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ABSTRACT
Introduction
The growth potential of patients has a significant influence 
on the timing of orthodontic intervention and treatment 
modalities. Skeletal maturity and dental development 
are biological maturity indicators which can be used to 
determine the growth status of an individual.

Objectives
To correlate the dental maturational stages of black South 
African individuals with the stages of skeletal maturation 
and to determine the diagnostic accuracy of using dental 
developmental stages to identify an individual’s skeletal 
maturity.

Design
Retrospective, cross-sectional study.

Methods
Skeletal maturity and dental development of 224 subjects 
were assessed using lateral cephalograms and panoramic 
radiographs, respectively. Statistical analyses included 
descriptive statistics, Spearman’s correlation coefficient and 
positive likelihood ratios (LHR).

Results
The highest (rs=0.759, p<0.001) correlation with skeletal 
maturity was identified for the second molar and the lowest 
correlation (rs=0.662, p<0.001) for the canine. Positive 
LHR>10 combined with sensitivity and specificity testing 
revealed that the second premolar (stage E), second 
molar (stage F) and second molar (stage H) have the most 
significant diagnostic reliability to identify the pre-pubertal, 
pubertal and post-pubertal growth phases, respectively.  

Conclusion
Dental development is a valuable diagnostic tool to assess 
skeletal maturation. The calcification of the second molar 
(stage F) is predictive of the pubertal growth phase.  

Keywords
Skeletal growth, dental development, skeletal maturity, 
dental calcification, CVM

INTRODUCTION
Timing of orthodontic intervention is fundamental during the 
treatment planning process, with special regard to growing 
individuals requiring growth modification treatment.1 Dental 
as well as skeletal disharmonies may be corrected or 
improved by orthodontic treatment and initiating treatment 
at the ideal time in young patients has revealed favourable 
outcomes in the correction of skeletal discrepancies.2 

The craniofacial structures experience a growth acceleration 
which is similar to other parts of the body during the pubertal 
growth spurt.3 It is therefore essential that the orthodontist 
determines the growth status of young patients and in 
particular their proximity to the peak of the adolescent 
growth spurt for optimal treatment planning and utilisation 
of the patient’s growth potential, before performing growth 
modification procedures. Furthermore, timeous referral of 
patients to orthodontists by general practitioners is critical 
to initiate orthodontic treatment at the most ideal time.1 
Chronological age is not a reliable method to estimate the 
skeletal growth status or physiological maturity of a young 
patient and should not be used to ascertain a patient’s 
maturational state.4,5 Instead of focusing on chronological 
age, the physiological maturity or biological age of a patient 
should be assessed. 

The left hand-wrist analysis6 has been reliably used in 
orthodontics to determine a patient’s skeletal maturity; 
however, this method requires extra cost and radiation, and 
so does the median phalanx index (MP3) introduced by 
Hägg and Taranger in 1982.7 

In view of the limitation of the hand-wrist and MP3 analyses, 
Hassel and Farman8 introduced the cervical vertebrae 
maturation (CVM) analysis as an alternative method to 
assess skeletal maturation. Although this method has been 
found to be as reliable as the hand-wrist analysis9, a lateral 
cephalogram is required to evaluate the maturation of the 
cervical spine and general dental practitioners may not have 
access to the requisite radiographic machine to acquire this 
image. 

Apart from skeletal maturity, other biological indicators such 
as an increase in body height10, voice changes, menarche11 
and dental development12 can also be used to determine an 
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individual’s growth status; however, these are not popularly 
used in dentistry and the available literature focuses 
predominantly on skeletal maturity indicators to assess 
growth. 

Dental development, similar to skeletal maturation, has 
been investigated in the past as a method to determine 
physiological maturity12 and although individual variations 
among different populations were identified, high 
correlations have been demonstrated between dental 
calcification stages and skeletal maturity indicators.13-16 
The advantage of this method is that dental development 
can be analysed from a panoramic radiograph which is 
routinely used in orthodontics and general dental practice 
to evaluate a patient’s oral health status and should 
be readily available for the majority of patients.17-19 No 
additional radiographs are necessary, limiting radiation and 
cost to the patient.

The objectives of this study were to correlate the skeletal 
maturation stages of black South African patients to the 
stages of dental calcification as viewed on a panoramic 
radiograph and to determine whether dental calcification 
stages can be used accurately to determine a patient’s 
physiological age.

