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ABS TRACT  
 

 

BACKGROUND 

Orthodontic diagnosis and treatment planning for skeletal problems in growing 

children must involve growth prediction. Apart from the knowledge of 

chronological, dental and skeletal age of a growing patient, it is also mandatory to 

predict growth and its outcome during the treatment. In females, onset of menarche 

is a sign of pubertal growth and a biological skeletal maturity indicator. Studies have 

shown that there is an association amongst skeletal and dental maturity indicators. 

This study was therefore designed to estimate association between skeletal- and 

dental-maturity indicators and onset of menarche in females and evaluate its 

applicability for growth modification in females. 

 

METHODS 

140 female patients were divided into 7 groups and each patient was asked about 

their menarcheal status. Radiographs such as orthopantomography, lateral 

cephalogram and middle phalanx of third finger were taken from each patient to 

assess the CVMI status, stages of dental calcification and MP3 stages. 

 

RESULTS 

The correlation between onset of menarche, CVMI status, stages of dental 

calcification and MP3 stages is of high statistical significance (p-0.0001). 

 

CONCLUSIONS 

There are strong correlations between all the parameters studied which signifies 

that assessment of skeletal maturation with any of the above methods studied, gives 

exact growth maturation age of the patient. 
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BACK GRO UND  
 

 

 

Balance and harmony of facial structures are the important 

factors in the making or masking of the beauty and character 

of the face. The field of orthodontics is indissolubly connected 

with the art of balancing the human face. ‘Time’ being the 

fourth dimension, is a key word in orthodontics, as it is one of 

the important factors for initiation of different treatment 

procedures in the growing patient.1 Authors have suggested 

that growth modulation treatment should be started at the 

beginning of the pubertal growth spurt. Prediction of optimal 

timing of treatment in Orthodontics and Dentofacial 

Orthopaedics is allied closely to the identification of stages of 

accelerated growth that can contribute meaningfully to the 

modification of skeletal disproportion in an individual 

patient. 

Females often begin the process of puberty at a lower age 

than males.2 This signifies that females often will enter the 

pubertal growth spurt at a younger age suggesting that they 

demand treatment at an earlier point of time. Body height,3-5 

skeletal maturation of hand and wrist,6-9 menarche and voice 

changes,10,11 are biological indicators of skeletal maturity.12 

These Indicators primarily refer to somatic deviations at 

puberty, while the maxilla and mandible follow a pattern of 

growth that is intermediate between neural and somatic 

growth governed by genetic and epigenetic factors. The 

mandible follows the somatic growth curve more closely than 

the maxilla, which has a more neural growth pattern.13 

Maturational status has large impact on diagnosis, treatment 

goals, treatment planning and the eventual outcome of 

orthodontic treatment. Due to individual growth variations, 

skeletal age assessment is vital in expressing viable 

customized orthodontic treatment plans. 

Skeletal maturation staging with the help of radiographic 

analysis is a extensively used method to predict timing of 

pubertal growth, to estimate growth velocity and to estimate 

proportion of residual growth remaining.14 Skeletal 

maturation assessed on hand wrist radiographs is considered 

as the best indicator of maturity & has been found to be 

meticulously related to the growth spurt. In an effort to 

decrease the radiographic exposure, assessment of maturity 

from the Hand-wrist radiographs has been additionally 

simplified by observation of progressive ossification of the 

MP3 (middle phalanx of 3rd finger) taken on a dental film15. 

This was modified later by Rajagopal & Kansal (2002). This 

method is an accepted standard parameter, which predicts 

the timing of the pubertal growth spurt with the high degree 

of accuracy.16 

The utility of lateral cephalometric radiographs by 

reviewing the maturation of the cervical vertebrae to assess 

skeletal maturation has also been studied. This method, was 

first defined by Lamparski (1972)17 and explained by Hassel 

and Farman (1995).18 As compared to somatic growth, the 

calcification rate of the teeth is controlled more by genetics 

than by environment factors, with a lower variability.19,20 

Studies done by Anderson et al (1975)21 has shown that tooth 

development is independent of hormonal and nutritional 

factors. Other studies have shown that, age determination 

assessing dental maturity correlates to the chronological age 

in a greater extent than other methods of measuring the 

development, such as skeletal maturation, height and 

weight.22,23 Height and weight measurements are one of the 

powerful tools for growth assessment but are practically not 

useful in clinical orthodontics as it requires longitudinal data 

which is seldom available and needs time with repeated and 

periodic observations. 

Dental age can be measured either by tooth eruption 

dates or by the development of tooth calcification. Studies 

done by Chertkow (1979)24 and (1980)25 and Sierra AM 

(1987)26 showed that the phases of tooth mineralization of 

mandibular canine appear to link better with ossification 

stages than the other teeth.  

