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ABSTRACT

[T Cervical muscles play anaccessory rolein pulmonary ventilation and through their musculoskeletal,
fascial, and neural connections with the thoracic spine and diaphragm, may influence respiratory function.
However, limited evidence exists regarding the association between cervical structures and respiratory
indices in healthy individuals. This study aimed to investigate the relationship between cervical muscle size,
spirometric indices, and chest wall mobility in healthy adults.

This cross-sectional investigation employed 50 healthy adults (28 women and 22
men) with a mean age of 41110 years. The thickness of the multifidus, longus colli, sternocleidomastoid,
and anterior scalene muscles was measured using ultrasonography. Respiratory volumes were assessed
using spirometry, and chest wall mobility during both maximal inhalation and exhalation was evaluated
with a measuring tape. Associations between variables were examined using Pearson or Spearman
correlation tests, depending on data distribution.

[EEME Analysis of the relationship between cervical muscle size and respiratory volume indices
demonstrated that multifidus muscle thickness was positively and significantly associated with forced
vital capacity (FVC) (r=0.35, P=0.01) and forced expiratory volume in one second (FEV,) (r=0.37, P=0.008).
Anterior scalene muscle thickness was found to be positively and significantly associated with all spirometric
parameters. Additionally, sternocleidomastoid muscle thickness was positively correlated with FVC (r=0.31,
P=0.02) and FEV, (r=0.31, P=0.02). Chest wall mobility also demonstrated statistically significant positive
associations with the thickness of the anterior scalene and sternocleidomastoid muscles.

[@TENERT The results of the present investigation indicate that respiratory function, even in healthy
individuals, is influenced by the structure and thickness of cervical muscles. These associations may be
attributed to the anatomical, fascial, and neural continuity between the cervical and thoracic regions. The
present results highlight the importance of assessing and strengthening cervical muscles in training and
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Introduction

he cervical region is a key component

of the human body, playing an essential

role in maintaining postural alignment,

head balance, and functional mobility

[1]. In addition to controlling head and
cervical spine movements, cervical muscles also par-
ticipate in the respiratory process [2, 3]. In particular,
superficial structures including the sternocleidomastoid
(SCM) and the anterior scalene muscles become active
as accessory inspiratory muscles during deep inhala-
tion, contributing to thoracic expansion and facilitating
airflow into the lungs [3, 4]. Furthermore, the intrinsic
muscle system of the cervical region, with particular
emphasis on the longus colli and multifidus, is essential
for maintaining cervical spine stability and for ensuring
coordinated movement between the neck and trunk [5,
6]. Effective breathing requires adequate cervical spine
stability to ensure proper coordination and mechanical
efficiency of the muscles involved in respiration [7, 8].
Appropriate stabilization of the cervical region enables
respiratory-related muscles, especially accessory inspi-
ratory muscles, to effectively contribute to rib motion
and chest wall expansion [5, 9]. Under such conditions,
sufficient integrity of the cervical and thoracic spinal
segments becomes necessary for maintaining postural
control and motor coordination [10, 11]. This stability
is largely achieved through the coordinated function
of deep cervical and trunk muscles [12, 13]. In light of
the involvement of deep cervical muscles in segmen-
tal stabilization [13], evaluating the characteristics of
these muscles alongside respiratory indices may provide
deeper insight into the interaction between the musculo-
skeletal and respiratory systems.

Growing scientific interest has recently focused on the
association between the cervical musculoskeletal sys-
tem and respiratory function [9, 14]. Evidence suggests
that in certain musculoskeletal disorders, such as chronic
neck pain, alterations in cervical muscle activation pat-
terns and strength may be associated with reduced chest
wall mobility and impaired pulmonary ventilation [15,
16]. Although spirometry provides valuable information
regarding airflow and lung volumes [17], chest wall mo-
bility reflects the mechanical function of the respiratory
system and can demonstrate structural characteristics
and volumetric changes of the thoracic wall during in-
spiration and expiration [18, 19]. Given the critical role
of chest wall motion in effective pulmonary ventilation
[20], examining the association between cervical muscle

characteristics and chest wall mobility may enhance un-
derstanding of the interaction between the respiratory
and movement systems.

