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Background/aim: Strengthening the muscles of the lumbar region in individuals with neck pain may be protective against future
back problems. In addition, telerehabilitation applications, which gained momentum in the literature and clinical practice during the
COVID-19 pandemic, are among the applications preferred by patients thanks to their various advantages. This study aimed to compare
the effects of telerehabilitation and spinal stabilization exercises applied with face-to-face approaches on the thickness of the transversus
abdominis (M.TrA) and lumbar multifidus (M.LM) muscles in patients with nonspecific neck pain.

Materials and methods: The primary outcomes were the thickness of the M.TrA and M.LM. Neck pain intensity and neck disability
were secondary outcomes. Muscle thickness was evaluated with an ultrasound device, neck pain intensity was assessed with a visual
analog scale, and disability was assessed with the Neck Disability Index. Patients were randomly assigned to the telerehabilitation group
(TRG) (n = 13) or the control group (CG) (n = 13). While the TRG did the exercises with live videos and video recordings, the CG did
exercises face-to-face in the clinic. Both groups performed the same exercises for 45 minutes per session 3 days a week for 8 weeks.
Results: At the end of the treatment, the thicknesses of the M.TrA and M.LM were increased and neck pain intensity and neck disability
were decreased in both groups (p < 0.05). The groups were similar in terms of these variables (p > 0.05).

Conclusion: Telerehabilitation and face-to-face spinal stabilization exercises are both beneficial for spinal muscle architecture and

clinical variables as a preventive measure against future lower back problems in individuals with neck pain.

Key words: Neck pain, transversus abdominis, lumbar multifidus, thickness, exercise, telerehabilitation

1. Introduction

When the healthy muscle structure is damaged due to
various factors, the thicknesses and physiological cross-
sectional areas of the muscles may decrease [1]. When the
spine is considered as a whole chain within individuals
with chronic neck pain (CNP), the posture of the entire
spine may change and the lumbar region muscles may
weaken as a result of the relationship between neck pain
and low back pain [2]. Regarding the motor relationship
between the cervical and lumbar spine regions, it has
been shown that individuals with CNP have less motor
control in the transversus abdominis muscle (M.TrA)
during abdominal hollowing and rest compared to healthy
controls [3]. It has also been stated that pain in the neck
region may cause a greater response in lower spine regions
such as the thoracic and lumbar regions [4]. In cases of
orthopedic problems such as neck pain and low back pain,

* Correspondence: dilaraonan@gmail.com

strengthening the muscles can increase the thicknesses and
cross-sectional areas of the deep neck and back muscles,
thereby improving spinal stabilization [5-7]. Therefore,
the importance of exercise programs for strengthening the
muscles emerges. It has been shown in different studies
that spinal stabilization exercises (SSEs) targeting spine
stabilization improve the architecture of the longus colli
and cervical multifidus muscles in individuals with CNP
[8-12] and the architecture of the M.TrA and lumbar
multifidus muscle (M.LM) in individuals with low back
pain [13,14]. However, considering that individuals with
CNP are at risk of experiencing pain in the lumbar region
in the future and that they have less motor control in
M.TrA muscle activity according to the limited studies
in the literature, the effectiveness of spine stabilization
exercise programs on the thickness of lumbar region
muscles is questionable. It is known that architectural
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features of the cervical and lumbar region muscles such as
thickness can be improved with exercises [5-7]. Therefore,
focusing exercise programs not only on the cervical region
but also on the spinal region in individuals with CNP in
clinics may reduce the risk of future low back pain.

Exercise programs can be applied face-to-face, as
telerehabilitation, or as home exercise programs depending
on requirements or preferences. The important point here
is to follow the patients and provide feedback to ensure
that the patients learn and apply the exercises correctly
and that the exercise program achieves the intended
outcomes and resolves the patients’ complaints [15]. The
inability to monitor patients individually in home exercise
programs is a frequently encountered limitation [15].
It is known that exercise programs applied face-to-face
and with telerehabilitation are successfully performed by
patients with spinal pain and high compliance is achieved
[16]. In the present study, we considered two alternative
hypotheses: H - In individuals with CNP, the effects of
telerehabilitation and face-to-face SSEs on the muscle
architecture of the lumbar region are similar; H - In
individuals with CNP, the effects of telerehabilitation and
face-to-face SSEs on the muscle architecture of the lumbar
region are different. Thus, we aimed to investigate effects
on the lumbar region muscle architecture by applying a SSE
program both face-to-face and via telerehabilitation for
individuals with nonspecific CNP for 8 weeks, following
the patients individually.

