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Aim: The aim of the current study was to evaluate the correlation of skeletal age based on cervical
vertebrae maturation (CVM) stage and mid-palatal suture (MPS) maturation in an Iranian population.
Material and Methods: This was a cross-sectional analytic study. A total number of 93 samples were
included. Samples were taken from patients who were in CS3 to CS6 stages of CVM who had cone-beam
computed tomography and lateral cephalometry based on inclusion criteria. The maturation of MPS was
assessed based on the cone-beam computed tomography images. In the classification of maturation of
MPS, there are five stages (AeE) and the suture fusion occurs in stage D. In stage E, the suture is fused
completely. The CVM stage (CS1e6) was also assessed based on the lateral cephalograms. Data were
analyzed using Spearman correlation with a significance level of 0.05.
Results: A total of 51 female individuals with a mean age of 14.98 � 4.806 and 42 male individuals with a
mean age of 15.79 � 5.135 participated in this study. The correlation coefficient between the CVM stage
and MPS maturation was 0.691 in female and 0.754 in male individuals (P < 0.001). Stage D was
correlated with CS4.
Conclusion: The results demonstrated that CVM stages had a significant but moderate positive correlation
with the maturation of MPS. Until CS3, the MPS has not been fused and in CS6 the MPS is fused definitely.

� 2020 World Federation of Orthodontists.
1. Introduction

Rapid maxillary expansion is a routine orthopedic procedure to
separate the mid-palatal suture (MPS) and is used to treat posterior
crossbite and maxillary crowding [1,2]. It is of great importance to
determine proper timing for palatal expansion, as its success is
related to MPS fusion [3]. For assessing the possibility of ortho-
dontic palatal expansion, most orthodontists use the patient's
chronologic age. This indicator might not properly show the true
maturational stage of the MPS. So the determination of MPS closure
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exclusively based on chronologic age is not a proper method [4,5].
Also, some clinicians use occlusal radiography to evaluate MPS
maturation, but suture closure in occlusal radiograph does not
necessarily indicate histological closure [6].

Recently, an innovative method was presented to categorize
MPS maturation based on cone-beam computed tomography
(CBCT) assessment. Based on this classification, the clinician can
determine the prognosis of palatal expansion in young adults;
however, this method costs additional expenses and radiation
exposure to the patients [7].

As there are some variations among individuals concerning the
timing, duration, and rate of growth, skeletal age is a more appro-
priate factor in orthodontics compared with chronological age [8].
Several methods have been described for the evaluation of the
skeletal age including handwrist radiography and cervical vertebral
maturation (CVM) based on lateral cephalogram [9e11]. CVM
provides a reliable clinical approach, as it is possible to assess
through conventional lateral cephalograms without extra exposure
and costs [11,12]. Based on a systematic review by Santiago et al.
ment of cervical vertebrae maturation stage and mid-palatal suture
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[13], using CVM for assessment of mandibular growth is a reliable
and useful method.

Recently, some studies have used CVM to predict the MPS
maturation stage in Brazil [14] and Korea [15]. The results of those
studies revealed a strong positive correlation between CVM and
MPS maturation stage. The current study was aimed to evaluate
correlation of CVM stage and MPS maturation stage in an Iranian
population.

2. Materials and methods

2.1. Patients

This prospective cross-sectional study was performed at the
Orthodontics Department of Shahid Beheshti University of Medical
Sciences from 2018 to 2019. The study protocol was approved by
the Ethics Committee of Shahid Beheshti University of Medical
Sciences (Code: IR.sbmu.drc.rec.1397.070). Patients who were
referred to the maxillofacial radiology department for taking both
lateral cephalogram and CBCT were enrolled in the study. Due to
ethical considerations, it was not possible to prescribe x-ray expo-
sure for the patients and only those who needed imaging for
diagnostic reasons, such as impacted teeth, asymmetry, or
orthognathic surgery, were included. No patient was sent simply to
be included in the study sample. The inclusion criteria were healthy
patients who were in CS-3 to CS-6 stage of CVM and who had no
cleft palate, craniofacial syndrome, or systemic diseases that could
influence the growth or bonemetabolism. Due to the possible effect
on the morphology of suture, those who had a history of maxillary
expansion or surgically assisted rapid palatal expansion (SARPE)
during previous orthodontic treatment were excluded.

