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Abstract
Objective  The aim of the study was to evaluate the effects of vitamin D deficiency on the mandibular bone structure by 
fractal analysis and panoramic morphometric indices.
Methods  Ninety participants were divided into three groups as 30 individuals with severe vitamin D deficiency, 30 individu-
als with vitamin D deficiency, and 30 individuals with vitamin D sufficiency. Fractal dimension analysis (FD), panoramic 
mandibular index (PMI), mandibular cortical index (MCI), and mandibular cortical thickness measurement (CTM) were 
evaluated on panoramic radiographs.
Results  FD values of the patients with vitamin D deficiency were found to be statistically lower than the patients with vitamin 
D sufficiency (p < 0.05). FD value of supracortical area above the angulus mandible (FD2) in patients with severe vitamin D 
deficiency was significantly lower than FD values (p = 0.002). There was no statistically significant difference between the 
groups in the CTM (p > 0.05). PMI was significantly lower in patients with severe vitamin D deficiency (p < 0.001). There 
was a significant difference in MCI values between the groups (p < 0.05).
Conclusion  Vitamin D deficiency causes a decrease in bone mineral density in the mandible, and an increase in alveolar 
porosity. FD analysis and radiomorphometric indices in panoramic radiographs can be used to assess osteoporotic changes 
in patients with vitamin D deficiency.

Keywords  Vitamin D · Fractal analysis · Radiomorphometric indices · Osteoporosis

Introduction

Vitamin D is a steroid hormone and its deficiency is a global 
public health problem. For many years, Vitamin D has been 
known for its important role in regulating calcium and phos-
phorus levels in the body and bone mineralization. There are 
two forms of vitamin D: Vitamin D2 (ergocalciferol) and 
vitamin D3 (cholecalciferol). Vitamin D3 is mostly synthe-
sized in the skin via ultraviolet irradiation of 7-dehydro-
cholesterol. Both forms can be absorbed from the diet and 
enter the bloodstream [1]. Vitamin D is metabolized in the 

liver and converted into 25-hydroxyvitamin D (25(OH)D), 
which is the best indicator of the amount of vitamin D stores 
in the body. Then, 25(OH)D is converted to 1.25(OH)2D3 
which is the biologically active form in the kidneys. Vitamin 
D plays role in various physiological processes including 
cellular growth and differentiation, cardiovascular function, 
immunity, and calcium metabolism [2].

25(OH)D is the major circulating form of vitamin D and 
its main sources are sun exposure and vitamin D intake by 
diet. Therefore, it is used to determine the vitamin D level 
in the body [3]. The prevalence of vitamin D deficiency is 
increasing globally. It is estimated that approximately 1 bil-
lion people have vitamin D deficiency or insufficiency [4, 5].

Vitamin D, as an important component of the interactions 
between kidney, bone, parathyroid gland, and intestine, helps 
regulate the skeletal and blood mineral balance. It is also 
required for the maintenance of skeletal integrity through 
its role in regulating extracellular calcium levels. Vitamin 
D is essential for the development and maintenance of the 
skeletal system since it helps create the optimal conditions 
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for bone mineralization by increasing the absorption of cal-
cium and phosphate in the small intestine [6]. While calcium 
absorption is around 10–15% in the absence of vitamin D, 
it increases to 30–80% in the presence of adequate vitamin 
D [7].

A low level of 25(OH)D causes conditions such as 
increased parathyroid hormone (PTH) secretion, increased 
bone resorption, osteoporosis, osteomalacia, increased frac-
tures in the hip or other bones [8, 9].

