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Time and pattern of the fusion of the spheno-occipital synchondrosis in

patients with skeletal Class | and Class Ill malocclusion

Jae-Hee Yang?®; Bong-Kuen Cha®; Dong-Soon Choi®; Jae Hyun Park®; Insan Jang®

ABSTRACT

Objectives: To investigate the time and pattern of fusion of the spheno-occipital synchondrosis in
patients with skeletal Class | and Class Il malocclusion using cone-beam computed tomography
(CBCT).

Materials and Methods: A total of 262 CBCT images were collected: 140 skeletal Class | (0° <
ANB < 4°; 71 males, 69 females) and 122 skeletal Class Ill (ANB < 0°%; 61 males and 61 females).
The fusion stages were identified using CBCT images of a six-stage system defined by the
appearance of osseous cores and ossifying vestige in the synchondrosis. The age distributions of
each stage and the pattern of fusion were evaluated.

Results: The stages of fusion progressed with increasing age (P < .05, r=.824), and the age
distributions in the female groups were generally 1 to 3 years younger than those in the male
groups. However, no significant differences were observed between the skeletal Class | and Class
Il groups regarding the time of ossification of the synchondrosis. The osseous cores appeared
most frequently in the supero-center part, followed by the mid-center part of the synchondrosis.
Conclusions: The time and pattern of fusion of the spheno-occipital synchondrosis are not
apparently different between patients with Class | malocclusion and those with Class |l
malocclusion. The osseous cores appear frequently in the supero-center and mid-center of the
synchondrosis with various patterns before the end of the pubertal growth spurt period. (Angle
Orthod. 2019;89:470-479.)
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Spheno-occipital synchondrosis

INTRODUCTION

The spheno-occipital synchondrosis is a hyaline
cartilaginous joint of the cranial base located between
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the sphenoid bone anteriorly and the occipital bone
posteriorly. The synchondrosis is regarded as an active
growth center of the craniofacial skeleton until it is
replaced by bone during childhood and adolescence.'?

There have been many studies on the fusion of the
spheno-occipital synchondrosis based on a direct
inspection of dry skulls,>* macroscopic and histologic
investigations of autopsy materials,>® cephalometric
laminography,®'® and computed tomography (CT)."*¢
In the direct inspection studies of dry skulls,>' the
fusion stage was evaluated grossly using a three-stage
system: open, semiclosed, and closed. Histologically,
an osseous core appeared in the cartilage tissue
between the sphenoid and occipital bones, and the
osseous connection between these two bones oc-
curred with the progress of ossification around the
osseous core.” Computed tomographic studies en-
abled early detection of a single ossification cen-
ter,”'*'® and the fusion stage was classified according
to the radiopacity in the synchondrosis as five- or six-
stage systems.®1®
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Table 1. Distributions of Age and the ANB Angle of the Sample Groups®
ANB, °

Group n Mean SD Min Max Mean SD Mean SD
Class | male 71 13.5 3.8 7.4 21.8 2.3 0.9 80.7 3.7
Class | female 69 13.6 2.9 7.8 18.8 23 0.9 81.1 41
Class Ill male 61 141 4.3 7.8 21.4 —2.5 2 79.2 29
Class Il female 61 13.7 3.4 7.6 18.8 -1.8 14 79.1 3.5

2 n indicates sample size; SD, standard deviation; Min, minimum; Max, maximum.

Previous studies reported that the fusion of the
synchondrosis occurred 2 or 3 years earlier in females
than in males.®*'*'®* However, the timing of complete
fusion of the synchondrosis is still controversial in the
literature.*"*'*'* This inconsistency is probably due to
a difference in criteria, population, and assessment
methods. In addition, most of the studies on the fusion
of the synchondrosis did not consider the skeleto-facial
differences between the subjects.

Growth in the spheno-occipital synchondrosis is
associated with an increase in posterior cranial base
length and a flattening of the angle between the
anterior and posterior cranial base, which affects the
sagittal relationship of the upper and lower jaws.'*'81°
Previous studies have reported distinctive characteris-
tics in the cranial base of patients with Class Il
malocclusion.'®** Class lll patients exhibited a signif-
icantly shorter posterior cranial base during the
prepubertal period than the Class | group,'®?° suggest-
ing that early fusion in the spheno-occipital synchon-
drosis causes a short cranial base and a retruded
maxilla. Singh®* proposed that a decreased cranial
base angle caused by premature synostosis of the
synchondrosis may affect the temporomandibular
joint’'s forward movement, thereby resulting in skeletal
Class Ill malocclusion.

However, to date, no study has determined whether
the spheno-occipital synchondrosis in Class Il patients
fuses earlier than in Class | patients. Therefore, this
study aimed to investigate the time and pattern of
fusion of the spheno-occipital synchondrosis in Korean
patients with skeletal Class | and Class Ill malocclusion
using cone-beam computed tomography (CBCT).

