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Abstract

Background The neck muscles play a crucial role in maintaining cervical spine stability. A thorough understanding
of the changes in neck muscles during cervical instability (CI), along with an analysis of their correlation with lifestyle
habits, can provide valuable data for the prevention and treatment of Cl.

Methods A total of 98 patients with Cl and 88 healthy subjects were included in the study. Their cervical MRl images
and lifestyle habits information were collected. The relative cross-sectional area (RCSA) and fat signal fraction (FSF)

of the neck muscles were obtained from the MRl images. Correlation analysis was conducted between the muscle
parameters, Cl, and lifestyle habits information.

Results Cl subjects spent more time working (P=.026) and using computers daily than the healthy subjects (P=.023).
The cervical curvature of the Cl subjects was significantly smaller compared to healthy subjects (P=.004). Cl subjects
had significantly smaller RCSA (P=.003) and greater FSF (P=.011) in the deep muscles at the back of the neck com-
pared to healthy subjects. FSF in the deep muscles at the back of the neck (OR =2.343, 95%C| = 1.261-4.352) and cer-
vical curvature (OR =0.904, 95%Cl =0.848-0.965) were risk factors for Cl. Keeping head down time per day (r =- 0.286)
and using the computer time per day (r =- 0.230) were negatively correlated with the RCSA in the deep muscles

at the back of the neck.

Conclusions Changes in the deep muscles at the back of the neck are key factors in the development of Cl. Pro-
longed maintenance of a single downward head posture is closely related to changes in the deep muscles at the back
of the neck.

Trial registration The study protocol is registered with Chinese Clinical Trial Registry (registration number:
ChiCTR2100053525, registration date: November 24, 2021).
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Introduction

Cervical instability (CI) is a critical pathological stage and
a major early indicator of cervical spondylosis [1, 2]. With
the widespread use of electronic devices, the incidence of
Cl is steadily increasing in the word, particularly among
middle-aged and young adults. The recurrent and persis-
tent symptoms severely affect their physical and mental
health as well as their quality of life. A proper under-
standing of CI can aid in early prevention and precise
intervention, which is crucial for reducing the incidence
of cervical spondylosis in the word.

The neck muscles play a crucial role in maintaining cer-
vical spine stability and coordinating cervical movement
[3-5]. The primary cause of CI in middle-aged and young
adults is fatigue-induced neck muscle injury, often result-
ing from poor lifestyle habits, particularly prolonged
periods in a single forward-bending posture [6, 7]. In
this study, we analyzed the neck muscle characteristics of
participants with CI using cervical MRI images and col-
lected their daily lifestyle habit information to explore the
correlation between the two. The findings aim to provide
valuable insights for the prevention and management of
CL

Materials and methods

Subject selection

This prospective single-center study was reviewed and
approved by the institutional review board of Wangjing
Hospital, China Academy of Chinese Medical Sci-
ences (identifier: WJEC-KT- 2021-044-P002). Our
study subjects included middle-aged and young adults
with C4/5 CI and healthy controls. From January 2022
to October 2023, 251 young and middle-aged subjects
were recruited through advertisements. After screen-
ing according to the inclusion and exclusion criteria,
186 subjects met the requirements and were included
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in the study: 98 CI and 88 healthy subjects. The subject
flowchart is displayed in Fig. 1. All subjects were aged
between 18 and 45 and signed the informed consent
form. CI was diagnosed using lateral or flexion—exten-
sion lateral X-ray radiographs: 2 adjacent vertebras
appeared larger than 3.5 mm horizontal displacement
or more than 11° rotational difference [8]. Participants
with CI were required to exhibit instability only at the
C4/5, with no instability in other segments. The exclu-
sion criteria were as follows: (1) CI resulting from con-
genital abnormalities, trauma, tumors, tuberculosis,
rheumatoid arthritis, or other diseases. (2) Cervical
iatrogenic instability. (3) Severe cervical degeneration,
including prominent osteophytes in the cervical ver-
tebrae, significant narrowing of the vertebral space, or
ligament ossification. (4) Spinal infections, traumatic
fractures, tuberculosis, severe osteoporosis, or anky-
losing spondylitis. (5) Subjects who were unable to
undergo MRI. (6) Special populations, including preg-
nant or lactating women, as well as individuals who
are blind, deaf, mute, or have intellectual or mental
disorders.

