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Abstract

Background: The purpose of the present study was a three-dimensional evaluation of the spheno-
occipital synchondrosis (SOS) and zygomatico-maxillary suture (ZMS) in cleft lip and palate patients
versus the normal population.

Materials and Methods: In the case-control study, cone beam computed tomography scans of 153
unilateral or bilateral cleft lip and palate patients and 153 scans of healthy non-cleft individuals with
skeletal Class I occlusion from 6 to 18 years were selected. Then the ZMS and SOS maturation stages
were determined. Mann-whitney test, spearman correlation, repeated measurement, and bayesian
transition analysis were used for statistical analysis. P-value < 0.05 was considered as significant.

Results: The result of this study showed ZMS maturation in cleft lip and palate patients was
significantly earlier than control group; although, there were no statistically significant differences
between case and control groups in SOS maturational stages. This study showed that in the normal
population, the mean age of stage B, which is the ultimate level of favorable response to growth
modification in ZMS development, is 11.50 + 1.50 years for females and 10.79+ 1.89 years for males
and in cleft lip and palate patients, the mean age of stage B is 9.53 + 1.46 years for females and 9.71 £+
1.36 years for males. There was no significant difference in mean age at any of maturational stages of
ZMS and SOS between unilateral and bilateral cleft lip and palate patients (P>0.05).

Conclusion

Maturation of zygomatico-maxillary suture in cleft lip and palate was earlier than non-cleft children,
however sphenooccipital synchondrosis did not show any significant differences in maturational
stages between cleft lip and palate patients and healthy controls.
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SOS and ZMS Maturation in CLP Children

1- INTRODUCTION

The most common craniofacial
malformation found at birth is unilateral
(UCLP), and bilateral cleft lip and palate
(BCLP). Nearly one out of every 700 live
births has a kind of cleft that may be a
result of genetic and environmental factors
(1-3). Class Il malocclusion is a common
anomaly in cleft lip and palate children,
mainly due to maxillary deficiency.
Conventionally, growing patients with
maxillary deficiency are treated with a
facemask with a heavy anterior traction
applied to the maxilla to stimulate its
forward and downward movement and to
redirect mandibular growth. There is some
evidence showing more favorable results
with facemask therapy in younger patients.
However, the best treatment timing based
on the best responses to facemask therapy
remains controversial and long-term
results and stability of this treatment
modality remain debatable (4-7).

The maturation of the circum-maxillary
sutures, including the transverse palatine
suture, the fronto-maxillary sutures, and
the zygomatico-maxillary sutures (ZMSs),
determine the amount of maxillary
protraction (8-10). Among the maxillary
sutures, ZMS is more important because of
the greater complexity in its interdigitation
than other circumaxillary sutures (11). The
ZMSs are the tallest and coarsest circum-
maxillary sutures. So, analysis of the
maturation of ZMSs may be an indicator
of the response to orthopedic maxillary
protraction (12).

In orthodontics, the cranial base is also
important because the growth changes of
the maxillo-mandibular complex are
affected by the cranial base. In some
studies it has been recommended that a
guard rail for growth of the maxilla, mid-
face, and even lower facial complex be
placed at the cranial base (13, 14). As in
cleft lip and palate patients the
development of the maxillofacial and
dental arch are different from normal
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growth, one of the questions could be
whether there is a difference in cranial
base as well as maxillary sutures
maturation in these patients versus normal
children (15, 16). Therefore, in this study,
we aimed to investigate development of
the spheno-occipital synchondrosis and the
zygomatico-maxillary suture in cleft lip
and palate patients versus the normal
population from 6 to 18 years of age to
find the best time for maxillary growth
modification.

2- MATERIALS AND METHODS
2-1. Study design and population

In this case-control study, cone beam
computed tomography (CBCT) scans of
153 cleft lip and palate (CLP) patients (94
unilateral and 59 bilateral) as case group
and 153 scans of healthy skeletal Class |
individuals as control group from 6 to 18
years were selected. Both groups were
matched in terms of age. All CBCTs were
selected from a radiology clinic archive.
The reason for taking CBCTs from control
group, was to diagnose sinusitis or bone
fracture; however, we excluded all cases
with theses diagnoses from the control
group and only CBCTs of healthy non-
cleft persons were selected for this
investigation.