Ultrasonography represents a non-invasive and accu-
rate imaging technique that allows precise assessment
of muscle thickness and morphology [21, 22]. In par-
allel, spirometry serves as the gold-standard approach
for the assessment of respiratory capacity, as reflected
by parameters such as forced vital capacity (FVC),
forced expiratory volume in one second (FEV1), and
the FEVi-to-FVC ratio regarded as central measures of
ventilatory performance [17]. In addition to these tools,
assessing chest wall mobility may provide a comprehen-
sive perspective on the mechanical performance of the
respiratory system [15].

Despite growing interest in the relationship between
the cervical musculoskeletal system and respiratory
function, based on comprehensive literature search [23,
241, no study has ever specifically examined the simul-
taneous association between cervical muscle character-
istics (including muscle thickness), spirometric indices,
together with chest wall mobility across both asymp-
tomatic individuals and populations with musculoskel-
etal pain. Although several previous studies have inves-
tigated patients with neck pain or other musculoskeletal
disorders [23, 25], their focus has primarily been on
respiratory or muscular variables in isolation, without
integrating assessments of cervical muscle thickness,
pulmonary function, and chest wall mobility. Conse-
quently, a research gap exists in this field. Establishing
normative data in this area could enhance understanding
of the contribution of cervical muscles in respiration and
support the development of effective rehabilitation in-
terventions. Therefore, this investigation aims to inves-
tigate the association between both intrinsic and superfi-
cial cervical muscle thickness, spirometric indices, and
chest wall mobility in healthy individuals. It is anticipat-
ed that the results generated herein will help clarify the
underlying interplay between cervical muscle function
and the respiratory system and provide a foundation for
future research in clinical populations.

Materials and Methods

Using a cross-sectional design, this investigation re-
cruited 50 asymptomatic individuals aged 20 to 55
years. Sample size estimation was performed through
the application of use of Pearson correlation parameters
applying Fisher z-based approach, with reference to the
study by Colak et al. [24]. Assuming a correlation co-
efficient of 0.465, an o threshold of 0.05 and a target
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statistical power of 80%, a minimum sample size of 34
participants was estimated. To improve the precision of
the study, the final study cohort comprised 50 individu-
als. The selected age range was intended to minimize the
influence of skeletal growth-related changes as well as
age-related degenerative alterations on cervical muscle
structure and respiratory function. The study was con-
ducted between August 2024 and June 2025 in a hospital
clinical setting. Participants were recruited through non-
probability convenience sampling on a voluntary basis
using posters and announcements displayed at the Uni-
versity of Medical Sciences and affiliated public cen-
ters. Eligible individuals were enrolled consecutively
after screening according to prospectively established
eligibility requirements, which included the absence
of pain in the spinal column or thoracic region and no
history of respiratory diseases. The exclusion criteria
included being an athlete (defined as individuals with
a regular exercise program), smoking, history of acute
trauma, fractures, or surgical procedures involving the
spine, thorax, or limbs, presence of any musculoskeletal
deformities, forward head posture, or evident scoliosis
of the spine or limbs based on clinical assessment by
a physiotherapist, cardiovascular, pulmonary, rheumato-
logic, systemic, or metabolic diseases, malignancies or
infections, neurological disorders or neuropathies, preg-
nancy, psychiatric disorders based on medical history or
reported medication use, and a body mass index (BMI)
<20 or > 30 kg/m? [14, 26].

This investigation protocol was granted approval
by the Institutional Ethics Committee (IR.USWR.
REC.1402.056). Written informed consent was obtained
from all participants after they were informed about the
study procedures, including the duration of participation
and assessment methods. All assessments were conduct-
ed by a single physiotherapist, who was aware of the
study objectives. Table 1 lists the baseline characteris-
tics of the participants.

