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Skull thickness in patients with clefts

Structured Abstract
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Objectives — The purpose was to analyze skull thickness in incomplete cleft lip (CL),
cleft palate (CP), and combined cleft lip and palate (UCLP).

Setting and Sample Population — Copenhagen School of Dentistry and
Copenhagen Cleft Lip and Palate Centre. Patients with cleft lip, cleft palate, and

combined cleft lip and palate and normal adult men.

Material and Methods — Four groups of patients comprised the study. One group of
patients with CL (24 patients; 7 women, mean age 6; 17 men, mean age 7.1), one
group of patients with UCLP (28 patients; 11 women, mean age 6.6; 17 men, mean
age 6.7), one group of patients with CP (57 male patients aged 18-33), and one
normal adult male control group. The CL and UCLP groups were compared. The CP
group was compared with the normal adult male control group.

Results — CL women had a significantly thinner occipital bone compared with CL
men (p = 0.027). Women with UCLP had significantly thicker occipital bone than the
control women (incomplete CL) (p = 0.014). The study showed gender differences
in skull thickness in different cleft types. It also demonstrated that particularly the
occipital bone deviated in patients with UCLP, which may explain the considerable
deviations in jaw shape and position, previously registered in patients with UCLP.
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Introduction

The genetic background for cleft lip (CL), cleft palate (CP), and combined
cleft lip and palate (UCLP) malformations is considered to be different
(1, 2), but still not mapped out in detail. Therefore, it is important to focus
on the phenotypic similarities and phenotypic differences between the
cleft groups. The craniofacial phenotype in different types of clefts is
thoroughly described, and several studies have reported on differences in
craniofacial morphology (3-11). These different phenotypic appearances
registered on the craniofacial profile radiographs might support the
theories on the different genetic backgrounds and/or genetic penetrance.

Also in the cervical spine, morphological differences between the cleft
groups have been reported. The prevalence of anomalies was higher in the
cleft groups compared to normal. Within the cleft groups, the prevalence
of anomalies was significantly higher in the CP group (12-14). The
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anomalies in the cervical spine were divided into the
following two main groups: posterior arch deficiency
with short and/or abnormal arches and fusions
between arches and vertebral bodies (12, 14).

Other additions to phenotypic characteristics are
differences in the length of the nasal bone in different
cleft types (8, 9). In these studies, the nasal bone
appeared short only in the CL group. In another study,
measurements on axial radiographs of the maxillary
area revealed diminished distances only in the UCLP
group (10). Measurements of the sella turcica showed
deviations, most severe in the UCLP group (10).

Studies on the cranial base in cleft groups have been
performed on profile radiographs (3, 7, 15). Dahl (3)
studied the cranial base in adult men with CL, UCLP,
and CP and compared them with a control group of 102
male dental students collected by Solow (16). Con-
cerning the size of the neurocranium, which includes
the cranial base and skull bones, Dahl (3) found in the
CL group an overall smaller cranial size, but generally a
high degree of conformity between the CL group and
the control group. A marked difference between the
cleft groups was observed in the occipital bone in
the UCLP group (3). In this group, the lower part of the
occipital squama was located more cranially, when
compared with the CL and CP groups. Also, in the
UCLP group, the basilar part of the occipital bone was
shorter and the cranial base angle larger compared to
the CL and CP groups. The occipital bones were almost
similar in the CL and CP groups. This aspect is of
interest because in prenatal studies on malformed
human fetuses, it has been suggested that the basilar
part of the occipital bone and its relation to the noto-
chord share the developmental origin with the verte-
bral bodies, while the lower part of the squama
shares the developmental origin with the vertebral arch
(17-19).

Also, a characteristic finding in the UCLP group was a
broader spheno-occipital synchondrosis and a shorter
distance from the superior part of the synchondrosis to
the sella point in the UCLP group compared to children
with a minor incomplete CL, described by Molsted
et al. (7). These findings might be associated with a
malformation or a possible delay in maturity in the
early development of the cartilaginous basilar part of
the occipital bone in children with major clefts. A later
study also showed differences in the cranial base in
different cleft groups (15).
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The hypothesis of the present study is that differ-
ences might occur in the thickness of the bones in the
skull. According to previous findings, it is presumed
that differences may occur specifically in the occipital
squama. The purpose of this study was to compare the
skull thickness in two groups of children, the CP and
UCLP groups. The aim of this comparison was to clarify
whether the UCLP group had deviations in the occipital
squama, which could be associated with previously
described deviations in the basilar part of the occipital
bone. The purpose was also to analyze skull thickness
in the two groups of adult men, the CP group, and the
control group.

