21
Negative changing 10 Negative changing 14
ECCMI Positive changing 12 —0.268 0.788 Positive changing 6 —0.912 0.362
Unchanging 8 Unchanging 10
Negative changing 13 Negative changing 19
ECCME Positive changing 9 —1.228 0.219 Positive changing 3 —3.231 0.001*
Unchanging 8 Unchanging 8
Negative changing 1 Negative changing 5
SCCTV Positive changing 4 —1.414 0.157 Positive changing 4 —0.551 0.582
Unchanging 25 Unchanging 21
Negative changing 10 Negative changing 10
SCCMI Positive changing 12 —0.885 0.376 Positive changing 10 —0.55 0.583
Unchanging 8 Unchanging 10
Negative changing 9 Negative changing 13
SCCME Positive changing 9 —0.205 0.837 Positive changing 8 —0.198 0.843
Unchanging 12 Unchanging 9
Wilcoxon test, * p < 0.05, PNFSGr: proprioceptive neuromuscular facilitation (PNF) stretching group, SSGr:
static passive stretching group, ACCTV: axillar chest circumference in tidal volume, ACCMI: axillar chest
circumference in maximal inspiration, ACCME: axillar chest circumference in maximal expiration, ECCTV:
epigastric chest circumference in tidal volume, ECCMI: epigastric chest circumference in maximal inspiration,
ECCME: epigastric chest circumference in maximal expiration, SCCTV: subcostal chest circumference in tidal
volume, SCCMI: subcostal chest circumference in maximal inspiration, SCCME: subcostal chest circumference in
maximal expiration. A negative change in the maximal expiration means increased expiratory mobility.
In the comparison of the differences in the measurements made before and after the
applications, there was no superiority of the applications against each other (p > 0.05)
(Table 4). In the correlational analysis of the measurement differences before and after the
stretching applications, a positive, low level, and statistically significant relationship was
found in the FFDT and subcostal region chest circumference measurement at maximal
inspiration (SCCMI) variables (p < 0.05) (Table 5).
Table 4. Comparison of the differences between before and after the stretching applications.
Variables Stretching Type n =30 Mean + SD Median ) p-Value
. Static Stretching 30 6.06 = 7.85 -5
PATright PNF Stretching 30 556 + 5.1 45 424 0-699
Static Stretching 30 48+5 =5
PATleft PNE Stretching 30 5.33 + 4.05 -5 438 0.858
Static Stretching 30 0.51 +0.63 0.5
Schober Test  pNE Stretching 30 041 + 071 05 3855 0-318
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Table 4. Cont.
Variables Stretching Type n =30 Mean + SD Median U p-Value
Static Stretching 30 1.34 + 6.01 -1
FEDT PNF Stretching 30 0.22 £ 245 -1 436 0.835
Static Stretching 30 0.13+0.43 0
ACCTV PNF Stretching 30 04+14 0 432 0.668
Static Stretching 30 0.43 +2.22 0
ACCMI PNF Stretching 30 026 £ 1.14 0 401.5 0.461
Static Stretching 30 0.33 £1.32 -1
ACCME PNE Stretching 30 0.5+ 1.16 0 4285 0.743
Static Stretching 30 0.33 + 1.06 0
ECcTv PNF Stretching 30 0.03 + 0.41 0 366.5 0.095
Static Stretching 30 0.46 - 1.87 0
ECCMI PNF Stretching 30 0.13 £ 1.52 0 390.5 0.368
Static Stretching 30 1.03+15 -1
ECCME PNE Stretching 30 0.5+2 0 348 0.123
Static Stretching 30 0.14+0.88 0
SCCTV PNF Stretching 30 023 + 0.97 0 396.5 0285
Static Stretching 30 0.16 4= 1.68 0
SCCMI PNF Stretching 30 0.23 + 1.4 0 4335 0.803
Static Stretching 30 0.06 £+ 1.31 0
SCCME PNE Stretching 30 0.06 + 1.31 0 4075 0.515
Mann-Whitney U test, p < 0.05, PNFSGr: proprioceptive neuromuscular facilitation (PNF) stretching group, SSGr:
static passive stretching group, PAT: popliteal angle test, FFDT: finger-to-floor distance test, ACCTV: axillar chest
circumference in tidal volume, ACCMI: axillar chest circumference in maximal inspiration, ACCME: axillar chest
circumference in maximal expiration, ECCTV: epigastric chest circumference in tidal volume, ECCMI: epigastric
chest circumference in maximal inspiration, ECCME: epigastric chest circumference in maximal expiration, SCCTV:
subcostal chest circumference in tidal volume, SCCMI: subcostal chest circumference in maximal inspiration,
SCCME: subcostal chest circumference in maximal expiration.
Table 5. Correlational analysis of the stretching applications difference analysis.
Variables ** ACCTV ACCMI ACCME ECCTV ECCMI ECCME SCCTV SCCMI SCCME ST FFDT PATright PATIleft
o
ACCTV ; ’U%'EO
= 5
ECCTV , 0067
ECCTV ; o714
v
— o
sccTv ; e
— o
" i
FrOT ; 0001 -
PATright ; gggg
PATright ; 0088