Basic information collection

Basic information includes age, gender, body mass index
(BMI, calculated as weight (kg)/height (m)?), neck cir-
cumference and length. (Neck circumference and neck
length were measured using a flexible, non-elastic meas-
uring tape with a precision of 0.1 cm. For neck circum-
ference, the measurement was taken at the level of the
cricoid cartilage, with the subject seated in an upright
position, looking straight ahead, and shoulders relaxed.
For neck length, the measurement was taken from the
external occipital protuberance to the spinous process of
C7, with the subject in the same seated position.).

Young and middle-aged subjects

(n=251)

‘

CI subjects
(n=158)

Excluded (n=60)

- Subjects could not undergo MRI (n=3)

- Unstable segment is not C4/5 (n=57)

CI subjects were

included(n=98)

Fig. 1 Subject flowchart. Cl =cervical instability

¥

Healthy subjects

(n=93)

Excluded (n=5)

- Subjects could not undergo MRI (n=5)

Healthy subjects were

included(n=88)
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Lifestyle habit information collection

Lifestyle habit information over the past year was col-
lected on-site using questionnaires covering various
aspects: daily work duration, time spent with the head
in a downward position, exercise frequency and duration
per week, daily sleep duration, and daily use of comput-
ers and smartphone. The questionnaire was developed
through multiple rounds of expert discussions and con-
sensus, ensuring its scientific rigor and applicability to
our research objectives. To ensure its validity and reli-
ability, the questionnaire was pilot-tested and refined
based on feedback from both experts and participants.
The final version demonstrated good internal consistency
and test—retest reliability. Before administering the ques-
tionnaires, researchers provided detailed explanations of
each item to the participants and assisted them in com-
pleting the forms. After submission, another researcher
reviewed the questionnaires to ensure completeness and
accuracy, following up with participants to address any
missing information.

X-ray data collection

All participants underwent lateral and functional X-ray of
the cervical spine. Images were taken in a standing posi-
tion with both shoulders fully relaxed to ensure a clear
view of the cervicothoracic junction. For lateral X-rays,
participants were instructed to slightly lift their mandi-
ble and look straight ahead, with their gaze forming an
approximately 15°angle with the horizontal plane. For
functional X-rays, participants were required to achieve
maximum flexion and extension without external force.
A radiologist supervised the quality control of all X-ray
images.

The measured data of X-ray included cervical cur-
vature, horizontal displacement, and angular displace-
ment between adjacent vertebrae. Cervical curvature
was measured based on the method described by Borden
et al. [9], while displacement between vertebrae followed
the method described by White et al. [8]. Image ] soft-
ware (National Institutes of Health, USA) was used for
image processing and measurements. The measurements
were independently performed by a spine specialist and
a radiologist, both with extensive experience. Measure-
ment data were subjected to inter-rater reliability analy-
sis using the intraclass correlation coefficient (ICC). Data
with ICC >0.75 were averaged and included in the analy-
sis, while data with ICC <0.75 were re-measured by both
doctors before final calculations. We conducted periodic
calibration sessions throughout the study to minimize
drift in measurement techniques over time. These ses-
sions involved re-evaluating a subset of previously ana-
lyzed images to confirm consistency across different time
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points. The measuring method of X-ray is displayed in
Supplementary Figure S1.

MRI data collection

MRI acquisition was performed with a 3.0-T MRI scan-
ner (SIEMENS, Germany) with a specialized spinal coil.
The scanning mode was consistent throughout, employ-
ing the T2-SPACE-TRA sequence. Scanning parameters
were as follows: TR 1500-ms, TE 106-ms, turnover Angle
60°, matrix 512 X 512, layer thickness 2.5-mm, layer spac-
ing 0.2-mm, excitation times 1.4 times. A total of 40
layers were obtained, centered on the midpoint of the
posterior margin of the C4 vertebra.

