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ORIGINAL ARTICLE
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ABSTRACT

Objective: The aim of this study is to evaluate the cortical and trabecular mandibular bone morphology of children 
and adolescents with type 1 diabetes mellitus (DM) and control group utilizing fractal dimension analysis (FDA) 
and different panoramic radiomorphometric indices through digital panoramic radiographic images (DPRIs). 
Methods: The study included 57 patients for the type 1 DM group (25 male and 32 female with a mean age of 
11.5±2.4 years) and 57 patients for the control group (28 male and 29 female with a mean age of 10.5±2.1 years).  
The type 1 DM group was divided into the well-controlled, moderately-controlled, and poorly-controlled subgroups 
based on HbA1c. Mandibular cortical width (MCW) (according to Lengerton et al.) and panoramic mandibular 
index (PMI) (according to Benson et al.) were measured, mandibular cortical index (MCI) (according to Klemetti et 
al) and simple visual estimation (SVE) (according to Lee et al.) were evaluated, and FDA was conducted according 
to White and Rudolph, resulting in three areas of interest (IAs) being obtained in all of the DPRIs. Results: There 
was no significant difference between type 1 DM group and control according to the mean MCW, mean PMI 
measurements, MCI and SVE.  The mean FD values were not significantly different between type 1 DM group 
and the control and between type 1 DM subgroups and control. Conclusion: This study revealed no cortical and 
trabecular bone changes in mandibula in children and adolescents with type 1 DM compared to the control group. 
In addition, metabolic control states of DM did not affect the bone structure.
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INTRODUCTION

Type 1 DM is caused by an autoimmune reaction in 
which the body’s immune system attacks insulin-
producing beta cells in the islets of the pancreas 
gland. Until recently, bone was not regarded as a 
target organ for diabetes-related complications. Adults 
with type 1 DM have up to a six-fold increased risk 
of bone fractures, which can be seen in children and 
adolescents with type 1 DM, too.1 As a result of the 
decrease in bone formation and destruction mechanism, 
micro-fracture production is impaired and bone quality 
may deteriorate in patients with diabetes.2 In children 
and adolescents with metabolically poorly controlled 
type 1 DM, cortical area and trabecular volumetric 
bone mineral density were found to be decreased,3,4 

while some studies5,6 found no changes in bone mineral 
structure.  

Panoramic radiographic images can reveal a decrease 
in bone mineral density (BMD).7 For this purpose, 
several different panoramic radiomorphometric 
indices: mandibular cortical width (MCW), panoramic 
mandibular index (PMI), mandibular cortical index 
(MCI), and simple visual estimation (SVE)) have 
been used in literature.7-15 Fractal dimension analysis 
(FDA) is a type of statistical structural analysis used 
to describe complex shapes and structural features 
based on fractal mathematics.16 The FD detected on 
radiographs has been associated with changes in bone 
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density and is thought to reflect mineral loss in the 
bone.17 While Kursun and Bayrak18 examined bone 
mineral content in adult DM patients using FDA, to 
the best of the author’s knowledge, no such study has 
been conducted in pediatric and adolescent patients 
with type 1 DM. 

The aim of this retrospective study is to evaluate the 
cortical and trabecular mandibular bone morphology 
of children and adolescents with type 1 DM and that 
of a systemically healthy group, utilizing FDA and 
different panoramic radiomorphometric indices by 
means of DPRI. 

METHODS

This study was approved by the Clinical Research 
Ethics Committee of the Faculty of Medicine at the 
Akdeniz University Scientific Research and Publication 
Ethics Board University (Ethics approval number: 
70904504/552). 

This retrospective study was conducted in the 
Department of Pedodontics, Faculty of Dentistry, 
Akdeniz University and Department of Pediatric 
Endocrinology, Faculty of Medicine, Akdeniz 
University. The records of patients who presented 
to the Department of Pedodontics between 2012 and 
2019 were assessed, and 69 type 1 DM patients were 
identified. DPRIs of the 69 patients were retrospectively 
obtained from the Department of Oral and Maxillofacial 
Radiology and the following inclusion and exclusion 
criteria were applied: Inclusion criteria were: (1) 
Must be aged between seven and sixteen years, (2) 
must have had no systemic disease other than type 
1 DM and must not have used any medication other 
than insulin, (3) must have been followed up at the 
Department of Pediatric Endocrinology, (4) must have 
had DPRI taken close to the period when the HbA1c 
test was taken (maximum three months), (5) must 
have all teeth or teeth germs present (except third 
molar), and (6) must have DPRI with radiologically 
periodontally healthy tissues. Exclusion criteria were: 
(1) having other systemic diseases than type 1 DM, 
(2) the image having poor quality and horizontal and 
vertical distortions, (3) suspected temporomandibular 
joint pathology, (4) having DPRI which has a sclerotic 
area in the mandibula, (5) having DPRI where the 
mental foramen could not be clearly visualized, and 
(6) having DPRI where the region of interests for FDA 
could not be clearly visualized or that had anatomical 
superposition to these areas. 

