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Abstract
Background  To evaluate the prevalence of upper cervical vertebral anomalies (CVA) in Iranian children with cleft lip 
and/or palate (CL/P) and compare it with children without a cleft.

Methods  A case-control study on lateral cephalograms from Orthodontics Research Center, Shiraz University of 
Medical Sciences, Shiraz, Iran of 92 subjects (41 females and 51 males) with non-syndromic CL/P with a mean age 
of 13.54 ± 4.63 years, and 184 age- and sex-matched individuals (82 females and 102 males) with no craniofacial 
anomalies or skeletal malocclusion as the control group. Upper cervical vertebrae (C1-C3) were examined regarding 
the following CVA: (1) posterior arch deficiencies: spina bifida and dehiscence; (2) Fusion Anomalies (FAs): fusion and 
occipitalization; (3) accessory ossicles. Vertebral artery canal morphology was also evaluated.

Results  The prevalence of CVA was significantly higher in the cleft group (62%) than in the control group (25%) 
(P < 0.001). FAs, fusion, accessory ossicle, and deviation of artery canal type 2 were the anomalies with significantly 
higher prevalence in the cleft group compared to the noncleft group (all P < 0.05). 11 individuals (11.9%) of the cleft 
group and five (2.7%) of the control group had more than one CVA. When considering the subgroups of the CL/P, 
the prevalence of CVA was significantly higher in almost all the CL/P subgroups compared to the control group (all 
P < 0.05).

Conclusions  Upper CVA, especially fusion anomalies, were significantly more prevalent in children with non-
syndromic CL/P compared to the children without cleft in an Iranian population. A female predilection for CVA was 
also noted in both the general population and the cleft group.

Keywords  Cervical vertebrae anomaly, Cleft lip and palate, Posterior arch deficiency, Vertebral artery Canal, Vertebral 
fusion
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Background
Cleft lip and/or palate (CL/P) is the most common con-
genital anomaly affecting the craniofacial region [1, 2]. 
Numerous studies have explored the association of CL/P 
with various other congenital anomalies [3, 4]. These 
malformations can involve many systems, including the 
musculoskeletal, cardiac, and central nervous systems 
[5]. Among these, the potential link between defects in 
the cervical vertebrae—particularly in the upper region—
and CL/P has been a focus of investigation in several 
studies, yielding varying results [5–10]. Furthermore, 
research has highlighted a correlation between morpho-
logical variations in the upper cervical vertebrae, cranio-
facial structure, and occlusal morphology [11–15].

Cervical vertebral anomalies (CVA), which encompass 
both morphologic variations and pathological anoma-
lies [16, 17], have been generally classified into two main 
categories [18]: Posterior arch deficiencies (PAD) and 
Fusion anomalies (FAs). PAD arises from partial fusion of 
the vertebral arches and is further subdivided into spina 
bifida and dehiscence [19]. FAs occur due to synostosis 
between different parts of two or more vertebral units 
or occipitalization, where the atlas fuses with the base 
of the skull [19].When symptomatic, fusion anomalies 
can lead to complications such as myelopathy, restricted 
neck movement, muscular weakness or atrophy, and neu-
rological sensory deficits [20]. During surgery or anes-
thesia, occipitalization poses significant risks, including 
compression and distortion of the spinal cord and verte-
brobasilar vascular system [21]. Patients with PAD show 
variable clinical features, ranging from an absence of sig-
nificant symptoms to neck pain that may radiate to the 
arm. Additionally, head injuries can trigger or exacerbate 
these symptoms [22].

Understanding the distribution of CVA, particularly in 
the C1, C2, and C3 vertebrae, is essential due to their sig-
nificant impact on spinal stability, range of motion, and 
potential neurological complications [23]. These anoma-
lies are often identified incidentally during routine radio-
graphic examinations, as they may remain asymptomatic 
until adolescence or early adulthood. Clinical symptoms, 
when present, can include restricted neck motion, skel-
etal deformities (e.g., scoliosis or torticollis), and nerve 
compression (e.g., pain, weakness, or sensory loss) [24]. 
Therefore, early detection and timely referral for special-
ized evaluation are crucial for effective management and 
improved outcomes.