Ultrasonography assessment

Ultrasonographic assessment of all cervical muscles
was performed using a SIMUT ZinoC4 ultrasound sys-
tem (Med Fanavaran Plus) equipped with a 4-cm linear
transducer. All images were obtained using standardized
device settings: probe frequency of 10 MHz, gain of
22, and dynamic range of 75. All other imaging param-
eters were kept constant throughout the measurements
for all participants. To minimize the influence of probe
pressure on anterior cervical muscle thickness, an ad-
equate amount of coupling gel and light probe contact
were used. Each ultrasonographic measurement was
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performed three consecutive times. Between measure-
ments, the probe was completely removed from the
skin and repositioned at the same anatomical location
for subsequent image acquisition. Participants’ positions
were maintained throughout the procedure.

Ultrasound evaluation of the cervical multifidus muscle

Considering the importance of cervical lordosis in ac-
curate assessment of neck muscle thickness and to mini-
mize measurement error, the cervical multifidus muscle
was examined at the central segment of the cervical lor-
dotic curve, corresponding to the C4 vertebral level [27,
28]. After participant preparation, the spinous landmark
corresponding to the C4 vertebral level was identified
through manual palpation and subsequently marked.
Participants were positioned in a seated posture and in-
structed to preserve a neutral orientation of the head and
cervical region. Due to the anatomical attachment of the
cervical multifidus lateral to the spinous processes, the
ultrasound probe was initially placed transversely over
the spinous processes and then moved laterally. Gentle
superior—inferior adjustments were performed until an
optimal image of the vertebral lamina and muscle fascia
was obtained. At this vertebral level, the cervical mul-
tifidus muscle was identified lateral to the spinous land-
mark, lamina junction and anterior to the semispinalis
cervicis muscle.

Muscle thickness was measured at rest and opera-
tionally defined as the greatest separation between the
anterior and posterior fascial layers [27, 28]. Two di-
mensions were recorded: the anteroposterior diameter
(APD), defined as the greatest span between the anterior
and posterior margins of the muscle, and the lateral di-
ameter (LD), defined as the maximal span separating the
medial and lateral boundaries of the muscle. Measure-
ments were obtained from the dominant side. To reduce
measurement error, the mean derived from three repeat-
ed measurements was considered for statistical analysis
(Figure 1) [27-29].

Ultrasound evaluation of the longus colli muscle

For assessment targeting of the deep cervical flexor
musculature, participants were positioned supine with a
small folded towel placed beneath the cervical region
to preserve normal cervical lordosis, while the upper
extremities were positioned adjacent to the trunk [30].
The longus colli muscle was examined at the C5-C6
spinal segment, as this level provides optimal visualiza-
tion with minimal superimposition of the longus colli
and longus capitis muscles. Anatomically, the cricoid
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Figure 1. Ultrasound images of deep neck muscles in healthy adults

A) Cervical multifidus muscle, B) Longus colli muscle

cartilage aligns with the C6 vertebra, while the lower
margin of the thyroid cartilage corresponds to the C5
vertebral level [30]. The thyroid cartilage was palpated,
and a point 2 cm inferior to it was marked as a reference.
The probe was then moved approximately 1 cm laterally
to visualize the carotid artery in a transverse orientation,
within which the longus colli muscle appeared between
the carotid artery and the vertebral bodies.

Muscle thickness was quantified as the maximal dis-
tance separating the anterior and posterior fascial layers,
while muscle width was determined along a line orient-
ed perpendicular to this measurement (Figure 1) [22, 27,
31]. The average value derived from three consecutive
measurements was utilized for data analysis.

Ultrasound evaluation of the SCM muscle

Participants were placed in a supine posture with a
folded towel supporting the cervical region, and the head
was gently rotated approximately 20-30° to the contra-
lateral side from the side being examine. The probe was
moved in a cephalad direction, and transverse images
were obtained. Head rotation was applied to improve
muscle delineation and access.

Ultrasound imaging was performed in B-mode us-
ing a 10-MHz linear transducer, following the protocol
described by Arts et al. [32]. The ultrasound transducer
was positioned over the anterolateral aspect of the cer-
vical region, aligned parallel with the midpoint of the
muscle, corresponding to the line between the mastoid
process and the clavicular attachment. The carotid ar-
tery served as an anatomical landmark beneath the
sternocleidomastoid muscle, and muscle thickness was
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quantified as the maximum separation between the ante-
rior and posterior fascial layers (Figure 2). The average
value obtained from three repeated measurements was
used for analysis [32-34].

