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Purpose: This cross-sectional study aimed to evaluate the relationship between occipital spur (OS) with both craniocervical posture 
and craniofacial morphology.
Methods: The study involved 240 lateral cephalograms from subjects with and without OS. The craniocervical posture and facial 
morphology of every individual were assessed through Uceph software analysis of their cephalograms, considering 32 variables. The 
Independent T-test and the Mann–Whitney U-test were used to evaluate the relationships between the measures and OS. Differences in 
craniocervical posture and craniofacial morphology between the two groups were investigated by logistic regression.
Results: Subjects with OS exhibited more severe forward head posture (FHP) (larger C0-C1, Ba-C3ia, C2ap-C4ip, craniocervical 
angle, CVT-OPT, and NSL-C2’) and larger facial configuration (greater mandibular body length, posterior cranial base length, and 
posterior facial height) than the subjects without OS. Larger C2ap-C4ip (OR 1.53; 95% CI 1.282~1.82), Craniocervical angle (OR 
1.70; 95% CI 1.457~1.977) and NSL-C2’ (OR 1.18; 95% CI 1.097~1.264), were associated with greater likelihood of having OS.
Conclusion: The subjects with OS were more prone to forward head posture than the control group. For subjects observed with OS 
on cephalograms, attention should be given to their possible abnormal cervical and head postures.
Keywords: occipital spur, craniocervical posture, craniofacial morphology, cephalometric analysis, forward head posture

Introduction
Enthesophytes are osseous spurs that develop where tendons, ligaments, fascia, or joint capsules insert into bones.1,2 An 
occipital spur(OS) is an abnormal bone growth on the external occipital protrusion (EOP).3 Anatomically, it is where the 
nuchal ligament and the trapezius muscle insert.4 Occipital spurs are also known as occipital buns, occipital knobs, occipital 
horns, onion hooks, and chignons.5 Spur areas are classified into three types: type 1 (flat), type 2 (crest), and type 3 (spine) 
(Figure 1).6,7 The application of radiological techniques allows them to be detected more frequently. The study conducted by 
Shahar et al found that forty-one percent of young adults had an enlarged external occipital protuberance (EEOP).8 Bony spurs 
are typically asymptomatic, but they may develop symptoms and cause discomfort over time.5,7,9

Biomechanical, inflammatory, immune and genetic factors may contribute to bone spur formation.10,11 Shahar et al 
suggested that mechanical influences could be essential in developing large enthesophytes.11 Musculoskeletal disorders 
may be linked to poor posture and biomechanical stress.8 A recent study has shown that aberrant loading of the EOP 
enthesis and sustained poor posture may be associated with the development of an EEOP.10 Some researchers have 
suggested that OS may be associated with pain at the base of the skull and headaches, potentially extending to the 
shoulders and neck.6,12 Considering the correlation between the craniocervical and craniomandibular systems, it is crucial 
to determine whether anatomical variations in one system can cause changes in the other. For example, symptoms and 
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signs of temporomandibular disorders might be associated with craniofacial dimensions and head posture.13 Studies 
about the relationship between OS and craniocervical posture and craniofacial morphology were limited.

The purpose of this cross-sectional study was to investigate the relationship between OS with both craniocervical 
posture and craniofacial morphology, which might help explain OS etiology. The null hypothesis was that there was no 
relationship between OS and craniocervical posture and craniofacial morphology, whereas the experimental hypothesis 
was that there was a relationship between them.

Materials and Methods
Study Design
The cross-sectional study was conducted in the Department of Orthodontics, West China Hospital of Stomatology, 
Sichuan University, China. A sample size of 210 subjects was calculated using G*Power version 3.1.9.7 (Franz Faul, 
Universität Kiel, Germany; 1-β = 0.95, α = 0.05, effect size: d = 0.5). The sample consisted of 240 lateral cephalograms. 
The study protocol was approved by the Institutional Review Board of West China Hospital of Stomatology (No. 
WCHSIRB-D-2022-153) and complied with the Declaration of Helsinki. The verbal informed consent approved by the 
West China Hospital of Stomatology that the images might be used for scientific research was obtained from each patient 
before the lateral cephalogram examination.