Fractal dimension (FD) analysis method assesses the tra-
becular bone tissue with the box-counting algorithm and 
clarifies the complexity of fractal structures including bone. 
Higher FD values have been associated with a more complex 
bone structure [10]. The FD analysis method has been shown 
to be capable in the determination of osteoporotic conditions 
in the jaws [11]. For this purpose, panoramic radiographs 
are generally used [12]. Mandibular cortical index (MCI) 
describes the severity of cortical erosion. It can be a practi-
cal indicator for detecting osteoporotic conditions, provid-
ing information about the quality and quantity of bone. The 
panoramic mandibular index (PMI) has been described as 
a useful method for estimating bone mineral density [13]. 
Fractal analysis and mandibular indexes can be measured 
on existing panoramic images of patients, therefore extra 
imaging is not required [11–13].

Evaluating osteoporotic changes in the jaw bone before 
creating a dental treatment plan in patients with vitamin D 
deficiency is important because dental therapies such as 
periodontal treatment and implant surgery are affected by 
bone quality [14–16].

According to our knowledge, there is no study in the 
literature evaluating the effect of vitamin D deficiency on 
jawbones using FD analysis. The aim of this study is to 
evaluate the mandibular bone structure of patients with dif-
ferent severities of vitamin D deficiency by FD analysis and 
panoramic morphometric indices such as mandibular corti-
cal thickness measurement (CTM), PMI, MCI, compared 
with the systemically healthy control group.

Materials and methods

Study group selection

This retrospective study was conducted in Recep Tayyip 
Erdogan University Faculty of Dentistry, Department of 
Oral and Maxillofacial Radiology in full accordance with the 
applicable ethical principles, including the World Medical 
Association Declaration of Helsinki of 1964 and later ver-
sions. The study protocol was approved by Research Ethics 
Committee of the Recep Tayyip Erdogan University. (deci-
sion no:2021/107) The data were obtained from the archives 
of patients who previously applied to the department of Oral 

and Maxillofacial Radiology for various reasons such as 
toothache, periodontal treatment, implant surgery, etc. Infor-
mation about serum 25(OH)D levels in blood was obtained 
from medical history records. Ninety participants were 
included in the study. They were divided into 3 groups for 30 
patients per each: Vitamin D values less than 10 ng/ml were 
accepted as severe deficiency (Group 1); between 10 and 
20 ng/ml as deficiency (Group 2); and values of 30 ng/ml 
and above were accepted as sufficient values [14]. For each 
group, 15 female and 15 male patients aged between 18–45 
were selected. Panoramic radiographs with sufficient diag-
nostic quality, in which foramen mentale could be clearly 
observed and all cortical structures could be evaluated were 
included in the study.

Only images of patients without intraosseous pathology in 
the areas where the fractal analysis would be performed were 
included. Patients with a history of a systemic disease that 
could affect the bone structure or usage of a medication that 
could affect bone mineralization were excluded. Metabolic 
diseases that may affect bone density such as diabetes, osteo-
porosis, or hypo/hyperparathyroidism; temporomandibular 
joint diseases that may affect the subcondylar region; man-
dibular pathologies such as cyst and tumor; those with less 
than 20 teeth, or those with inadequate diagnostic quality 
panoramic radiographs were also excluded from the study.

All panoramic radiographs were obtained with the same 
device (Planmeca Promax 2D S2, Planmeca Oy; Helsinki, 
Finland) by applying the same exposure parameters (66 kVp, 
8 mA, 16.6 s), according to the manufacturer's instructions 
and by adjusting the Frankfurt horizontal plane parallel to 
the ground and the vertical line to the sagittal plane.

Power analysis was performed with a software (GPower 
3.1.0, Universitat Dusseldorf, Germany) to determine the 
number of individuals included in the study. Sample size cal-
culation was based on the ability to detect significant differ-
ences at α = 0.05 error probability. According to the power 
analysis, a sample size of 90 patients would give more than 
93% power (actual power: 0.9264).