2. Materials and methods

2.1. Trial design

In this randomized, controlled, parallel, and blindly
evaluated study, the Consolidated Standard of Reporting
Trials Statement (CONSORT) was applied. The CONSORT

checklist is given in Table 1. Ethics approval was obtained
from the Clinical Research Ethics Boards of Hacettepe
University (2021/05-23, KA-20111) and the study was
registered at ClinicalTrials.gov (NCT04691024).

Twenty-six patients met the inclusion criteria and
were randomized with a 1:1 allocation ratio into the
telerehabilitation group (TRG) and control group (CG).
The study was conducted at the Spinal Health Clinic of
the Faculty of Physical Therapy and Rehabilitation of
Hacettepe University (Ankara, Tiirkiye).

2.2. Participants

Inclusion criteria were having a diagnosis of nonspecific
neck pain lasting at least 3 months, being between the
ages of 18 and 55 years, being literate, and being able to
understand and complete the exercise program, reflected
by a Montreal Cognitive Assessment Scale (MoCA) [17]
total score of >21. The Turkish version of the MoCA has
confirmed validity and reliability [18,19]. The possible
score range of the MoCA is 0-30 points and scores of <21
indicate cognitive impairment in the Turkish population
[18].

Exclusion criteria were having any cervical region
diagnosis other than nonspecific neck pain, any systemic
disease, pregnancy, acute fracture or infection, a history
of surgery of the spine or upper extremity in the past year,
and any other ongoing physical therapy and rehabilitation
treatment.

Twenty-six patients met the inclusion criteria. These
patients were divided into two groups with 13 in each
group by randomization. The mean age was 35.76 + 10.36
years in the TRG and 36.61 * 9.99 years in the CG (36.19
+ 9.98 years for all patients), with no significant difference
between the groups (p = 0.834). The female/male count
was 9/4 in both the TRG and CG (18/8 in total) with no
difference between the groups (p = 1.0).

Table 1. CONSORT 2010 checklist of information to include when reporting a randomized trial.

Section/topic Item no. Checklist item Reported
on page no.

Title and abstract

la Identification as a randomized trial in the title 1

b Structured summary of trial design, methods, results, and conclusions (for ]

specific guidance, see CONSORT for abstracts)

Introduction

2a Scientific background and explanation of rationale 1,2
Background and
objectives 2b Specific objectives or hypotheses 2
Methods
Trial design 3a E;:isgrlpuon of trial design (such as parallel, factorial) including allocation 25
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recommended

Reported
Section/topic Item no. | Checklist item eporte
on page no.
Trial design 3b In?po?tant .changes to methods after trial commencement (such as eligibility )
criteria), with reasons
4a Eligibility criteria for participants 2
Participants
4b Settings and locations where the data were collected 2,4
. Interventions for each group with sufficient details to allow replication, including
Interventions 5 .. 4
how and when they were actually administered
6a Completely defined prespecified primary and secondary outcome measures, 4
Outcomes including how and when they were assessed
6b Any changes to trial outcomes after the trial commenced, with reasons -
Sample size 7a How sample size was determined 4,5
7b When applicable, explanation of any interim analyses and stopping guidelines -
Randomization
Sequence 8a Method used to generate the random allocation sequence 5
generation 8b Type of randomization; details of any restriction (such as blocking and block size) |5
Allocation Mechanism used to implement the random allocation sequence (such as
concealment 9 sequentially numbered containers), describing any steps taken to conceal the 5
mechanism sequence until interventions were assigned
. Who generated the random allocation sequence, who enrolled participants, and
Implementation 10 . - i . 5
who assigned participants to interventions
11a If done, who was blinded after assignment to interventions (for example, 5
Blinding participants, care providers, those assessing outcomes) and how
11b If relevant, description of the similarity of interventions -
12a Statistical methods used to compare groups for primary and secondary outcomes |5, 6
Statistical methods
12b Methods for additional analyses, such as subgroup analyses and adjusted analyses |5, 6
Results
Participant flow (a | 13a .For each group, numbers of participants who were randomly assigned, received 5
. . intended treatment, and were analyzed for the primary outcome
diagram is strongly
recommended) 13b For each group, losses and exclusions after randomization, together with reasons |5
14a Dates defining the periods of recruitment and follow-up 4
Recruitment
14b Why the trial ended or was stopped 4,5
Baseline data 15 A table showing baseline demographic and clinical characteristics for each group |6
Numbers analyzed |16 For each group, numbe.r of particip'arllts (den.ominator) included in each analysis 6.7
and whether the analysis was by original assigned groups
17a For each primary and secondary outcome, results for each group, and the estimated 6.7
Outcomes and effect size and its precision (such as 95% confidence interval) ?
estimation 176 For binary outcomes, presentation of both absolute and relative effect sizes is 6.7
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Table 1. Continued.