The measured data of MRI included the cross-sectional
area (CSA) and fat signal fraction (FSF) of the neck mus-
cles, as well as the intervertebral disc signal intensity. On
the MRI axial image at the C4/5 disc level, we conducted
region of interest (ROI) segmentation and data extrac-
tion. ROI segmentation was performed using AccuCon-
tour3.0 software [10] (Manteia Technologies Co., Ltd.).
We selected 3 specific ROIs for manual segmentation:
(1) Prevertebral muscles, primarily the longus colli mus-
cle; (2) Deep muscles at the back of the neck, primarily
the semispinalis cervicis muscle; (3) Superficial muscles
at the back of the neck, including the complexus, sple-
nius capitis, splenius cervicis, levator scapulae, scalenus
medius, and scalenus posterior muscles. The method of
ROI segmentation and processing is displayed in Fig. 2A.
The segmentation was performed independently by a spi-
nal surgeon and a radiologist, both of whom have exten-
sive experience. To ensure the segmentation focused on
the most solid parts of each neck structure and excluded
the surrounding tissues’uncertainties, they strictly fol-
lowed the anatomical structure of the neck and used the
minimum contour method. FSF was represented as the
fraction of pixels representing fat/(number of pixels rep-
resenting fat +number of pixels representing muscles).
To establish the FSF, an intensity histogram was defined
for each ROL To determine the threshold between lower
intensities representing muscles and higher intensities
representing fat, we applied Otsu’s mathematical method
[11], which is a widely used thresholding technique in
image processing. Otsu’s method automatically deter-
mines the optimal threshold value to separate foreground
and background pixels by minimizing intra-class vari-
ance and maximizing inter-class variance. This approach
is particularly effective for distinguishing ROI in medical
images, such as differentiating between muscle and fat in
our study. Figure 2B shows the distinction between fat
and muscle pixel intensity.

To compensate for the bias caused by the relative body
size of the individual on muscle CSA, we calculated the
relative CSA (RCSA) by dividing the muscle CSA by the
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Fig. 2 MRI data collection. (A) ROl segmentation and processing. Yellow areas: the prevertebral muscles. Red areas: the deep muscles at the back
of the neck. Purple areas: the superficial muscles at the back of the neck. (B) Distinction between fat and muscle pixel intensity. Green areas: the fat

CSA of the vertebral body of C4; such compensation has
been recently described by Hyun et al. [12]. The average
gray values of the intervertebral disc and cerebrospinal
fluid were measured to determine the signal intensity
of the disc: The disc signal intensity was calculated as
the average gray value of the disc divided by that of the
cerebrospinal fluid. This method is based on the study
by Urbanschitz et al. [13]. MRI measurement data were
obtained from the ROIs segmented by the two doctors.
The data were subjected to ICC analysis, and values with
ICC >0.75 were averaged and included in the analysis.
For ICC <0.75, the ROIs were re-delineated by the two
doctors before recalculation. We conducted periodic
calibration sessions throughout the study to minimize
drift in measurement techniques over time. These ses-
sions involved re-evaluating a subset of previously ana-
lyzed images to confirm consistency across different time
points.

Statistical analysis

Statistical analysis was performed using SPSS 26.0 soft-
ware. Univariate analysis was conducted to compare
characteristics between the 2 groups of subjects. The
measurement data was tested using the Shapiro—Wilk

test. Data following a normal distribution was expressed
as mean tstandard deviation (Xts), and comparisons
between groups were made using the independent sam-
ples t-test. Data that did not follow a normal distribu-
tion was expressed as the median (interquartile range)
[M (P25-P75)], and non-parametric tests were used for
comparisons between groups. Qualitative data were
described using frequency counts, and the chi-square test
was employed for comparisons between groups. Binary
logistic regression was used for multifactorial analysis,
with CI as the dependent variable and variables identi-
fied as statistically significant in the univariate analysis
included as independent variables. Spearman correlation
analysis was used to assess strength and direction of rela-
tionship between characteristics. P< 0.05 was considered
to indicate a statistically significant difference.