Image evaluation

Fractal dimension analysis

In this method, images were analyzed by a software (ImageJ 
v1.52, National Institutes of Health, Bethesda, United 
States). The program was downloaded from the follow-
ing web address: https://​imagej.​nih.​gov/​ij/​downl​oad.​html. 
Measurements were made on 4 different regions of interest 
(ROI) areas from the right and left sides of the panoramic 
radiographs of each patient. The mean value of both meas-
urements represented the average of the FD. Respectively 
as ROI; 45 × 45 pixel areas were selected on the trabecu-
lar bone within the subcortical area in the condyle (FD1), 

https://imagej.nih.gov/ij/download.html


Oral Radiology	

1 3

the supracortical area above the angulus mandible (FD2), 
above the mandibular canal distal side to the second premo-
lar (FD3), anterior to the mental foramen (FD4). The box-
counting method was preferred for fractal analysis on each 
ROI area as suggested by White and Rudolph [17]. Both 
sets of panoramic radiographs were converted to tagged 
image file formats due to their high resolution. Each ROI 
was selected, cropped, and duplicated. Gaussian Blur was 
performed to remove the brightness changes depending on 
the upper soft tissues and varying bone thicknesses. The 
resulting image was then removed from the original image. 
Bone marrow cavities and trabeculae were separated from 
each other by adding 128 Gy values to each pixel location. 
FD analysis was calculated after performing binary, erode, 
dilate, invert, and skeletonize operations. The image was 
divided into pixel squares and the frames containing tra-
beculae and the total number of frames were calculated for 
each different sized pixel. The slope of the line graphed in 
logarithmic scale according to the values obtained gave the 
FD value (Fig. 1).

Radiomorphometric analysis

The morphometric measurement has been carried out 
using Planmeca Romexis 4.6.2.R software (PLANMECA 

Romexis, Helsinki, Finland). The cortical thickness meas-
urements were carried out on panoramic radiography as per-
formed on cone-beam computed tomography (CBCT) by 
Barra et al. [18]. Accordingly, radiomorphometric indices 
were measured on symphysis, anterior, molar, and posterior 
regions of the in right and left side of jaws and the mean 
of both measurements was represented as the mean value. 
The symphysis index (SI) was measured perpendicular to 
the inferior mandibular cortex, equidistant from the right 
and left mental foramen centers. Anterior index (AI) was 
measured perpendicular to the inferior cortex of the mandi-
ble, 1 cm in front of the mental foramen, parallel to the long 
axis of the mandible. The molar index (MI) was measured 
1 cm behind the mental foramen, parallel to the long axis 
of the mandible, and perpendicular to the inferior cortex of 
the mandible. And the posterior index (PI) was measured 
2.5 cm behind the mental foramen, parallel to the long axis 
of the mandible, and perpendicular to the inferior cortex of 
the mandible (Fig. 2) [18].

The PMI is the ratio of the distance between the man-
dibular cortical width (MCW; it is a line perpendicular 
to the inferior border of the mandible at the center of 
the mental foramen) by the distance between the inferior 
border of the mental foramen and the inferior mandibu-
lar cortex (Fig. 2). The reason for choosing the mental 

Fig. 1   A Selected regions for 
fractal analysis in panoramic 
radiography: subcortical area in 
the condyle, subcortical area of 
the angulus mandible, posterior 
and anterior mental foramen B 
Image j program used for fractal 
analysis C From left to right for 
the top row; Addition Gaussian 
blur filter, Addition of a gray 
value of 128 to each pixel loca-
tion, Binarization. From left to 
right for the top row; Erosion, 
Inversion, Skeletonizion. D 
Fractal analysis with box-count-
ing method
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foramen area is that there are no masticatory muscles 
attached to this area [19]. The average of two different 
measurements for the right and the left side represents 
the mean value of the PMI.

The MCI also known as Klemetti index consists of 3 
subgroups classified by Klemetti et al. According to this 
classification; C1 = normal cortex: the endosteal mar-
gin of the cortex is matched and tapered on both sides; 
C2 = moderately worn cortex: endosteal margin, lacunar 
resorption resulting in semilunar defects or formation of 
endosteal cortical residues; C3 = over eroded, eroded or 
porous cortex: forms dense layers of the cortex, endosteal, 
and clearly porous cortical remnants (Fig. 3) [13].

