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Abstract

Objective: The purpose of this study is to determine whether or not the ImageJ pro-
gram can be used to automatically determine the growth period of the hand and wrist
which have different growth-development periods according to the density values in
the phalanges in radiographs.

Setting and sample population: Our study included hands-wrist radiographs of 270
individuals aged 8-17 years.

Material and Methods: The study’s participants were classified into 7 groups accord-
ing to their skeletal maturation stage (PP2=, MP3=, MP3cap, DP3u, PP3u, MP3u, and
Ru) which included pre-peak, peak, and post-peak periods. The total density values
(TDV) and pure density values (PDV) in the distal, medial, and proximal phalanges
were calculated using each radiograph in the ImageJ) program. Analysis of variance
(ANOVA) was used to evaluate the density values and chronological age, and pairwise
comparisons were made using the post-hoc LSD test.

Results: The total density value was graphically zigzagged in the mesial, distal, and
proximal phalanges. However, the pure density value increased continuously until the
post-peak period and decreased after the DP3u period until the Ru period. While
no significant difference in total density values was observed between the growth
periods for all three phalanges, a significant difference in pure density values was
observed.

Conclusion: It has been demonstrated in the ImageJ program that the peak growth
period can be distinguished using the pure density values obtained from all phalanges
of the third finger and that this method can be used as an alternative to the growth

period detection through artificial intelligence.
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1 | INTRODUCTION

Determining the age of children is necessary in order to conduct clin-
ical evaluations in fields such as paediatrics, orthodontics, forensic
sciences, and anthropology. On the other hand, genetic, hormonal, ra-
cial, environmental, and nutritional differences can result in variability
in young people’s chronological age and physiological maturation. In
addition, if a reliable method for determining chronological age deter-
mination based on physiological parameters is available, changes in
the growth rate of adolescent individuals can be closely monitored.!

Bone age, which determines skeletal maturation from hand-wrist
radiographs, is critical for revealing changes in children’s growth and
development.? Bone age is determined using two distinct methods:
Greulich and Pyle (GP) and Tanner-Whitehouse (TW3). Among these,
the GP atlas is generally accepted as the more practical and straight-
forward method and this is widely used in clinical practice.3 Apart
from this, various researchers established numerous methods for de-
termining growth periods and bone age. However, assessing bone age
through observation is highly dependent on the observers’ experience
in determining bone age.? This situation results in a serious discrep-
ancy in the observers’ evaluations. In addition, continuous time and
effort are required to teach the method clinically to observers.

Deep learning, one of the advanced artificial intelligence tech-
niques that automatically presents information derived from images,
has recently gained popularity.* Based on the molar teeth in pan-
oramic radiography, age determination can be made through artificial
intelligence.5 Also bone age images make an ideal database for train-
ing deep learning algorithms. Because bone X-rays exhibit a spectrum
of black-white-grey tones.® Deep learning is a subclass of artificial
intelligence in which artificial neural networks (ANNSs) are used. The
convolutional neural network (ESA) is the most frequently used ANN
for image analysis and recognition. Bone age assessment is a good
example of how the concept of object detection and classification
can be applied. Over the last few years, significant progress has been
made towards developing a digital system.” Bone age assessments
have become the primary focus of the machine learning community,
as the objective is typical of deep learning’s object detection and clas-
sification. A corresponding side (for example, a class corresponding to
a bone age) is estimated for the input of given data (for example, left
hand radiography with radius of the distal bone and ulnar epiphysis).
Automatic bone age assessments using ESA-based machine learning
models have recently demonstrated remarkable performance.®

The purpose of this study was to transfer images to the ImageJ
program using hand-wrist radiographs with varying growth devel-
opment periods and to determine whether they can be used to au-
tomatically detect growth periods according to the density values
obtained.

2 | MATERIALS AND METHODS

Ethical approval was obtained from the Clinical Research Ethics
Committee of the University (09/01/2020, 2020-003).