We consecutively included 120 subjects with OS from January 2021 to October 2021 and matched the control group 
accordingly. This research excluded participants who had undergone orthognathic or other craniofacial surgeries or 
received orthodontic treatment. Individuals with systemic diseases impacting the craniofacial region or possessing 
craniofacial tumors and other anomalies were likewise not included. In addition, the study did not involve pregnant 
women or individuals under the age of 18. Lateral cephalometric radiographs taken in a natural head position (NHP) and 
teleradiographic examinations that highlight at least four cervical vertebrae are required for inclusion in this research. An 
OS could be determined when the spur length is greater than 5 mm (Figure 1). We divided subjects into two groups in 
this study: participants with OS (n=120) and those without OS (n=120).

Cephalometric Analysis
The lateral cephalograms were obtained following a standardized technique; the patients were instructed to stand in an 
NHP with maximum intercuspation, and not to swallow during the procedure. The radiographs were analyzed on Uceph 
software (version 4.3.3, Chengdu, China) to obtain the measurements. Cephalograms were traced by two experienced 
orthodontists blinded to the diagnosis of the patients. The reliability of the cephalometric method was tested by 
measuring 20 cephalometric radiographs randomly selected from each group twice within a 4-week interval. As the 
correlation coefficients between measurement errors exceeded 0.8, a high level of reliability was demonstrated.

Figure 1 Occipital spur types samples: (a) Type 1: Flat, (b) Type 2: Crest, (c) Type 3: Spine, (d) Occipital spur measurement on lateral cephalometric radiographs. Spur 
length is measured from its most superior point to its most distal point from the skull.
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A total of 25 landmarks were recorded on each radiograph, and 32 variables were calculated based on these landmarks: 15 
variables for craniocervical posture and 17 variables for craniofacial morphology (Supplementary Table 1). The anatomical 
landmarks used for the analysis were shown in Figure 2. Measurements for craniocervical posture and craniofacial 
morphology were illustrated in Figures 3 and 4.

Statistical Analysis
All data were analyzed with the Statistical Package for the Social Sciences for Windows version 20.0 software. Quantitative 
variables were expressed as mean ± standard deviation (mean ± SD), while qualitative variables were expressed as n (%). 
Shapiro–Wilks test was used to test for normal distribution of each parameter. Whenever the data showed a normal distribution, 
the Independent samples t-test was used, and whenever not, the Mann–Whitney U-test was used. The Pearson correlation 
coefficient was used to test the collinearity between the variables. Then the differences in craniocervical posture and craniofacial 
morphology between the two groups were investigated by logistic regression. Statistical significance was set at P < 0.05.

Results
A total of 240 patients were included in this study, including 120 subjects with OS and 120 subjects without OS. Their 
age range was 18.10 to 47.67 years (mean age, 27.86±7.25). In terms of demographic characteristics, no significant 
difference in gender distribution or age distribution was noted between the two groups(P>0.05) (Table 1).

Six craniocervical measurements were statistically significant between the two groups. The C0-C1, Ba-C3ia, C2ap- 
C4ip, craniocervical angle, CVT-OPT, and NSL-C2’ of the subjects with OS were significantly greater than those without 

Figure 2 Landmarks used in this study: C0, the base of the occiput; C1, the posterior arch of the atlas; C2, the spinous process of the second vertebra; C2ap, the apex of 
the odontoid process of the second cervical vertebra; C2ia, the most inferior-anterior point on the body of the second vertebra; C2ip, the most postero-inferior point on 
the corpus of the second cervical vertebra; C2tg, the tangent point of OPT on the odontoid process of the second cervical vertebra; C3ia, the most inferior-anterior point 
on the body of the third vertebra; C4ip, the most postero-inferior point on the corpus of the fourth cervical vertebra; Ba, basion; PNS, posterior nasal spine; Go, gonion; 
Me, menton; Or, orbitale, the lowest point on the inferior margin of the orbit; P, porion; S, sella; N, nasion; Ar, articulare; ANS, anterior nasal spine. A, point A; B, point B; 
Co, condylion; Gn, gnathion; UI, upper incisor; LI, lower incisor.

