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Abstract:

Introduction: The pubertal growth period is a critical phase for orthodontic treatment, as its evaluation directly
influences diagnostic accuracy and treatment outcomes. Pubertal growth evaluation can be conducted by assessing
individual physiological maturation. This study aims to conduct a scoping review to map and determine physiological
maturation indicators that are highly correlated with pubertal growth.

Methods: A scoping review was conducted using literature searches in Scopus, PubMed, ScienceDirect, and Google
Scholar. The articles used in this review are articles published within the period from 2014 to 2024.

Results: A total of 18 articles out of 279 met the inclusion criteria in this scoping review. Fourteen studies assessed
pubertal growth using dental maturation indicators, predominantly the Demirjian method. Two studies used
biomarkers such as IGF-1 and ALP. One study evaluated skeletal maturation using fractal dimension analysis, and one
study assessed sexual maturation based on menarche status. All studies compared the selected indicators to skeletal
maturation.

Discussion: Dental maturation indicators were the most frequently investigated and exhibited a high correlation
with skeletal maturation, supporting their use as a practical, non-invasive tool for pubertal growth assessment.
Biomarkers such as IGF-1 offer a promising non-radiographic alternative, while supporting evidence for fractal
dimension analysis and menarche status remains limited.

Conclusion: Dental maturation is the most reliable indicator of pubertal growth due to its strong correlation with
skeletal maturation, while evidence for other indicators, such as fractal dimension and menarche, remains limited.
Variations in age range and population may affect the generalizability of these findings.

Keywords: Physiological maturation indicators, Biological maturation, Orthodontic treatment, Pubertal growth,
Pubertal assessment, Growth prediction.
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1. INTRODUCTION

The pubertal growth phase plays a crucial role in
orthodontic treatment. Predictions of pubertal growth can
affect the diagnosis, treatment objectives, planning, and
results of orthodontic therapy [1]. Orthodontic treatment
is a treatment that is carried out using orthodontic tools
by applying light pressure to the teeth so that they move
in a certain direction [2]. Orthodontic treatment can be
divided into three types based on the nature and timing of
the intervention: preventive orthodontics, interceptive
orthodontics, and corrective orthodontics [3]. Interceptive
orthodontic treatment is carried out during the growth
period or the mixed dentition phase [4]. In orthodontics,
the individual growth period represents a critical phase
for preventing the progression of severe malocclusions
and for modifying maxillomandibular growth discrepancies
[1]. The individual growth period consists of accelerated
growth followed by a period of slower growth. [5] The
period of accelerated growth occurs during puberty. [6, 7]
Orthodontists closely monitor periods of accelerated
growth, as they can achieve the best growth modification
in orthodontic treatment during this time. [8] Once this
phase has passed and skeletal growth is complete,
orthognathic procedures may be considered, and
diagnostic evaluations such as the IOFTN index, ANB
angle, and overjet measurements should be performed
after growth cessation to ensure accurate assessment and
appropriate treatment planning. [9, 10] Therefore, precise
identification of the growth period is essential to optimize
the timing of orthodontic intervention and to maximize
treatment outcomes.

Growth refers to the progressive increase in a child's
physical dimensions, including size, height, weight, and
length, and is a process that eventually ceases upon
reaching physical maturity. [11] Puberty is defined as a
period characterized by the emergence of various
changes, many of which occur simultaneously, including
accelerated growth, changes in body proportions, and the
development of secondary sexual characteristics. The
amount of growth during puberty is influenced by genetic,
endocrine, nutritional, and ethnic factors. [12] The timing
and duration of pubertal growth vary between sexes. [13]
Females experience pubertal growth earlier than males.
The peak of pubertal growth in females occurs earlier than
in males, although males tend to complete their growth
period earlier than females. [14] Variations in the onset
and extent of pubertal growth, both between sexes and
within individuals, underscore the importance of
evaluating pubertal growth in patients undergoing
orthodontic treatment.

Attempts to predict growth, especially during periods of
accelerated growth, can use various methods, including
chronological age and physiological age. [15] Chronological
age is assessed based on the date, month, and year of an
individual’s birth. [16] In some cases, a person's
chronological age and biological age do not show
similarities. Developmental differences and racial variation
are believed to cause this dissimilarity [17]. The variation of
each individual, especially during growth acceleration,
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means that chronological age cannot be considered a
reliable indicator for assessing the maturation status of an
individual, thus giving birth to the idea of biological or
physiological maturity. [15] The maturation status of
skeletal, dental, somatic, and sexual systems determines an
individual’s physiological age [15]. Skeletal maturation is
assessed by the degree of bone hardening that can be seen
radiologically and through systemic analysis of factors
directly responsible for bone growth and remodeling [15,
18]. Tooth maturation is assessed through the evaluation of
tooth formation. [19] Somatic maturation is assessed based
on morphological changes in the body over time. [20]
Sexual maturation assesses secondary sex characteristics to
determine an individual’s maturation status. [15] The
variation in the use of physiological maturation indicators
provides opportunities for further research on their
application in assessing pubertal growth.

A study found that the correlation between the pubertal
growth phase and Hand-Wrist Maturation (HWM) stage
indicates that HWM can be used to identify an individual’s
growth phase. [14] In addition, other research suggests that
tooth maturation performs well as a diagnostic tool for
assessing maturity status. The use of tooth maturation as a
method of assessing pubertal growth is reliable. This
method will also utilize resources more efficiently and
reduce patient radiation exposure [21]. On the other hand,
a study investigated the correlation between biomarkers
and the pubertal growth period. The study outcomes
indicate that no difference was found in salivary B-ALP
levels during the pubertal growth period. Therefore, the
effectiveness of B-ALP saliva as an indicator of pubertal
growth is questionable [22].

Based on the discussion of previous studies' results,
which show various variations in research results regarding
physiological maturation indicators for pubertal growth,
this study aimed to map and identify maturation indicators
with a high correlation in assessing pubertal growth
through a scoping review, in order to support orthodontic
diagnosis and treatment planning.

2. MATERIALS AND METHODS

This study employs a scoping review as its research
design. A scoping review is a systematic analysis that maps
the available literature on a topic and identifies concepts,
theories, sources of evidence, and gaps in the research [23].
This scoping review consists of six stages: identifying
research questions, identifying relevant article sources,
selecting and extracting data, mapping data, compiling,
summarizing, reporting results, and consulting with
competent parties [24].

This study began by identifying research questions
using the PCC (Population, Concept, and Context)
framework. The PCCs of this study are as follows: 1)
Population: adolescent patients in puberty aged 8-20 years
[25, 26], 2) Concept: indicators of physiological maturation
as determinants of pubertal growth [1], and 3) Context:
individual growth during the pubertal period.

The search for relevant articles was carried out on three
databases: Scopus, PubMed, ScienceDirect, and the Google
Scholar search engine. The inclusion criteria for the
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research materials were articles that met the following
conditions: Articles were published between 2014 and 2024
to ensure that the studies reflect current and relevant
findings aligned with recent clinical developments, articles
related to the correlation of physiological maturation
indicators to pubertal growth, articles with the keywords
(“Biological Maturation”) OR (“Physiological Maturation”)
OR (“Skeletal Maturation”) OR (“Somatic Maturation”) OR
(“Sexual Maturation”) OR (“Dental Maturation”)) OR
((“Maturity Physiology Indicator”) OR (“Biological
Maturity”) OR (“Physiological Maturity”) OR (“Skeletal
Maturity”) OR (“Somatic Maturity”) OR (“Sexual Maturity”)
OR (“Dental Maturity”)) AND (“Pubertal Growth”) in
searching for articles, and articles with the research subject
being individuals in a normal state without abnormalities
and adolescents in puberty aged 8-20 years. Exclusion

criteria for this study included articles that only contained
abstracts and review articles.

Data extraction was carried out by three observers,
two of whom independently conducted the screening to
identify studies according to the research objectives. If
disagreements arose between the two observers, they
were resolved by the third observer. The data extracted
from each article include the title, author’s name, year of
publication, sample, age of sample, race, country, gender,
research method, maturation indicator, comparison,
results, and conclusion. The presented data were then
analyzed using thematic analysis.

3. RESULTS

The procedure for article search and citation retrieval
is illustrated in Fig. (1).