When these criteria were taken into consideration, 
radiographic images of two patients with missing teeth, 
and ten patients whose mental foramen could not clearly 
be visualized, were excluded from the study; therefore, 
57 patients were included in the study for the type 1 DM 

group. HbA1c values of the 57 patients were obtained 
from the Department of Pediatric Endocrinology, 
Faculty of Medicine and the mean HbA1c from the most 
recent year of follow-up was categorized into <7.5%, 
7.5–9%, and >9% for each participant, indicating 
well-controlled, moderately-controlled, and poorly-
controlled type 1 DM, respectively5. For the control 
group, except for the second, third, and fourth criteria 
of the aforementioned inclusion criteria were applied, 
and a number of patients equal to that of the type 1 
DM group who did not have any systemic disease were 
included (n = 57). The anamnesis and HbA1c data of 
the patients were obtained using the Metasoft Dentasist 
program (version 3.0.448 (Eskişehir, Turkey)) and 
MIA-MED (version 1.0.13767), respectively. 

All DPRIs were obtained by one x-ray technician using 
a Planmeca ProMax device (Planmeca Oy, Helsinki, 
Finland) in accordance with the manufacturer’s 
instructions. DPRIs were evaluated using the same 
LED monitor and by the same investigator (an expert 
in dental radiology with seven years of experience) at 
a distance of approximately 40–50cm from the LED 
monitor. The evaluation was conducted in a low-light 
environment, with tonal adjustments made to the 
images to maximize the view. Only five panoramic 
images were reviewed each day in order to prevent 
investigator fatigue. Measurements were automatically 
calibrated with the Planmeca Romexis 4.0 software, 
which was specially developed for the Planmeca 
ProMax device (Planmeca Oy: 00880, Helsinki, 
Finland), in accordance with the manufacturer’s 
instructions. 

Radiomorphometric indices
MCW was assessed according to the technique used by 
Ledgerton et al.9: The mental foramen was identified 
on the DPRI, and two lines were drawn tangent to the 
lower border of the mandible and parallel to the upper 
border of the mandibular cortical layer. A vertical 
line was drawn connecting the center of the mental 
foramen and the lower border of the mandible. The 
distance between the two parallel lines was measured 
as MCW (Figure 1). MCW was measured separately 
on the right and left mandibular sides, and the mean 
values were calculated. 

Figure 1. A line parallel to the inferior border of the mandible 
(a); distance between the inferior border of the mental 
foramen and “a” line (b); mandibular cortical width (c); and 
panoramic mandibular index (c/b)
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PMI was assessed using the technique described 
by Benson et al.10: The ratio of the thickness of the 
mandibular cortex to the distance from the inferior 
edge of the mental foramen to the lower border of 
the mandible was calculated. The PMI was measured 
separately for the right and left mandibular sides, and 
the mean values were calculated (Figure 1). 

MCI was evaluated according to the technique 
used by Klemetti et al.7: This approach is based on 
the morphologic changes in the cortical bone at 
the mandibular base. C1: The endosteal margins of 
the cortex are sharp and equal on both sides, C2: 
The endosteal margins show defects in the form of 
semilunar (lacunar resorption) and/or endosteal cortical 
residues on one or both sides, and C3: The cortical layer 
contains heavy endosteal cortical residues and is clearly 
porous (Figure 2). 

SVE was evaluated according to the technique used 
by Lee et al.,14 and the cortex was classified into two 
categories based on a simple visual estimation of the 
mandibular inferior cortex widths: thin and not thin 
(Figure 3). 