Exclusion criteria were CBCTs that
showed head trauma or bone fracture or
sinusitis. ZMSs maturation was identified
in the sagittal view, at the infra orbital
(superior), and infra zygomatic (inferior)
sections of the suture. Since the sagittal
cross-sectional slice allows the long axis of
the ZMS to be observed, radiographic
interpretation was performed in the sagittal
cross-sectional slice. The contrast or
brightness of the images was not changed.
An expert examiner categorized the ZMS
maturation stage of samples in a dark room
based on the visual analysis method
mentioned by Angelieri et al. (11). Similar
maturational stages are commonly found
in the two sides of the ZMSs. Therefore, in
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the staging phase, only the higher
maturational stage of the ZMSs for each
patient was identified.

Angelieri et al. (11) determined and
described the five stages of ZMS
maturation (Figure. 1):

Stage A: Even high-density sutural line,
without or slight interdigitation.

Stage A

Stage D

The ossification status of the spheno-
occipital synchondrosis was examined
using an altered four-stage system
(Figure.2) (17).

0: (Unfused) — Fully open and showing no
indication of union between the basilar
section of the occipital and the sphenoid,
and bone was not observed in the gap.
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Stage B

Stage B: Scalloped appearance of the
high-density sutural line.

Stage C: Dual parallel, scalloped, high-
density lines, detached in a few minor low-
density spaces.

Stage D: Union in the inferior section of
the suture.

Stage E: Complete union.

Stage C

Stage E

Fig.1: Stages of zygomatico-maxillary suture maturation.

1: (Fusing endocranially) — Half or less of
the length of the synchondrosis has
merged.

2: (Fusing ectocranially) — More than half
the length of the synchondrosis has
merged.

3: (Complete fusion) — Total union that
shows normal bone all over.
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All images were scored by one observer,
and 52 scans were reevaluated after four
weeks by a second observer to calculate
inter and intra-examiner agreement.
Observer agreement was accordingly
calculated using the Fleiss’s Kappa
coefficient (18, 19). The Kappa measure of
agreement for the inter-examiner was 0.88
(P <0.001) for both SOS and ZMS; the
strength of agreement between repeated
observations is thus rated as "almost

Phase 0

Phase 2

perfect" (17). The Kappa measure of
agreement for the intra-examiner was 0.77
(P <0.001) for SOS. The Kappa measure
of agreement for the intra-examiner was
0.81 (P <0.001) for ZMS. Mann-Whitney
test, Spearman correlation, Bayesian
Transition  analysis, and  repeated
measurement were used for data analysis.
SPSS software version 18.0 was used for
data analysis. P-value <0.05 was
considered as significant.

Phase 1

Phase 3

Fig.2: Stages of spheno-occipital synchondrosis fusion in the mid-sagittal plane.

2-2. Bayesian Transition analysis

The Bayesian transitional analysis is a
distinguished approach for modeling an
ordinal variable in which its categories can
be considered as stages defined by a
skeletal trait while the morphological
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changes  are progressive (means
unidirectional)  (20). Recently, the
fundamentals of the Bayes theory and its
application in age estimation have been
studied substantially (20-22), and was
evaluated and compared to other
traditional methods (23). This analysis is
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based on a cumulative probit model in
which age can be considered as an
independent variable and would be
estimated for an individual who moved
from one stage to the other. Estimates of
the regression slope for age and intercepts
corresponding to each transition (for
example stage 1 to 2 of spheno-occipital
synchondrosis) of the  cumulative
regression model with the probit link were
obtained for normal populations and CLP
patients. Then, by assuming uniform prior
probabilities that allocate the same
probability to each age categories and
combine this information with parameter
estimates, the posterior mean and standard
deviation were calculated. The obtained
parameters corresponded to means and
standard  deviation  of  lognormal
distributions for each transitional path.