Identify articles by searching the Identify articles by searching on
PubMed (n=76), Scopus (n=150), the search engine Google Scholar
and ScienceDirect (n=27) (n=14) Google Scholar Ind
5 databases. (n=12)
i | |
=
3
v
| Total collected articles (n=279) |
v
Adrticles collected after filtering " " _
based on duplication (n = 186) 'l Article sliminated (o= 93)
B
£
= Auticles eliminated (n= 156)
g = Articles outside the ficld of dentistry
“ =77
y s The subject of research is not normal
Article screening based on title (n=23)
and abstract (n = 30) i _
¢ Type of book (= 4)
+  Full-text cannot be accessed (n= 7)
+ Review Articles (n= 12)
¢+  Samples outside the inclusion criteria
(n=18)
= +  Articles unrelated to pubertal growth
g (n=15)
S
2
5—1‘ = Articles Eliminated (n= 12)
2 rticles Eliminated (n=
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* Results of concemn not reported (n= 4)
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*  Sample not meeting inclusion criteria
3 @=1)
=
[x1 A
5 Articles included in qualitative
studies (n= 18)

Fig. (1). PRISMA-ScR flow chart.
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The first stage of the study was to search for articles on
three databases and search engines using predefined
keywords. The total number of articles collected was 279,
with 76 articles on PubMed, 150 on Scopus, 27 on Science
Direct, and 26 on Google Scholar. The second stage
involved checking for duplicate articles; 186 articles were
collected, and 93 articles were eliminated. The next stage
was filtering the articles based on the title and abstract;
30 articles were collected, and 156 were eliminated. The
remaining 30 articles were examined by reading the full
text to assess their feasibility. A total of 12 articles were
excluded, resulting in 18 articles for further analysis.

3.1. Literature Characteristics

The literature synthesis was entered into two data
tables, consisting of a general data table (Table 1) and a
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specific data table (Table 2). There were 18 articles
obtained, with 14 articles assessing pubertal growth using
dental maturation indicators, two articles using skeletal
maturation by assessing biomarkers, 1 article using
skeletal maturation by assessing fractal dimensions, and 1
article using sexual maturation. All articles compared
skeletal maturation indicators to assess their relationship
to pubertal growth. Seven articles used cervical vertebrae
skeletal maturation as a comparison, six articles used
hand-wrist skeletal maturation as a comparison, four
articles used cervical vertebrae and hand-wrist skeletal
maturation as a comparison, and 1 article used skeletal
maturation by assessing the middle segment of the middle
finger and dental maturation by the Demirjian method as a
comparison.

Table 1. General data extraction.

No | Heading Author (Year) | Sample i;l:ple Ras Country | Gender Research Methods

Correlation between Skeletal

Maturation and Developmental Firouzinia et al 201 digital panoramic and 89 males Observational study
1 Stages of Canines and Second (2022) " |lateral cephalometric 8-15 years |Caucasian|Iran and 112 (Cross-sectional

Molars among Iranian Population radiographs females study)

[27]

Serum and urine insulin-like Sinha et al 79 lateral cephaloqrams Observational study
2 |growth factor-1 as biochemical (2016) . 5ml darah aﬁ d urg1 ’ 8-20 years [Asian India 72 females |(Cross-sectional

growth maturity indicators [28] ’ study)

Assessment of correlation .

between dental calcification Ojha et al. 50 orthopantomogr_aph . . 25 males Obsewatlopal study
3 . (OPG) and hand-wrist 8-14 years |Asian India and 25 (Cross-sectional

stages and skeletal maturity (2019) . h femal

indicators [29] radiographs emales study)

Evaluation of the relationship

between the Demirjian and Nolla

methods and the pubertal growth | ... . 334 males [Observational study
4  |spurt stage predicted by skeletal Glnen Yilmaz et 717 pan(')ramlc'and 10-15 Caucasian|Turkey |and 383 (Cross-sectional

e . . al. (2018) hand-wrist radiographs years

maturation indicators in Turkish females study)

children aged 10-15: an

investigation study [13]

Correlation between Dental

Maturity by Demirjian Method .

and Skeletal Maturity by Cervical |Mini et al. 100 panoramic radiographs . . 46 males Observatlopal study
5 . . 8-16 years |Asian India and 54 (Cross-sectional

Vertebral Maturity Method using [(2018) and lateral cephalograms females study)

Panoramic Radiograph and ¥

Lateral Cephalogram [30]

Ideqt}flcqtlon of dental . 113 panoramic, 53 males Observational study

calcification stages as a predictor |Rebougas et al. . . . . .
6 cephalometric, and hand- 9-15 years |Hispanic |Brazil and 60 (Cross-sectional

of skeletal development phase (2021) - .

(31] wrist radiographs females study)

Association between mandibular

second molars calcification stages Toodehzaeim et |125 panoramic radiographs 61 males Observational study
7  |in the panoramic images and p grap 8-17 years |Caucasian|Iran and 64 (Cross-sectional

. A al. (2020) and lateral cephalograms

cervical vertebral maturity in the females study)

lateral cephalometric images [32]

The correlation between dental Jourieh et al 295 panoramic and hand- 145 males  |Observational study
8 |[stages and skeletal maturity : 0 panol 9-14 years |Caucasian|Syria and 150 (Cross-sectional

(2021) wrist radiographs

stages [33] females study)

Sensitivity and specificity of

mandibular third molar

calcification at chronological age Mardiati et al 423 panoramic radiographs 144 males |Observational study
9 |and hand wrist maturation stage 2021) * |and 423 hand-wrist 8-17 years |Asian Indonesia [and 279 (Cross-sectional

to discriminate between female radiographs females study)

and male at pubertal growth

period [34]
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(Table 1) contd.....
No | Heading Author (Year) | Sample i;l:ple Ras Country | Gender Research Methods

Evaluation of dental and skeletal 60 digital panoramic 45 males Observational stud
10 maturity using digital panoramic |Mustafa et al. |radiographs, lateral 8-16 vears |Caucasian|German land 15 (Cross-sectional ¥

radiographs and digital (2015) cephalograms, and hand- ¥ females study)

cephalograms [35] wrist radiographs y

Relationship between mandibular

second molar calcification stages . . Observational study
11 |and cervical vertebrae maturity Cossellu et al. 1500 panoramic radiographs |10-20 Caucasian|Italy No data (Cross-sectional

) . . (2014) and lateral cephalograms years

in Italian children and young study)

adults [36]

Skeletal maturity assessment Diemidsic et al. 160 panoramic radiographs 70 males Observational study
12 |using mandibular canine ’ p grap 9-16 years |Caucasian|Bosnia  |and 81 (Cross-sectional

A (2016) and lateral cephalograms

calcification stages [37] females study)

Use of the tooth coronal pulp Nawava and 262 panoramic and hand- 125 males |Observational study
13 |index for recognition of the Burha}; (2016) wris? radiographs 9-16 years |Caucasian|Syria and 137 (Cross-sectional

pubertal growth period [38] grap females study)

Dental calcification stages as Litsas et al 255 lateral cenhalometric 110 males |Observational study
14 |determinants of the peak growth ’ -phalo 8-18 years |Caucasian|Greece |and 145 (Cross-sectional

. (2016) and panoramic radiographs

period [39] females study)

Assessment of the pubertal . 150 males |Observational study
15 |[growth period using the open giﬁ % al. }212121 (f ‘aNIIl_(i)Srf ilgignfazﬁs 12;2 Caucasian|Syria and 142 (Cross-sectional

apices of the lower teeth [40] grap ¥ females study)

Reliability of maxillary canine 80 periapical radiographs of

calcification stages and salivary Nasser et al maxillary canine teeth, 43 males Observational study
16 |alkaline phosphatase for pubertal (2023) : radiographs of the middle  |8-16 years |Caucasian|Iraq and 37 (Cross-sectional

growth prediction (cross- phalanx of the middle finger, females study)

sectional study) [41] and saliva samples

Evaluation of the compatibility of

C2, C3, and C4 fractal dimension 59 males Observational stud
17 values with hand-wrist and Pamukcu et al. [120 lateral cephalometric 8-18 vears |Caucasian|Turke and 61 (Cross-sectional y

cervical vertebra maturation (2022) and hand-wrist radiographs ¥ y females study)

methods in determining skeletal y

maturation [42]

The relationship determination 220 hand-wrist radiographs

between menarche and the peak - .
18 . . Mardiati et al. |and lateral cephalograms, . . Observational study

of skeletal maturation using hand . X . 8-17 years |Asian Indonesia |220 females

. . (2014) with 89 subjects having (Cohort study)
wrist and cervical vertebrae . d h
index [43] experienced menarche

Table 2. Specific data extraction.