All measurements were made by an experienced oral 
and maxillofacial radiologist (DNG) who was blind to 
information about patients. All analyses were performed 
at the same time and to assess intra-observer agreement, 
randomly selected 20% of panoramic images were reeval-
uated 2 weeks later.

Statistical analysis

The statistical analyses were conducted with SPSS for 
Windows SPSS 8 version 23.0 (IBM Corp., New York, 
NY; formerly SPSS Inc., Chicago, IL) with a level of sig-
nificance of 5% (p < 0.05). For evaluation of intra-observer 
agreement Cohen’s kappa was used for MCI, intraclass 
correlation coefficient (ICC) was used for FD, CTM, PMI. 
One-Way ANOVA test was used to compare all measure-
ments between the three groups. Then, the Duncan test was 
conducted to find out which groups caused the difference. 
Repeated measures ANOVA was used to evaluate FD values 
and CTM within groups. Benferroni Post Hoc test was used 
to determine the values that make the difference. Chi-square 
analysis was applied to determine the relationship between 
categorical variables.

Results

The study included a total of 90 individuals. The mean 
age ± standard deviations of the individuals whose 25(OH)D 
values are less than 10 ng/ml, between 10-20 ng/ml, 30 ng/
ml and above were respectively; 28.8 ± 8.7, 32.6 ± 9.9, 
33.1 ± 9.1. There was no difference between the groups in 
age and gender. After re-evaluation for intra-observer reli-
ability, the weighted Kappa coefficients were found to be 
0.878 for MCI. ICC was 0, 87, 0.868, and 0.874 for FD 
analysis, CTM and PMI respectively and they were good 
intra-observer reliability [20].

There was a statistically significant difference in FD val-
ues between the groups (p < 0.05). While the lowest FD val-
ues were seen in group 1, the highest FD values were seen 
in group 3 (Table 1). FD2 value was significantly lower than 
other measurement sites in group 1 (p = 0.002). No statistical 
difference was found in the measurements of the other three 
regions (Table 1).

There was no difference between cortical thickness meas-
urements of the groups (p > 0.05). In all three groups, the 

Fig. 2   Panoramic mandibular index measurement in the right man-
dible (PMI = A/B), mandibular cortical thickness measurement in 
the left mandible from anterior to posterior respectively; symphysis 
index (blue arrow), anterior index (green arrow), molar index (purple 
arrow), posterior index (orange arrow)

Fig. 3   Mandibular cortical index assessment A MCI C1 B MCI C2
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posterior index (PI) value had the lowest value compared to 
other measurements, and there was a statistically significant 
difference (p < 0.001). A statistically significant difference 
was observed in PMI between the groups (p < 0.001). PMI 
value in group 3 was higher than group 1 and group 2 and 
there was a statistically significant difference (p < 0.001) 
(Table 1).

The results of MCI to groups was presented in Table 2. 
There was a significant difference in C1 and C2 index val-
ues between the groups (p < 0.001). While the number of 
individuals with C1 index was found dominant in group 3 
(59.6%), it was least in group 1 (14.9%). The number of 
individuals with C2 index was dominant in group 1 (53.5%), 
whereas it was least in group 3 (4.7%). While C2 was seen 
in most of the people in group 1 (76.7%), most of the people 
in group 3 had C1 (93.3%). C1 and C2 were similar in group 
2 (p > 0.05).

Discussion

Vitamin D deficiency is known to affect many people and 
diseases. Even in the biggest pandemic of recent years, Vita-
min D deficiency is thought to be associated with COVID-19 
disease because of its effects on both innate and adaptive 
immunity and studies have been conducted on this issue 
[21, 22]. Another important role of vitamin D is maintain-
ing bone strength and mineral balance. Vitamin D deficiency 
can cause rickets, osteomalacia, and an increased incidence 
of bone fracture. If calcium absorption from the intestine is 
insufficient, PTH and 1,25(OH)2D3 can stimulate osteoclas-
togenesis. Thus, there is a transition of calcium from bone 
to blood [1, 8, 9].