Section/topic Item no. | Checklist item Reported
on page no.
Ancillary analyses |18 Results of any oth.er ;.malyses per.formed, including subgroup analyses and adjusted 6.7
analyses, distinguishing prespecified from exploratory
Harms 19 All important harms or unintended effects in each group (for specific guidance, see | |
CONSORT for harms)
Discussion
o Trial limitations, addressing sources of potential bias, imprecision, and, if relevant,
Limitations 20 . 9
multiplicity of analyses
Generalizability 21 Generalizability (external validity, applicability) of the trial findings 8,9
. Interpretation consistent with results, balancing benefits and harms, and consider-
Interpretation 22 . . 8,9
ing other relevant evidence
Other information
Registration 23 Registration number and name of trial registry 2
Protocol 24 Where the full trial protocol can be accessed, if available 2
Funding 25 Sources of funding and other support (such as supply of drugs), role of funders 9

The exercise program and assessments were conducted
in the Spinal Health Clinic of the Faculty of Physical
Therapy and Rehabilitation of Hacettepe University
between March 2021 and June 2022. All assessments and
exercises was performed by the same physiotherapist.
The flow diagram including the study participants and
randomization process are presented in the Figure.

2.3. Interventions

The TRG and CG completed the same SSEs and stretching
exercises (the latter for 5 min before and after the SSEs).
This SSE program was applied for both groups by a
physiotherapist with a Master of Science degree for 45-
min sessions 3 days a week for 8 weeks. The SSE program
was administered with live video calls 2 days a week and
recorded videos 1 day a week in the TRG. In the CG, the
SEE program was applied as face-to-face exercises at the
Spine Health Clinic. The difficulty level of the exercises
was increased with each session and week (Figure S1).

2.4. Outcomes and objective assessment methods
2.4.1.Primary outcome measures and

objective assessment methods

The muscle thicknesses of the M.TrA and M.LM were the
primary outcome measures. These muscle thicknesses were
evaluated by rehabilitative ultrasound by a physiotherapist
with a Master of Science degree who held rehabilitative
ultrasound certification and had 2 years of relevant
experience. Linear and convex probes (3.5-10 MHz,

814

SonoStar Mobile Ultrasound Device, Guangzhou, China)
were used for ultrasound assessment. The evaluations were
performed with participants in supine resting position for
the M.TrA and prone resting position for the M.LM at
baseline and after the SSE program (Figure S2).

2.4.2. Secondary outcome measures and

objective assessment methods

Neck pain intensity and neck disability were the secondary
outcome measures.

A visual analog scale (VAS) was used for pain intensity
assessment. It had a horizontal line of 10 cm, with a mark
of 0 representing no pain and 10 representing very intense
pain. The patients marked their current levels of pain
intensity as vertical lines on the horizontal line of the VAS
[20].

Neck disability was evaluated with the Neck Disability
Index (NDI). The NDI includes 10 items addressing
pain intensity, personal care, lifting, work, headaches,
concentration, sleeping, driving, reading, and recreation.
Each item is scored with 0-5 points. Total scores of 0-4
points reflect no disability, 5-14 points signify mild
disability, 14-24 points signify moderate disability, 25-34
signify severe disability, and 35-50 points signify complete
disability [21,22].

2.5. Sample size

Initial power analysis was performed using G*Power
software version 3.1. There are no previous studies on
lumbar muscle thicknesses and SSE programs with CNP
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== CONSORT

A7 [ TRANSPARENT REPORTING of TRIALS

CONSORT 2010 Flow Diagram

[ Enrollment ]

Assessed for eligibility (n = 26)

Excluded (n = 0)

Randomized (n = 26)

|

( Allocation ] Y
Allocated to intervention for Telerehabilitation Allocated to intervention for Control group
group (n = 13) (n=13)
+ Received allocated intervention (n = 13) « + Received allocated intervention (n = 13) «
Did not receive allocated intervention Did not receive allocated intervention
(n=0) (n=0)
v [ Follow-Up ] y
AN J
Lost to follow-up (n = 0) Discontinued Lost to follow-up (n = 0) Discontinued
intervention (n = 0) intervention (n = 0)
[ Analysis ]
Analyzed (n = 13) Analyzed (n = 13)
+ Excluded from analysis (n = 0) + Excluded from analysis (n = 0)

Figure. Consolidated Standards of Reporting Trials (CONSORT) flow diagram.

patients in the literature. Therefore, after 6 initial patients
from the TRG and 6 initial patients from the CG completed
the SSE program, the results of M.TrA muscle thickness
during resting, as a primary outcome, were used for power
analysis. For the difference between two independent
means (i.e., two groups), a t-test was used with effect size
of 1.34, alpha of 0.05, and power of 0.80. The mean M.TrA
thickness during resting was 2.51 + 0.57 for the TRG and
3.34 + 0.66 for the CG. After calculations using these data,
the total number of patients to be included in the study
to ensure statistical power was a minimum of 20, with 10
patients each in the TRG and CG.