Adolescence is the transitional period between the 

juvenile stage and adulthood, during which the secondary 

sexual characteristics appear, the adolescent growth spurt 

takes place and profound physiologic changes occur. Growth 

prediction in females using appearance of secondary sexual 

characteristics requires frequent physical examination and 

regular observational periods which are impractical in 

clinical orthodontic practice. Instead; history of onset of 

menstruation or menarche in females is a reliable indication 

suggesting that the maximum pubertal skeletal growth has 

been attained. Clinically, the effectiveness of dentofacial 

orthopaedic therapy can be reliant on all of these factors, but 

neither chronological age nor the level of dental development 

alone can reveal growth status of an individual, therefore 

satisfactory association with skeletal maturation indicators is 

essential to provide an acceptable basis for the timing of 

therapy. 

The present study was planned to estimate the 

association of chronological age, skeletal maturity indicators 

(CVM status, MP3 stages) and dental maturity indicator 

(mandibular canine root calcification) with onset of 

menarche for assessment of pubertal growth spurts in female 

aged between 7 to 14 years and to evaluate its applicability 

for growth modification of jaw bases. 

Informed consent was taken from the parents and 

Institutional consent was obtained for use of patient data 

The study was given approval by the Scientific and Ethical 

Committee of the institute. 

 

 
 

ME TH OD S  
 

 

The present study was a cross-sectional study and conducted 

in the Department of Orthodontics, Sharad Pawar Dental 

College & Hospital Sawangi (Meghe), Wardha between 

December 2017 to December 2019. The study population 

comprised of 140 screened and selected females of age group 

7 to 14 years, visiting the outpatient department which were 

the bonafide patients of SPDC and Hospital. A detailed written 

informed consent was prepared and obtained from the 

parents of the subject to be included in the study 

 

 

Distribution of Groups 

Total sample size consisted of 140 females and were divided 

into seven groups i.e., from group 7-8 as 8 to 13-14 as 14. The 

menarcheal status was asked to patients and was confirmed 

from the mother. Also, a close ended questionnaire was 

formulated and explained in the language of understanding 

and was given to parents which was regarding the menarche 

and physical development. 
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Radiographs Taken for Each Patient 

1. Lateral Cephalograms 

For evaluating the morphologic features of the cervical 

vertebral bodies were outlined using the modified 

method of cervical vertebral maturation.12 

2. Orthopantomogram (OPG) 

Mandibular canine development stage was evaluated on 

an OPG according to stages for tooth development23. 

3. Radiograph of middle phalanx of third finger (MP3) of 

left hand was used for assessing ossification stages of 

epiphysis and diaphysis.16 

 

 

Statistical Analysis 

After complete evaluation the readings were tabulated and 

subjected to statistical analysis which was done by using 

descriptive and inferential statistics using Chi square test and 

inter-rater reliability analysis. The software used in the 

analysis was SPSS 17.0 version and GraphPad Prism 6.0 

version and p<0.05 was considered as level of significance. 

 

 
 

 

RES ULT S  
 

 

 
Menarche No Yes 2א-Value 

Initiation (n=38) 38 0 

81.95 
p= 0.0001,S 

Acceleration (n=25) 23 2 
Transition (n=18) 13 5 

Deceleration (n=19) 11 8 
Maturation (n=15) 0 15 
Completion (n=25) 4 21 

Table 1. Association of CVM Status with Menarche 

 
Menarche Yes No 2א-Value 

F (N=20) 0 20 

63.5 

p= 0.0001, S 

FG (N=23) 3 20 

G (N=17) 4 13 

H (N=20) 8 12 

HI (N=16) 6 0 

I (N=24) 20 4 

Table 2. Association of MP3 Stages with Menarche 

 
Menarche Yes No 2א-value 

E(n=15) 0 15 

45.68 

p= 0.0001, S 

F(n=35) 1 34 

G(n=21) 7 14 

H(n=69) 43 26 

Table 3. Association of Canine Stages with Menarche 
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F 38 2 0 0 0 0 

643.24 

P= 0.0001,S 

FG 0 22 1 0 0 0 

G 0 0 17 0 0 0 

H 0 1 0 19 0 0 

HI 0 0 0 0 15 1 

I 0 0 0 0 0 24 

Table 4. Association of CVM Status with MP3 Stages 
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E 15 0 0 0 0 0 