No | Author (Year) Mat.uratmn Comparison Result Conclusion
Indicators
There is a notable correlation between Cervical The dl agr}ostic ability of the : .
. calcification stage of teeth to identify
Vertebrae Maturation (CVM) and dental development. R
Dental The calcification stages of teeth 13, 23, and 43 at stage growth phase is limited; the
Firouzinia et al. Skeletal . calcification stage of teeth has a high

1 maturation

(2022) [27] 10 have reliable diagnostic value for predicting the

maturation (CVM) diagnostic value in pre-puberty and

(nolla) post-puberty phase, while the calcification stages of
teeth 17, 27, and 47 at stage 5 of dental development post_- pubgrty phases, but the .
are useful for predicting the pre-puberty phase calcification stage of the teeth is not
’ reliable to detect puberty phase.
There was a significant positive correlation between
serum Insulin-like Growth Factor-1 (IGF-1) levels and |Urine IGF-1, along with serum IGF-1, is
2 Sinha et al. Biomarker Skeletal urine IGF-1 levels with Cervical Vertebrae Maturation |a promising indicator for growth
(2016) [28] (IGF-1) maturation (CVM) |Index (CVMI). Serum and urine IGF-1 concentrations |assessment, potentially eliminating the
demonstrated parallel variations throughout pubertal |[need for radiographic evaluation.
development and the aging process.
The statistically significant correlation coefficients
between skeletal maturation and dental calcification
Dental Skeletal stages range from 0.61 to 0.88. The order of teeth The stages of dental calcification can be
3 Ojha et al. . . _ |based on the highest to lowest correlation for males is |utilized clinically as an indicator of
maturation maturation (hand N . o
(2019) [29] (Demirjian) wrist) canine teeth, first premolar, second premolar, and maturation in the puberty growth

second molar. The sequence in females is second
molar, canine teeth, first premolar, and second
premolar.

period.
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(Table 2) contd.....
No | Author (Year) ?ﬁ?l?(:;:z;zn Comparison Result Conclusion
All teeth demonstrated a positive and statistically
significant correlation, with the strongest correlation . .
Giinen Yilmaz et girtlltl?lation Skeletal observed between the calcification stage of the Tn};esgiré?l;k;léleaioziiog)i ggig"?rll?;iifgt{fe
4 - maturation (hand- |mandibular second premolar and HWM. The highest
al. (2018) [13] |(Demirjian and . lation b h 1 hod and th pubertal growth stage based on both
Nolla) wrist) corre zitlon etween _t e Nolla Metho an the methods
Demirjian method with skeletal maturation was found .
in 35 teeth.
The correlation between dental maturation stages and
Cervical Vertebrae Maturation Stages (CVMS) ranged
from 0.61 to 0.74 for females and 0.48 to 0.69 for Stade G of the mandibular second
. Dental males. For both females and males, the second g .
Mini et al. . Skeletal - . premolar can be used clinically as an
5 maturation . premolar teeth of the mandible have the highest . . .
(2018) [30] i maturation (CVM) . . . indicator of maturation during the
(Demirjian) correlation, and the canine teeth of the mandible have ubertal qrowth period
the lowest correlation. Stage G of the second premolar p g p .
tooth of the mandible indicates the beginning of
accelerated puberty growth in this study population.
CVMI and second molar calcification are statistically
significant predictors of Skeletal Maturation Indicators e
(SMI). The calcification stages E for males, and E and The cglclﬁcatlon stage of the left'
D ! Keletal F for femal iated with the phase bef h mandibular second molar is considered
Rebougas et al enta . Skeleta . or females, are associated with the p ase betore the a better predictor of maturation than
6 * |maturation maturation (CVM |peak of pubertal growth. Stages G and H in males, and . .
(2021) [31] i . X Ny . the mandibular canine and can be used
(Demirjian) and hand-wrist) stages F and G in females, align with the peak of . . .
. for early identification of the pubertal
pubertal growth. In the late maturation phase, most rowth phase
second molars exhibit closure of the root apices (stage 9 p :
H).
The calcification stage of the
There is a strong correlation between the calcification |mandibular second molar is a reliable
stage of the second molar calcification of the mandible |indicator for estimating the optimal
Toodehzaeim et Dental Skeletal and the growth stage. This stage of calcification of timing for treatment during the post-
7 al. (2020) [32] maturation maturation (CVM) teeth only has diagnostic performance for post-puberty [pubertal growth phase. However, it is
’ (Demirjian) growth stage. A Likelihood Ratio (LHR) =10 is not advisable for use in planning
observed only in identifying the post-pubertal growth [treatments that must commence during
phase at stage H of the second molar. the pubertal or pre-pubertal growth
phases.
A statistically significant, strong positive correlation
was observed. In males, the order from highest to T . .
. ooth maturation stages can be utilized
D lowest correlation was the second molar, second .
. ental Skeletal . . . as dependable markers for assessing
Jourieh et al. . . premolar, canine, and first premolar; whereas in ) . . . .
8 maturation maturation (hand- ; biological maturation, offering high
(2021) [33] - . females, it was the second molar, second premolar, . . R o
(Demirjian) wrist) . - diagnostic accuracy in identifying the
first premolar, and canine. The second molar re-pubertal arowth phase
demonstrated the highest correlation in both sexes, pre-p g P .
while the first premolar showed the lowest correlation.
A moderate correlation was found between the stages
of the third molar in the mandible and chronological Sensitivity and specificity in women and
Dental age, while the correlation between the third molar and y D y I wo
Mardiati . Skeletal . men suggest that the calcification of
ardiati et al. |maturation . _ [HWM was low. At the HWM stage, the third molar . AT
9 R maturation (hand o : . . . the third molar of the mandible is solely
(2021) [34] (Demirjian and . calcification in the mandible showed high diagnostic . X N
. wrist) e effective for diagnosing the pre-puberty
Goldstein) accuracy. In women, at the S stage, sensitivity reached rowth phase
97% with 100% specificity, while in men, at SM1-2, |9 phase.
sensitivity was 94.5% and specificity was 99.99%.
The relationship between skeletal maturation and the |Correlation between the stage of
Dental Skeletal stage of dental maturation was statistically significant [calcification of the teeth and indicators
Mustafa et al. . . for boys and statistically insignificant for girls. of skeletal maturation in boys may
10 maturation maturation (CVM e . . X .
(2015) [35] (Demirjian) and hand-wrist) Calcification stage of the second premolar teeth and make it easier for doctors to identify
J second molar of the mandible in males showed the the growth stage of puberty through
highest correlation. panoramic radiography.
The mandibular second molar can serve
as a reliable indicator for assessing the
growth phase, but in women, the end of
Cossellu et al Dental Skeletal There was a good correlation between the second growth acceleration cannot be
11 (2014) [36] " |maturation maturation (CVM) molar Demirjian Method and CVM index, both through |attributed to the stage of tooth
(Demirjian) Pearson (0.78-0.86) and Spearman (0.81-0.85) tests. maturation and should be considered
alongside additional parameters, such
as CVM, for a more comprehensive
assessment.
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(Table 2) contd.....
No | Author (Year) i\:ll?itig;:g;n Comparison Result Conclusion
A significant correlation was observed
The correlation coefficient between the stage of :f;:ﬁﬁ%ﬁ&ecﬁggizgfﬁl :rtzgs,‘i{g{etal
Yo avis Dental calcification of mandibular canine teeth and skeletal . i
Dzemidzic¢ et al. . Skeletal . maturation. However, the calcification
12 maturation . maturation was 0.895 for males and 0.701 for females, . X
(2016) [37] i maturation (CVM) . . . L stage of the mandibular canine was
(Demirjian) and all correlation coefficients were statistically found to h ble di .
significant ound to have acceptable diagnostic
’ accuracy solely for assessing the
prepubertal phase of growth.
No significant correlation was found between the
Nawava and Dental Skeletal Tooth Coronal Index (TCI) values of incisive teeth and |The TCI for the mandibular first and
13 Burha};l (2016) Maturation maturation (hand- canine teeth during the puberty growth period, while |[second molars is the most significant
[38] (coronal pulp wrist) significant correlations were found for premolar and |during the pubertal growth period

index)

molar teeth. The highest correlation coefficient is
found in the first and second molars.

compared to other teeth.

Dental

The relationship between the stages of skeletal and
dental maturation was found to be statistically
significant, stage E of the first premolar tooth showed
the highest positive LHR to identify post puberty

The calcification stage of the second

(2017) [40]

apices)

wrist)

strongest correlation between SMI and their
development, as evaluated using the open apex
method.

