
 
                           

    259 

 

 

Scholars Journal of Dental Sciences (SJDS)               ISSN 2394-496X (Online) 

Sch. J. Dent. Sci., 2015; 2(3A):259-264                    ISSN 2394-4951 (Print) 
©Scholars Academic and Scientific Publisher       

(An International Publisher for Academic and Scientific Resources) 

www.saspublishers.com                               DOI: 10.36347/sjds.2015.v02i03.010 

 

Research Article 
 

Correlation between Dental Maturity and Cervical Vertebral Maturity amongst 

7 – 15 Year Old Kashmiri Children 
Dr. Irfan Ashraf Baba

1
, Dr. Aasim Farooq Shah

2
, Dr. Nabi Shahnaz

3
, Dr. Asif Yousuf

4
, Dr. Md. Adhnan MF

5
, Dr. 

Masroor Kanji
6
 

1
Registrar, Department of Oral Medicine and Radiology. Government College and Hospital, Shireen Bagh, Srinagar, 

Jammu and Kashmir, 190010 
2
Registrar, Department of Public Health Dentistry. Government College and Hospital, Shireen Bagh, Srinagar, Jammu 

and Kashmir, 190010 
3
Post Graduate Scholar, Department of Conservative Dentistry and Endodontics Government College and Hospital, 

Shireen Bagh, Srinagar, Jammu and Kashmir, 190010 
4
Registrar, Department of Public Health Dentistry. Government College and Hospital, Shireen Bagh, Srinagar, Jammu 

and Kashmir, 190010 
5
Oral and Maxillo-Facial Surgeon, Dentistry Super-speciality Dental Clinic Nagpur Road, Chandrupir, India 

6
Post Graduate Scholar, Department of Prosthodontics, Bangalore Institute of Dental Sciences, Karnataks, India. 

 

*Corresponding author 
Dr. Aasim Farooq Shah  

Email: dr_aasimshah@yahoo.com 

                   

Abstract: The study was conducted to evaluate the relationship between stages of calcification of teeth and the cervical 

vertebral maturity stages in Kashmiri children 7-15 years of age. Orthopantomograph and lateral skull cephalograms of 

77 patients (40 females and 37 males from 7-15 years of age) were examined. Dental maturity was evaluated by 

calcification stages of the mandibular cuspids, first, second bicuspids and second molars. Skeletal maturity was assessed 

by the cervical vertebral maturation (CVM) stages. Spearman rank-order correlation coefficient was used for statistical 

analysis. The mean chronologic age of males was significantly higher than females in each CVM stage. The Spearman 

rank-order correlation coefficients between dental maturity and cervical vertebral maturity ranged from 0.403 to 0.531 

for girls and from 0.461 to 0.512 for boys. In girls, the mandibular second molar had the highest and the canine the 

lowest correlation.  In boys, the mandibular second premolar had the highest and canine the lowest correlation. Tooth 

calcification stage was significantly correlated with cervical vertebral maturation stage. The development of the 

mandibular second molar in females and that of the mandibular second premolar in males had the strongest correlations 

with cervical vertebral maturity. 

Keywords: teeth, Kashmiri children, dental maturity, cervical vertebral maturity, second molar. 

INTRODUCTION 

            Skeletal maturity and dental development 

assessment is a common clinical practice in many 

health professions, especially for growth modification 

in orthodontics, dentofacial orthopedics and for age 

estimation. Because of the considerable variations in 

development among children, chronological age may 

have little or no role in the determination of the 

maturation stage of a child [1–3] and has led to the 

concept of biologic or physiologic age. Physiologic age 

is the rate of progress toward maturity and is estimated 

by somatic, sexual, skeletal or dental maturity.[3–5] 

  

The most common and widely used method for 

skeletal-age evaluation is the hand-wrist bone analysis. 

Currently, cervical vertebrae analysis is widely 

employed by orthodontists to evaluate skeletal maturity 

because of the simplicity, objectivity and repeatability 

of using the routine lateral cephalogram. Lamparski[6] 

in 1972 gave the standards of cervical vertebral 

maturation for boys and girls.  Hassel and Farman [7] 

detailed these cervical vertebra maturation indexes and 

stated that the cervical vertebral analysis can be used in 

the assessment of skeletal maturity. 

