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Abstract: Background: Skeletal age estimation plays a fundamental role in orthopedic
treatments. Since the most reliable methods are based on ionizing radiation, this study
aimed to use machine learning techniques to explore a skeletal age assessment method
not based on additional radiographies. Methods: Patients aged between 6 and 16 years old
whose clinical records included orthopantomography, radiographs of the second phalanx
of the third finger, and biometric data were enrolled for the study. The radiographs were
analyzed to estimate the maturation degree of the left lower first premolars, the midpalatal
suture, and the second phalanx of the third finger. Both an explicative data analysis and a
multivariate analysis were performed. Results: The sample comprised 111 subjects. The
multivariate analysis revealed an explanatory role for sex (p < 0.01) and chronological age
(p < 0.01). The ordinal tool showed how the use of height (p = 0.02) and weight (p = 0.03)
was explicative of skeletal age against a loss of statistical significance corresponding to the
use of body mass index (p = 0.6). The median palatine suture (p = 0.01) was explicative.
Conclusions: The combined evaluation of weight, height, sex, chronological age, and grade
of maturation of the midpalate suture provides an explicative tool for assessing skeletal
age without additional radiographic exams, besides a routine orthopantomography.

Keywords: orthodontics; skeletal age assessment; pubertal growth spurt; radiographic
evaluation; middle phalanx maturation

1. Introduction

The assessment of skeletal age is one of the most important determinants of treatment
outcomes in growing patients whenever the targets are skeletal structures, like in ortho-
pedics, orthodontics, and pediatrics [1]. In such disciplines, the problem of skeletal age
estimation plays a fundamental role [2]. Although the literature provides contradictory
evidence about the actual possibility of affecting growth’s driving factors, the debate is still
open, and many clinicians prefer to start orthodontic treatment during an active growth
phase to take advantage of it. A representative example is the intervention for skeletal
class II malocclusions, whose treatment yields optimal results when carried out around the
pubertal growth spurt, during which the peak of mandibular growth is also observed [3].
In many cases, the orthodontists must be able to determine whether the subject is in a slow-
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or fast-growing phase and for how long the growth can be expected to last in order to plan
the intervention [4,5]. Therefore, many methods for skeletal age assessment have been
developed and described.

The simplest indicator of skeletal maturity is chronological age. Unfortunately, the
literature shows that this simple indicator is also the worst. Indeed, puberty starts at very
different ages in different individuals, even for subjects of the same sex [6,7]; therefore,
skeletal age does not always correspond to chronological age [8,9]. On the other hand, the
method considered to be the gold-standard is the evaluation of the level of bone maturation
of the phalanges and wrist bones, using technique described by different authors [6,10].
Because this requires an additional radiograph of the hand, which has no other clinical value
for orthodontic diagnosis, authors have tried to identify less invasive methods. An example
is the evaluation of the skeletal maturation stage of the second, third, and fourth cervical
vertebrae on lateral cephalograms [11,12]. The so-called “cervical vertebral maturation
method” showed an acceptable correlation with the hand-wrist maturation method [12].
Although useful in reducing the patient’s radiation exposure [13], some authors questioned
its precision in assessing the skeletal maturation stage.

A simpler method for the assessment of bone maturation is based on radiographic
analysis of the second phalanx of the middle finger [14-18] instead of the whole hand.
Another technique for the estimation of skeletal age was proposed by Demjran et al. and is
based on dental maturity (root and crown) assessed on orthopantomography (OPG) [19].

Sarag et al. proposed another method that was based on mandibular morphometric
measurements, like condylar height and tangential ramus height (the height of the ramus
measured a line passing from the top of the condyle and intersecting with a line tangential
to the gonion of the mandible), which were reported to be correlated with chronological
age [20]. Moreover, due to the correlation found between dental age and skeletal age, some
authors suggested that dental age assessment could be a supplementary tool for estimating
a patient’s pubertal spurt in Class II malocclusion cases, which is considered the best
period for the treatment [21], providing significant improvement also airway dimensions
as well [22].