14 Litsas et al. maturation Skeletal growth acceleration, while stage H of second molar molar provides reliable diagnostic
(2016) [39] i maturation (CVM) ’ N .. . information to determine pubertal
(Demirjian) tooth offered dependable diagnostic information to .
. . growth acceleration.
determine post puberty growth acceleration, and stage
F of second molar tooth offered dependable diagnostic
information to identify peak growth period.
Skeletal maturation is closely related to
the measurement of open apexes in
The correlation coefficient between SMI and the open |mandibular teeth. The beginning and
apex value of each mandibular tooth was relatively end of puberty growth period can be
Issa et al Dental Skeletal high, ranging from 0.577 to 0.830, and statistically predicted by measuring the open apex
15 y Maturation (open |maturation (hand- |significant. The mandibular canine teeth exhibited the |of the left mandibular canine tooth

using panoramic radiography. This
diagnostic method can be carried out
without the need for hand-wrist
radiography, thus minimizing radiation
exposure during orthodontic treatment.

Calcification stages of the upper jaw canine teeth are
strongly correlated with skeletal maturation, and there
is no significant correlation between skeletal
maturation, the calcification stages of canine teeth,
and Alkaline Phosphatase (ALP) levels.

Saliva ALP cannot be recommended as
an indicator of maturation. In clinical
practice, ALP levels in saliva cannot be
used as a reliable indicator for
detecting the proper phase of puberty.

No statistically significant correlation was found
between fractal dimension values and the stages of
CVM and HWM. A significant negative correlation was
observed between the fractal dimensions of C4 and the

The value of the fractal dimension of C4
can serve as an objective tool for
assessing skeletal maturation,
particularly at puberty growth.

Menarche is linked to the maturation stages of both
the hand-wrist and cervical vertebrae. It occurs 0.47
years after the MP3cap stage and 1.69 years after the
CVMS2 stage, or 0.49 years before the CVMS3 stage.

Skeletal
Nasser et al maturation (MP3)
16 . Biomarker (ALP) |and dental
(2023) [41] .
maturation
(Demirjian)
Skeletal
Pamukcu et al maturation Skeletall
17 (2022) [42] * |(fractal maturation (CVM
dimensions C2, |and hand-wrist)
C3, C4) HWM and CMV stages.
L Sexual Skeletal
18 ggﬁ? &gg - maturation maturation (CVM
(menarche) and hand-wrist)

Menarche can be used as an indicator
to determine when the peak of puberty
growth has passed and can also be used
to predict the end of the puberty

growth phase.

4. DISCUSSION

Various methods can be used to assess growth, especially
during the period of pubertal growth, including chrono-
logical age and physiological age, which include the stage
of tooth development, mapping of height measurements,
the stage of development of secondary sexual
characteristics, and radiographic measurements of
skeletal maturation [44]. In assessing pubertal growth
using physiological maturation indicators, the HWM
method is widely cited in various articles as the gold
standard in assessing individual growth [45, 46]. CVM can
also be the primary method in assessing pubertal growth
due to the practicality of examination, which does not
require additional radiography, thus preventing patients
from receiving additional radiation [46, 47]. Studies
suggest no significant difference in the reproducibility of

HWM and CVM assessments of skeletal maturation. This
means that both methods are considered adequate for
clinical use by orthodontists [48]. However, to avoid
overexposure to radiation and to use more practical
methods, it is important to know the various alternatives
for using maturation indicators to assess pubertal growth.

A total of 18 articles were reviewed in this study, and all of
the articles used skeletal maturation as a comparison.
There are 14 articles reviewing dental maturation
indicators. Most articles that review dental maturation
indicators use the Demirjian method, with a total of 11
articles. Other methods reviewed are Nolla, Goldstein,
TCI, and Open Apices methods.

A total of 2 articles suggest that the second mandi-
bular premolars have the highest accuracy [13, 30]. Giinen
et al. [13] stated that the second premolar of the mandible
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has the best prediction rate based on the Nolla and
Demirjian methods and has the highest correlation with
Hand-Wrist maturation stage. According to the Demirjian
method, tooth 35 is the most significant tooth in detecting
acceleration of pubertal growth. In addition, it is
suggested that teeth 35, 34, and 33 in stage F and tooth
37 in stages E and F indicate the pre-peak stage of
pubertal growth. Teeth 35 and 37 in stage G indicate the
peak stage of pubertal growth, and teeth 35 and 37 in
stage H indicate the post-peak stage of pubertal growth.
Meanwhile, according to the Nolla method, the pre-peak
stage of pubertal growth can be indicated by tooth 35 in
the eighth mineralization phase, teeth 33 and 34 in the
ninth mineralization phase, and tooth 37 in the seventh
and eighth mineralization phases. The peak pubertal
growth stage for tooth 35 is in the ninth mineralization
phase, and the post-peak stage for teeth 35 and 37 is in
the 10th mineralization phase. In this study, the results
show no difference in terms of sex at the mineralization
stage of tooth 35.

These findings are further supported by studies
highlighting that stage G of the second mandibular
premolar can be used clinically as an indicator of
maturation during the pubertal growth period. The study
suggests a correlation between the stages of dental
maturation and CVM, ranging from 0.61 to 0.74 for
women and 0.48 to 0.69 for men. For both women and
men, second mandibular premolars have the highest
correlation, at 0.74 and 0.69, respectively. Meanwhile,
mandibular canine teeth have the lowest correlation,
which is 0.61 for women and 0.48 for men [30].

In addition, the second mandibular molar teeth are
also considered to have a high correlation with skeletal
maturation in 4 articles [29, 31, 33, 39]. Rebougas et al.
[31] found that the calcification stage of the second molars
of the left mandible is better than the canines for
assessing physiological maturation and can be used for
early identification of the pubertal growth phase. The
correlation between CVM and second molar calcification
with SMI was considered statistically significant. The
results revealed that the pre-peak phase of pubertal
growth was at stage E of calcification for males and stages
E and F for females. Stages G and H for males and stages
F and G for females coincide with the growth peak. In the
final growth phase, most second molars are at stage H.

Similarly, Jourieh et al. [33] found that second molars
provide the highest correlation to skeletal maturation with
the hand-wrist method for both males and females. The
researchers stated that the order of correlation from
highest to lowest was second molar, second premolar,
canine, and first premolar in males, and second molar,
second premolar, first premolar, and canine in females.
The same result was stated by Litsas et al. [39], showing
that the calcification stages of the second molar teeth
provide good diagnostic information to determine the
period of accelerated pubertal growth and have a
statistically = significant correlation with skeletal
maturation. However, different results were presented by
Ojha et al. [29], showing differences in the order of
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correlation in men and women. In men, canines have the
highest correlation, followed by the first premolar, second
premolar, and second molar. In contrast, second molars
occupy the highest position in women, followed by
canines, first premolars, and second premolars.
Statistically, the correlation between skeletal maturation
and the stages of tooth calcification ranges from 0.61 to
0.88 and is considered significant.

On the other hand, four articles show the limitations of
using dental maturation indicators in assessing certain
growth phases based on diagnostic performance [27, 32,
34, 37]. Firouzinia et al. [27] emphasized that Nolla's
method is diagnostically effective in the prepubertal and
post-pubertal phases, but less reliable during the pubertal
phase. The results suggest that teeth 13, 23, and 43 in
stage 10 of tooth calcification have an LHR+ above 10 for
detecting the post-pubertal phase. Teeth 17, 27, and 47 in
stage 5 of tooth calcification have an LHR+ above 10 to
detect the prepubertal phase. However, the diagnostic
ability of using the tooth calcification stage is not reliable
for detecting the puberty phase. Similar results were
revealed by Toodehzaeim et al. [32], stating that the
Demirjian method for mandibular second molar
calcification has diagnostic performance only in the post-
pubertal growth phase, with an LHR value =10 for stage H
in the second molar. Therefore, this method is not
recommended for evaluating pubertal and prepubertal
growth phases.

Other studies have similarly reported limitations
associated with the use of dental maturation indicators in
research. Dzemidzi¢ et al. [37] suggested a significant
correlation between the mandibular canine tooth
calcification stage and skeletal maturation. Still, the
resulting performance is only satisfactory for the
prepubertal phase. Meanwhile, a study by Mardiati et al.
[34] used the Demirjian and Goldstein methods to assess
the calcification of the third mandibular molar. The results
show high sensitivity and specificity, but third molar
calcification is only of high diagnostic value for the
prepubertal growth phase.

