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AćĘęėĆĈę

The present study aims to assess the correlation between maturation stages
of the middle phalanx of the third ϐinger and calciϐication stages mandibu-
lar of the third molar in 9-16 years old children in the South Indian popu-
lation. A total of 39 subjects between the age of 9-16 years were included
for this study. Their pretreatment digital panoramic and hand-wrist radio-
graphs were retrieved from the DIAS software provided by Saveetha Dental
College andHospital, Chennai, TamilNadu, India. These recordswere analyzed
with the help of Demirjian index, used for mandibular third molar maturation
stage, and Modiϐied MP3 method, used for Middle phalanx maturation stage.
Pearson’s Chi-Square tests were done to analyze the association betweenMp3
stages and mandibular third molar calciϐication stages. The statistical tests
were performed in SPSS software. The results of this study showed that there
is a statistically signiϐicant association between Demirjian index andmodiϐied
MP3 stages in both females (p<0.002) and males (p<0.000). Within the lim-
itations of this study, it was concluded that calciϐication stages of the lower
third molar could be used as a supportive tool to assess maturation. As third
molars are known to have many alterations, individual variation should be
taken under consideration.
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INTRODUCTION

Growth measurements are very often interpreted
with reference to maturity levels in certain regions
of the skeleton which has further clinical impli-
cations. Alterations seen with maturation are

observed in many regions of the body including
the dentition and other craniofacial structures dur-
ing growth and development. Time plays a critical
role in determining the morphological and dimen-
sional results at the end of development (Baccetti
et al., 2005). In growing children, certain orthodon-
tic treatment procedures depend on the available
growth and development. The orthodontic diagno-
sis followed by the formulation of treatment plans
for the developing individuals must involve growth
prediction, chieϐly for treatment of skeletal prob-
lems (Hegde et al., 2014). The understanding of an
individual’s stage of growth and development has a
deϐinite role in diagnosis, treatment planning, and
stability of the treatment outcome (Mokhtar, 2019).
Chronologic age depicts only an approximation of
the maturational status of an individual. Conse-
quently, dental and skeletal ages had been used as
maturity indicators in many studies (Shah and Vig-
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nesh, 2019). Growth modulation procedures that
alter changes in the skeletal base, such as the use of
extra oral orthopedic force or functional devices are
suggested to be initiated during active growth peri-
ods (Priya and Felicita, 2018).

These active growth spans have to be evaluated
objectively for the timing and the amount of active
growth direction or vector of growth. Maturational
status of an individual can be best evaluated rela-
tive todifferent stages of physiologicmaturity rather
than evaluating it with chronologic age. In some
studies, gonial angle is used as a valuable marker to
diagnose the growth pattern of individuals. Hand-
wrist radiographswere employed as a supplemental
diagnostic aid in addition to other essential diagnos-
tic radiographs such as intraoral periapical (IOPA),
orthopantomogram (OPG) and lateral cephalogram
to assess skeletal growth. The credibility of hand-
wrist radiographic analysis has been conϐirmed by
numerous studies (Flores-Mir et al., 2006; Grave
and Brown, 1976; Houston et al., 1980; Reddy et al.,
2014).

The orthopantomogram is a radiographic exami-
nation instrumental in all dental specialties, espe-
cially orthodontics (Baskaran, 2017). Cephalomet-
rics is an important diagnostic tool in the ϐield of
orthodontics (Kamath and Arun, 2016). It is used
to assess the relationship of the jaws in all three
spatial planes, namely, anteroposterior, vertical and
transverse. CBCT is considered as an ideal advanced
diagnostic imaging modality in the ϐield of modern
dental practice. But radiation exposure is high com-
pared to other radiographic modalities. Hence, for
this study, the use of CBCT was excluded. Many
studies (Hegde et al., 2014; Reddy et al., 2014) have
revealed a signiϐicant association between stages of
skeletal maturation and dental calciϐication. In gen-
eral, dental development can be estimated by either
the stage of tooth eruption or level of tooth calciϐica-
tion (Krishnan et al., 2018; Samantha et al., 2017).

Assessment of skeletalmaturitywith stages of lower
third molar calciϐication from an OPG provides
an advantage over conventional hand-wrist radio-
graphic methods as no other additional radiation
exposure would be necessary for assessing skeletal
maturity. This allows us to follow the ”As Low As
Reasonably Achievable” (ALARA) concept (Kumar
et al., 2014). Themost commonproblem in anydiag-
nostic system is to establish a range of normality.
Hence, this study was done to correlate the skele-
tal maturity by comparing the eight developmental
stages of the third molar using the Demirjian index
stages assessed on an OPG with that of six devel-
opmental stages of modiϐied MP3 of the left-hand

wrist. The data obtained from the study were tab-
ulated (Jain et al., 2014; Krishnan et al., 2018).

MATERIALS ANDMETHODS

This retrospective cross-sectional study was car-
ried out at Saveetha Dental College, Chennai, Tamil
Nadu, India. A total of 39 subjects between the age
group of 9-16 years were selected for this study.
Their respective OPG and hand-wrist radiographs
were obtained from the patient record provided by
the institution. The radiographs of the subjects
with conditions like muscular dystrophy, congen-
ital abnormalities which affect growth and devel-
opment and traumatic lesions of the jaw or hand-
wrist, also subject with other systemic conditions
were excluded. Evaluation of the dental maturity
of the mandibular third molar was done with the
Demirjian Index on OPG. The evaluation of skele-
tal maturity was done on hand-wrist radiographs
by the modiϐied MP3 method. SPSS software was
used to perform statistical analysis and data man-
agement forWindows andGoogle Excel Spreadsheet
was used for data tabulation. Analyses were done in
both males and females of the sample group. Pear-
son’s Chi-square tests were done to estimate the
association between maturation stages of MP3 and
mandibular third molar.