Despite all these attempts, the greatest precision is still offered by the evaluation of the
hand-wrist radiograph or the evaluation of the sole second phalanx of the middle finger,
but at the cost of additional radiographs [23]. The scientific question—and the clinical
purpose—behind the present study was to investigate if the combination of multiple non-
invasive predictors of skeletal age could provide a better estimate, comparable to the gold
standard, but at a lower biological cost.

Therefore, the primary objective of the present study was to create a categorical
decision-making tool, relying on OPGs and biometric data, that allows for a probabilistic
score to suggest the skeletal age in a clinically practical way, which is non-invasive, does not
require exposure to additional radiation, and is easy to measure. A secondary objective of
the study was to identify the statistical significance and the weight of measured covariates
to be explicatively relevant to the skeletal age.

2. Materials and Methods

This observational and retrospective study was approved by the Ethical Committee
of the University of L’Aquila (protocol 135261, ID 22/2023). The research was performed
in accordance with the Declaration of Helsinki from 1975 and subsequent revisions, and
written informed consent was obtained from every suitable subject before collecting data.

Participants were recruited among patients treated at the Orthodontic Clinic of the
Department of Biotechnological and Applied Clinical Sciences, University of L’ Aquila from
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January 2011 to December 2019. They were selected after screening, in chronological order,
according to the following inclusion criteria:

1.

Gk W

—_

Age between 6 and 16 years old;

OPG;

X-ray of the second phalanx of the third finger of the right hand;

Collection of biometric data such as height, weight, and wrist circumference;

All data must have been collected within a time window of a maximum of three months.

The exclusion criteria were:

Systemic pathologies affecting growth;
Bone pathologies and/or previous fractures of the upper limbs;
Multiple dental agenesia or oligodontia.

Maturation of the second phalanx of the third finger
One of the data collected was the grade of maturation of the second phalanx of the third

finger, using a well-established method. The grade of maturation of the second phalanx of

the third finger is a validated method used in dentistry for assessing skeletal age. It was

introduced by Hagg and Taranger in 1980 [13], who defined five stages considering the

changes in the shape of the epiphysis and metaphysis of the second phalanx of the middle

finger. Lately, it was improved by Rajagopal and Kansal in 2002 [18,24] with the addition

of another stage, and finally, the staging was more precisely described by Perinetti et al. [2],

who defined six stages as described in Table 1 and represented in Figure 1.

Table 1. Stadiation of the middle phalanx of the third finger according to Perinetti et al. [1].

Stage Bones” Maturation Phase of the Growth
MPS1 the epiphysis is narrower than the patient is more than one year
the metaphysis before the pubertal growth spurt
MPS?2 the epiphysis is at least as wide as the patient is one year before the
the metaphysis onset of the pubertal growth spurt
MPS3 the epiphysis is either as wide as or the patient is at coincidence of the
wider than the metaphysis pubertal growth spurt
MPS4 the epiphysis begins to fuse with the patient is during the
the metaphysis deceleration of the curve of growth
MPS5 the epiphysis is mostly, but not the patient toward the end of the
completely fused with the metaphysis pubertal growth spurt
the epiphysis totally fused with the patient is at the end of the
MPS6 .
the metaphysis pubertal growth spurt
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W
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"

MPS3 MPS4 MPSS MPS6

Figure 1. Representation of the six stages of skeletal maturation of the middle phalanx of the third

finger according to Perinetti et al. [1].
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Therefore, it is a categorical assessment method. Over the years, different authors
have demonstrated the reliability of this method [15-18], and since the radiography of the
middle phalanx of the third finger is practical and easy to record, many dental clinicians
use it routinely to assess skeletal age. Indeed, this radiogram can be taken with the intraoral
radiographic machine, which is present in any dental clinic. Therefore, with a single
intraoral radiography of the third finger of the hand, the clinician can have information
about the skeletal maturation of the patient in a very quick and practical way without
requiring additional examination (for instance X-ray of left hand and wrist).