2.6. Randomization and blinding

Twenty-six patients met the inclusion criteria and were
randomized into the TRG or CG with a 1:1 allocation
ratio using a computer program with block size of four
for the randomization. The patients in both groups
were not informed about whether their group was the
intervention group or control group. Therefore, patients
were blinded because they did not know which group was
the intervention group.

2.7. Statistical methods
Calculations and data analysis were performed by a
blinded statistician. SPSS IBM Statistics 23.0 (IBM
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Corp., Armonk NY, USA) was used for the analysis
and calculations. The Shapiro-Wilk test was used to
determine the normality of the data. Values of percentage
(%) and number (n) for categorical variables, mean and
standard deviation for continuous variables, and median
and minimum-maximum for noncontinuous variables
were provided. Within groups, the paired sample t-test
or Wilcoxon signed rank test was used for comparisons.
Between groups, independent t-tests or Mann-Whitney U
tests were used for comparisons. Effect size results were
given as Cohen’s d. Values of p < 0.05 were accepted as
statistically significant.

Table 2. Characteristic of the patients.

3. Results

Twenty-six patients were included in the study between
March 2021 and June 2022. There were no differences
between TRG and CG in terms of characteristics of the
patients, as shown in Table 2, or baseline features of the
outcome measures, as shown in Tables 3 and 4.

3.1. Results of primary outcomes: muscle thickness of the
transversus abdominis and lumbar multifidus

At the end of the 8-week exercise program, there were
improvements in right M.TrA resting and contraction, left
M.TrA resting and contraction, and right and left M.LM in
the TRG. Significant differences were found for right and

Mean * SD or median (min-max) / n
Variables p
Total (n = 26) TRG (n =13) CG (n=13)
Age, years 36.19 £9.98 35.76 £10.36 36.61 £9.99 0.83
Sex, female/male 18/8 9/4 9/4 1.0
BMI, kg/m? 23.57 £2.59 23.6 £ 2.85 23.55+2.43 0.96
Pain duration, months 48 (18-240) 36 (18-240) 60 (18-144) 0.05
MoCA score 30 (25-30) 30 (25-30) 30 (29-30) 0.51

BMI: Body mass index; MoCA: Montreal Cognitive Assessment Scale; TRG: telerehabilitation group; CG: control group; SD: standard

deviation; min: minimum; max: maximum.

Table 3. Results for thickness of the transversus abdominis and lumbar multifidus muscles.

Mean + SD or median (min-max)
Variables Time p (BT) ES, Cohen’s d
TRG (n =13) CG (n=13)
BT 2.58 +0.76 2.64 +0.55 0.83
Right M.TrA, AT 3.03 +0.80 3.22+0.62 0.51
resting (mm) Difference 0.44 + 0.48 0.58 + 0.34 0.42
p (WG) 0.006" 0.000"** 0.02
ES, Cohen’s d 0.91 1.70
BT 2.57 (1.71-4.77) 2.59 (1.66-3.62) 0.81
Left AT 3.16 (1.88-5.57) 3.08 (2.04-4.45) 0.77
(Mm;rrff 1eStNg | Difference 0.27 (~0.19 to 2.11) 0.37 (~0.18 to 1.95) 0.77
0.05
p (WG) 0.007+* 0.003*
ES, Cohen’s d 0.74 0.82
BT 4.62 +1.02 4.82+1.45 0.69
Right M.TrA, AT 5.88 + 1.12 5.44 + 1.45 0.39
contract. Difference 1.26 £ 0.92 0.62 £ 0.96 0.09
(mm) p (WG) 0.000** 0.038" 0.10
ES, Cohen’s d 1.09 0.37
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BT 494 +1.43 4.84+0.95 0.84
Left M.TrA, AT 6.34 + 1.39 5.39 + 1.14 0.06
contract. Difference 1.39 + 1.40 0.54 + 0.90 0.07
(mm) p (WG) 0.004+ 0.05" 0.12
ES, Cohen’s d 0.87 3.84
BT 24.35(19.1-20.9) 26.34 (17.5-32.4) 0.62
AT 27.84 (23.7-35.7) 27.78 (22.7-35.9) 0.70
Right M.LM, -
contract, (mm) Difference 2.87 (1.45-13.21) 1.82 (0.13-9.31) 0.34 0.18
p (WG) 0.002+ 0.002+
ES, Cohen’s d 0.84 0.86
BT 23.46 + 4.47 25.68 + 5.04 0.24
Left M.LM, AT 2931 +3.22 28.52 +3.18 0.53
contract. Difference 5.85+ 5.60 2.83+4.10 0.12 0.09
(mm) p (WG) 0.003** 0.028"
ES, Cohen’s d 0.71 0.79