Ultrasound evaluation of the anterior scalene muscle

For imaging of the scalene muscles, the participant
was positioned supine, and the examiner stood on the
side being assessed. Participant positioning, examiner
position, and probe orientation were identical to those
used for SCM assessment. The ultrasound transducer
was placed adjacent to the thyroid lobe.

Initially, the brachial plexus roots appeared as oval
hypoechoic structures positioned within the interval
separating the anterior and middle scalene muscles. The
probe was then moved slightly superiorly to visualize
the interscalene portion of the brachial plexus at the C6
level, allowing clear identification of the anterior sca-
lene muscle. After each measurement, the probe was
removed from the skin. A sufficient amount of gel and
minimal probe pressure were applied to minimize tissue
compression (Figure 2). The mean value derived from
three repeated measurements was considered for statisti-
cal evaluation. [30, 35-38].

Spirometry procedure

Respiratory parameters were assessed using a spirom-
eter (Bionet, SPM300, Korea). Spirometry was conduct-
ed in compliance with guidelines issued by the American
Thoracic Society and the European Respiratory Society
(ATS/ERS) [39]. The evaluated indices comprised FVC,
forced expiratory volume in 1 second (FEV1), and the
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Figure 2. Ultrasound images of superficial neck muscles in healthy individuals

A) Anterior scalene muscle, B) SCM muscle

FEV/FVC ratio. All measurements were conducted
while participants were seated, maintaining an upright
trunk posture with the feet resting flat on the floor, the
upper limbs relaxed alongside the body, and the head
and cervical region aligned in a neutral anatomical posi-
tion. A chair without a backrest was used to allow unre-
stricted thoracic movement. Verbal encouragement was
provided to ensure maximal effort [40].

To control potential confounding factors, participants
were advised to avoid food intake and caffeinated drinks
for at least three hours prior to testing and to avoid vigor-
ous physical activity for 24 hours before the test. Smok-
ers and participants with a prior history of tobacco use
were excluded. Compliance was verified through direct
questioning. Participants were also advised to avoid tight
clothing. All spirometry tests were conducted in a clini-
cal hospital environment under stable conditions, and the
spirometer was calibrated before data collection [39, 40].

Each participant used a disposable mouthpiece, while
a nasal clip was applied to prevent nasal breathing.
Participant was asked to take a maximal inhalation fol-
lowed by a forceful exhalation lasting at least 6 seconds,
followed by another deep inspiration [17]. A 5-minute
rest period was provided between trials. Testing contin-
ued until 3 trials meeting technical acceptability criteria
were achieved, and the highest values were recorded
for analysis. Trials were repeated if expiration time was
insufficient or if inspiratory and expiratory maneuvers
were not performed consecutively [41]. Acceptable
trials were defined as those with the highest FVC and
FEV: values, provided that the difference between con-
secutive trials did not exceed 150-200 mL [17].

Spring 2026. Vol 27. Num 1
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Chest wall expansion measurement

Chest wall mobility was assessed using a flexible mea-
suring tape. Participants stood upright with the feet po-
sitioned at shoulder width and the upper limbs resting
comfortably alongside the body. They were instructed
to avoid any additional trunk or limb movements. Mea-
surements were performed with the upper torso uncov-
ered to eliminate restrictions caused by clothing. Chest
circumference was measured at two predefined ana-
tomical landmarks, including the anterior axillary line
as well as the level of the xiphoid process. The tape was
placed horizontally around the chest, with one end stabi-
lized by the examiner. Participants were instructed to ex-
ecute a maximal deep inhalation followed by a maximal
deep exhalation, holding each position for 2 seconds.
The numerical difference between thoracic circumfer-
ence during inspiration and expiration was recorded as
chest wall expansion. To enhance measurement reli-
ability, chest wall expansion at each level was measured
three consecutive occasions, and the average of the three
measurements was used for statistical analysis [19].