Data collection

The evaluation of radiographs was performed by three operators (MT, RE, MD). Two
operators performed the categorization, while a third author was asked to arbitrate when
the first two operators were not in agreement. This was performed for both the radiograph
of the second phalanx of the third finger and the OPGs.

Firstly, the radiograph of the second phalanx of the third finger was examined to
assign one out of the six categories described by the classification of Perinetti et al. [2].

To simplify the statistical analysis and reduce the number of covariates, the six stages
of maturation of the second phalanx of the third finger were merged into the following
four categories: MPS-1, MPS-2, MPS-3, MPS-4, as represented in Table 2. Because stages
MPS1 and MPS2, as well as MPS5 and MPS6, represent very similar developmental stages
from a clinical point of view [2]—i.e., an early skeletal maturation phase well apart from
the pubertal growth spurt, and a later stage when residual growth is negligible to obtain
significant clinical results—it was decided to merge those categories to reduce the total
number of statistical variables and increase the power of the analysis (Table 2).

Table 2. Scheme of the correspondence between the six stages of maturation of the second phalanx of
the third finger, and the four categories that were used for the statistical analysis.

MPS Method Categories Categories Used for the Present Analysis
MPS-1
MPS-2 SM1
MPS-3 SM2
MPS-4 SM3
MPS-5
MPS-6 SM4

Similarly, OPGs were evaluated to determine the degree of tooth maturation accord-
ing to the Demirjian method. The Demirjian method is used for defining the degree of
dental development and involves the evaluation of the stage of formation for each of the
permanent teeth examined separately. Each tooth is assigned a stage from A to H based
on the appearance of the first centers of calcification to the closure of the tips of the roots,
taking into account the maturation of the crown and root, when present (Figure 2) [19].

It is accepted that teeth are usually symmetrical in their development between the
left and right sides of the jaw and between the maxillary and mandibular teeth. Therefore,
a specific tooth on the left side of the mandible is usually at the same level of formation
as its contralateral homologous, and, similarly, a maxillary tooth and its counterpart in
the mandible are similar in formation stages. Evaluating one side of one jaw is therefore
sufficient to measure maturity, and, as the mandibular teeth are more easily visualized on a
radiograph, these teeth have been the most studied [25]. In this research article, to simplify
the statistical analysis by reducing the number of studied variables, only the first premolars
of the left lower jaw were analyzed, as done in previous studies [26].
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O A A start of calcification is seen at the upper level of the crypt in the form of a
reversed cone. There is no melting of calcified points.

B The fusion of the calcified points forms one or more cusps that join to give a
regularly delineated occlusal surface.

Enamel development 1s complete at the occlusal surface. There are extension
and convergence towards the cervical region. There is a beginning of a dentinal
C deposit. The shape of the pulp chamber has a curved form at the occlusal edge.

The crown formation is complete over the cement — enamel junction. The
superior limit of the pulp chamber has a definite curvilinear form, being

D concave towards the cervical region, The projection of the pulp homs, if
present, gives an outline shaped like an umbrella top. In molars the pulp
chamber has a trapezoidal form. Begmning of root formation is seen in the
form of a spiculum.

The walls of the pulp chamber form straight lines, whose continuity i1s broken
E by the pulp hom, which 1s larger than in the previous stage.

F a funnel shape. The root length is equal to or greater than the crown height.

G The walls of the root canal are now parallel, and its apical end 1s still partially
open.

H The apical end of the root canal 1s completely closed, and the periodontal
membrane has a uniform width around the root and the apex.

W The walls of the pulp chamber now form an isosceles triangle. The apex ends in

Figure 2. Representation and classification of the height stages (A-H) defined by Demirjian and used
for the evaluation of the OPGs.