Spearman’s correlation test, * p < 0.05, ** variables in the horizontal column represent the difference in PNFSGr and
variables in the vertical column represent the difference before and after SSGr. ACCMI: axillar chest circumference
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in maximal inspiration, ACCME: axillar chest circumference in maximal expiration, ECCTV: epigastric chest
circumference in tidal volume, ECCMI: epigastric chest circumference in maximal inspiration, ECCME: epigastric
chest circumference in maximal expiration, SCCTV: subcostal chest circumference in tidal volume, SCCMI: sub-
costal chest circumference in maximal inspiration, SCCME: subcostal chest circumference in maximal expiration,
ST: Schober test, PAT: popliteal angle test, FFDT: finger-to-floor distance test.

4. Discussion

The aim of this study was to investigate the effect of stretching exercises applied to
the hamstring, one of the posterior muscle chains, on the musculoskeletal flexibility, chest
mobility, and respiratory function of caregivers of children with developmental delays. The
results showed that stretching exercises applied to the hamstring increased posterior muscle
chain mobility and improved chest mobility in the expiratory direction. Chest inspiratory
mechanics also showed a low positive correlation with posterior muscle mobility.

One of the hypotheses of this study was to reveal the effectiveness of stretching
exercises in children with developmental delays, in which caregivers can have an immediate
effect on increasing the posterior muscle chain and thoracic mobility and provide a positive
effect on work performance. In a study conducted by Wadeson et al. in 2020 in eight
male gas cylinder drivers and transporters, it was found that stretching exercises had
an effect on mobility-related muscle activity in most of the muscle groups evaluated
and positively affected the working performance of the employees [24]. This study also
revealed that stretching exercises have a positive acute effect on muscle mobility, similar
to Wadeson’s study, although the muscles applied to rehabilitation caregivers tend to
increase muscle tension due to the caregiver burden. In the study by Reiner et al. in
19 participants who did not have any pathology in 2021, it was found that PNF stretching
exercises applied alone to the gastrocnemius, which is in the posterior muscle chain muscles,
contributed to mobility by increasing the normal joint range of motion of the ankle [25].
In this study, different stretching exercises were applied to the hamstring muscle, and it
was investigated whether they would additionally affect chest mobility and respiratory
functions. Brandao et al., in 2023, examined the acute effect of PNF stretching on the
hamstring and gastrocnemius muscles, examining its effect on posterior muscle chain
flexibility in 15 healthy participants [26]. Their study showed that the stretching protocol is
effective in improving joint mobility but is not sufficient to elicit immediate mechanical
changes in muscle and tendon stiffness. In this study, hamstring flexibility was measured
by measuring the popliteal angle rather than the normal joint movement measurement,
and an acute positive effect of stretching exercises on mobility was observed. In this study,
three different tests were used to evaluate posterior muscle chain mobility. Except for FFDT,
there was a significant improvement in the other two evaluations, PAT and the Schober
test, after both stretching applications. The reason for not finding a significant difference
in the FFDT evaluation may be due to the mechanism of the test being performed, rather
than muscle mobility and flexibility in the pre-stretching evaluation, and the difference
between the before and after evaluations after movement from the hip joint. According
to the literature, PAT and the Schober test are considered reliable in evaluating posterior
muscle chain mobility [27]. We can say that there are differences and similarities between
the study of Brandao et al. and the protocols of this research, but the common result is that
stretching exercises positively affect posterior muscle chain mobility and joint movements.
In this context, we can encourage healthcare personnel with care burdens to apply static or
PNF stretching trainings that they can apply instantly in their professional lives in order to
protect the mobility health of their muscles, joints, and soft tissues.

