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Background: Cervical spine imbalance can lead to neck pain and abnormal posture. However, the relationship between glob-
al cervical sagittal balance and different neck pain subtypes remains unclear. Therefore, this retrospective study
aimed to compare radiographic cervical sagittal alignment parameters, including the sagittal vertical axis (SVA),
spino—cranial angle (SCA), and intervertebral disc height, among 25 patients with nonspecific neck pain, 20 pa-
tients with degenerative neck pain, and 25 asymptomatic healthy controls.

Material/Methods: This retrospective observational study included 70 participants enrolled between January 2023 and January
2025, categorized into 3 groups: patients with nonspecific neck pain, patients with degenerative neck pain
(structural pathology), and asymptomatic healthy controls. Using cervical radiographs, 3 cervical alignment pa-
rameters were evaluated: SVA, SCA, and disk height. Differences between groups were analyzed using one-way
analysis of variance.

Results: SVA and SCA differed significantly between the nonspecific neck pain group and both the degenerative neck
pain group (P<0.05) and healthy controls (P<0.05), whereas no significant differences were observed between
the degenerative neck pain group and healthy controls. Intervertebral disc height did not differ significantly
among the 3 groups (P>0.05).

Conclusions: Nonspecific neck pain is associated with changes in global cervical sagittal alignment, including greater ante-
rior translation and altered lordosis. These patterns differ from those observed in patients with degenerative
neck pain and asymptomatic controls, supporting the use of global rather than segmental alignment in clini-
cal assessment.
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Introduction

Neck pain is a common musculoskeletal disorder, with a life-
time prevalence reaching 66% [1]. The persistence of neck
pain is partly attributed to modern lifestyle factors, including
prolonged sitting and increased use of electronic devices [2].
Therefore, understanding these biomechanical and patho-
physiological mechanisms is essential for developing effec-
tive treatment strategies.

Clinically, neck pain is classified as either nonspecific or de-
generative based on structural pathology [3]: nonspecific neck
pain lacks an identifiable structural cause, whereas degener-
ative neck pain involves identifiable structural abnormalities,
such as disc herniation or spinal stenosis [4,5]. However, non-
specific neck pain remains poorly defined, complicating clini-
cal decision-making and limiting targeted treatment. Currently,
specific and nonspecific neck pain are differentiated based on
clinical examination and reported symptoms. However, this
approach is limited, as symptoms overlap between catego-
ries and lack of objective criteria [6]. Moreover, the inherent
heterogeneity of nonspecific neck pain further complicates
research and treatment decisions. Therefore, objective radio-
graphic measures may improve the differentiation of pain sub-
types and guide management.

Previous radiographic studies have demonstrated that neck pain
occurs both in the presence and absence of identifiable radio-
logical abnormalities [7]. However, most radiological evalua-
tions have focused on disc spacing and cervical lordotic align-
ment, and comparative radiological analyses between specific
and nonspecific subtypes remain limited [8,9]. Moreover, al-
terations in sagittal parameters can substantially modify the
load distribution across vertebral segments, increase muscu-
lar and ligamentous stress, and compromise neural forami-
nal dimensions [10,11]. Normal cervical sagittal alignment is
typically defined by a C2-C7 sagittal vertical axis (SVA) of less
than 40 mm, a spino—cranial angle (SCA) of 75° to 85°, and a
T1 slope less than 25°. Deviations from these normative rang-
es, including increased SVA, mismatch between T1 slope and
cervical lordosis, and reduced SCA, are associated with sagittal
imbalance. They can also contribute to altered biomechanical
loading and the development of neck pain [12,13].

In a previous study, patients with nonspecific neck pain ex-
hibited reduced T1 slope compared with healthy controls,
with no change in global cervical lordosis, suggesting seg-
mental rather than global alignment alterations [14]. Despite
these reference values, the relationship between global cervi-
cal sagittal balance and different neck pain subtypes remains
unclear. Moreover, no study has systematically compared SVA,
SCA, and disc features within a single framework. Therefore,
in the present study, we aimed to compare cervical sagittal
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alignment parameters among patients with nonspecific neck
pain, degenerative neck pain, and asymptomatic controls. To
this end, we evaluated radiographic measures, including SVA,
SCA, and intervertebral disc height, to identify structural dif-
ferences among the 3 groups.