Fractal dimension analysis 
The FDA for each image was conducted according 
to White and Rudolph’s19 technique using the box-
counting method. The images were analyzed via 
ImageJ version 1.3 software (National Institutes of 
Health, Bethesda, MD), which can be downloaded 
from the following link: http://rsb.info.nih.gov/ij/
download.html. Three areas of interest (IA) from the 

left side of the mandible were determined for the FDA 
IA 1: A rectangle in the basal cortical bone, distal to 
the mental foramen, extending to the distal root of the 
first permanent molar 11; IA 2: A 64x64 pixel square 
in the geometric center of the angle of mandible; and 
IA 3: A 64x64 pixel square in the geometric center of 
the condyle. The steps of FDA are given in Figure 4. 

After 4 weeks, MCW, PMI measurements, MCI, SVE 
and FDA were repeated for 50 randomly selected 
patients and inter-observer variability was assessed. 

Statistical analysis 
The obtained data were statistically analyzed using an 
SPSS software package (version 23.0, SPSS Chicago, 
USA). After the homogeneity of variance and normal 
distribution had been verified using Levene’s test, 
quantitative variables were compared between the 
groups using the student’s t-test, Kruskal–Wallis test, 
or Mann-Whitney U test. Qualitative variables were 
analyzed using the Kruskal–Wallis, Mann-Whitney 
U, chi-square, and exact Fisher tests. Intra-observer 
reliability was assessed via the interclass correlation 
coefficient (ICC)20 and the kappa coefficients.21 
Statistical significance was assumed at p < 0.05.

RESULTS

While 16 well-controlled, 17 moderately-controlled, 
and 24 poorly controlled type 1 DM patients were 
included in the study, the control group consisted of 57 
participants in total. The type 1 DM group comprised 

Figure 2. C1: endosteal margins of the cortex are sharp 
and equal on both sides (a); C2: endosteal margins show 
defects in the form of semiulnar (lacunar resorption), and / 
or endosteal cortical residues on one or both sides (b); C3: 
the cortical layer contains heavy endosteal cortical residues 
and is clearly porous (c)

Figure 3. Classification of simple visual estimation: thin 
(a); not thin (b)

Figure 4. Interest areas; 1: on the cortical bone, 2: on 
the angulus mandible, 3: on the condyle (a); cropped and 
duplicated image (b); a gaussian blurred image (c); a 
subtraction image (d); an added 128 image (e); binarization 
(f); erosion (g); dilation (h); and skeletonization (i)
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25 male and 32 female patients with a mean age of 11.5 
± 2.4 years. The control group comprised 28 male and 
29 female patients with a mean age of 10.5 ± 2.1 years. 

The ICC values indicated good reliability for each 
measurement, including IA 1 (ICC = 0.828), IA 2 (ICC 
= 0.833), IA 3 (ICC = 0.82), MCW (ICC = 0.898), and 
PMI (ICC = 0.929), and the kappa coefficients were 
0.908 and 0.919 for MCI and SVE, respectively. 

There was no significant difference between the mean 
MCW and PMI measurements of the type 1 DM group 
and control groups. Table 1 displays the minimum, 
maximum, mean, standard deviation, and p values 
of the MCW and PMI measurements for all groups 
(the well-controlled, moderately-controlled, poorly 
controlled type 1 DM, and control groups). 

According to MCI classification, while forty-one C1, 12 
C2, and four C3 patients were discovered in the type 1 
DM group, forty-five C1, nine C2, and three C3 patients 
were detected in the control group. According to SVE 
classification, there were 25 ‘’thin” and 32 “not thin” 
patients in the type 1 DM group, and 21 ‘’thin” and 36 
“not thin” patients in the control group. There were no 
significant differences found between the type 1 DM 
and control groups according to MCI and SVE (p = .39 
and p = .447, respectively). 

In the type 1 DM group, while the mean MCW values 
correlated with the SVE (p < .001), the mean PMI 

Table 1. The minimum, maximum, mean, standard deviation and p values of MCW and PMI measurements in all groups

Parameter Group min (mm) max (mm) mean (mm) SD p
Type 1 DM 2.25 8.5 4.9 1.07 .138
control 2.60 8.10 4.6 1.11
Well-controlled 3.35 7.35 4.94 1.27 .301
control 2.60 8.10 4.6 1.11

MCW Moderately -controlled 3.85 6.35 4.9 0.57 .139
control 2.60 8.10 4.6 1.11
Poorly-controlled 2.65 8.50 4.88 1.22 .311
control 2.60 8.10 4.6 1.11
Type 1 DM 0.2 0.56 0.33 0.08 .378
control 0.21 0.53 0.32 0.07
Well-controlled 0.23 0.49 0.33 0.07 .504
control 0.21 0.53 0.32 0.07