Data analysis

All statistical procedures were performed using IBM
SPSS version 27.0.1. Descriptive statistics of the study
participants’ characteristics, including age, sex, weight,
height, and body mass index (BMI), and all primary
study variables, were summarized. Indices of central
tendency (mean) and variability (standard deviation)
were applied to characterize the data. Distributional as-
sumptions were evaluated through application of the
Kolmogorov-Smirnov procedure. In addition, to im-
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prove the accuracy of normality assessment, skewness
and kurtosis indices were calculated, and visual inspec-
tion of histograms was conducted. For variables with a
normal distribution, associations among variables were
examined using the Pearson parametric correlation coef-
ficient. For variables that failed to satisfy normality as-
sumptions, Spearman non-parametric correlation coef-
ficient was applied.

For statistical reporting, a P value lower 0.05 was de-
fined as statistically significant. Values falling from 0.05
to 0.06, representing a 20% deviation from the conven-
tional significance threshold, was regarded as marginal-
ly significant. The magnitude of correlation coefficients
was interpreted based on Cohen’s guidelines, in which
coefficients of approximately 0.10, 0.30, and 0.50 were
interpreted as indicating small, moderate, and large ef-
fect sizes, respectively. Following data analysis, all re-
sults were reported with two decimal places [42].

Results

A total of 50 healthy individuals (36 women and 14
men; mean age: 41+10 years) took part in the present
investigation. The mean body mass index (BMI) of
the participants was 26.66+2.31 kg/m?. The distribu-
tional normality of demographic variables was assessed
through the Kolmogorov-Smirnov test, along with eval-
uation of skewness, kurtosis, and visual inspection of
histograms. The results indicated normal distributions
for all demographic variables (Table 1). All primary
measured variables demonstrated normal distributions,
except for lower chest wall expansion. The average val-
ues of the measured variables are presented in Table 2.

Analysis of the correlation coefficients revealed a sta-
tistically significant positive relationship between cervi-
cal multifidus muscle thickness and pulmonary function
measures, including forced vital capacity (FVC: r=0.35;
P=0.01, 95% CI, 0.08%, 0.57% L) as well as forced ex-
piratory volume in one second (FEV:: r=0.37; P=0.008;
95% CI, 0.01%, 0.59% L), with both associations dem-
onstrating moderate effect magnitudes (Figures 3 and
4). No other significant associations were observed be-
tween multifidus or longus colli muscle thickness and
respiratory volume indices.

Analysis of the relationships between superficial cervi-
cal muscle thickness and spirometric indices showed that
the anterior—posterior diameter of the anterior scalene
muscle was positively correlated with FEV: (r=0.28;
P=0.04; 95% CI, 0.001%, 0.52% L) and the FEV//FVC
ratio (r=0.30; P=0.03; 95% ClI, 0.02%, 0.53% L). In ad-
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dition, the transverse diameter of the anterior scalene
muscle demonstrated significant positive correlations
with FVC (= 0.32; P=0.02; 95% CI, 0.04%, 0.55%
L) and FEV: (r=0.41; P=0.03; 95% CI: 0.15%, 0.62%
L), both indicating moderate effect sizes. Furthermore,
SCM muscle thickness showed significant positive as-
sociations with FVC (r=0.39; P=0.005; 95% CI, 0.13%,
0.6% L) and FEV: (1=0.32; P=0.002; 95% CI, 0.04%,
0.55% L) (Table 3).

Regarding chest wall mobility, the results demon-
strated significant positive correlations between lower
chest wall expansion and anterior scalene muscle thick-
ness (r=0.16; P=0.008; 95% CI, 0.12%, 0.42%), as well
as SCM muscle thickness (r=0.30; P=0.03; 95% CI,
0.02%, 0.53%) in healthy individuals (Table 4). Given
the relatively moderate sample size (n=50), the study
may have lacked adequate statistical power to detect
weak correlations. Accordingly, non-significant results
should be viewed cautiously, and further investigations
involving larger samples are advised.