 

Dental maturity can be determined by the stage 

of tooth eruption but tooth formation has been proposed 

as a better method for determining dental maturation 

[8,9,10].  Dental maturity has been widely investigated 

as a potential predictor of the skeletal maturity 

level.[11,12,13] Generally, the dental development can 

be assessed by either the phase of tooth eruption or the 

stage of tooth calcification, with the latter being more 

reliable.[14,15] The correlation between calcification 
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stage of individual teeth and skeletal maturity has been 

reported however little is known, however, about the 

association between tooth calcification stage and 

cervical vertebral maturation (CVM) stage. The aim of 

the present study was to investigate the association 

between dental and skeletal maturity by evaluating the 

correlation between tooth calcification stage and CVM 

stage. 

 

MATERIALS AND METHODS 

This study was conducted amongst 77 

Kashmiri children 7-15 years of age in which 

panaromic radiographs and lateral skull cephalograms 

were evaluated. Amongst 77 children, 40 girls and 37 

boys aged 7-15 years were selected. The subjects were 

randomly chosen from patients attending the 

Department of Oral Medicine & Radiology, Govt 

Dental College, Srinagar from June 2014 to July 2015.  

 

The children belonging to Kashmir division, 

availability of digital panaromic radiographs and lateral 

cephalograms were included in the study. Exclusion 

criteria included image deformity affecting the 

estimation of tooth development, hypodontia, gross 

pathology and missing mandibular permanent teeth 

except the third molars, any systemic disease that could 

affect general development and history of orthodontic 

treatment. 

 

The stages of cervical vertebra development 

and tooth formation of each subject were assessed. 

 

DENTAL MATURITY ASSESSMENT 

Dental maturity was assessed according to the 

calcification stages of individual teeth [10].  The 

developmental stages of the left mandibular permanent 

canines, first and second premolars, and second molars 

were rated on an 8-stage scale from A to H: 

A. Calcification of single occlusal points without fusion 

of different calcifications. 

B. Fusion of mineralization points; the contour of the 

occlusal surface is recognizable. 

C. Enamel formation is complete at the occlusal 

surface, and dentin formation has commenced. The pulp 

chamber is curved, and no pulp horn is visible. 

D. Crown formation is complete to the level of the 

cementoenamel junction. Root formation has 

commenced. The pulp horns are beginning to 

differentiate, but the walls of the pulp chamber remain 

curved. 

E. The root length remains shorter than the crown 

height. The walls of the pulp chamber are straight, and 

the pulp horns are more differentiated than in the stage 

D. In molars, the radicular bifurcation has started to 

calcify. 

F. The walls of the pulp chamber form an isosceles 

triangle, and the root length is equal to or greater than 

the crown height. In molars, the bifurcation has 

developed sufficiently to give the roots a distinct form. 

G. The walls of the root canal are parallel, but the apical 

end is partially open. In molars, only the distal root is 

rated. 

H. The root apex is completely closed (distal root in 

molars). The periodontal membrane surrounding the 

root and apex is uniform in width throughout. 

 

SKELETAL MATURITY ASSESSMENT 

Skeletal maturity was evaluated by the CVM 

method [11,12]. According to the CVM method, the 

morphology of the bodies of the second (C2), third 

(C3), and fourth (C4) cervical vertebrae are rated on a 

6-level scale from cervical stage (CS) 1 to CS6: 

CS1: The lower borders of all 3 vertebrae (C2-C4) are 

flat. The bodies of both C3 and C4 are trapezoid in 

shape. 

CS2: A concavity is present at the lower border of C2. 

The bodies of both C3 and C4 are still trapezoid in 

shape. 

CS3: Concavities at the lower borders of both C2 and 

C3 are present. The bodies of C3 and C4 may be either 

trapezoid or rectangular-horizontal in shape. The 

growth peak occurs the year after this stage. 

CS4: Concavities at the lower borders of C2, C3, and 

C4 are present. The bodies of both C3 and C4 are 

rectangular-horizontal. 

CS5: At least 1 of the bodies of C3 and C4 is square. If 

not square, the body of the other cervical vertebra is 

rectangular-horizontal. 

CS6: At least 1 of the bodies of C3 and C4 is 

rectangular-vertical in shape.  

 

STATISTICAL METHOD 

All statistical analyses were performed with 

SPSS version 11.5. Spear man rank-order correlation 

coefficients were used to measure the association 

between the skeletal maturity and dental maturity of 

individual teeth, and the statistical significance of the 

correlation was tested.  

 

RESULTS 

Distribution of the chronological ages of the 

subjects according to cervical vertebra maturation 

indexes is shown in Table 1. In the first 5stages of the 

cervical vertebral maturity indexes, girls were younger 

than boys. In stage CS3, the mean chronologic age was 

11.14 ± 1.46 years for girls and 12.5 ± 1.11 years for 

boys. There were no patients with CS6 stage in this 

study. 