In addition to common anomalies, there are other 
morphologic deviations in the cervical vertebrae, such 
as accessory ossicles and abnormalities in the vertebra 
artery canal. Accessory ossicles often result from ossifi-
cation within ligaments, muscles, or connective tissues 
[19]. The diagnostic importance of accessory ossicles 
lies in their recognition as an anatomical variant, not a 

pathologic condition. In rare cases, accessory ossicles 
may cause dysphagia or affect atlantooccipital move-
ments [25]. Furthermore, they have been implicated in 
contributing to atlantoaxial instability [26]. Deviations 
in vertebral artery canal morphology are frequently 
observed in the lateral articular process of the atlas [10, 
19, 27]. The morphology of this canal ranges from a shal-
low groove to a complete bony ring known as the fora-
men arcuate [28]. The presence of a foramen arcuate 
can lead to clinical symptoms such as shoulder and neck 
pain, headache, and vertigo due to external compression 
on the vertebral artery [29].

Considering that individuals with CL/P often require 
multiple surgical procedures throughout their treatment, 
many of which involve extension and rotational move-
ments of the head and neck, the presence of CVA, par-
ticularly severe ones, heightens the risk of spinal cord or 
vertebral artery injury [20]. Establishing a clear associa-
tion between CVA and CL/P is, therefore, critical since 
it necessitates thorough evaluations and tailored patient 
care. Moreover, it could provide valuable insights into the 
underlying embryological processes contributing to these 
anomalies.

While a few studies have explored the relationship 
between certain congenital anomalies and CL/P in the 
Iranian population [30, 31], the prevalence of CVA in 
patients with CL/P has not yet been reported in this 
group. Recognizing the significance of this gap, the pres-
ent study aims to evaluate the prevalence of upper CVA 
in individuals with CL/P compared to those without 
clefts. Additionally, it seeks to examine the relationship 
between various types of clefts and upper CVA within 
the Iranian population.

Methods
The Human Ethics Review Committee of the Faculty 
of Dentistry, Shiraz University of Medical Sciences, 
approved the present study’s research protocol (IR.Sums.
Dental.REC.1399.118).

The sample size was determined based on the preva-
lence rates of CVA reported by Dogan et al. [32], which 
were 64.5% for the cleft group and 40.9% for the control 
group. Given the type 1 error rate of α = 0.05, a power 
value of 80%, and a group ratio of 2, the minimum 
required sample size was calculated to be 52 patients with 
clefts and 104 controls. Ultimately, we included a total of 
92 individuals (41 females and 51 males) diagnosed with 
non-syndromic CL/P, with a mean age of 13.54 ± 4.63 
years (age range: 8–21 years). For each subject in the 
cleft group, two randomly selected age- and sex-matched 
controls who did not have craniofacial anomalies, asym-
metry, or sagittal/vertical skeletal discrepancies were 
included in the study. In other words, the control group 
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consisted of 184 age- (82 females and 102 males) with the 
same age range and mean age of the cleft group.

The lateral cephalograms for this study were conve-
niently selected from the archives of the Cleft Lip and 
Palate Clinic at the Orthodontic and Dental Research 
Center, School of Dentistry, Shiraz University of Medi-
cal Sciences, and the Department of Orthodontics and 
Dental Research Center, Mashhad University of Medical 
Sciences. All the radiographs were taken for orthodontic 
treatment purposes. At the time of imaging, all patients 
or their legal guardians signed written informed consent 
for the anonymous use of radiographic data in future 
research and publications.

To ensure standardization of the samples, only high-
quality lateral cephalograms taken in the natural head 
position of individuals aged eight years or older were 
included in the study. participants with a history of head 
or neck trauma or systemic diseases affecting cervical 
vertebrae were excluded.

The cleft group was categorized into three main groups 
and their sub-groups: (1) Cleft lip with or without alveo-
lus cleft (CL ± A); (2) Cleft lip and palate (CLP) including 
(a) unilateral cleft lip and palate (UCLP) and (b) bilateral 
cleft lip and palate (BCLP); 3. Isolated cleft palate (CP).