The standard error of means (SEM) were
computed by bootstrap method a
nonparametric resampling Monte Carlo
method. For this purpose, 1000 samples of
length 153 (number of observations in
each group) with replacement were
generated for normal populations and CLP
patients separately. For each sample, the
Bayesian transitional model was executed
and parameter estimates were obtained,
and the bootstrap SEM of each group and
transition was computed based on the
estimated parameters. All analyses were
done for normal populations and CLP
patients. Finally, two independent sample
t-test was used to assess the hypothesis of
any statistical difference in estimated mean
age between the two populations in each
transition using estimated mean and SEM.
The applied Bayesian cumulative probit
model was implemented by means of
“arm” package in R 3.5.3. P-values less
than 0.05 considered statistically different.

3- RESULT

The current study consisted of 306
samples (154 males and 152 females)
between the ages of 6 to 18 years. 153
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CBCTs of cleft lip and palate (CLP)
patients (94 unilateral and 59 bilateral) and
153 scans of healthy non-cleft individuals
were entered in this study. The mean age
of both groups was 13.27 + 3.49 year. The
study showed spheno-occipital
synchondrosis and zygomatico-maxillary
suture  fusion degree increases in
correlation with age. In regard to complete
fusion of SOS (stage 3) in cleft lip and
palate patients and control groups, this
study showed that in the normal population
the mean age is 16.96 = 0.91 years for
females, and 17.00 £ 0.85 years for males
and in cleft patients, the mean age at stage
3 is 17.36 + 0.64 years for females and
17.08 = 0.7 years for males (Table.l).
According to Table.1l, there were no
significant differences between males and
females regarding SOS maturation stages
not only in CLP patients but also in the
normal population (P>0.05).

According to Table.2, in cleft patients,
there were no significant differences
between males and females regarding
ZMS maturational stages (P>0.05). In
comparing the mean age of both sexes in
the normal population, there was no
significant statistical difference in any of
the maturation stages of ZMS except in
stage D (P = 0.006). This study showed in
the normal population, the mean age of
stage B, which is the ultimate level of
favorable response to growth modification,
is 11.50 + 1.50 years for females and
10.79+ 1.89 years for males and in CLP
patients, the mean age of stage B is 9.53 £
1.46 years for females and 9.71 + 1.36
years for males. According to Table.3,
ZMS maturation in the cleft patients was
significantly earlier than in the normal
population in stage B, C, and D (P < 0.001,
P=0.001, P = 0.008, respectively), whereas
there were no statistically significant
differences between the case and control
groups for SOS maturation stages (P >
0.05).
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Table-1: Descriptive means of age in different groups by closure state of the spheno-occipital suture

(SOS).
P-
Group Stage Gender Number Mean+ SD -ANEe Median ral

f (Min-max) value

Normal population 0 Female 22 9.23+£2.02 6-12 9.0
0.716*

Male 25 9.44+1.96 6-13 10.0
1 Female 13 12.23+1.69 9-14 13.0 0.591%*

Male 17 11.88+1.93 7-14 12.0
2 Fetnale 16 16.00£1.67 14 -18 16.5 0.059%%

Male 21 14.90+1.18 13 -17 15.0
3 Female 24 16.96+0.91 15-18 17.0 0.939%*

Male 15 17.00+£0.85 16-18 17.0

CLP patients 1] Female 16 8.56x1.79 6-12 9.0
0.855%

Male 17 8§.47+1.84 6-13 8.0

_ 2

1 Fetnale 18 12.11+£2.05 8-15 12.0 0.263%%

Male 39 12 .82+1 89 10-16 13.0
2 Female 18 15.06£1.76 12-18 155 0.941*

Male 7 15.00£1 .41 13 -17 15.0
3 Fetnale 25 17.36+0.64 16 -18 17.0 0.258%%

Male 13 17.08+£0.76 16-18 17.0

*t-test, **: Mann Whitney U, CLP: Cleft lip and palate.

Table-2: Descriptive means of age in different groups by closure state of the zygomatico-maxillary

suture (ZMS).