2.1 | Study design

In this study, patients who were previously treated at our clinic were
routinely contacted for pre-orthodontic diagnosis and treatment
planning. Hand-wrist radiographs of the taken on the same day were
evaluated retrospectively. The study included patients who had
no known systemic disease, no growth problems, no anomalies or
syndromes, and no malformations in the hand-wrist region, as well
as those who had no history of trauma or pathology involving the
relevant region. The study excluded patients with artefacts and
distortions on hand-wrist radiographs. A total of 270 patients (135
females and 135 males) who met the necessary criteria and were be-
tween the ages of 8.3 and 17.2 enrolled in the study. All radiographs
taken in our clinic are taken with the same device (Planmeca Promax,
Helsinki, Finland), using the manufacturer’s recommended position-

ing and irradiation settings.

2.2 | Imagel application

The skeletal maturation stage of the individuals included in the study
was determined by using the Grave and Brown”!® method. The ret-
rospectively collected hand-wrist radiographs were classified by
consensus under 7 distinct groups (PP2=, MP3=, MP3cap, DP3u,
PP3u, MP3u, and Ru) that included pre-peak, peak, and post-peak
stages. When determining skeletal maturation stage from hand-
wrist radiographs, all radiographs were completed by two calibrated
orthodontists. A third observer was consulted in case of any incon-
sistency. All radiographs were re-evaluated 2weeks later by the
same investigators (O.F.S.) and (M.H.B) to calculate intra-examiner
reliability. Since the radiographs of the patients that were not suit-
able for analysis were not included in the measurements, the groups
were not formed equally.

After converting the radiographs to TIFF format, they were
imported into ImageJ) 1.52a (Wayne Rasband, National Institutes
of Health-NIH, Maryland, USA) (Figure 1). Hand-wrist radiographs
added to ImageJ via File/Open were set with the Image/Type/32-bit
command. The reason why 32-bit commands are preferred the sep-
aration in the colour spectrum over 8-bit and 16-bit commands is to
provide more information and avoid losing details in the bone mat-
uration change. The Image/ Zoom/ Maximize command was used to
facilitate the region selection process on the analysed radiographs. It
has been reported that eliminating image noise from hand-wrist ra-
diographs is a critical step in detecting maturation.!! Therefore, the
Process/Noise/Despeckle command was used to create a spectrum
suitable for evaluation by reducing the noise in hand-wrist radio-
graphs (Figure 1B). The Image/Lookup Tables/Spectrum command
was used to obtain the final form of the radiographs to be analysed
(Figure 1C).

In all radiographs, histograms from the distal, medial, and proxi-
mal phalanx of the middle finger were obtained using the rectangle
64*64 pixel selections tool. The region is centered on the joint space
where the phalanges converge and excludes the phalanx periphery.
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FIGURE 1 Hand-wrist radiograph of the patient (A); the pseudocolor version of the radiographs obtained in ImageJ program and the
region taken as the background (B); and the Spectrum/Histogram table of the selected region on the photograph (C)

FIGURE 2 The distal (A), mesial (B), and proximal (C) phalanxes of the regions examined in the pseudocolor version of the radiographs

obtained in ImageJ program

In addition, in order to eliminate the density differences caused by
the X-ray device in all radiographs, a histogram was created by se-
lecting a tissue-free 64*64-pixel area between the third and fourth
fingers. The Analyse/Histogram command was used to convert the
spectrum to numerical data (Figure 2). The “Mean” data obtained
as a result of the analysis was used to determine the maturation
stage. The distal, medial, and proximal phalanx values obtained from
each radiograph were considered as their total density values (TDV).
The values obtained from the tissue-free region of each radiograph
were extracted from TDV by simple subtraction. The data obtained
through this procedure was accepted as the pure density value
(PDV). All these values were calculated for all patients, as well as by

classifying them by gender.