MATERIALS AND METHODS
Ethics approval
The study protocol was approved by Sefako Makgatho 
University Research Ethics Committee (SMUREC) with 
ethics reference number SMUREC/D/114/2022: PG. The 
researcher was granted access to patient records by the 
CEO of Sefako Makgatho University Oral Health Centre 
and the Department of Maxillofacial and Oral Radiology to 
collect data for this research project.

Study sample
Lateral cephalograms and panoramic radiographs of 
patients who have visited the Orthodontic Department 
at Sefako Makgatho Health Sciences University in Ga-
Rankuwa, South Africa were collected for this study. 

Overall, 523 patient records were searched for patients who 
satisfied the eligibility criteria for this study and the resulting 
sample consisted of 224 patients in total. The sample 
consisted of 104 males and 120 females with a mean age 
of 11.7 years (age range 9.7-16 years). This sample size 
satisfies the requirements to calculate the Spearman rank 
order correlation as proposed by Bonett and Wright20 and is 
in line with similar studies.4,21,22

Individuals who fulfilled the following criteria were 
included in this study:

• �Male and female patients from 7 to 18 years of age, 
following the sampling criteria of similar studies;3,14,22 

• �Black South African descent;
• �Panoramic as well as a lateral cephalometric radiograph 

available, taken within the same month;
• �Radiographs which exhibit high clarity, good contrast and 

without any noticeable distortions;
• �No craniofacial or systemic anomalies or history of facial 

trauma; and
• �No dental anomalies (caries, impactions or congenitally 

absent teeth).

Methodology
Demographic information, panoramic and lateral 
cephalometric radiographs of the study sample were 
collected from patient records. All radiographs were taken 
using a Carestream Kodak 8000CÒ digital panoramic and 
cephalometric X-ray machine. The radiographs were taken 
by a radiographer, or a senior undergraduate dentistry 
student supervised by a radiographer, within the Department 
of Maxillofacial and Oral Radiology at Sefako Makgatho 
Health Sciences University. Digital as well as printed 
radiographs were collected – the hard copies were used for 
tracing purposes, whereas the digital copies were used to 
enhance the contrast or brightness of the radiographs when 
necessary to assist with the evaluation. Magnification errors 
were not significant in this study because proportional 
relationships between skeletal or dental structures were 
used instead of actual lengths. 

Table 1: Description of the cervical stages (CS) according to Baccetti et al11

Cervical stage Variables analysed Observation Peak mandibular growth

CS1
�Lower border of vertebral bodies C2, C3 
and C4

�C2, C3 and C4 lower borders are 
flat, no concavities present 2 years after current stage

�Shape of C3 and C4 vertebral bodies Trapezoid

CS2
Lower border of vertebral bodies C2, C3 
and C4

Concavity present at C2
1 year after current stage

Shape of C3 and C4 vertebral bodies Trapezoid

CS3
Lower border of vertebral bodies C2, C3 
and C4

Concavities present at C2 and C3
During the following year

Shape of C3 and C4 vertebral bodies Trapezoid or rectangular horizontal

CS4
Lower border of vertebral bodies C2, C3 
and C4

Concavities at C2, C3 and C4
Occurred 1 to 2 years earlier

Shape of C3 and C4 vertebral bodies Rectangular horizontal

CS5

Lower border of vertebral bodies C2, C3 
and C4

Concavities at C2, C3 and C4
Ended 1 year earlier

Shape of C3 and C4 vertebral bodies
At least 1 is squared, other one 
rectangular horizontal

CS6

Lower border of vertebral bodies C2, C3 
and C4

Concavities at C2, C3, and C4
Ended 2 years earlier

Shape of C3 and C4 vertebral bodies
At least 1 is rectangular vertical, 
other one squared
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Radiographs were separated and the principal researcher 
was blinded to the patient’s demographic details. This 
ensured the investigator was not influenced by the patient’s 
age, gender or other radiograph. Patient demographics 
were collected from patients’ hospital files; gender, ethnicity 
and date of birth were recorded for each study participant. 
The date of radiographic exposure was also noted, enabling 
the researcher to calculate the age of each participant at 
the time when the radiographs were taken. The selected 
age range covered the adolescent growth period and 
data from prepubertal, pubertal and postpubertal skeletal 
maturational stages were collected.

