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Evaluation of Neck Proprioception, Vestibular Function, and Cervical Muscle
Thickness in Patients with Cervical Spinal Stenosis: A Cross-Sectional Study

Servikal Spinal Stenozlu Hastalarda Boyun Propriosepsiyonu, Vestibiiler Fonksiyon ve Servikal
Kas Kalinliginin Degerlendirilmesi: Kesitsel Bir Calisma
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ABSTRACT

Aim: This study aimed to examine the relationship between spinal canal diameter and cervical
proprioception, vestibular function, and neck muscle thickness in patients with cervical spinal
stenosis (CSS), compared with healthy controls.

Material and Methods: This cross-sectional study included 23 patients diagnosed with CSS
through radiological and clinical examination, and 23 healthy individuals as a control group.
The severity of CSS was determined by measuring the cross-sectional area (CSA) of the thecal
sac. Proprioception was evaluated using the cervical joint position error test (CJPET), balance
with static posturography on a foam surface, and dizziness with the dizziness handicap
inventory (DHI). Cervical vestibular function was assessed using cervical vestibular evoked
myogenic potential (cVEMP) and subjective visual vertical (SVV) tests. The CSA of the
sternocleidomastoid, longus capitis, and longus colli muscles was also measured.

Results: The CSS group showed significantly greater CJPET deviation (p=0.032), foam
surface balance scores with eyes open and closed (p=0.034 and 0.015, respectively), and DHI
scores (p<0.001) compared to the control group. No significant differences were found in right
ear cVEMP amplitude (p=0.222), P1 latency (p=0.781), N1 latency (p=0.945), and in left ear
amplitude (p=0.916), P1 latency (p=0.156), and N1 latency (p=0.558). Similarly, no significant
difference was observed in SVV values (p=0.862).

Conclusion: CSS patients demonstrate increased dizziness and impaired balance and
proprioception, independent of stenosis severity. These findings suggest that sensorimotor
interventions may be beneficial for improving balance and proprioceptive function in CSS.
Keywords: Cervical spinal stenosis; dizziness; proprioception; balance.

0z

Amagc: Bu ¢aligmanin amaci, servikal spinal stenoz (cervical spinal stenosis, CSS) hastalarinda
spinal kanal gapi ile servikal propriosepsiyon, vestibiiler fonksiyon ve boyun kasi kalnligi
arasindaki iliskiyi, saglikli kontrollerle karsilastirarak incelemektir.

Gerec ve Yontemler: Bu kesitsel caligmaya, radyolojik ve klinik muayene ile CSS tanisi
konulan 23 hasta ve kontrol grubu olarak 23 saglikli birey dahil edilmistir. CSS siddeti, tekal
kese kesitsel alan1 (cross-sectional area, CSA) olgiilerek degerlendirilmistir. Propriosepsiyon,
servikal eklem pozisyon hata testi (cervical joint position error test, CJPET), denge foam yiizey
uizerinde statik posturografi ile ve bag donmesi dizziness handicap inventory (DHI) ile
degerlendirilmistir. Servikal vestibiiler fonksiyon, servikal vestibiiler uyarilmis miyojenik
potansiyel (cervical vestibular evoked myogenic potential, cVEMP) ve subjektif gorsel
dikeylik (subjective visual vertical, SVV) testleriyle incelenmistir. Ayrica, sternokleidomastoid,
longus capitis ve longus colli kaslarinin CSA degerleri de 6lgtilmistiir.

Bulgular: CSS grubunda, kontrol grubuna kiyasla anlamli derecede daha yiiksek CJPET
sapmasi (p=0,032), gozler acik ve kapali foam ylizey denge skorlart (sirasiyla p=0,034 ve
p=0,015) ve DHI skoru (p<0,001) bulunmustur. Sag kulak cVEMP genligi (p=0,222), P1
latansi1 (p=0,781), N1 latans1 (p=0,945) agisindan Ve sol kulak cVEMP genligi (p=0,916), P1
latans1 (p=0,156) ve N1 latans1 (p=0,558) agisindan anlamli bir fark saptanmamustir. Benzer
sekilde, SVV degerleri agisindan da anlamli bir fark goriilmemistir (p=0,862).

