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A Study of Mandibular Third Molar Dental Age
and Cervical Vertebral Maturation in Thai Cleft Lip
and Palate Patients
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Abstract

Background: Cervical vertebral maturation (CVM) and dental age assessment are two common growth prediction
methods. Even though the development of cervical vertebrae and dentition in cleft lip and palate (CLP) patients
was reported to be different from non-cleft patients, both of CVM and dental age has never been investigated
in Thai cleft patients. Objective: This study aimed to compare the mandibular third molar dental age and CVM
stage between Thai cleft and non-cleft patients. Materials and methods: Two hundred and eighty-four orthodontic
patients aged 7-13 years old were divided into two groups: (1) non-syndromic unilateral or bilateral complete CLP
patients and (2) non-cleft patients as the control group. The panoramic and lateral cephalometric radiographs
were examined. Dental ages from either the left or risht mandibular third molar, CVM in cervical stages, and
chronological ages of the subjects were recorded. Descriptive statistics were used to describe the demographic
data and the independent t-test was used to compare the dental ages and chronological ages at each stage of CVM
between the cleft and non-cleft groups. Results: All patients, male and female, demonstrated a statistically
significantly younger chronological age at cervical stage 2 and 4 (CS2 and CS4) than the non-cleft group. The
female cleft group and all patients in the cleft group at 7-8 years old had statistically significantly younger third
molar age than the non-cleft group.Conclusion: At 7-8 years old, the cleft patients showed statistically significantly
delayed development of mandibular third molars and faster CVM at CS2 and CS4 than the non-cleft group.
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Introduction

Cleft lip and palate (CLP) is a congenital
anomaly with a prevalence of 1.4:1000 newborns in
Thailand.' From the time of birth, CLP patients require
multidisciplinary and comprehensive treatment. The
orthodontic treatment protocol for cleft patients
starts with obturators in severe newborn cases,
arch preparation for alveolar bone graft, and growth
modification in mixed dentition. Finally, correction
of all deformities by only orthodontic or combined
orthodontic and surgical treatment is performed in
adults.”

Because the maxilla is underdeveloped due
to scars from several surgeries, timing is a crucial
factor in promoting the growth of the maxilla. The
growth status of a patient can be determined by
many techniques that include Fishman’s hand and
wrist radiograph,” Baccetti et al.’s cervical vertebral
maturation (CVM) method from a lateral cephalometric
radiograph,’ and the developmental stage of a third
molar.” Although third molars are recognized to have
variations in the crown and root development,” it was
interesting because of its delayed development while
other teeth have already matured.” Previous studies
reported an association between the development of
the mandibular third molars and the cervical vertebrae
(CV) and the growth status in both non-cleft*" and cleft
patients."" Another study investigated the third molars
in predicting chronological age.™ Although many studies
reported that CLP patients demonstrated delayed
development of all permanent teeth, especially the

18 some studies

teeth approximating the cleft sites,
reported that the development of all teeth was
normal.””?" Furthermore, various results were proposed
by studies of CVM in CLP patients that showed delayed

2% and accelerated development of CV.”°

development
Delayed CV development also affects the accuracy of
CVM in identifying the patient’s growth status. Even
though race has been shown to affect the delayed
development of the third molar®® and CV,” no study

has been performed in Thai patients. Therefore, the

objective of this study was to compare the dental ages
of the mandibular third molar and the CVM stages

between Thai CLP and non-cleft patients.

Materials and methods

The study protocol was approved by the
Ethics Committee of Queen Sirikit National Institute of
Child Health (REC.042/2566). All lateral cephalometric
radiographs (Vatech, USA, dosage 84 kVp, 9.00 mA) and
panoramic radiographs were taken by the same x-ray
machine (Vatech, USA, dosage 74 kVp, 9.00 mA) from
January 2018 to January 2023.