Material

Four groups of patients were described. The CL and
UCLP group comprising children were compared, and
the CP men and normal men comprising adults were
compared. General inclusion criteria for CL and UCLP
groups were 1) Danish Caucasians; 2) no accompany-
ing physical anomalies; 3) no mental disturbances or
retardation; and 4) no history of orthodontic treatment
before registration.

Cleft lip group

The cleft lip group (CL) consisted of 24 patients, 7
women all 6 years old and 17 men aged 5-9 (mean
7.1 year). The patients had incomplete cleft lip and an
apparently unaffected alveolar process. The profile
radiographs were selected by Melsted (7) from roent-
gen material at the Copenhagen Cleft Lip and Palate
Center. No hand radiographs were available as the
children were within the juvenile growth period. As the
craniofacial morphology of this type of cleft is assumed
to be close to normal, this group represented the child
control group.

Unilateral cleft lip and palate group

The unilateral combined cleft lip and palate group
(UCLP) consisted of 28 patients, 11 women aged 6-8
(mean 6.6 year) and 17 men aged 5-9 (mean 6.7 year).
All patients had a unilateral complete cleft of the lip
and palate. The profile radiographs in the UCLP group
were selected by Molsted (7) from roentgen material at



the Copenhagen Cleft Lip and Palate Center. No hand
radiographs were available as the children were within
the juvenile growth period. The lip was closed at
2 months of age with the use of the Tennison proce-
dure. At the same time, the anterior part of the hard
palate was closed by a vomer flap. The rest of the
palate was closed at 2 years of age using a Wardill
push-back procedure. Ten patients had a small
Simonart’s band.

Cleft palate group

The cleft palate group (CP) consisted of 57 adult male
patients aged 18-33 (mean age unknown). The profile
radiographs in the CP group were collected by Dahl (3)
during the years 1959-1962 using the following inclu-
sion criteria: 1) a cleft of the secondary palate; and 2)
male patients aged 18-33 years, born between 1928 and
1942. Forty-one of the patients have had the defect
repaired surgically, while 16 were unoperated.

Normal men

The adult control group comprised profile radiographs
(not taken for orthodontic purposes) from 20 men, all
dental students aged 20-30 (mean age unknown),
selected from material registered by Solow (16)
between 1965 and 1975 at the Department of Ortho-
dontics, University of Copenhagen, Denmark. These
were healthy Danish Caucasians with no prior history
of orthodontic treatment or craniofacial anomalies.
They had at least 24 permanent teeth present, neutral
occlusion, and normal vertical and sagittal jaw rela-
tionship diagnosed according to Bjork (20). The control
group was age-matched and gender-matched to the CL
group, which comprised male patients only.

Methods

The profile radiographs from the adult groups were
taken in a cephalostat with a film-to-focus distance of
180 cm and a film-to-median plane distance of 10 cm.
No correction was made for the constant linear
enlargement of 5.6 percent (20). The same cephalo-
metric setup was used for the children with cleft
lip/cleft lip and palate. A digital slide caliper was used
for measuring the thickness.
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Cephalometric analyses

The measurements of the thickness of the skull were
defined according to Axelsson et al. (21). The thickness
of the frontal bone, the parietal bone, and the occipital
bone was measured. On Fig. 1, the cephalometric fix
points and the lines necessary for measuring the skull
thickness including the actual locations on the skull for
measuring thickness are defined and marked on a
profile radiograph.

Method error

The reliability of the variables describing the thickness
of the frontal, parietal, and occipital bones was
assessed by remeasurement of 20 lateral radiographs
selected at random from the previously recorded

Fig. 1. Profile radiograph of a 7-year-old girl with UCLP. On the
radiograph is marked the location of the cephalometric fix points and
lines necessary for measuring skull thickness: Basion (ba): the most
posterior—inferior point on the clivus. Bregma (br): the intersection
between the sagittal and coronal sutures on the surface of the cranial
vault. Frontale (f): the point on the surface of the frontal bone
determined by a perpendicular to the nasion-bregma line and passing
through its midpoint. Lambda (I): the intersection between the
lambdoid and sagittal sutures on the surfaces of the cranial vault.
Nasion (n): the most anterior point on the fronto-nasal suture. Ref-
erence points according to Bjork (28). The thickness of the frontal,
parietal, and occipital bones were defined as the distances from the
points where the perpendicular bisectors of the cords nasion-bregma,
bregma-lambda, and lambda-basion intersected the inner and outer
contours of the respective bones (the points f, p and o). This defini-
tion is according to Axelsson et al. (21).

