
Introduction
For an orthodontist to plan effective therapy, including 
growth modification treatment in patients with skeletal 
malocclusions, it is vital to consider their current growth 
status. Growth modification treatment is performed 
during the peak growth period. However, orthognathic 
surgery is carried out after the cessation of growth to avoid 
the post-surgical relapse caused by growth.

The  growth prediction using a reliable growth 
assessment method would be an invaluable tool during 
orthodontic treatment planning which in turn gives 
a good outcome and treatment stability (1,2). Various 
maturity indicators including chronological age, weight, 
height, sexual maturation features, dental development, 
and skeletal maturation have been used to assess the 

growth status (3). Growth assessment by chronological age 
is ineffective because it reveals the greatest difference in 
skeletal maturity among children of the same chronological 
age (4).

Skeletal maturity assessment using hand and wrist bone 
ossification is one of the most accurate methods, but it 
involves additional radiation exposure, which has ethical 
implications (5,6). Lamparski (7) used lateral cephalograms 
to examine the maturation of cervical vertebrae and found 
an association with the skeletal maturation. 

Hassel and Farman developed a cervical vertebral 
maturation (CVM) index by utilizing three cervical 
vertebrae in lateral cephalograms and found it reliable 
and valid for determining skeletal age (8). Baccetti et al 
modified this method afterward (9). Despite several 
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Abstract
Background: The growth prediction using reliable growth assessment methods is an invaluable tool during 
orthodontic treatment planning. This study aimed to examine the relationship between frontal sinus (FS) 
morphology and cervical vertebral maturation (CVM) to predict the skeletal maturity of an individual. 
Methods: The present study consisted of 252 lateral cephalograms of orthodontic patients. CVM stages and 
FS parameters such as FS height, FS width, and FS index were assessed using the same lateral cephalogram. 
Statistical methods including t test, analysis of variance (ANOVA), and Pearson correlation (r) were used 
for the statistical analysis. 
Results: FS height and width were greater in males (24.33 ± 4.21; 10.08 ± 3.20) compared to females 
(21.43 ± 5.34; 8.12 ± 2.19), indicating a statistical difference (P < 0.05). However, FS index did not show 
a statistically significant difference (P = 0.32) between males (2.59 ± 0.74) and females (2.69 ± 0.44). FS 
height and width increased significantly in a linear fashion from CVM stage 1 to stage 6. FS index, on the 
other hand, did not exhibit any statistically significant differences among CVM stages in both males and 
females. FS height and width showed a significant weak to moderate correlation with CVM stages in both 
males and females. However, FS index exhibited a mild and weak negative correlation with the CVM 
stages in both males and females.
Conclusions: FS height and width had a significant weak to moderate correlation with CVM stages in both 
the males and females, while FS index had a weak negative correlation with CVM stages in both males 
and females. Unlike the CVM method, the FS morphology cannot be reliably utilized to assess the skeletal 
maturity.
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limitations, such as the complexity of categorizing third 
and fourth cervical vertebral bodies into various shapes, 
the CVM method is frequently used for determining 
growth status. However, the CVM approach will require 
longitudinal follow-up data for accuracy (8-10).

An innovative technique to identify a child’s 
developmental state is to examine the anatomy of the 
frontal sinus (FS) during the pubertal growth period. Ruf 
and Pancherz (11-13) investigated the anatomy of the FS 
using lateral cephalograms and reported that analogous to 
body height growth at puberty: FS enlargement exhibited 
a similar pattern with a well-defined peak. 

The main advantage of the CVM method and FS 
morphology assessment methods is that they do not 
require additional radiation exposure as they utilize the 
same lateral cephalograms that are routinely used for 
orthodontic treatment planning.

Previous studies have shown inconsistent results. 
According to some studies, the FS can be utilized as an 
indication for predicting mandibular growth (9). However, 
some researchers have found that the FS is not the sole 
reliable criterion for the prediction of skeletal maturity 
(14). Furthermore, according to some studies, the FS index 
is unable to distinguish between different growth phases 
and hence cannot be utilized as a reliable maturity indicator 
(15). Additionally, no analogous study has been carried 
out among Nepalese population. The purpose of this study 
was to find the relationship between FS morphology and 
CVM for the skeletal maturity assessment.

Materials and Methods
Lateral cephalograms of 252 patients who visited 
Department of Orthodontics and Dentofacial Orthopedics, 
Tribhuvan University Teaching Hospital and Dental 
Villa-Orthodontic Center and Speciality Dental Clinic, 
Kathmandu, from January 2018 to December 2020 were 
included in this study. 

The sample size was calculated based on a study 
conducted by Patil and Revankar (14). At different stages 
of skeletal maturation, the mean difference in the FS index 
was 0.25 ± 0.26. The power was set at 80%, while the alpha 
was set at 0.05. Accordingly, a sample of 42 subjects in each 
cervical stage was calculated. Hence, a total sample size of 
252 was estimated for the study.