2.3 | Statistical analysis

The Kolmogorov-Smirnov test was used to assess the normality of
our data. Parametric tests were used because the data had a nor-
mal distribution. The Pearson chi-square test was used to deter-
mine the patients' gender distribution. The pure and total density
values obtained from the medial, distal, and proximal third fingers
of the hand-wrist radiographs were divided into groups of pre-peak,
peak and post-peak, and, additionally, 7 different growth periods
(PP2=, MP3=, MP3cap, DP3u, PP3u, MP3u, Ru) and then compared.
Analysis of variance (ANOVA) was applied to evaluate the differ-
ence between the values measured by both total and gender in the

groups, and pairwise comparisons were made using the post-hoc
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LSD test. All radiographs were re-evaluated two weeks later by the
same investigators (O.F.S.) and (M.H.B) to calculate intra-examiner
reliability. Intra-class correlation coefficients (ICCs) were calculated
to determine inter-examiner and intra-examiner reliability scores. In
the inter-examiner and intra-examiner evaluations for measurement
reliability, the repeatability coefficients were found to be accept-
able (0.899-0.961 and 0.923-0.959, respectively). SPSS package
program (for Windows, v.20.0; SPSS Inc.) was used to analyse the
data. The results were considered statistically significant, being at

the P<.05 significance level.

3 | RESULTS

There was a significant difference in the ages of the groups sepa-
rated according to their hand-wrist periods (P<.05). The Pearson
chi-square test revealed no statistically significant differences in the
sex distribution (P>.05) (Table 1).

There was a continuous increase in the total density values in
the mesial, distal, and proximal phalanxes until the post-peak period,
a decrease in density following the DP3u period until the MP3u pe-
riod, and an increase in density following the MP3u period (Figure 3).
There was no significant difference in the total density values of
all three phalanges between the growth periods (P>.05)(Table 1).
There was a difference between the pure density values obtained
after subtracting the background density from the total density
values in all phalanx measurements between both male and female
individuals in the groups (P<.05). In addition, when the background
densities were compared, it was determined that the groups were
similar (P>.05)(Table 1). The similarity of the backgrounds indicates
that the radiograph’s density and contrast are comparable, and that
standardization is achieved through the comparison of the groups. In
the mesial, distal, and proximal phalanxes, a continuous increase in
density was observed until the post-peak period in the pure density
values free from background, a decrease was observed following the
DP3u period until the Ru period (Figure 4). A significant difference
was observed between the growth periods in both male and female
individuals in the pure density values of all three phalanges (P <.05)
(Table 1).

4 | DISCUSSION

When planning orthodontic treatments, it is critical to consider the
individual's growth period, particularly when correcting skeletal
problems. For this purpose, hand-wrist radiographs or cephalo-
metric radiographs are taken as a diagnostic tool at the beginning
of treatment in many patients. Although detection of the growth
period from cervical vertebrae on cephalometric radiographs has
increased in popularity in recent years, it is still considered the
gold standard because hand-wrist radiographs have more specific
stages for period detection, are more repeatable, and are easy to

detect.??13

Radiographic evaluation software, which is important for diag-
nosis in dentistry, is advancing rapidly with the advancements in
modern computer technology. Artificial intelligence’s applications in
dentistry and orthodontics are expanding daily. There are studies
and artificial intelligence software available in the literatures that ex-
amine the detection of growth period using hand-wrist radiographs
and cervical vertebrae.#*1> Our study’s primary objective is to find
whether the growth period can be determined from hand-wrist ra-
diographs using the ImageJ program as an alternative to artificial in-
telligence software that has gained popularity in recent years.

The phases of the middle finger's distal, medial, and proximal
phalanges are one of the most frequently used methods for deter-
mining the degree of maturation on hand-wrist radiographs.!® In
conventional radiography, the grey tones on the image correspond
to the density and biological thickness of the tissues included in the
image, and radiographic density differences are converted to nu-
merical data using ImageJ and similar software, allowing for inde-
pendent evaluation. Pseudocolor imaging can be obtained by using
the ImageJ software’s colour spectrum feature. Anatomical regions
with different tissue thicknesses can be presented both visually
and converted into digital data. The numerical data obtained with
the ImageJ colour spectrum increases as the thickness of a tissue
increase.l” The increase in the thickness and density of bone tis-
sue as the maturation phase progresses is a physiological change.
According to our study’s hypothesis, as the bone maturation stage
progresses, the thickness of the tissue in the middle finger phalanx
regions of hand-wrist radiographs and numerical data obtained
using the ImageJ colour spectrum will increase.