Results

Univariate analysis between Cl and healthy subjects

The age of the CI subjects was significantly greater com-
pared to healthy subjects (P< 0.001), see Table 1. Those
with CI spent considerably more time working (P=
0.026) and using computers daily than the healthy sub-
jects (P= 0.023), see Table 2. The cervical curvature of
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Table 1 Univariate analysis of basic information between Cl and healthy subjects

Basic Information Cl Subjects (n=98) Healthy Subjects (n= 88) PValue

Sex 132

Male 35(36) 41 (47)

Female 63 (64) 47 (53)

Age (years)® 28.00 (21.00-43.00) 25.00 (21.00-45.00) <.001
[25.00-32.00] [24.00-28.75]

BMI (kg/mz)a 21.58 (15.63-32.85) 23.12(15.43-33.14) 109
[19.90-24.23] [20.20-25.46]

Neck circumference (cm)? 33.45 (28.00-45.10) 35.20 (29.20-43.20) 093
[31.28-37.10] [31.50-38.88]

Neck length cm)’ 11.50 (7.50-15.60) 11.50 (8.50-16.60) 950
[10.30 - 13.10] [10.50-12.60]

Unless otherwise specified, data are numbers of subjects, with percentages in parentheses

2 Data are medians, with ranges in parentheses and interquartile ranges in brackets

The measurement data did not follow a normal distribution was expressed as the median (interquartile range) [M (P25-P75)], and non-parametric tests were used for
comparisons between groups. Qualitative data were described using frequency counts, and the chi-square test was employed for comparisons between groups. BM/

body mass index, C/ cervical instability

the CI subjects was significantly smaller compared to
healthy subjects (P= 0.004). CI subjects had significantly
smaller RCSA (P= 0.003) and greater FSF (P= 0.011) in
the deep muscles at the back of the neck compared to
healthy subjects. See Table 3. Figures 3 and 4 show the
comparison of cervical X-ray and MRI images between a
CI and healthy subject, respectively.

Multifactorial logistic regression analysis of Cl

To further clarify the risk factors for CI, we took whether
CI as the dependent variable to perform multivariate
analysis by binary logistic regression analysis. Independ-
ent variables include Age, FSF in the deep muscles at the
back of the neck, RCSA in the deep muscles at the back
of the neck, cervical curvature, working time per day
and using the computer time per day. The results showed
that FSF in the deep muscles at the back of the neck (OR
=2.343, 95%CI =1.261-4.352) and cervical curvature
(OR =0.904, 95%CI =0.848-0.965) were risk factors for
CI. See Fig. 5.

Spearman correlation analysis between lifestyle habits

and imaging data in Cl subjects

A Spearman correlation analysis was conducted between
the lifestyle habits of CI subjects and their RCSA in the
deep muscles at the back of the neck, FSF in the deep
muscles at the back of the neck, and cervical curvature,
all of which showed significant intergroup differences
in the univariate analysis of characteristics between
CI and healthy subjects. The results showed that keep-
ing the head down time per day (r =— 0.286) and using
the computer time per day (r =— 0.230) were negatively

correlated with the RCSA in the deep muscles at the back
of the neck. See Table 4 and Fig. 6.

Discussion

Neck muscles are a vital component of the external stabi-
lizing system of the cervical spine. They enable real-time
adjustments to achieve dynamic balance, thereby main-
taining normal physiological movement and stability
[14, 15]. Among them, the superficial muscles primarily
provide the power for cervical spine movement, while
the deep muscles play a more significant role in main-
taining cervical spine stability [16]. With the increasing
use of electronic devices, prolonged forward head pos-
ture has become common among middle-aged and young
adults in daily life and work [17, 18]. This posture shifts
the center of gravity of the head to the anterior portion
of the vertebrae, as the cervical spine remains in a hyper-
flexed position for extended periods [19]. Consequently,
the posterior neck muscles and ligaments are passively
stretched, while the anterior muscles and ligaments are
in a state of passive contraction. Over time, these factors
disrupt the balance of the overall neck muscle system,
leading to changes in cervical curvature and stability [18,
20]. The posterior neck muscles may experience more
severe fatigue-related injuries as it works to counteract
cervical flexion [21]. The movements of the neck rely
on the coordinated control of both deep and superficial
muscles. Poor posture tends to activate more superficial
muscles, leading to disuse and atrophy of deep muscles
[16]. The results of this study indicate that the RCSA in
the deep muscles at the back of the neck of CI patients
is significantly smaller than that of healthy individuals,
while the FSF is notably higher. Further analysis revealed
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Table 2 Univariate analysis of lifestyle habit between Cl and healthy subjects