Assessment of skeletal maturity
The morphology of the second (C2), third (C3) and fourth 
(C4) cervical vertebrae bodies were evaluated from the 
collected lateral cephalograms and the skeletal maturity of 
each patient was determined using the cervical vertebral 
maturation stage (CVMS) method of Baccetti et al.11 (Table 
1). The validity and reliability of this technique to determine 
the skeletal maturity of an individual is well established 
within the literature.9,23,24 For this study, participants were 
grouped into three groups of potential clinical interest 
according to their skeletal stage of maturation.21,22,25

Group 1: Prepubertal (CS 1) 
Group 2: Pubertal (CS 2 and 3)
Group 3: Postpubertal (CS 4, 5 and 6)

Assessment of dental development
The stage of dental development was determined from 
the panoramic radiographs by using the Demirjian et 
al.26 calcification stages (Table 2). Similar to comparable 
studies, this study only evaluated the permanent lower 
left canine, first premolar, second premolar and second 
molar and noted their stage of calcification (Stages 
A-H).21,22 The assessment was restricted to teeth on the 
left side only because contralateral teeth have been found 
to develop symmetrically.26 As with similar studies, the 
maxillary teeth were not examined for this study because 
superimpositions of maxillary structures can result in 
incorrect assessments.15,22 Furthermore, the permanent 
incisors and first molars were excluded from this study 
because it is expected that root formation of these teeth 
should be complete or close to completion in the age 
range of the current population group21 and third molars 
were not examined either due to their late development 
and high tendency of being congenitally absent.27

Table 2: Description of maturational stages of Demirjian et al26

Stage Number of roots Description

A Single- and multirooted teeth
Calcification is initiated, appears like inverted cone/s at the superior part of 
the dental follicle. These points of calcification haven’t fused yet

B Single- and multirooted teeth
Calcification points coalesce to form one or more cusps, forming the 
outline of the occlusal surface

C Single- and multirooted teeth

a. �Enamel formation and calcification extend cervically, converging towards 
cervical area

b. �Dentinal deposition is initiated
c. �The curved superior border of the future pulp chamber is visible

D

Single-rooted teeth

a. �Crown is completely formed and extends to the cementoenamel 
junction (CEJ)

b. �The superior pulpal border has a distinct curve which is concave 
towards the pulp chamber

c - Root formation begins and is visible as a spicule

Multirooted teeth

a. Crown is completely formed and extends to the CEJ
b. �The superior pulpal border has a distinct curve which is concave 

towards the pulp chamber and is umbrella shaped
c. �Root formation begins and is visible as a spicule

E

Single-rooted teeth
a. �Pulp chamber larger than previous stage, the walls of the chamber form 

straight lines which meet at the pulpal horn
b. �Root length is shorter than the crown height

Multirooted teeth
a. �Initial formation of bifurcation area is visible as a semi-lunar shape or a 

calcified point
b. �Root length is shorter than the crown height

F

Single-rooted teeth
a. �Pulp chamber walls form an isosceles triangle. Funnel shaped apex
b. �Root length is greater or equal to crown height

Multirooted teeth
a. �Bifurcation area is more developed, giving the roots a more distinct 

outline. The roots are funnel shaped
b. �Root length is greater or equal to crown height

G Single- and multirooted teeth
Walls of the root canal are parallel, with the apex partially open (including 
distal molar roots)

H Single- and multirooted teeth
a. �Apex closed (including distal molar roots)
b. �The periodontal ligament space has a uniform width around the root 

complex
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Statistical analysis
Descriptive and inferential statistics were performed using 
SAS (SAS Institute Inc, Cary, NC, USA), Release 9.4. 
Spearman rank order correlation coefficients were calculated 
between the CVM growth phases and dental calcification 
stages for each of the four individual teeth. Positive likelihood 
ratios with 95% confidence intervals were calculated for each 
individual tooth as measures of dental maturation stages for 
identifying growth phases. Sensitivity and specificity values, 
with 95% confidence intervals, were calculated for all the 
cases where the likelihood ratio was >10.

Intra-examiner as well as inter-examiner analyses were 
performed to determine the reliability and reproducibility 
of the study results.28 The principal researcher assessed 
all the radiographs of the study population at two different 
occasions under the same conditions to establish the intra-
examiner reliability. To evaluate the inter-examiner reliability, 
10 sets of radiographs were randomly selected and 
assessed by another clinician of equal training as the principal 
researcher. The Spearman rank correlation coefficients 
between the overall first and second assessments, and 
between the two examiners, were calculated to measure 
intra- and inter-examiner reliability.