Sonug: CSS hastalarinda, stenoz siddetinden bagimsiz olarak artmis bag donmesi ile birlikte
denge ve propriosepsiyon bozuklugu goézlenmistir. Bu bulgular, CSS'de denge ve proprioseptif
fonksiyonlarin  iyilestirilmesinde sensorimotor —miidahalelerin faydali olabilecegini
diisiindiirmektedir.

Anahtar kelimeler: Servikal spinal stenoz; bas donmesi; propriosepsiyon; denge.
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INTRODUCTION

Spinal disorders rank among the most frequently
encountered medical conditions today. Although the
sagittal diameter of the spinal canal varies from person to
person, it generally provides enough space for spinal nerves
to function properly. However, factors such as aging can
contribute to discopathy and spondylosis, leading to a
reduction in the cervical spinal canal’s width (1). While
some individuals may have congenital stenoses, the
majority of cases result from progressive intervertebral
disc degeneration. This degenerative process is
characterized by the gradual breakdown and sequestration
of discs, the development of bony outgrowths extending
into the vertebral canal, thickening of the ligamentum
flavum, and facet joint hypertrophy (1,2). In certain cases,
spinal cord compression remains asymptomatic for a
period but may become clinically evident over time.
Symptomatic individuals may present with neck pain,
hand numbness, fine motor difficulties, and gait
disturbances associated with radiculopathy and/or
myelopathy. Dizziness is a broad term encompassing
sensations such as vertigo, lightheadedness, and
presyncope. Most instances of dizziness or vertigo arise
due to vestibular or central nervous system disorders,
including cerebellar infarctions, all of which can be
identified through various diagnostic tests. However, in
certain cases, pinpointing the exact cause of dizziness
proves challenging. Cervicogenic dizziness, which is
linked to cervical spine abnormalities and remains poorly
understood in terms of pathophysiology, is particularly
difficult to diagnose (3). There is ongoing debate regarding
whether cervicogenic dizziness should be classified as an
independent condition; however, some researchers
consider it one of the most frequently observed dizziness
subtypes (4). The proprioceptive system plays a crucial
role in maintaining balance and functions alongside the
vestibular and visual systems. Proprioceptors located
within the zygapophyseal joints, particularly in the upper
cervical spine, are highly developed and essential for
balance regulation (3). Disruptions in proprioceptive input
due to cervical spinal stenosis (CSS) may lead to abnormal
signal transmission to the vestibular nuclei. This results in
sensory mismatches between cervical and vestibular inputs,
which could contribute to cervicogenic dizziness (3,5).
Consequently, CSS may impair balance functions by
disrupting sensory organization (6). Additionally, the
sternocleidomastoid (SCM) muscle in the neck has a
connection to the saccule, a peripheral sensory organ,
through the medial vestibulospinal (vestibulocollic) tract.
This reflex mechanism assists in coordinating head and eye
movements in response to changes in head position (7).
CSS affects not only spinal structures, such as discs and
ligaments, but also the musculature in the cervical region.
As a result, it can lead to abnormal vestibulocollic
stimulation. Consequently, the integrated balance
mechanisms governed by the visual, proprioceptive, and
vestibular systems may become dysfunctional in CSS (8).
Furthermore, the correlation between stenosis severity and
clinical symptoms remains unclear in the existing
literature. While previous studies have predominantly
focused on lumbar spinal stenosis (LSS), some findings
indicate a potential association between pain intensity and
radiological characteristics in lumbar cases (9). However,
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such a relationship has not been definitively established for
CSS. A comprehensive literature review revealed no
studies specifically investigating the interplay between
cervical proprioception, vestibular function, spinal canal
diameter, and cervical muscle size in CSS patients. The
objective of this study was to evaluate cervical
proprioception and vestibular function in individuals with
CSS. Additionally, it aimed to explore possible
correlations between these parameters and both the spinal
canal diameter and cervical muscle thickness.