Kok et al.}” stated that while hand-wrist radiographs are the gold
standard for determining maturation, cephalometrics may be pre-
ferred due to their widespread clinical use. They reported in their
study that while the accuracy of maturation detection from ceph-
alometric radiographs with the assistance of artificial intelligence
was insufficient in some aspects, it was generally successful, indi-
cating that the use of artificial intelligence in orthodontics would be
beneficial.

The same researchers compared hand-wrist and cephalomet-
ric radiographs (cervical vertebrae stages) of the same individuals
in another study. As a result of the study, they recommended that
programs powered by artificial intelligence be used for determining
maturation in order to prevent inconsistencies between observers.'®
In our study, we demonstrated that maturation detection using nu-
merical data derived from standard analysis areas determined on
hand-wrist radiographs independently of the observer can serve
as an auxiliary and/or alternative to artificial intelligence-based
software.

Kunz et al.}*

also investigated the use of artificial intelligence
to detect landmarks in cephalometric radiography. The study men-
tioned the difficulty of establishing the gold standard between
observers and reported that very successful results were ob-
tained when using artificial intelligence to determine the landmark.
Considering our findings, it has been determined that the maturation

stage can be determined by detecting the analysis area, similar to
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how landmarks are detected with the support of artificial intelli-
gence from hand-wrist radiographs.

Gao et al.'* detected maturation in hand-wrist radiographs using
artificial intelligence supported software. They stated that the matu-
ration detection was made more realistic by eliminating background
noise in wrist radiographs. By removing the density difference in
the background of hand-wrist radiographs, more acceptable results
were obtained during the maturation stage in the current study.
Similar to Gao et al, significant results were obtained in the PDV val-
ues obtained after removing the tissue-free region and the pre-peak
period was clearly demonstrated. It should be noted that eliminating
the background in numerical data in this software by a simple sub-
traction will not always lead to accurate results. After the pre-peak
period, the PDV graph shows a slight decreasing trend in the numer-
ical data. This result could be explained by changes in the joint space
between the phalanges and in the soft tissues of the extremities fol-
lowing the pre-peak period.

Data is processed and classified by artificial intelligence pro-
grams. As a result, it attempts to match the shape of the area in the
radiographs to be examined on a shape-based basis, and the most
appropriate period is determined using artificial neural networks.
The primary advantage of the ImageJ program in this case is that it
enables objective evaluation of numerical data. Additionally, no prior
software is required. We use the ImageJ pseudocolor application to
ensure that the region of interest (ROI) for hand-wrist radiographs
is accurate. Colour images provide a unique perspective and are not
always used to collect numerical data.’

Further research can be conducted to obtain more detailed re-
sults by including different gender characteristics across populations

MP3u Ru

= PROXIMAL PHALANX

and age groups, and by conducting studies with larger sample sizes.
It is even capable of establishing a norm value for each subgroup
within a society. Clinicians and researchers will be able to examine
individuals' the hand-wrist radiographs in ImageJ and determine
their growth period based on norm values.

5 | CONCLUSION

In order to minimize method error in individual interpretations of
hand-wrist radiographs, which enables us to determine the most re-
liable and specific period for detecting growth periods, many new
methods such as artificial intelligence have been used recently with

the advancement of technology. As a result of this preliminary study,

e |t has been demonstrated that using the ImageJ program, the pure
density values obtained from all phalanges of the third finger can
be used to distinguish the peak growth period.

e The ImageJ program can also be used as an alternative to artificial

intelligence-based growth period detection.
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