Material and Methods

Ethics Statement

The study protocol was approved by the Institutional Review
Board of Inje University (approval no. 2025-08-034). This ret-
rospective study used radiographic and clinical data obtained
from routine health screening. The requirement for additional
informed consent was waived following institutional policy, as
all participants had provided consent for the use of their med-
ical data for research purposes. No additional procedures or
radiation exposure were involved. To ensure participant confi-
dentiality, all data were anonymized before analysis, and per-
sonal identifiers were removed. Access to the data was restrict-
ed to authorized study personnel. All methods used were in
accordance with relevant institutional and national guidelines.

Study Design and Setting

This retrospective observational study utilized data obtained
between January 2023 and January 2025 from the Department
of Korean Medicine, Yeonsan Dang Dang Hospital, Busan,
Republic of Korea.

Participants

This retrospective study included all eligible patients identified
during the study period; therefore, a priori sample size calcu-
lation was not performed. A post hoc power analysis was con-
ducted using G*Power software (version 3.1.6; Franz Faul, Kiel
University, Kiel, Germany) for a one-way analysis of variance
(ANOVA) with 3 groups: nonspecific neck pain, degenerative
neck pain, and asymptomatic controls. Based on group differ-
ences in the primary alignment variables (SVA and SCA), the
effect sizes corresponded to Cohen’s f values of 0.39 to 0.42,
with a power ranging from 0.95 to 0.97 at «=0.05. These find-
ings indicate that the present sample size (n=70) was suffi-
cient to detect meaningful intergroup differences.

A total of 70 participants were included in the analysis, in-
cluding 25 patients with nonspecific neck pain, 20 patients
with degenerative neck pain, and 25 asymptomatic healthy
controls (Figure 1). Clinical diagnoses were performed by a li-
censed Korean Medicine Doctor (I.S.), one of the authors, with
expertise in musculoskeletal disorders, using standardized cri-
teria applied uniformly across all groups.
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Cervical sagittal X-ray radiographs were obtained
between January 2023 and January 2025
(n=159)

+ Age 18-70 years
« For degenerative neck pain group:

— Radiological/clinical diagnosis of structural pathology
« For nonspecific neck pain group:

— Painin neck region (Merskey definition)

— Pain duration <3 months
— Pain free interval >1 month
— Painintensity >2 on NRS
« Healthy controls:
— No history of neck pain or spinal disorders

Screened and eligible participants
(n=70)

—

Allocated into 3 groups ‘

!

!

Degenerative neck pain

— Cervical disc herniation (n=18)
— Cervical spinal stenosis (n=2)

(n=20) Nonspecific neck pain
(n=25) (n=25)

Healthy controls

Analyses performed:
Cervical sagittal alignment measurements
Comparison among three groups (One-way ANOVA)

Figure 1. Flow chart depicting participant selection and allocation into the 3 study groups. A total of 70 participants were allocated
into 3 groups: patients with nonspecific neck pain (n=25), degenerative neck pain (n=20), and asymptomatic healthy controls
(n=25). NRS, Numerical rating scale; ANOVA, analysis of variance.

The inclusion criteria were as follows: (1) age between 18 and
70 years; (2) for the nonspecific neck pain group, (i) a prima-
ry concern of neck pain located at least partly within the ana-
tomical region defined by Merskey, bounded superiorly by the
superior nuchal line, inferiorly by an imaginary line through
the tip of the first thoracic spinous process, and laterally by
sagittal planes tangential to the lateral borders of the neck;
(i) pain duration of less than 3 months, with a pain-free in-
terval of at least 1 month before the onset; (iii) pain intensi-
ty higher than 2 on a 10-point numerical rating scale; and (3)
for the degenerative neck pain group, radiological or clinical
diagnosis of structural pathology such as cervical disc herni-
ation and stenosis.