MATERIAL AND METHODS

This research was carried out with patients who visited the
neurosurgery clinic from January to April 2024 and
received a diagnosis of CSS. Patients aged between 18
and 65 years who had a spinal sagittal diameter of less than
12 mm on magnetic resonance imaging (MRI)—indicating
the presence of cervical central stenosis (whether relative
or absolute)—and who exhibited symptoms such as neck
pain and numbness in the arms and hands were included.
The exclusion criteria were: traumatic neck injuries, true
vertigo, hearing impairment (defined as a pure tone
average >25 dB), any neurological or systemic conditions,
visual impairment, spinal malignancies, foraminal and
lateral recess stenosis, any cervical surgery performed in
the past 12 months, and musculoskeletal conditions that
affect balance. Sample size calculations based on a pilot
study involving proprioception using the G*Power v.3.1.9
program indicated that at least 23 participants per group
were required (0=0.05, d=0.853, p=0.20). A specialist
neurosurgeon  conducted  comprehensive  medical
interviews, and 23 patients who were diagnosed with CSS
based on both clinical evaluations and radiological results
were selected for the study. Additionally, a control group
consisting of 23 healthy individuals, matched for age and
gender, was included for comparison. All participants
provided written and verbal consent. This study was
approved by the ethics committee of the Karabiik
University (05.12.2023-2023/1521).

The duration of neck pain symptoms was recorded for each
participant. The cross-sectional area (CSA) of the spinal
stenosis was measured by a radiologist from the MRI
scans, and the CSA of the SCM, longus capitis (L Cap), and
longus colli (L Colli) muscles at the level of the thyroid
cartilage was assessed using ultrasonography (USG).
Additionally, otoscopic examination and pure tone
audiometry were performed, and the frequency of falls in
the past year was documented. Participants underwent
several assessments, including static posturography,
dizziness handicap inventory (DHI), cervical vestibular
evoked myogenic potential (cVEMP), subjective visual
vertical (SVV), neck disability index (NDI), and cervical
joint position error test (CJPET). MRI scans were
performed using a Philips Achieva 1.5 Tesla MRI
machine (Germany), where the narrowest cervical canal
CSA (in cm?) was measured from axial T2-weighted
images (Figure 1). For ultrasonographic imaging of the
neck flexor muscles, a Samsung RS85 Prestige real-time
US device (Korea) was used, equipped with an 8-MHz,
38.7-mm linear array transducer. The probe was placed
transversely at the C5-C6 level (corresponding to the
thyroid cartilage) to visualize the L Cap and L Colli
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muscles, ensuring no overlap. The SCM muscle was
imaged consistently at a specific level between its origin
and insertion. Each muscle was measured three times, and
the average CSA (cm?) was recorded (Figure 2). The
anteroposterior (AP) diameter of the spinal canal and
thecal sac CSA was measured using sagittal and axial
slices of all cervical intervertebral levels by MRI. The
narrowest area was recorded. Thecal sac CSA was
measured for stenosis severity, and <75 mm? was defined
as severe stenosis, 75-100 mm? as moderate stenosis, and
more than 100 mm? as normal spinal canal (10). To rule
out vertebrobasilar insufficiency, Doppler sonography of
the carotid and vertebral arteries was conducted.
Psychometric tests used in the study included the NDI, a
10-item scale with scores ranging from O to 5, where
higher scores indicate greater neck disability, and the DHI,
a 25-item questionnaire scored from 0 to 4, with higher
scores indicating increased balance impairment (11,12).
Cervical proprioception was assessed using the CJPET,
where a target point was placed on a wall 90 cm away from
the participant. The participant, wearing a head-mounted
laser, was instructed to align the laser with the target and
then close their eyes while performing 10 head
movements (left-right/up-down, with approximately 45°
rotations). The deviation from the target was recorded, and
errors greater than or equal to 4.5° were considered
abnormal (13). SVV was evaluated using a black bucket
with a white vertical line drawn on it. Participants were
asked to adjust the line to match their perceived
verticality, and the deviation angle was measured from the
back of the bucket. For cVEMP testing, the Neuro-Audio
device (Neurosoft, lvanovo, Russia, Version 1.0.104.1)
was used. Participants sat upright with electrode sites
cleaned using abrasive gel. The active electrode was placed
on the upper third of the SCM, the reference electrode on