PMI Moderately -controlled 0.26 0.52 0.34 0.08 .461
control 0.21 0.53 0.32 0.07
Poorly-controlled 0.2 0.56 0.33 0.09 .570
control 0.21 0.53 0.32 0.07

MCW, mandibular cortical width; PMI, panoramic mandibular index; DM: diabetes mellitus; min: minimum; max: maximum; 
mm: milimeter; SD: standard deviation

values did not (p = .14). In comparison, the mean MCW 
and PMI values did not correlate with the MCI (p = .05 
and p = .842, respectively). The mean MCW values 
were 4.27 ± 0.7 mm and 5.39 ± 1.03 mm in the “thin” 
and “not thin” groups, respectively, and the mean PMI 
values were 0.31 ± 0.09 mm and 0.35 ± 0.06 mm in the 
“thin” and “not thin” groups, respectively. 

In the control group, the mean MCW and PMI values 
correlated with the SVE (p < .001 and p = .013, 
respectively), while the mean MCW and PMI values 
did not correlate with the MCI (p = .35 and p = .882, 
respectively). The mean MCW values were 3.81 ± 0.89 
mm and 5.06 ± 0.97 mm in the “thin” and “not thin” 
groups, respectively, and the mean PMI values were 
0.29 ± 0.06 mm and 0.34 ± 0.07 mm in the “thin” and 
“not thin” groups, respectively. 

The mean FD values of the type 1 DM and control 
groups were found to be almost identical without a 
statistically significant difference. When IAs were 
taken into consideration, the mean FD values did not 
differ significantly between regions in the type 1 DM 
and control groups. In addition, the mean FD values, IA 
1 FD values, IA 2 FD values, and IA 3 FD values were 
not significantly different across regions in the well-
controlled, moderately-controlled, poorly controlled, 
and control groups. Table 2 displays the minimum, 
maximum, mean, standard deviation, and p values of 
FD in all groups. 
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Regarding the HbA1c values in the type 1 DM group, 
the mean MCW values were found to be 4.94 ± 1.27 
mm, 4.9 ± 0.57 mm, and 4.88 ± 1.22 mm; the mean PMI 
values were 0.33 ± 0.07 mm, 0.34 ± 0.08 mm, and 0.33 
± 0.09 mm; the mean FD values were 1.24 ± 0.09, 1.27 
± 0.08, and 1.24 ± 0.05; the mean IA 1 FD values were 
1.05 ± 0.05, 1.08 ± 0.08, and 1.05 ± 0.04; the mean IA 2 
FD values were 1.29 ± 0.2, 1.34 ± 0.17, and 1.35 ± 0.1; 

Table 2. The minimum, maximum, mean, standard deviation and p values of FD in all groups

Parameter Group min max mean SD p
Type 1 DM 1.04 1.44 1.25 0.07 .29
Control 1.11 1.45 1.26 0.07
Well-controlled 1.04 1.35 1.24 0.09 .26
Control 1.11 1.45 1.26 0.07

FD Moderately-controlled 1.14 1.44 1.27 0.08 .701
Control 1.11 1.45 1.26 0.07
Poorly-controlled 1.14 1.34 1.24 0.05 .143
Control 1.11 1.45 1.26 0.07
Type 1 DM 0.99 1.25 1.06 0.06 .224
Control 0.99 1.24 1.07 0.06
Well-controlled 1 1.16 1.05 0.05 .212
Control 0.99 1.24 1.07 0.06

IA 1 FD Moderately-controlled 0.99 1.25 1.08 0.08 .715
Control 0.99 1.24 1.07 0.06
Poorly-controlled 0.99 1.16 1.05 0.04 .089
Control 0.99 1.24 1.07 0.06
Type 1 DM 0.73 1.58 1.33 0.17 .22
Control 1.05 1.89 1.36 0.13
Well-controlled 0.73 1.58 1.29 0.2 .086
Control 1.05 1.89 1.36 0.13

IA 2 FD Moderately-controlled 0.99 1.52 1.34 0.17 .564
Control 1.05 1.89 1.36 0.13
Poorly-controlled 1.07 1.58 1.35 0.1 .58
Control 1.05 1.89 1.36 0.13
Type 1 DM 1 1.82 1.34 0.14 .795
Control 1.07 1.89 1.34 0.13
Well-controlled 1 1.82 1.35 0.2 .965
Control 1.07 1.89 1.34 0.13

