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ABSTRACT

Aim of the study was to search the co-relationsfdfween the stages of calcification of varioushteetd various
skeletal maturity stages among maharashtrian iddals. The study of research consisted of 140 Rak?5 female
patients in age group of 8 years to 20 years. & wit365 hand wrist & panoramic radiographs wdreamed & assessed.
The teeth development stages of the mandibularicasnfirst & second premolars, second and thirdamsowere
measured according to the Demirjian system. SKedgfa and skeletal maturity stages were determired hand wrist
radiographs by using the method outline in thesatlhGreulich and Pyle and the Fishman’'s systespeaetively. The
Spearman rank order correlation coefficient rewkadignificant relationships (r=0.30-0.68, p<.01l)tvizen dental
calcification stages and skeletal maturity stagé® second premolar demonstrated the high comwelgt=0.67 in male
patients, r=0.68 in female patients). The third an@lemonstrated the poorest correlation (r=0.4@afe patients, r=0.32
in female patients.) The canine stage F for bokes€63.1% for female patients 54.2% for male pégiecoincided with
the MR; stage. The second molar stage E for female sgb{b&t5%) and stage G for male subjects (66.8%#¢ wnalated
to the S stage and the MRstage, respectively. This suggests that toothfidation stages from panoramic radiographs

might be clinically useful as a maturity indicatdrthe pubertal growth spurt period.
KEYWORDS: Hand and Wrist Radiograph, Tooth Calcification, I8ta Maturation, Pubertal Growth Period
INTRODUCTION

Skeletal maturity of a person is determined byousimethods but simple easily available and cdeélwith the
dentition as well as skeletal maturation is musttt&t even a single factor of dentition meansmial periapical X-Ray is
sufficient to assess the skeletal stages withauptlesence of the other X Rays like cervical vberesrhand wrist X-Ray,

facial bones, other bones of the bddy.
The hand wrist radiograph is commonly used forefiabldevelopmental assessment.

If a strong association exists between skeletakurita and dental calcification stages. The stagkslental
calcification might be used as a first level diagfimtool to estimate the timing of pubertal growfurts.

The aim and objective of this study was to investigthe relationships between the stages of catidin of

various teeth & skeletal maturity stages among meitrian patients.

This study will establish, a simple & reliable medhfor indicators of pubertal growth spurt in Nagpo means

maharashtrian patients which slowly reduce the ssityeof taking hand wrist radiographs.
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MATERIALS AND METHODS

The growth research was chosen as a cross sectiesaliptive study. All the study samples weredatifrom
dental panaromic and hand —wrist radiographs ofrhd(: and 225 female patients registered at th@dontic section,
faculty of dentistry VSPM DENTAL COLLEGE and RESESR CENTER NAGPUR. Either a left or right hand wrist
radiograph was used for the study design. The ts@fecriteria included the patients were all MAHABATRIAN from
NAGPUR. They wanted to have orthodontic treatmexts previous extractions were done and never hgdehodontic

treatment with permanent teeth. All the patientsenery sound and smatt.
ASSESSMENT OF DENTAL CALCIFICATION STAGE

All panaromic radiographs were examined, left mhol@ir canine teeth taken, the first and second pians) the
second and third molars taken. Maxillary postetedth were omitted from the study. Tooth calcifmatwas rated
according to the method described by Demirjianl@irawhich one of 8 stages of calcification, A to Was assigned for
each tooth (Figure 1).

@ A Cusp tips are calcified but have not yet fused,

@ @ B Calcified cusps are united 50  outlined occlusal surface is well-defined.
@ C Enamel formation is complete at the occlusal surface, Dentinal depostion has commenced.
@ @ The outlines of the pulp chamber are curved,
D Crown formation is complete to the cementoenamel junction. The pulp chamber in the uniradicular
@ @ teeth is curved, being concave toward the cervical region. In the molars the pulp chamber has a
trapezoid form. The pulp homs are beginning to differentiate. Root formation is seen.
ﬁ @ w E The walls of the pulp chamber arc straight and the pulp homs are more differentiated. The root
‘AJ W length s less than the crown height. In molars the radicular bifurcation is visible,

F The walls of the pulp chamber now form an isosceles triangle. The apex ends in a funnel shape.
The root length is equal to or greater than the crown height. In molars the bifurcation has developed
sufficiently to give the roots a distinet outline with funnel shaped endings.

G The walls of the root canal are now parallel and its apical end is still partially open (distal root in
molars)

H The apical end of the root canal is completely closed (distal root in molars), The periodontal
membrane has a uniform width around the root and the apex.

