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Objective: The aim of the present study was to determine the morphological differences in the base of the skull of individuals
with cleft lip and palate and Class III malocclusion in comparison to control groups with Class I and Class III malocclusion.
Methods: A total of 89 individuals (males and females) aged between 5 and 27 years old (Class I, n = 32; Class 111, n = 29; and
Class III individuals with unilateral cleft lip and palate, n = 28) attending PUC-MG Dental Center and Cleft Lip/Palate Care
Center of Baleia Hospital and PUC-MG (CENTRARE) were selected. Linear and angular measurements of the base of the
skull, maxilla and mandible were performed and assessed by a single calibrated examiner by means of cephalometric radio-
graphs. Statistical analysis involved ANCOVA and Bonferroni correction. Results: No significant differences with regard to
the base of the skull were found between the control group (Class I) and individuals with cleft lip and palate (P > 0.017). The
cleft lip/palate group differed from the Class III group only with regard to CL.Sp.Ba (P = 0.015). Individuals with cleft lip and
palate had a significantly shorter maxillary length (Co-A) in comparison to the control group (P < 0.001). No significant difter-
ences were found in the mandible (Co-Gn) of the control group and individuals with cleft lip and palate (P = 1.000). Conclu-
sion: The present findings suggest that there are no significant differences in the base of the skull of individuals Class I or Class
I1I and individuals with cleft lip and palate and Class III malocclusion.
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Objetivo: o objetivo do presente estudo foi determinar diferengas morfologicas da base do cranio de individuos portado-
res de fissura de 1dbio e palato e de ma oclusio de Classe 111, comparado-os com individuos controle com ma oclusio de
Classes I ou III. Métodos: oitenta e nove individuos, de ambos os sexos, com idade variando entre 5 e 27 anos, Classe I
(n =32), Classe Il nio fissurados (n = 29) e Classe I1I com fissura labiopalatina unilateral (n = 28), oriundos do Centro de
Odontologia ¢ Pesquisa da PUC-MG e do Centro de Atendimento de Fissurados do Hospital da Baleia e da PUC-MG
(CENTRARE), foram selecionados. Medi¢oes lineares ¢ angulares da base do cranio, maxila ¢ mandibula foram reali-
zadas e avaliadas por um tnico examinador calibrado, por meio de radiografias cefalométricas. Foram utilizados os testes
ANCOVA ¢ corre¢io de Bonferroni para a analise estatistica dos dados. Resultados: com relagio a base do cranio, os
resultados ndo indicaram diferenca estatistica entre individuos controle (Classe I) e os individuos com fissuras (p > 0,017).
O grupo com fissura foi diferente do grupo Classe III somente em rela¢io a medida CL.Sp.Ba (p = 0,015). O compri-
mento maxilar (Co-A) apresentou diferenca estatisticamente significativa na comparagio entre o grupo controle (Classe
I) e o grupo com fissuras (p < 0,001), sendo que os fissurados apresentaram uma maxila menor. Nio foram encontradas
diferen¢as na mandibula (Co-Gn) entre individuos do grupo controle (Classe I) e individuos fissurados (p = 1,000). Con-
clusdo: os resultados sugerem que nio houve diferenga estatisticamente significativa na base do cranio entre individuos
Classe I e III e individuos com fissuras de labio e palato com ma oclusio de Classe I1I.
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INTRODUCTION

Correlations between the development of the base of
the skull and maxillofacial components have been dem-
onstrated in facial development studies.'** The morphol-
ogy of the base of the skull may be an important factor in
the anteroposterior relationship of the maxilla and man-
dible as well as in determining Class IIT malocclusion.>®7

Class III malocclusion results from a combination
of morphological abnormalities of the base of the skull,
maxilla and mandible as well as in vertical facial dimen-
sions.>*!" Morphological variability in the craniofacial
complex of individuals with Class III sagittal relation-
ship suggests the influence of the base of the skull in the
development of this type of malocclusion. Individuals
with greater flexure of the base of the skull angle reveal
a reduction in the horizontal dimension of the middle
cranial fossa, with a consequent tendency toward na-
somaxilllary retrognathism, a more forward position-
ing of the mandible and a prognathic craniofacial pro-
file."> Moreover, a lower angle between the ramus of the
mandible and the base of the skull, a smaller and more
retrognathic maxilla and a larger and more prominent
mandible can lead to Class III malocclusion associated
with Class III facial pattern.'?