Abnormalities in the first three cervical vertebrae (C1, 
C2, and C3) were identified through direct visual assess-
ment of the lateral cephalograms by an experienced oral 
and maxillofacial radiologist. These anomalies were fur-
ther subdivided into three categories: PAD, FAs, and 
accessory ossicles:

1.	 PAD with two subgroups: (a) Spina bifida: 
characterized by incomplete ossification of the 
spinous process (Fig. 1a), and (b) Dehiscence: defined 
as partial development of any part of the vertebral 
unit [18]. (Fig. 1b)

2.	 FAs with two subgroups: (a) Fusion: identified 
as bony synostosis between two or more units at 
articular facets, neural arch, or transverse process 
[27] (Fig. 1c), and (b) Occipitalization: defined as an 
osseous union between the atlas (C1) and the base of 
the skull, either partially or completely [5]. (Fig. 1d)

3.	 Accessory ossicles: recognized as separate bony 
particles located near the cervical vertebrae [16, 19]. 
(Fig. 1e)

The morphology of the vertebral artery canal was also 
evaluated and classified based on the posterior margin of 
the lateral articular process of the atlas (C1) as follows: 
Type (1) An almost perpendicular posterior margin with 
no lipping; Type (2) Slight posterior lipping along this 
margin; Type (3) An extension toward the posterior arch 
without fusion; Type (4) Complete ring formation (fora-
men arcuate) caused by fusion with the lateral compo-
nents of the posterior arch [16, 19]. (Fig. 2)

In case of uncertainty regarding the presence of an 
anomaly, the condition was considered as “no CVA.” To 
evaluate intra-observer agreement, the examiner reevalu-
ated 60 randomly selected radiographs after a two-week 
interval to confirm consistency in identifying CVA.

All statistical analyses were conducted using PASW 
SPSS software for Windows version 18.0 (SPSS Inc., 
Chicago, IL, USA). The occurrence of CVA was ana-
lyzed using Chi-square test, odds ratio (OR), and corre-
sponding 95% confidence intervals (CI). The intraclass 
correlation coefficient (ICC) was used to evaluate the 
intra-examiner agreement. Additionally, Chi-square tests 
were used to examine associations between cleft sub-
groups and the different types of anomalies. A P of less 
than 0.05 was considered statistically significant.

Results
The intra-examiner reliability for evaluating CVA was 
highly acceptable, with an ICC value of 95.2%.

Regarding vertebral artery canal morphology, Type 
2 morphology was more common in the cleft group 
(30.4%) than in the control group (15.7%), with a signifi-
cant difference (P = 0.005). (Table 1)

The prevalence of upper CVA was significantly higher 
in the cleft group, with 62% (n = 57) of individuals with 
CL/P having at least one CVA, compared to 25% (n = 46) 
in the control group (P < 0.001). The odds of having CVA 
were 4.9 times higher in the cleft group than in the con-
trols. Among the specific anomalies, FAs, fusion, and 

Fig. 1  Radiographic images showing cervical vertebral anomalies: (a) spina bifida, (b) dehiscence, (c) fusion, (d) occipitalization, and (e) accessory ossicle
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accessory ossicles were significantly more prevalent 
in the cleft group, with P of < 0.001, < 0.001, and 0.025, 
respectively. (Table 2)

A subset analysis revealed that 11.9% of individuals in 
the cleft group (10 CLP and 1 CP) exhibited more than 
one CVA, compared to 2.7% (5 individuals) in the control 
group. All these cases exhibited the coexistence of fusion 
with another CVA subtype.

Analysis of CVA prevalence across cleft subcatego-
ries revealed significantly higher rates in most cleft sub-
groups compared to the control group (all P < 0.05). Odds 
ratios indicated that individuals in cleft subgroups were 
between 3.8 times (BCLP) and 6 times (UCLP) more 

likely to have CVA compared to controls. However, no 
significant differences in CVA prevalence were observed 
between cleft subgroups. Due to the limited number of 
cases in the CL ± A subgroup, the statistical indices for 
this group were not computable (Table 3).