Orthod Craniofac Res 2010;13:75-81 | 77



Arntsen et al. Skull thickness in patients with clefts

radiographs in the unilateral cleft lip and group. The
radiographs were measured again after 2 weeks, and
the differences between the two sets of recordings were
calculated. No significant differences between the two
sets of recordings were found, assessed by paired
t-test. The method errors ranged from 0.03 to 0.47 mm
(22), and the reliability coefficients from 0.80 to 1.00
(23).

Statistical methods

The normality of the distribution was assessed by
parameters of skewness and kurtosis and by the
Shapiro-Wilks W-test. The thickness of the frontal, the
parietal, and occipital bones was, except for the frontal
bone in the cleft palate group, normally distributed in
all groups. Differences in the means of thickness of the
frontal, parietal, and occipital bones between the
groups and between genders were assessed by
unpaired z-tests. The CP and normal groups were not
compared with the CL and UCLP groups because of age
differences. The results of the test were considered to
be significant at p-values below 0.05. The statistical
analyses were performed using SPSS 13.00 (Inc.,
Chicago, Illinois, USA).

Results
Gender differences

In the CL group, the women had a significantly thinner
occipital bone compared to the men (p = 0.027). In the
UCLP group, no significant differences in thickness
were observed between the genders. The results are
summarized in Table 1.

Differences in skull thickness

CL compared with UCLP

When the CL and UCLP groups were compared, the
women in the UCLP group had significantly thicker
occipital bone than the women in the CL group
(p = 0.014) (Table 2). Comparison of skull thickness in
other regions did not show significant differences.

Cleft palate men compared with normal men

When the CP and the adult control groups were com-
pared, no differences in skull thickness were found
(Table 3).
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Table 1. Mean and SD values for the thickness of the frontal,
parietal, and occipital bones, and significant levels between the
genders in the CL and the UCLP groups

Women Men
Variables Group N  Mean SD N  Mean SD p-value
Frontal CL 7 4.80 115 17 546 1.00 NS
UcLP 11 550 1.09 17 544 1.06 NS
Parietal CL 7 555 061 17 6.10 1.05 NS
ucLkP 11 6.09 102 17 6.00 111 NS
Occipital  CL 7 354 082 17 500 153 *
UcLP 11 579 204 17 454 120 NS
*p < 0.05.

SD: Standard deviation.
NS: Not significant.

Discussion

The present study showed differences within and
between the groups investigated. Within the CL group,
the women had a statistically significant thinner
occipital bone compared with the men. In the study by
Axelsson et al. (21), differences were also found
between genders in normal children (thinner in
women), but squama thickness did not differ signifi-
cantly between men and women. An interesting finding
by Axelsson et al. (21) was that the squama occipital
bone was thinner in normal women in the 21-year-old
group compared with the 18-year-old group. This
aspect should be considered in future studies, although
it does not influence the results of the present study in
which the occipital bone in particular deviated in
patients with UCLP (mean age women 6.6, men 6.7).
In accordance with other studies (3, 7, 15), the present
study revealed that the occipital bones in the UCLP
group differed from those in the CL and CP groups. The
present study showed that the occipital bone was
markedly thicker in women with combined UCLP com-
pared to the women with CL. Similar differences were
not registered when men in these two groups were
compared. Clearly, thickness measurements would be
greatly affected by differences in proximity to the pro-
tuberance in clefts as well as in normal controls. It could
be discussed whether the method used in the present
study (21) should be combined in future studies with
measurements of the thinnest areas in the bones of the
skull. In the comparison between the CP male group
and the male controls, no difference was found in the
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Table 2. Mean and SD values for the thickness of the frontal, parietal, and occipital bones, and significant levels between the CL and

UCLP groups in women and men

Women Men
CL UCLP CL UCLP
Variable N Mean SD Mean SD p-value N Mean SD Mean SD p-value
Frontal 7 4.80 1.15 5.50 1.09 NS 17 5.46 1.00 5.44 1.06 NS
Parietal 7 5.65 0.61 6.09 1.02 NS 17 6.10 1.05 6.00 1.11 NS
Occipital 7 3.54 0.82 5.79 2.04 * 17 5.00 1.58 4.54 1.20 NS
*p < 0.05.

SD: Standard deviation.
NS: Not significant.