Group Range .
Stage Gender Number ~ Mean + SD (Min-Max) Median P value

Normal population Female 10 7.50+1.27 6-9 75
A 0.834"

Male 8 7.38+1.19 6-9 7.0

Female 20 11.50+1.50 9-14 12.0
B 0.182"

Male 24 10.79£1.89 7-14 10.5

Female 15 13.80+2.40 9-17 14.0
C 0.412™

Male 21 13.43+1.91 10-17 14.0

Female 16 16.81+0.83 15-18 17.0
D 0.006™

Male 15 15.60+1.18 14 - 17 15.0

Female 14 17.43+0.85 16 -18 18.0
E 0.508™

Male 10 17.20+0.92 16-18 17.5

CLP patients Female 5 6.80+1.30 6-9 6.0
A 0.623™

Male 6 6.83+0.75 6-8 7.0

Female 15 9.53+1.46 7-12 9.0
B 0.731™

Male 17 9.71+1.36 7-12 10.0

Female 12 12.00+1.28 10-14 12.0
o 0.553"

Male 20 12.30x1.42 10-15 13.0

Female 24 15.71+1.57 13-18 16.0
D 0.126™

Male 21 15.00+1.14 13-18 15.0

Female 21 17.24+0.83 16-18 17.0
E 0.435™

Male 12 17.00+0.85 15-18 17.0

*: t-test, **: Mann Whitney U, CLP: Cleft lip and palate.
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Table-3: Comparison between the mean age of normal populations and CLP patients in each stages of

ZMS and SOS.
Group Stage Type Number ~ Mean  SD (M'?r?_”lazx) Median v;;Je
ZMS A Normal 18 7.44+1.20 6-9 7.0 0.167
cLP 11 6.8240.98 6-9 7.0
B Normal 44 11.11+1.74 7-14 11.0 <0.001
CLP 32 9.63%+1.39 7-12 9.5
C Normal 36 13.58+2.10 9-17 14.0 0.001
CLP 32 12.19+1.35 10-15 12.5
D Normal 31 16.23+1.18 14 -18 17.0 0.008
CLP 45 15.38+1.42 13-18 15.0
E Normal 24 17.33+0.87 16 -18 18.0 0.355
CLP 33 17.15+0.83 15-18 17.0
SOS 0 Normal 47 9.34+1.97 6-13 9.0 0.059
CLP 33 8.52+1.79 6-13 9.0
1 Normal 30 12.03+1.81 7-14 13.0 0.208
CLP 57 12.60+1.95 8-16 13.0
2 Normal 37 15.38+1.50 13-18 15.0 0.442
CLP 25 15.04+1.65 12 - 18 15.0
3 Normal 39 16.97+0.87 15-18 17.0 0.149
CLP 38 17.26%0.69 1618 17.0

ZMS: Zygomatico-maxillary suture, SOS: Spheno-occipita suture, CLP: Cleft lip and palate, SD: Standard

deviation.

Table.4 compares ZMS and SOS maturity
between unilateral and bilateral CLP
patients. Accordingly there was no
significant difference between unilateral
and bilateral cases at any of the maturation
stages of ZMS and SOS (P>0.05). Linear
regression parameters for the prediction of
age in both sexes for the SOS and ZMS
fusion stages was done. For a unit stage
increase in SOS maturity, the mean age
increases 2.76 years for females and 2.65
years for males. Moreover, a unit increase
in ZMS maturity increases the mean age to
2.43 year for males and 2.48 year for
females. Parameter estimates of the
Bayesian transition analysis based on the
cumulative logit models are presented in
Table.5. The most probable age of an
individual at which a transition will occur
in SOS and ZMS maturation individual
were reported as estimates and the
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standard deviation for each transition are
dispersion  parameters, which  were,
illustrate  graphically in terms of
probability distribution in Figure.3. Based
on Bayesian transition analysis (Table.5),
there  were  statistically  significant
differences between CLP patients and
normal population in ZMS and SOS in all
transitional stages (P<0.05) except stages 2
to 3 of SOS maturation, where in no
significant  differences were  shown
between the two groups (P>0.99).
Furthermore, transition age demonstrated
earlier maturation of ZMS in CLP patients
for all phases (p<0.001). The transition
analysis was carried out in patients with
unilateral and bilateral cleft lip and palate
anomaly separately. There were no
statistical differences between two types of
cleft lip and palate in terms of transition
age at stages of SOS and ZMS (p>0.05).
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Table-4: comparison between the mean age of UCLP and BCLP patients in each stages of ZMS and