Moreover, the degree of ossification of the midpalate suture was assessed on OPGs
using the classification of the BOKA Grading System, where four categories are defined
according to the radiographic appearance of the suture (Figure 3) [27].

During the clinical examination, the height, weight, and wrist circumference of each pa-
tient were collected. Weight was assessed using a professional mechanical balance (SECA 700,
Hammer Steindamm 3-25, Hamburg, Germany); during the measurements, the patient
wore only socks and underwear with a weighing scale previously adjusted to zero [28].
Height was assessed using a balance with an altimeter (SECA 700, Hammer Steindamm 3-25,
Hamburg, Germany), with patients having taken off their shoes, and staying in position
against a wall totally upright and immobile to allow the clinicians to precisely measure
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height. Then, the circumference of the right wrist was collected with the subject in an
upright position, with the arm flexed and the palm facing forward. The meter was slid just
below the styloid and radial processes of the ulna, located palpatorially [29]. Finally, body
mass index (BMI) was calculated, using height, weight, and the following mathematical
formula made by Quetelet A. in 1832. BMI = [weight (kg)/height (m)?] x 100 [30].

AN ‘
o 7 s

A A

Figure 3. Representation and classification of four categories of ossification of the midpalate suture,
defined according to the radiographic appearance of the suture on OPGs.

Therefore, during the collection of radiographic records, all the biometric data of the
patient, such as height, weight, and wrist circumference, were collected too, and all the
data were organized into a dataset and then analyzed.

Statistical analysis

The analysis was divided into two parts. Preliminarily, an explicative data analysis
assessed the association between explicators, such as age and sex, and skeletal age. Sample
double frequency distributions have been calculated, and the association of skeletal age
with ordinal explicators has been assessed by performing the Cuzik rank test. Odds ratios
have been estimated by carrying out univariate ordinal logistic regressions. The results
provided suggestions for setting up the overall explication tool for skeletal age. The
variance inflation factor (VIF) analysis has been paralleled by the estimations of variables,
focusing on those variables that suggested possible multicollinearity. This feature has been
of relevant interest for the variables BMI, weight, height, dental degree of development
of teeth on the right and left mandibular first premolar, and midpalate suture degree of
maturation. The information collected was summarized into an ordinal logistic tool, which
provided a good fit when assessed using the likelihood ratio test. The McFadden R? was
0.53. The McFadden R?, in the linear regression tool, synthesizes the proportion of variance
in the dependent variable associated with the predictive and independent variables, with
wider R? values indicating that increased variation is explained by the tool, to a maximum
of 1 [31]. The statistical analysis was performed using the statistical software STATA version
17 (STATA, College Station, TX, USA).

3. Results

One hundred eleven subjects were selected for the study (44.1% female; 55.9% male).
In particular, the distribution of gender within the different skeletal maturation cate-
gories was the following;:
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SM1: 27.3% female; 62.7% male;
SM2: 52.4% female; 47.6% male;
SM3: 66.7% female 33.3% male;
SM4: 64.0% female; 36.0% male.

Descriptive statistics are reported in Table 3.

Table 3. Descriptive statistics of the analyzed variables.

Variables Mean SD
Age 137.4 25.6
Height (cm) 149.1 13.5
Weight (kg) 45.9 13.7
BMI 20.3 4.2
Wrist circumference 1.86 1.113

The results of Spearman’s Rank Correlation according to the biometric data are re-
ported in Table 4.

Table 4. Biometrical data analyzed with Spearman’s Rank Correlation test.

