
Original Article
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ABSTRACT
Objective: The literature indicates a correlation between vertebral morphologic anomalies and some orthodontic malocclusions. 
The aim of this study was to examine the occurrence of the types of cervical vertebral anomalies (CVAs) in subjects with 
transverse maxillary deficiency (TMD) and to compare this with the occurrence of CVA in a control group without TMD. 
Materials and Method: A sample of 47 Turkish patients (17 boys, 30 girls) with TMD and another sample of 47 Turkish patients 
(15 boys, 32 girls) with adequate maxillary transversal dimensions was studied. A visual assessment of the cervical column was 
made using lateral cephalometric films. Characteristics of the cervical column were classified according to Sandham as fusions 
and posterior arch deficiencies of C1 (PADs). Clinically normal appearance was determined when the first 4 vertebrae could be 
traced as separate entities with all anatomic components present. Differences in occurrence of CVA between the groups and 
between genders were assessed by v2 independence test.
Results: In the TMD group, 10,6% of the subjects had fusion in the cervical column, and 14,9% had PAD. In the control group, 
17% of the subjects had fusion of the cervical column, and 8,5% had PAD. The occurrence of PAD was significantly increased in 
the TMD group (p,0.05), while no significant difference was found between the groups for occurrence of fusion (p.0.05). No 
statistically significant gender differences were found in the occurrence of CVA in the TMD group and the control group (p.0.05). 
Conclusion: No difference was found in the occurrence of fusion between the subjects with TMD and the subjects without TMD, 
and the occurrence of PAD was significantly increased in subjects with TMD. (Turkish J Orthod. 2014;27:136–142)
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INTRODUCTION

Congenital anomalies of the cervical spine range

in severity from benign or asymptomatic to anoma-

lies that can potentially cause severe complications.

Anomalies of the occipitocervical junction are often

not detected until late childhood or adolescence, and

some remain hidden well into adult life.1 Other

anomalies of the cervical spine, although recognized

in early life, may not become clinically significant

until adulthood.1

In 1982, Farman and Escobar2 described the

radiographic appearance of cervical vertebrae

anomalies (CVAs) on standardized lateral cephalo-

metric films. These anomalies include variations in

the normal anatomy of the atlas, occipitalization of

the atlas, progressive degrees of lipping, supernu-

merary vertebrae, accessory ossicles, block verte-

brae, and spina bifida.2,3 Sandham4 classified the

characteristics of the cervical column and catego-
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rized CVAs into 2 main groups: posterior arch 
deficiencies of C1 (PADs) and fusions.

To date, CVAs have been related to cleft lip and 
palate,4–6 condylar hypoplasia,7 skeletal deep bite,8 

skeletal open bite,9 transverse maxillary deficiency 
(TMD),10 skeletal maxillary overjet,11 skeletal man-

dibular overjet,12 craniosynostosis syndromes,13,14 

and some craniofacial syndromes, such as Klippel-
Feil, Saethre-Chotzen, and Down syndromes.15–17 

On the other hand, anomalies in the cervical column 
morphology occur in healthy subjects with neutral 
occlusion and normal craniofacial morphology as 
well as subjects with craniofacial syndromes and 
severe malocclusion.11 Sonnesen and Kjaer11 found 
that fusions between the second and third cervical
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vertebrae develop in 14.3% of healthy subjects.

Therefore, fusions of the upper cervical column in

that range are considered normal.

TMD is a pathological condition with aesthetic18

and functional implications, including respiratory

problems.19 The incidence is around 3–18% in

patients undergoing orthodontic treatment.18,20 Im-

paired nasal breathing has been attested as one of

the etiologic factors causing TMD.19 McGuinness

and McDonald21 found that the extended head

posture in adolescents with posterior cross-bite

decreased progressively after rapid maxillary ex-

pansion. The authors attributed this finding to the

change in breathing type, from oral to nasal

breathing. Furthermore, Huggare and Kylämarkula22

observed reduced thickness in the posterior arch of

the atlas in subjects with altered respiratory function.