Figure 1: Dental Calcification Stages by Demirgian
ASSESSMENT OF SKELETAL MATURITY STAGE BY USING HAND WRIST RADIOGRAPH

For that refer atlas of skeletal development ofdhand wrist radiographic. Atlas of Skeletal Devetemt of the
hand and wrist (Greulich and Pyle, 1959).Each harnsk radiograph was assigned a skeletal age byadmny it with the
standard radiograph of hand wrist X Ray.
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MP5 The middle phalanx of the third finger, the epigisyequals its diaphysig

S Stage | The first mineralization of the ulnar sesdrone

MPs3cq The middle phalanx of the third finger, the epigisycaps its diaphysis

DPs, The distal phalanx of the third finger, complepip@iyseal union

MPs, The middle phalanx of the third finger, complepéphyseal union

Ossification Patterns of Phalanges and Anatomy of &d Wrist X-Ray
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Figure 2: Ossification Patterns of Phalanges

Phalanges

Metacarpals

Figure 3:.Anatomy of Hand Wrist X-Ray
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REPRODUCIBILITY TEST
The differences between double interpretations \wtatistically tested.

To the test reproducibility of the assessmentskefesal maturity, dental development stage, andetieage, the
same investigators revalunated randomly selectad haist and panaromic radiographs from 10 of dm@e male subjects

and 10 of the same female subjects 4 weeks a#dir#t evaluation.
STATISTICAL ANALYSIS
The SPSS for windows release 7.5.1 (SPSS Inc. @hidHinois) was used in calculation of all stétis.

* To assess the relationship between the stagesetdtakmaturation and stages of mineralization,ilany the

calcification of each tooth for was calculated argentage.

» Statistics in descriptive study were obtained Hgwlating the means and standard deviations o€linenological

ages & skeletal ages for the 5 stages of skeledtinity indicators.

e« The specimen rank order correlation coefficient veguplied to measure the association between skeleta
maturational indicators & dental calcification sagof individual teeth, and the statistical sigrfice of the

correlation was tested.
RESULTS

The study material of patients of 140 male and 22hale patients. The distribution of the study @ats in age

from 8 to 20 years. according to skeletal and oblagical ages for each skeletal maturity stagerigem in (Table 1).

Table 1: Chronological Ages and Skeletal Ages fort@&dy Subjects
Grouped by Skeletal Maturity Indicators

Skeletal Maturity . Chronological Age,| Skeletal Age,
Stage X N @ S EeE Mean £Sd, Y Mean £Sd, Y
MP Male 38 11.3+£1.6 11.7£0.7
3 Female 20 9.8+1.0 9.2+0.5
S Male 25 11.7+x1.4 12.7+£0.6
Female 36 10.2+1.3 10.2 +0.7
MP Male 54 13.3+1.2 13.9+0.8
3cap Female 77 11.5+1.4 12.2+0.9
DP. Male 8 14.4+0.9 159+0.2
3 Female 32 12.7+15 13.8+0.4
MP Male 15 154+1.7 176 £0.7
3u Female 61 141+1.6 15.8+0.8

The mean age for each stage of skeletal maturis/ywanger in female patients. The mean chronolbgiga of

the female group was approximately 1.6 years (rdndegears, through 1.9 years) younger than thatadé group.

The correlation coefficients between the developnséages of hand and wrist bones and developmagéstof

the 5 individual teeth are shown in table 2 theeisdion ranged from 0.44 to 0.65.
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Table 2: Correlation Coefficient between Skeletal mad Dental
Development Stages in Male and Female Subjects

Tooth Correlation Coefficients
Female Subjects Male Subjects
Canine 0.64* 0.57
First Premolar 0.65* 0.63*
Second premolar 0.68* 0.67*
Second molar 0.69* 0.64*
Third molar 0.32* 0.45*

+ Values are r values.
* Correlation is significant at the.01 level.

For male subjects and from 0.32 to 0.69 for fenpaltents. The sequence of teeth in order of thhasgto the
lowest correlation for male subjects was the secmadar, the canine and third molar the correspapdiaquence in
female subjects was the second premolar, the secotat, the first premolar as well as the caniné dre third molar.
The second premolar was the tooth showing the bigtw@relation as indicated by * r ’ value of 01#670.69, (p< 0.01) for
male and female subjects respectively the thirdamshowed the lowest correlation for both sexesQ®5 in male

subjects, r=0.32 in female subjects, p<0.01 foh}ac

The coefficient of first & second premolars as vaslsecond molar were similar in male patientgdikgibution
for stages of calcification of individual teeth astdges of skeletal maturity of hand wrist X- Ralationship in percentage

wise are shown in table 3 to table 7. In femaléeptd, when all the teeth studied except for thedtmolar, showed

virtually the same correlation.
Exclusion of third molar from study due to its p@wssociation with skeletal maturity.