The development of the craniofacial complex in pa-
tients with cleft lip and palate has been studied in an at-
tempt to establish the mechanisms and determinant fac-
tors of facial development in such individuals. A number
of studies state that the base of the skull is intrinsically
different in shape and size in patients with cleft lip and
palate."' This difference may affect the growth and po-
sitioning of facial structures, with an increased flexure of
the base of the skull, thereby favoring the development
of a Class III skeletal relationship. Nevertheless, other
studies report that individuals with cleft lip and palate do
not present significant differences in the base of the skull
of which development is normal.”**?! Abnormalities in
intermaxillary and interalveolar sagittal relationships in
such patients may stem primarily from a reduction in the
depth of the maxilla, with no changes in the rotation or
length of the ramus of the mandible.” Thus, the antero-
posterior deformities often found in such individuals may
actually result from surgical trauma, adaptive changes or
a combination of both.

The literature does not reach a consensus regarding
base of skull morphology in patients with unilateral cleft
lip and palate. Additionally, there is considerable lack of
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current studies on this subject. For this reason, the aim
of the present study was to compare the morphology of
the base of the skull in individuals with unilateral cleft
lip and palate and Class III malocclusion with control
individuals with Class [ and Class I1I malocclusion.

MATERIAL AND METHODS

This study was approved by the Catholic University
of Minas Gerais Institutional Review Board (PUC-
MG) under protocol CAAE - 0012.0.213.000-07.

Sample

The sample comprised 89 lateral cephalograms col-
lected from the files of PUC-MG Dental Research
Center and the Cleft Lip/Palate Care Center of Baleia
Hospital and PUC-MG (CENTRARE). All cephalo-
grams were taken from male and female patients at orth-
odontic treatment onset. Patients were aged between
5and 27 years old (mean = 12.9; median = 12.0).

The sample was divided into three study groups:
1- Control group comprising 32 cephalograms of
Class I individuals with no history of orthodontic
treatment; 2- Group 2 comprising 29 cephalograms
of Class III individuals with no history of orthodontic
treatment; and 3 - Group 3 comprising 28 cephalograms
of nonsyndromic, unilateral cleft lip/palate Class III in-
dividuals having undergone correction for cleft lip/pal-
ate at an early age (lip surgery at a mean age of 6 months,
and palate surgery at a mean age of 18 months).

Measurement methods

Cephalometric tracings were performed manually
on acetate paper and based on patients’ cephalograms.
All tracings were performed by a single calibrated
examiner. Intracxaminer agreement was assessed by
paired Student’s t-test. Linear and angular measure-
ments were performed on two separate occasions with
a 10-day interval in between. The p-value generated by
the paired Student’s t-test was 0.446 for linear measure-
ments and 0.392 for angular measurements, thereby
demonstrating no significant differences between mea-
surements taken on the two different occasions.

The cephalometric landmarks used in the present
study were as described by Jacobson:* sella (S), nasi-
on (N), basion (Ba), A-point (A), condyle (Co), gnathi-
on (Gn), posterior clinoid process (Cl) and sphenoid (Sp).
Linear (S-N, S-Ba, Co-A, Co-Gn, Ba-Cl, Sp-Cl, Ba-Sp
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and CI-I) and angular (Ba.S.N, Ba.ClL.Sp, Cl.Ba.Sp and
Cl.Sp.Ba) measurements were taken as shown in Figure
1. The height of the base of the skull (CI-I) was measured
by the distance of a straight line from Cl and S landmarks
and a point intercepting the greater wing of the sphenoid
bone at a point established as point I (I) (Fig 1).

Data analysis

Statistical Package for Social Sciences (SPSS for
Windows, version 19.0, SPSS Inc., Chicago, IL, USA)
was used for data analysis. Initially, the three groups
were analyzed with regard to age. As Shapiro-Wilk
test determined that this variable was not normally
distributed, Kruskal-Wallis test was used and revealed
significant differences among the three groups with
regard to age(P = 0.032).