They assumed that cranial extension induced by

respiratory obstruction impaired the soft tissues

around the atlas (functional matrix). Similarly, Son-

nesen and Kjaer9,11 investigated the morphology of

vertebrae in subjects with Class II malocclusion,

increased overjet, and/or open bite, and found that

vertebral anomalies were increased in association

with oral respiration. Recently, Di Vece et al.10

reported a statistically significant correlation be-

tween transverse maxillary constriction and cervical

vertebral defects.

The aim of this study was to examine the

occurrence of the types of CVA in subjects with

TMD and to compare this with the occurrence of

CVA in a control group without TMD.

SUBJECTS AND METHODS

A sample of 47 Turkish subjects with TMD (17

male, 30 female), aged 10.2 to 14.3 years, was

obtained from the records of Cumhuriyet University,

Faculty of Dentistry, Department of Orthodontics,

according to the following criteria: (1) bilateral

posterior crossbite and indication for rapid maxillary

expansion (2) medical history and examination

negative for congenital maxillofacial malformations

and related syndromes, severe skeletal asymme-

tries, systemic muscle or joint disorders, or dento-

facial deformities requiring orthognathic surgery; (3)

no history of previous orthodontic treatment; (4) at

least 24 permanent teeth; (5) clear pretreatment

lateral cephalometric radiographs with good con-

trast, including those of vertebrae from C2 to C4.

The control group consisted of 47 subjects (15 boys,

32 girls), aged 11.1 to 15.6 years, with adequate

maxillary transversal dimensions that were obtained

from same records. The inclusion criteria for the

control group were the same as for the study group,

with the exception of the first criteria. The distribution

of subjects according to type of malocclusion is

shown in Table 1.

The morphology of the cervical column was

assessed from visual inspection of the first 4 cervical

vertebrae as they are normally seen on standardized

lateral cephalometric films. For each subject, the first

4 vertebrae and the atlantooccipital articulation were

traced on matte-acetate tracing paper. Normal

appearance was determined when the first 4 cervical

vertebrae could be traced as separate entities with

all anatomic components present (Fig. 1). Charac-

teristics of the cervical column were classified

according to the method of Sandham,4 and the

cervical vertebral anomalies were categorized into 2

main groups: (1) posterior arch deficiency at C1

(PAD) (Fig. 2), spina bifida, and dehiscence, and (2)

fusion anomalies (Fig. 3), including fusion of 2

cervical bodies, block fusion when more than 2

bodies were fused, and occipitalization of C1 and the

occipital bone.

Statistical Analysis

Differences in occurrence of CVA between the

groups and genders were assessed by v2 indepen-

dence test. The results were considered significant

at p � 0.05. The statistical analyses were performed

with SPSS software (version 16.0, SPSS, Chicago,

IL, USA).

RESULTS

In the TMD group, 10,6% of the subjects had

fusion in the cervical column, and 14,9% had PAD.

The fusion always occurred between C2 and C3. No

statistically significant gender differences were

found in the occurrence of CVA (p.0.05; Table 2).

Table 1. Distribution of the subjects according to type of malocclusion

N Class I ANB 0–48 Class II ANB . 48 Class III ANB , 08

Transverse maxillary deficiency group 47 14 17 16
Control group 47 28 13 6
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differs phenotypically in the various skeletal maloc-