MATERIALS AND METHODS

The sample for this retrospective study was collected
from the pretreatment records of patients who had
visited the Department of Orthodontics, Gangneung-
Wonju National University Dental Hospital, between
January 2011 and May 2018. Inclusion criteria were (1)
available CBCT images that were taken for diagnostic
purposes, (2) ANB angle less than 4°, and (3) females
aged 7 to 19 years and males aged 7 to 22 years.
Patients with a history of cleft lip or palate, craniofacial
syndrome, or prior orthodontic treatment were exclud-

ed. No CBCTs were taken specifically for this study,
and the protocol of this study was reviewed and
approved by the Ethics Committee of Gangneung-
Wonju National University Dental Hospital. The final
sample consisted of 262 CBCT images (130 females,
132 males), and they were divided into four groups
according to gender and ANB angle into male and
female skeletal Class | (0° < ANB < 4°) and Class
(ANB < 0°) groups (Table 1).

All CBCT scans were taken using an Alphard-3030
unit (Asahi Roentgen Industries Co, Japan) for
orthodontic diagnosis. The device was set at 6.0 mA
and 80 kV in adults and at 5.0 mA and 80 kV in
children. The imaging system captured the head and
neck with 0.39-mm-thick slices and a 200-mm X 179-
mm field of view. The images were saved as digital
imaging and communication in medicine files, and
three-dimensional (3D) images were reconstructed via
OnDemand 3D software (Cybermed, Seoul, Korea),
thereby providing a multiplanar reconstruction view.
The principal axes were reoriented in the midsagittal
plane according to the long axis of the spheno-occipital
synchondrosis (Figure 1). The synchondrosis was
comprehensively examined in the sagittal sections
from the left to right margin and, in the sections
perpendicular to the long axis of the synchondrosis,
from the superior to inferior border to classify the
stages of fusion. The fusion status of the spheno-
occipital synchondrosis was evaluated by one exam-
iner using a six-stage system, which was modified from
that of Lottering et al.’® The definitions for the stages of
fusion are summarized in Table 2 and Figure 2. The
osseous cores in Stage lll and IV were recorded
graphically in a chart of 3 X 3 boxes, which divides the
synchondrosis into nine parts (Figure 3). The preva-
lence of the osseous core in each box was calculated
to determine the developing pattern of the osseous
cores in the synchondrosis. Fifty CBCT images were
selected arbitrarily and scored twice with a 1-week
interval to calculate intraexaminer reliability. The
weighted kappa coefficient was 0.871 (P < .001).

Statistical Analysis

Mann-Whitney tests were used to identify significant
differences in the fusion stage between Class | and
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Figure 1. CBCT images: (A) Sagittal section. (B) Section perpendicular to the long axis of the spheno-occipital synchondrosis.

Class Il groups at each chronologic age, which was
rounded to a full year. Kaplan-Meier survival analysis
was performed to compare the time of the fusion of the
spheno-occipital synchondrosis between Class | and
Class Il groups. Spearman correlation analysis was
used to assess the correlation between fusion stage
and age, ANB, and SNA. P < .05 was taken to indicate
statistical significance. All statistical analyses were
performed using PASW version 18.0 (IBM Co, Armonk,
NY).

RESULTS

The age distribution at each stage of fusion is shown
in Figures 4 and 5. The stages of fusion progressed
with increasing age in all groups. The Spearman rank
correlation coefficient showed a positive significant

relationship between age and fusion stage (P < .001, r
=.824) and between SNA and fusion stage (P=.002, r
= .212). However, no significant correlation was
observed between the fusion stage and ANB (P =
.633). In both male and female groups, there was no
significant difference between Class | and Class lli
groups in the fusion stage at each age rounded to a full
year (Mann-Whitney test, P > .05). Figure 6 shows the
Kaplan-Meier survival analysis, which revealed no
significant difference in time of ossification of the
synchondrosis between Class | and Class Il in both
male (P = .340) and female groups (P = .477).