RESULTS
The assessments of the stages of dental calcification of 
males and females were statistically compared per CVM 

stage (Table 3) and no significant difference was found 
between genders and, as such, the further analyses in this 
study are presented as a single collective sample of 224 
cases. Correlation analyses were performed to determine 
the reliability and reproducibility of this study. The Spearman 
rank correlation coefficient between the overall first and 
second assessments and between two examiners were 
calculated. The results for intra-examiner (rs=0.99) as well 
as inter-examiner (rs=0.98) measurements were highly 
significant (p<0.001), suggesting strong correlations for 
intra- and inter-examiner reliability and an almost perfect 
reproducibility of findings. The overall first assessments 
were used for the statistical analysis of this study.

Table 4 illustrates the distribution of participants by 
chronological age and the distribution of dental calcification 
stages per tooth according to the skeletal maturation stages 
are presented in Table 5.

Correlations between skeletal growth phases and 
dental calcification stages
Spearman rank order correlation coefficients were calculated 
between the CVM growth phases and dental calcification 
stages for each of the four individual teeth and the results 
are presented in Table 6. The correlation coefficients are all 
highly significant (p-values<0.001), with a maximum value 
for the second molar (rs=0.759). The canine (rs=0.662) 
revealed the lowest correlation.

Table 2: Description of maturational stages of Demirjian et al26

Stage Number of roots Description

A Single- and multirooted teeth
Calcification is initiated, appears like inverted cone/s at the superior part of 
the dental follicle. These points of calcification haven’t fused yet

B Single- and multirooted teeth
Calcification points coalesce to form one or more cusps, forming the 
outline of the occlusal surface

C Single- and multirooted teeth

a. �Enamel formation and calcification extend cervically, converging towards 
cervical area

b. �Dentinal deposition is initiated
c. �The curved superior border of the future pulp chamber is visible

D

Single-rooted teeth

a. �Crown is completely formed and extends to the cementoenamel 
junction (CEJ)

b. �The superior pulpal border has a distinct curve which is concave 
towards the pulp chamber

c - Root formation begins and is visible as a spicule

Multirooted teeth

a. Crown is completely formed and extends to the CEJ
b. �The superior pulpal border has a distinct curve which is concave 

towards the pulp chamber and is umbrella shaped
c. �Root formation begins and is visible as a spicule

E

Single-rooted teeth
a. �Pulp chamber larger than previous stage, the walls of the chamber form 

straight lines which meet at the pulpal horn
b. �Root length is shorter than the crown height

Multirooted teeth
a. �Initial formation of bifurcation area is visible as a semi-lunar shape or a 

calcified point
b. �Root length is shorter than the crown height

F

Single-rooted teeth
a. �Pulp chamber walls form an isosceles triangle. Funnel shaped apex
b. �Root length is greater or equal to crown height

Multirooted teeth
a. �Bifurcation area is more developed, giving the roots a more distinct 

outline. The roots are funnel shaped
b. �Root length is greater or equal to crown height

G Single- and multirooted teeth
Walls of the root canal are parallel, with the apex partially open (including 
distal molar roots)

H Single- and multirooted teeth
a. �Apex closed (including distal molar roots)
b. �The periodontal ligament space has a uniform width around the root 

complex

Table 3: Overall stages of dental development for males and females

CVM 
stage

Frequency (%)

Pre-pubertal Pubertal Post-pubertal

Males Females Males Females Males Females

D - - 3 (1.5) 6 (4.5) - -

p = 0.095

E 3 (37.5) - 12 (5.8) 9 (6.8) - -

p = 0.818

F 5 (62.5) - 71 (34.1) 55 (41.7) 1 (0.5) 4 (1.1)

p = 0.168 p = 0.657

G - - 71 (34.1) 39 (29.6) 37 (18.5) 73 (21.0)

p = 0.407 p = 0.508

H - - 51 (24.5) 23 (17.4) 162 (81.0) 271 (77.9)

p = 0.139 p = 0.446

Total 8 (100) - 208 (100) 132 (100) 200 (100) 348 (100)

Table 4: Distribution by chronological age

Age, years
Frequency (%)

Pre-pubertal Pubertal Post-pubertal

≤ 10 2 (100) 12 (14.1) -

11 - 12 - 48 (56.5) 14 (10.2)