135.80, 

p=0.0001,s 

F 22 10 2 1 0 0 

G 1 8 7 4 0 1 

H 0 7 9 14 15 24 

Table 5. Association of CVM Status with Canine Stages 

 
MP3 E (n=15) F (n=35) G (n=21) H (n=69) 2א-value 

F 15 23 2 0 

86.97 

P=0.0001,s 

FG 0 8 8 7 

G 0 2 6 9 

H 0 2 4 14 

HI 0 0 1 15 

I 0 0 0 24 

Table 6. Association of Canine Status with MP3 Stages 

 

 
 

 

DI SCU S SI ON  
 

 

The knowledge regarding growth and development is useful 

when patients are advised for orthopaedic or orthodontic 

treatment, as few phases of pubertal growth spurt may help 

the treatment of some types of malocclusion related with 

skeletal disorders.27 When growth prediction is done before 

an orthodontic treatment it will directly help in orthodontic 

diagnosis, planning and prognosis;28,29 predominantly as 

growth increments are exploited during this phase.29 

Females typically mature early, with a mean difference of 

two years for the onset of pubertal growth spurt.29,30 Boys not 

only reach maturation late, but the scale of their growth 

velocity peak is also noticeably superior than that of females. 

Hagg and Taranger (1982) proposed that if menarche has 

happened, peak height velocity has been achieved and growth 

rate is decelerating. This propose that all the treatment which 

are associated to growth, chiefly the modification of skeletal 

discrepancy need to be commenced before menarche to 

attain most serious time for the orthopaedic correction of 

jaw. Clinically, these alterations recommend the need to start 

orthodontic treatment earlier in females than in boys.29 

Skeletal maturation, the utmost common index in clinical 

routine, is thought to be related with sexual and physical 

maturation.23 Profound hormonal changes are perceived 

during puberty.29 These hormones have a metabolic effect, 

which encourages bone growth and rules the development of 

the primary and secondary sexual traits.31 There is a 

persistent association between menarche (first 

menstruation) and the time at which pubertal growth peak 

happens. Height velocity peak is stretched about one year 

before menarche, and is an exceptional guideline to measure 

the sexual maturation of females.3,23,29 

On correlation of CVM status with menarche, it was found 

that there was no onset of menstruation in initiation stage. An 

acceleration stage signified the onset of menstruation in 8% 

of females. This percentage was found to be increasing as 

CVM stage progressed further. All the females attending 

maturation stage had menarche. However, in the completion 

stage of CVMI, 84% showed of onset of menstruation. 

Mehrnaz Moradinejad (2016)32 stated that highest 

percentage of the incidence of menarche was related to the 
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fourth stage of CVM (37.5 %), with the minimum in the first 

stage (0%). The highest incidence rates of menarche were 

noted in the fourth and fifth stages of the development of 

cervical vertebrae. Eddie Hsiang-Hua Lai (2008)33 calculated 

relationship between age at menarche and skeletal 

maturation stages in Taiwanese female Orthodontic patients. 

They determined that the majority of female orthodontic 

patients have attained the pubertal growth spurt when they 

experienced their menarche all the findings suggest that 

menarche typically trails the pubertal growth spurt by about 

1 year and ensues after CVMS III. This suggests that the 

majority of female orthodontic patients would experience 

menarche by the time adolescent growth decelerates 

intensely and before the growth spurt is accomplished. It is 

thereby recommended that the orthopaedic treatment for 

females should be started at the acceleration stage of CVMI. 

When MP3 was correlated with menarche it was 

observed that no females in MP3 F stage had achieved 

menarche while maximum number of females in HI and I 

stage reached menarche. Minimum number of females have 

onset of menstruation in FG and G stage. With the onset of 

menstruation increasing progressively with the different 

stage of MP3. These differences were statistically significant 

(p<0.05). There are very few studies quoting the correlation 

between MP3 and menarche. Those results can be considered 

as newer information for the growth-related studies to 

evaluate the pubertal status. 

When developmental stage of canine was correlated with 

menarche, it was found that 100% of the patients with canine 

stage E did not have onset of menstruation while maximum 

number of patients with canine stage H had menarche 

followed by G and F stage respectively. This suggested that 

orthopaedic treatment should be started before stage H. 

Similar result was suggested by Alizé Lacoste Jeanson et al 

(2013).34 Bayesian interpretation supports the results 

formerly obtained by giving probability of attribution for 

each mineralization sequence in ante, peri and post-

menarche groups. It seemed that the development of dental 

mineralization is interrelated to menarche. 

When the results were correlated it was seen that 

initiation stage of CVM correlated with the MP3F, 

acceleration stage of CVM with MP3FG, Transition stage of 

CVM with MP3G, deceleration stage of CVM with MP3H, 

maturation stage of CVM with MP3HI and completion stage of 

CVM with MP3I. There remained a high statistically 

significant variance amongst various stages (p<0.05) 

suggesting a directly proportional relation of MP3 & CVM 

stages with the advancing chronological age. 