In a study conducted in 2022, it was investigated whether PNF stretching exercises
applied to the chest pectoral muscles of patients with COVID-19 with mild and moderate
impairment for seven sessions had an effect on chest mobility and lung volumes [28].
Contrary to the results of this study, they observed improvements in the results of the
pulmonary function tests that evaluate lung volumes. The reason for the difference in
the results may be that, since this study looked at the acute effect of stretching exercises,
instant stretching had an insufficient effect on increasing lung volumes. In addition, since
the population of our study was caregivers who did not have respiratory pathology, such
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as COVID-19, the lack of a significant difference between the pre- and post-respiratory
function test evaluations may be explained. While the study in the literature looked at the
effect of stretching applied directly to the chest pectoral muscles for seven sessions and
revealed positive effects on chest mobility, this study applied stretching to the hamstring, a
muscle independent of breathing, and used the myofascial theory focusing on the fascia, a
single tissue that functions as interconnected chains in the human body. It revealed that they
had a significant improving effect on chest expiratory mobility in a supportive direction.
Apart from this study, which showed insufficient results in affecting lung volumes due
to the acute effect, we can recommend that future literature studies investigate whether
stretching applications in the hamstring muscle over a period of weeks affect lung volumes.
In a study by Mehta et al. conducted in 2015 in the elderly, PNF stretching was applied to the
chest muscles along with a supervised exercise program for 1 week and chest mobility and
respiratory functions were evaluated [29]. While they obtained a significant improvement
in chest expansion, they found a change in lung volumes only in the FEV1/FVC value. In
this study, unlike the aforementioned study, a significant improvement was seen only in
chest expiration, and no acute effect of instantly applied PNF or a static stretching session
was observed on any of the lung volumes. Additionally, in this study, a positive relationship
was found between the subcostal circumference measurement at maximum inspiration
and the FFDT evaluation, which evaluates posterior muscle chain mobility. The different
results between these two studies may be due to the difference in the populations, the day
and duration of the stretching sessions, and the muscle group in which the stretching was
performed. Within the framework of the myofascial theory, the fascia is a whole and the
technique performed in one part of the body can affect the tissues in another part of the
body, with the hypothesis that the technique performed in one part of the body can affect
the tissues in another part. Metha et al. performed stretching on the pectoral muscles for 1
week, while we performed one session of instantaneous stretching on the hamstring muscle
and looked at the acute effect on chest mobility.

Csepregi et al. 2022 investigated the effects of classical breathing exercises on spine
and chest mobility in female university students [30]. For 7 weeks, only classical breathing
exercises were applied to one group and yoga and pilates programs were applied to the
other two groups. They found that classical breathing exercises had a significant effect
on chest and spine mobility in the chest circumference measurement, Schober test, and
FFDT values, despite being applied alone. In 2015, Valenza et al., and in 2016, Alvarez et al.,
looked at the various effects of the stretching procedure applied to the diaphragm muscle
from the posterior muscle chains to the hamstring and found a positive effect on posterior
muscle chain mobility and flexibility [9,16]. In this study, we hypothesized that the fascia is
a whole and that stretching the hamstring muscle, which is far from the thorax, may affect
chest mobility, and we looked at the effects of acute one-time static and PNF stretching. In
this study, we found that only mobility improvement improved expiration. A therapeutic
intervention applied in the hamstring had a positive effect on thoracic mobility despite a
single acute application. In the study by Csepregi et al., a 7-week therapeutic intervention
involving the chest area using breathing exercises could affect spinal mobility. In these
studies, the fact that therapeutic interventions applied in unrelated regions affected a region
that was different from the applied region can be explained by the “Biotensegrity Model”,
one of the fascial models [17,31]. In this model, which states that the fascia is a continuous
piece of tissue that works in interconnected “chains” to create tension in the body, it is
stated that when the fascia is stretched in one region, it may cause tension, restriction, and
pain in another part of the body. In this study, the stretching of the hamstring from the
posterior muscle chain may have caused tension in the fascia related to chest mobility,
while in other studies, tension in the structures related to the thorax and chest may have
caused elongation in the fascia of the posterior muscle chain and spinal structures, causing
a significant effect to be observed.
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Implications, Limitations, and Future Perspectives