 

Spearman rank-order correlation coefficients 

between the cervical vertebral maturation stages and 

developmental stages for the 4 teeth are given in Table 

2. All correlations between cervical vertebral and dental 

maturity stages were statistically significant (P <0.05). 

The correlation coefficients ranged from 0.403 to 0.531 

for girls and from 0.461 to 0.512 for boys. For girls, the 

tooth sequence in order from the lowest to the highest 

correlation was canine (0.403), first premolar (0.452), 

second premolar (0.508) and second molar (0.531). For 
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boys, the sequence was canine (0.461), second molar 

(0.491), first premolar (0.496) & second premolar 

(0.512). 

 

The percentages of patients for the 

calcification stages and stages of CVM for each tooth 

are presented in Tables3-7. At CS1 (table 3), there was 

a wide variation in tooth calcification stages for all teeth 

in boys and girls. In both groups, the second premolar 

stage F had the highest percentage: 62.5% for boys and 

50% for girls. In contrast, the second molar stage H had 

the lowest percentages: 0 for both girls and boys. At 

CS2 the lower second molar stage F had the highest 

percentages: 66.7% for girls and 66.7% for boys (Table 

4).At CS4, the calcification of the canine was nearly 

complete. As listed in Table 6, stage H canines were 

present in 66.7% of girls and 62.5% of boys.  

 

Most of the studied teeth were well formed by 

CS5. The canine stage H, first premolar stage H, second 

premolar stage H was highest in both genders 100% for 

girls 100% for boys in CS5 stage (Table 7).. 

 

Table-1: Distribution of ages and genders (F/M) in the sample based on cervical vertebral maturity stages (CS). 

CS GENDER n AGE 

Mean ± S.D. 

1 M 

F 

06 

08 

9.16 ± 1.34 

8.37 ± 1.57 

2 M 

F 

03 

03 

11.23 ± 0.44 

10.34 ± 1.68 

3 M 

F 

06 

06 

12.5 ± 1.11 

11.14  ± 1.46 

4 M 

F 

06 

08 

13.43 ± 1.35 

12.5 ± 2.23 

5 M 

F 

02 

02 

16.03 ± 0.57 

15.33 ± 0.47 

 

Table-2: Spearman correlation coefficients between cervical vertebral and dental maturity stages C, Canine; P1, 

first premolar; P2, second premolar; M2, second molar. 

 MALE 

 

FEMALE 

 

 r P value r P value 

C 0.461 <0.01 0.403 <0.01 

P1 0.496 <0.01 0.452 <0.01 

P2 0.512 <0.01 0.508 <0.01 

M2 0.491 <0.01 0.531 <0.01 

 

Table-3: Percentage distribution of calcification stages of individual teeth at cervical vertebral maturity stage 1 

Calcification 

stage 

C 

M                  F 

P1 

M                 F 

P2 

M               F 

M2 

M               F 

D 0 0 0 0 0 0 0 16.7 

E 12.50 0 37.5 0 0 16.7 12.5 16.7 

F 12.50 16.7 50.0 50.0 62.5 50.0 50.0 33.3 

G 50.00 33.3 12.5 33.3 25.0 16.7 37.5 33.3 

H 25.00 50.0 0.0 16.7 12.5 16.7 0 0 

 

Table-4: Percentage distribution of calcification stages of individual teeth at cervical vertebral maturity stage 2 

Calcification 

stage 

C 

M                  F 

P1 

M                 F 

P2 

M               F 

M2 

M               F 

F 33.3 33.3 33.4 33.3 33.3 33.3 66.7 66.7 

G 33.4 33.3 33.3 33.3 33.3 33.3 33.3 33.3 

H 33.3 33.4 33.3 33.3 33.3 33.3 0 0 
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Table-5: Percentage distribution of calcification stages of individual teeth at cervical vertebral maturity stage 3 

Calcification 

stage 

C 

M                  F 

P1 

M                 F 

P2 

M               F 

M2 

M               F 

E 0 0 16.7 0 16.6 0 0 0 

F 16.7 16.7 16.7 16.8 16.7 33.3 66.7 50.0 

G 33.3 66.7 33.3 50.0 50.0 50.0 33.3 50.0 

H 50.0 16.6 33.3 33.2 16.7 16.7 6.0 0 

 