Lifestyle Habit Cl Subjects (n=98) Healthy Subjects (n=88) PValue
Working time per day (hours) 026
<6 33) 4(5)
6- 27 (28) 39 (44)
8- 43 (44) 28(32)
>10 25 (25) 17 (19)
Keeping head down time per day (hours) 100
<2 5(5) 6(7)
2- 18(18) 24.(27)
4- 36 (37) 31(35)
>6 39 (40) 27 (31)
Keeping head down time once (hours) 752
<05 19 (19) 15(17)
0.5- 47 (48) 47 (53)
1- 17.(17) 18 (21)
>15 15(15) 8(9)
Exercising frequency per week 096
No exercise 20 (20) 17 (19)
1- 55 (56) 37 (42)
3- 20 (20) 29 (33)
>5 303) 5(6)
Exercising time once (hours) 200
No exercise 14 (14) 10(171)
<1 65 (66) 54 (62)
1- 18 (18) 22(25)
>15 (M 2(2)
Sleeping time per day (hours) 751
<6 11301 8(9)
6- 78 (80) 72 (82)
8- 99 8(9)
>10 0(0) 0(0)
Using the computer time per day (hours) 023
<2 9(9) 17 (19)
2- 30(31) 26 (30)
4- 22 (22) 26 (30)
>6 37 (38) 19(21)
Using the smartphone time per day (hours) 147
<3 13(13) 15(17)
3- 35(36) 36 (41)
5- 22(22) 20 (23)
>7 28(29) 17(19)

Data are numbers of subjects, with percentages in parentheses

Qualitative data were described using frequency counts, and the chi-square test was employed for comparisons between groups. C/ cervical instability

that the FSF in the deep muscles at the back of the neck
is one of the risk factors associated CI. Similar findings
have been reported in other studies as well. Peter et al.
[22] found that there was close relationship between fatty
infiltration of cervical spine extensor musculature and
cervical sagittal balance. Tamai et al. [5] and Yoon et al.

[23]. reported that cervical muscular functions were
worse in patients with cervical sagittal imbalance.

There are numerous risk factors for CI and cervical
spondylosis, with poor living and working habits being
among the primary contributors. Lv et al. [24] found that
work intensity and maintaining the same posture for 1 to
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Table 3 Univariate analysis of imaging data between Cl and healthy subjects

Imaging Data

Cervical curvature (mm)

RCSA in the prevertebral muscles

FSF in the prevertebral muscles (%)

RCSA in the deep muscles at the back of the neck

FSF in the deep muscles at the back of the neck (%)
RCSA in the superficial muscles at the back of the neck

FSF in the superficial muscles at the back of the neck (%)

Cervical disc signal strength

Page 7 of 11
Cl Subjects (n=98) Healthy Subjects (n= 88) PValue
2.15 (- 14.01-19.76) 3.94 (- 5.07-15.22) 004
[- 2.46-5.93] [1.82-6.69]
0.77 (0.35-1.26) 0.71(0.36-1.19) 125
[0.64-0.92] [0.58-0.87]
22.30(7.32-55.26) 20.88 (10.99-43.48) 180
[17.09-29.49] [16.57-26.13]
1.71(1.23-262) 1.91(1.25-2.73) 003
[1.46-1.98] [1.68-2.13]
19.89 (10.35-33.93) 16.78 (7.63-32.54) 0on
[15.58-24.47] [14.61-21.64]
6.71 (4.69-11.36) 6.66 (4.60-11.01) 952
[5.61-7.83] [5.95-7.32]
1257 (6.31-33.17) 12.30 (6.50-29.19) 991
[10.86-15.33] [10.51-15.86]
0.10 (0.05-0.14) 0.09 (0.06-0.16) 959
[0.08-0.11] [0.08-0.11]

Data are medians, with ranges in parentheses and interquartile ranges in brackets

The measurement data did not follow a normal distribution was expressed as the median (interquartile range) [M (P25-P75)], and non-parametric tests were used for

comparisons between groups. C/ cervical instability, FSF fat signal fraction, RCSA relative cross-sectional area