Before conducting this study, ethical approval was 
obtained from the Institutional Review Committee of the 
Institute of Medicine (Ref. 466 (6-11) E2 077/078). 

The subjects with good-quality standardized 
pretreatment  lateral cephalograms of ages between 8 and 
21 years were included in the study. Subjects with a previous 
history of sinus pathology, syndromes, craniofacial 
deformity, trauma or surgery involving cervical vertebrae 
or FS, and any systemic disease that affects the growth 
and development were excluded from this study. The 
radiographs with artifacts that interfered with the location 
of the anatomical sites were not considered in the study.

All the lateral cephalograms obtained from the single 

source (Planmeca ProMax® 3D, Europe; exposure 66.0 kV, 
8.0 mA, 15.8 s, 84.8 Gycm2) were separated into six groups 
based on CVM stages, with an equal number of males 
and females. Cephalometric tracing was done on acetate 
tracing paper of 0.004-inch thickness using a 4H pencil 
of 0.5 mm. The principal investigator manually evaluated 
and measured all the lateral cephalogram images for data 
collection. The FS height and width measurements were 
evaluated according to the method used by Ertürk (16). 
The sella-nasion line was orientated horizontally on the 
cephalogram. As indicated in Figure 1, the maximum FS 
height and width were measured. The ratio of each subject’s 
FS height and width was used to calculate the FS index.

The assessment of CVM stages was carried out on the 
same lateral cephalogram and classified into 6 stages using 
the methods used by Baccetti et al (9) (Figures 1 and 2).

These stages are as follows:
CS 1: Lower borders of all three cervical vertebrae are 

flat and bodies of both third and fourth cervical vertebrae 

Figure 1. FS Morphology Assessment on a Lateral Cephalogram. S 
represents the midpoint of sella turcica; N represents the most anterior point 
of the frontonasal suture in the midline; FS height (A) is the distance from 
SH (highest point on the FS) to SL (denotes the lowest point on the FS); 
Maximum FS width (B) is the distance from SPP (posterior point on the FS) 
and SAP (anterior point on the FS) perpendicular to A.

Figure 2. Cervical Vertebral Maturation Stages.
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are trapezoid in shape; the superior border is tapered from 
posterior to anterior. 

CS 2: Concavity is present in the lower border of the 
second vertebrae and increases in the anterior vertical 
height of the bodies.

CS 3: Concavities are present at the inferior borders of 
both the second and third cervical vertebrae. The shape 
of the C3 and C4 bodies may be either trapezoid or 
rectangular horizontal. 

CS 4: Concavities are present at the inferior borders 
of the second, third, and fourth cervical vertebrae. The 
shape of the third and fourth cervical vertebral bodies is 
rectangular horizontal. 

CS 5: Concavities are present at the inferior borders of 
the second, third, and fourth cervical vertebrae. At least 
one of the bodies of the third and fourth cervical vertebrae 
is square in shape. If not square, the shape of other cervical 
vertebral bodies still is rectangular horizontal. 

CS 6: Concavities are evident at the lower borders of the 
second, third, and fourth cervical vertebrae. The shape 
of at least one of the third and fourth cervical vertebral 
bodies is rectangular vertical. If not rectangular vertical, 
the shape of other cervical vertebral bodies is square. 

The data were entered into a Microsoft Excel sheet. The 
data were evaluated and statistically analyzed using SPSS 
version 21.0 (Armonk, NY: IBM Corp.). The confidence 
level was set at 95% (P = 0.05). The FS parameters were 
compared between genders using a t-test, whereas the 
values of the FS parameters at different cervical stages 
were compared using an analysis of variance (ANOVA). 
The correlation between FS parameters and the CVM 
stage was evaluated using Pearson correlation (r).

Results
There were equal numbers of males (n = 126) and females 
(n = 126) among the 252 subjects. The mean age of all 
the participants was 15.3 ± 6.4 years. Table 1 shows a 
comparison of FS measurements between males and 
females. FS height and width in males were greater than 
in females, with a statistically significant difference. 
The FS index, on the other hand, did not demonstrate a 
statistically significant difference between the genders.

A comparison of FS measurements among different 
CVM stages is shown in Table 2. From CVM stage 1 (CS1) 
to CVM 6 (CS6), FS height and width increased in a linear 
pattern, with a statistically significant difference. FS index, 
on the other hand, exhibited no significant differences 
among CVM stages in both genders.

The correlation between FS measurements and CVM 

stages is depicted in Table 3. Both males and females had a 
moderate correlation between FS height and CVM stages. 
The FS width had a significant weak correlation with 
CVM stages in males, but it had a substantial moderate 
correlation in females. Furthermore, in both males and 
females, the FS index exhibited an insignificant and weak 
negative correlation with CVM stages.