Table 3. Mean and SD values for the thickness of the frontal,
parietal, and occipital bones, and significant levels between the CP
group and the control group

CP Control group
Variable N Mean SD N Mean SD p-value
Frontal bone 57 6.98 1256 20 7.28 1.33 NS
Parietal bone 57 8.60 146 20 8.70 111 NS
Occipital bone 57 6.61 218 20 6.91 140 NS

SD: Standard deviation.
NS: Not significant.

thickness of the skull. It was not possible to extend the
control group as it consisted of healthy subjects with no
medical or odontological indications for radiology.
Therefore, profile radiographs of a normal group without
deviations in occlusion are difficult to obtain in Denmark
because of Danish legislation implemented by the
national ethical committee.

Nielsen et al. (10) studied the shape of the sella
turcica in patients with cleft lip and patients with
combined cleft lip and palate. They showed deviations
in the sella turcica shape in half of the subjects in the
cleft groups and found that the patients with UCLP had
more severely deviating sella turcica morphology
compared with the CL group. Also in the present study,
the UCLP women deviated significantly in the occipital
area from the CL women. The explanation for these
major deviations in cleft lip and palate is not known,
but might be found in the embryonic development of
the sella turcica and the occipital squama. The verte-
bral column, the sella turcica, and the occipital squama
covering the cerebellum are all structures bordering the

cerebellar field and developed under direct control by
the notochord (18, 19, 24). The sella turcica and the
lower part of the occipital squama (cartilage-formed)
thus have a common developmental origin, which
might explain the association between the different
osseous components within the field (18).

The present study reveals an association between
malformation in the basilar part of the occipital bone
and the cartilaginous part of the occipital squama.
A relevant discussion of the anomalies in the occipital
bone and of the possible interrelation of these anom-
alies with the cartilaginous cervical spine cannot be
performed before a more detailed classification of the
spine malformation has been made.

The tentorium cerebelli attach to the protuberantia
occipitalis interna located at the border region between
the cartilaginous formed and the desmally formed part
of the occipital squama. The region for measuring
thickness in the occipital bone in this study is localized
caudally to the protuberantia occipitalis interna.
Because of the embryological origin, it can be ques-
tioned whether this occipital area belongs to the cranial
base or the skull structure (24). A local factor, which
could also influence the thickness of the occipital
squama, is the attachment of the neck musculature at
the occipital squama.

Zuniga et al. (25) compared the curvature of the cer-
vical spine in children with cleft lip and palate with
children without clefts. They found that the cleft children
had significantly increased extension of the head
and also a forward position of the cervical spine. The
increased thickness of the occipital squama might be
connected with altered function of the neck muscles and
changes in the cervical spine, but this is not known.

Orthod Craniofac Res 2010;13:75-81 | 79
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The present study has revealed significant deviations
in the occipital squama in patients with UCLP com-
pared to patients with CL. Previous studies have
described significant differences between the basilar
part of the occipital bone in patients with UCLP and
patients with CL (15). These significant occipital
changes in patients with UCLP may explain the con-
siderable deviations in jaw shape and position, char-
acteristic of patients with UCLP. Previous studies have
indicated that skull thickness is associated with severe
skeletal malocclusions (26, 27).

The finding in the present study of a malformed
occipital bone in patients with UCLP is valuable for a
pathogenetic understanding of the fetal pathological
processes leading to complete clefts. The finding is also
valuable for diagnostics as the occipital bone is clearly
visible on a profile radiograph. Improved diagnostics
influences treatment planning and is necessary in the
evaluation of surgical and orthodontic treatment of
clefts.

The present study showed that the occipital squama
in the UCLP group differed significantly from that of
the CL group. As similar differences were found in
previous studies on the basilar part of the occipital
bone, the present study suggests that the occipital bone
is an important key bone for understanding craniofa-
cial abnormalities in clefts.

Conclusion

The study showed gender differences in skull thickness
in different cleft types. It also demonstrated that par-
ticularly the occipital bone deviated in patients with
UCLP, which may explain the considerable deviations
in jaw shape and position, previously registered in
patients with UCLP.

Clinical relevance

Patients with cleft lip, cleft palate, and cleft lip and
palate are genetically different. Also, dentitions and
craniofacial skeletons are different. Focus has previ-
ously been given to differences in for instance the
profile, the nasal bone, the sella turcica, the cranial
base angle, and the cervical vertebrae. The present
study focuses on skull thickness in different cleft types.
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It was demonstrated on profile radiographs that par-
ticularly the occipital bone was significantly thicker in
female patients with UCLP compared with other clefts.
It is recommended to register skull thickness and
especially squama thickness as part of the phenotypic
description of a patient with cleft.
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