13 - 14 - 22 (25.9)  56 (40.9)

15 - 16 - 3 (3.5)  67 (48.9)

Total 2 (100) 85 (100) 137 (100)

Mean (SD) 9.7 (0.14) 11.5 (1.36) 13.9 (1.29)

Median (IQR) 9.7 (9.6 – 9.8) 11.4 (10.3 – 12.3) 14.0 (13.1 – 15.0)

Minimum / Maximum 9.6 / 9.8 9.0 / 15.3 10.3 / 16.0
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 Likelihood ratios
Positive likelihood ratios (LHR) with 95% confidence intervals 
were calculated for each individual tooth as measures of the 
diagnostic accuracy of using dental calcification stages to 
identify skeletal growth phases. The results are summarised 
in Table 7, likelihood ratios of 10 or greater are bolded. 
In Table 8, sensitivity and specificity values, with 95% 
confidence intervals, were calculated for all LHR>10. 

A positive LHR>10 identified the pre-pubertal growth phase 
associated with the first premolar (stage F, positive LHR of 
10.6; 95% CI 7.0-15.9), second premolar (stage E, positive 
LHR of 27.8; 95% CI 5.1-150.7), and second molar (stage E, 
positive LHR of 15.9; 95% CI 9.6-26.3). Following sensitivity 
and specificity testing (Table 8), the second premolar (stage 
E) revealed the greatest diagnostic reliability to identify the 
pre-pubertal growth phase, with a specificity of 98.2%. The 
small sample size within the pre-pubertal group should be 
noted.
 

The pubertal growth phase (Figure 1) was identified by 
a positive LHR greater than 10 which was found to be 
associated with the canine (stage F, positive LHR of 20.4; 
95% CI 5.0-84.1 and stage G, positive LHR of 19.6; 95% 
CI 4.8-80.9), first premolar (stage F, positive LHR of 10.9; 
95% CI 3.3-35.6 and stage G, positive LHR of 13.9; 95% CI 
5.1-37.8), second premolar (stage F, positive LHR of 20.7; 
95% CI 6.6-65.0), and second molar (stage E, positive LHR 
of 11.4; 95% CI 2.7-49.1 and stage F, positive LHR of 35.2; 
95% CI 8.7-141.4). The second molar (stage F) revealed the 
most significant diagnostic reliability to identify the pubertal 
growth phase with a LHR of 35.2 and specificity of 98.6%.

A positive LHR>10 of the second molar (stage H, positive 
LHR of 41.3; 95% CI 5.8-292.1) is indicative of the post-
pubertal growth phase. The specificity is 98.8% which 
suggests high diagnostic reliability (Figure 2).

DISCUSSION
In this study the objectives were to correlate the dental 
maturational stages of black South African individuals with 
the stages of skeletal maturation and to determine the 
diagnostic accuracy of using dental developmental stages 
to identify the skeletal maturity of individuals within this 
population. Dental calcification stages, as described by 
Demirjian et al.26, were identified from panoramic radiographs 
and correlated with the skeletal maturity of each participant, 
which was determined by the maturational status of their 
cervical vertebrae as observed from a lateral cephalogram.11 
The methodology of the present study was validated and 
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Table 5: Distribution of dental calcification stages according to pubertal growth phases

CVM stage
Frequency (%)

Pre-pubertal Pubertal Post-pubertal

 Lower left canine

F 2 (100) 25 (29.4) -

G - 24 (28.2)  2 (1.5)

H - 36 (42.4)  135 (98.5)

Total 2 (100) 85 (100) 137 (100)

First premolar

E - 3 (3.5) -

F 2 (100) 20 (23.5) 1 (0.7)

G - 34 (40.0) 4 (2.9)

H - 28 (33.0) 132 (96.4)

Total 2 (100) 85 (100) 137 (100)

Second premolar

D -   2 (2.4) -

E 1 (50.0)   4 (4.7) -

F 1 (50.0)   38 (44.7) 2 (1.5)

G -   32 (37.6) 34 (24.8)

H -    9 (10.6) 101 (73.7)

Total 2 (100)   85 (100) 137 (100)

Second molar

D -   7 (8.2) -

E 2 (100)    14 (16.5) -

F -   43 (50.6) 2 (1.5)

G -    20 (23.5) 70 (51.1)

H -    1 (1.2) 65 (47.4)