clusion traits. According to the results of Sandham’s4

study, the occurrence of the different types of

cervical vertebral anomalies in subjects with cleft

does not follow a similar pattern, suggesting different

etiologic mechanisms. It is not known why these

malformations occur in the cervical column and why

they occur with different frequencies.11 Because

vertebral bodies form around the notochord in the

prenatal period, some researchers have suggested

that the notochord may be responsible for the

location and morphology of cervical vertebrae.25,26

It was assumed that because the cervical vertebrae

and cranial base have similar embryonic origin and

the jaws are attached to the cranial base, the cranial

base could be considered to be a developing link

between the cervical vertebral column and the

jaws.27 Consequently, fusion anomalies were attri-

buted as signs of deviations in the early develop-

ment period or signaling among the notochord,

neural tube, neural crest cells, and para-axial

mesoderm.1 Also, the mechanism involved in palatal

shelf fusion during embryonic development has

been attested to have an effect on the development

and fusion of the posterior arch of the first cervical

vertebrae.4

The frequency of the occurrence of the 2 types of

CVA was different in the groups in this study. The

most common anomaly in the TMD group was PAD,

and fusion was the most common anomaly in the

control group. The frequency of PAD in this study

was in accordance with the frequencies reported in

previous studies of orthodontic patients with deep-

bite,8 open-bite,9 severe maxillary,11 or mandibular

overjet.12 On the other hand, the occurrence of

fusion was significantly rarer than has been reported

in literature.1,7–9,11,12

Sonnesen et al.7 reported that deviations in head

posture and cranial base angle were sexually

dimorphic, showing larger cervicohorizontal and

cranial base angles in females than males. Addi-

tionally, a positive correlation between the afore-

mentioned deviations and fusions of the cervical

column was observed in females, whereas this

correlation was not found in males. Hence, it could

be hypothesized that fusion anomalies show a

dimorphic pattern in their occurrence.1 However,

Sonnesen and Kjaer,8 Faruqui et al.,1 and Arntsen

and Sonnesen28 attested that there was no signif-

icant gender difference in the occurrence of CVAs.

Similarly, the current study did not reveal gender

tendency for occurrence of CVA.
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Figure 1. Radiographic view of the cervical spine with 
accompanying trace.

In the control group, 17% of the subjects had 
fusion of the cervical column, and 8,5% had PAD; 
PAD occurred in combination with fusion in 1 
subject. The fusion always occurred between C2 
and C3. No statistically significant gender differenc-
es were found in the occurrence of CVA (p.0.05; 
Table 2).

The comparison of the TMD group and the control 
group revealed no significant difference in the 
occurrence of fusion (p.0.05; Table 2), but the 
occurrence of PAD was significantly increased in 
TMD group (p,0.05; Table 2).

DISCUSSION

In previous studies, some orthodontic malocclu-

sions, including TMD, have been associated with 
morphologic anomalies of cervical vertebrae.4–12 In 
this study, the occurrence of types of CVA in 
subjects with TMD was investigated and compared 
with the occurrence of CVA in a control group 
without TMD.

Roentgenographic examination of the cervical 
spine may reveal a pathologic disorder in asymp-

tomatic and symptomatic subjects.23 Unfortunately 
radiographic abnormalities of the cervical spine do 
not always signal their existence.3 Early detection 
can save patients from further neurologic injuries.3 

Hensinger24 reported that upper cervical anomalies, 
such as atlanto-occipital fusion, anomalies of the 
odontoid process, or anomalies of the transverse 
ligament at a young age could lead to instability and 
neurologic problems secondary to minor trauma.

Ross and Lindsay5 suggested that severe verte-
bral anomalies are an early developmental fault of 
mesenchyme. Sonnesen et al.7 and Sonnesen and 
Kjaer8,9,11,12 concluded that the cervical column

Turkish J Orthod Vol 27, No 4, 2014



Impaired nasal breathing has been found to be

one of the etiologic factors causing TMD.19 Huggare

and Kylämarkula22 observed reduced thickness of

the posterior arch of the atlas in subjects with altered

respiratory function. Similarly, Sonnesen and

Kjaer9,11 found that vertebral anomalies are in-

creased in association with oral respiration. Consid-

ering the literature, Di Vece et al.10 hypothesized that

the morphology of the cervical vertebrae could be

affected by TMD. To explain this phenomenon, the

authors10 asserted an adaptation process associated

with oral breathing, depending on the soft-tissue

stretching hypothesis of Solow and Kreiborg.29

According to this hypothesis, respiratory obstruction

starts neuromuscular feedback that can alter cranio-

cervical posture, leading to stretching of soft tissues

that can increase the pressure they exert on skeletal

tissues, modifying the direction of bone growth.

