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ABSTRACT
Objective: To evaluate the neck muscle stiffness in patients with cervicogenic dizziness (CGD) using shear wave elastography (SWE).
Study Design: A case-control study.
Place and Duration of the Study: Department of Otorhinolaryngology, Van Yuzuncu Yil University, Van, Turkiye, from 2023 to 2025.
Methodology: The study included 33 patients with CGD and 33 matched healthy controls. Cervical muscle stiffness was measured by
SWE in the sternocleidomastoid (SCM), trapezius (TRAP), splenius capitis (SPLC), and semispinalis capitis/cervicis (SCC) muscles. Neck
pain, dizziness, neck disability, and dizziness handicap levels were also determined. Student’s t-test and Mann-Whitney U test were
used to compare muscle stiffness between the groups.
Results: CGD patients and the Control group were similar in terms of age, gender, and body mass index (BMI [kg/m2]; p >0.05). CGD
patients  had  significantly  higher  stiffness  values  in  SCM (p  = 0.029)  and TRAP (p  = 0.025)  muscles  compared to  the  Control  group.
However,  there  was  no  significant  difference  in  the  stiffness  scores  of  SPLC  (p  =  0.199)  and  SCC  (p  =  0.681)  muscles  between  the
groups. In CGD patients, a significant positive correlation between SPLC muscle stiffness and neck disability was observed. However,
there was no significant correlation between cervical muscle stiffness and neck pain, dizziness, neck disability, or dizziness handicap.
Conclusion: SWE findings showed that CGD patients had higher SCM and TRAP stiffness than healthy controls. These findings may be
useful for understanding CGD and for improving diagnosis, differential diagnosis, and treatment. However, this is a preliminary study on
the subject, and further studies are warranted.
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INTRODUCTION

Cervicogenic dizziness (CGD) is defined as a clinical condition
characterised by the co-occurrence of dizziness and neck pain.1

Studies have shown that CGD is a common type of dizziness,2

and  the  most  common  subtype  is  proprioceptive  form.3

Although the aetiology and pathogenesis of CGD are not fully
understood, several reasons affecting the cervical spine have
been suggested, including trauma, inflammation, degenera-
tion, and instability.1,3 In the absence of a confirmed diagnostic
sign or symptom, CGD remains a diagnosis of exclusion for clini-
cians.1,3 Therapeutic management of CGD is similar to that of
neck pain, with manual and exercise therapy being the most
commonly recommended approaches.3,4
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Shear wave elastography (SWE) is recognised as a reliable tool
for assessing the musculoskeletal system, offering objective,
quantitative, and reproducible applications.5  By determining
the  degree  of  tissue  stiffness,  SWE  offers  the  possibility  to
assess both disease severity and treatment effectiveness.5,6 In
this way, various pathologies in the musculoskeletal system
can be evaluated using SWE.5 For example, high SWE scores,
indicating increased muscle stiffness, have been shown to be
associated with a higher frequency of injury.6

As the aetiopathogenesis and diagnostic criteria of CGD have
not yet been clarified, it is important to investigate tools with the
potential to resolve these uncertainties. Hypothetically, neck
muscle stiffness, neck pain, proprioceptive dysfunction, and
dizziness  may  be  interrelated,  and  the  possible  interaction
among these conditions in CGD warrants investigation. Theo-
retically, assessment of neck muscle stiffness using SWE may
provide diagnostic findings and clarify the aetiopathogenesis of
CGD. Furthermore, SWE may have the potential to assess both
the disease severity and treatment effectiveness in CGD. There-
fore, this study aimed to evaluate the neck muscle stiffness in
patients with recurrent CGD using SWE.
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METHODOLOGY