Skeletal Class | and Class lll Male Groups

Stage | was not found in either Class | or Class Il
male groups. The oldest age at Stage Il was 11.3

Table 2. Definitions for the Stages of Fusion of the Spheno-occipital Synchondrosis

Stage Classification Definition
Stage | Open The synchondrosis was completely open and appeared as a radiolucent band; absence
of osseous core and no fusing sign on superolateral margin of the synchondrosis
Stage Il Incipient fusion Fusion between the sphenoid and occipital bone on the right and/or left lateral margin,

typically on the superior third of the synchondrosis

Stage Il Appearance of single osseous core

A single osseous core appeared within the synchondrosis, and the bilateral margins of

the superior third of the synchondrosis were fused evidently; a radiopaque osseous
core was isolated within the synchondrosis or connected with sphenoid or occipital

bones

Stage IV Appearance of additional osseous cores Multiple complex osseous cores were observed within the synchondrosis; partially
fused synchondrosis with presence of isolated and/or bony bridged osseous cores

Stage V  Fusion with ossifying vestige

The synchondrosis was almost fused but still visible as a mixed radiopaque and

radiolucent ossifying vestige

Stage VI Complete fusion

The synchondrosis was completely ossified and appeared like a single bone without
radiolucent gaps

Angle Orthodontist, Vol 89, No 3, 2019
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Figure 2. CBCT images of the spheno-occipital synchondrosis at various stages of ossification. (A, B) Stage Il in a 9.8-year-old boy. (C, D) Stage
Ill, the appearance of a single osseous core (arrow heads) in an 11.5-year-old girl. (E, F) Stage IV, the appearance of multiple osseous cores
(arrow heads) in a 13.3-year-old boy. (G, H) Stage V, incomplete fusion with an ossifying vestige (arrows) in a 14.8-year-old girl. (I, J) Stage VI,
complete ossification in a 21.3-year-old man.
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Figure 3. (A, B) The spheno-occipital synchondrosis was divided into three parts in each section. (C) Chart of 3 X 3 boxes represent the
synchondrosis. (D) Patient shown in Figure 2 C and D (Stage lll) had a single osseous core in the middle-center of the synchondrosis. (E) the
patient shown in Figure 2 E and F (Stage 1V) had the osseous cores in eight parts, and the osseous cores in the superior-center and middle-center

were connected to each other.

years in the Class Ill male group and 11.0 years in the
Class | male group. Stage lll ranged widely between
7.4 and 12.8 years of age in the Class | male group
and between 7.8 and 12.7 years in the Class Ill male
group. The earliest age of stage VI at which complete

\

fusion occurred was 16.3 and 17.8 years for the
Class Il and Class | male groups, respectively. The
age distribution of the Stage V patients was wide-
spread, ranging from 12.7 to 20.3 years in the male
groups.
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Figure 4. Age distribution at each stage of fusion of the spheno-occipital synchondrosis in the male groups.

Angle Orthodontist, Vol 89, No 3, 2019



FUSION OF THE SPHENO-OCCIPITAL SYNCHONDROSIS

\Y I

Stage

o |

475

[] Class | Female

[ Class lll Female

Age (year)

Figure 5. Age distribution at each stage of fusion of the spheno-occipital synchondrosis in the female groups.

Skeletal Class | and Class Ill Female Groups

The age distributions for each stage in the female
groups were generally 1 to 3 years younger than those
in the male groups. Stage | was not found in either
Class lll or Class | female groups. The subjects
classified as Stage lll and IV ranged widely between
8.5 and 12.7 years in the Class | female group and
between 7.6 and 12.3 years in the Class Ill female
group. Patients older than 13 years were all Stage V or
VI.
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Pattern of Osseous Cores

Of the 262 subjects, 98 were classified as Stage Il
and IV (Figure 7). The patterns of osseous cores varied
from a single circle to multiple columns that were
generally positioned vertically rather than horizontally
within the synchondrosis. The osseous cores in Stage
Il and IV appeared most frequently in the supero-
center part, followed by the mid-center part of the
synchondrosis (Figure 8). The osseous core appeared
less radiopaque, smaller, and more rounded in the
younger patients while it looked more radiopaque and
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Figure 6. Kaplan-Meier survival analysis. The curve on the left side indicates earlier initiation or completion of fusion.
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Figure 7. The patterns of the osseous cores arranged from left-up to right-down with increasing complexity at Stage Ill and IV (n = 98).

more complex in the older patients (Figures 9 and 10).
Some of the osseous cores were connected to the
sphenoid or occipital bones by bony bridges, which
were observed frequently in the complex types.

DISCUSSION

In this study, 262 CBCT images were examined to
determine whether the spheno-occipital synchondrosis
in Class lll patients was fused earlier than in the Class |
group. While the mean age of Stage lll, which was
classified as the initial appearance of the osseous
cores within the synchondrosis, tended to be earlier in
the skeletal Class lll groups than in the Class | groups
(Figures 4 to 6), the results indicated no significant
difference in the time of fusion of the spheno-occipital
synchondrosis between the Class Ill and Class |
groups.