Fig. 3 Comparison of Cl and healthy subject X-ray images. A A healthy subject, male, 29 years old, with normal cervical curvature. B A Cl subject,
male, 29 years old, showing a 15.69°rotational difference between the vertebrae of C4 and C5, accompanied by significant cervical curvature

hyperextension

3 h per day were associated with cervical spondylosis in
individuals under 30 years of age. Repetitive and preci-
sion tasks, sedentary work positions, and prolonged cer-
vical spine flexion further increased the risk of neck pain
[25]. Kazeminasab et al. also reached similar conclusions
[26]. Long-term neck flexion significantly increases the
effective weight of the head on the cervical spine, result-
ing in a greater biomechanical burden on kinematics,

gravitational moments, and neck muscle loading. This
elevated strain may raise the risk of musculoskeletal dis-
comfort and injuries in the neck [19]. In our study, partic-
ipants with CI spent significantly more time working and
using computers daily compared to healthy subjects, con-
sistent with the findings of previous studies. Obesity is a
risk factor for intervertebral disc degeneration and spinal
disorders, as it increases skeletal load and accelerates the
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Fig. 4 Comparison of Cl and healthy subject MRl images. A A healthy subject, male, 29 years old, with a RCSA and FSF of the deep muscles
at the back of the neck of 1.85 and 15.48%, respectively. B A Cl subject, male, 29 years old, with a RCSA and FSF of the deep muscles at the back
of the neck of 1.52 and 21.63%, respectively

Characteristic OR (95%CI) P Value
Age IL 1.051(0.991, 1.114)  .096
FSF in the deep muscles at the back of the neck —_—0— 2.343(1.261,4.352)  .007
RCSA in the deep muscles at the back of the neck - 0.889 (0.611, 1.294) 539
Cervical curvature O 0.904 (0.848, 0.965)  .002
Working time per day —o— 1.433 (0.967,2.124)  .073
Using the computer time per day —o— 1.144 (0.830, 1.576) 412
| | | | |

o 1 2 3 4 5

Fig. 5 Multifactorial logistic regression analysis of Cl. FSF =fat signal fraction, RCSA =relative cross-sectional area

Table 4 Spearman correlation analysis between the lifestyle habits of Cl subjects and their RCSA in the deep muscles at the back of
the neck, FSF in the deep muscles at the back of the neck, and cervical curvature

Lifestyle habit RCSA in the deep muscles at the  FSF in the deep muscles at the Cervical curvature

back of the neck back of the neck

r PValue r PValue r PValue
Working time per day -0.010 0919 -0.118 0.249 -0.072 0484
Keeping head down time per day —-0.286 0.004 0.005 0.961 —0.068 0.507
Keeping head down time once 0.145 0.155 —-0.002 0.985 0.033 0.749
Exercising frequency per week 0.019 0.853 0.086 0.399 0.170 0.094
Exercising time once 0.067 0510 0.031 0.761 0.047 0.643
Sleeping time per day 0.043 0673 —-0.091 0.374 —-0.024 0815
Using the computer time per day —-0.230 0.023 0.002 0.984 —0.033 0.747
Using the smartphone time per day —0.044 0.664 —0.140 0.168 -0.022 0.830

FSF fat signal fraction, RCSA relative cross-sectional area



Lu et al. BMC Musculoskeletal Disorders (2025) 26:484 Page 9 of 11

A B
3.0 3.0

3

2 % o o o o

é O 25- 6 . 8 2.5 6 9 °

& £ 20 8 g 2.0 g e 8 e

85 ° | S g

° o 0

S g .

£ a 157 1.5 o .

= o ®,

% £ 104 r=-0.286 1.04 r=-0.230 8 o

g ® p = 0.004 & p=0.023 ° ©
0.5 T T T T 0.5 T T T T

0 0-2 2-4 4-6 6- 0 0-2 2-4 4-6 6-

Keeping head down time per day (hours)