BT: Before treatment; AT: after treatment; BG: between groups; WG: within groups; ES: effect size; M.TrA: transversus abdominis
muscle; M.LM: lumbar multifidus muscle; contract.: contraction; TRG: telerehabilitation group; CG: control group; ***: p < 0.001; **: p
<0.01; *: p < 0.05; SD: standard deviation; min: minimum; max: maximum.

Table 4. Results of neck pain intensity and neck disability.

Mean + SD or median (min-max)
. . ES,
Variables Time RG (e 1) G p (BT) Coher's d
n= (n=13)
BT 7.15+1.90 6.38 +2.02 0.328
. AT 2.53+1.76 1.61 +1.44 0.157
Neck pain
intensity Difference 4.61+1.38 4.76 + 1.64 0.798 0.002
(VAS)
p (WG) 0.000"** 0.000"**
ES, Cohen’s d 3.34 2.90
BT 13 (6-9) 12 (5-34) 0.625
AT 4 (1-19) 6 (1-10) 0.796
Neck disability .
(NDI) Difference 7 (0-18) 7 (1-25) 0.551 0.11
p (WG) 0.002+ 0.001+
ES, Cohen’s d 0.85 0.88

BT: Before treatment; AT: after treatment; BG: between groups; WG: within groups; ES: effect size; VAS: visual analog scale; NDI: Neck
Disability Index; TRG: telerehabilitation group; CG: control group; ***: p<0.001; **: p<0.01; SD: standard deviation; min: minimum;

max: maximum.

left M.TrA resting and for right and left M.LM (p < 0.05 for
all). There were similar positive changes in the two groups
at the end of 8 weeks for all lumbar muscle variables (p
> 0.05). Right-side M.TrA contraction showed more
improvement compared to left-side M.TrA in the CG (p <
0.05). The thickness results for the M.TrA and M.LM are
presented in Table 3.

3.2. Results of secondary outcomes: neck pain intensity
and neck disability

Neck pain intensity and disability levels decreased in both
the TRG and CG groups after the 8-week exercise program
(p <0.05). Neck pain intensity and disability both had large
effect sizes. However, the effect of neck pain intensity was
greater than 1 (i.e., very large) in both groups (for TRG:
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3.34; for CG: 2.90). There were no differences between
the groups after 8 weeks in terms of neck pain intensity or
disability (p > 0.05), as shown in Table 4.

4. Discussion

This randomized controlled trial aimed to investigate the
impact of a SSE program on the muscular architecture
of the lumbar region. The program was administered to
individuals with nonspecific CNP using both face-to-face
and telerehabilitation methods over an 8-week period.
Our findings indicated that the thickness of the muscles
in the lumbar region increased while neck pain intensity
and neck disability decreased after the exercise program
in both groups. Despite the study being conducted amidst
the conditions imposed by the COVID-19 pandemic,
similar results were observed between the two groups
for all evaluated outcome measures at the end of 8 weeks.
This finding demonstrates that SSEs performed remotely
via telerehabilitation are equally beneficial for lumbar
region muscle architecture, neck pain intensity, and neck
disability in comparison to the traditional face-to-face
approach.