The samples were divided into two groups: the
cleft lip and palate group (CLP-G) and the non-cleft
group (NC-G) as the control group. The sample size
was calculated using the following formula according
to Ngamjarus and Pattanittum,”® where Z (0.975)
=1.96,0=3.0,and d = 0.5.

0'2

n=2z(1 oc)z
27 d?

The calculation revealed that 139 CLP patients
were required in this study. A total of 142 radiographs
of CLP patients were obtained for the CLP-G,
which were divided into six age groups of one-year
Another 142 subjects for the NC-G were

then selected according to age-sex matching to

intervals .

stratify the subjects with an equal number of sex
and third molar (tooth 38 or 48). The collected data
were divided into two parts: a study on the dental age
of the mandibular third molars and a study on the
maturation stage of the CV.

The inclusion criteria for the CLP-G were 1)
complete unilateral or bilateral CLP patients, 2)
either male or female aged 7-13 years old, 3) the
presence of panoramic and lateral cephalometric
radiographs taken on the same date, 4) no history
of fixed orthodontic treatment in the mandibular
arch, and 5) the presence of either or both left and
right mandibular third molar (tooth 38 or 48 ) on the
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panoramic radiographs. The inclusion criteria for the
NC-G were 1) non-cleft male or female patients aged
7-13 years old, 2) skeletal Class | with normal maxilla,
mandible, and their relationship, as showed by SNA
(84 + 3°), SNB (81 + 3°), and ANB (3 + 2°), otherwise the
same inclusion criteria were used as 3) through 5) in the
CLP group. The exclusion criteria for both groups were
1) an unclear outline of the mandibular third molar
and CV from the second to fourth cervical vertebrae
(C2-C4) and 2) a recognizable occlusal table of the
mandibular third molar that indicated buccoversion
or linguoversion of the tooth on the panoramic
radiographs.

Development of the left mandibular third
molar (tooth 38) from the panoramic radiographs was
interpreted by two orthodontists into nine stages of
tooth development (1, A, B, C, D, E, F, G, H) including
stages A-H from the Demirjian guideline.”” Stage 1
was added by the author to describe a stage with
a radiolucent tooth bud. In the case of a missing tooth
number 38, the right mandibular third molar (tooth 48)
was evaluated instead. The nine stages (1, A, B, C, D,
E, F, G, H) of tooth development were calculated into
dental scores of 1, 2,3, 4,5, 6,7, 8, and 9 respectively.
Each score was put in an equation formulated by
Duangto et al.”’ to predict the age of the third molar.
The formula for each sex is different (Table 1). The
mean values for all subjects in the CLP group (TCLP-G)
and all subjects in the non-cleft group (TNC-G) were

calculated from the mean values of the male and
female groups. The statistical analysis was conducted
within the age groups to compare the CLP-G with the
NC-G (Table 2).

The same orthodontists also interpreted the
stage of CVM in both groups using the guideline by
Baccetti et al.,* which describes the maturation stages
of the C2-C4 vertebrae in six cervical stages (CS1-CS6).
The subjects were divided into age groups, according
to Batwa et al.,”> 7-10 years old and >10-13 years old,
to observe the differences in the CVM. In the case of
any radiographic interpretation disagreement, both
orthodontists reviewed the interpretations until a
consensus was reached.

One week after the data were recorded, 10% of
the panoramic and lateral cephalometric radiographs
(28 radiographs each) were re-interpreted by the
same investigators. Interobserver and intraobserver
reliability were analyzed with weighted kappa
statistics. Descriptive statistics were used to report the
distribution of subjects in groups divided into six age
groups and six CVM stages. Mean values were used to
report the dental age and chronological age of each
sex and the whole study population. The Kolmogorov-
Smirnov test showed a normal distribution at P < 0.01.
The independent samples t-test was used to compare
the differences in the third molar age of each age
group, the chronological age of each CV stage, and

the differences between the CLP and control groups.

