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Abstract
Objectives: To find out if there exists any correlation between clivoaxial angle (CXA) 
and skeletal malocclusions. Materials and Methods: Lateral cephalograms of 33 
filipino patients equally divided in three types of skeletal malocclusions were traced, and 
cephalometric parameters CXA, BaSN, ANB, SNMPA, FMA, MMPA, and Y‑axis were 
traced. Data underwent bivariate correlation and curve estimation analysis in SPSS 17.0 
statistical software at confidence interval of 95% and 0.05 significance level. Results: 
A highly significant (P = 0.003) strong negative correlation was revealed in Class III 
patients between CXA and BaSN. Conclusion: Class III patients seem to have higher 
chances of craniocervical junction anomalies and thus might be at risk of developing 
neurodegenerative disorders in future.
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INTRODUCTION

There has been a drastic r ise in patients with 
neurodegenerative and functional disorders in the past 
decade, and early detection of  such conditions is not 
yet feasible. Upright posture and motion of  cervical 
spine increase the strain in craniocervical junction (CCJ) 
which is a crucial tollgate for cerebrospinal fluid and 
blood flow between spinal canal and cranial vault that 
may lead to faulty hydrodynamics in the craniospinal 
region and furthering to edema, chronic ischemia, and 
hydrocephalus.[1‑6]

The clivoaxial angle (CXA) or upper cervical angle and 
cranial base angle, both are important for the function of  
the brainstem and cord. Just like increase in cranial base 
angle (BaSN) above than normal (125–143°) which is 
called platybasia[7,8] as classically described by Chamberlain, 
a lower than normal (150–165°) CXA compresses[9‑14] the 
brainstem, cord, contents of  foramen magnum, and spinal 
canal [Figures 1‑3].[9,15] This not only causes functional 
Chiari formations[14,16] but also predisposes the individual 
to biomechanical neuraxial stress which is manifested by 
myelopathy, bulbar symptoms, and neck pain or headache.[9]

Biomechanics and mechanobiology are closely interrelated, 
neuronal bundles being the pathological substrate of  
deformative stress in this case due to kyphotic CXA directly 
leading to stretch triggered accumulation of  neurofilament 
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in axons[17] and thus apoptosis.[18] An abnormal CXA 
may lead to faulty craniospinal hydrodynamics increasing 
the chances of  neurodegenerative disorders such as 
Alzheimer’s,[19,20] Parkinson’s,[19] multiple sclerosis,[21,22] 
obstructive sleep apnea, etc.[23,24]

The aim of  this study was to find if  there exists 
any correlation between CXA and other craniofacial 
cephalometric parameters in different types of  skeletal 
malocclusions.

MATERIALS AND METHODS

The study was a retrospective cephalometric study. Lateral 
cephalograms of  33 Filipino subjects, divided equally into 

three groups of  Class  I, II, and III malocclusions were 
obtained randomly from the pretreatment records of  
the orthodontic patients at Postgraduate Orthodontics 
Clinic, CM Recto Avenue, University of  the East, Manila, 
Philippines.

These were traced by the author on cephalometric tracing 
sheets  (Masel, Australia) using a 0.3  mm mechanical 
pencil  (Staedtler, Germany) and the cephalometric 
parameters  CXA, crania l  base  angle   (BaSN), 
maxillomandibular angle  (ANB), mandibular plane 
angle (SNMPA), Frankfort‑mandibular plane angle (FMA), 
maxillomandibular plane angle  (MMPA), and growth 
axis angle  (Y‑axis) were measured using cephalometric 
protractor  (Ortho Organizers, US). Three X‑rays from 
each group were randomly selected and retraced 1 week 

Figure 1: Normal craniocervical junction in the neutral position. The 
clivo‑axial angle varies from 150° to 165°. There is minimal or zero 
deformative strain in the neutral state

Figure 2: Normal craniocervical junction in flexion. The neuraxis 
stretches by approximately 10% of its total length with flexion of the 
craniocervical junction creating a strain e = 0.1

Figure 3: Pathological craniocervical junction with an abnormal clivo‑axial 
angle in flexion. On full flexion at the craniocervical junction, the increase 
in the tangent arc creates a deformative strain approaching e = 0.2. In vivo 
and in vitro models demonstrate loss of function with strains of 0.2

Figure 4: Minimum observed clivo‑axial angle for Class I, II, and III 
were 145°, 146°, and 144°, respectively with standard deviation from 
normal increasing from Class I to III
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after the initial data recording by the author for error 
quantification.