RESULTS AND DISCUSSION

In the present study, a statistically signiϐicant associ-
ation was noted between Demirjian Index andmod-
iϐied MP3 in males (p<0.000) Figure 1 and females
(p<0.002) Figure 2. Among males, there is a sta-
tistically signiϐicant association between Demirjian
index stage 4 and MP3 index stage 2 Figure 1.
Among females, stage 4 of the Demirjian index has a
signiϐicant associationwith stage3 and4of theMod-
iϐied MP3 index Figure 2. Previously our team had
conducted numerous clinical trials (Felicita, 2017;
Viswanath et al., 2015; Kamisetty et al., 2015), lab
animal studies (Rubika et al., 2015; Kumar et al.,
2011; Murugesan and Jain, 2020) and in-vitro stud-
ies (Felicita et al., 2012; Dinesh et al., 2013; Arvind
and Jain, 2020) over the past ϐive years. Nowwe are
focusing on epidemiological surveys.

The idea for this survey stemmed from the cur-
rent interest in our community (Vikram et al., 2017;
Sivamurthy and Sundari, 2016). In this study, the
results showed a statistically signiϐicant positive
correlation between dental maturity (DI) and skele-
tal maturity (MP3) which is consistent with ϐind-
ings of Mehta et al. (Mehta et al., 2016), Suma
et al. (Suma et al., 2011), Sun-Mi et al. (Cho and
Hwang, 2009) and Engstrom et al. (Engström et al.,
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1983). The correlation between the calciϐication
stages of MP3 of left hand and mandibular third
molar was found to be signiϐicantly high (P<0.002)
for both genders. A variety of cephalometric anal-
yses have been reported described in the past for
different applications in orthodontics by measuring
individual planes, angles and lines between anthro-
pometric landmarks recognized by prominent phys-
ical anthropologists and orthodontists. The primary
use of such applications was to impart a means to
compare individual dentofacial characteristics with
a population average and also to ascertain areas of
speciϐic deviation, also a description of the spatial
relationship between various parts of the craniofa-
cial structures can be determined.

Figure 1: Bar chart represents the association
between the Demirjian Index for mandibular
third molar maturation and MP3 for skeletal
maturation among the male population.

In the study done by Sun-Mi et al., the relationship
between skeletal maturity and mandibular third
molar calciϐication was probed into using skeletal
maturation indicators, CVM indicators and Demir-
jian index. On the evaluation of the inter corre-
lations, each showed a statistically signiϐicant cor-
relation, with a slightly higher correlation seen
between Demirijian index and skeletal maturation
than Demirjian index and cervical maturation. The
authors concluded that the end of growth spurt
coincides with the formation of the pulp chamber,
while the root length is either equal to or greater
than the crown height of the third molar (Cho
and Hwang, 2009). These ϐindings are similar to
those of Chertkow and Fatti (Chertkow and Fatti,
1979) and Engstrom et al. (Engström et al., 1983)
who also report a strong correlation between third
molar formation and skeletal maturity. Evaluation
of a patient’s puberty and developmental events is
required for the execution of certain orthodontic
treatments. Information about the pubertal growth

spurt of a patient plays a role in diagnosis objec-
tives and treatment modality selection (Krailassiri
et al., 2002). The use of hand-wrist radiographs has
been recommended and practiced widely to assess
the individual’s skeletal age (Flores-Mir et al., 2006;
Houston et al., 1980; Uysal et al., 2004).

Figure 2: Bar chart represents the association
between the Demirjian Index for mandibular
third molar maturation and MP3 for skeletal
maturation among the female population.

Many studies have reported that the period of
pubertal growth changes happening in the cranio-
facial region is closely linked to speciϐic ossiϐication
stages detected in the hand-wrist area of the skele-
ton. Hence, hand-wrist radiographs are believed
to be a beneϐicial diagnostic tool in Orthodontics.
However, these radiographs are associated with
additional radiation exposure to the patient. The
simplicity of differentiating the dental development
stages and easy accessibility of OPG are main rea-
sons for trying to assess the physiologic maturity as
an alternative to hand-wrist radiographs. In con-
trast to the ϐindings of this study, the studies done
byKrailassiri et al. (Krailassiri et al., 2002) andUysal
et al. (Uysal et al., 2004) showed that the lower
third molar demonstrated the lowest correlation.
Garn et al. (Garn et al., 1963) and Tanner (Tan-
ner, 1970) have reported insigniϐicant correlations
between the level of dental and skeletal maturation.

The low level of concordance among the results of
previous studies may be due to the different meth-
ods used for assessing skeletal and dental matu-
rity. This study in its entirety is a theoretical one
and is based onwell-knownmathematical and phys-
ical formulae. It is important to note that differ-
ent samples may affect the results of the correlation
between the bone and dental maturity, especially in
the l third molars, as they are known for their many
alterations based on previous studies. The concor-
dance between skeletal maturity and teeth develop-
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ment could allow practitioners to use mandibular
third molars as a substitute to evaluate the stage of
skeletal maturity in the growing patients from the
panoramic radiographs. The present study is lim-
ited to a certain population. It has a small sample
size.

CONCLUSION

Within the limitations of the present study, it can
be concluded that calciϐication stages of mandibu-
lar third molars can be considered for assessing
skeletal maturity, which can be used to anticipate
the growth status to determine the optimal time for
orthodontic treatment. As third molars are known
to have many developmental variations, individual
variations should be taken under consideration.
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