Table 1 Formulas used for calculation of dental age of the third molars (teeth 38 and 48)

Gender Tooth Model
Male 38 y = 7.648 + 0.753x + 0.093 x *
48 y = 17.535 + 0.799x + 0.088 x *
Female 38 y = 6.421 + 1.256x + 0.055 x *
48 y = 6.522 + 1.243x + 0.055 x *

y = dental age, X, = development score for tooth 38, X, = development score for tooth 48
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Table 2 Distribution of subjects allocated by age, sex, and mandibular third molar (tooth 38 or 48) in both
the CLP-G and NC-G

Age group Total | Tota
(years 58 | 48 | Toral | 38 | 48 | Total | (Sn | (Age)

M 2 0
71to8
F 12 0
M 13 2
>8to 9
F 14 1
M 18 1
>9 to 10
F 14 1
M 12 2
>10 to 11
F 11 1
M 14 3
>11to 12
F 9 0
M 8 0
>12 to 13
F 0

2 2 0 2 4

28
12 12 0 12 24
15 13 2 15 30

60
15 14 1 15 30
19 18 1 19 38

68
15 14 1 15 30
14 12 2 14 28

52
12 11 1 12 24
17 14 3 17 34

52
9 9 0 9 18
8 8 0 8 16

24
4 4 0 4 8

CLP-G = cleft lip and palate group, NC-G = non-cleft group

Interobserver and intraobserver reliability results
were between 0.8-1.0, which demonstrated substantial
agreement to almost perfect or perfect agreement.
Table 2 shows the numbers of participants according
to age, sex, and tooth number distributed into each
group. The highest number of subjects in both groups
(34 subjects, each) fell into the >9 to 10-year-old
age group, while the age group with the least number
of subjects (12 subjects, each) fell into the >12 to
13-year-old age group.

Table 3 shows the mean third molar age
and chronological age by sex. The CLP-G and NC-G
exhibited an older mean value of third molar ages than
chronological ages. Meanwhile, most age groups in the
NC-G showed older mean ages of the third molar than
the CLP-G. However, the male CLP-G (MCLP-G) 7-8 years
old and the female CLP-G (FCLP-G) >12-13 years old
were older than the NC-G. Furthermore, the TCLP-G
and TNC-G of ages >12-13 years showed an equal third

molar age. Nevertheless, an independent samples
t-test showed no statistical significance between
the CLP-G and NC-G in all ages. However, the FCLP-G
(P <0.01)and TCLP-G (P < 0.05) of 7-8 years old showed
a younger third molar age than the NC-G.

The data to compare CVM between the CLP-G
and NC-G are shown in Table 4. A mode analysis of
CVM staging revealed that the highest occurrences of
CS3 were in the FCLP-G, MCLP-G, and TCLP-G of the
7-to 10-year-old group, which also accounted for 53.8%
(42 subjects) and 59.0% (46 subjects) in the TCLP-G
and NC-G, respectively. CS3 and CS4 were found at
similar percentages of 37.5% (24 subjects) and 35.9%
(23 subjects), respectively, in the TCLP-G of the >10- to
13-year-old group. In the NC-G, 45.3% of the subjects
were found to be in CS3 (29 subjects). A comparison
of the mean differences in the chronological ages
between the CLP-G and NC-G are presented in
Table 5. Significant differences were found at CS2
and CS4 between the TCLP-G and TNC-G at P < 0.05.
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Discussion

A guideline has been widely used in assessing the
age of the maxillary and mandibular third molars.”*
Following the guideline by Demirjian et al.,” initial
mineralization of the third molar was reported to start
at 8 years of age.” Therefore, the starting age of the
subjects recruited in this study was 7 years old. From
a previous study,” the left mandibular third molar was
chosen for assessment because of greater accuracy in
predicting the dental age than the contralateral tooth
(tooth 48). The formulas used to calculate the dental
age in this study were from the same study that also
investigated mandibular third molars in a similar age
range (8-23 years old).