Conversely, Shapiro-Wilk test determined that linear
and angular measurements were normally distributed, for
this reason, analysis of covariance (ANCOVA) was used
for statistical analysis of data. Analysis of covariance is jus-
tified by the potential interference of age in the mean lin-
ear and angular measurements. In cases of significant dif-
ferences among groups, Bonferroni correction was used
to identify in which groups the difference was found. To
prevent errors arising from multiple comparisons, the
significance level (0.05) was divided by the number of
comparisons;** thus, p-values less than 0.017 were con-
sidered statistically significant (0.05 divided by 3).
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RESULTS

Table 1 displays the angular measurements in the three
groups. The cleft lip/palate group had intermediate mea-
surements of the base of the skull that ranged between the
control and Class III groups. No significant differences were
found between the cleft lip/palate group and the control
group (Class I). The cleft lip/palate group significantly dif-
fered from the Class I1I group only with regard to CL.Sp.Ba
(P = 0.015). Significant differences in Ba.S.N, Ba.CLSp
and CLSp.Ba were found between the control (Class I)
and Class III groups. The lowest Ba.S.N was found in the
Class I1I group, thereby indicating greater flexure of the base
of the skull angle in comparison to the other groups (Fig 2).

Table 2 displays the linear measurements in the three
groups. Mean Co-A (maxilla) was greater in the control
group (Class I) (90.8 mm) and lower in the cleft lip/pal-
ate group (85.1 mm). This difference was statistically sig-
nificant (P < 0.001). Considering a p-value lower than
0.017 as statistically significant (as determined by Bon-
ferroni correction), no significant difference was found
between the Class I1I group and the cleft lip/palate group
(P =0.032). Mean length of the mandible (Co-Gn) was
greater in the cleft lip/palate group (116.3 mm) in com-
parison to the other groups. However, this difference was
not statistically significant. While no significant differ-
ences were found with regard to angular measurements,
the linear measurements of the base of the skull were
lower, except for S-N and Ba-Sp.

. /
/
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Figure 1 - Cephalometric landmarks, linear and angular measurements.

81

Figure 2 - Ba.S.N angular measurements demonstrating flexure of the base of the
skull angle.
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Table 1 - Mean angular measurements in different groups.

Groups
Variable Control (G1) Class I11 (G2)
Mean + SD Mean + SD
Ba.SN 1301+ 50 1256+ 4.5
Ba.ClSp 1147 + 6.9 1085 + 6.9
ClBa.Sp 234426 252+28
Cl.Sp.Ba 421453 463 £55
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Cleft (G3) P-value* Comparison between groups
Mean + SD G1x G2 G1xG3 G2xG3
1279+ 50 0.002 0.001 0.275 0.192
1132 + 5.2 0.002 0.002 1.000 0.037
243+ 2.7 0.080 - - -
425+ 36 0.003 0.004 1.000 0.015

*Analysis of covariance adjusted for age. SD= standard deviation; G1= group 1; G2= group 2; G3= group 3.

Bonferroni correction= P < 0.017; p-values in bold significant at 0.017.

Table 2 - Mean linear measurements in different groups.

Groups
Variable Control (G1) Class Il (G2)
Mean + SD Mean + SD
S-N 704 +51 68.5+ 42
S-Ba 465+ 3.0 459 + 30
Co-A 90.8 +78 86.1 + 6.0
Co-Gn 1147 + 97 1146 + 109
Ba-Cl 494 + 3.6 492+ 32
Sp-Cl 293425 295+ 27
Ba-Sp 66.8 + 3.5 643 +36
Cll 251426 259 +24

Cleft (G3) P-value* Comparison among groups

Mean + SD G1x G2 G1xG3 G2xG3
714 +49 0.591 _ _ _
453 +40 0.049 1.000 0.113 0.082
851+70 <0.001 0.208 <0.001 0.032
1163+ 97 0.029 0.050 1.000 0.069
481+ 45 0.051 - - -
291+29 0.726 - - -
649 +55 0.072 - - -
246+ 3.2 0.028 0.191 1.000 0.027

*Analysis of covariance adjusted for age. SD= standard deviation; G1= group 1; G2= group 2; G3= group 3.

Bonferroni correction = P < 0.017; p-value in bold significant at 0.017.