When each CVA subtypes were compared between the 
cleft subgroups and the control group, FAs were consis-
tently more prevalent in the cleft subgroups (all P < 0.05). 
Fusion was significantly more common in BCLP, UCLP, 
and CLP groups compared to controls (P = 0.0028, 
P = 0.0001, and P < 0.0001, respectively). Occipitalization 
and PAD were notably higher in the CP and CLP groups 

Table 1  Distribution of different types of vertebral artery morphology in subjects with cleft and the control group
Cleft group
(n = 92)

Control group
(n = 184)

OR (95% CI) P-value*

Vertebral Artery Canal Type 1 57 (62.0%) 129 (70.1%) 0.7 (0.4–1.3) 0.173
Type 2 28 (30.4%) 29 (15.7%) 2.5 (1.4-5.0) 0.005
Type 3 2 (2.2%) 6 (3.3%) 0.7 (0.1–3.3) 0.723
Type 4 5 (5.4%) 20 (10.9%) 0.5 (0.2–1.4) 0.138

Abbreviations: N: number; %: Percent; OR: Odds Ratio; CI: Confidence Interval 95%

* Chi-square test was used to analysis

Table 2  Distribution of subjects with cervical vertebral anomalies in the cleft and control groups
Cervical vertebral anomaly type Cleft group

(n = 92)
Control group
(n = 184)

OR
(95% CI)

P-value*

PAD 16 (17.4%) 18 (9.8%) 2 (1.0–5.0) 0.070
  Dehiscence 4 (4.4%) 5 (2.7%) 1.7 (0.4–10) 0.47
  Spina bifida 12 (13.0%) 13 (7.1%) 2 (0.9-5.0) 0.103
FAs 37 (40.2%) 27 (14.7%) 5 (2.0–10.0) < 0.001
  Occipitalization 9 (9.8%) 9 (4.9%) 2.5 (0.8–10.0) 0.121
  Fusion 28 (30.4%) 18 (9.8%) 5 (2.5–10.0) < 0.001
Accessory ossicle 4 (4.3%) 1 (0.5%) 10 (0.0–1.0) 0.025
Total 57 (62%) 46 (25%) 4.9 (2.8–8.4) < 0.001
Abbreviations: OR: Odds Ratio; CI: Confidence Interval 95%; PAD: Posterior arch deficiency including Dehiscence and Spina bifida; FAs: Fusion anomalies including 
Occipitalization and Fusion

* Chi-square test was used to analysis

Fig. 2  The classification of cervical vertebral canal morphologies: (a) Type 1: nearly perpendicular posterior margin without lipping, (b) Type 2: slight 
posterior lipping, (c) Type 3: extension toward the posterior arch without fusion, and (d) Type 4: complete ring formation (foramen arcuate)
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compared to controls, with P of 0.0088 and 0.0421, 
respectively (Table 3).

When analyzing the relationship between CVA preva-
lence and sex, females generally demonstrated a sig-
nificantly higher prevalence of CVA, FAs, and fusion 
compared to males (P = 0.002, 0.007, and 0.037, respec-
tively). Females were found to be 2.1 times more likely 
to have CVA than males (OR = 2.1, 95% CI = 1.3–3.5) 
(Table 4).

Specifically, within the cleft group, CVA prevalence was 
significantly higher in females (78%) compared to males 
(27.2%) (P = 0.005). No significant gender difference 
in CVA prevalence was observed in the control group 
(P = 0.061). Subgroup analysis of CVA types showed no 
significant differences in prevalence between genders, 
except for FAs in the control group, which were signifi-
cantly more common in females (P = 0.041) (Table 5).

Table 3  Comparison of distributions of cervical vertebral anomaly types between each subcategory of cleft and the control group
Cervical vertebral anomalies Control(n = 184) CLP(n = 79) CLP(n = 79) CP(n = 11)