Some studies also found differences in results between
sexes, with a total of 2 articles. Both articles found a high
correlation between dental and skeletal maturation in
boys. However, in girls, according to Mustafa et al. [35],
the correlation between dental maturation and skeletal
maturation is considered low, while according to Cosellu
et al. [36], at the end of the pubertal growth period for
women, it cannot be linked to the stages of tooth
maturation, thus requiring additional parameters such as
CVM.

Another evaluated method was open apices. Research
by Issa et al. [40] suggested that the measurement of the
open apex of the left mandibular canine tooth has a high
correlation with skeletal maturation, with a statistically
significant correlation coefficient value. This method
allows for the prediction of the beginning and end of the
pubertal growth period without the need for additional
radiography, thus reducing radiation exposure.
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In addition, TCI was evaluated in another study, and
the results stated that the first and second mandibular
molars had the highest correlation coefficient during
puberty compared to other teeth. However, TCI on the
incisors and canines did not show a significant correlation
in the pubertal growth period [38].

Based on the above review, the dental maturation
indicator is proven to have a significant relationship with
skeletal maturation in most of the articles that have been
reviewed. Although the research results in various articles
show differences, factors such as variations in the
methods used, specific age groups, and sample sizes can
influence these findings. In addition, several studies have
reported limitations in the accuracy of this indicator at
certain growth stages, as well as differences in correlation
between males and females, highlighting the need for
careful interpretation in its clinical application. However,
the dental maturation indicator remains reliable due to its
good correlation with skeletal maturation and practical
assessment procedures, making it easier for operators to
assess a patient's pubertal growth. Additional studies
beyond the initial mapping have also supported this
finding by reporting that dental maturation using the
Demirjian method is a valid indicator for assessing
pubertal growth. However, it cannot fully replace the
HWM method [49]. A systematic review by Bruna et al.
[50] further reinforces this by suggesting that dental
maturation might serve as a potential indicator of skeletal
craniofacial growth status.

In addition to dental maturation, various biomarkers
have also been studied as indicators of physiological
maturation to assess pubertal status. Biomarkers help
predict the stage of skeletal maturation because bone
growth and remodeling are controlled not only by local
factors but also by systemic factors. The use of biomarkers
to assess pubertal status helps reduce X-ray exposure.
Biomarkers can be detected not only in serum but also in
saliva. Biomarkers found in saliva and serum include
IGF-1, Growth Hormone (GH), creatinine, and ALP [51].
Two research articles review the use of biomarkers in
predicting pubertal growth.

IGF-1 is one of the most promising biomarkers.
According to research by Sinha et al. [28], Serum IGF-1
and urinary IGF-1 levels show a significant positive
correlation with CVMI and exhibit similar changes with
pubertal growth and increasing age. This makes IGF-1, in
both serum and urine, a potential alternative for assessing
growth status without the need for radiographic
assessment. However, different results were found for the
ALP biomarker. One study stated that although the
calcification stage of the upper jaw canine tooth correlates
strongly with skeletal maturation, the correlation between
skeletal maturation and salivary ALP levels is not
significant. In clinical practice, salivary ALP cannot be
recommended as a reliable indicator for accurately
detecting the puberty phase [41]. This shows that ALP is
not as accurate as IGF-1 and suggests that not all
biological fluids can directly replace conventional methods
for assessing pubertal growth. Overall, IGF-1 is more

promising than salivary ALP in assessing skeletal
maturation and can be an alternative for assessing
pubertal growth without the need to use radiography.
Despite these promising findings, limitations include a
small sample size limited to female subjects, the absence
of a longitudinal design, and the lack of validation against
other maturity assessment methods. Additionally, potential
biological and technical variability affecting IGF-1 levels
was not extensively explored, highlighting the need for
greater standardization in biomarker research to improve
reliability and clinical applicability [28].

Supporting this finding, a systematic review by Dipak
et al. [52] found that out of six saliva biomarkers, salivary
IGF-1 emerged as a reliable indicator for skeletal maturity
assessment. The current evidence from their review also
suggests that salivary biomarkers may serve as an
adjunctive tool for growth prediction during orthodontic
treatment planning, alongside conventional assessment
methods.

Another article reviews skeletal maturation by
assessing fractal dimensions of C2, C3, and C4. The fractal
dimension is a proposed indicator method for assessing
skeletal maturation and its correlation with pubertal
growth. The study by Pamukcu et al. [42], which reviewed
fractal dimensions of the cervical vertebrae (C2, C3, and
C4), reported inconclusive findings regarding their
reliability. Overall, no statistically significant correlation
was found between fractal dimensions and stages of
skeletal maturation based on the CVM or HWM methods.
On the other hand, a significant negative correlation was
shown between the fractal dimension of the C4 vertebra
and the stages of CVM and HWM. However, the results of
the study show limitations in the use of this method.

Another maturation indicator reviewed in this study is
the sexual maturation indicator. There is one article
related to using sexual maturation indicators by reviewing
menarche to assess pubertal growth. Mardiati et al. [43]
state that menarche is closely correlated with the stage of
skeletal maturation using the HWM and CVM methods.
The research reports that menarche can be used to mark
the peak of pubertal growth in individuals and to predict
the end of the pubertal growth period. Although menarche
can be used to assess pubertal growth well, it only applies
to women, so it cannot be used to assess pubertal growth
in men.

Alongside the effectiveness of the maturation indicators
previously discussed, hormonal regulation has emerged as
an important biological factor influencing bone develop-
ment, thereby indirectly influencing the outcomes of
orthodontic treatment. Adiponectin, for instance, plays a
role in bone formation and holds promise in orthodontic
applications. Erythropoietin, secreted by the kidneys,
contributes to bone formation by increasing Vascular
Endothelial Growth Factor (VEGF) expression. Estrogen
also plays a key role in bone growth, bone maturation, and
the regulation of bone turnover in adult bones [53]. It
inhibits alveolar bone resorption by restraining osteoclastic
differentiation and promoting osteoblast apoptosis. The
effect of estrogen may attenuate the bone remodeling that
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occurs in Orthodontic Tooth Movement (OTM), thus limiting
the rate of OTM [54]. This mechanism affects both fixed and
removable orthodontic appliances. From a periodontal
perspective, steroid hormones, especially estrogen, have a
significant effect on gingival tissue and can increase the
risk of periodontal disorders if oral hygiene is not
maintained during orthodontic treatment. Compared to
fixed appliances, aligners are kinder to periodontal tissues
as they produce less plaque and inflammation, making them
an optimal choice for cooperative and aesthetically
concerned adult patients. [55]

Moreover, in certain individual conditions, pubertal
growth assessment may become unreliable, making
standard maturation indicators less applicable. For
instance, individuals with chronic diseases such as
tuberculosis, treponemal infection, or rickets often
experience delayed puberty that worsens with age. [56]
Nutritional status also plays a major role. Obesity is
frequently linked to earlier onset and faster progression of
pubertal growth [57]. Genetic conditions such as Down
syndrome are associated with slower growth rates
compared to individuals without Down syndrome, but
pubertal development in affected adolescents remains
poorly understood. [58] These conditions disrupt pubertal
growth patterns, limiting the accuracy of standard
indicators in reflecting true maturation stages. Despite
these limitations in specific populations, the predominant
focus across the reviewed studies was on standard
maturation indicators. Returning to the findings of the
review, 77.8% discuss using dental maturation indicators
[27, 29, 13, 30-40]. Among these articles, 57.1% show a
significant correlation between dental and skeletal
maturation, with the Demirjian method being dominant
[29, 13, 30, 31, 33, 38-40]. This indicates that the dental
maturation indicator can be the main alternative in
assessing pubertal growth because it is supported by
many research articles that suggest a significant
correlation with skeletal maturation. Its high correlation
makes dental maturation accurate for clinical practice and
a relevant option for predicting pubertal growth without
additional complicated diagnostic procedures. Meanwhile,
11.1% discuss using biomarkers, 50% of which show a
significant correlation with skeletal maturation. As a
result, the biomarker IGF-1 shows more significant
potential than ALP as an indicator of maturation [28, 41].
Biomarker assessment, such as IGF-1, allows identification
of puberty status without additional radiography, thus
reducing radiation exposure to patients. These results
make biomarkers a promising alternative method. In
addition, 5.6% discuss fractal dimension assessment,
which shows that the fractal dimension of cervical
vertebrae has limited results, with a significant correlation
only shown in the C4 vertebra [42]. Furthermore, 5.6%
discuss sexual maturation by assessing individual
menarche and its significant correlation with skeletal
maturation [43].