Skeletal Age
p: 0.5903 **
Weight
p: <0.001
p: 0.6188 **
Height
p: <0.001
p: 0.3165 **
BMI
p: <0.001
p: 0.3881 **
Wrist circumference
p: <0.001
** Statistically significant for p < 0.01.
The multivariate analysis reported a statistically significant effect of sex (8 = —3.64,

SE = 0.04, p < 0.001) and of chronological age (8 = 1.23, SE = 0.35; p < 0.001). Indeed, the
variable sex showed a high explicative value, meaning that being female correlates with a
higher score on the assessment of skeletal age, while being male correlates with a lower score.

In the explicative ordinal tool, both the explicators height (8 = 0.1; SE = 0.04; p = 0.02)
and weight (£ = 0.12; SE = 0.06; p = 0.03) turned out to be statistically significant. On
the other hand, when height and weight were substituted in the explicative ordinal tool
by BM], this index was not explicative of skeletal age (£ = 1.03; SE = 0.7; p = 0.6). The
dental maturation of the lower left first premolar (3 = —2.39; SE = 0.88; p = 0.6) was not a
significant explicator (Table 5).

The degree of skeletal maturation and ossification of the median palatine suture was
also explicative: the tool reported a statically significant effect on skeletal age when the
suture showed a maturation score of 3, which is indicative of a higher skeletal age (i.e., SM3
or SM4) (Table 5) while it is not significant for all the other evaluated variables.
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Table 5. Correlation of skeletal age with the variables analyzed, considering the weight and

height separately.
Confidence Interval 95%
Skeletal Age Odds Ratio SD : p> 1zl Lower Bound  Upper Bound

Sex 0.03 0.02 —4.57 <0.001 —52 —2.08
Age 3.42 1.21 3.47 0.001 0.53 1.93
Height (cm) 1.1 0.047 2.33 0.02 0.02 0.18
Weight (kg) 1.13 0.06 211 0.035 0.01 0.23
Wrist circumference 0.79 0.33 —0.57 0.569 —1.06 0.58

Midpalate suture

2 3.52 2.56 1.73 0.084 —0.17 2.68
3 15.25 15.58 2.67 0.008 0.72 473
4 0.81 0.86 —0.2 0.845 —2.29 1.87
Lower first premolar —34 3.23 2.68 1.41 0.16 —0.46 2.80
Skeletal age < cut 1 20.69 6.62 - - 7.71 33.68
cutl < Skeletal age < cut2 23.64 6.89 - - 10.13 37.16
Cut2 < Skeletal age < cut3 24.19 6.94 - - 10.59 37.78

4. Discussion

Orthodontists always face the demanding task of identifying and foreseeing the
pubertal growth spurt or recognizing the final phases of skeletal growth and explaining the
distance in time from those developmental periods [11,32]. The methods currently used
for the estimation of skeletal age require exposing the patients to ionizing radiation. Since
children are more sensitive to ionizing radiation due to their high radiosensitivity [33],
having a method that allows reducing patients’ exposure to ionizing radiation, following the
ALARA principle [34], is of great importance. This is in accordance with the implementation
of Directive 2013/59/Euratom, which outlines basic safety standards for protection against
the dangers arising from exposure to ionizing radiation and repealing directives. Even
if the intraoral radiograph provides a mean effective dose of 1.32 (0.60-2.56) uSv [35],
according to the ALARA principle, it would be better to avoid them. This goal should be
achievable using the method described in the present research article, because clinicians
could obtain the same diagnostic results derived from the radiograph of the second phalanx
of the third finger, but using only biometric data and the information given by an OPG,
avoiding further radiographic exams. As said in the introduction chapter, another method
for assessing skeletal age is the evaluation of the cervical vertebrae maturation method
on lateral cephalograms [3]. This method was discarded in the present study because
some studies questioned its reliability [36], and because lateral cephalograms—unlike
OPGs that are a routinary screening exam—need precise indications to justify their request:
this would have been in contrast with the aim of the study of finding an alternative
method not relying on additional radiographs. The assessment of skeletal age is of great
importance to determine treatment timing in orthodontic clinical practice, even though
it is a challenging task because growth spans over a long time and is characterized by
several events with complex interactions [34,37,38]. In fact, the majority of orthodontic and
orthopedic treatments are time dependent. The literature confirms that the determination
of the optimal timing for early orthodontic treatment requires a comprehensive assessment
of clinical manifestations, dental age, and skeletal age; therefore, chronological age by itself
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is not enough [39]. For example, early treatment of skeletal Class II requires identification of
the pubertal growth spurt to take advantage of a faster growth; early treatment of maxillary
transverse deficiency or skeletal Class III requires identification of early stages of skeletal
maturation to take advantage of immature sutures; and adolescent treatment may also
require the assessment of some residual growth, which may be expected [40]. It is known
that the maximum acceleration of growth that is found in puberty leads to the maturation
of primary and secondary sexual characteristics. There are huge differences in the pubertal
spurts of girls and boys: they begin earlier in females than in males [1,41,42], and they
are accompanied by the development of secondary sexual characteristics [43]. However,
those features are not unequivocally related to skeletal age, thus influencing the assessment
of skeletal age and consequently the definition of the appropriate treatment timing. For
these reasons, finding a reliable variable for skeletal age assessment would be advisable
and desirable.