Table-6: Percentage distribution of calcification stages of individual teeth at cervical vertebral maturity stage 4 

Calcification 

stage 

C 

M                  F 

P1 

M                 F 

P2 

M               F 

M2 

M               F 

E      0               0       0              0       0             0    12.5           0 

F 12.5 16.7 25.0 33.3 25.0 33.3 25.0 33.3 

G 25.0 16.6 37.5 33.4 37.5 33.3 37.5 50.0 

H 62.5 66.7 37.5 33.3 37.5 33.4 25.0 16.7 

 

Table-7: Percentage distribution of calcification stages of individual teeth at cervical vertebral maturity stage 5 

Calcification 

stage 

C 

M                  

F 

P1 

M                 

F 

P2 

M               F 

M2 

M               F 

G 0 0 0 0 0 0 50.0 50.0 

H 100 100 100 100 100 100 50.0 50.0 

 

 
Fig-1:  Dental Maturity Assessment 
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Fig-2: Skeletal Maturity Assessment 

 

DISCUSSION 
Over the period of time, dental age has been 

determined by various methods. The most commonly 

employed method uses time of eruption as a parameter. 

In the present study, we have employed calcification 

stages of teeth for determining the dental maturation. 

Various methods which employs measurements on 

radiographs as the basis for the determination the dental 

development uses many parameters such as tooth 

length, crown length, or the root length to indicate the 

dental age. In few methods, the ratio of the developed 

root to the definitive length of the root is used. 

However, the drawback of these methods is estimating a 

quarter or a third of an unknown root length. Therefore, 

this method was employed in this study. And due to the 

superimposition of anatomic structures, maxillary teeth 

were not considered in the study. 

 

 One of the main reasons behind increasing 

popularity of CVM is that excess radiation exposure to 

the patient can be avoided. As cervical vertebrae can be 

seen on lateral cephalograms which are commonly used 

in orthodontic diagnostics. According to the CVM 

method, CS1-CS2 indicates the period before the peak 

of growth; the pubertal growth spurt comes during CS3-

CS4; and CS5-CS6 is the period after this peak. 

 

According to Table-1 the chronological age 

distribution reveals that, in the first 5 stages of cervical 

vertebral maturity (CVS 1-CVS 5), girls were younger 

than boys. These results suggested with preceding 

studies.[18-25] Boys had a higher predilection toward 

late dental development in this study when compared to 

same cervical maturation stages.  

 

A statistically significant correlation was 

observed between maturity stages of the examined teeth 

and skeletal maturity stages for both genders (Table 2).  

In the present study, the development of the mandibular 

second molar had the highest correlation coefficient 

with CVM stage among female subjects. This is in 

concordance with the previous studies done by Chen et 

al [22], Kumar et al [23] and Basaran et al [24].Some 

investigators have suggested that the development of 

the second premolar has the highest correlation with 

skeletal maturation [19,25] in girls.   

 

In present study it was observed that for male 

subjects calcification of the mandibular second 

premolar had the closest relationship with CVM stage 

as in the previous studies done by Krailassiri et al [19]. 

However few studies [19,22] have also shown that the 

calcification of the mandibular canine had the highest 

correlation with CVM. The percentages for stage F 

were 33.3%-62.5% for CS1-CS2. In CS3 the 

percentages of stage G were 50%. For stage H, the 

percentages were 37.5%-100% for CS4-CS5. According 

to these results, a conclusion was substantiated that 

stage F of the second mandibular molar in women and 

stage G of the second mandibular premolar in men 

signify the initiation of the pubertal growth spurt in 

children of Kashmiri population. 

 

CONCLUSION 

In the present study among the studied group 

of subjects, the level of comparison among individual 

teeth was different was different: the teeth showing the 

highest correlation with CVM staging were the second 

molars in females and 2nd molars in males. The results 

confirm that both dental and skeletal maturity should be 

evaluated if the maturity stage of a growing child is 

relevant to clinical practice.  

 

REFERENCES 

1. Chertkow S; Tooth mineralization as an indication 

of the pubertal growth spurt. Am J Orthod, 1980; 

77(1): 79–91. 

2. Fishman LS; Chronological versus skeletal age, an 

evaluation of craniofacial growth. Angle Orthod, 

1979; 49(3): 181–189. 

3. Demirjian A, Buschang PH, Tanguay R, Patterson 

DK; Interrelationships among measures of somatic, 

skeletal, dental, and sexual maturity. Am J Orthod, 

1985; 88(5): 433–438. 