The speed of dental development can be
assessed by comparing the dental age between groups.
After translating the third molar developmental stage
into dental age, we found that most CLP-G showed
younger dental ages than the NC-G within the same
age group and sex. However, only FCLP-G and TCLP-G
in the 7- to 8-year-old group showed statistical
significance. The CLP-G tended to have delayed dental
development compared to the NC-G, which agrees
with the results from previous studies.””"" At the same
chronological age, the CLP-G had a younger dental age,
or slower development of the third molars compared
to the NC-G.

Growth assessment is essential in planning the
right treatment timing for CLP patients. Assessing the
CVM is one method to evaluate a child’s growth status,
which was described in previous studies by Hassel and
Farman® and Baccetti et al.* We chose the method
by Baccetti et al., which classifies the stages of CVM
in cervical vertebrae C2-C4 into six stages, because it
has been extensively used in previous studies of CLP
patients.””” Another study stated that CS1 was the
appropriate stage to start facemask therapy with rapid
maxillary expansion because midface development
would have the greatest response to treatment owing
to an incomplete fusion of facial sutures. Furthermore,

peak growth would be reached within two years.”

One year after a child has reached CS2, the start
of peak mandibular growth can be expected. Peak
craniofacial growth can be anticipated at CS3. Some
growth remains at CS4 but to a lesser extent than at
CS3. At CS5 and CS6, most of the substantial growth
has already passed, which makes it a suitable time to
start orthodontic treatment for patients who require
orthognathic surgery.”’

The chronological ages between CLP-G and NC-G
(CS1-CS6) were compared. At CS2 and CS4, TCLP-G
was found to be 0.97 and 1.23 years younger than the
TNC-G, respectively (P < 0.05), which meant the same
maturation stage of CV in the CLP-G was reached at
a younger age than the NC-G. A common practice to
stimulate a forward movement of the maxilla in NC
patients is done during CS1 and CS2, while movement
of the mandible is done during CS3. Our findings
indicated that orthodontists should be aware that
CLP patients will reach CS2 and CS4 before non-cleft
patients. Therefore, the optimal treatment period for
the maxilla is at CS1 and CS2 and the mandible at CS3,
which will also end faster. Orthodontists should discuss
this issue with the patients and their guardians since
the optimal time period is short and requires the best
compliance possible to achieve the expected results.
Despite that, other studies have reported conflicting
results that were possibly caused by dissimilarity in
race and sex, which was also found between the

females® and males®?

in our study. Another study
that investigated the Thai population of all sexes
also found faster CV maturation in all maturation
stages except for cervical vertebral maturation index
stage 4 (CVMI 4).” The reason for inconsistency in the
results could be different indexes used to evaluate
the CVM and the age range of the participants in both
cleft and non-cleft patients. A different growth index
may result in a different growth status, which is why
orthodontists should be aware of this variation. Other
growth assessment methods should be used in addition
to the CVM guideline, for example, the hand-wrist

radiograph. Even so, the hand-wrist radiograph also
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showed variation in CLP patients. One study reported
an older bony age than the chronological age in females
with unilateral CLP and a younger bony age than the
chronological age in males with bilateral CLP.*®

The limitation of this study was that the ages
of the participants were quite young because the
mission of Queen Sirikit National Institute of Child Health
is to provide care to young children with complicated
medical conditions. Treatment in CLP patients
often starts at birth with an obturator, followed by
nasoalveolar molding and orthodontic treatment
preparation for alveolar bone graft. Most patients are
treated at the age range recruited, which is 7-13 years
old. A more comprehensive age range would result
in more extensive results. This study was conducted
at a single-center and the results cannot represent
all cleft patients. Therefore, a multi-center study is
recommended. A longitudinal study to explore the
relationship between the mandibular third molar

development and CVM is also recommended.

Conclusion

Compared to non-cleft patients, the FCLP-G and
TCLP-G at 7-8 years old showed statistically significantly
delayed development of mandibular third molars, and
the TCLP-G showed a faster maturation of cervical
vertebrae at CS2 and CS4.
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