Although this scoping review did not include a formal
quality appraisal of the included studies, variations in
methodological rigor were observed, particularly in study
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design, sample characteristics, and outcome measures.
These differences may influence the strength and
consistency of the reported findings and should be taken
into account when interpreting the overall results.

Most of the included studies employed cross-sectional
observational designs, which limit the ability to evaluate
the progression of physiological maturation over time.
This design constraint restricts the assessment of dynamic
developmental changes and may reduce the precision in
identifying the timing of pubertal growth stages.
Additionally, the number of studies addressing sexual
maturation indicators remains limited, highlighting the
need for further empirical research to establish the
validity and reliability of these indicators in the
assessment of pubertal growth.

CONCLUSION

This review found that dental maturation is the most
commonly used indicator and shows a strong correlation
with skeletal maturation, making it a potential alternative
for assessing pubertal growth. However, some studies
noted limitations in its accuracy across certain growth
stages and reported stronger correlations in males than
females, indicating the need for cautious clinical
interpretation. While dental maturation emerged as the
most frequently applied and reliable indicator, some
alternative methods, such as IGF-1 and menarche, also
showed promising correlations and may complement
clinical assessment where appropriate.

Despite the findings presented in this review, certain
limitations should be acknowledged. Several studies
included in the review focused on a limited age range,
typically between 8 and 14 years, which may not fully
represent the entire pubertal growth phase. Additionally,
variations in population characteristics such as race,
ethnicity, and nutritional status can influence the
physiological maturation process. These factors may
introduce bias and limit the generalizability of the findings
across diverse populations.

AUTHORS’ CONTRIBUTIONS

The authors confirm their contributions to the paper as
follows: Z.C.M., G.G., and E.S.: Study conception and
design were carried out; Z.C.M., G.G., and E.S.: Data
collection was performed; Z.C.M., G.G., and E.S.: Analysis
and interpretation of results were conducted; Z.C.M.,
G.G., and E.S.: The draft manuscript was prepared. All
authors reviewed the results and approved the final
version of the manuscript.

LIST OF ABBREVIATIONS

CVM = Cervical Vertebrae Maturation

IGF-1 = Insulin-like Growth Factor-1

CVMI = Cervical Vertebrae Maturation Index
CVMS = Cervical Vertebrae Maturation Stages

SMI = Skeletal Maturation Indicators
LHR = Likelihood Ratio



Determinants of Pubertal Growth in Orthodontic Treatment

TCI = Tooth Coronal Index
ALP = Alkaline Phosphatase
HWM = Hand-Wrist Maturation
GH = Growth Hormone
VEGF = Vascular Endothelial Growth Factor
OTM = Orthodontic Tooth Movement
CONSENT FOR PUBLICATION
Not applicable.

STANDARDS OF REPORTING
PRISMA guidelines were followed.

AVAILABILITY OF DATA AND MATERIALS

All data generated or analyzed during this study are
included in this published article.

FUNDING

This work was financially supported by Universitas
Padjadjaran.

CONFLICT OF INTEREST

The author(s) declare no conflict of interest, financial
or otherwise.

ACKNOWLEDGEMENTS
Declared none.

SUPPLEMENTARY MATERIAL

PRISMA checklist is available as supplementary
material on the publisher’s website along with the
published article.

REFERENCES

[1] Mardiati E, Komara I, Halim H, Maskoen AM. Determination of
pubertal growth plot using hand-wrist and cervical vertebrae
maturation indices, dental calcification, peak height velocity, and
menarche. Open Dent J 2021; 15(1): 228-40.
http://dx.doi.org/10.2174/1874210602115010228

[2] Khaerunnisa R, Wati Solihat L. Effect of fixed orthodontic
treatment by unlicensed dental service on dental health. ] Health
Dent Sci 2022; 2(Volume 2 No 1): 63-74.
http://dx.doi.org/10.54052/jhds.v2n1.p63-74

[3] Yadav S. Classification of orthodontics and its treatment. Ann
Essences Dent 2022; 14(6): 242.

[4] Carisa KA, Yusra Y, Hardja Buntara M]. Hubungan antara usia
anak dan kebutuhan perawatan ortodonti interseptif. J] Kedokt
Gigi Terpadu 2019; 1(1): 15-21.

[5] Mahendra P, Pradopo S, Puteri MM. Pubertal growth spurt peak
in angle class I and II malocclusions using cervical vertebrae
maturation analysis in Deutero-Malay children. Acta Med Philipp
2022; 56(10): 57-61.

[6] Chen L, Su B, Zhang Y, et al. Association between height growth
patterns in puberty and stature in late adolescence: A longitudinal
analysis in chinese children and adolescents from 2006 to 2016.
Front Endocrinol 2022; 13: 882840.
http://dx.doi.org/10.3389/fend0.2022.882840 PMID: 35937794

[7] Handayani R, Irwanto I, Purwanti D, Fatmaningrum W. Usia
pubertas dan menarche terhadap tinggi badan mahasiswa
kebidanan. Media Kesehatan Masyarakat Indonesia 2017; 13(1):
21.

[22]

11

http://dx.doi.org/10.30597/mkmi.v13i1.1579

Jeelani W, Fida M, Shaikh A. The duration of pubertal growth
peak among three skeletal classes. Dental Press J Orthod 2016;
21(5): 67-74.
http://dx.doi.org/10.1590/2177-6709.21.5.067-074.0ar
27901231

Borzabadi-Farahani A, Olkun HK, Eslamian L, Eslamipour F. A
retrospective investigation of orthognathic patients and functional
needs. Australas Orthod J 2024; 40(1): 111-20.
http://dx.doi.org/10.2478/a0j-2024-0013

Borzabadi-Farahani A. Systematic review and meta-analysis of the
index of orthognathic functional treatment need for detecting
subjects with great need for orthognathic surgery. Cleft Palate
Craniofac J 2025; 62(3): 519-26.
http://dx.doi.org/10.1177/10556656231216833 PMID: 38037271
Singh R, Bisht N, Parveen H. Principles, milestones and
interventions for early years of human growth and development:
an insight. Int J Curr Microbiol Appl Sci 2019; 8(6): 181-90.
http://dx.doi.org/10.20546/ijcmas.2019.806.022

Soliman A, De Sanctis V, Elalaily R, Bedair S. Advances in
pubertal growth and factors influencing it: Can we increase
pubertal growth? Indian J Endocrinol Metab 2014; 18(7) (Suppl.
1): 53.

http://dx.doi.org/10.4103/2230-8210.145075 PMID: 25538878
Giinen Yilmaz S, Harorli A, Kili¢ M, Bayrakdar iS. Evaluation of
the relationship between the demirjian and nolla methods and the
pubertal growth spurt stage predicted by skeletal maturation
indicators in turkish children aged 10-15: investigation study.
Acta Odontol Scand 2019; 77(2): 107-13.
http://dx.doi.org/10.1080/00016357.2018.1510137
30345847

Mardiati E, Soemantri ES, Halim H. Determination of the duration
of various pubertal growth stages in Indonesian boys and girls
using hand-wrist radiographs. J] World Fed Orthod 2018; 7(4):
146-9.

http://dx.doi.org/10.1016/j.ejwf.2018.10.003

Dhiman S, Maheshwari S, Verma SK. Assessment of maturity in
orthodontics: A review. Journal of Advanced Clinical & Research
Insights 2015; 2(2): 100-3.

http://dx.doi.org/10.15713/ins.jcri.54

Yunus B, Wardhani Y. Differences chronological age and dental
age using Demirjian method based upon a study radiology using
radiography panoramic at the Dental Hospital Hasanuddin
University. Journal of Dentomaxillofacial Science 2016; 1(2): 103.
http://dx.doi.org/10.15562/jdmfs.v1i2.6

Sasmita IS, Epsilawati L, Rahman FUA. Deksripsi kesesuaian usia
kronologis dan usia dentalis melalui estimasi pertumbuhan ujung
akar gigi premolar. Jurnal Radiologi Dentomaksilofasial Indonesia
(JRDI) 2020; 4(1): 27.

http://dx.doi.org/10.32793/jrdi.v4i1.476

Tarvade SM, Ramkrishna S, Sarode S. Salivary alkaline
phosphatase- a biochemical marker for growth prediction. Indian J
Basic Appl Med Res 2015; 4(3): 17-22.

Perinetti G, Franchi L, Contardo L. Determination of timing of
functional and interceptive orthodontic treatment: A critical
approach to growth indicators. ] World Fed Orthod 2017; 6(3):
93-7.

http://dx.doi.org/10.1016/j.ejwf.2017.08.006

Moore SA. Assessing somatic maturity in children and
adolescents: Applicability to pediatric bone health research.
University of British Columbia 2018.