The hypothesis of this study was that a therapeutic intervention applied to the ham-
string within the framework of the myofascial theory could affect mobility and respiratory
parameters. As a result of some studies in the literature [32-37] and this study, our conclu-
sion is that the fascia is a whole and therapeutic intervention in the musculoskeletal units
at one point of the body that may affect the units at other points of the body and change the
overall performance and functions. This study had some limitations. The first limitation
is the lack of a control group with a placebo stretching application other than PNF and
the static stretching applications in the study. Since this study was a crossover design, a
placebo control group could have been created, although no gender-based comparison was
made. Another limitation was that the stretching applications in the study design had an
insufficient application time to change the lung volumes in the respiratory function test.
In future studies, the effect of the stretching applications applied to the hamstring muscle
regularly for weeks on the chest mobility and respiratory function test results, rather than
the acute effect, can be examined in the caregivers of people with developmental disabilities.
When we look at the future perspective, many studies can be planned within the scope
of the myofascial theory, especially the function of the regions where it is dangerous to
intervene, as the function can be increased by intervening in a different part of the body.
For this, different ideas and advanced study ideas with different designs are needed.

5. Conclusions

In this study, it was observed that both PNF and static stretching had an improving
effect on musculoskeletal mobility and also on chest expiratory mobility despite stretching
the hamstring. In this context, since stretching exercises can acutely improve mobility in
most muscle groups, regardless of region, and indirectly have a positive effect on work
performance, we can recommend that caregivers gain the habit of stretching exercises that
they can do daily in their working lives. In order to maintain or improve chest mobility,
caregivers can benefit from self-applied static or PNF stretching to the hamstring, one of the
posterior chain muscles, independently of the chest area, during their work lives and breaks.
As a result of this study, easy-to-apply stretching exercises that can positively contribute
to the musculoskeletal and respiratory system structures of healthcare professionals were
recommended to healthcare professionals within the framework of myofascial theory.

Author Contributions: Conceptualization, A.A. and E.A.; methodology, A.A. and E.A.; software,
A.A.and E.A ; validation, A.A. and E.A; formal analysis, A.A. and E.A.; investigation, A.A. and E.A,;
resources, A.A. and E.A ; data curation, A.A. and E.A.; writing—original draft preparation, A.A. and
E.A.; writing—review and editing, A.A. and E.A; visualization, A.A. and E.A.; supervision, A.A. and
E.A,; project administration, A.A. and E.A. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was carried out according to the Declaration of
Helsinki and with the approval of the Istanbul Gedik University Scientific Research Ethics Committee
(dated 24 August 2023, numbered E-56365223-050-.02.04.2023.137548.174-548).

Informed Consent Statement: Written informed consent was obtained from the caregivers to publish
this paper.

Data Availability Statement: The data that support the findings of this study will be made available
by the corresponding author upon reasonable request. Data are not publicly available due to privacy
and ethical concerns.

Acknowledgments: We would like to express our thanks and respect to the working healthcare
caregivers’ personnel who participated in the study.

Conflicts of Interest: The authors declare no conflicts of interest.



Int. J. Environ. Res. Public Health 2024, 21, 1361 12 of 13

References

1.  Abeasi, D.A.; Nkosi, N.G.; Suglo, ].N. Well-Being Focused Interventions for Caregivers of Children with Developmental
Disabilities: A Scoping Review Protocol. BM] Open 2023, 13, e066179. [CrossRef] [PubMed]

2. Kohli-Lynch, M.; Tann, C.J.; Ellis, M.E. Early intervention for children at high risk of developmental disability in low-and
middle-income countries: A narrative review. Int. J. Environ. Res. Public Health 2019, 16, 4449. [CrossRef] [PubMed]

3. Madruga, M.; Gozalo, M.; Prieto, J.; Adsuar, ].C.; Gusi, N. Psychological Symptomatology in Informal Caregivers of Persons with
Dementia: Influences on Health-Related Quality of Life. Int. ]. Environ. Res. Public Health 2020, 17, 1078. [CrossRef]

4. Sharan, D.; Ajeesh, P.S.; Rameshkumar, R.; Manjula, M. Musculoskeletal Disorders in Caregivers of Children with Cerebral Palsy
Following a Multilevel Surgery. Work 2012, 41, 1891-1895. [CrossRef]

5. Ha, J.H,; Greenberg, ].S.; Seltzer, M.M. Parenting a Child with a Disability: The Role of Social Support for African American
Parents. Fam. Soc. 2011, 92, 405-411. [CrossRef]