In the present research article, different biometric and radiographic variables were
analyzed to investigate a method for skeletal age assessment. The simplest variables
studied were age and sex. It is known that chronological age is not a reliable explicator
of skeletal age [9,16]. Although the multivariate tool (Table 3) showed a significant effect
of chronological age, the univariate tool confirmed that the chronological age alone has
inadequate explicative power for the estimation of the skeletal age.

When evaluating skeletal age, it is of utmost importance to consider the sex-related
differences that are typical of these age groups and are related to sex hormones [40]. Indeed,
sex showed a significant explicative value, as the odds ratio for females was indicative of a
higher degree of skeletal maturation [44].

Other biometric data included in the present evaluation were height and weight.
These parameters are useful when evaluating patients’ development and growth. It has
been stated that early menarche in girls is constantly associated with higher adult BMI
because circulating hormones, such as leptin and insulin, provide signals reflecting body
fat stores [42,45]. In the current evaluation, variables such as height and weight were
also represented with BML Indeed, the statistical analysis highlighted that height and
weight were significant explicators of skeletal maturity; however, when those two variables
were combined to calculate BMI, their explicative value decreased remarkably. It could
be inferred that weight and height are less related to each other in this age group, thus
explaining why BMI performs worse than weight and height taken individually. This is a
remarkable finding, because BMI is a commonly used index in clinical practice and research
to reduce the number of variables (because BMI is a synthesis of two variables). The
present results suggest that this should be performed with caution, due to the possibility of
type Il errors.

Finally, among the biometric data considered, the wrist circumference was also statisti-
cally significant in the univariate analysis, but it loses its significance in the multivariate
analyses. This finding suggests that this variable should not be considered explanatory for
the estimation of skeletal age.