Pathological causes of neck pain were systematically excluded
in the nonspecific neck pain group through the following: (1)
review of lateral cervical radiographs confirming the absence
of structural abnormalities, such as disc space narrowing, os-
teophyte formation, and vertebral fracture; (2) clinical neuro-
logical examination excluding radiculopathy or myelopathy,
including the absence of motor weakness, sensory deficits, or
abnormal deep tendon reflexes; and (3) application of clinical
and imaging criteria to exclude inflammatory, infectious, neo-
plastic, or traumatic causes of cervical pathology.

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

The degenerative neck pain group comprised patients with
radiologically confirmed structural pathology, including cervi-
cal disc herniation, identified on magnetic resonance imaging
(MRI) as a posterior disc protrusion or extrusion (n=18), and
cervical spinal stenosis, confirmed by MRI or plain radiography
and characterized by decreased spinal canal dimensions (n=2).

Participants in the healthy control group were asymptomat-
ic and had no history of neck pain or spinal disorders; they
were selected from among individuals who underwent rou-
tine health screening, including lateral cervical radiography,
during the study period. Radiographic images were reviewed
to confirm the absence of structural abnormalities in the cer-
vical spine. The exclusion criteria were as follows: (1) history
of cervical spine surgery or traumatic injury; (2) congenital or
systemic musculoskeletal or neurological disorders (eg, rheu-
matoid arthritis, ankylosing spondylitis, and peripheral neurop-
athy); (3) presence of tumors, infections, or inflammatory dis-
ease affecting the cervical spine; (4) poor-quality radiographs
preventing accurate measurement; and (5) refusal or inabili-
ty to provide informed consent.
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Radiographic Data Collection

Lateral cervical radiographs (SIG-40-525; Ecoray Inc., Seoul,
Republic of Korea) were obtained for clinical purposes using a
digital radiography system under standardized exposure con-
ditions (70-80 kVp, 20-25 mAs, and a focus-to-film distance
of approximately 180 cm). All images were captured with the
participants standing, arms relaxed at their sides, and feet
together to minimize postural variation. Participants were
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Figure 2. Measurements of cervical sagittal radiographic
parameters on lateral cervical radiographs. (A)
The sagittal vertical axis (SVA) was measured as
the horizontal distance from a vertical line drawn
from the centroid of the C2 vertebral body to the
posterosuperior corner of the C7 vertebral body,
reflecting the anterior-posterior translation of the
cervical spine. (B) The spino—cranial angle (SCA) was
measured as the angle between a line connecting the
center of the sella turcica to the center of C7 and a
line along the posterior aspect of the cervical vertebral
bodies, providing an index of the overall sagittal
curvature relative to the cranial base. (C) Intervertebral
disc height was measured as the average of the
anterior and posterior disc heights at each cervical
level from C2-C3 through C6-C7, with measurements
taken at the midpoint of each vertebral segment.

instructed to maintain a neutral head position with a hori-
zontal gaze during imaging [15]. The imaging field extended
from the nasion-sella line to the 7t cervical vertebra (C7), in-
cluding the vertebral bodies, spinous processes, and interver-
tebral disc spaces [16]. Participants removed any accessories
that could interfere with image quality. All radiographs were
reviewed for adequate visualization of bony landmarks, and
suboptimal images were repeated.

Radiographic Measurements

Cervical sagittal alignment was assessed using lateral cervical
radiographs, focusing on 3 parameters: SVA, SCA, and interver-
tebral disc height. The SVA was measured as the horizontal dis-
tance between a vertical line from the centroid of C2 and the
posterosuperior corner of C7, representing anterior—posterior
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Table 1. Demographic and clinical characteristics of the degenerative neck pain, nonspecific neck pain, and healthy control groups.

Degenerative
neck pain

Nonspecific
neck pain

Control

Female 13 (65%) 15 (60%) 14 (56%) =
”””” Male 7@S® 10 0% 1@ -
CHeight(m) 1685182 1702479 1698580 0650
Cweight® 704125 721118 7321 0720

Footnote: Data are presented as meantstandard deviation (SD) or number (%). * P<0.05 was considered statistically significant.

translation. The SCA was measured as the angle between a line
connecting the center of the sella turcica to C7 and a line along
the posterior border of the cervical vertebral bodies, reflecting
global sagittal curvature relative to the cranial base [16-18].
The intervertebral disc height was calculated as the average
of the anterior and posterior disc heights at each cervical lev-
el from C2-C3 through C6-C7, with measurements conducted
at the midpoint of each vertebral segment [19].