The data recorded were subjected to descriptive statistics 
[Table 1], bivariate correlation [Table 2], and regression/
curve estimation analysis [Figures 5‑7] using statistical 
software SPSS 17.0, IBM Corp., (SPSS Statistics for 
Windows, Version 17.0. Chicago (US), SPSS Inc.) at 95% 
confidence interval and 0.05 significance level.

RESULTS

Minimum observed clivo-axial angle for Class I, II, and 
III were 145°, 146°, and 144°, respectively with standard 
deviation from normal increasing from Class I to III 
[Figure 4]. In Class I skeletal malocclusion group, Pearson’s 
correlation coefficient “r” for CXA showed strong negative 
relationship to BaSN (−0.541), weak negative relationship 
to FMA (−0.266), negligible or no correlation for SNMPA 
(−0.195), MMPA (+0.008), Y‑axis (−0.030), and ANB 
(+0.102).

In Class II group, value of  “r” for CXA was found to 
have strong positive relationship for FMA (+0.537) 
and Y‑axis (+0.501), a moderate positive relation to 
ANB (+0.374), weak positive relationship to SNMPA 
(+0.206), MMPA (+0.299), and a weak negative relation 
to BaSN (−0.257).

In skeletal Class III malocclusions, Pearson’s “r” for 
CXA showed a very strong negative correlation toBaSN 

Figure 5: Class I regression curve Figure 6: Class II regression curve

Table 1: Descriptive statistics
Descriptive statistics

N=11 Class I Class II Class III

Mean SD Mean SD Mean SD
CXA 154.05 6.38 155.18 7.4 155.54 8.63
BaSN 135 3.54 131.18 3.12 129.09 6.28
ANB 2 1 5 0.74 -3.54 2.25
SNMPA 36.68 4.16 39.68 4.21 32.73 5.23
MMPA 28.36 3.77 32.32 4.83 28.18 4.47
FMA 27.86 4.85 32.73 4.49 26.36 3.52
Y-Axis 57.73 4.12 59.82 4.35 56.18 2.56

Table 2: Bivariate correlations 
Bivariate correlations

N=11 CXA BaSN ANB SNMPA MMPA Y-Axis
CLASS I CXA 1

r −0.541 0.102 −0.195 0.008 −0.030
P 0.086 0.766 0.565 0.982 0.931

CXA 1
CLASS II r −0.257 0.374 0.206 0.299 0.501

P 0.446 0.258 0.544 0.372 0.117
CXA 1

CLASS III r −0.803 0.377 −0.003 0.301 0.438
P 0.003* 0.253 0.993 0.369 0.177

*Pearson’scorrelation [r  P <0.05
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(−0.803) which was highly significant (P < 0.05) at 
P = 0.003, Y‑axis (+0.438) showed a strong positive 
relationship, MMPA (+0.301) and ANB (+0.377) gave 
moderate positive correlations, FMA (+0.285) had a weak 
relation to CXA, and SNMPA (−0.003) showed negligible 
or no correlation.

DISCUSSION

Looking into human evolution, the development of  
an upright posture caused a curvature in neurovascular 
bundles at the cranial base level, and this might further 
worsen when kinking/kyphosis ensues due to certain 
craniofacial patterns which cause a further change in head 
posture.

Cranial base growth and skeletal jaw relations are closely 
dependent on each other thus prescreening such patients 
early in age would enable us to help susceptible patients 
to be referred to other medical specialists so as to correct 
their posture and/or treat them in a more effective 
manner.

CONCLUSION

Class  I and III patients had evident inverse correlation 
between CXA and cranial base angle but the latter seem to 
have more statistically significant dependence. In Class II 
group, on the other hand, CXA was more related to 
Frankfurt mandibular plane and growth axis angles.

Class  III group indicatively seem to be at more risk 
of  developing future neurodegenerative disorders as 
compared to Class  I and II skeletal malocclusion since 
the standard deviation for both CXA and cranial base 
angle (BaSN) in Class III group is large, which is enough 
to cause unwanted biomechanical strain on neural bundles 
passing through CCJ, although more evidence is required 
to establish such statement.

Since we orthodontists deal with cephalometrics on 
a regular basis, our profession can play a vital role in 
prescreening such cases having abnormal craniocervical 
abnormalities not limited just to CXA.
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