SOS.
Grou Stage Gender Number Mean + SD Rl Median P- value
P g * (Min-Max)
ZMS A UCLP 6 6.83+0.75 6-8 7.0
0.623**
BCLP 5 6.80+1.30 6-9 6.0
B UCLP 21 9.67+1.28 7-12 10.0
BCLP 11 9.55+1.63 7-12 9.0 0.819
C UCLP 21 12.14+1.28 10- 14 13.0
0.918**
BCLP 11 12.27+1.56 10-15 12.0
D UCLP 22 15.59+1.59 13-18 16.0
BCLP 23 1517+1.23  14-18 150 0391
E UCLP 24 17.21+0.88 15-18 17.0
0.387**
BCLP 9 17.00+0.71 16 - 18 17.0
SOS 0 UCLP 20 8.50+1.57 6-12 9.0 0,953+
BCLP 13 8.54+2.15 6-13 9.0
1 UCLP 35 12.40+1.79 10- 16 13.0
0.229%*
BCLP 22 12.91+2.20 8-16 14.0
2 UCLP 11 15.00+1.67 13-18 16.0
BCLP 14 1507+¢1.69  12-18 15.0 0.917
3 UCLP 28 17.36+0.68 16 - 18 17.0
0.146%*
BCLP 10 17.00+0.67 16 - 18 17.0

ZMS: Zygomatico-maxillary suture, SOS: Spheno-occipita suture, UCLP: Unilateral cleft lip and palate, BCLP:
Bilateral cleft lip and palate, SD: Standard deviation. *:t-test, **: Mann Whitney U.

Table-5: Bayesian estimates of age at transition from the cumulative logit on transition analysis for
fusion stages of the spheno-occipital synchondrosis and Zygomaticomaxillary suture maturation in
Normal and CLP patients.

Normal Population

(n=153)

CLP patients
(n=153)

Transition stage t- statistic P-value
Estimate+ SEM  SD  Estimate=SEM  SD
0-1 11.16+0.31 9.95+0.29 2.85 0.005
SOS 1-2 13.63+0.19 0.84 14.49+0.27 0.82 -2.60 0.01
2-3 16.31+0.23 16.31+0.21 0.00 >0.99
A-B 8.3740.31 7.43+0.28 2.25 0.025
ZMS B-C 12.45+0.31 0.89 10.88+0.26 065 3.88 <0.001
C-D 15.15+0.23 13.55+0.17 5.60 <0.001
D-E 17.33+0.26 16.65+0.22 1.99 0.046

ZMS: Zygomatico-maxillary suture, SOS: Spheno-occipita suture, CLP: Cleft lip and palate, SEM: Standard
error of mean, SD: Standard deviation.
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Fig.3: Probability density plot of age-at-transition in normal and cleft population for sphenooccipital
synchondrosis maturation (left), and zygomaticomaxillary suture maturation (right).

4- DISCUSSION

The purpose of the present study was
three-dimensional evaluation of the SOS,
and ZMS in cleft lip and palate patients
versus the normal population. The study
showed spheno-occipital synchondrosis
and zygomatico-maxillary suture fusion
degree increases in correlation with age.
This study also showed in the non-cleft
children, the mean age of stage B, which is
the ultimate level of favorable response to
growth modification, is 11.50 + 1.50 years
for females and 10.79+ 1.89 years for
males and in CLP patients, the mean age
of stage B is 9.53 £ 1.46 years for females
and 9.71 £ 1.36 years for males. Maxillary
hypoplasia is commonly found in cleft lip
and palate patients. Contributions to
restricted maxillary growth have been
widely accepted to be caused by two main
factors: surgical intervention for cleft lip
and palate repair and intrinsic growth
deficiency. Intrinsic factors of maxillary
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deficiency have been correlated to various
clinical markers including severity of
clefting, dimensions of the premaxilla, and
palatal surface area. Combination of these
factors leads to a class Il malformation
with maxillary deficiency in these patients.
It has been proven that cleft patients show
less  dysmorphic  characteristics in
transverse dimensions of the face and
basicranium; however, lateral cranial base
is more affected by cleft compared with
the middle basicranium (24). The ZMSs
and SOS are the most impressive factors in
maxillary growth and development. Hence,
analysis of the maturation of ZMSs may
indicate a response to orthopedic maxillary
protraction (12). On the other hand, the
cranial base is also considered important
because the growth changes of the
maxillo-mandibular complex is affected by
the cranial base (13, 14). As there was
considerable dissimilarity in the literature
regarding closure time of SOS and ZMS in
the normal population and cleft patients,
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further investigation is needed to compare
their maturation between the two groups
(12, 25). According to Angelieri et al.’s
study, the suture with higher maturity
should always be considered as the
criterion for evaluation because if the
maturational stage in one side is higher
than stage B, the maxilla will not protract
well (12). Therefore, in our study, we also
considered the highest stage when there
were differences between the sutures on
both sides. According to Lottering et al.,
SOS maturity varies in different races and
nationalities due to different environmental
factors such as cultural and nutritional
diversity, as well as genetic diversity of
different nationalities due to mixing of
genes (21). In a study by Akhlaghi et al., in
the male Iranian population, the mean age
at which the SOS was completely open
was 12.78 years and the highest age at
which the SOS was completely open was
19 years (26), while in our study the mean
opening age was about 9.44 and the
highest opening age was 13 years.