Standardized anatomical landmarks were predefined before mea-
surement to ensure consistency across all radiographs. All mea-
surements were performed using a picture archiving and com-
munication system (PACS; ViewRex 3.0, Techheim, Seoul, Korea)
(Figure 2). Each parameter was measured 3 times by a blinded
examiner with over 5 years of experience, and the mean values
were used for analysis. Intraobserver reliability was excellent, with
intraclass correlation coefficients ranging from 0.996 to 0.999 for
SVA, 0.908 to 0.967 for SCA, and 0.981 to 0.995 for disc height.

Statistical Analysis

All analyses were performed using SPSS software (version 18.0;
SPSS Inc., Chicago, IL, USA). Normality and homogeneity of vari-
ance were assessed using the Shapiro-Wilk and Levene’s tests,
respectively. Differences in cervical sagittal parameters (SVA,
SCA, and intervertebral disc height) among the 3 groups were
analyzed using one-way ANOVA. When significant, post hoc
comparisons were performed using the Bonferroni correction.
Continuous variables are presented as meantstandard devia-
tion, and 95% confidence intervals (Cls) were calculated. A P
value <0.05 was considered statistically significant.

This work is licensed under Creative Commons Attribution-
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Results

Participants Characteristics

Seventy participants were included in the analysis: 25 with non-
specific neck pain, 20 with degenerative neck pain, and 25 as-
ymptomatic healthy controls. Mean age, height, and weight did
not differ significantly among the 3 groups (P>0.05, Table 1).
Female participants accounted for 65% (13), 60% (15), and 56%
(14) of patients in the degenerative neck pain, nonspecific neck
pain, and asymptomatic healthy control groups, respectively.

Cervical Sagittal Alignment

Cervical sagittal alignment significantly differed between
the 3 groups in terms of both SVA and SCA (SVA: F=5.988,
P=0.004; SCA: F=5.010, P=0.009; Table 2). Post hoc analysis
with Bonferroni correction revealed that the nonspecific neck
pain group exhibited a significantly higher C2-C7 SVA than
both the degenerative neck pain (P=0.004) and healthy con-
trol (P<0.05) groups, indicating greater anterior translation
of the cervical spine. Additionally, the SCA was significantly
smaller in the degenerative neck pain group than in the non-
specific neck pain group (P=0.014), suggesting reduced over-
all cervical lordosis relative to the cranial base. The nonspe-
cific neck pain group also demonstrated a significantly larger
SCA than the healthy control group (P=0.041). In contrast, no
statistically significant differences were observed between
the degenerative neck pain and control groups for either pa-
rameter (Figure 3).
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Table 2. Comparison of cervical sagittal alignment parameters (sagittal vertical axis and spino—cranial angle) among the degenerative

neck pain, nonspecific neck pain, and healthy control groups.

Variable Between group diffN:e er::ce
C2-C7 SVA (mm) DNP NSNP -7.45
CControl - 100
CNsNP NP 745
CControl 646
contol  DNP 100
SN 646
s DNP NSNP 679

Standard

J— P value 95% ClI

241 0.008* -13.24 to -1.66
""""""""" 241 0912 6780480
""""""""" 241 0008 16601324
""""""""" 208 001  100to1192
""""""""" 241 0912 45800678
""""""""" 208 001 -1192t0-100
""""""""" 234 0014  -1240t0-119

-10.75 to -0.18

Footnote: Data are presented as meantstandard deviation (SD). SVA, sagittal vertical axis (mm); SCA, spino—cranial angle (degrees);
DNP, degenerative neck pain; NSNP, nonspecific neck pain; Cl, 95% confidence interval. * P<0.05 (Bonferroni post hoc correction).