This case-control  study was conducted with the approval  of
the  Ethics Committee of Yuzuncu Yil University, Van, Turkiye
(Decision No. 2019/07). However, due to COVID-19 pandemic,
patient follow-up could not be fully carried out, and there were
some  losses  in  the  2019  data.  Therefore,  with  the  Ethics
Committee approval for additional time, the study data were
prospectively collected during routine outpatient clinic practice
between 2023 and 2025. Each patient underwent a special,
comprehensive  clinical  examination.  In  addition,  a  detailed
patient history was obtained from each patient. To diagnose
CGD,  the  cervical  torsion  test  (CTT)  was  performed  using
Frenzel goggles. After excluding other peripheral and central
causes, patients who tested positive were diagnosed with CGD.
The CTT is recommended as the best method for the diagnosis
of CGD.3 A patient was seated on a swivelling chair during the
CTT. During the test, the clinician fixed the patient’s head while
the patient rotated the trunk 90 degrees to the left and right,
maintaining each position for 30 seconds before returning to
the resting position. The intensity of nystagmus in the fixed and
non-fixed head was compared, and nystagmus of more than
two degrees per second was considered positive for CGD.

Inclusion  criteria  included  complaints  of  dizziness  and  neck
pain, pain on palpation in the neck region, neck muscle tension
and  tenderness,  and  restriction  of  cervical  movement.  All
patients included in the study had no history of manoeuvres for
dizziness, no history of ototoxic medicine use, and had normal
hearing.  To  control  for  other  variables  affecting  balance
responses, such as degenerative disorders, only young adults
aged 18-40 years with CGD, without systemic comorbidities,
were included in the study.

Exclusion  criteria  included  benign  paroxysmal  positional
vertigo, Meniere’s disease, migraine-associated vertigo, verte-
brobasilar  insufficiency,  postural  hypotension,  history  of
cervical trauma, myofascial pain syndrome, fibromyalgia, and
neurological, rheumatological and systemic diseases. Patients
with  neck-related  conditions,  such  as  MRI-detected  cervical
spondylosis, prominent cervical disc herniation, fracture, dislo-
cation,  spondylolisthesis,  and  cervical  scoliosis,  were  also
excluded  from  the  study.  Neurological  consultation  was
requested for each patient. Patients with vascular pathology
detected by vertebral  and carotid  artery Doppler  ultrasono-
graphy  were  also  excluded.  Patients  with  central  nervous
system diseases, such as multiple sclerosis and degenerative
diseases  detected  on  cranial  MRI,  were  excluded  from  the
study.  Patients  with  psychiatric  disorders  and  a  history  of
depression were also excluded.

SWE measurements were performed in CGD patients (n = 33)
and in a matched healthy Control group (n = 33). Individuals in
the healthy Control group were selected from the CGD patients'
relatives and visitors. Written informed consent was obtained
from each participant. The SWE assessment was performed by
the same radiologist, who had 10 years of experience in elas-
tography, using the acoustic radiation force impulse (ARFI)-

based elastography option of the Virtual Touch IQ technology
(Siemens Healthcare, Erlangen, Germany) and a 9L4 linear
array transducer (frequency range: 4-9 MHz) in the sitting posi-
tion. In the SWE procedure, all muscle structures were initially
identified using grey-scale mode while the patient was seated
and slightly leaning forward. In ARFI elastography, the patient
was instructed to remain motionless throughout the measure-
ments. During the measurement, the transducer was gently
pressed onto the skin by the radiologist, and the target area was
determined using ultrasonographic (USG) elastography. Two
windows were created on the screen through the dual-display
button. In the window on the left, small boxes showing the shear
wave velocity in metres per second were placed in the effusion
area of the region of interest, which was colour-coded in shades
of grey. In the window on the right (grey-scale USG), it was
ensured that the boxes were placed in the correct area (Figure
1). The average shear wave velocity was calculated using the
velocity values obtained from the areas of interest. At least 8-12
measurements were obtained in each area. In this way, cervical
extensor muscle stiffness was measured in the sternocleido-
mastoid (SCM), trapezius (TRAP), splenius capitis (SPLC), and
semispinalis capitis/cervicis (SCC) muscles.

Figure 1: Shear wave elastography mode. (a) B-mode sonographic image
of the upper TRAP, middle SPLC, and lower SCC. (b) Marking of the sample
area.  (c)  Boxes  showing  elastographic  measurements  within  these
areas. (d) Marking and measurement of the sternocleidomastoid (SCM)
sample area.

In addition, questionnaires included demographic information,
a VAS for neck pain, the Neck Disability Index (NDI),7 a VAS for
dizziness, and the Dizziness Handicap Inventory (DHI)8 were
administered to the patients.