Total 2 (100)  85 (100) 137 (100)

Table 6: Spearman rank correlation coefficients between skeletal and 
dental developmental stages 

Tooth Spearman correlation p-value

Lower left canine 0.662 <0.001

First premolar 0.694 <0.001

Second premolar 0.700 <0.001

Second molar 0.759 <0.001
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Table 7: Positive likelihood ratios with confidence intervals of 95% concerning dental calcification stages to identify skeletal growth phases

CVM stage
Likelihood ratio (95% CI)

Pre-pubertal Pubertal Post-pubertal

 Lower left canine

F 8.9 (6.1 – 12.8) 20.4 (5.0 – 84.1) -

G - 19.6 (4.8 – 80.9) 0.05 (0.01 – 0.2)

H - 0.4 (0.3 – 0.6) 2.4 (1.9 – 3.1)

First premolar

E - - -

F 10.6 (7.0 – 15.9) 10.9 (3.3 – 35.6) 0.03 (0.01 – 0.2)

G - 13.9 (5.1 – 37.8) 0.07 (0.03 – 0.2)

H - 0.3 (0.2 – 0.5) 3.0 (2.2 – 4.1)

Second premolar

D - - -

E 27.8 (5.1 – 150.7) 6.5 (0.7 – 57.6) -

F 2.8 (0.7 – 11.4) 20.7 (6.6 – 65.0) 0.03 (0.01 – 0.1)

G - 1.5 (1.0 – 2.3) 0.7 (0.5 – 1.0)

H - 0.1 (0.08 – 2.7) 7.1 (3.8 – 13.3)

Second molar

D -   - -

E 15.9 (9.6 – 26.3)  11.4 (2.7 – 49.1) -

F -  35.2 (8.7 – 141.4) 0.03 (0.01 – 0.1)

G -  0.5 (0.3 – 0.7) 2.2 (1.5 – 3.4)

H -  0.03 (0.0 – 0.2) 41.3 (5.8 – 292.1)

considered to be reliable by similar previous studies21,22,29; 
however, the focus of this study was on black South African 
individuals.

In accordance with similar studies, the results from analyses 
carried out in this study yielded no statistically significant 
difference between genders and the results in this study 
were presented as a single combined sample.22,25

Despite an adequate sample size, this study was restricted 
to black South African individuals presenting for treatment 
at a single centre. This may limit the generalisability of the 
results to other populations and ethnic groups. Variability in 
the timing of skeletal maturation as well as dental calcification 
between different ethnic groups have been reported by 
previous studies and should be considered when interpreting 
the results from this study.4,13,14,30 Ideally, population-specific 
data should be gathered and implemented for different 
ethnic groups. 
  
Correlation between dental calcification stages and 
stages of cervical vertebral maturation
Spearman rank correlation coefficient values were 
calculated for each tooth to determine whether there is 
an association between dental development and skeletal 
maturity. In general, the correlation coefficients between 
the stages of dental calcification of the four individual teeth 
and the three CVM growth phases were found to be high, 
varying from 0.662 to 0.759 (p<0.001) in this study. These 
findings are indicative of a significant correlation between 
dental calcification stages and skeletal maturation and agree 
with comparable studies. 4,13,14,21,22,25,30 A systematic review 
and meta-analysis by Bittencourt et al,31 however, reported 
that although the literature suggests a significant association 
between skeletal maturity and dental development, there is 
a great heterogeneity among studies and they concluded 

that standardised observational studies are necessary to 
strengthen the evidence and to confirm the use of dental 
calcification stages to accurately estimate the pubertal 
growth spurt. 

In this study, the tooth which provided the highest correlation 
between its calcification stages and phases of CVM was the 
lower second molar. Uysal et al,14 Litsas et al22 and Lecca-
Morales and Carruitero32 reported similar results in Turkish, 
Greek and Peruvian subjects, respectively. An Italian study 
by Perinetti et al.25 was also in agreement with these results. 
In contrast with the current findings, Valizadeh et al.30 found 
the first premolar to have the highest correlation, whereas 
Krailassiri et al.13 reported that the second premolar had 
the highest correlation with skeletal maturity among Thai 
individuals. 

A South African study by Chertkow4 in 1980 found that 
the lower canine had the highest correlation with skeletal 
maturity in caucasian subjects; however, his findings in 
black South African individuals were inconclusive due to 
earlier dental development in this population which led to 
most of the root development being complete by the time he 
studied them. Uys et al.33 confirmed that racial differences 
exist during dental maturation and that black South African 
individuals mature earlier than caucasian individuals.