The sample size of 93 was calculated based on the study of
Angelieri et al. [14] with a ¼ 0.05 and b ¼ 0.9 and Spearman cor-
relation coefficient of 0.75. Sampling was done sequentially and
regardless of age, sex, their malocclusion pattern, and only based on
being in the CS-3 to CS-6 of CVM stages. All CBCT imageswere taken
using Planmeca ProMax 3D (Planmeca, Helsinki, Finland). Scans
were captured by the following parameters: Kvp: 82, 12 mA,
exposure time of 12 to 30 seconds, field of view of 8*8 cm, and 1-
mm slice thickness. Reconstruction of images and assessment of
CBCT images were done using Planmeca Romexis 2.3.1 software.
Lateral cephalometric radiographs were taken using the Proline
Planmeca (PM 2002 CC) and the exposure conditions were selected
based on the size of the patients. CVM andMPSmaturation stage for
all patients were assessed by two trained evaluators separately and
any disagreement was discussed with an experienced orthodontist.

2.2. Evaluation of CVM stage

CVM stage was determined on lateral cephalograms based on
the previously described protocol [12]. This method includes 6 CVM
stages (CS1e6) and the morphology of cervical vertebra indicates
their maturation stage. At first, lateral cephalograms were skimmed
and patients revealing CS3 to CS6 stages of CVM were included.
Then, their radiographswere carefully reevaluated and the patient's
maturation stage was identified with the utmost care.

In cases in which the examiner was hesitant to differentiate
between the CVM stages, such as stages CS-2 and CS-3, three pro-
fessional orthodontists evaluated the radiograph separately and the
CVM stage was determined based on the majority of votes.

2.3. Evaluation of MPS maturation stage

The maturation of MPS was determined on cross-sectional CBCT
images. According to Angelieri et al. [7], cross-sectional axial slice
Please cite this article in press as: Mahdian A, et al., Correlation assessm
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that was in the middle of the nasal and palatal surface in the
superior-inferior dimensionwas used. The stage of MPS maturation
was determined as described by Angelieri et al. [7] (Fig. 1). In their
method, the MPS has five maturation stages (AeE). Although rapid
palatal expansion is still possible in stage C, suture fusion in stage D
and E obstruct rapid palatal expansion.

2.4. Statistical analysis

Spearman correlation coefficient was calculated to determine
the correlation of CVM stage and the MPS maturation stage. Data
were analyzed using SPSS v.22 computer software (SPSS, Chicago,
IL) with a significance level of 0.05.

3. Results

Among the 93 patients who were enrolled in the study, there
were 51 female patients with a mean age of 14.98 � 4.806 and 42
male patients with a mean age of 15.79 � 5.135 CVM. The age range
for female and male patients was between 9 and 30 and 11 and 28,
respectively. The distribution of patients based on CVM stage is
demonstrated in Table 1.

Table 2 shows the distribution of the patients based on the MPS
maturation stage, age, and gender. No case of suture fusion (stages
D and E) was documented before the age of 12 in female patients
and before the age of 13 in male patients. However, both stages B
and C were observed until 21 years old in male patients.

The distribution of the patients based on MPS maturation and
CVM stage is demonstrated in Table 3. Statistical analysis showed
the Spearman correlation coefficient between the CVM stage and
the MPSmaturational stage was positive but moderate (r¼ 0.691 in
female patients and r¼ 0.754 inmale patients) (P< 0.001). Stages D
and E, which show suture fusion, were not observed before CVM
stage 4 (CS4).

The Spearman correlation coefficient between age and MPS
maturational stage was positive but relatively week (r ¼ 0.543 in
female and r ¼ 0.594 in male patients) (P < 0.001).

The weighted kappa coefficients for the evaluation of the intra-
and inter-examiner reproducibility for the MPS maturation stage
were 0.89 and 0.90, and for CVM evaluation were 0.93 and 0.88,
respectively, demonstrating almost perfect agreement according to
the scale of Landis and Koch [16].