Similarly, some authors believe that external agents

such as pressure,30 body posture,31 and facial

components32 can modify the height of vertebral

bodies. On the other hand, the clinical effects of

breathing pattern on TMD are not predictable.10

Although there is significant evidence that poor nasal

breathing will lead to mouth-nasal breathing, its

impact on dentofacial growth is still unclear.33 Souki

et al.34 observed that individual facial genotypes had

different sensitivity on developing malocclusion;

following the exposure to mouth breathing, a wide

variety of interarch relationships could be found. It

has been also shown that adenoidal/tonsillar hyper-

plasia or the presence of rhinitis have no association

with the prevalence of Class II malocclusion, anterior

open bite, and posterior crossbite in that sample of

mouth breathers.34

In the study of Di Vece et al.,10 the relationship

between CVA and TMD was investigated, and a

significant correlation was reported. For visual

analysis of the cervical vertebrae, morphologic

anomalies known as vertebral defects were classi-

fied as round or concave by assessing the contact

points of the edges of the vertebrae.10 This method

was different from the one used in the current study

and in several studies1,7–9,11,12 that evaluated the

association between CVA and orthodontic anoma-

lies. In the most used method, the classification of

Figure 2. (A and B) Posterior arch deficiency (spina bifida) at C
1
.
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Sandham,4 CVA divided into 2 groups; PAD and

fusions. According to this classification, we observed

a significant difference between groups in the

occurrence of PAD, though there was no difference

for the occurrence of fusions. The similarity between

our findings about PADs and the findings of Di Vece

et al.10 might depend on the similarity of the etiologic

mechanisms that was incorporated into the devel-

opment of these anomalies. Likewise, the reason for

the incompatibility of the findings about fusions

might be also the difference in etiologic mecha-

nisms, as Sandham4 reported.

In the literature, several dental and skeletal

malocclusions, as well as some congenital anoma-

lies, have been related to anomalies of the cervical

vertebral column.4–12 On the other hand, it has been

reported that variations of cervical column morphol-

ogy also occur in healthy subjects with neutral

occlusion and normal craniofacial morphology.11 In

our study, the control group was obtained from an

orthodontic population to avoid any additional

radiographic exposure to subjects as lateral cepha-

lometric radiograph is a routine procedure required

for orthodontic treatment planning. The subjects in

this group did not have any major skeletal discrep-

ancies or deviating craniofacial morphology but had

an orthodontic malocclusion to some degree. To

discard subjects with severe skeletal malocclusion,

Figure 3. A, B. Fusion of the posterior arches of C2 and C3.

Table 2. Comparison of the groups for the occurrence of posterior arch deficiencies of C1 (PAD) and fusion (v2 test)

N

PAD Fusion

Girls Boys p Girls Boys p

Transverse maxillary deficiency group 47 5 2 0.65 3 2 0.85
Control group 47 2 2 0.41 6 2 0.64
p 0,036* 0,370

* p , 0.05.
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no subject who needed orthognathic surgery was

included into the groups. The distribution of the

subjects according to type of skeletal malocclusion

was balanced in the study group. We preferred

subjects with skeletal Class I primarily for the control

group. On the other hand, if the control group had

consisted of subjects with Class I only; we could not

evaluate the effect of TMD on CVA because the

occurrence might depend on other types of skeletal

malocclusions as well, as has been reported in the

literature.4–12 It would have been better if the study

group had included more subjects with skeletal

Class I malocclusion. However, most of the patients

with TMD had either skeletal Class II or Class III

malocclusion.

Previous studies also found that different genes

act in different regions,35,36 and this might be the

focus of future studies on the pathogenesis. Genetic

studies with a prenatal insight into normal and

pathologic associations in development in the

cranial base, the jaws, and the cervical region are

necessary to explain the etiology of skeletal devia-

tions in craniofacial morphology.

CONCLUSION

� The occurrence of fusion was 17% and the

occurrence of PADs was 8,5% in the examined

orthodontic population.
� No difference was found in the occurrence of

fusion between the subjects with TMD and the

subjects without TMD; while the occurrence of

PAD was significantly increased in subjects

with TMD.
� No gender tendency was observed in the

occurrence of cervical vertebral anomalies in

both groups.
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