The data of CGD patients and the Control group were statisti-
cally compared. Statistical analyses were performed using IBM®

SPSS® version 27. The Shapiro-Wilk test was used to evaluate
the normality of the data for CGD patients (n = 33) and the
Control group (n = 33). Based on the results of the normality
test,  the  Student’s  t-test  was  used  to  compare  variables
showing a normal distribution, and the Mann-Whitney U test
was used to compare variables showing a skewed distribution.
The Pearson test and Spearman test were used to determine the
statistical significance of correlations.
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Table I: Demographics characteristics between CGD patients and the Control group.

Variables CGD Patients
(n = 33)

Control Group
(n = 33)

p-values

Age (year) 30.88±4.50 30.03 ± 5.67 0.503a

Female/Male, n (%) 24 (72.7) / 9 (27.3) 24 (72.7) / 9 (27.3) >0.99b

BMI (kg/m2) 23.88 (4.50) 24.22 (5.29) 0.564c

VAS (dizziness) 7.0 (2.5) - -
VAS (neck pain) 6.0 (3.0) - -
DHI 45.61 ± 3.90 - -
NDI 25.70 ± 6.25 - -
aStudent’s t-test; bChi-square test; cMann-Whitney U test; CGD: Cervicogenic dizziness; VAS: Visual analogue scale; DHI: Dizziness handicap inventory; NDI: Neck
disability index.

Table II: Comparison of muscle stiffness between CGD patients and the Control group.

Variables CGD Patients
(n = 33)

Control Group
(n = 33)

p-values

SCM 3.56 (0.97) 3.28 (0.64) 0.029a

TRAP 3.54 (0.89) 2.99 (0.98) 0.025a

SPLC 3.83 ± 0.79 4.05 ± 1.02 0.199b

SCC 4.32 (1.07) 4.32 (1.0) 0.681a

aMann-Whitney U test; bStudent’s t-test; SCM: Sternocleidomastoid; TRAP: Trapezius; SPLC: Splenius capitis; SCC: Semispinalis capitis/cervicis.

Table III: Correlation between muscle stiffness and other parameters in CGD patients.

Variables SCM TRAP SPLC SCC
VAS (dizziness)a 0.033

0.854
0.116
0.521

0.187
0.298

-0.149
0.408

VAS (neck pain)a -0.040
0.824

0.199
0.266

-0.024
0.895

-0.229
0.200

DHIb 0.103
0.570

0.127
0.480

-0.236
0.186

-0.109
0.547

NDIb 0.010
0.957

0.291
0.100

0.541
0.001*

-0.125
0.488

aSpearman test; b: Pearson test; SCM: Sternocleidomastoid; TRAP: Trapezius; SPLC: Splenius capitis; SCC: Semispinalis capitis/cervicis; Correlations are given as r
and p values.

For parametric tests, data were presented as mean ± SD,
while  for  non-parametric  tests,  data  were  presented  as
median (IQR). For the Chi-square test, data were reported as
frequencies.  A  p-value  <0.05  was  considered  statistically
significant.

RESULTS

Demographic  characteristics  and  clinical  features  are
presented in Table I.  CGD patients and the Control  group
were found to be statistically similar in terms of age (p =
0.503), gender (p> 0.99), and body mass index (BMI: kg/m2; p
= 0.564).  The mean age scores in  CGD patients  and the
healthy controls were 30.88 ± 4.50 and 30.03 ± 5.67, respec-
tively.  Women  constituted  the  majority  of  CGD  patients,
(72.7%), as shown in Table I.

When  cervical  extensor  muscle  stiffness  measured  by  SWE
was analysed, CGD patients were found to have significantly
higher stiffness scores in the SCM (median 3.56 vs. 3.28; p =
0.029) and TRAP (median 3.54 vs. 2.99; p = 0.025) muscles
compared to the Control group. However, no significant differ-
ence was found between CGD patients and the Control group
in terms of stiffness scores in the SPLC (p = 0.199) and SCC
(p = 0.681) muscles (Table II).

In CGD patients,  there was a significant positive correlation
between the SPLC muscle stiffness and the NDI (r: 0.541 and

p  =  0.001).  Apart  from  this,  no  significant  correlation  was
found  between  the  cervical  extensor  muscle  stiffness  and
the VAS (dizziness), VAS (neck pain), DHI, or NDI scores (p
>0.05; Table III).