Telerehabilitation provides advantages in terms of not
experiencing difficulty in reaching health professionals due
to distance, being able to compensate for missing treatment
sessions due to work or childcare responsibilities, reducing
the financial costs of the treatment and waiting times for
the treatment queue, and saving time for both healthcare
professionals and patients [16,23-25]. However, the
disadvantages of the telerehabilitation process include
the fact that the communication between patients and
healthcare professionals may not be well established with
telerehabilitation, patients may have difficulties using
technological devices for telerehabilitation, technological
devices may be broken or internet connection problems
may be experienced, patients may have problems
understanding the exercises on the screen, and the
patients’ activities in treatment sessions or ability to
participate in the process are more dependent on their
own moods [16,23-25]. First of all, we thought that it
would be appropriate to evaluate individuals in order to
cognitively manage telerehabilitation. We used the MoCA
scale for the evaluation and concluded that all enrolled
individuals had scores above 21 points and thus had the
cognitive ability to participate in the telerehabilitation
program [18]. No participants left the telerehabilitation
program over the course of 8 weeks and all participants
successfully completed the program. Because we aimed for
the telerehabilitation to be successful, we communicated
with individual participants one-on-one in each session,
repeating and demonstrating the exercises until they
understood and performed them correctly. We also sent
exercise videos to these patients. With these efforts, we
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strengthened the communication between the patients
and the physiotherapist. However, certain physiotherapy
techniques that involve hands-on manipulation or
specialized tools are not feasible through telerehabilitation.
In our study, the telerehabilitation program primarily
comprised exercise regimens with active involvement by
both physiotherapists and patients. We believe that exercise
constitutes an important treatment approach within
physical therapy and rehabilitation that can be consistently
maintained for patients. While exercise studies involving
telerehabilitation have gained popularity in the literature,
previous works such as those of Ozlii et al. [26], Shah et al.
[16], and Ozel and Kaya Ciddi [27] reported only minimal
clinically significant improvements in neck pain intensity
and disability scores following telerehabilitation exercise
programs. In contrast, our findings reveal a noteworthy
reduction in neck pain intensity of 4.61 units in the TRG
and 4.76 units in the CG following treatment. Additionally,
disability scores exhibited a significant median reduction
of 7 points in the TRG and CG alike. Our results also align
with the minimal clinically significant thresholds for both
neck pain intensity (ranging between 1.5 and 2.5 units)
and disability scores (between 3.5 and 7.5 points) [28-30].
There was no difference between the groups in terms
of neck pain intensity or disability following treatment.
This finding confirms that SSE programs administered
via telerehabilitation can serve as viable and effective
alternatives when in-person exercises are not feasible.
Deep neck muscles provide continuity in the lumbar
region, including the M. TrA, the M.LM, and the internal
oblique, diaphragm, and pelvic floor muscles. In the
literature, it has been reported that changes in motor
control activation in the deep trunk muscles are observed
in individuals with neck pain [3]. In addition, it has been
reported that the activation performance of deep cervical
flexors is impaired in patients with low back pain, as in
patients with neck pain [31]. Based on this information,
the motor relationship between the cervical and lumbar
spine regions was investigated to determine whether
the muscles in the lumbar region showed similar motor
control activation changes in patients with neck pain [3].
Yalcinkaya et al. found that individuals with CNP had less
motor control in the M. TrA during abdominal hollowing
and rest compared to healthy controls [3]. In another study,
Yalcinkaya et al. showed a relationship between right and
left upper trapezius muscle pressure pain thresholds and
M.TrA thickness during abdominal hollowing in female
patients with neck pain [32]. Pinto et al. stated that pain
in the neck region may cause a greater response in lower
spine regions such as the thoracic and lumbar regions [4].
Yalcinkaya et al. reported that the thoracolumbar fascia
and the entire spine are responsible for the stabilization of
the M.TrA and the control of rotational movements, and
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that the average pain intensity of 5.5 according to a VAS in
their study may have been effective in this situation [32].
In our study, it was observed that mean neck pain intensity
decreased from 7.15 to 2.53 in the TRG and from 6.38 to
1.61 in the CG. Although our results support the results of
Yalcinkaya et al. [32], we think that the increase in M.TrA
thickness and decrease in neck pain intensity with the
SSE program may have increased the stabilization of the
lumbar region and helped decrease the large rotational
responses. Moseley investigated the relationship between
the weakening of trunk muscle functions and increased risk
of low back pain in patients with neck pain and followed
those patients for 2 years [33]. With the abdominal
hollowing maneuver, the probability of developing low
back pain was found to be 3-6 times higher both in
individuals with neck pain and healthy individuals who
showed abnormal responses with a stabilizer biofeedback
device compared to those who responded normally.
Therefore, abdominal hollowing performance has been
reported as a determinant of low back pain development
in patients with neck pain [33]. We did not use a stabilizer
biofeedback device in our study, but we think that the fact
that the lumbar region muscles of patients with neck pain
were weakened and the thickness of the muscles increased
after the exercise program was objectively demonstrated
by ultrasonography, contributing to the literature.

In the literature, it is striking that there are insufficient
studies evaluating the effectiveness of lumbar region
muscle thicknesses after SSE programs for individuals
with neck pain. However, considering the results
obtained from individuals with low back pain, Hlaing et
al. applied a 4-week SSE program and a strengthening
exercise program for individuals with subacute low back
pain and found significant changes in M.TrA and M.LM
muscle thicknesses in the SSE program compared to
the strengthening group [13]. Although Zielinski et al.
stated that M.LM thickness was not a predictive factor
for individuals to benefit from stabilization exercises
[34], M.LM and M.TrA dimensions were reported as
predictive factors for the development of low back pain
in a systematic review [35]. Although opinions in the
literature are thus mixed, it was seen in our results that
an 8-week SSE program supported the development
of spinal stabilization by increasing the lumbar region
muscle thickness in individuals with neck pain. In order to
prevent future low back pain in individuals with neck pain,
it may be recommended to include individuals in spine-
protective stabilization exercise programs and to evaluate
the muscle architecture of the lumbar region in order to
obtain more clinical findings.