Journal of Pain Research 2025:18                                                                                                     https://doi.org/10.2147/JPR.S488467                                                                                                                                                                                                                                                                                                                                                                                                    181

Cheng et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=488467.docx


OS (Table 2). The standard distance between C0-C1 is 4–9 mm. Distances less than 4 mm may indicate a posterior 
rotation of the skull, whereas distances over 9 mm may indicate an anterior rotation.14 Higher values of Ba-C3ia indicate 
a more severe forward head posture.15 C2ap-C4ip represents the cervical spine’s length. The normal craniocervical angle 
is 96° to 106°. Values exceeding 106° suggest head flexion, and values below 96° suggest head extension.16 Increasing 
values of NSL/C2’ indicate an increase in cervical forward flexion in the second cervical segment and a more severe 
degree of forward head posture (FHP).17 The term “extension of the head” denotes a raised position of the head with 
respect to the cervical column, whereas the term “flexion of the head” indicates a forward bent posture. It appeared that 
subjects with OS exhibited a more severe FHP than those without OS.

Regarding craniofacial measurements, the OS group demonstrated significantly greater mandibular body length, 
posterior cranial base length, and posterior facial height compared with the control group (Table 3).

A positive correlation coefficient of 0.861 was observed between Ba-C3ia and C2ap-C4ip, and a positive correlation 
coefficient of 0.821 was observed between posterior facial height and Posterior cranial base length (P < 0.05) 
(Supplement Table 2). A high correlation coefficient between two variables (eg, > 0.8) indicates collinearity. Ba-C3ia 
and posterior facial height were excluded due to collinearity, and then a logistic regression was conducted. Results 
indicated that larger C2ap-C4ip (OR 1.53; 95% CI 1.282~1.82), Craniocervical angle (OR 1.70; 95% CI 1.457~1.977), 
and NSL-C2’ (OR 1.18; 95% CI 1.097~1.264), were associated with a greater likelihood of having OS (Table 4).

Discussion
The main objective of the study was to identify variations in craniocervical position and craniofacial morphology among 
individuals with OS and those without it. Statistical analysis confirms our hypothesis, showing significant differences in 
craniocervical posture and craniofacial morphology between the two groups. The C0-C1, Ba-C3ia, C2ap-C4ip, cranio-
cervical angle, CVT-OPT, and NSL-C2’ of subjects with OS were significantly greater than those of the subjects without 

Figure 3 Craniocervical measurements in this study: 1: C0-C1 (mm); 2: C1-C2 (mm); 3: Ba-C3ia (mm); 4: C2ap-C4ip (mm); 5: Craniocervical angle (°); 6: CVT-OPT (°); 7: 
CVT-MP (°); 8: CVT-FH (°); 9: CVT-SN (°); 10: CVT-RL (°); 11: OPT-MP (°); 12: OPT-FH (°); 13: OPT-SN (°); 14: OPT-RL (°); 15: SN-C2’ (°).
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OS, which indicates that those with OS have a significant tendency to FHP. Considering the statistical differences in 
mandibular body length, posterior cranial base length, and posterior facial height, it is also possible to conclude that 
craniofacial morphology is associated with the development of OS.

An aberrant posture such as FHP may be responsible for the development of OS due to the insertion of key tendons and 
ligaments on the OS. As FHP increases, the mechanical load on the OS might increase due to the direct tension exerted at the 
attachment point by the upper trapezius fibers and ligamentum nuchae.18 In our study, the subjects with OS exhibited a mean 
value of 11.06±2.75mm of the C0-C1, suggesting a potential inclination towards anterior skull rotation. Increased Ba-C3ia, 
craniocervical angle, and NSL/C2’ values suggest a more pronounced FHP. The value of the craniocervical angle in the OS 
group exceeding 106° indicates head flexion. As implied from the binary logistic regression analysis outcome, greater C2ap- 
C4ip, Craniocervical angle, and NSL-C2’ tend to relate to the occurrence of OS, suggesting that subjects with OS were more 

Table 1 Demographic Characteristics of Subjects with and 
without OS

Without OS With OS Total P-value

Gender n % N % n % P

Male 50 20.8 49 20.4 99 41.2 0.896

Female 70 29.2 71 29.6 141 58.8

Age Mean ± SD Mean ± SD Mean ± SD P

27.63±6.30 28.10±8.11 27.86±7.25 0.620

Abbreviations: OS, Occipital spur; SD, standard deviation.