In this type of studies examiner reproducibility is needed 
for the results to be more reliable and interpretable. There-
fore, all the measurements performed by the same radiologist 

Table 1   Descriptive values of 
the measurements in the study 
and control groups

FD Fractal dimension, PMI panoramic mandibular index, SD Standard deviation
*Significance levels according to one-way ANOVA test results;
**Significance levels according to Repeated measures ANOVA test results;
a, b, c: Shows the difference between groups (Duncan post-hoc test)
A, B, C: Shows differences between Regions according to Bonferroni Post Hoc multiple comparison test

Morphometric and fractal analysis 25(OH)D < 10 
Group 1

25(OH)D: 10–20 
Group 2

25(OH)D > 30 
Group 3

*p value

Mean SD Mean SD Mean SD

FD analysis
FD1 1.360 A, b .032 1.390b .063 1.447 a .083 .001
FD2 1.329 B, c .053 1.380b .064 1.419 a .086 .001
FD3 1.370 A, c .036 1.409b .040 1.460 a .088 .001
FD4 1.367 A, c .026 1.414b .041 1.458 a .077 .001
**p value .002 .076 .058
Cortical thickness measurements
Symphysis index .287 A .018 .293 A .020 .302 A .074 .445
Anterior index .289 A .011 .287 A .016 .298 A .050 .880
Molar index .286 A .014 .284 A .012 .293 A .041 .375
Posterior index .276 Β .009 .275B .009 .273 B .032 .870
**p value .001 .001 .001
Panoramic mandibular index .299 a .051 .318 a .042 .356 b .033 .001

Table 2   Distribution of the MCI 
according to groups

* Significance levels according to the results of the chi-square test
N: numbe

MCI 25(OH)D < 10 Group 1 25(OH)D: 10–20 Group 2 25(OH)D > 30 Group 3 P value

N % N % N %

Cl 7 23.3% 12 40.0% 28 93.3% .001
C2 23 76.7% 18 60.0% 2 6.7% .001
*p value .003 .273 .001
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at different times and high intra-observer agreement was 
observed.

There are several studies about the methods for analyz-
ing the bone in terms of qualitative and quantitative param-
eters in dentistry [23–33]. In a study by Alman et al. [30] it 
was reported that FD analysis performed in the mandibular 
regions has a good diagnostic ability to detect patients with 
low bone mineral density. Also in another study, Magat et al.
[34] evaluated FD analysis using both CBCT and panoramic 
radiography. They suggested that since CBCT has higher 
radiation dose and lower image resolution, panoramic radi-
ography is more advantageous for the examination of tra-
becular bone. In the literature, there are also many studies 
that panoramic morphometric indices were used successfully 
to deduce possible disease or drug-related osteoporotic con-
ditions in craniofacial bones [31, 35].

According to our knowledge, this study is the first to 
quantify radiomorphometric indices and analyze FD on pan-
oramic radiographs in patients with vitamin D deficiency.

Demiralp et al.[33] reported that FD values were higher 
in patients using bisphosphonates. This may be due to 
decreased bone resorption in people using bisphospho-
nates. In some studies FD values were found to be lower in 
patients with chronic renal failure [32], thalassemia major 
[36], sickle cell anemia [37] compared to patients in the 
control group. According to the study of Ustaoglu et al., 
lower FD values were reported in the regions of subcorti-
cal area in condyle, supracortical area above angulus, and 
above the mandibular canal distal side to the second pre-
molar in patients with antiepileptic drug-induced osteopo-
rosis [12]. The study reported by Göller et al. found that 
mean FD value of mandible and value of supracortical area 
above angulus and anterior mental foramen was significantly 
lower in patients using aromatase inhibitors [38]. In a study 
conducted by Coşgunarslan et al., the FD values of ramus 
and angulus mandible were significantly lower in patients 
using selective serotonin reuptake inhibitors (SSRIs). There 
was no significant difference between the study and control 
groups for the mean FD value of mandibular cortical bone 
[10]. Contraversely in another study conducted on women 
with celiac disease by Neves et al. [39], no statistically sig-
nificant difference was found in FD value between the study 
and control groups. In the present study, the mean FD value 
and and FD2 value were lower in the groups with vitamin 
D deficiency and it was statistically significant (p < 0.05). 
This supports the view that vitamin D deficiency causes 
a decrease in bone mineral density and increases alveolar 
porosity.