DISCUSSION

In this case-control study, CGD patients were compared with
a  matched  healthy  Control  group  in  terms  of  cervical
extensor  muscle  stiffness  measured  by  SWE.  Statistical
comparison showed that CGD patients had higher SCM and
TRAP  stiffness  than  the  Control  group.  However,  CGD
patients and the Control group were similar in terms of SPLC
and  SCC  stiffness.  These  are  preliminary  findings  and  may
be useful to understand the pathophysiology of CGD and to
improve diagnosis, differential diagnosis, and treatment.

There is a complex interaction between cervical muscle stiff-
ness, neck pain, proprioceptive dysfunction, and dizziness,3,9

suggesting  that  more  research  is  needed on  neck-related
dizziness.  According  to  the  present  findings,  72.7%  of  CGD
patients were female. Given that those with CGD characteris-
tics, such as neck pain and headaches, are predominantly
female10  and considering that female gender is  associated
with weaker neck muscles,11 CGD may be related to a cycle of
pain, spasm, stiffness, and weakness in the neck muscles.
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This study provides some evidence that supports an associa-
tion  between  CGD  and  cervical  muscle  stiffness.  CGD  may
represent dizziness induced by abnormal proprioceptive inputs
caused  by  increased  cervical  muscle  stiffness.  This  occurs
because  changes  in  the  neck  muscles  are  associated  with
abnormal  sensorineural  and proprioceptive signals  that  can
lead to dizziness.3,9

To date, no studies have been conducted on the neck muscle
stiffness  using  SWE  in  CGD  patients.  Therefore,  it  is  not
currently possible to compare the present findings with those
reported  in  the  literature.  However,  previous  studies  have
addressed neck muscle stiffness measured by SWE in patients
with chronic neck pain.12-14 Similar to the present results, these
studies found that the cervical extensors, especially the TRAP,
showed greater stiffness in patients with neck pain compared
to asymptomatic controls. Given that neck pain is associated
with  proprioception15  and  CGD,1  the  SWE  findings  reported  in
patients with neck pain can be considered and discussed in
this study.

In addition, previous studies have examined the neck muscle
stiffness  measured  by  SWE  in  patients  with  cervicogenic
headache.16-18 Consistent with the present study, these studies
found  increased  stiffness  of  the  cervical  extensor  muscles  in
patients  with  cervicogenic  headache  compared  to  healthy
controls. Given that cervicogenic headache is associated with
neck pain,10 similar to CGD,1 it is reasonable to consider SWE
findings  from  patients  with  neck  pain  in  this  study.  Further-
more, SWE has been shown to serve as a diagnostic tool for
neck  somatic  dysfunction  and  as  an  objective  method  for
assessing  treatment  effectiveness,19  thereby  suggesting  its
potential  of  SWE  in  CGD.

According to the results of the present study, no association
was found between cervical extensor muscle stiffness and the
severity of dizziness or neck pain. However, an association was
observed  between  SPLC  stiffness  and  NDI.  These  results
support previous reports indicating that the severity of pain
and disability in patients with neck pain is not related to neck
muscle stiffness.10 Conversely, the present results are inconsis-
tent with the established understanding that CGD is strongly
associated with the severity of neck pain.20 Indeed, such incon-
sistencies among SWE findings in musculoskeletal pain condi-
tions have been noted previously and are attributed to method-
ological differences.21

This study has both strengths and limitations. It has high origi-
nality,  as  it  is  the  first  to  specifically  address  this  subject.
However, the depth of the discussion is limited due to the lack
of directly relevant data in the literature. Additionally, the case-
control design limits the study’s ability to reveal causal relation-
ships. Finally, being a single-centre study conducted within a
limited age range reduces the generalisability of the results.

CONCLUSION

SWE findings showed significantly increased stiffness in the
SCM and TRAP muscles, while SPLC stiffness was associated

with CGD intensity.  These findings may help facilitate diag-
nosis,  differential  diagnosis,  and  treatment  processes  in
patients with CGD. However, these are preliminary findings,
further studies are required.
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