At the MR;stage (table 3), the canine stage ‘F’ and the skpoemolar stage E in female subjects showed the
highest percent distribution (64.3 %) whereas lal temaining teeth had a scattered distribution1(86) among all the

teeth studied.

Table 3: Percent Distribution of Calcification Stages of Individuals Teeth at the ‘Mp3 Stage

Stage Canine First Premolar Second Premolar Second Molar
Female Male Female Male Female Male Female Male

D 26.4 16.3

E 15.9 5.5 475 16.3 63.3 28 527 32.5

F 63.3 54.2 36.9 46 26.4 48.7 10/6 24 4

G 15.9 19 0 21.7 10.6 16.3 10.p 28

H 5.4 19 5.4 16.3 0 8.2 0 4

MISSING 0 2.8 10.6 0 0 0 0 0

TOTAL 100.1 100 99.9 100 100 99.9 999 99.9

At the ‘s’ stage(table 4), in female patients teead premolar stage F & second molar stage E deinabed
marked distinction of the percent distribution E%. and 52.5 %) respectively, whereas in male stbjso tooth

calcification stages in any teeth studied haditistion greater than 52 %.
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Table 4: Percent Distribution of Calcification Stages of Individuals Teeth at the ‘SStage

Stage Canine First Premolar Second Premolar Second Molar

Female Male Female Male Female Male Female Male

D 3 0 5.8 0 11.5 0
E 5.7 4.1 28.7 8.1 23 8.1 51.5 20.1
F 45.8 32.1 40.1 16.1 54.4 36.1 23 281
G 31.5 28.1 20.1 48.1 115 441 14.4 40(1
H 17.2 28.1 8.7 24.1 5.8 12.1 0 12.1

MISSING 0 8.1 0 4.1 0 0 0 0
TOTAL 99.9 100 100.1 100 100 100 100 100

* Because of rounding values may not total 1007

At the'MP ¢, stage (table 5) wide distribution of tooth caldifion stages was clearly seen in all of the teath f
female subjects, with less than 50 % in each stkge.male patient root formation of the canine adl\&s the first
premolar was completed (stage H) in the many abpt (78.5% & 82.5%) respectively. The second md&velopment
was highly concentrated in stage ‘G’ (67.1%). Theeze no predominant calcification stages for sdqumemolar (< 45%
in each stage

Table 5: Percent Distribution of Calcification Stages of Individuals Teeth at the ‘Mpy,, Stage

Stage Canine First Premolar Second Premolar Second Molar
Female Male Female Male Female Male Female Male

E 1.4 1 11.9 1 18.5 1 30.4 2

F 27.7 5.7 26.4 9.4 34.3 13.1 21.2 11.2

G 22.5 14.9 30.4 9.4 29 44,5 40 67

H 48.7 78.51 31.6 82.51 18.5 43 9.3 20.5

MISSING 0 1.9 0 0 0 0 0 0

TOTAL 100 100.1 100 100.1 99.9 100 100.1L 100.1

At the* DP3, '(table 6)stage of maturity, in female patients most of tharice & first premolars were in stage ‘H’
(70% & 65% respectively).In male patients the rimddrmation of most of the teeth with the exceptiminsecond molar

has attained stage ‘H'.

Table 6: Percent Distribution of Calcification Stages of Individuals Teeth at the ‘Dp,/ Stage

Stage Canine First Premolar Second Premolar Second Molar
Female Male Female Male Female Male Female Male

E 6.6 1

F 6.6 1 9.8 1 22.7 1 22.7 1

G 13 12.6 25.9 1 45.3 12.6 54.9 37.6

H 71 87.6 66 100.0 33 88 13 62.9

MISSING 9.8 0 0 0 0 0 3.2 0

TOTAL 100.1 100 100 100 100.1 100 100 100

At the ‘MP 3, stage (table 7), in both sexes most of tooth foionadf all of the teeth, with the exception of the
second molar, showed stage ‘H’ calcification. Tlead molar development was approximately equaikyriduted

between stages G & H.
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Table 7: Percent Distribution of Calcification Stages of Individuals Teeth at the ‘Mp,’ Stage