A 257 *

*%

Degenerative
neck pain

Nonspecific Control
neck pain

Degenerative
neck pain

Nonspecific Control
neck pain

Figure 3. Comparison of cervical sagittal alignment parameters among the 3 groups. (A) sagittal vertical axis (SVA) and
(B) spino—cranial angle (SCA) are presented for the nonspecific neck pain, degenerative neck pain, and healthy control

groups. * P<0.05 (Bonferroni post hoc correction).

Intervertebral Disc Height
No significant differences in cervical intervertebral disc height

were observed among the degenerative neck pain, nonspecific
neck pain, and control groups (P>0.05, Table 3).

Discussion

The present study demonstrated that patients with nonspe-
cific neck pain exhibited greater anterior cervical translation

(SVA: 19.36+8.86 mm) and a higher spino—cranial angle (SCA:
86.70+7.87°) than those with degenerative neck pain and
healthy controls. In contrast, intervertebral disc height did not
differ among the groups. Our findings are consistent with those
of Jouibari et al, who reported a reduction in T1 slope in pa-
tients with nonspecific neck pain compared with healthy con-
trols but no significant differences in global cervical lordosis
[14]. However, in contrast to the study by Jouibari et al, who
focused on segmental parameters such as T1 slope and cervi-
cal lordosis, our study suggests that nonspecific neck pain is
associated with alterations in global cervical sagittal alignment,
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Table 3. Comparison of the sagittal vertical axis (SVA), spino—cranial angle (SCA), and intervertebral disc heights among the
degenerative neck pain, nonspecific neck pain, and healthy control groups at cervical levels C2-C3 through C6-C7.

Variable . 3
pain pain

C2-C7 SVA (mm) 11.91+9.63

19.36+8.86

Degenerative neck Nonspecific neck

12.90+8.61

Disc height (C6-C7) (mm) 4.57+1.23

4.62+1.09

4:01%1%14

Footnote: Data are presented as mean+standard deviation (SD). SVA, sagittal vertical axis; SCA, spino—cranial angle. * P<0.05 was

considered statistically significant.

including increased SVA and SCA. These findings may reflect
a biomechanical adaptation involving overall sagittal balance
rather than isolated segmental compensation.

The present findings suggest that nonspecific neck pain is as-
sociated with a global alignment pattern. Specifically, the in-
creased anterior translation observed in patients with non-
specific neck pain may distinguish this condition from other
specific pathological conditions. Notably, this pattern sug-
gests functional rather than structural alterations and dif-
ferent pathophysiological mechanisms underlying symptom
development. This interpretation is supported by the preser-
vation of disc height, indicating that symptoms can occur in-
dependently of degenerative changes. Notably, this conclusion
aligns with previous studies demonstrating that pain intensity
and disability are not necessarily correlated with disc height
or degenerative grade [20,21].

In the present study, we observed no differences in disc height
among the 3 groups. This contrasts with a previous study dem-
onstrating an association between disc height loss and neck
pain, with reduced disc height being associated with persistent
symptoms [20], but it focused on specific pathological condi-
tions rather than nonspecific neck pain conditions. Consistent
with our findings, other studies have revealed relationships
between disc height and pain intensity or functional disabili-
ty, especially in nonspecific neck pain [21,22]. These findings
collectively suggest that degenerative neck pain is associated
with identifiable structural abnormalities, whereas nonspecif-
ic neck pain occurs without clear anatomical pathology [6,9].

Our findings support a distinction between the functional and
structural etiologies of neck pain. Nonspecific neck pain ap-
pears to be related to postural dysfunction and neuromuscular