IA 3 FD Moderately-controlled 1.21 1.61 1.35 0.1 .747
Control 1.07 1.89 1.34 0.13
Poorly-controlled 1.11 1.46 1.32 0.1 .408
Control 1.07 1.89 1.34 0.13

FD: fractal dimension; IA 1: basal cortical bone region; IA 2: angulus mandible region; IA 3: condyle region; DM: diabetes 
mellitırus; min: minimum; max: maximum; SD: standard deviation

and the mean IA 3 FD values were 1.35 ± 0.2, 1.35 ± 
0.1, and 1.32 ± 0.1 in the well-controlled, moderately-
controlled, and poorly controlled groups of type 1 
DM, respectively. Table 3 shows the p values for all 
parameters regarding the HbA1c values in type 1 DM. 

When IAs were taken into consideration, no significant 
difference was seen between IAs and both MCI and 
SVE values in the type 1 DM and control groups.
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Table 3. p values The in all parameters considering the HbA1C in type 1 Diabetes Mellitus group

Parameter Type 1 DM Well controlled Medium  controlled Poorly  controlled
MCW Well-controlled ---- .92 .893

Moderately-controlled .92 ---- .947
Poorly-controlled .893 .947 ----

PMI Well-controlled ---- .952 .928
Moderately-controlled .952 ---- .884
Poorly-controlled .928 .884 ----

FD Well-controlled ---- .305 .983
Moderately-controlled .305 ---- .149
Poorly-controlled .983 .149 ----

IA 1 FD Well-controlled ---- .259 .863
Moderately-controlled .259 ---- .180
Poorly-controlled .863 .180 ----

IA 2 FD Well-controlled ---- .43 .33
Moderately-controlled .43 ---- .93
Poorly-controlled .33 .93 ----

IA 3 FD Well-controlled ---- .87 .62
Moderately-controlled .87 ---- .25
Poorly-controlled .62 .25 ----

DM: diabetes mellitus; MCW: mandibular cortical width; PMI: panoramic mandibular index; FD: fractal dimension; IA 1: 
basal cortical bone region; IA 2: angulus mandible region; IA 3: condyle region

DISCUSSION

Diabetes mellitus can have an effect on bone structure. 
It is critical to monitor the disease by keeping track of 
the blood glucose levels of diagnosed individuals at 
regular intervals. Limeira et al 22 found lower values 
for some radiomorphometric parameters in poorly 
controlled type 1 DM than in non-diabetic patients. 
Nemtoi et al.23 discovered a significant correlation 
between bone quality and glycosylated hemoglobin 
values, as well as an inverse correlation between 
cortical and trabecular bone density values and HbA1c. 
Deveraja et al.4 examined the impact of type 1 DM on 
skeletal microstructure and found detrimental changes 
in bone microarchitecture, which may be a result of 
poorly controlled diabetes. In the current study, no 
statistically significant differences in mean MCW and 
PMI values were observed between the subgroups of 
type 1 DM and the control group in the mean MCW 
and PMI values. This discrepancy can be explained 
by the fact that it is not known how long and in which 
subgroups of type 1 DM the patients that were included 
in the presented study. It may take some time before 
poorly controlled type 1 DM causes changes to bone 
structure. Perhaps the patients included in the current 
study had been in the well-controlled group for a 
long period of time and were assigned to the poorly 
controlled group by chance at the time the DPRIs 
were taken.

Numerous methods have been developed to obtain 
quantitative data from radiograph evaluations. One of 
these is digital subtract radiography, which has been 
reported to reveal as small as 5% mineral loss with high 
accuracy.24 FDA is a viable alternative to this method 
as it is unaffected by projection geometry,25 and has 
been used more frequently in recent years. FD detected 
on radiographs ref lects the changes in trabecular 
bone density and mineral loss in the bone.16,17,26 The 
effects of many systemic diseases on the jaw have 
been investigated using FD in the literature.11,13,17,18,26 
However, only two studies so far have applied FDA to 
DM patients.18,27 