Oyonarte R, Sé&nchez-Ugarte F, Montt ], et al. Diagnostic
assessment of tooth maturation of the mandibular second molars
as a skeletal maturation indicator: A retrospective longitudinal
study. Am J Orthod Dentofacial Orthop 2020; 158(3): 383-90.
http://dx.doi.org/10.1016/j.ajodo.2019.09.012 PMID: 32732004
Wijaya H, Kusdhany LS, Redjeki S, Soegiharto BM. The salivary
bone spesific alkaline phosphatase in relation to pubertal growth
phase in indonesian children. Asian J Pharm Clin Res 2017; 10(5):
389.

PMID:

PMID:


http://dx.doi.org/10.2174/1874210602115010228
http://dx.doi.org/10.54052/jhds.v2n1.p63-74
http://dx.doi.org/10.3389/fendo.2022.882840
http://www.ncbi.nlm.nih.gov/pubmed/35937794
http://dx.doi.org/10.30597/mkmi.v13i1.1579
http://dx.doi.org/10.1590/2177-6709.21.5.067-074.oar
http://www.ncbi.nlm.nih.gov/pubmed/27901231
http://dx.doi.org/10.2478/aoj-2024-0013
http://dx.doi.org/10.1177/10556656231216833
http://www.ncbi.nlm.nih.gov/pubmed/38037271
http://dx.doi.org/10.20546/ijcmas.2019.806.022
http://dx.doi.org/10.4103/2230-8210.145075
http://www.ncbi.nlm.nih.gov/pubmed/25538878
http://dx.doi.org/10.1080/00016357.2018.1510137
http://www.ncbi.nlm.nih.gov/pubmed/30345847
http://dx.doi.org/10.1016/j.ejwf.2018.10.003
http://dx.doi.org/10.15713/ins.jcri.54
http://dx.doi.org/10.15562/jdmfs.v1i2.6
http://dx.doi.org/10.32793/jrdi.v4i1.476
http://dx.doi.org/10.1016/j.ejwf.2017.08.006
http://dx.doi.org/10.1016/j.ajodo.2019.09.012
http://www.ncbi.nlm.nih.gov/pubmed/32732004

12 The Open Dentistry Journal, 2025, Vol. 19

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

http://dx.doi.org/10.22159/ajpcr.2017.v10i5.17752

Peters MDJ, Marnie C, Tricco AC, et al. Updated methodological
guidance for the conduct of scoping reviews. JBI Evid Synth 2020;
18(10): 2119-26.

http://dx.doi.org/10.11124/JBIES-20-00167 PMID: 33038124
Tricco AC, Lillie E, Zarin W, et al. A scoping review on the
conduct and reporting of scoping reviews. BMC Med Res
Methodol 2016; 16(1): 15.
http://dx.doi.org/10.1186/s12874-016-0116-4 PMID: 26857112
Jannah M. Adolescents and their developmental tasks in islam. ]
Psychol 2016; 1(1)
http://dx.doi.org/10.22373/psikoislamedia.v1i1.1493

Suryana E, Hasdikurniati AI, Harmayanti AA, Harto K.
Perkembangan remaja awal, menengah dan implikasinya terhadap
pendidikan. Jurnal Ilmiah Mandala Education 2022; 8(3)
http://dx.doi.org/10.58258/jime.v8i3.3494

Firouzinia M, Khafri S, Mirzaie M, Abesi F, Hamzeh M.
Correlation between Skeletal Maturation and Developmental
Stages of Canines and Second Molars among Iranian Population. J
Dent 2022; 23(2): 95-101.

PMID: 35783496

Sinha M, Tripathi T, Rai P, Gupta SK. Serum and urine insulin-like
growth factor-1 as biochemical growth maturity indicators. Am J
Orthod Dentofacial Orthop 2016; 150(6): 1020-7.
http://dx.doi.org/10.1016/j.ajodo.2016.04.028 PMID: 27894523
Ojha A, Prasanth MA, Singh V, Sihag T, Bhati V, Tomar H.
Assessment of correlation between dental calcification stages and
skeletal maturity indicators. ] Forensic Dent Sci 2018; 10(3):
132-6.

http://dx.doi.org/10.4103/jfo.jfds_55_16 PMID: 31143061

Mini M, Thomas V, Bose T. Correlation between dental maturity
by demirjian method and skeletal maturity by cervical vertebral
maturity method using panoramic radiograph and lateral
cephalogram. J Indian Acad Oral Med Radiol 2017; 29(4): 362.
http://dx.doi.org/10.4103/jiaomr.jiaomr 61 17

Reboucas PRM, Alencar CRB, Arruda MJALLA, et al. Identification
of dental calcification stages as a predictor of skeletal
development phase. Dental Press ] Orthod 2021; 26(4): €2119292.
http://dx.doi.org/10.1590/2177-6709.26.4.€2119292.0ar PMID:
34524378

Toodehzaeim M, Rafiei E, Hosseini S, Haerian A, Hazeri-Baqdad-
Abad M. Association between mandibular second molars
calcification stages in the panoramic images and cervical
vertebral maturity in the lateral cephalometric images. J Clin Exp
Dent 2020; 12(2): e148-53.

http://dx.doi.org/10.4317/jced.56402 PMID: 32071696

Jourieh A, Khan H, Mheissen S, Assali M, Alam MK. The
Correlation between Dental Stages and Skeletal Maturity Stages.
BioMed Res Int 2021; 2021(1): 9986498.
http://dx.doi.org/10.1155/2021/9986498 PMID: 34212048
Mardiati E, Komara I, Halim H, Kurnia D, Maskoen AM.
Sensitivity and Specificity of Mandibular Third Molar Calcification
at Chronological Age and Hand Wrist Maturation Stage to
Discriminate Between Female and Male at Pubertal Growth
Period. Open Dent J 2021; 15(1): 551-7.
http://dx.doi.org/10.2174/1874210602115010551

Mustafa S, Raj A, Divakar DD, et al. Evaluation of dental and
skeletal maturity using digital panoramic radiographs and digital
cephalograms. Asian Biomed 2015; 9(3): 335-42.

Cossellu G, Biagi R, Pisani L, Barbieri V, Farronato G.
Relationship between mandibular second molar calcification
stages and cervical vertebrae maturity in Italian children and
young adults. Eur ] Paediatr Dent 2014; 15(4): 355-9.

PMID: 25517579

Dzemidzi¢ V, Tiro A, Zukanovi¢ A, Redzi¢ I, Naka$ E. Skeletal
maturity assessment using mandibular canine calcification stages.
Acta Med Acad 2016; 45(2): 120-6.
http://dx.doi.org/10.5644/ama2006-124.168 PMID: 28000488
Burhan AS, Nawaya FR. Use of the tooth coronal pulp index for
recognition of the pubertal growth period. ] Contemp Dent Pract

[40]

[44]

[49]

[51]

Maharani et al.

2016; 17(11): 884-9.
http://dx.doi.org/10.5005/jp-journals-10024-1948 PMID: 27965495
Litsas G, Athanasiou AE, Papadopoulos MA, Ioannidou-
Marathiotou I, Karagiannis V. Dental calcification stages as
determinants of the peak growth period. J Orofac Orthop 2016;
77(5): 341-9.

http://dx.doi.org/10.1007/s00056-016-0040-6 PMID: 27457710
Burhan AS, Nawaya FR, Issa YN, Massouh LG. Assessment of the
pubertal growth period using the open apices of the lower teeth. J
Contemp Dent Pract 2017; 18(1): 16-22.
http://dx.doi.org/10.5005/jp-journals-10024-1981 PMID: 28050979
Nasser OF, Saloom HF. Reliability of maxillary canine
calcification stages and salivary alkalinephosphatase for pubertal
growth prediction (cross-sectional study). Bionatura 2023; 8(4):
190-7.

Pamukcu U, Ispir NG, Akay G, Karadag Atas O, Gungor K,
Toraman M. Evaluation of the compatibility of C2, C3, and C4
fractal dimension values with hand-wrist and cervical vertebra
maturation methods in determining skeletal maturation.
Dentomaxillofac Radiol 2022; 51(7): 20220113.
http://dx.doi.org/10.1259/dmfr.20220113 PMID: 35766961
Mardiati E, Es S, Er H, B T, B S. The relationship determination
between menarche and the peak of skeletal maturation using
hand wrist and cervical vertebrae index. Dental Journal 2014;
47(2): 67.

http://dx.doi.org/10.20473/j.djmkg.v47.i2.p67-71

Songra G, Mittal TK, Williams JC, Puryer J, Sandy JR, Ireland AJ.
Assessment of growth in orthodontics. Orthodontic Update 2017;
10(1): 16-23.

http://dx.doi.org/10.12968/ortu.2017.10.1.16

Chehab DA, Tanbonliong T, Peyser J, Udin R. Association between
body mass index and dental age in Hispanic children. Gen Dent
2017; 65(4): 54-8.