4. Chertkow S, Fatti P; The relationship between 

tooth mineralization and early evidence of the ulnar 

sesamoid. Angle Orthod, 1979; 49(4): 282–288. 



 

Irfan AB et al., Sch. J. Dent. Sci., Vol-2, Iss-3A (Jun-Jul, 2015), pp-259-264 

    264 

 

 

5. Sierra AM; Assessment of dental and skeletal 

maturity. A new approach. Angle Orthod, 1987; 

57(3): 194–198. 

6. Lamparski DG; Skeletal age assessment utilizing 

cervical vertebrae (thesis). University of Pittsburg; 

Pittsburgh, 1972. 

7. Hassel B, Farman A; Skeletal maturation 

evaluation using cervical vertebrae. Am J Orthod 

Dentofacial Orthop, 1995; 107(1): 58-66.  

8. Demirjian A, Buschang H, Tanguy R, Patterson 

DK; Interrelationships among measures of somatic, 

skeletal, dental, and sexual maturity. Am J Orthod, 

1985; 88(5): 433-438. 

9. Moorrees CFA, Fanning FA, Hunt EE Jr; Age 

variation of formation stages for ten permanent 

teeth. J Dent Res 1963; 42: 1490-502. 

10. Demirjiyan A, Goldstein H, Tanner JM; A new 

system for dental age assessment. Hum Biol, 1973; 

43: 211-227. 

11. Anderson DL, Thompson GW, Popovich F; 

Interrelationships of dental maturity, skeletal 

maturity, height and weight from age 4 to 14 years. 

Growth, 1975; 39(4):453-462. 

12. Coutinho S, Buschang PH, Miranda F; Relationship 

between mandibular canine calcification stages and 

skeletal maturity. Am J Orthod Dentofacial Orthop, 

1993; 104:262–268. 

13. Green LJ; Interrelationship among height, weight 

and chronological, dental and skeletal age. Angle 

Orthod, 1961; 31:189– 193. 

14. Nolla CM; The development of the permanent 

teeth. J Dent Child, 1960; 27:254-263. 

15. Hotz R, Boulanger G, Weisshaupt H; Calcification 

time of permanent teeth in relation to chronological 

and skeletalage in children. Helv Odontol Acta, 

1959; 3:4-9. 

16. Baccetti T, Franchi L, McNamara JA Jr; An 

improved version of the cervical vertebral 

maturation (CVM) method for the assessment of 

mandibular growth. Angle Orthod, 2002; 72(4): 

316-23. 

17. Baccetti T, Franchi L, McNamara JA Jr; The 

cervical vertebral maturation (CVM) method for 

the assessment of optimal treatment timing in 

dentofacial orthopedics. Semin Orthod, 2005; 

11(3): 119-129. 

18. Fishman LS; Radiographic evaluation of skeletal 

maturation. A clinically oriented method based on 

hand-wrist films. Angle Orthod, 1982; 52(2): 88-

112. 

19. Krailassiri S, Anuwongnukroh N, Dechkunakorn S; 

Relationships between dental calcification stages 

and skeletal maturity indicators in Thai individals. 

Angle Orthod, 2002; 72(2): 155-166. 

20. Uysal T, Sari Z, Ramoglu SI, Basciftci FA; 

Relationships between dental and skeletal maturity 

in Turkish subjects. Angle Orthod, 2004; 74(5): 

657-664. 

21. Grave KC, Brown T; Skeletal ossification and the 

adolescent growth spurt. Am J Orthod, 1982; 82: 

299-309. 

22. Chen J, Hu H, Guo J, Liu Z, Liu R, Li F, Zou S; 

Correlation between dental maturity and cervical 

vertebral maturity. Oral Surg Oral Med Oral Pathol 

Oral Radiol Endod, 2010; 110(6): 777-783 

23. Kumar S,  Singla A, Sharma R, Virdi MS, Anupam 

A,  Mittal B; Skeletal maturation evaluation using 

mandibular second molar calcification stages. 

Angle Orthod, 2012; 82(3): 501-506. 

24. Başaran G, Özer T, Hamamcı N; Cervical vertebral 

and dental maturity in Turkish subjects. American 

Journal of Orthodontics and Dentofacial 

Orthopedics, 2007; 131(4): 447-e13. 

25. Różyło-Kalinowska I, Kolasa-Rączka A, 

Kalinowski P; Relationship between dental age 

according to Demirjian and cervical vertebrae 

maturity in Polish children.  European Journal of 

Orthodontics, 2011; 33(1): 75–83. 


