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ABSTRACT 

 

Introduction: There are various methods to evaluate the developmental status of a patient. But still the hand wrist and 

cervical vertebral maturity remains the standard for the evaluation of skeletal maturity. The aim of this study was to 

evaluate the association between frontal sinus morphology and cervical vertebral maturation for the assessment of skeletal 

maturity. 

 

Methods: A study was performed on the pretreatment lateral cephalograms of 30 subjects aged 8 to 21 years. The sample 

was divided into 6 groups based on the cervical vertebral maturation stages. The frontal sinus index was calculated by 

dividing the frontal sinus height and width, and the cervical stages were evaluated on the same radiograph. The Kruskal-

Wallis test was applied to compare frontal sinus index values at different cervical stages, and the post hoc Dunnett T3 test 

was applied to compare frontal sinus index values between adjacent cervical stages for each gender. A P value of #0.05 was 

considered statistically significant. 

 

Results: The height and width of the frontal sinus were significantly larger in the male subjects than in the females. A 

significant association was found between the frontal sinus height and width and cervical stages (P #0.001) in both genders. 

Similarly, a weak negative correlation was found between the sinus index and the cervical stages in male subjects), whereas 

no correlation was found in female subjects. However, the post hoc analysis showed that the values of the sinus index were 

comparable between any 2 adjacent cervicalstages. 

 

Conclusion: The frontal sinus index could not differentiate between the pre pubertal, pubertal and postpubertal stages. 

Therefore, it cannot be used as a reliable maturity indicator. 
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INTRODUCTION 

 

The assessment of growth potential during the preadolescent or adolescent growth spurt has considerable influence on 

orthodontic diagnosis and treatment planning as well as outcome and stability. Similarly, the analysis of growth plays a 

vital role in the orthodontic decision making process. Skeletal maturation refers to the degree of development of 

ossification in bone. Size and maturation can vary independently of each other. Skeletal maturation is more closely related 

to sexual maturity than tostature.1-5 
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Chronologic age fails to provide an accurate diagnosis of the growth status of a child, since children of the same 

chronologic age usually have variable degrees of skeletal maturation.6 The classic parameters include changes in body 

height and weight, appearance of secondary sexual characteristics, chronologic age, tooth mineralization and calcification 

and skeletal maturation.7 

 

The ossification of bones of the hand and wrist is considered the most accurate method; but, it requires an additional 
exposure of radiation, leading to ethical limitations.8,9 To reduce this radiation exposure, Lamparski evaluated the 

maturation of the cervical vertebrae on lateral cephalograms, and it was reported that cervical vertebral maturation 

correlated with the skeletal maturation of a child.10-13 

 

The cervical vertebral maturation method is currently the most widely used method to assess the growth status of a child. 

However, it carries certain limitations; eg, difficulty in classifying cervical vertebral bodies 3 and 4 as trapezoidal, 

rectangular ,horizontal, square or rectangular vertical. Moreover, division of the pubertal growth spurt into discrete stages is 

inappropriate to describe a continous phenomenon.14,15 Changing morphology of the frontal sinus during the adolescecnt 

growth spurt is a new method of assessing the developmental status of a child. Even though there are several reports on the 

development of the frontal sinus, few studies have investgated the relationship of the frontalsinus with the other growth 

parameters. Ruf and Pancherz evaluated frontal sinus morphology on lateral cephalograms and reported a well – defined 

pubertal growth spurt in the enlargement of the frontal sinus. 16-18 
 

MATERIAL AND METHODS 

 

Data were collected retrospectively from the pretreatment lateral cephalograms of patients visited the DentalClinic for 

orthodontic consultation. The total sample consisted of 30 subjects, uniformly divided into 6 cervical stages having equal 

numbers of males and females. Subjects with good-quality standardized pretreatment lateral cephalograms and aged 

between 8 and 21 years were included in the study. Subjects with a history of sinus-related pathologies; any craniofacial 

anomaly, syndrome, trauma, or surgery involving the frontal sinus or the cervical vertebrae; or any systemic disease 

affecting growth and development were excluded from the study. The lateral cephalogram was taken on the Digital 

Cephalostat machine Carestream CS 8000c. The frontal sinus height and width measurements were analyzed using the 

method of Ertuk.22 The cephalogram was oriented with the sella-nasion line horizontal. The maximum height and width of 
the sinus were measured as shown in (Fig 1). The ratio between the frontal sinus height and width was calculated for each 

patient and was regarded as the sinus index. The cervical vertebral maturation stages were assessed on the same lateral 

cephalogram using the method of Baccetti et al 23 (Fig 2). The Shapiro-Wilk test was used to check the normality of the 

data, which showed a nonnormal distribution; hence, nonparametric tests were applied. The Mann-Whitney U test was used 

to compare frontal sinus measurements in both sexes. Comparisons between frontal sinus measurements among the 

different cervical stages were made using the Kruskal-Wallis test. The post hoc Dunnett T3 test was applied to compare 

frontal sinus index values at adjacent cervical stages. The Kendalltau-bcorrelation was used to determine the correlation 

between frontal sinus measurements and cervical stages in the sexes. P value of #0.05 was considered statistically 

significant. 