Figure 4 Craniofacial measurements in this study: 1: SNA (°); 2: SNB (°); 3: ANB (°); 4: FMA (°); 5: Ramus height (mm); 6: Mandibular Body length (mm); 7: Effective length 
of maxilla (mm); 8: Effective length of mandible (mm); 9: Anterior cranial base length (mm); 10: Posterior cranial base length (mm); 11: Y-axis (°); 12: Anterior facial height 
(mm); 13: Posterior facial height (mm); 14: Interincisal angle (°); 15: UI to NA (mm); 16: LI to NB (mm).
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likely to have a more pronounced FHP. Shahar et al found that mechanical forces played a significant role in bone spur 
formation, regardless of inflammatory or genetic factors.11 The study found that all participants who showed distinct FHP 
also had a history of aberrant posture and postural habits.11 The odds ratios of a cross-sectional study indicate that every 
10 mm increase in FHP increases the likelihood of having EEOP by 1.03 times.10,19 In conclusion, it is likely that FHP plays 
a significant role in OS development. A high prevalence of EEOP among young people is speculatively attributed to poor 
posture influenced by the extensive use of handheld devices.10 However, Porrino et al found no significant association 

Table 2 Mean and Standard Deviation of the Different Measures of Cervical Posture in 
Subjects with and without OS

Craniocervical Measurements Without OS (n=120) With OS (n=120) P-value

C0-C1 (mm) 9.98±2.43 11.06±2.75 0.003**

C1-C2 (mm) 15.17±3.41 15.39±3.06 0.472

Ba-C3ia (mm) 57.54±5.66 58.78±4.53 0.044*
C2ap-C4ip (mm) 66.05±5.58 68.34±5.59 0.002**

Craniocervical angle (°) 103.27±7.06 111.66±5.59 <0.001**

CVT-OPT (°) 3.71±2.53 6.95±25.84 0.004**
CVT-MP (°) 68.71±7.01 71.19±9.08 0.091

CVT-FH (°) 87.76±7.84 87.15±9.49 0.341
CVT-SN (°) 102.14±7.53 103.77±8.51 0.116

CVT-RL (°) 10.01±5.84 11.97±6.82 0.058

OPT-MP (°) 65±7.54 64.24±24.7 0.651
OPT-FH (°) 88.38±7.38 85.58±24.8 0.391

OPT-SN (°) 98.42±7.79 96.82±25.01 0.700

OPT-RL (°) 6.29±6.18 5.02±24.45 0.539
NSL-C2’ (°) 22.32±8.03 29.53±39.11 0.018*

Notes: *P≤0.05; ** P≤0.01. 
Abbreviation: OS, Occipital spur.

Table 3 Mean and Standard Deviation of the Different Measures of Facial Morphology in 
Subjects with and without OS

Facial Morphology Measurements Without OS (n=120) With OS (n=120) P-value

SNA (°) 82.18±3.54 82.83±3.81 0.266

SNB (°) 78.78±4.62 79.44±4.78 0.338
ANB (°) 3.4±3.57 3.39±3.45 0.901

FMA (°) 23.32±6.75 22.54±7.13 0.386

Ramus height (mm) 47.79±5.69 48.58±5.91 0.293
Mandibular body length (mm) 70.6±4.69 71.83±4.65 0.041*

Effective length of maxilla (mm) 80±5.08 81.11±4.9 0.137

Effective length of mandible (mm) 108.57±7.42 110.44±7.44 0.066
Anterior cranial base length (mm) 63.94±3.83 64.42±3.76 0.356

Posterior cranial base length (mm) 33.72±3.59 35.14±3.78 0.003**

Y-axis (°) 60.78±4.21 60.55±4.05 0.661
Anterior facial height (mm) 115.39±7.5 116.91±6.91 0.139