Figure 1. Cervical spinal canal cross-sectional area from
the sagittal-axial T2 images

Figure 2. Cervical muscles’ cross-sectional area from the
ultrasound imaging
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the sternoclavicular joint, and the ground electrode on the
forehead. The electrode impedance was kept below 10
ohms. To maintain muscle contraction, participants turned
their heads opposite to the ear being recorded, and a 500
Hz tone-burst stimulus at 100 dB was applied.

Statistical Analysis

Statistical analysis was performed using IBM SPSS
Statistics v.21. The Shapiro-Wilk test was used to assess
the normality of data. Variables with a normal distribution
were presented as mean+standard deviation, while variables
without a normal distribution were presented as median,
25M-75M quartile, and minimum-maximum. For group
comparisons, if both groups showed a normal distribution,
the independent samples t-test was used. If at least one
group did not meet the assumption, the Mann-Whitney U
test was applied. To assess the relationship between
continuous variables, Pearson or Spearman correlation tests
were used based on the normality of the data. Categorical
variables were analyzed using the Chi-square test or Fisher’s
exact test, depending on the expected cell counts. The level
of p<0.05 was considered statistically significant.

RESULTS

Of the 23 patients in the CSS group, 17 (73.9%) were
female, 6 (26.1%) were male, and the mean age was
42.86+10.47 (range, 20-55) years, and in the control group,
17 (73.9%) were female, 6 (26.1%) were male, and the mean
age was 39.60+6.59 (range, 26-53) years. There was no
significant difference in age between the groups (p=0.078).
The symptom duration, NDI scores, stenosis levels, spinal
stenosis CSA, and the CSA of L Colli, L Cap, and SCM
muscles in the CSS group were summarized in Table 1.
Thecal sac CSA (stenosis severity) of patients with CSS
was 82.28+10.45. Patients in the CSS group experienced a
higher frequency of falls in the past year compared to the
control group (p=0.009). Among the participants, 14 (60.9%)
patients in the CSS group reported symptoms of imbalance,
compared to 1 (4.3%) in the control group (p<0.001).
There was no significant difference between the groups in

Table 1. Symptom duration, disability, spinal canal, and
cervical muscles cross-sectional area of patients
Variables

Values
Duration of Symptoms 36 (12-60) [1-240]
NDI 25.52+11.09
Cervical Spinal Canal Diameter 1.02 (0.94-1.18) [0.77-2.54]
Spinal Stenosis Level, n (%)

C3-4 2 (8.7%)

C4-5 3 (13.0%)

Cs5-6 10 (43.5%)

Co-7 8 (34.8%)
Right Side Muscle CSA

m. SCM 2.58+1.05

m. Longus Colli 0.56+0.18

m. Longus Capitis 0.27 (0.22-0.55) [0.13-2.92]

Left Side Muscle CSA
m. SCM 2.58+1.06
m. Longus Colli 0.54+0.20

m. Longus Cap 0.27 (0.21-0.45) [0.14-1.90]