Childhood and adolescence are critical periods for 
bone mass gain, since about 90 % of BMD is acquired 
before the age of 18, and a low BMD may increase 
the risk of fractures in adulthood.28 FDA has been 
applied to radiographic images of adult patients in 
virtually all studies.13,17,18 While Apolina ŕio et al.11 
applied FDA to radiographic images of children with 
osteogenesis imperfecta, Demirbaş et al.26 applied 
FDA to radiographic images of sickle cell anemia 
patients aged 11–40 years. To the best of the author’s 
knowledge, the present study is the first to apply FDA 
to DPRIs of children and adolescents with type 1 DM 
and a control group. 
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Regarding the study conducted by Kursun and 
Bayrak18, the mean MCW and PMI values were 2.06 
± 0.57 mm and 0.28 ± 0.07 mm, respectively, in type 
1 DM patients and were 2.62 ± 0.76 mm and 0.33 ± 
0.06 mm, respectively, in the control group. In the 
present study, the mean MCW values were 4.9 ± 1.07 
mm and 4.6 ± 1.11 mm while the mean PMI values 
were 0.33 ± 0.08 mm and 0.32 ± 0.07 mm in the type 1 
DM and control group, respectively. This higher value 
is thought to be attributable to the fact that age is a 
significant factor in evaluating MCW18,29,30 and that PMI 
is a variable dependent on MCW. As a result, Kursun 
and Bayrak18 found that the mean MCW and PMI 
values were significantly lower in type 1 DM patients 
compared to the control group. However, the current 
study discovered no difference between these values 
between the two groups. 

Similarly to the current investigation, Kursun and 
Bayrak18 observed no relationship between diabetes 
and control groups regarding mean FD measurements. 
While it is known that BMD diminishes with age,31,32 
the similarity of the results obtained in both studies can 
be interpreted as the bone trabecular structure of type 
1 DM patients being unaffected by age. 

Kursun and Bayrak18 did not discover the conditions 
for group C3 according to MCI classifications in either 
the DM or control groups, and, similarly to the current 
study, they did not find any correlation between the type 
1 DM and control groups according to MCI. 

Kursun and Bayrak18 included individuals with well-
controlled type 1 DM in their study. The authors in the 
present study divided the type 1 DM group into three 
subgroups based on HbA1c. In this study, no significant 
differences were found in mean FD values between 
the well-controlled and poorly controlled groups, the 
well-controlled and moderately-controlled groups, 
and the moderately-controlled and poorly-controlled 
groups (p = .983, p = .305 and p = .149, respectively). 
In addition, there were no significant relationships 
between the subgroups of the type 1 DM and control 
groups’ mean FD values in the current study (p = .26, p 
= .701 and p = .143, respectively). From these results, it 
can be concluded that bone trabecular structure density 
is not affected by whether diabetes is controlled or 
not. However, as previously stated, it is unknown how 
long these patients had been in the well-controlled, 
moderately-controlled, or poorly controlled groups in 
current study. 

Apolina rio et al.11 discovered a correlation between 
MCW measurements in the SVE and MCI (p < .05 and 
p = .001, respectively). In the current study, while there 
was a correlation between the MCW and SVE in both 
the type 1 DM and control groups (p < .001 in both 
groups), no correlation was found between the MCI 
and MCW measurements in both groups (p = .05 in 

the type 1 DM group and p = .35 in the control group). 
While MCW values ranged between 2.5–2.8 mm in the 
“thin” group, the MCW values ranged between 3.5–3.7 
mm in the “not thin” group in the study by Apolina 
ŕio et al.11 In the current study, the mean MCW values 
were 4.27 ± 0.7 mm and 5.39 ± 1.03 mm in the “thin” 
and “not thin” groups, respectively. The fact that the 
mean MCW in the present study is higher than that in 
the mentioned study can be explained by the fact that 
osteogenesis imperfecta has a greater effect on bone 
structure than type 1 DM does.

The absence of dual-energy x-ray absorptiometry 
performed on the analyzed individuals is considered a 
limitation for the current study. However, the current 
study is the first to evaluate radiomorphometric indices 
and FD in children and adolescents with type 1 DM 
based on HbA1c levels. Therefore, further studies that 
use bone metabolism biomarkers and dual-energy x-ray 
absorptiometry in conjunction with DPRI are needed.

CONCLUSION

This study concluded that children and adolescents with 
type 1 DM had no cortical and trabecular bone changes 
in the mandibula when compared to the healthy control 
group.  Type 1 DM and its metabolic control states do 
not affect bone structure in children and adolescents. 

CONFLICT OF INTERESTS

The authors declares that they have no conflict of 
interest.