BCLP(n = 34) UCLP(n = 45)
PAD 18 (9.8%) 6 (17.6%) 9 (20%) 15 (19%) 1 (9.1%)
OR (95% CI) 1.98 (0.72–5.41) 2.31(0.96–5.54) 2.16(1.03–4.55) 0.92(0.11–7.63)
P-value - 0.1849 0.0621 0.0421 0.9401
Dehiscence 5 (2.7%) 2 (5.9%) 2 (4.4%) 4 (5.1%) 0
OR (95% CI) 1 2.24 (0.42–12.03) 1.67(0.31–8.87) 1.91(0.50–7.31) 1.42(0.07–27.27)
P-value - 0.3481 0.5503 0.3449 0.8165
Spina bifida 13 (7.1%) 4 (11.8%) 7 (15.6%) 11 (13.9%) 1 (9.1%)
OR (95% CI) 1 1.75(0.54–5.74) 2.42(0.91–6.48) 2.13(0.91–4.98) 1.32(0.16–11.09)
P-value - 0.3531 0.0779 0.0819 0.8010
FAs 27 (14.7%) 12 (35.3%) 19 (42.2%) 31 (39.2%) 6 (54.5%)
OR (95% CI) 1 3.17(1.41–7.15) 4.25(2.07–8.72) 3.76(2.04–6.90) 6.98(1.99–24.48)
P-value - 0.0054 0.0001 < 0.0001 0.0024
Occipitalization 9 (4.9%) 2 (5.9%) 4 (8.9%) 6 (7.6%) 3 (27.3%)
OR (95% CI) 1 1.22(0.25–5.89) 1.90(0.56–6.46) 1.60(0.55–4.65) 7.29(1.65–32.24)
P-value - 0.8086 0.3060 0.3898 0.0088
Fusion 18 (9.8%) 10 (29.4%) 15 (33.3%) 25 (31.6%) 3 (27.3%)
OR (95% CI) 1 3.84(1.59–9.30) 4.61(2.10-10.14) 4.27(2.16–8.42) 3.46(0.84–14.21)
P-value - 0.0028 0.0001 < 0.0001 0.0853
Accessory ossicle 1 (0.5%) 1 (2.9%) 2 (4.4%) 3 (3.8%) 0
OR (95% CI) 1 5.55(0.34–90.88) 8.51(0.75–96.04) 7.22(0.74–70.55) 5.32(0.21-137.95)
P-value - 0.2299 0.0833 0.0890 0.3143
Total 46 (25%) 19(55.9% ( 30 (66.7%) 49 (62%) 7 (63.6%)
OR (95% CI) 1 3.80(1.79–8.08) 6.00(2.97–12.13) 4.90(2.79–8.61) 5.25(1.47–18.75)
P-value* - 0.0005 < 0.0001 < 0.0001 0.0107
Abbreviations: OR: Odds Ratio; CI: Confidence Interval 95%; CLP: Cleft lip and Palate; BCLP: Bilateral Cleft lip and Palate; UCLP: Unilateral Cleft Lip and Palate; CP: 
Isolated Cleft Palate; PAD: Posterior arch deficiency; FAs: Fusion anomalies including Occipitalization and Fusion

Since the control group was the reference group of comparison, the odds ratio was 1, and the P-value was incomputable

*Chi-square test was used to analysis

Table 4  Distribution of the subjects with cervical vertebral anomalies based on gender in the general population
Cervical vertebral anomaly type F

(n = 123)
M
(n = 153)

OR
(95% CI)

P-value*

PAD 17 (13.8%) 17 (11.1%) 1.2 (0.6–2.6) 0.496
  Dehiscence 4 (3.2%) 5 (3.3%) 0.9 (0.2–3.7) 0.994
  Spina bifida 13 (10.5%) 12 (7.8%) 1.3 (0.6–3.1) 0.433
FAs 38 (30.9%) 26(17%) 2.2 (1.2–3.8) 0.007
  Occipitalization 11 (8.9%) 7 (4.6%) 2.0 (0.7–5.4) 0.151
  Fusion 27 (21.9%) 19 (12.4%) 1.9 (1.0-3.7) 0.037
Accessory ossicle 3 (2.4%) 2 (1.3%) 1.8 (0.3–11.4) 0.490
Total 58(47.15%) 45 (29.4%) 2.1 (1.3–3.5) 0.002
Abbreviations: OR: Odds Ratio; CI: Confidence Interval 95%; PAD: Posterior arch deficiency including Dehiscence and Spina bifida; FAs: Fusion anomalies including 
Occipitalization and Fusion

* Chi-square test was used to analysis
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Discussion
The present study investigated the association between 
the occurrence of upper CVA in Iranian children with 
non-syndromic CL/P and those without CL/P using lat-
eral cephalograms. Early diagnosis of CVA is essential for 
identifying potential comorbidities and assessing the risk 
of future neurological complications. For instance, fusion 
of the first and second cervical vertebrae (C1 and C2) 
often manifests with symptoms during the first decade 
of life, whereas fusion of the second and third cervical 
vertebrae (C2 and C3) exhibits neurological symptoms in 
the third decade [33]. Therefore, evaluating cervical ver-
tebral morphology plays a critical role in early interven-
tion and management.