Apart from biometric data, radiographic images were evaluated in this study. It is
known that radiographs are particularly useful for skeletal age assessment, too. Dental
radiology is the most frequent diagnostic radiological investigation in the industrialized
world, representing one-third of all radiological examinations in Europe [46,47]. Among
these, the most frequent imaging techniques are the OPG and periapical radiographs [43].
Considering that OPG provides a good overview of the most important dental and skeletal
structures of the maxillary complex with a low radiation dose, it is recognized as an
adequate tool for oral health screening [48,49]. Indeed, it is always recommended to have
an OPG of the patient for formulating the correct orthodontic diagnosis. Since the OPG is
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the most common dental radiograph, the rationale for the present study was to optimize the
information that can be obtained from it. One of the variables considered for the estimation
of skeletal age in this research article was the dental maturation stage. This method was
precisely defined by Demjiran et al. [19] and used by different authors for assessing skeletal
age. All the previous articles using this method considered only the right or left side of
the jaws; in the current research study, to contain the number of variables to be inserted
in the tool, a single tooth from the left side was considered. The lower left premolars are
the teeth whose development encompasses the entire timeframe considered hereby and
seemed suitable to be used for skeletal age assessment; moreover, the first premolars were
preferred over the second premolars because the latter can be relatively frequently missing
because of agenesia, thus impairing the generalizability of the current explicative tool. The
dental maturation stage is a very easy and quick variable to evaluate, since only an OPG
is required, which is virtually always available for every patient. However, the statistical
analysis showed that the dental maturation stage was not a statistically significant explicator
because the assessment of skeletal age had a very low explicative value. The reason for this
result could be ascribed to the first premolars always showing a high degree of maturation
in patients aged [13-19], like in the present sample. Therefore, the results of the present
study are partially supported by recent research of Hedge et al., who assessed that dental
age is a reliable marker for chronological age, and skeletal maturation aligns closely with
chronological age. While BMI appears to be weakly correlated with skeletal and dental
growth, further research is necessary to fully understand its impact [50]. Finally, another
variable studied in the present research article was the staging of the skeletal maturation of
the midpalate suture. Methods have been proposed using either 3D images [27] or occlusal
radiographs [51]; for the present study, the “BOKA Grading System” was used, because it
is a method based on OPG and thus does not require additional radiographs. The obtained
results suggested that the midpalate suture’s maturation has a role in the definition of
skeletal age when stage 3 of maturation is observed. In other words, this result should be
interpreted as stage 3 midplatal suture maturation being an indicator of a higher stage of
skeletal age, such as SM3 or SM4. This is a very important outcome since midpalate suture
maturation has never been correlated to skeletal age assessment before, apart from a study
by Hezenc et al. that demonstrated a correlation between the cervical vertebrae maturation
and the fusion of the midpalate suture, which seems to occur after the pubertal growth
spurt when the cervical vertebrae maturation is at stage four (the first maturation stage
after the pubertal spurt) [52].

The limitations of the present study are represented by the retrospective sampling,
even though care was taken to avoid selection biases by enrolling the patients in a rigid
chronological order. Due to the cross-sectional design, it was not possible to verify the
actual distance of the patient from the pubertal growth spurt, which is easily identifiable in
females with menarche, but it is more difficult in males. Therefore, the evaluation of the
second phalanx of the third finger was considered as a reference, but only a longitudinal
study over a very long period would allow us to confirm and validate the skeletal age
estimation from the proposed methods. Moreover, since the radiograph of the second
phalanx of the third finger is useful in pubertal subjects, most of the subjects enrolled in
the study were in SM2 or SM3, while there were fewer subjects in SM1 and SM4. Finally,
there are other methods available in the pediatric field for the assessment of the skeletal
age [53-55] which were not considered in this study, like the cervical maturation method
on cephalograms. However, sometimes the estimate of skeletal maturation should be
performed prior to taking a cephalogram, or to identify when to take a cephalogram to
start planning a treatment. Therefore, it was preferred to evaluate a statistical tool that
relied only on screening exams, like OPGs.
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5. Conclusions

Through the evaluation of different chronological, biometrical, and radiographical
data, the present research article assessed that:

1.  Sexhas a high explicative role for the assessment of skeletal age;

2. Height and weight are explicative of skeletal age, while their combination in BMI is
not significant for skeletal maturation explication;

3. The degree of skeletal maturation and ossification of the median palatine suture is
also indicative, suggesting a higher score for skeletal age.

The proposed ordinal tool, using age, sex, height, weight, wrist circumference, dental
maturation stage of the lower left first premolar, and midpalate suture maturation, showed
a very good fit and was explicative of skeletal age. Further long-term studies on larger
samples would be advisable to validate this tool and build an explicative tool that will
allow to estimate skeletal age using only an OPG and biometric data that could be not only
theoretical but also clinically useful.
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