In the literature, there are many studies investigating bone 
mineral density with panoramic radiography by MCI, MCW, 
PMI [13, 19, 31–33, 40–42]. According to the results of the 
studies, the MCW value was found to be lower in patients 
with osteoporosis [17, 32, 41, 43, 44]. In our study, we used 

the new radiomorphometric indices used by Barra et al.
[18] instead of MCW. According to the results of our study, 
there was no difference in CTM values between the groups 
(p > 0.05). Barra et al.[18] reported that the MI and PI indi-
ces in CBCT can be used to determining low bone mineral 
density in postmenopausal women.

In the literature there are studies that found no difference 
in PMI in the control and study groups [10, 11, 36, 39], as 
well as studies that found that the PMI was higher in the 
control group compared to the study group [12, 38]. In the 
present study the PMI value in Group 1 was higher than 
the others.and there was a statistically significant difference 
between the groups (p < 0.05).

In our study, there was a significant difference in MCI 
between the groups. (p < 0.05). Similarly, Cakur et  al. 
reported that MCI is significantly related to vertebral bone 
mineral density in osteoporotic women [45]. Also in another 
study among postmenapausal women with osteoporosis, 
Klemetti et al. found that MCI is strongly associated with 
buccal cortex bone mineral density [24]. Contraversely in 
some studies that evaluates MCI, there was no difference 
between the groups [11, 12, 36, 38].

Vitamin D levels have been investigated in some studies 
regarding the existence of its association with periodontal 
disease and their results showed that serum levels of vitamin 
D were significantly lower in patients with periodontitis than 
those in healthy subjects [46, 47]. Gong et al. concluded 
that 1,25-Dihydroxyvitamin D deficiency accelerated alveo-
lar bone loss by inhibiting osteoblastic bone formation and 
enhancing periodontal tissue degeneration in calcium and 
phosphorus as well as age-independent manner [48]. In addi-
tion, poor bone mineralization may be a factor that facilitate 
the destruction in periodontal disease. Furthermore, Man-
gano et al. [15] researched correlation between early implant 
failure and low serum levels of vitamin D and showed a 
higher incidence of the implant failure rate. Osteoporotic 
changes occurred by vitamin D deficiency may be one of 
the reasons for failure in dental treatment such as implant 
surgery or periodontal therapy. Vitamin D supplementation 
may positively affect dental treatment results in those with 
vitamin D deficiency.

There are some limitations of this study. First one is that 
since it is a retrospective investigation there were not enough 
patients for insufficient group with the Vitamin D values 
between 21 and 29 ng/ml. Therefore, the insufficient group 
was ommitted from the study. Another limitation is that we 
studied on only the mandible, new comprehensive investiga-
tions can be conducted including maxilla to have more infor-
mation about the effects of vitamin D deficiency on jaws.

In conclusion; according to results of radiologic examina-
tinations in present study, Vitamin D deficiency effects the 
trabeculation, porosity, mineral bone density of mandible. 
Fractal analyze and the other morphometric indices can be 
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used for evaluating the alveolar structure in panoramic radio-
graphs. To have more detailed information about the effects 
of vitamin D deficiency on alveolar bone further studies is 
needed for mandible and maxilla with larger populations.
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