Three-dimensional imaging, such as cone beam com-
puted tomography, enables precise assessment of cra-
niofacial structures in multiple orthogonal planes [15] 
and overcomes limitations like overlapping of structures, 
which can lead to false-positive diagnoses of vertebral 
fusions [34, 35]. However, its superior precision comes 
at the cost of increased radiation exposure, restricting its 
routine use. Consequently, lateral cephalograms remain a 
practical choice for routine orthodontic evaluations due 
to their lower radiation exposure and accessibility.

The assessment was limited to the first three cervical 
vertebrae due to the constraints of the imaging field, head 
position, and the protective thyroid collar used during 
lateral cephalograms.

Upper CVA cannot be definitively confirmed until 
complete skeletal development, with recent studies sug-
gesting that the pediatric cervical spine reaches its final 
proportions and physiologic characteristics by 8–10 years 
of age [36, 37]. Consequently, the present study focused 
on patients aged 8 years or older.

Since the relation between class ΙΙ and class ΙΙΙ skeletal 
malocclusions and upper CVA has been reported in prior 
research [12, 38], only individuals with neutral occlu-
sion, normal craniofacial morphology, and no skeletal 
discrepancies were included in this study as the control 

group. This ensured that any observed differences were 
attributable to the presence or absence of cleft conditions 
rather than craniofacial or skeletal discrepancies. The 
association between CLP and CVA is well-documented 
in the literature [8–10]. The development of cervical ver-
tebrae, particularly the vertebral bodies, as well as the 
basilar part of the occipital bone in the cranial base, is 
determined by the notochord. The para-axial mesoderm, 
formed from notochordal inductions, is responsible for 
developing the vertebral arches and remaining parts of 
the occipital bone [39, 40]. Consequently, deviations in 
notochordal development can potentially affect the sur-
rounding bone tissue of the vertebral column and the 
posterior cranial base [13]. On the other hand, craniofa-
cial structures are formed through the migration of neu-
ral crest cells to the mandible, maxilla, and nasofrontal 
area [39]. Any deviation in the quantity or timing of these 
migrating cells can result in developmental anomalies in 
the craniofacial region [11]. During early embryogenesis, 
an intricate and still poorly understood signaling exists 
between the notochord and neural crest cells. This inter-
action, involving the notochord, para-axial mesoderm, 
neural tube, and neural crest, underpins the developmen-
tal link between the cervical vertebral column, cranial 
base, and craniofacial structures (11, 13, 14).

Moreover, a functional developmental connection 
between cervical vertebral formation and normal palate 
development has been noticed. Morphological anoma-
lies in the cervical vertebrae can lead to neck shortening, 
which may result in compression of the mandible against 
the chest. This compression can restrict the descent of 
the tongue, thereby interfering with the normal closure 
of the palatal shelves [6, 10]. As a final point, some stud-
ies proposed that the association between spinal malfor-
mations and craniofacial defects may be explained by the 
involvement of similar gene sets in the patterning and 
growth of these two regions [13].

According to the results of the present study, 62% of 
individuals with CL/P exhibited CVA. This prevalence 

Table 5  Distribution of the subjects with cervical vertebral anomalies based on gender in case and control groups
Cervical vertebral anomaly type Cleft group P-value* Control group P-value*

F M F M
(n = 41) (n = 51) (n = 82) (n = 102)

PAD 9 (21.9%) 7 (13.7%) 0.304 8 (9.7%) 10 (9.8%) 0.991
  Dehiscence 2 (4.9%) 2 (3.9%) 0.823 2 (2.4%) 3 (2.9%) 0.835
  Spina bifida 7 (17.1%) 5 (9.8%) 0.309 6 (7.3%) 7 (6.9%) 0.905
FAs 21 (51.2%) 16 (31.4%) 0.055 17 (20.7%) 10 (9.8%) 0.041
  Occipitalization 5 (12.2%) 4 (7.8%) 0.488 6 (7.3%) 3 (2.9%) 0.185
  Fusion 16 (39%) 12 (23.5%) 0.111 11 (13.4%) 7 (6.9%) 0.143
Accessory ossicle 2 (4.9%) 2 (3.9%) 0.823 1 (1.2%) 0 (0%) 0.418
Total 32 (78%) 25 (27.2%) 0.005 26 (31.7%) 20 (19.6%) 0.061
Abbreviations; OR: Odds Ratio; CI: Confidence Interval 95%; PAD: Posterior arch deficiency; FAs: Fusion anomalies