FUNDING

There are no financial or other relations that could lead 
to a conflict of interest

REFERENCES

1. Hough FS, Pierroz DD, Cooper C, Ferrari SL. 
Mechanisms in endocrinology: Mechanisms and 
evaluation of bone fragility in type 1 diabetes 
mellitus. Eur J Endocrinol. 2016; 174(4):127-38.

2. Wang JF, Lee MS, Tsai TL, Leiferman EM, Trask 
DJ, Squire MW, Li WJ. Bone morphogenetic 
protein-6 attenuates type 1 diabetes mellitus-
associated bone loss. Stem Cells Transl Med. 2019; 
8(6):522-34.

3. Fuusager G, Milandt N, Shanbhogue VV, Hermann 
AP, Schou AJ, Christesen HT. Lower estimated 
bone strength and impaired bone microarchitecture 
in children with type 1 diabetes. BMJ Open 
Diabetes Res Care. 2020; 8(1):001384.



59

Journal of Dentistry Indonesia 2022, Vol. 29, No. 1, 52-60

4. Devaraja J, Jacques R, Paggiosi M, Clark C, 
Dimitri P. Impact of type 1 diabetes mellitus 
on skeletal ıntegrity and strength in adolescents 
as assessed by HRpQCT. JBMR Plus. 2020; 
4(11):10422.

5. Roh JG, Yoon JS, Park KJ, Lim JS, Lee HS, Hwang 
JS. Evaluation of bone mineral status in prepuberal 
children with newly diagnosed type 1 diabetes. 
Ann Pediatr Endocrinol Metab. 2018; 23(3):136-40.

6. Sav NM, Kendirci M, Akin L, Kurtoglu S. Urinary 
levels of pyridinoline and deoxypyridinoline and 
bone mineral density in children with type 1 
diabetes mellitus. Endocr Res. 2017; 42(4):281-6.

7. Klemetti E, Kolmakow S. Morphology of the 
mandibular cortex on panoramic radiographs as an 
indicator of bone quality. Dentomaxillofac Radiol. 
1997; 26(1):22-5.

8. Cakur B, Sahin A, Dagistan S, Altun O, Caglayan 
F, Miloglu O, Harorli A.  Dental panoramic 
radiography in the diagnosis of osteoporosis. J Int 
Med Res. 2008; 36(4):792-9.

9. Ledgerton D, Horner K, Devlin H, Worthington 
H. Radiomorphometric indices of the mandible 
in a British female population. Dentomaxillofac 
Radiol. 1999; 28(3):173-81.

10. Benson BW, Prihoda TJ, Glass BJ. Variations 
in adult cortical bone mass as measured by a 
panoramic mandibular index. Oral Surg Oral Med 
Oral Pathol. 1991; 71(3):349-56.

11. Apolinário AC, Sindeaux R, de Souza Figueiredo 
PT, Guimarães AT, Acevedo AC, Castro LC, de 
Paula AP, de Paula LM, de Melo NS, Leite AF. 
Dental panoramic indices and fractal dimension 
measurements in osteogenesis imperfecta children 
under pamidronate treatment. Dentomaxillofac 
Radiol.  2016; 45(4):20150400.

12. Alman AC, Johnson LR, Calverley DC, Grunwald 
GK, Lezotte DC, Hokanson JE. Diagnostic 
capabilities of fractal dimension and mandibular 
cortical width to identify men and women with 
decreased bone mineral density. Osteoporos Int.  
2012; 23(5):1631-6.

13. Neves FS, Barros AS, Cerqueira GA, Cruz 
GA, Reis AA, Alves LB. Assessment of fractal 
dimension and panoramic radiomorphometric 
indices in women with celiac disease. Oral Radiol. 
2020; 36(2):141-7.

14. Lee K, Taguchi A, Ishii K, Suei Y, Fujita M, 
Nakamoto T et al. Visual assessment of the 
mandibular cortex on panoramic radiographs to 
identify postmenopausal women with low bone 
mineral densities. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod. 2005; 100(2):226-31. 

15. Yeung AWK, Mozos I. The innovative and 
sustainable use of dental panoramic radiographs 
for the detection of osteoporosis. Int J Environ Res 
Public Health Apr.  2020; 17(7):2449.

16. Kato CN, Bar ra SG, Tavares NP, Amaral 
TM, Brasileiro CB, Mesquita RA, Abreu LG. 
Use of fractal analysis in dental images: A 

systematic review. Dentomaxillofac Radiol. 2020; 
49(2):20180457.