4. Discussion

This study was performed to evaluate the correlation between
MPS maturation and CVM stage in an Iranian population. The re-
sults demonstrated a positive moderate correlation.

Maxillary constriction can be treated with slow orthodontic
expansion and rapid maxillary expansion, which can be performed
until the MPS is open. SARPE or two-segmented LeFort I-type
osteotomies are indicated in patients with mature MPS [17]. Some
authors recommended that orthopedic expansion is not effective
for patients older than 14 years [7] or 15 years [18], and surgical
treatment should be considered for them. However, SARPE was
recommended only for male patients older than 25 years and fe-
male patients older than 20 years in another study [19]. So there is
currently no clinical guideline for timing of palatal expansion [15].

A precisemethod for evaluation of MPS could prevent thewrong
diagnosis regarding treatment plan for maxillary expansion. Eval-
uation of MPS presented by Angelieri et al. [7,20] is a valuable
method. It has been shown that this method has good reliability
[14,21]; however, to improve clinician skills in the proper use of this
method, a relatively long training time is necessary [21].
ent of cervical vertebrae maturation stage and mid-palatal suture
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Fig. 1. A - Stage (A) Schematic image of thematurational stages ofmid-palatal suture (7). B- Stage (B) one scalloped, high-density line at themidline. C- Stage (C) Twoparallel, scalloped,
high-density lines. D- Stage (D) The suture is fused in palatine bone. E- Stage (E) The suture is completely fused. (Figure 1A - reprinted with permission from Elsevier.)

Table 2
Distribution of the samples based on MPS maturation, age, and gender

Gender MPS maturation Total

B C D E

Female
Age
10 0 2 0 0 2
11 0 8 0 0 8
12 0 5 3 2 10
13 1 3 4 3 11
14 0 0 2 2 4
16 0 0 1 2 3
18 0 0 1 2 3
19 0 0 1 0 1
20 0 0 0 1 1
21 0 0 0 1 1
23 0 0 1 0 1
24 0 0 1 2 3
25 0 0 1 1 2
30 0 0 0 1 1

Total 1 18 15 17 51
Percent 1.90 35.29 29.41 33.33 100

Male
Age
9 2 0 0 0 2
11 2 2 0 0 4
12 0 4 0 0 4
13 0 4 3 0 7
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It seems that the fusion of MPS is related to skeletal age [22]. In
the current study, the correlation between CVM and MPS matura-
tion stage was positive but moderate (r ¼ 0.691 in female and r ¼
0.754 in male patients). However, in previous studies by Angelieri
et al. in Brazil [14] and by Jang et al. in Korea [15] there was a strong
correlation between two staging methods (r ¼ 0.908 and 0.874,
respectively). The difference might be not only due to the racial
difference but also due to the sample size; however, these two
reasons alone cannot justify this large difference. The more
important reason could be the differences in the inclusion criteria.
In previous studies, all patients in CS1 to CS6 stages of CVM were
included, whereas we excluded the CS1 and CS2 stages. Because
most patients whowere in these two CVM stages showed the A and
B stages of MPS maturation, which might have resulted in the
higher correlation coefficient observed in previous studies.

A noteworthy finding was that in our study no case of suture
fusion (stage D and E) was found before CS4. Similarly, previous
studies reported that suture fusion starts from CS4 [14,15]. There-
fore, nonsurgical palatal expansion could be done before this stage.
In addition, the study of Kwak et al. [21] in Korea on adult patients
with CS5 and CS6 showed that suture fusion did not occur in all
cases. The MPS was not fused in 61.9% and 38.2% of samples in CS5
and CS6, respectively [21]. In our study also, the fusion of MPS was
not complete in 27% of male patients in CS5. However, all female
Table 1
Distribution of samples based on cervical vertebrae maturation (CVM) stage

CVM stage Female Male

Frequency Percent Frequency Percent

3 12 23.52 15 35.71
4 16 31.37 9 21.42
5 12 23.52 11 26.19
6 11 21.56 7 16.66
Total 51 100 42 100.0