Mandava Prasad et al (2013)35 also stated a decent 

concordance among six stages of CVM (Hassel and Farman18) 

and the six stages of MP3 (Rajagopal and Kansal16). Santiago 

et al (2012)36 reviewed the literature regarding the reliability 

of CVM stages to predict the pubertal spurt and found a 

moderate to high statistically significant connection among 

CVM and hand-wrist maturation methods. There was a 

moderate to high reproducibility of the CVM method, and 

only one precise study explored the exactness of the CVM 

index in distinguishing peak pubertal growth. 

When CVM was correlated to canine development, 

initiation and acceleration stage of CVM correlates with F 

stage of canine development, transition and deceleration 

stage of CVM correlates with the H stage of canine 

development, whereas, maturation and completion stage of 

CVM development correlates with H stage. There was a 

statistically significant difference (p<0.05). Ingrid Różyło-

Kalinowska (2016)37 also specified the utility of dental 

calcification stages as a modest first-level diagnostic test to 

regulate the skeletal maturity status. MSV Kishore (2016)38 

also established that both dental and skeletal maturity should 

be measured if the maturity stage of a growing child is to be 

pertinent to clinical practice. 

When E stage of canine development was correlated with 

stage of MP3 development, it coincided 100% with F stage of 

MP3 development. The F stage of canine development 

coincided 65.71% with F stage of MP3 development followed 

by FG stage of MP3 development. The G stage of canine 

development correlate 38.10% with FG stage of MP3 

development followed by G and H stage 28.57%, 19.05% 

respectively. The H stage of canine development coincides 

maximally (34.78%) with I stage of MP3 development stage 

followed by HI and H stage of MP3 development. These 

differences were statistically significant (p< 0.05). Reshma 

Nayak et al (2010)39 in their study revealed that the 

maturation of the middle phalanx of third finger and the 

mandibular canine progress with advancing age. There are 

progressively cumulative stages of MP3 stages and canine 

development stages with age. 

Surendran and Thomas et al (2014)40 stated that Dental 

maturation assessment is in an important tool to analyse 

prepubertal and post pubertal growth phases. The result of 

correlation between canine calcification stages and MP3 

stages were highly statistically significant. 

The developmental stages of the mandibular canine can 

be used as an indicator in assessing the skeletal maturity. The 

relation between mandibular canine development and MP3 

stages also permits the clinician to recognize the early stages 

of the pubertal growth spurt. According to United States 

reference data the initiation of the spurt is showed by canine 

stage F. Stage G, overlaps with the eruption of the canine into 

the oral cavity, which occurs roughly one year before the 

peak height velocity in boys, but 5 months before in females. 

This may imitate hormonal changes which accompany 

puberty. 

 

 
 

 

CONC LU S ION S  
 

 

 

CVM stages shows that skeletal maturation is completed by 

the age of 14 years in females which coincides with peak in 

growth at around 10 - 11 years of age, it suggests that growth 

modification procedure for maxillary arch must be carried 

out 1 to 2 years before peak growth in females takes place. 

There is a strong correlation between CVMI and MP3, so one 

of the two methods can be used for skeletal age assessment. 

Mandibular canine can be used to evaluate skeletal age and 

can be used as dependable indicator for assessment of 

pubertal growth status of an individual. Skeletal maturity 

indicators such as CVM status and MP3 we studied was found 

to be ahead of chronological age There is strong correlation 

between all the parameters such as biological age, skeletal 

age, and dental age and all these are ahead of chronological 

age especially dental age. That is, age is not the parameter to 

decide interception using growth modulation. 
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There are strong correlations between all the parameters 

studied which signifies that assessment of skeletal 

maturation with any of the above methods studied, gives 

exact growth maturation age of the patient. There is 

significant early onset in the age of menarche and skeletal 

age, which implies that there is a need to start the 

orthopaedic treatment related to growth modification at an 

early age in females. There is a paradigm shift in the change 

in the timing of growth tenants which has been pretimed in 

males and females. Early onset of menstruation suggests that 

females tend to mature and complete their skeletal growth 

earlier than males, therefore, growth modification procedure 

should be initiated early in females as the early menarche can 

be correlated to the secular trends. The identification of 

growth should be initiated at an earlier age in females than 

that described in literature. 

From above study, it is suggested that with consideration 

to the orthopedic changes, two stage therapy and growth 

modification for females, due to early maturation, should be 

initiated at early stage. 
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