Although the age range studied in our
study was 6 to 18 years, the reason for the
differences between these two studies can
be explained by the different climatic and
cultural ~ conditions of these two
metropolises from one country. This study
showed ZMS maturation in CLP patients
was significantly earlier than in normal
population, whereas SOS  maturity
occurred earlier in stage 0 and 2 in CLP
patient; however, it was not statistically
significant. The result of this study could
answer an important clinical question
existing about when to use facemasks for
maxillary protraction in class Il patients
among cleft or non-cleft patients. The
main goal in the early use of the facemask
is to maximize anterior displacement of the
maxilla due to the sutural growth.
According to previous studies, before the
age of 8, the sutures around the maxilla are
smooth and broad, but they are more
heavily interdigitated around puberty.

Int J Pediatr, VVol.9, N.6, Serial No.90, Jun. 2021

Therefore, it is often recommended that
maxillary protraction begins at the end of
the primary dentition or at the beginning of
the mixed dentition (27, 28). According to
the study of Angelieri et al., at stages A
and B of ZMS maturity, maxilla responds
well to facemask therapy (12). In our
study, the mean age of stage B in the
Iranian population was 10.79 £ 1.89 in
males and 11.50 + 1.50 in females. In cleft
patients, the mean age at stage B was 9.71
+ 1.36 and 9.53 £ 1.46, respectively in
males and females. Therefore, according to
our study, it seems that in the Iranian
population, maxillary protraction through
the facemask will have acceptable
orthopedic effects when used in the normal
population before age 11 and in cleft
patients before age 10. Nonetheless,
clinical studies are needed to prove this.
On the other hand, in our study, the mean
age of females with cleft lip and palate was
significantly lower than the normal
population at stage B, C and D of ZMS
maturation. Therefore, the importance of
early initiation of growth modification
therapies in patients with cleft lip and
palate compared to normal individuals,
especially in girls, can be understood.

However, more studies are needed to
prove this. Linear regression analysis of
age prediction in relation to SOS and ZMS
maturation stages revealed that for a unit
stage increase in SOS maturity, the mean
age increased as 2.76 units for females and
2.65 units for males. In addition, this study
showed for a unit stage increase in ZMS
maturation, the mean age increased 2.43
units for males and 2.48 units for females.
While in the study of Can et al., for per
unit increase in SOS maturation, the mean
age increased to 2.75 in females and
increased to 2.45 in males (29). No study
was found for ZMS maturation regarding
this issue. In the comparison between
UCLP and BCLP patients, no significant
statistical difference was found in the
mean age at each stage of ZMS maturation
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as well as SOS. Due to the limited number
of samples, it was not possible to compare
the two groups by gender. Therefore, we
recommend further studies with a larger
sample size.

5- CONCLUSION

This study showed because of earlier
maturation of ZMS in CLP patients
compared to the normal population,
growth  modification of  maxillary
deficiency should be started sooner in such
patients than non-cleft children. The study
also revealed there is no difference
between the maturation of SOS between
CLP patients and the normal population.
However, ZMS and SOS in UCLP and
BCLP patients had similar maturational
stages.
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