High correlation coefficients, however, only suggest a 
strong association between two variables and, despite 
the high correlations found by this and previous studies, 
further analyses are necessary to determine the diagnostic 
accuracy of dental calcification stages to predict the pubertal 
growth status of an individual. The majority of the previous 
studies4,13,14,30,32 didn’t comprehensively analyse the true 
diagnostic potential of dental calcification stages.
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Diagnostic accuracy of using dental calcification 
stages to estimate skeletal maturity   
Likelihood ratios (LHR), together with 95% confidence 
intervals (CI), were calculated for each of the calcification 
stages observed in the four teeth evaluated in this study 
to determine the clinical reliability of individual dental 
calcification stages to diagnose skeletal maturity and 
thereby estimate the pubertal growth status of an individual. 
A positive LHR is an estimate of the extent to which a 
specific dental calcification stage improves the odds of 
being present in a certain growth phase and LHR greater 
than 10 were considered to be significant.34 Sensitivities and 
specificities were also calculated for the stages of dental 
calcification which had LHR>10 to comprehensively analyse 
the diagnostic performance of these stages.

Pre-pubertal phase of skeletal maturation
In the current study, the first premolar, second premolar 
and second molar revealed positive LHR greater than 10 to 
identify the pre-pubertal growth period. For the first premolar 
stage F and for the second premolar and second molar, 

stage E showed LHR>10. The canine didn’t have a positive 
LHR>10 in the pre-pubertal group. The second premolar 
stage E presented the highest LHR (LHR 27.8) and together 
with a specificity value of 98.2%, this is suggestive of high 
diagnostic capability for the pre-pubertal growth phase. The 
reliability of the current results is, however, compromised by 
an inadequate number of participants (n=2) within this group. 
Further research focused on the pre-pubertal population 
will be necessary to obtain sufficient data to be analysed in 
this population. Data collection in this group is challenging 
because the available subjects who meet all the inclusion 
criteria is limited because it is not as common for patients 
this young, compared to adolescent patients, to present for 
orthodontic treatment.

Although the current pre-pubertal group had an inadequate 
sample size, some of the findings are consistent with similar 
studies. Perinetti et al.25 and Litsas et al.22 reported LHR>10 
for the second premolar stage E (LHR 12.8 and LHR 11.1, 
respectively) as well. This study and that of Litsas et al.22 
didn’t have any positive LHR>10 for the canine; however, 

Table 8: Sensitivity and specificity of positive LHR greater than 10

CVM stage

Growth phase

Pre-pubertal Pubertal Post-pubertal

Sensitivity % Specificity % Sensitivity % Specificity % Sensitivity % Specificity %

Lower left canine

F
29.4 
(20.8-39.8)

98.6
(94.9-99.6)

G
28.2
(19.8-38.6)

98.6
(94.9-99.6)

H

First premolar

E

F
100
(34.2-100)

90.5
(86.0-93.7)

23.5
(15.8-33.6)

97.8
(93.8-99.3)

G
40.0
(30.2-50.6)

97.1
(92.8-98.9)

H

Second premolar

D

E
50.0
(9.4-90.6)

98.2
(95.5-99.3)

F
44.7
(34.6-55.3)

97.8
(93.8-99.3)

G

H

Second molar

D

E
100
(34.2-100)

93.7
 (89.7-96.2)

16.5
(10.1-25.8)

98.6
(94.9-99.6)

F
50.6
(40.2-61.0)

98.6
(94.9-99.6)

G

H
47.4
(39.3-55.8)

98.8
(93.8-99.8)
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Perinetti et al.25 reported LHR>10 for the canine stage F 
(LHR 14.9). Contrary to the current findings, for the first 
premolar Litsas et al.22 found LHR>10 for stages D (LHR 
16) and E (LHR 20) and for the second molar, stage D 
(LHR 14.4). Results from Perinetti et al.25 regarding the first 
premolar and second molar corresponded closely with that 
of Litsas et al.22

Pubertal phase of skeletal maturation
All four of the teeth evaluated in this study revealed positive 
LHR>10 within the pubertal group: Stages F and G for the 
canine and first premolar, stage F for the second premolar, 
and stages E and F for the second molar. The highest LHR 
was identified for the second molar stage F (LHR 35.2), which 
has a specificity of 98.6%. Although the large confidence 
interval (8.7-141.4) should be noted, these results are highly 
suggestive that second molar stage F of dental calcification 
(well-developed bifurcation area, funnel shaped roots, with 
the root length being equal or greater than the crown height) 
is a reliable diagnostic tool to identify the pubertal growth 
phase. These results correspond with the high correlation 
coefficient observed in this study between development of 
the second molar and skeletal maturation.