Using the computer time per day (hours)
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down time per day; (B) using the computer time per day. RCSA =relative cross-sectional area

degenerative process of the discs [27, 28]. However, in
our study, no significant difference in BMI was observed
between the two groups of participants. This may be
attributed to the relatively high anatomical position of
the cervical spine, making it less affected by body weight.
Some studies have also found that sleep duration can
influence the occurrence of cervical spondylosis. Shorter
sleep periods increase the load-bearing time of spine,
thereby accelerating its degeneration [24]. Our study did
not find any difference in the length of sleep between the
two groups. Correlation analysis revealed that keeping
the head down time per day and using the computer time
per day were negatively correlated with the RCSA in the
deep muscles at the back of the neck. This supports our
hypothesis that improving lifestyle habits, particularly by
reducing the time spent in a forward head posture each
day, can aid in the recovery of deep neck muscles injuries,
which is crucial for enhancing cervical spine stability.
Once the human body reaches maturity, spinal degen-
eration naturally occurs and progressively worsens, lead-
ing to a gradual decline in the cervical spine’s ability to
maintain stability. With increasing age or prolonged
exposure to abnormal stress, intervertebral discs begin
to degenerate, primarily characterized by a decrease in
water content in the annulus fibrosus and nucleus pul-
posus, resulting in reduced elasticity and height. These
changes lower the pressure at the center of the endplate
while increasing the surrounding pressure, disrupting
normal biomechanical balance and affecting interver-
tebral stability [29]. In this study, no significant differ-
ence in intervertebral disc signal intensity was observed
between the two groups of participants. This finding

suggests that CI in middle-aged and young adults may
result from early mechanical imbalances caused by neck
muscle strain, without significant intervertebral disc
degeneration. With appropriate intervention, stabil-
ity remodeling may still be possible. Based on the data
from this study and previous research, the prevention
and treatment of CI should focus on the deep muscles at
the back of the neck. Muscle strain can be alleviated and
restored through targeted functional exercises and thera-
peutic interventions [30-32]. Ergonomic adjustments,
postural training, and therapeutic exercises, for example,
can help alleviate cervical muscle fatigue and reduce the
risk of musculoskeletal disorders [33]. Therefore, CI in
middle-aged and young adults can be improved or even
reversed to some extent.

This study has several limitations. Firstly, due to limita-
tions in the resolution of the original MRI images, accu-
rately segmenting certain muscle boundaries, such as
the complexus and splenius capitis muscles, was difficult
during ROI segmentation. To maintain consistency in
ROI segmentation and align with the study’s objectives,
we decided, after discussion within the expert group, to
segment the entire superficial muscle group region at
the back of the neck. This decision was made despite the
possibility that the overly large, segmented region could
dilute the intergroup differences in that area and poten-
tially affect the results. Additionally, since MRI cannot
determine the absolute concentration of fat, a method
analyzing differences in signal intensity was chosen as an
indicator of fat content in muscle. While this method has
proven reliable, it has not been validated through muscle
biopsy [34]. Other factors, such as blood flow, may also
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affect signal intensity differences. To ensure the accuracy
of this technique, further investigation into the mecha-
nisms underlying MRI signal intensity changes is recom-
mended, along with validation through muscle biopsy.
In order to minimize the interference of confounding
factors, this study exclusively focused on C4/5 segment
instability when selecting patients with cervical instabil-
ity. The C4/5 segment was chosen because it represents
the convex point of the cervical curve. According to bio-
mechanical principles, the stability at the intersection of
two opposing curvatures is inherently weaker, making the
C4/5 segment the most susceptible to cervical instability.
While this approach allowed for a focused and in-depth
analysis, it may have limited our ability to fully capture
the influence of adjacent segments and reduced the gen-
eralizability of our findings. To address this limitation, we
are planning a follow-up study that will include a broader
analysis of multiple cervical levels, with particular atten-
tion to compensatory mechanisms at adjacent levels and
their impact on overall cervical stability. Finally, the lim-
ited sample size may have affected the reliability of the
results. The conclusions of this study require further vali-
dation through large-scale, multicenter studies.

Conclusion

In summary, we conducted a study on the neck mus-
cles of young and middle-aged patients with CI based
on cervical MRI images and analyzed their correlation
with lifestyle habits. Changes in the deep muscles at the
back of the neck are key factors in the development of CI.
Prolonged maintenance of a single downward head pos-
ture is closely related to changes in the deep muscles at
the back of the neck. We hope this can provide valuable
insights for the early prevention and treatment of CI in
young and middle-aged individuals.
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