Stage Canine First Premolar Second Premolar | Second Molar
Female Male Female Male Female Male Female Male

E 1.7 1 1.7 1

F 1.7 1 1.7 1 1 1

G 5 6.8 5 6.8 16.5 20.1 52.6 40.1

H 93.5 93.4 93.5 93.4 80.4 74 46 53.4

MISSING 1.7 1 1 1 1 6.8 1 6.8

TOTAL 99.9 99.9 99.9 100 99.9 100 100 10(

ASSESSMENT REPRODECIBILTY

All the assessments have high coefficient valuée rEliability of coefficient was 0.99 for skeletaje & dental

calcification stage assessments & 1.00 for skefetdlrity assessments.

DISCUSSIONS

Assessment of Dental Maturity

In routine practice intraoral peripheral radiograre available and panaromic X-Ray also used gesasthe

dental maturity in orthodontic clinics whereasth# jaw bones are able to diagnose properly.

Different methods of skeletal maturity indices #nere. To evaluate assess the bones Demerjian veagrt in
the present study as teeth calcification stagesassent. All the shape of tooth, size, and lengti its formation and

maturity is considered in this stage.
Skeletal Age Assessment

Different types of methods are there to determhme gkeletal age hand wrist X Ray. But we have takém
consideration ‘GREULICH’ and ‘PYLE’ method which dgiick and relatively easy to diagnose the skelei@urity age

assessment.
Table 8: Comparisons of Mean Chronological Ages iivears
Stage Grave And Brown® Present
Study
Female Male Female Male Femal Male
MP5 9.8 11.3 10.7 11.8 9.8 11.3
S 11.4 13.6 11.3 12.4 10.3 11.7
MP 3cq 12.5 14.1 12.2 13.4 11.5 13.3
DP;, 13.2 15.5 13.2 15.2 12.7 14.4
MP3, 14.4 16.1 14.9 16.5 14.2 15.5

There are many small bones in the hand wrist redibey follow a pattern in ossification and unidrepiphysis

and diathesis. Hand wrist region has 8 carpalsefaMarpals, 14 phalanges which makes total 27shone

Skeletal age differs according to the populatiohe Tmale & female age is different for skeletal miatu
determination criteria. The given skeletal age #ads standard age plates should be recalibratesafdr population. All
the aspects of carpal, metacarpal, phalanges sheultbnsidered anatomically to determine perfeet @igthe male of

female patient. Fishman’s skeletal maturity wasdu§enis system uses only the sites located on tiaapges and they
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mature together at the onset of puberty in carfiralsand metacarpals then and phalangeal epiphyses
To make simple the maturity determination only&gst considered out of 11 skeletal maturity indicat
The MPB;stage assess during the onset of accelerating lyneidcity.
‘S* and ‘MPs¢4p Stage become visible during a period of everydapowth velocity.
The ‘DR & ‘MP 3, stage coincide with the time interval of deceterg growth rate.

The chronological age for each skeletal maturityeleoresented in table 1 which shows female gettiggally

mature than male.

The average ages for 5 skeletal maturity stages wéhin the range of derived from the other popatagroups
as listed in tables.

Difference between skeletal age & chronological fageeach of skeletal maturity stages were stuébednale &
female patients. (Table 1). The first three stalyi%s,, ‘s’ & ‘MP 3¢y demonstrated smaller deviations between skeetal
chronological ages than did the * P & * MP3, stages. There is little verification in selectedvelopment &

chronological agé.
Verification occurs due to 3 main reasons.
» Natural verification between individuals in thedte of skeletal maturation.
e Systematic error in the method used to assesstakatge and variation.
» Different observer’s variation.

In this study, skeletal age assessment was pertbbyenly 1 observer & reproducibility test wasaahown a

very strong coefficient of reliability.
(r=0.99) between double assessments.

CONCLUSIONS

The relationship between the stages of calcificatb various teeth & skeletal maturity stages. Fihléng is

determined by panaromit- Ray & hand wristX- Ray of 140 male & 225 female patients age of 8 yea0tgears’

The correlation coefficient and percent distribaotaf stages, there was a relationship between ld&nsieletal
development.

The canine stage ‘F’ for both sexes coincided WitP; stage & indicated the onset of a period of acetiley
growth. The second molar stage E for female subjgatage * G ' for male subjects were related® ‘6’ stage & MBqp

stage, respectively which shows the period of rgpivth velocity.

This study shows the tooth calcification stage rnlggh clinically used as a maturity indicator of prtial growth

period™®
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