6. Costa, .G.R.D.; Brugnaro, B.H.; Lima, C.R.G.; de Camargo, O.K.; Fumincelli, L.; Pavao, S.L.; Rocha, N.A.C.F. Perceived Social
Support and Quality of Life of Children with and without Developmental Disabilities and Their Caregivers during the COVID-19
Pandemic in Brazil: A Cross-Sectional Study. Int. |. Environ. Res. Public Health 2023, 20, 4449. [CrossRef]

7. Aratti, A.; Zampini, L. Caregiver Burden, Parenting Stress and Coping Strategies: The Experience of Parents of Children and
Adolescents with Osteogenesis Imperfecta. Healthcare 2024, 12, 1018. [CrossRef]

8.  Mansour, Z.M.; Albatayneh, R.; Al-Sharman, A. Work-Related Musculoskeletal Disorders Among Jordanian Physiotherapists:
Prevalence and Risk Factors. Work 2022, 73, 1433-1440. [CrossRef]

9.  Valenza, M.C.; Cabrera-Martos, I.; Torres-Sanchez, 1.; Garcés-Garcia, A.; Mateos-Toset, S.; Valenza-Demet, G. The Effects of
Doming of the Diaphragm in Subjects with Short-Hamstring Syndrome: A Randomized Controlled Trial. ]. Sport Rehabil. 2015, 24,
342-348. [CrossRef]

10. Medeiros, D.M.; Cini, A.; Sbruzzi, G.; Lima, C.S. Influence of Static Stretching on Hamstring Flexibility in Healthy Young Adults:
Systematic Review and Meta-Analysis. Physiother. Theory Pract. 2016, 32, 438—445. [CrossRef]

11.  Muyor, J.M. Validity and Reliability of a New Device (WIMU®) for Measuring Hamstring Muscle Extensibility. Int. ]. Sports Med.
2017, 38, 691-695. [CrossRef] [PubMed]

12. Neumann, D.A; Kelly, E.R.; Kiefer, C.L.; Martens, K.; Grosz, C.M. Kinesiology of the Musculoskeletal System: Foundations for
Rehabilitation, 3rd ed.; Elsevier: St. Louis, MO, USA, 2017; p. 766.

13.  Renault, J.A.; Costa-Val, R.; Rossetti, M.B.; Houri Neto, M. Comparison between Deep Breathing Exercises and Incentive
Spirometry after CABG Surgery. Braz. |. Cardiovasc. Surg. 2009, 24, 165-172. [CrossRef]

14. Fredericks, R. The Flexible Golf Swing: A Cutting-Edge Guide to Improving Flexibility and Mastering Golf’s True Fundamentals; Rodale
Books: Emmaus, PA, USA, 2014.

15. Marizeiro, D.F,; Floréncio, A.C.L.; Nunes, A.C.L.; Campos, N.G.; de Paula Lima, P.O. Immediate Effects of Diaphragmatic
Myofascial Release on the Physical and Functional Outcomes in Sedentary Women: A Randomized Placebo-Controlled Trial. J.
Bodyw. Mov. Ther. 2018, 22, 924-929. [CrossRef]

16. Gonzalez-Alvarez, FJ.; Valenza, M.C.; Torres-Sanchez, L.; Cabrera-Martos, L; Rodriguez-Torres, J.; Castellote-Caballero, Y. Effects
of Diaphragm Stretching on Posterior Chain Muscle Kinematics and Rib Cage and Abdominal Excursion: A Randomized
Controlled Trial. Braz. |. Phys. Ther. 2016, 20, 405-411. [CrossRef] [PubMed]

17.  McKenney, K.; Elder, A.S.; Elder, C.; Hutchins, A. Myofascial Release as a Treatment for Orthopaedic Conditions: A Systematic
Review. . Athl. Train. 2013, 48, 522-527. [CrossRef] [PubMed]

18. Alipasali, E.,; Papadopoulou, S.D.; Gissis, I.; Komsis, G.; Komsis, S.; Kyranoudis, A.; Knechtle, B.; Nikolaidis, P.T. The Effect of
Static and Dynamic Stretching Exercises on Sprint Ability of Recreational Male Volleyball Players. Int. ]. Environ. Res. Public
Health 2019, 16, 2835. [CrossRef]