Discussion

The principal outcomes of the current investigation in-
dicated that, in healthy individuals, the thickness of cer-
tain cervical muscles—specifically the SCM, anterior
scalene, and cervical multifidus—was positively asso-
ciated with spirometric indices. In addition, superficial
cervical muscles were related to chest wall mobility. In
contrast, no statistically meaningful relationships were
observed between longus colli muscle thickness and re-
spiratory parameters. These findings suggest that even
in a pain-free and asymptomatic population, structural
characteristics of cervical muscles may be linked to re-
spiratory function.

The spirometric values obtained in the present study
were within the normal ranges previously reported for
healthy individuals. In populations without respiratory
dysfunction, the FEVi/FVC ratio is typically greater
than 80%, reflecting normal airway function [40, 43].
Consistent with this, the mean FVC and FEV: values
in the current study were comparable to reference val-
ues described by Quanjer et al. [44] and Stanojevic et al.
[45], confirming the adequacy of participant selection
and the absence of pulmonary impairment. Therefore,
the spirometric data obtained may serve as valid refer-
ence values for healthy adults and provide a meaningful
basis for comparison with clinical populations or indi-
viduals with musculoskeletal disorders.

Hatamvand S, et al. Cervical Muscle and Spirometric Parameters. RJ. 2026; 27(1):144-167.




Archives of

Rehabilitation

Spring 2026. Vol 27. Num 1

Table 1. Demographic characteristics of the healthy participants (n=50)

Characteristic MeantSD P
Age (y) 41410 0.20
Weight (kg) 78.29+11.04 0.05
Height (m) 1.72+0.16 0.009
Body mass index (kg/m?) 26.66+2.31 0.20
Sex (n) Female (36), Male (14) 0.09

“P<0.05.

Similarly, ultrasonographic measurements of cervical
muscles, including the multifidus, longus colli, SCM,
and anterior scalene, were consistent with values previ-
ously reported in healthy populations [21, 32, 46]. Intrin-
sic cervical muscles, including the multifidus and lon-
gus colli, primarily contribute to segmental stability and
postural control, whereas the SCM and scalene muscles
are more superficial and are involved in dynamic cervi-
cal movements and accessory inspiration [3, 21]. These
findings support the validity of the ultrasonographic
measurements and suggest that the obtained values may
be used as baseline data in future investigations.

Table 2. Mean+SD values of measured variables (n=50)

Archives of
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A key finding of this study was the significant positive
association between cervical muscle thickness (SCM,
anterior scalene, and multifidus) and spirometric indi-
ces, including FVC, FEV., and the FEV/FVC ratio.
Furthermore, SCM and anterior scalene thickness were
positively correlated with chest wall mobility at both
upper and lower thoracic levels during deep breathing.
These relationships may be explained through several
anatomical and biomechanical mechanisms. From an
anatomical perspective, the scalene and SCM muscles
function as accessory inspiratory muscles and directly
contribute to thoracic expansion. The scalene muscles
originate from the cervical spinal segments and attach

Variables Mean1SD

SCM anteroposterior diameter (mm) 8.67+1.49

SCM transverse diameter (mm) 7.31+1.87

Anterior—posterior diameter of anterior scalene (mm) 3.58+0.87

Transverse diameter of multifidus (mm) 11.09+1.81
Anterior—posterior diameter of multifidus (mm) 4,651

Transverse diameter of longus colli (mm) 11.09+2.06

Anterior—posterior diameter of longus colli (mm) 5.22+0.99

FVC (L) 3.08+0.75

FEV; (L) 2.71+0.65

FEV4/FVC (%) 88.38+6.74

Chest wall mobility (axillary) (cm) 3.84+1.24

Chest wall mobility (xiphoid) (cm) 4.32+1.79

Archives of
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Abbreviations: FVC: Forced vital capacity; FEV:1: Forced expiratory volume in the first second; SCM: Sternocleidomastoid.

Hatamvand S, et al. Cervical Muscle and Spirometric Parameters. RJ. 2026; 27(1):144-167.