This work is licensed under Creative Commons Attribution-
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imbalance rather than degenerative structural changes, which
is consistent with previous evidence demonstrating that non-
specific neck pain is characterized by musculoskeletal dysfunc-
tion without clear structural correlates [23,24]. Moreover, the
preservation of disc height across groups suggests that non-
specific neck pain results from altered biomechanical loading
associated with postural adaptations rather than disc degen-
eration. Pain can arise from alternative mechanisms, including
increased muscular demand, fascial restriction, altered proprio-
ception, and cumulative loading of posterior cervical tissues
[5]. Overall, these findings provide an alternative to tradition-
al models linking neck pain to structural disc abnormalities.
In nonspecific neck pain, the disc appears to retain structur-
al integrity, whereas surrounding soft tissues may maladapt
under sustained postural stress, which may explain why non-
specific neck pain responds to conservative interventions fo-
cused on postural correction and neuromuscular re-education
[24,25]. Furthermore, the altered sagittal alignment observed in
nonspecific neck pain results from compensatory mechanisms
aimed at maintaining the visual field orientation and postur-
al stability. Paradoxically, the sustained anterior head posture
increases mechanical loading on posterior cervical structures,
including extensor muscles, ligaments, and facet joints [26].
This altered loading pattern may contribute to muscular imbal-
ance with superficial extensors and inhibition of deep flexors,
reinforcing a postural dysfunction and pain [27,28].

The identification of SVA and SCA as radiological markers, com-
bined with preserved disc height, may provide useful indicators
for nonspecific neck pain. In particular, increased SVA and SCA
with normal disc height may help distinguish functional from
structural presentations. These objective measures may also
support clinical assessment and inform rehabilitation strate-
gies. Notably, the degenerative neck pain group demonstrated
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sagittal alignment comparable to that of the healthy controls
despite the presence of structural pathology. However, this
finding should be interpreted with caution, as the absence of
global sagittal malalignment in this cohort does not diminish
its relevance in other pathological conditions; instead, it sug-
gests that global alignment was not the primary distinguish-
ing factor in this group.

The contrasting findings between degenerative and nonspe-
cific neck pain suggest differences in underlying pathophys-
iological patterns. Notably, patients with degenerative neck
pain demonstrated normal sagittal alignment despite struc-
tural abnormalities, whereas those with nonspecific neck pain
exhibited alignment changes without identifiable pathology.
These divergent presentations underscore the clinical value
of assessing global cervical sagittal alignment in nonspecific
neck pain, particularly in the absence of a clear structural di-
agnosis. This distinction carries important therapeutic implica-
tions: degenerative neck pain may require targeted treatment
of localized pathology (eg, decompression or anti-inflammato-
ry approaches), whereas nonspecific neck pain benefits more
from alignment-focused rehabilitation, including postural cor-
rection and neuromuscular re-education.

Limitations

This study has certain limitations. First, owing to its cross-sec-
tional design, a causal inference cannot be established between
sagittal alignment and neck pain. Therefore, longitudinal stud-
ies are required to establish temporal relationships. Second,
as radiographic assessment was limited to a static standing
posture, it may not reflect dynamic motion or functional load-
ing conditions. Third, measurements were based on two-di-
mensional lateral images, which do not capture three-dimen-
sional alignment or rotational components. Fourth, only SVA
and SCA were used as global alignment parameters, and oth-
er factors, such as segmental alignment and neuromuscular
function, were not assessed. Fifth, potential confounders, in-
cluding body mass index, occupational posture, screen time,
and daily postural habits, could not be controlled, owing to
the retrospective design of the study; these factors may have
influenced alignment and symptoms. Finally, the degenerative
neck pain group was heterogeneous, with most patients pre-
senting with disc herniation and only few with spinal steno-
sis, which limits subgroup analysis and generalizability. Future
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studies should incorporate longitudinal designs with dynamic
and three-dimensional assessments while accounting for po-
tential confounders.

Conclusions

The present study demonstrates distinct cervical sagittal align-
ment patterns in nonspecific neck pain compared to degen-
erative neck pain and healthy controls. Patients with nonspe-
cific neck pain had increased anterior translation and altered
global cervical lordosis, whereas intervertebral disc height did
not differ among groups. These findings suggest that struc-
tural disc morphology is less relevant than global alignment
patterns in nonspecific neck pain. Our results indicate that
nonspecific neck pain is associated with global sagittal align-
ment changes rather than segmental abnormalities, demon-
strating that clinical assessment and management strategies
should focus on overall cervical alignment rather than isolat-
ed segmental features.
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