PMID: 28682283

Kok H, Acilar AM, Izgi MS. Usage and comparison of artificial
intelligence algorithms for determination of growth and
development by cervical vertebrae stages in orthodontics. Prog
Orthod 2019; 20(1): 41.
http://dx.doi.org/10.1186/s40510-019-0295-8 PMID: 31728776
Montasser MA, Viana G, Evans CA. Secular trends in the timing of
skeletal maturation as assessed by the cervical vertebrae
maturation method. Eur J Orthod 2017; 39(2): 188-93.

PMID: 27179353

Cunha AC, Cevidanes LHS, Sant’Anna EF, et al. Staging hand-
wrist and cervical vertebrae images: a comparison of
reproducibility. Dentomaxillofac Radiol 2018; 47(5): 20170301.
http://dx.doi.org/10.1259/dmfr.20170301 PMID: 29498541
Lecca-Morales RM, Carruitero M]J. Relationship between dental
calcification and skeletal maturation in a Peruvian sample. Dental
Press J Orthod 2017; 22(3): 89-96.
http://dx.doi.org/10.1590/2177-6709.22.3.089-096.0ar
28746492

Barreto BCT, Marafién-Vasquez GA, da Costa Barreto LS,
Masterson D, de Souza MMG, Maia LC. Is there a correlation
between dental and cervical vertebrae maturation stages in
growing subjects? A systematic review with meta-analysis. Clin
Oral Investig 2022; 26(5): 3823-42.
http://dx.doi.org/10.1007/s00784-022-04456-3 PMID: 35338422
Irham F, Bahirrah S. Nazruddin Dr. The Level of Alkaline
Phosphatase in Saliva as Biomarker for Pubertal Growth Phase.
Proc Int Dent Conf Sumatera Utara 2017 (IDCSU 2017). Atlantis
Press, 2018, pp.102-105

Khade DM, Bhad WA, Chavan SJ, Muley A, Shekokar S. Reliability
of salivary biomarkers as skeletal maturity indicators: A
systematic review. Int Orthod 2023; 21(1): 100716.
http://dx.doi.org/10.1016/j.ortho.2022.100716 PMID: 36516657
Tunheim EG, Skallevold HE, Rokaya D. Role of hormones in bone
remodeling in the craniofacial complex: A review. ] Oral Biol
Craniofac Res 2023; 13(2): 210-7.
http://dx.doi.org/10.1016/j.jobcr.2023.01.009 PMID: 36718389

PMID:


http://dx.doi.org/10.22159/ajpcr.2017.v10i5.17752
http://dx.doi.org/10.11124/JBIES-20-00167
http://www.ncbi.nlm.nih.gov/pubmed/33038124
http://dx.doi.org/10.1186/s12874-016-0116-4
http://www.ncbi.nlm.nih.gov/pubmed/26857112
http://dx.doi.org/10.22373/psikoislamedia.v1i1.1493
http://dx.doi.org/10.58258/jime.v8i3.3494
http://www.ncbi.nlm.nih.gov/pubmed/35783496
http://dx.doi.org/10.1016/j.ajodo.2016.04.028
http://www.ncbi.nlm.nih.gov/pubmed/27894523
http://dx.doi.org/10.4103/jfo.jfds_55_16
http://www.ncbi.nlm.nih.gov/pubmed/31143061
http://dx.doi.org/10.4103/jiaomr.jiaomr_61_17
http://dx.doi.org/10.1590/2177-6709.26.4.e2119292.oar
http://www.ncbi.nlm.nih.gov/pubmed/34524378
http://dx.doi.org/10.4317/jced.56402
http://www.ncbi.nlm.nih.gov/pubmed/32071696
http://dx.doi.org/10.1155/2021/9986498
http://www.ncbi.nlm.nih.gov/pubmed/34212048
http://dx.doi.org/10.2174/1874210602115010551
http://www.ncbi.nlm.nih.gov/pubmed/25517579
http://dx.doi.org/10.5644/ama2006-124.168
http://www.ncbi.nlm.nih.gov/pubmed/28000488
http://dx.doi.org/10.5005/jp-journals-10024-1948
http://www.ncbi.nlm.nih.gov/pubmed/27965495
http://dx.doi.org/10.1007/s00056-016-0040-6
http://www.ncbi.nlm.nih.gov/pubmed/27457710
http://dx.doi.org/10.5005/jp-journals-10024-1981
http://www.ncbi.nlm.nih.gov/pubmed/28050979
http://dx.doi.org/10.1259/dmfr.20220113
http://www.ncbi.nlm.nih.gov/pubmed/35766961
http://dx.doi.org/10.20473/j.djmkg.v47.i2.p67-71
http://dx.doi.org/10.12968/ortu.2017.10.1.16
http://www.ncbi.nlm.nih.gov/pubmed/28682283
http://dx.doi.org/10.1186/s40510-019-0295-8
http://www.ncbi.nlm.nih.gov/pubmed/31728776
http://www.ncbi.nlm.nih.gov/pubmed/27179353
http://dx.doi.org/10.1259/dmfr.20170301
http://www.ncbi.nlm.nih.gov/pubmed/29498541
http://dx.doi.org/10.1590/2177-6709.22.3.089-096.oar
http://www.ncbi.nlm.nih.gov/pubmed/28746492
http://dx.doi.org/10.1007/s00784-022-04456-3
http://www.ncbi.nlm.nih.gov/pubmed/35338422
http://dx.doi.org/10.1016/j.ortho.2022.100716
http://www.ncbi.nlm.nih.gov/pubmed/36516657
http://dx.doi.org/10.1016/j.jobcr.2023.01.009
http://www.ncbi.nlm.nih.gov/pubmed/36718389

Determinants of Pubertal Growth in Orthodontic Treatment

[54]

[55]

[56]

Deng L, Guo Y. Estrogen effects on orthodontic tooth movement
and orthodontically-induced root resorption. Arch Oral Biol 2020;
118: 104840.
http://dx.doi.org/10.1016/j.archoralbio.2020.104840
32730908

Giannini L, Galbiati G, Tartaglia FC, Grecolini ME, Maspero C,
Biagi R. Orthodontic Treatment with Fixed Appliances Versus
Aligners: An Experimental Study of Periodontal Aspects. Dent ]
2025; 13(2): 70.

http://dx.doi.org/10.3390/dj13020070 PMID: 39996944

Lewis ME, Shapland F, Watts R. The influence of chronic

PMID:

13

conditions and the environment on pubertal development. An
example from medieval England. Int ] Paleopathol 2016; 12: 1-10.
http://dx.doi.org/10.1016/j.ijpp.2015.10.004 PMID: 29539515
Olszewska K, Wazna-Olszewska M, Dunin-Wilczynska I. Obesity in
children and adolescents - A new challenge in orthodontic
practice. Dent Med Probl 2015; 52(2): 131-6.

Bertapelli F, Agiovlasitis S, Machado MR, do Val Roso R, Guerra-
Junior G. Growth charts for Brazilian children with Down
syndrome: Birth to 20 years of age. J Epidemiol 2017; 27(6):
265-73.

http://dx.doi.org/10.1016/j.je.2016.06.009 PMID: 28320584

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final version.
Major publication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to changes in
the final published version, if it is eventually published. All legal disclaimers that apply to the final published article also apply to this
ahead-of-print version.


http://dx.doi.org/10.1016/j.archoralbio.2020.104840
http://www.ncbi.nlm.nih.gov/pubmed/32730908
http://dx.doi.org/10.3390/dj13020070
http://www.ncbi.nlm.nih.gov/pubmed/39996944
http://dx.doi.org/10.1016/j.ijpp.2015.10.004
http://www.ncbi.nlm.nih.gov/pubmed/29539515
http://dx.doi.org/10.1016/j.je.2016.06.009
http://www.ncbi.nlm.nih.gov/pubmed/28320584

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS
	3.1. Literature Characteristics

	4. DISCUSSION
	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	STANDARDS OF REPORTING
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	SUPPLEMENTARY MATERIAL
	REFERENCES