This study has several limitations. Notably, the
technological proficiency of patients, a crucial factor

for successful telerehabilitation utilization, was not
systematically assessed. Given the variability in patients’
technological skills, we experienced initial session delays
as participants readied themselves for the exercises.
To enhance the participants’ engagement and ease of
navigating the process, integrating technology literacy
training before the commencement of the exercise
program might offer a more productive experience in
telerehabilitation programs, especially in addressing
practical challenges. Another limitation pertains to the
usage of ultrasound equipment, which demands careful
skin contact during measurements. This requirement for
precision could have introduced minor discrepancies in
the test/retest evaluations. Additionally, follow-up of the
exercise programs effects in the subsequent months was
lacking, reflecting another limitation of our study.

5. Conclusion

In this study, SSEs provided significant and similar
improvements in neck pain intensity, disability, and
lumbar region muscle architecture when applied remotely
with telerehabilitation or face-to-face. Strengthening the
muscles of the lumbar region is important to prevent future
low back pain in patients with neck pain. In addition,
exercises applied with telerehabilitation are an effective
alternative that can be used in cases where face-to-face
exercises cannot be applied, during pandemics or natural
disasters, or for patients who cannot easily access clinics.
There is no previous study in the literature that addresses
SSEs performed remotely with telerehabilitation in patients
with neck pain and effects on the muscle architecture of
the lumbar region. Therefore, we anticipate that the results
of our study will contribute to the literature.
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Figure S1. The 8 weeks spinal stabilization exercise program.

-As warming and cooling exercises before

&

W and after each exercise session; The

stretching exercises for M.
Sternocleideomastoid (A), M. Levator
Scapula (B), shoulder rotators (C), and
1;) ” Lumbar Extensor muscles (D) were

performed as 3x10 repetitions.

D)

-To contract the deep muscles for 8 seconds in each position and do the exercises 30 times a day,

Diaphragmatic breathing, chin tuck and abdominal hallowing exercises were performed;
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Week-1: 3 times/week

-in the supine position by contracting deep
muscles (4, B).

-in the side lying position by contracting
deep muscles (C).

-in the crawling position by contracting
deep muscles (D).

-in sitting position by contracting deep

muscles (E).

Week-2: 3 times/week

B)

o

-in the supine position by contracting deep muscles. At the same time, the arms were separately flexed 180

degrees and lifted while exhaling (A).
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-in the side lying position by contracting deep muscles. At the same time, the arms were moved to 90 degrees
of flexion and abduction separately and lifted while exhaling.

-in the crawling position by contracting deep muscles. At the same time, the arms were separately flexed 180
degrees and lifted while exhaling (B).

-in sitting position by contracting deep muscles. At the same time, the arms were separately flexed 180
degrees and lifted while exhaling (C).

-in standing position by contracting deep muscles. At the same time, the arms were separately flexed 180

degrees and lifted while exhaling (D).

Week-3: 3 times/week

0

-in the supine position by contracting deep muscles. At the same time, while exhaling, the heels were moved
separately on the bed and the legs were extended (A).

-in the side lying position by contracting deep muscles. At the same time, the legs were moved to abduction
with the heels close together and lifted while exhaling (B).

-in the crawling position by contracting deep muscles. At the same time, the legs were extended separately
and lifted while exhaling (C).

-in sitting position by contracting deep muscles. At the same time, the legs are lifted separately while exhaling

from the hips and knees to the trunk (D).
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-in standing position by contracting deep muscles. At the same time, the legs are lifted separately from the

hips and knees while exhaling towards the trunk (E).

Week-4: 3 times/week

-in the supine position by contracting deep muscles. At the same time, while exhaling, the same side arms
were flexed 180 degrees and the heels were moved separately on the bed and the legs were extended (A4).

- in the side lying position by contracting deep muscles. At the same time, the same side arms were raised to
90 degrees of flexion and abduction, the legs were separately moved to abduction with the heels together and
lifted while exhaling (B).

-in the crawling position by contracting deep muscles. At the same time, the arms were separately flexed to
180 degrees and the legs were extended separately, contra laterally, and lifted while exhaling (C).