14 0 2 2 0 4
15 0 2 3 4 9
17 0 2 0 1 3
19 0 1 0 0 1
21 0 1 0 0 1
23 0 0 2 0 2
24 0 0 0 1 1
26 0 0 0 1 1
27 0 0 0 1 1
28 0 0 1 0 1
29 0 0 0 1 1

Total 4 18 11 9 42
Percent 9.52 42.85 26.19 21.42 100
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Table 3
Correlation of cervical vertebrae maturation (CVM) stage and mid-palatal suture
maturation stage

Gender Mid-palatal suture maturation

B C D E

Female
CVM stage
CS3
Frequency 1 11 0 0
% within CVM 8.33 91.66 00.0 00.0

CS4
Frequency 0 7 4 5
% within CVM 0.0 43.75 25.0 31.25

CS5
Frequency 0 0 6 6
% within CVM 0.0 0.0 50.0 50.0

CS6
Frequency 0 0 5 6
% within CVM 0.0 0.0 45.45 54.54

Total
Frequency 1 18 15 17
% within CVM 1.96% 35.29 29.41 33.33

Male
CVM stage
CS3
Frequency 4 11 0 0
% within CVM 26.66 73.33 0.0 0.0

CS4
Frequency 0 4 3 2
% within CVM 0.0 44.44 33.33 22.22

CS5
Frequency 0 3 5 3
% within CVM 0.0 27.27 45.45 27.27

CS6
Frequency 0 0 3 4
% within CVM 0.0 0.0 42.85 57.15

Total
Frequency 4 18 11 9
% within CVM 9.52 42.85 26.19 21.42
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patients in CS5 and all patients in CS6 showed suture fusion. So,
nearly a quarter of men in CS5 have the opportunity to receive or-
thopedic treatment and avoid surgery, whereas at this point none of
the women have this chance. CBCT images should be assessed to
find these men. All men and women in the CS6 will probably have
to undergo surgical treatment.

Regarding patients’ age, the results of our study showed that
suture fusion starts from the age of 12 in female individuals and 13
in male individuals. Similarly, Jang et al. [15], reported that the
suture fusion started from the age of 11. However, in the study by
Angelieri et al. [14], suture fusion was observed in patients of 14 to
18 years old. Stage B was observed in female and male individuals
until the age of 13 and 11 respectively, while 4.3 % of patients be-
tween the ages of 21 and 25 also exhibited the same [23]. Stage E
was detected in girls at age 12 and in boys at age 15 in the present
study. Similarly, in Jimenez-Valdivia et al. [23], reported that this
stagewas found in 9.7% of girls and 5.9% of boys between the ages of
10 to 15. Nevertheless, none of the patients in the 10 to 19 and 20 to
29 age group revealed this stage in another study [24].

Considering the results of our study, there is a moderate corre-
lation between CVM and MPS maturation stages. This indicates that
the MPS maturation stages could not be determined entirely and
reliably on the basis of the CVM stages. However, it was demon-
strated that before CS4, the suture has not been fused and palatal
expansion could be done without surgery. In addition, the clinicians
should consider that the MPS is not the only determinant for the
possibility of nonsurgical expansion, and other sutures, such as the
zygomaticotemporal, zygomaticofrontal, and zygomaticomaxillary,
might also play a role in the treatment effects[25,26].
Please cite this article in press as: Mahdian A, et al., Correlation assessm
maturation in an Iranian population, Journal of the World Federation of O
5. Conclusion

The results of the present study in an Iranian population, aimed
at correlating CVM and MPS maturation stages could observe that:

1. The correlation between the CVM stage and the MPS matura-
tion stage was positive but moderate (r ¼ 0.691 in female and
r ¼ 0.754 in male individuals).

2. MPS fusion does not occur in girls younger than 12 years and
boys younger than 13 years.

3. MPS fusion can be expected to occur from CS4. Fusionwould be
expected to be complete by CVM stage 5 in female individuals,
but may not actually commence until CVM stage 5 in some
male individuals.
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