Archives of

Rehabilitation

Table 3. Correlation coefficients (r) between neck muscle dimensions and respiratory parameters in healthy individuals (n=50)

Muscle / Dimension FVC (L) FEV; (L) FEV4/FVC (%)
r=0.039 r=0.130 r=0.195
Longus colli APD
P=0.789 P=0.367 P=0.174
r=0.198 r=0.271 r=0.137
Longus colli TD
P=0.168 P=0.057 P=0.341
r=0.359 r=0.371 r=-0.026
Multifidus APD
P=0.010" P=0.008" P=0.166
r=0.100 r=0.184 r=-0.008
Multifidus TD
P=0.489 P=0.201 P=0.163
r=0.216 r=0.282 r=0.303
Anterior scalene APD
P=0.133 P=0.048" P=0.033*
r=0.327 r=0.410 r=0.184
Anterior scalene TD
P=0.021" P=0.003" P=0.200
r=0.395 r=0.321 r=-0.240
SCM APD
P=0.005" P=0.023" P=0.093

Archives of
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Abbreviations: FVC: Forced vital capacity; FEV:: Forced expiratory volume in the first second; SCM: Sternocleidomastoid; APD:
Anteroposterior diameter; TD: Transverse diameter.

"Significant at P<0.05.

to the first and second ribs, facilitating rib elevation dur-
ing inspiration. Electromyographic studies have dem-
onstrated increased activation of these muscles under
conditions of elevated respiratory demand, indicating
their role in augmenting ventilation [47]. Consequently,
variations in their thickness or function may influence
lung volumes such as FVC and FEV..

Similarly, the SCM muscle, extending from the mas-
toid process to the sternum and clavicle, elevates the
shoulder girdle during contraction, thereby increasing
thoracic volume during inspiration. Increased SCM
thickness may therefore reflect greater participation of
this muscle in the inspiratory process and can be inter-
preted within its established role as an accessory respira-
tory muscle [2, 47]. In addition, the cervical multifidus

Table 4. Correlation coefficients (r) between chest wall mobility and neck muscle dimensions in healthy adults

. Cervical Cervical Longus Colli  Longus Colli Anterior Anterior Scalene
Ykl Multifidus APD  Multifidus TD APD ™ Scalene APD L) S
pilary chest r=0.09 r=0.27 r=0.07 r=0.21 r=0.16 r=0.37 r=0.25
€xpansion P=0.52 P=0.05 P=0.62 P=0.13 P=0.008" P=0.26 P=0.07
R r=0.11 r=0.08 r=0.01 r=0.06 r=0.005 r=0.27 r=0.30
€xpansion P=0.41 P=0.57 P=0.90 P=0.67 P=0.97 P=0.05 P=0.03"
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Abbreviations: APD: Anteroposterior diameter; TD: Transverse diameter; SCM: Sternocleidomastoid. Rehabilitation

“P<0.05.
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Figure 3. Scatter plot illustrating the correlation between cervical multifidus thickness and FVC

plays an essential function in maintaining cervical spine
stability and facilitating coordinated movement be-
tween the neck and thoracic cage. Optimal cervical and
trunk alignment may promote effective rib motion and
diaphragmatic function. Recent evidence suggests that
deep cervical muscle performance and postural control
can influence respiratory mechanics [48]. which may
explain the observed association between multifidus
thickness and spirometric indices.

From a fascial perspective, the cervical region, tho-
racic cage, and diaphragm are interconnected through a
continuous fascial network. This mechanical continuity
may facilitate force transmission and coordinated move-
ment between cervical muscles and thoracic structures
[2, 49], Such fascial interconnections may represent an
additional mechanism underlying the observed associa-
tions between cervical muscle thickness and chest wall
mobility.
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Figure 4. Scatter plot illustrating the correlation between cervical multifidus thickness and forced expiratory volume in the FEV:
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In the context of the present investigation, cervical
multifidus thickness demonstrated an association with
spirometric indices (FVC and FEV1), whereas no signif-
icant relationship was observed with chest wall mobil-
ity. This finding is consistent with the functional role of
the multifidus as a deep stabilizing muscle primarily in-
volved in postural control and segmental stability rather
than direct thoracic motion [5, 50]. Adequate stability of
the cervical spine and upper trunk may enhance respi-
ratory efficiency and intrathoracic pressure generation
[51], which is more likely to be reflected in airflow- and
volume-related indices than in chest wall excursion.