The current findings agree with results from Litsas et al.22 
Litsas et al.22 similarly reported a positive LHR>10 for 
second molar stage F (LHR 13.6), finding it to be an accurate 
diagnostic parameter for identifying the pubertal growth 
period. Several other studies have also found a positive 
relationship between the second molar calcification stage 
F and various skeletal maturity indicators of the adolescent 
growth phase.13,14,35 A recent study, based on patient 
records from the Burlington Growth Centre, reported gender 
differences and concluded that the pubertal growth phase 
can potentially be identified by second molar calcification 
stage F in females and stage G in males.36 Most of the 
other studies were, however, limited by only considering 
the distribution of the dental calcification stages during 
skeletal maturation or by restricting their statistical analyses 
to correlation coefficients. Accurate diagnostic testing is 
necessary in addition to high correlation coefficients.  

Contrary to this study, Perinetti et al.25 didn’t find any 
positive LHR>10 for any of the four teeth in the pubertal 
group, leading them to doubt the diagnostic capability of 

dental calcification stages. Methodological differences may 
be responsible for the variations between this study and the 
findings by Perinetti et al.25

Post-pubertal phase of skeletal maturation 
According to the current results, only one tooth, the 
second molar, revealed a positive LHR>10 in identifying 
the post-pubertal growth phase. The second molar’s 
stage H proved to have reliable diagnostic performance 
to accurately identify the post-pubertal growth period by 
yielding a LHR of 41.3 with a specificity of 98.8%. Findings 
by Litsas et al.22 are comparable to these results: they also 
reported a positive LHR (LHR 18.9) for the second molar 
stage H during the post-pubertal phase. A LHR close to 10 
(LHR 9.1) was found for second molar stage H by Perinetti 
et al.25: although their value was <10, it was significantly 
greater than other finding within the post-pubertal group. 
These results confirm that the completion of root formation 
of the second molar (stage H) is an indication that the 
pubertal growth peak has passed and the subject is in the 
post-pubertal period. 

In summary the overall results from the current study are 
in line with similar studies.14,22,25,35 A significant correlation 
was found between dental calcification stages and skeletal 
maturity. The second molar’s stage F demonstrates 
diagnostic reliability to identify the peak adolescent growth 
phase within the population studied, whereas the second 
molar’s stage H is an accurate indication that an individual 
is within the post-pubertal phase of growth. Certain 
characteristics of the second molar may be beneficial for 
using it as an indicator for skeletal maturity; for example, 
the second molar is generally not affected by dental 
irregularities, it develops around the time of puberty in most 
individuals and it can easily be assessed from a panoramic 
radiograph.36 Determining the growth status of patients is 
essential for timely orthodontic referrals and for initiating 
orthodontic treatment at the most appropriate time.11,21

STUDY LIMITATIONS 
Generalisability of the current study results is limited by:
The focus of this study was on black South African 
individuals only and due to ethnic differences observed 
during growth and development, these results may not be 
accurate for other ethnic groups.
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The study population was sampled from one centre only, 
therefore the results cannot be generalised to the entire 
black South African population.

The sample size within the pre-pubertal group was 
insufficient and the results could not be used to draw a 
conclusion within this group. 

CONCLUSION
The correlation between skeletal maturity and dental 
development was investigated within a black South African 
population and from the results it can be concluded that a 
significant correlation exists between these variables.
Dental maturation of the lower left second molar (stage F), as 
visible on a panoramic radiograph, can accurately be used 
as a diagnostic tool to predict the pubertal growth phase for 
the study population. Completion of root formation (stage 
H) of the second molar is predictive of the post-pubertal 
phase.

The clinical relevance of this study enables clinicians to 
identify the pubertal and post-pubertal growth phases of 
patients from an intra-oral or a panoramic radiograph as a 
first diagnostic tool. This will contribute to timely orthodontic 
referrals and appropriate timing of orthodontic intervention.
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