* Chi-square test was used to analysis
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is notably higher than the values reported in most pre-
vious studies, which range from 13.3 to 37.7% [8, 10, 18, 
33, 34]. However, it aligns closely with the frequency 
of 64.5% reported by Dogan et al. in a Turkish popula-
tion [32]. These differences in reported frequencies may 
be attributed to differences in methodologies, inclusion 
and exclusion criteria, or ethnic variations among study 
populations. Additionally, this study found that the prev-
alence of CVA in the CL/P group (62%) was significantly 
higher than in the control group (25%) (P < 0.001). This 
finding is in agreement with previous research [5, 6, 8–
10, 18, 41–44], and supports the hypothesis that CVA is 
closely associated with CL/P.

In this study, fusion of the cervical vertebrae was the 
most common anomaly within the CL/P, irrespective of 
cleft type, and also in the control group. This finding is 
consistent with the results of previous studies by Lima et 
al. [9], Ugar et al. [8], Karsten et al. [10], and Dogan et al. 
[32]. However, it contrasts with the findings of Sandham 
et al. [18] and Rajion et al. [42], who reported PAD as the 
most common CVA in both cleft and non-cleft groups.

When comparing the CL/P and control groups regard-
ing the prevalence of different types of CVA, it was found 
that FAs, fusion, and accessory ossicles were significantly 
more prevalent in the CL/P group. Additionally, verte-
bral artery canal variation type 2 was more frequent in 
the CL/P group. Similarly, Karsten et al. [10] reported 
a significantly higher prevalence of FAs in individuals 
with clefts compared to controls, although their study 
group also included patients with soft palate cleft, bifid 
uvula, and submucosal cleft. Notably, Karsten et al. [10] 
also reported a higher prevalence of PAD, a finding not 
observed in the present study. In another study by Dogan 
et al. [32], both FAs and PAD were found to be more 
prevalent in the cleft group compared to the control 
group. However, their research focused exclusively on 
patients with CLP, excluding other types of clefts. Con-
versely, Lima et al. [9] did not observe significant differ-
ences in the prevalence of PAD and FAS in the first four 
cervical vertebrae (C1-C4) between cleft and non-cleft 
individuals. Regarding morphological variations in the 
vertebral artery canal, Karsten et al. [10] reported no 
statistically significant differences between cleft and 
non-cleft groups. However, their study did not include a 
classification system for vertebral artery canal variations. 
Disparities in the findings across these studies may be 
attributed to differences in sample selection criteria, cleft 
type inclusion, and research methodologies.

The findings of the present study indicated no sig-
nificant difference in the frequency of CVA among the 
various subcategories of CL/P. This result is consis-
tent with the findings of Lima et al. [9]. Horswell et al. 
[5] also reported comparable results, with the exception 
of soft palate and submucous clefts, which exhibited 

a significantly higher incidence of CVA compared to 
other cleft types. In contrast, the study by Uğar et al. [8] 
revealed a significantly higher prevalence of CVA, PAD, 
and fusion anomalies in the CP group compared to the 
UCLP and BCLP groups. Additionally, Karsten et al. 
[10] found that patients with CLP exhibited a notably 
increased incidence of CVA and FAs compared to those 
with isolated CL or CP.