Intra-examiner reliability showed a strong correlation 
for FS height (r = 0.93), FS width (r = 0.96) measurements, 
and CVM stages (r = 0.97).

Discussion
The distinctive properties of FS in terms of size, shape, 
and position makes frontal bone anatomically unique. 
Paranasal sinuses follow the same growth pattern as bone 
(17,18). 

During the fourth week of intrauterine life, FS begins to 
develop. It continues to grow throughout childhood and 
reaches its maximum size and shape in early adulthood 
(19). At the age of eight years, the FS is visible on 
radiographs (18). Because the FS is resistant to trauma 
and is likely to survive mass disasters, it could be useful for 
human identification as well. 

The expansion of the FS is dependent on the growth 
of the cranial vault (20), so its growth synchronizes with 
craniofacial growth. The FS enlargement occurs about 1.5 
years after the adolescent growth spurt (12,21).

Gagliardi et al (22) studied Aboriginal Australians and 
discovered a strong link between hand-wrist ossification 
and FS growth, suggesting that FS enlargement might be 
utilized to predict the adolescent growth spurts. Valverde 
et al (21) conducted a study on Japanese young girls and 
discovered that FS enlargement is linked to the body 
height increase during puberty. 

As there is a possibility of magnification error in 
cephalometry, FS index is recommended in this study 
rather than absolute height and breadth measurements. 
Another reason is that the height and width of the FS 
might vary depending on the patients’ physical size and 
gender (23,24). In both genders, the FS height increases 
in a linear fashion as they progressed through the CVM 
stages. Males had a higher FS height than females. The 
findings of Mahmood et al (15), Hanson and Owsley (25), 
and Ponde et al (26) are in agreement with this study.

Similarly, as CVM stages progressed, FS width increases 
in a linear fashion in both genders. The FS width of males 
was greater than that of females. Similar findings were 
obtained by Ruf and Pancherz (11,13) and Mahmood et 
al (15). The FS index, on the other hand, was unable to 
distinguish between the various stages of the growth spurt 
since it revealed no consistent pattern among the CVM 
stages. Mahmood et al (15) and Patil and Revankar (14) 
found similar results. This is due to a small but consistent 
increase in FS height and width, which results in a minimal 
change in FS index values.

Cervical vertebrae have long been utilized in forensics. 
Sexual dimorphism is based on their shapes and sizes, 

Table 1. The Comparison of Frontal Sinus Measurements Among Genders

Parameters Male (n = 126) Female (n = 126) P Valuea 

FS height 24.33 ± 4.21 21.43 ± 5.34 0.04*

FS width 10.08 ± 3.20 8.12 ± 2.19 0.019*

FS index 2.59 ± 0.74 2.69 ± 0.44 0.32

FS, frontal sinus.
a t test; *P < 0.05: statistically significant.
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according to various studies (27). They have been used 
for stature estimation (28). Their correlation with age has 
attracted a lot of attention. Türkoz et al assessed the C3 
and C4 vertebral body heights, using regression analysis to 
establish a formula, and discovered that they can be used 
to determine age in both legal and therapeutic situations 
(29). Numerous medico-legal issues such as the legal ages 
to consent to sex, drink alcohol, marry, and work as a 
minor require age assessment. Individuals who are illegal 
or have lost their legal status can be examined to estimate 
their chronological age using CVM. At around 15–16 
years of age, the somatic pattern of cervical vertebral 
growth reaches its final maturation, with the greatest 
cervical vertebral growth rate occurring between 10 and 
12 years (30,31). However, a few studies have shown that 
the use of a single variable, such as CVM, is unreliable in 
estimating age. The predictability increases as the number 
of variables, such as tooth eruption and mineralization 
of various teeth in the quadrant. To boost predictability, 
and reduce the variability, CVM should be combined with 
other information gathered.

Despite the fact that longitudinal studies are reliable 
methods for assessing a patient’s growth spurt status, the 
present study selected a cross-sectional study design to 
minimize unnecessary radiation exposure. Multicenter 
collaborative longitudinal studies in diverse population 
groups with greater sample sizes are recommended to 
make these findings more conclusive. Instead of two-
dimensional cephalometric imaging, volumetric imaging 
is recommended for assessing the different growth spurt 
stages.

Conclusions
Although FS height and width are significantly associated 
with CVM stages in both males and females, the correlation 
is weak to moderate. The FS index, on the other hand, 
has an insignificant weak negative correlation with CVM 
stages in both males and females. Hence, unlike the CVM 
method, the FS morphology cannot be utilized reliably to 
assess the skeletal maturity of the patient.
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