17. Ergün S, Saraçoglu A, Güneri P, Ozpinar 
B .  A p pl i c a t io n  of  f r a c t a l  a n a ly s i s  i n 
hyperparathyroidism. Dentomaxillofac Radiol. 
2009; 38(5):281-8.

18. Kurşun Çakmak EŞ, Bayrak S. Comparison of 
fractal dimension analysis and panoramic-based 
radiomorphometric indices in the assessment of 
mandibular bone changes in patients with type 1 
and type 2 diabetes mellitus. Oral Surg Oral Med 
Oral Pathol Oral Radiol. 2018; 126(2):184-91

19. White SC, Rudolph DJ. Alterations of the 
trabecular pattern of the jaws in patients with 
osteoporosis. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 1999; 88(5):628-35.

20. Terry K Koo,  Mae Y Li. A guideline of selecting 
and reporting ıntraclass correlation coefficients 
for reliability research.  J Chiropr Med. 2016; 
15(2):155-63.

21. Landis JR, Koch GG. The measurement of observer 
agreement for categorical data. Biometrics. 1977; 
33(1):159-74

22. Limeira FIR, Rebouças PRM, Diniz DN, Melo 
DPd, Bento PM. Decrease in mandibular cortical 
in patients with type 1 diabetes mellitus combined 
with poor glycemic control Braz Dent J.  2017; 
28(5):552-8.

23. Nemtoi A, Ladunca O, Dragan E, Budacu C, Mihai 
C, Haba D. Quantitative and qualitative bone 
assessment of the posterior mandible in patients 
with diabetes mellitus: A cone beam computed 
tomography study. Rev Med Chir Soc Med Nat 
Iasi. 2013; 117(4):1002-8.

24. Green PT, Mol A, Moretti AJ, Tyndall DA, 
Kohltfarber HB. Comparing the diagnosticefficacy 
of intraoral radiography and cone beam computed 
tomography volume registration in the detection of 
mandibular alveolar bone defects. Oral Surg Oral 
Med Oral Pathol Oral Radiol.  2019; 128(2):176-
185.

25. Sansare K, Singh D, Karjodkar F. Changes in 
the fractal dimension on pre-and post-implant 
panoramic radiographs. Oral Radiol.  2012; 
28(1):15-23.

26. Demirbaş AK, Ergün S, Güneri P, Aktener BO, 
Demirbaş HB. Mandibular bone changes in sickle 
cell anemia: fractal analysis. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod. 2008; 106(1):41-8.

27. Aydın ZU, Ocak MG, Bayrak S, Bulut DG, 
Orhan K. The effect of type 2 diabetes mellitus 
on changes in the fractal dimension of periapical 
lesion in teeth after root canal treatment: A fractal 
analysis study. Int Endod J. 2021; 54(2):181-9.

28. Stagi S, Cavalli L, Cavalli T, Martino M de, Brandi 
ML. Peripheral quantitative computed tomography 
(pQCT) for the assessment of bone strength in 
most of bone affecting conditions in developmental 
age: A review. Ital J Pediatr. 2016; 26;42(1):88.



60

Journal of Dentistry Indonesia 2022, Vol. 29, No. 1, 52-60

29. Sánchez I, Uzcátegui G. Fractals in dentistry. J 
Dent. 2011; 39(4):273-92. 

30. Kalinowski P, Różyło-Kalinowska I. Mandibular 
inferior cortex width may serve as a prognostic 
osteoporosis index in Polish patients. Folia 
Morphol. 2011; 70(4):272-81.

31. Runolfsdottir HL, Sigurdsson G, Franzson L, 
Indridason OS. Gender comparison of factors 
associated with age-related differences in bone 

mineral density. Arch Osteoporos. 2015; 10:214.
32. Canbek U, Rosberg DBH, Rosberg HE, Canbek 

TD, Akgün U, Comert A. The effect of age, BMI, 
and bone mineral density on the various lumbar 
vertebral measurements in females. Surg Radiol 
Anat. 2021; 43(1):101-8.

(Received December 24, 2021; Accepted April 12, 
2022)


	Mandibular Bone Changes in Children and Adolescents with Type 1 Diabetes Mellitus in Different Metabolic Control States
	Recommended Citation

	Mandibular Bone Changes in Children and Adolescents with Type 1 Diabetes Mellitus in Different Metabolic Control States