NDI: neck disability index, C: cervical, CSA: cross-sectional area, m.: musculus,
SCM: sternocleidomastoid, data were expressed as number of patients (percentage),
meansstandard deviation, and median (25"-75" quartile) [minimum-maximum]
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the eyes open firm surface (p=0.629) and eyes closed firm
surface (p=0.553) posturography scores. However, the
balance scores on the eyes open and closed foam surface
posturography were significantly worse in the CSS group
compared to the control group (p=0.034 and p=0.015,
respectively). Additionally, the DHI score was significantly
higher in the CSS group, indicating greater balance
impairment, compared to the control group (p<0.001). Fall
status, static posturography scores, and DHI scores for
both groups were provided in Table 2. In the CSS group,
no significant relationships were observed between DHI
scores, eyes open and closed foam surface balance scores,
CSS symptom duration, stenosis severity (CSA), and NDI
scores. The CJPET scores were worse in the CSS group
compared to the control group (p=0.032). In the CSS
group, there was no significant correlation between the
CJPET scores and symptom duration (p=0.602), left L Cap
CSA (p=0.742), right L Cap CSA (p=0.728), spinal stenosis
CSA (p=0.324), left L Colli (p=0.968), left SCM (p=0.380),
right SCM (p=0.342), right L Colli (p=0.510), or NDI
scores (p=0.605). The mean CJPET score for CSS patients
with dizziness symptoms (n=14) was 9.89+6.21, while the
mean CJPET score for CSS patients without dizziness
symptoms (n=9) was 8.94+6.16. There was no significant
difference in CJPET scores between patients with and
without dizziness symptoms (p=0.724). Furthermore, no
significant differences were found in terms of SVV
between the groups (p=0.862). Bilateral cVEMP could not
be recorded in 4 (17.4%) of the patients in the CSS group.
Unilateral cVEMP was obtained in 1 (4.3%) patient from
the control group. There was no significant difference in
abnormal cVEMP responses between the groups (p=0.346).
Of the 14 CSS patients with dizziness symptoms, 3 (21.4%)
had abnormal cVEMP responses, while 1 (11.1%) of the 9
CSS patients without dizziness symptoms had an abnormal
result. There was no significant difference in abnormal
cVEMP responses between patients with and without
dizziness symptoms (p=0.483). No significant differences
were found between the groups regarding the normal
vestibular evoked myogenic potential (VEMP) latency,
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amplitude, and asymmetry rates. SVV, VEMP latency,
amplitude, and asymmetry rates for both groups were
summarized in Table 2. Additionally, there were no
significant correlations between the right-sided SCM CSA
and right ear cVEMP P1 latency, N1 latency, or response
amplitude (p=0.171, p=0.069, and p=0.296, respectively).
Similarly, there was no significant correlation between
left-sided SCM CSA and left ear cVEMP P1 latency, N1
latency, or response amplitude (p=0.124, p=0.806, and
p=0.123, respectively).

DISCUSSION

This study demonstrated that patients with CSS had worse
balance function and impaired proprioceptive sensory
input compared to healthy controls. However, vestibular
functions were comparable between the groups. No
significant relationship was found between the severity
and duration of stenosis and balance, proprioception,
disability, or neck muscle CSA. Cervical stenosis may
contribute to dizziness in patients, as increased pressure on
nerves due to canal stenosis can cause headaches and
balance disturbances (14). As vertebral degeneration
progresses, dizziness may worsen over time, a condition
often referred to as cervicogenic vertigo, which is typically
triggered by excessive stress on the spine (15). A previous
study showed that approximately 90% of patients with
CSS, as assessed by MRI, experienced dizziness (15). This
could be related to the wvestibular, sensory, and
vertebrobasilar circulation. Other studies suggest that
functional cervical spine issues, such as postural
misalignment, proprioception, and range of motion, may
also contribute (6,16). However, these factors have not
been adequately investigated in CSS and are mainly
reported in case studies (15,16). It has been noted that
cervical vertigo is prevalent in patients with cervical
myelopathy, a condition characterized by cervical spinal
cord compression (17). Another study also suggests that
chronic neck pain and persistent dizziness may result from
cervical disc degeneration (18). As cervical disc
degeneration can be associated with canal stenosis, it is crucial

Table 2. SVV, VEMP latency, amplitude, asymmetry rate, fall, static posturography, and DHI results by groups