19. Denche-Zamorano, A.; Garcia-Gordillo, M.A.; Pastor-Cisneros, R.; Contreras-Barraza, N.; Carlos-Vivas, J.; Colmenarez-Mendoza,
A.; Adsuar-Sala, J.C. Relationship between Physical Activity and Medicine Use in the Spanish Population. Sustainability 2022, 14,
13615. [CrossRef]

20. Lim, W. Optimal Intensity of PNF Stretching: Maintaining the Efficacy of Stretching While Ensuring Its Safety. . Phys. Ther. Sci.
2018, 30, 1108-1111. [CrossRef]

21. Reurink, G.; Goudswaard, G.J.; Oomen, H.G.; Moen, M.H.; Tol, ].L.; Verhaar, ].A.N.; Weir, A. Reliability of the Active and Passive
Knee Extension Test in Acute Hamstring Injuries. Am. J. Sports Med. 2013, 41, 1757-1761. [CrossRef]

22. Oliveira, L.P; Vieira, L.H.P; Aquino, R.; Manechini, ].P.V,; Santiago, PR.P.; Puggina, E.F. Acute Effects of Active, Ballistic, Passive,
and Proprioceptive Neuromuscular Facilitation Stretching on Sprint and Vertical Jump Performance in Trained Young Soccer
Players. J. Strength Cond. Res. 2018, 32, 2199-2208. [CrossRef]

23. Hidayatullah, M.A.; Doewes, M.; Kunta Purnama, S. The Effect of Stretching Exercises on Flexibility for Students. . Sport. |.
Penelit. Pembelajaran 2022, 8, 118-130. [CrossRef]

24. Wadeson, A.; White, M.M.; Zhang, W.; Lau, M.Y.; Kaber, D.B. Effects of Stretching on Muscle Activation in Gas Cylinder Handling.
Work 2020, 66, 149-160. [CrossRef] [PubMed]

25. Reiner, M.; Tilp, M.; Guilhem, G.; Morales-Artacho, A.; Nakamura, M.; Konrad, A. Effects of a Single Proprioceptive Neuro-

muscular Facilitation Stretching Exercise with and without Post-Stretching Activation on the Muscle Function and Mechanical
Properties of the Plantar Flexor Muscles. Front. Physiol. 2021, 12, 732654. [CrossRef] [PubMed]


https://doi.org/10.1136/bmjopen-2022-066179
https://www.ncbi.nlm.nih.gov/pubmed/37080621
https://doi.org/10.3390/ijerph16224449
https://www.ncbi.nlm.nih.gov/pubmed/31766126
https://doi.org/10.3390/ijerph17031078
https://doi.org/10.3233/WOR-2012-0403-1891
https://doi.org/10.1606/1044-3894.4150
https://doi.org/10.3390/ijerph20054449
https://doi.org/10.3390/healthcare12101018
https://doi.org/10.3233/WOR-210805
https://doi.org/10.1123/jsr.2014-0190
https://doi.org/10.1080/09593985.2016.1204401
https://doi.org/10.1055/s-0043-108998
https://www.ncbi.nlm.nih.gov/pubmed/28704883
https://doi.org/10.1590/S0102-76382009000200012
https://doi.org/10.1016/j.jbmt.2017.10.008
https://doi.org/10.1590/bjpt-rbf.2014.0169
https://www.ncbi.nlm.nih.gov/pubmed/27333481
https://doi.org/10.4085/1062-6050-48.3.17
https://www.ncbi.nlm.nih.gov/pubmed/23725488
https://doi.org/10.3390/ijerph16162835
https://doi.org/10.3390/su142013615
https://doi.org/10.1589/jpts.30.1108
https://doi.org/10.1177/0363546513490650
https://doi.org/10.1519/JSC.0000000000002298
https://doi.org/10.29407/js_unpgri.v8i1.17742
https://doi.org/10.3233/WOR-203159
https://www.ncbi.nlm.nih.gov/pubmed/32417822
https://doi.org/10.3389/fphys.2021.732654
https://www.ncbi.nlm.nih.gov/pubmed/34594241

Int. J. Environ. Res. Public Health 2024, 21, 1361 13 of 13

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Albuquerque Brandao, M.C.; De Carvalho Teixeira, G.; Fernandes De Oliveira, L. Acute Effects of Stretching Exercises on Posterior
Chain: Analysis of Shear Modulus by Elastography SSI. Transl. Sport. Med. 2023, 2023, 5582277. [CrossRef]