According to an autopsy study by Melsen,” once a
single osseous bridge was established between the
sphenoid and occipital bones, the synchondrosis no
longer contributed to the growth in the length of the
posterior cranial base, even when cartilage still

Superior
45 |21.3| 5.7
Right Left 74 (205| 8.6
11.5| 86 [11.9

Inferior

Stage Il & IV (n=98)

remained within the synchondrosis. The early appear-
ance of the osseous cores could give rise to an early
osseous bridge in the synchondrosis, resulting in
undergrowth of the maxilla. This assumption can be
supported by the fact that the patients with craniofacial
deformities accompanied by midfacial hypoplasia,
such as achondroplasia, Apert’'s syndrome, and
cleidocranial dysplasia, show premature fusion of their
spheno-occipital synchondrosis.*

The lack of differences between the Class | and
Class Il groups in this study might have been due to
the sample criteria, which did not strictly distinguish
maxillary deficiency from mandibular prognathism.
Class Ill groups in the study might have had
mandibular prognathism rather than maxillary deficien-
cy. For instance, the SNA angles of the Class Il groups
in this study were not significantly different from those
of the Class | group (Table 1), and mandibular
prognathism is more prevalent in the Asian population
than in American Class lll subjects.?* In addition, the
spheno-occipital synchondrosis contributes to not only

3.8 [21.0| 51 57 |21.8|6.9
7.0 |21.0| 96 8.0 |195|6.9
12176 [12.7 10.3|10.3 |[10.3
Class | (n=58) Class lll (n=40)

Figure 8. The prevalence of the osseous core in each part of the synchondrosis was calculated as a percentage.
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Figure 9. Osseous cores observed in sagittal sections. (A) Single circle in the middle part (a 9.1-year-old boy in the Class | group). (B) Circles in
the superior and inferior parts (a 12.4-year-old girl in the Class I group). (C) Highly radiopaque column in the middle and a circle in the mferlor part
(an 11.9-year-old boy in the Class | group). (D) Multiple circles in the whole region (a 13.3-year-old boy in the Class Ill group).

-

-

Figure 10. Osseous cores observed in the sections perpendicular to the long axis of the spheno-occipital synchondrosis. (A) Single circle in the
left part (an 8.2-year-old boy in the Class Il group). (B) Single circle in the center part (an 11-year-old girl in the Class Il group). (C) Multiple circles
in the whole region (a 12.3-year-old girl in the Class | group). (D) Column in the whole region (a 12.4-year-old girl in the Class | group).
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the sagittal relationship but also the vertical relation-
ship, which should be considered in further studies.

The osseous core within the synchondrosis was
observed in patients older than 7 years, and it was
present until 13 years in females and 16 years in
males. Powell and Brodie™ also reported that in a small
percentage of females and males, the synchondrosis
was still open after 13 and 15 years of age,
respectively. Considering that the average age of the
pubertal growth peak in Koreans is 11-13 years in
females and 12—14 years in males,? the synchondro-
sis is thought to begin ossification before the end of the
pubertal growth spurt. After the stages that showed the
development of osseous cores, the ossifying vestige
was still found in females older than 18 and in males
over 21 years. Bassed et al.” also reported that the
ossifying vestige was found in both male and female
patients until 25 years of age. The time that the
ossifying vestige disappears is considered to vary
depending on the individual because the age distribu-
tions of the patients widely overlapped between the
partial fusion group and the complete fusion group.

The osseous core appeared most frequently in the
supero-center and mid-center area in both Class | and
Class Il groups, which supported the theory that fusion
of the spheno-occipital synchondrosis occurs first at
the superior border and proceeds to the inferior
border.®>*'" Previous CT studies'®®® observed the
synchondrosis only on the midsagittal plane; therefore,
the osseous core and the bony bridge on bilateral sides
were not detected. However, as shown in Figures 7, 9,
and 10, the osseous core appeared not always on the
midsagittal plane but in a great variety of patterns and
was more complex in older patients. Moreover, the
degree of fusion in the middle part was not always the
same as with bilateral parts of the synchondrosis.
Therefore, the six-stage system of Lottering et al.,*
who examined the entirety of the synchondrosis in both
sagittal and axial sections, was modified for use in the
current study.

One of the limitations of this study was the small
sample size of Class Il patients who were in a period
of pubertal growth spurt, because most Class Il
patients receive orthopedic treatment at an earlier
age or delay their orthodontic treatment until the end of
their residual growth. In addition, the chronological age
of the patients was used, and actual skeletal maturity
might vary. In future studies, it would be helpful to
consider the skeletal maturation stage of patients
rather than chronological age.

CONCLUSIONS

« The stages of fusion progress with increasing age,
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with females generally showing fusion 1 to 3 years
earlier than males.

« The time and pattern of fusion of the spheno-occipital
synchondrosis are not apparently different between
patients with Class | and Class Ill malocclusion.

- The osseous cores appear more frequently in the
supero-center and mid-center parts of the synchon-
drosis with various patterns before the end of the
pubertal growth spurt period.
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