CSS Group (n=23) Control Group (n=23) p
SVV (cm) 0(-0.5-2) [-2-2] 0 (0-1) [-1-1] 0.862
Asymmetry Rate (%) -1.21+19.17 -3.36+20.38 0.763
Right Ear-P1 (msec) 14.4 (14.0-14.7) [11.3-15.5] 14.4 (14.1-14.8) [11.2-15.5] 0.781
Right Ear-N1 (msec) 22.47+2.00 22.50+1.23 0.945
Right Ear-Amplitude (nV) 94.2 (91.3-98.6) [54.1-101.9] 96.4 (96.0-97.4) [88.1-104.6] 0.222
Left Ear-P1 (msec) 14.4 (13.9-14.8) [11.3-15.6] 14.1 (13.3-14.4) [13.1-15.5] 0.156
Left Ear-N1 (msec) 22.22+42.02 22.55+1.59 0.558
Left Ear-Amplitude (uV) 94.9 (93.3-97.1) [72.1-102.1] 95.3 (94.2-96.4) [90.0-99.8] 0.916
Falling, n (%) 7 (30.4%) 0 (0.0%) 0.009
Firm Surface-Eyes Open 92.55 (87.48-95.95) [68.76-96.86] 92.90 (90.89-94.04) [82.47-95.92] 0.629
Firm Surface-Eyes Closed 90.46 (86.13-92.86) [70.35-96.46] 91.41 (88.71-93.33) [81.13-95.62] 0.553
Foam Surface-Eyes Open 84.48 (75.30-89.92) [66.10-93.84] 98.64 (85.94-92.02) [62.54-96.27] 0.034
Foam Surface-Eyes Closed 77.21 (71.83-83.93) [48.12-90.37] 84.22 (77.75-87.63) [71.75-93.93] 0.015
DHI 6 (0-32) [0-56] 0 (0-0) [0-4] <0.001
CJPET 9 (1-9) [0-20.5] 4.5 (5.5-14) [0-25] 0.032