Becker, L.; Schomig, F.; Cordes, L.M.S.; Duda, G.N.; Pumberger, M.; Schmidt, H. Finger-Floor Distance Is Not a Valid Parameter
for the Assessment of Lumbar Mobility. Diagnostics 2023, 13, 638. [CrossRef] [PubMed]

Gohil, D.; Shaji, M.; Baxi, G.; Palekar, T. Role of Proprioceptive Neuromuscular Facilitation Exercises in Post-COVID Individuals:
A Randomized-Control Trial. J. Sci. Soc. 2022, 49, 277. [CrossRef]

Mehta, G.P. Combined Effect of Pnf Stretching With Chest Mobility Exercises on Chest Expansion and Pulmonary Functions for
Elderly. Int. ]. Physiother. 2015, 2, 563-571. [CrossRef]

Csepregi, E.; Gyurcsik, Z.; Veres-Balajti, I.; Nagy, A.C.; Szekanecz, Z.; Szanto, S. Effects of Classical Breathing Exercises on Posture,
Spinal and Chest Mobility among Female University Students Compared to Currently Popular Training Programs. Int. |. Environ.
Res. Public Health 2022, 19, 3728. [CrossRef]

Bordoni, B.; Myers, T. A Review of the Theoretical Fascial Models: Biotensegrity, Fascintegrity, and Myofascial Chains. Cureus
2020, 12, 7092. [CrossRef]

Itotani, K.; Kawahata, K.; Takashima, W.; Mita, W.; Minematsu, H.; Fujita, H. Myofascial release of the hamstrings improves
physical performance—A study of young adults. Healthcare 2021, 9, 674. [CrossRef]

Fauris, P.; Lopez-de-Celis, C.; Canet-Vintré, M.; Martin, ].C.; Llurda-Almuzara, L.; Rodriguez-Sanz, J.; Pérez-Bellmunt, A. Does
self-myofascial release cause a remote hamstring stretching effect based on myofascial chains? A randomized controlled trial. Int.
J. Environ. Res. Public Health 2021, 18, 12356. [CrossRef] [PubMed]

Joshi, D.G.; Balthillaya, G.; Prabhu, A. Effect of remote myofascial release on hamstring flexibility in asymptomatic individuals-A
randomized clinical trial. J. Bodyw. Mov. Ther. 2018, 22, 832. [CrossRef] [PubMed]

Dadfar, M.; Seidi, F. The Effects of Self-Myofascial Release on Hamstring and Gastrocnemius Muscles Using Foam Roll on Postural
Sway, Knee Proprioception, and Dynamic Balance in Recreationally Active Females. Int. J. Athl. Ther. Train. 2022, 27, 227-233.
[CrossRef]

Dhiman, N.R,; Das, B.; Mohanty, C.; Singh, O.P.; Gyanpuri, V.; Raj, D. Myofascial release versus other soft tissue release techniques
along superficial back line structures for improving flexibility in asymptomatic adults: A systematic review with meta-analysis. J.
Bodyw. Mov. Ther. 2021, 28, 450-457. [CrossRef]

Spinoso, D.H.; Goulart, M.; Ferreira, A.; Navega, M. Analysis of the relationship between hamstring flexibility with muscular
strength and its response to myofascial release. Man. Ther. Posturology Rehabil. ]. 2022, 20, 1-7. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1155/2023/5582277
https://doi.org/10.3390/diagnostics13040638
https://www.ncbi.nlm.nih.gov/pubmed/36832125
https://doi.org/10.4103/jss.jss_73_22
https://doi.org/10.15621/ijphy/2015/v2i3/67032
https://doi.org/10.3390/ijerph19063728
https://doi.org/10.7759/cureus.7092
https://doi.org/10.3390/healthcare9060674
https://doi.org/10.3390/ijerph182312356
https://www.ncbi.nlm.nih.gov/pubmed/34886078
https://doi.org/10.1016/j.jbmt.2018.01.008
https://www.ncbi.nlm.nih.gov/pubmed/30100320
https://doi.org/10.1123/ijatt.2021-0043
https://doi.org/10.1016/j.jbmt.2021.06.026
https://doi.org/10.17784/mtprehabjournal.2022.20.1235

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Measurement Instruments 
	Procedures 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