DISCUSSION

In the present study, no significant differences were
found with regard to the linear measurements of the
base of the skull (S-Ba, Ba-Cl, Sp-Cl, Ba-Sp and CI-])
(P>0.017), even though they were lower in the cleft lip/
palate group in comparison to control (Class I). These
results are in agreement with others studies'*"* report-
ing that shorter measurements may be attributed to the
small body children with cleft lip/palate normally have.

No significant differences were found for S-N among
groups; however, mean S-N was greater in the cleft lip/
palate group in comparison to the other groups. This is

in disagreement with others studies!>6:2627.28

reporting
lower S-N in children with cleft lip and palate, thereby
suggesting a relative difference in the craniofacial mor-
phology of such individuals. Nevertheless, the majority
of the aforementioned studies included individuals with
different types and degrees of cleft lip and palate, which

may explain the divergent findings.

© 2015 Dental Press Journal of Orthodontics
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Significant difference was found in Co-A between
the control (Class I) and the cleft lip/palate group
(P <0.001), as the former had the greatest whereas the
latter had the shortest measurement among the three
groups, thereby suggesting a deficiency in the effective
length of the maxilla in this group. This result is in
agreement with other studies*** reporting the effect
of surgical procedures on the anteroposterior growth
and development of the maxilla in children with cleft
lip and palate due to the formation of fibrous scar tissue
at the surgery site. However, it is not yet clear whether
maxillary retrognathism may also be related to intrin-
sic development deficiencies in such individuals. In
some studies,?>**> the maxilla of individuals with cleft
lip and palate was reduced in size in both operated and
non-operated groups, thus suggesting that maxillary
retrognathism may not be related to surgical proce-
dures only, but may also be due to intrinsic factors of
the condition itself.
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No statistically significant difference was found with
regard to the linear measurement of mandibular length
(Co-Gn) (P > 0.017), which is in agreement with other

Studies21,25,26,36,37

reporting that the mandible of individ-
uals with cleft lip and palate is equal in length to that of
individuals without this condition. Likewise, no signifi-
cant differences were found between the control and the
Class III malocclusion group, which is in disagreement

with other studies®!"”

concluding that mandibular length
progressively increases with age of Class III individuals.

No significant difference was found in the base of the
skull angle (Ba.S.N), particularly between control and
cleft lip/palate group (P = 0.275). This is in agreement

with previous studies'®!*2025.27

reporting that the maloc-
clusion found in this group is much more the result of
maxillary retrognathism caused by surgical trauma than
the presence of a more flexed base of the skull, thereby
determining the emergence of mandibular prognathism.
However, significant differences were found between
the control and the Class III malocclusion group, with
a smaller angle in the latter group (125.6°). Other stud-

iCSS’10’38’39

also report that Class I1I individuals have mor-
phological abnormalities in the craniofacial complex,
with a reduction in the angle formed by the anterior and
posterior segments of the base of the skull. The posterior
base of the skull (S-Ba) exerts significant influence in the
emergence of mandibular prognathism. This mandibular
rotation caused by reduction in the angle may indicate an
increase in the length of the linear measurement CI-I due

to the base of the skull being represented by a triangle in
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this study. Thus, the greater height of the base of the skull
in Class I1I individuals may be the consequence of greater
flexure of this structure.

No significant differences were found between the
control and the cleft lip/palate group regarding the
angular measurements of the base of the skull (Ba.
CLSp, Cl.Ba.Sp and Cl.Sp.Ba), thereby confirming
absence of morphological differences between the two
groups. However, significant differences in Ba.ClL.Sp
and CLSp.Ba were found between the control and the
Class III malocclusion group, thereby demonstrating
morphological differences in the craniofacial complex
of these two groups.

Based on the results of this study it is reasonable to
assert that, the base of the skull in individuals with uni-
lateral cleft lip and palate does not differ significantly
from that of individuals with Class I malocclusion; its
development is, therefore, normal. In contrast, cranio-
facial morphology in individuals with Class III maloc-
clusion differs significantly from that of individuals with
Class I malocclusion, thereby suggesting that structural
alterations in this morphology may influence the emer-
gence of Class IIT malocclusion.

CONCLUSION

No significant differences in the base of the skull of
Class I or Class III individuals and cleft lip/palate individ-
uals with Class III malocclusion were found. Results sug-
gest that Class III malocclusion in cleft lip/palate patients
might be associated with the length of the maxilla, only.
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