CSS: cervical spinal stenosis, SVV: subjective visual vertical, VEMP: vestibular evoked myogenic potential, DHI: dizziness handicap inventory, CJPET: cervical joint
position error test, data were expressed as number of patients (percentage), meantstandard deviation, and median (25"-75" quartile) [minimum-maximum]
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to explore this relationship in patients with stenosis (1). In
this study, patients with stenosis had higher dizziness
scores, with more CSS patients reporting dizziness
symptoms. This may be due to multiple underlying
mechanisms contributing to dizziness. Despite this,
vestibular  functions were similar across groups,
suggesting that other factors might be involved in the
heightened dizziness symptoms in CSS patients. The
central nervous system achieves sensorimotor integration
by integrating proprioceptive, vestibular, and visual
inputs. Disruption of this integration may affect balance
and postural control in conditions such as dizziness
originating from the cervical spine (18,19). Changes in
cervical proprioceptive inputs may increase dizziness
symptoms due to incorrect orientation of the vestibular
system (19). In this context, preserving vestibular functions
in CSS patients suggests that symptoms of dizziness may
be explained by alternative mechanisms such as
sensorimotor integration disorder. Proprioception plays a
critical role in maintaining correct postural organization.
Receptors in the joint capsules and muscles of the cervical
region contribute to cervical activity control, eye
movement, and postural stability (3,20). Cervical disc
degeneration and stenotic changes can disrupt this
organization, impairing proprioceptive input (21). This
impairment is a significant issue for patients with neck
pain, often resulting in sensory and motor control
dysfunction (22). Reddy et al. (23) reported that patients
with cervical spondylosis exhibited impaired proprioception
compared to healthy controls, with higher pain intensity
correlating with greater deviations in position sense.
However, it remains unclear to what extent proprioception
is affected in CSS. This study found that CSS patients
exhibited worse proprioception than healthy individuals,
which may be attributed to various factors. Pain and reduced
joint movement due to stenosis may lead to forward head
posture and altered cervical posture, potentially affecting
mechanoreceptor  activity and  further impairing
proprioception in CSS patients (21,24). This dysfunction
could also contribute to dizziness. Due to degeneration in
the cervical region, damaged receptors can transmit
abnormal signals to the vestibular nucleus, which may lead
to cervicogenic vertigo and worsened dizziness (3). Within
the CSS group, no significant difference in proprioception
was observed between patients with and without dizziness.
It has been reported that half of all proprioceptors in the
cervical region are located between C1 and C3 (14). Since
most patients in this study had stenosis at levels C3 and
below, proprioceptive effects from stenosis may have been
less pronounced. No significant relationships were found
between stenosis severity and dizziness, proprioception, or
disability. Therefore, it is hypothesized that postural
changes, rather than proprioceptive inputs, may contribute
more to the increased dizziness symptoms in CSS. Balance
is influenced by visual input, proprioception, and the
vestibulocochlear systems (8,25). Issues that cause neck
pain affect balance and mobility by impairing cervical
proprioception and sensorimotor control (8). This could
contribute to symptoms observed in CSS. Additionally,
impaired spinal biomechanics in CSS patients lead to
forward head posture (24). Current evidence highlights a
link between increased forward head posture and decreased
stability, balance, and cervical proprioception (25). It is
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believed that these parameters may be affected by
degeneration occurring in CSS. A study indicated that patients
with myelopathy due to spinal cord compression showed
increased central oscillation and head sway in both AP and
right-left directions compared to healthy patients (26).
Similarly, another study reported that there was an impaired
standing balance in cervical myelopathy patients (27).
However, these findings were not observed in CSS. This
study revealed that patients with CSS exhibited worse
balance on foam surfaces than healthy individuals, with no
significant difference on firm surfaces, possibly due to
better proprioceptive return on stable surfaces.
Compression and degeneration of receptors in the dorsal
column may have contributed to balance deterioration in
activities involving foam surfaces and walking (27). No
significant relationships were found between stenosis
severity and balance functions. This could be due to
including patients with relatively mild stenosis in the
study. Inputs from the saccule reach the lateral vestibular
nucleus via the inferior vestibular nerve, then the accessory
nerve or, through the spinal cord and vestibulo-spinal
pathway, to the motor neurons innervating somatic
muscles (28). The accessory nerve innervates the SCM and
generates C(VEMP responses (29). Contraction of the SCM
muscle is essential for recording VEMPs, and the response
amplitude increases with tonic muscle activation (30). Neck
pain often leads to changes in neck muscles, potentially
due to pain avoidance behavior (31). Although abnormal
CcVEMP responses in individuals with neck problems may
not indicate vestibular involvement, they may reflect
efferent pathway dysfunction (29). This could also play a
role in the mechanism of cervicogenic dizziness.
However, no significant differences in cVEMP responses
were observed between the groups in this study,
suggesting that cervical involvement in CSS was not
severe enough to affect the SCM muscle. This may be due
to the severity of mild stenosis in the CSS patients in this
study. Additionally, no significant relationship was found
between SCM thickness and cVEMP responses, as
CcVEMP responses are associated with tonic contraction
rather than muscle thickness in the neutral position.

This study has several limitations. First, the sample size
was small, and it was a single-center study, which may
limit the generalizability of the results. Cervical posture,
which may contribute to changes in proprioception and
dizziness, was not evaluated. Alterations in cervical
posture could affect muscle length-tension relationships
and muscle function, depending on the severity of stenosis.
Thus, assessing cervical posture and craniovertebral angle
could provide valuable insights for interpreting the results.
Another limitation is that intramuscular fat analysis cannot
be performed by giving the total cross-sectional area of the
muscle, which may affect neck posture.

CONCLUSION

Patients with CSS exhibited increased dizziness symptoms
and impairments in balance and proprioception compared
to healthy individuals. However, the contributions of balance,
proprioception, and vestibular functions to the formation
of dizziness in CSS appear to be less significant, and these
parameters were not correlated with stenosis severity. The
problems and underlying mechanisms that may cause
dizziness in CSS should be examined in future studies.
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