-in sitting position by contracting deep muscles. At the same time, the same side separately, the arms are
raised to 180 degrees flexion and the legs are lifted as you exhale from the hips and knees to the trunk (D).
-in standing position by contracting deep muscles. At the same time, the same side separately, the arms are

raised to 180 degrees flexion and the legs are lifted as you exhale from the hips and knees to the trunk (E).
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Week-5: 3 times/week

D)
-in the supine position by holding them by contracting deep muscles. At the same time, while exhaling, the
arms were flexed to 180 degrees contra laterally and the heels were moved separately on the bed and the legs
were extended (A4).

-in the crawling position by contracting deep muscles. At the same time, the arms were raised to 90 degrees of
flexion and abduction contra laterally, the legs were moved separately to abduction with the heels together
and lifted while exhaling (B).

-in sitting position by contracting deep muscles. At the same time, the arms were flexed to 180 degrees and

the legs were raised contra laterally separately, while exhaling from the hips and knees to the trunk (C).

-in standing position by contracting deep muscles. At the same time, the arms were flexed to 180 degrees and

the legs were raised contra laterally separately, while exhaling from the hips and knees to the trunk (D).
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Week-6: 3 times/week

B)
-in the supine position by holding them by contracting deep muscles. At the same time, the arms were
separately flexed to 180 degrees and lifted with a resistance exercise band while exhaling (4).

-in the side lying position by contracting deep muscles. At the same time, the arms were moved to 90 degrees
of flexion and abduction separately and lifted with a resistance exercise band while exhaling (B).

-in sitting position by contracting deep muscles. At the same time, the arms were separately flexed to 180
degrees and lifted with a resistance exercise band while exhaling (C).

-in standing position by contracting deep muscles. At the same time, the arms were separately flexed to 180

degrees and lifted with a resistance exercise band while exhaling (D).
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Week-7: 3 times/week

-in the supine position by contracting deep muscles. At the same time, while exhaling, the same side arms
were lifted with a 180-degree flexion-resistant exercise band and the heels were moved separately on the bed
and the legs were extended (A).

-in the side lying position by contracting deep muscles. At the same time, the same side arms were lifted with
an exercise band resistant to 90 degrees of flexion and abduction, the legs were moved to abduction while the
heels were adjacent to each other, and lifted while exhaling (B).

-in sitting position by contracting deep muscles. At the same time, the arms were lifted with a 180-degree
flexion-resistant exercise band, the legs were lifted from the hips and knees to the trunk, while exhaling on the
same side separately (C).

-in standing position by contracting deep muscles. At the same time, the arms were lifted with a 180-degree
flexion-resistant exercise band, the legs were lifted from the hips and knees to the trunk, while exhaling on the

same side separately (D).
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Week-8: 3 times/week

-in the supine position by contracting deep muscles. At the same time, while exhaling, the arms were lifted
contra laterally with an exercise band resistant to 180 degrees of flexion, and the heels were moved
separately on the bed and the legs were extended (A).

-sitting position by contracting deep muscles. At the same time, the arms were lifted contra laterally
separately, with an exercise band resisting 180 degrees of flexion, while the legs were lifted from the hips and
knees to the trunk while exhaling (B).

-in standing position by contracting deep muscles. At the same time, the arms were lifted contra laterally
separately, with an exercise band resisting 180 degrees of flexion, while the legs were lifted from the hips and

knees to the trunk while exhaling (C).
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Figure S2. The ultrasonography evaluations of the m. transversus abdominis and m. lumbal multifidus.

1.The ultrasound evaluation of m. transversus abdominis at rest and contraction

The evaluation of the thickness of the M. Transversus Abdominis (M.TrA) was performed with the patient in a relaxed
supine position, with the head and entire spine straight, and the knees bent. The linear ultrasound prob was placed 1.5 cm
lateral to the umbilicus (Brightness Mode). No pressure was applied to the abdominal region with the probe. The patient
was informed that the imaging would begin at the next breath. When the patient exhaled, the patient was told, “Now
exhale by contracting your abdominal muscles.” Then the patient was allowed to breathe normally. It was measured 1.5 cm
laterally from the middle edge of the M. Transversus Abdominis. Measurements should be perpendicular to the direction
of muscle extension.

A.  Ultrasonography evaluation of the M.TrA

2.The ultrasound evaluation of m. lumbal multifidus at rest and contraction

The evaluation of the thickness of the M. Lumbal Multifidus (M.LM) was performed with the patient in the prone position.
The curved ultrasound probe was placed on the L4 spinous process in a sagittal direction. The probe was moved to the cap
laterally until the L4/5 facet was visible. The muscle thickness was measured by drawing a perpendicular line from the L4
facet joint. The thickness was recorded as the length of the line.

B.  Ultrasonography evaluation of the M.LM
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