In the comparative analysis of CVA prevalence across 
cleft subcategories and the control group, the present 
study revealed that the occurrence of FAs and fusion 
was significantly higher in almost all cleft subcategories, 
except for fusion in the CP group. Similarly, Ugar et al. 
[8] reported a significantly greater prevalence of FAs in 
the CP and BCLP groups compared to the control group; 
however, this difference was not observed in the UCLP 
group. Karsten et al. [10] also demonstrated that indi-
viduals with CLP had a significantly higher incidence of 
fusion than those without clefts. Conversely, Sandham et 
al. [18] reported no statistically significant differences in 
FAs across any cleft type, including CL, CP, UCLP, and 
BCLP, when compared to the control group. Our find-
ings indicated that occipitalization was significantly more 
prevalent in the CP group than in the control group, cor-
roborating the results reported by Hensinger et al. [45] 
and Bodon et al. [46]. Moreover, as noted by Dogan et 
al. [32], the incidence of occipitalization and spina bifida 
was higher among individuals in individuals with CLP 
than in those without clefts. In the present study, PAD 
prevalence was significantly higher in the CLP subgroup 
compared to the non-cleft group (P = 0.042), a result con-
sistent with Dogan et al. [32]. In contrast, Karsten et al. 
[10] reported a higher incidence of PAD in the CP group 
relative to controls, while Sandham et al. [18] found an 
increased prevalence of PAD in individuals with CP and 
UCLP compared to those without cleft conditions.

The differences observed between UCLP and BCLP 
cases, as shown in Table 3, may be attributed to the inher-
ent asymmetry in UCLP cases. Ustdal et al. [47] demon-
strated that individuals with non-syndromic UCLP often 
exhibit significant midface asymmetry due to the unilat-
eral nature of the defect, which can influence craniofacial 
morphology and related structures. In contrast, BCLP 
cases typically display a more symmetric involvement 
of craniofacial structures, albeit with varying degrees of 
severity, which may account for the differences noted in 
our study. In our analysis, the higher prevalence of cer-
tain CVAs (e.g., FAs and PAD) in the UCLP subgroup 
compared to the BCLP subgroup could partially reflect 
the asymmetric developmental patterns associated with 
unilateral clefts. Such asymmetry may lead to compensa-
tory growth adaptations or imbalances in cervical verte-
bral development. Additionally, the unilateral defect in 
UCLP may affect not only the craniofacial morphology 
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but also associated musculoskeletal structures, thereby 
contributing to these differences.

The data analysis in the present study revealed a 
notable female predominance in the prevalence of CVA 
within both the overall sample (P = 0.002) and the CL/P 
group (P = 0.005). Upon examining the subcategories of 
CVA, a similar female predisposition was observed for 
FAs (P = 0.007) and fusion (P = 0.037) across the total 
sample. Conversely, no gender predisposition was identi-
fied for PAD (including dehiscence and spina bifida) or 
accessory ossicles. These findings align with the results 
reported by Karsten et al. [10], who also noted a signifi-
cantly higher prevalence of CVA in females compared to 
males. In contrast, their study suggested that PAD, FAs, 
and vertebral artery canal variations are not gender-spe-
cific. Ugar et al. [8] demonstrated a female predominance 
for PAD in the CP group and for fusion in the UCLP 
group, whereas Lima et al. [9] concluded that CVA preva-
lence does not differ significantly by gender.

Some factors may limit the generalizability of the find-
ings in this study. Firstly, the reliance on two-dimensional 
radiography may obscure subtle morphological varia-
tions. Additionally, our evaluation was restricted to the 
first three cervical vertebrae; expanding the analysis to 
include additional vertebral levels could influence the 
prevalence of cervical vertebral anomalies (CVA). In the 
future, conducting prospective long-term multicenter 
studies would enable larger patient samples and a more 
detailed analysis of their clinical features. Additionally, 
comprehensive genetic studies are essential to uncover 
the unknown genetic connections between cleft lip and/
or palate (CL/P) and morphological deviations of the 
upper cervical vertebrae. Additionally, as proposed by 
Kamei et al. [48], advancements in artificial intelligence, 
such as the development of an AI-based algorithm for 
assessing skeletal age and detecting cervical vertebral 
anomalies in patients with cleft lip and palate, highlight 
the potential for integrating innovative technologies into 
this field to enhance diagnostic accuracy and clinical 
decision-making.

Conclusions
Anomalies of the upper cervical vertebrae were found 
to be significantly more prevalent in children with non-
syndromic CL/P compared to those without cleft in the 
Iranian population. In addition, a notable female predi-
lection for CVA was observed in both the general popu-
lation and the CL/P group. The high frequency of CVA 
highlights the importance of routinely evaluating the 
upper cervical vertebra to detect anomalies and ensure 
timely referral to specialists for appropriate management 
when necessary.
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