In contrast, the longus colli muscle does not dem-
onstrate significant associations with spirometric pa-
rameters or chest wall mobility. This finding may be
explained by its specialized function as a deep cervi-
cal flexor and anterior stabilizer [5]. The longus colli
primarily contributes to fine motor control, segmental
stability, and maintenance of cervical alignment during
static tasks, with minimal involvement in ventilatory
mechanics or thoracic movement [13]. Unlike superfi-
cial cervical muscles that are recruited during increased
respiratory demand [47], longus colli activity is predom-
inantly postural in nature, and morphological variations
in this muscle are therefore unlikely to be reflected in
respiratory indices.

From a neurophysiological standpoint, strong interac-
tions exist between cervical motor control and respira-
tory function. Motor neurons arising from the lower cer-
vical spinal cord, particularly at the C3-C5 levels, form
the phrenic nerve, which innervates the diaphragm.
Previous studies have demonstrated that mechanical
stimulation or nociceptive input from the cervical region
can alter breathing patterns through shared sensorimo-
tor pathways [52, 53]. In addition, proprioceptive in-
put from deep cervical muscles contributes to postural
regulation and respiratory coordination, such that im-
paired cervical stability may influence respiratory per-
formance. However, the direction and causality of these
relationships remain to be clarified through longitudinal
or interventional studies [25].

Overall, the present findings suggest that cervical mus-
cles are not solely involved in head posture and neck
movement but are part of a broader musculoskeletal—
neural network contributing to respiratory function. This
anatomical and physiological integration may explain
the observed positive associations between cervical
muscle thickness, spirometric indices, as well as chest
wall mobility among healthy individuals.
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In conclusion, the findings of the current investigation
are aligned with the predefined study objectives. Certain
cervical muscles—particularly accessory inspiratory
muscles—demonstrate significant associations with spi-
rometric indices and chest wall mobility, whereas such
relationships are not observed for all cervical muscles.
These differences highlight the distinct functional roles
played by superficial versus deep cervical muscles in re-
lation to respiratory function.

Conclusion

The present findings indicate that the thickness of specific
cervical muscles, including the SCM, anterior scalene, and
multifidus, is positively associated with spirometric indices
as well as chest wall mobility among healthy individuals.
These findings indicate a potential structural-functional
relationship between cervical muscle characteristics and
respiratory function. Cervical muscles, particularly the
accessory inspiratory muscles, may contribute to respira-
tory performance through coordinated interactions with the
thoracic cage. However, given the cross-sectional nature of
this investigation, the results only reflect correlations and
do not permit causal inferences or conclusions regarding
the effects of interventions. These findings provide baseline
data for healthy populations and may guide the design of
future longitudinal or interventional studies to explore the
clinical relevance of cervical muscles in respiratory func-
tion. The study specifically addressed the research ques-
tions concerning the relationship between cervical muscle
characteristics, spirometric indices, and chest wall mobility
in healthy adults.

Study limitations

This investigation has several constraints, as its cross-sec-
tional design framework limits the capacity to determine
cause-and-effect relations among cervical muscle char-
acteristics and respiratory function. The study population
consisted solely of healthy individuals, so generalization to
clinical populations should be made with caution. Conve-
nience sampling was used, which may introduce selection
bias. All ultrasonographic measurements were conducted
by a single examiner in a single session, so measurement
error and dependence on examiner skill (intra-rater reli-
ability) might have influenced the findings. The absence of
repeated measurements prevented reporting reliability in-
dices. Future research employing longitudinal approaches,
expanded sample sizes, and assessment of measurement
reliability are recommended. Investigating clinical popula-
tions with cervical musculoskeletal disorders or respiratory
conditions would also help generalize the findings and pro-
vide normative clinical data.
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8. Lateral Dimension (LD)
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4. Deformity
5. Forward Head Posture (FHP)
6. Body Mass Index (BMI)
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14. Statistical Package for SoClal SClences (IBM SPSS Statistics 27.0.1)
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