 

 
 

Fig 1 Assessment of the frontal sinus morphology on a lateral cephalogram using the method of Ertuk.22 SH, The highest 

point on the frontal sinus; SL, the lowest point on the frontal sinus; A, line joining SH and SL denoting maximum frontal 

sinus height; SPP, posterior point on the frontal sinus; SAP, anterior point on the frontal sinus; B, line joining SPP and SAP 

denoting the maximum frontal sinus width perpendicular to line A; S, anatomic center of sella turcia; N, deepest point in the 

midline at the frontonasal suture. 
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Fig 2. Cervical vertebral maturation stages according to the method of Baccetti et al. 23CS 1, The inferior borders of the 

bodies of all cervical vertebrae are flat; the superior borders are tapered from posterior to anterior; CS 2, a concavity 

develops in the inferior border of thesecondvertebrae; the anterior vertical height of the bodies increases; CS 3, a concavity 

develops in the inferior border of the third vertebrae; 1 vertical body has a trapezoidal or wedge shape; CS 4, a concavity 

develops in the inferior border of the fourth vertebrae; concavities in the lower border of the fifth and sixth vertebrae are 

beginning to develop; the bodies of all cervical vertebrae are rectangular; CS 5, concavities are well defined in the lower 

borders of the bodies of all cervical vertebrae; the bodies are nearly square, and the spaces between the bodies are reduced; 

CS 6, all concavities have deepened; the vertebral bodies are now higher than they arewide. 
 

RESULTS 

 

The frontal sinus height, width, and index were compared between the sexes; this showed significant differences, with males 

having greater sinus heights and widths, and females having greater values of the sinus index (Table 1). Further statistical 

analyses were performed separately for each sex. Significant differences were found in frontal sinus heights and widths at 

different cervical stages in each sex, whereas a statistically significant (P #0.001) difference between the frontal sinus index 

at different cervical stages was found in male subjects only (Table 2). To further validate our results and to see whether 

these differences were present between adjacent cervical stages, the post hoc Dunnett T3 test was applied. This showed no 

significant difference in the frontal sinus index at adjacent cervical stages (Table 3). The correlations between frontal sinus 

measurements and cervical stages were evaluated between the genders; these showed a weak negative correlation in males 

and an insignificant correlation in the female sample. 
 

Table 1: Comparison of frontal sinus measurements 

 

Frontal Sinus 

Parameter 

Frontal Sinus 

Height(mm) 

Frontal Sinus 

Width(mm) 

Frontal Sinus 

Index 

Female 24.4 9.46 2.57 

Male 28.66 12.9 2.22 

P 0.005 <0.001 <0.001 

 

Table 2: Comparison of frontal sinus measurements at the different cervical stages 
 

Cervical Stages Sex CS1 CS2 CS3 CS4 CS5 CS6 P 

Frontal Sinus Height(Mm) Male 17.66 23.3 25.2 30.39 32.51 33.17 <0.001 

Female 19.91 22.12 24.2 28.32 29.94 31.32 <0.001 

Frontal Sinus Width (mm) Male 7 9.51 10.34 11.64 12.8 13 <0.001 

Female 7.12 7.83 8.03 8.57 10.62 10.85 <0.001 

Frontal Sinus Index Male 2.5 2.45 2.43 2.61 2.53 2.41 <0.001 

Female 2.79 2.82 3.01 3.30 2.81 2.88 <0.001 
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Table 3: Comparisn of frontal sinus index between adjacent cervical stages 
 

 Start of Pubertal 

Growth Spurt 

 

Pubertal Growth Peak 

 

End Of Pubertal Growth Spurt 

CVM I Vs 

CVM 

II 

CVM II Vs CVM III CVM III Vs CVM IV CVM IV Vs CVM V CVM V Vs 

CVM 

VI 

Frontal 

index 

 P P P P P 

Male 0.444 0.976 0.873 0.839 0.670 

Female 0.973 1.000 1.000 0.988 0.988 

 

Table 4: Correlation between frontal sinus measurements and cervical stages 
 

Variable Sex Correlation with cervical stages P value 

Frontal sinus height Male 0.55 <0.01 

 Female 0.49 <0.01 

Frontal sinus width Male 0.58 <0.01 

 Female 0.41 <0.01 

Frontal sinus index Male -0.21 <0.01 

 Female -0.15 <0.01 

 

DISCUSSION 

 

The skeletal maturity can be assessed by using frontal sinus morphology frontal sinus width, frontal sinus height but instead 

of taking individual height or width it is better to calculate the frontal sinus index by dividing the height by width, since the 

size of the frontal sinus may vary according to a patient's physical size and sex.24 The frontal sinus height increases with 

cervical stages in both the sexes. Sinus height is greater in males. The studies of Hanson and Owsley and Pond et al shows 
similar findings.25,26 The width of the frontal sinus also increases from cervical stages 1 to 6. The increase in width is 

greater in males than in females. These findings are similar with those of Ruf and Pancherz.20,21 They reported that the 

enlargement in the width of the frontal sinus could be considered as a maturity indicator, but their sample consisted of male 

subjects only. The sinus index is greater in females than the males. (Table 1) The study performed by Patil and 

Revankarevaluated the correlations between the frontal sinus index and the ossification of the middle phalanx of the third 

finger and failed to find a significant correlation. The frontal sinus index was not a reliable maturity indicator.27 

 

The frontal sinus starts to develop in the fourth or fifth week of gestation, continues its growth during childhood, and 

reaches its final size and form in early adulthood.28 As the pneumatization of the frontal sinus increases, it becomes 

radiographically evident by the age of 8 years. 29 The growth of the frontal sinus is synchronous with craniofacial growth, 

and its enlargement is based on the expanding braincase.30 The enlargement of the frontal sinus exhibits a well- defined 
adolescent growth spurt, which is on average 1.4 years after the peak in body height.28 This study is done with minimum 

sample size so to get statistically significant values we ought to increase the samples. 

 

CONCLUSION 

 

 There is association between the frontal sinus height and width cervical maturation stages in both gender. 

 But the frontal sinus index could not differentiate between the pre pubertal, pubertal and post pubertal stages. 

 Hence presently also cervical vertebral maturation is the standard to evaluate the skeletal maturity for diagnosis and 

treatment planning. 
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