Posterior facial height (mm) 78.89±7.58 81.07±8.33 0.035**

Facial height index (%) 68.45±5.94 69.4±6.46 0.241
Interincisal angle (°) 125.18±11.51 127.28±12.62 0.180

U1 to NA (mm) 5.08±2.81 4.96±2.89 0.663

L1 to NB (mm) 6.33±2.76 6.16±3.09 0.483

Notes: *P≤0.05; ** P≤0.01. 
Abbreviation: OS, Occipital spur.
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between iPhone accessibility and an exophytic external occipital protuberance.20 Differences in results may be due to 
variations in the grouping methods of the study samples.

It has been observed that subjects with OS tend to have a larger facial configuration than subjects without OS. The 
results of this investigation agree with the finding of a previous study that showed greater linear craniofacial measure-
ments in subjects with enlarged occipital spur (EOS) than in those with OS.21 A possible association between OS and the 
development of the craniomaxillofacial system during puberty has been proposed.21 It is interesting to note that 
Çağlayan’s study found that OS is more common in mesocephalic and dolichocephalic skulls.22 FHP and craniofacial 
morphology might be involved in the development of OS, and further investigation is necessary.

Our results provide an innovative perspective on the link between OS and craniocervical posture from a clinical 
perspective. The OS has been associated with pain at the base of the skull, which may extend to the shoulder, limiting the 
movement of the shoulder and neck.6 Additionally, the tubercle may cause occipital headaches. This condition has been 
observed to be more common in tree climbers and basketball/volleyball players, who frequently perform vertical 
biomechanical movements of the neck.23 The results of this study suggested that FHP may be associated with OS, 
suggesting that people should avoid poor posture in their daily lives. By identifying the presence of OS on the lateral 
cephalograms, the orthodontist can inquire about the patient’s pain complaint, provide early diagnosis and referral, and 
advise the patient to correct their FHP.

There are several limitations in our study. The direct causal relationships between OS and craniocervical posture or 
between OS and craniofacial morphology were not clear due to the lack of longitudinal studies. Furthermore, these 
results were derived from lateral cephalograms of subjects in static positions and, therefore, did not accurately reflect the 
kinematics of the craniocervical region. Besides, the results might be limited to the test population and may not be 
generalizable to other age groups. Further studies with longitudinal data are needed to clarify the relationships of 
craniocervical posture and craniofacial morphology with OS. For patients with OS, this would be useful in the prevention 
and treatment planning process of OS development.

Conclusion
Statistically significant differences were observed regarding head and cervical posture and craniofacial morphology in the 
sample studied. Individuals with OS displayed a more severe FHP than those without OS. Identifying OS on lateral 
cephalograms might allow the orthodontist to ask the patient about cervical pain, provide early diagnosis and referral, and 
advise the patient in correcting FHP. Longitudinal assessments are necessary to confirm this conclusion.

Ethics Approval Information
All procedures followed were in accordance with the ethical standards of the responsible committee on human 
experimentation (Institution Review Board of the West China Hospital of Stomatology, Sichuan University, China) 
(No. WCHSIRB-D-2022-153).

Table 4 Results of Logistic Regression

Parameter Beta (β) df Wald χ2 Odd Ratio 95% Confidence  
Interval for EXP (B)

P-value

C0-C1 (mm) 0.08 1 0.79 1.08 0.907~1.296 0.375

C2ap-C4ip (mm) 0.42 1 22.46 1.53 1.282~1.82 <0.001*

Craniocervical angle (°) 0.53 1 46.25 1.70 1.457~1.977 <0.001*
CVT-OPT (°) 0.17 1 3.42 1.18 0.990~1.404 0.065

NSL-C2’ (°) 0.16 1 20.45 1.18 1.097~1.264 <0.001*

Mandibular body length (mm) −0.09 1 1.84 0.92 0.808~1.04 0.175
Posterior cranial base length (mm) 0.14 1 2.17 1.15 0.955~1.383 0.141

Constant −90.16 1 42.66 0.00 <0.001*

Note: *P≤0.01.
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