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ABSTRACT
Background: Vegetarians are known to be more susceptible to experiencing bone mineral density decreases compared to nonvegetarians. 
The trabecular bone is sensitive to any changes that disrupt the balance of bone metabolism. On panoramic radiographs, bone density 
can be evaluated by analyzing the fractal dimensions (FD) of the mandibular trabecular bone. Purpose: This analytical cross-sectional 
study aimed to assess the mandibular trabecular bone FD values on panoramic radiographs of vegetarians and nonvegetarians in Medan 
City. Methods: This study used a purposive-sampling technique and obtained 30 digital panoramic radiographs of vegetarians and 
nonvegetarians in Medan City, aged 20 to 40 years, between January and February 2023, at the radiology installation of Dental and 
Oral Hospital Universitas Sumatera Utara and Laboratory Clinic Pramita Medan. Fractal analysis was performed using ImageJ 1.54c 
software with the box-counting method. The data distribution was assessed using the Shapiro–Wilk test. The data were analyzed using 
an independent samples T-test. Results: The results showed that the FD values of the mandibular trabecular bone were significantly 
different between the two groups (p = 0.000). Conclusion: The mean FD values on the panoramic radiographs were lower in the 
vegetarian mandibular trabecular bone than in the nonvegetarian mandibular trabecular bone. Considerations need to be made by 
dentists when performing treatments related to mandibular trabecular bone surgery in vegetarians.
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INTRODUCTION

The number of vegetarians has increased rapidly in many 
parts of the world over the past few years. It is estimated 
that 1–4% of the world’s population is vegetarian.1 Asia 
has the highest vegetarian demographic, at 19% of its total 
population. Africa and the Middle East account for 16% of 
the vegetarian population, the Americas 14%, and Europe 
5%.2 India has the largest vegetarian population, with 448 
million (35%) vegetarians.3 About 5 million (9%) British 
citizens,4 26 million (8%) Americans,5 and 9.5 million 
(12%) Germans6 are vegetarians. The phenomenon of the 
growing popularity of vegetarian diets has also occurred in 
Indonesia. About 2 million Indonesians adopted a vegetarian 
diet, based on data from the Indonesian Vegetarian Society 
in 2018.7 Indonesia is the third-fastest-growing vegetarian 

country globally. About 271 thousand Indonesians became 
vegetarians between 2016 and 2017.8

Health considerations are among the most common 
reasons people adopt a vegetarian diet.9 A vegetarian 
diet reduces the risk of obesity, type 2 diabetes mellitus, 
hypertension, hypercholesterolemia, and stroke. However, 
vegetarian diets still have disadvantages. Vegetarians are 
known to be more susceptible to experiencing bone mineral 
density (BMD) decreases than nonvegetarians because bone-
specific nutrients are found in animal products.10–14 BMD 
measures the mineral content found in bones.15 Nutrients 
such as calcium, phosphorus, iron, iodine, zinc, protein, 
vitamin B12, and vitamin D contribute to maintaining 
bone health.16,17 One factor that affects BMD is diet. A 
diet with a low intake of bone nutrients can decrease BMD. 
Low BMD status can increase the risk of bone fractures.10
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Dual-energy X-ray absorptiometry (DXA) is a 
noninvasive two-dimensional X-ray technique considered 
the gold standard for diagnosing BMD. However, DXA 
is expensive and is not widely available in Indonesia.15,18 
Panoramic radiography is the most commonly used 
technique in dentistry because it is economical, easy 
to operate, and widely available.19,20 The utilization of 
panoramic radiography includes determining the type and 
size of the dental pulp chamber,21 confirming the position 
of wisdom teeth,22 gender prediction,23 and detecting 
jawbone disorders.19 The trabecular bone is sensitive to 
any changes that disrupt the balance of bone metabolism.24 
Detecting jawbone disorders can be attempted by assessing 
trabecular bone density.19,20 Patients can be referred for 
further examination by medical specialists if suspicious 
conditions are found in the mandibular trabecular bone, so 
that the patient can get a definite diagnosis and appropriate 
treatment options as soon as possible.25

Mandibular trabecular bone density has been assessed 
on panoramic radiographs in several ways, such as bone 
relative density,26 pixel intensity,27 radiopacity,28 and 
fractal analysis.27,29,30 Fractal analysis is a quantitative 
technique to determine the complexity and irregularity of 
a fractal object.31,32 Fractal analysis assesses objects with 
porous and branched structures, including trabecular bone. 
The information from the fractal analysis of numerical data 
is called the fractal dimension (FD). The FD value describes 
how completely a structure fills a space. The higher the FD 
value of the trabecular bone, the more complex, stable, and 
dense the trabecular bone structure.32 The most common 
method for performing fractal analysis of mandibular 
trabecular bone is box-counting, designed by White and 
Rudolph in 1999.29,30

Box-counting is a numerical method to obtain the FD 
value of the trabecular bone by utilizing the shape of a box 
that varies in size. The mandibular trabecular bone structure 
fills the boxes, and the length of the boxes is adjusted to 
the smallest detail (pixel) of the mandibular trabecular 
bone image.33 The White and Rudolph box-counting 
method begins by selecting a portion of the mandibular 
trabecular bone from the analyzed overall panoramic 
radiograph image. Not all anatomical parts of the panoramic 
radiographic images are processed and measured – only 
pixels within the region of interest.34 ImageJ is the most 
widely used software in fractal analysis research in dental 
radiology because it has comprehensive features and is 
easy to use.20,31 The image processing steps of the ImageJ 
software to obtain the FD value of mandibular trabecular 
bone consist of Gaussian blur filters, subtract background, 
add, make binary, erode, dilate, skeletonize, invert, and 
fractal box count.29

Although previous studies on vegetarians have been 
conducted, most studies have only discussed nutrient intake 
and nutritional status among vegetarians.35–38 Moreover, 
studies of the effects of vegetarian diets on bone health 
generally do not use dental radiographs.12–14,39 FD analysis 
research in dentistry using panoramic radiographs has also 

been conducted.27,29–31 However, FD analysis research with 
vegetarians as respondents has yet to be available. To our 
knowledge, no study has evaluated the differences in the 
FD values of mandibular trabecular bone in vegetarians and 
nonvegetarians using panoramic radiographs. Therefore, 
this study aims to assess the mean FD values of mandibular 
trabecular bone on panoramic radiographs of vegetarians 
and nonvegetarians in Medan City and to investigate the 
difference in mean FD values between the two groups.

MATERIALS AND METHODS

This cross-sectional study involved 15 vegetarian 
radiographs and 15 nonvegetarian radiographs. The sample 
size for this study was determined based on the unpaired 
numerical comparative analytic formula (σ = 0.11, α = 5%, 
Zα = 1.96, Zβ = 1.28, μ1-μ2 = 0.15).40

𝑁 =  
2𝜎�(𝑍� +  𝑍�)�

(𝜇� −  𝜇�)�  

The sample size was 12 radiographs for each of the 
two groups. Anticipating a 10% dropout rate, at least 27 
radiographs were needed for the two groups. Therefore, the 
researcher used 30 radiographs – 15 for each group.

The study was conducted at the Dental and Oral Hospital 
Universitas Sumatera Utara Radiology Installation and 
Pramita Clinical Laboratory Medan Radiology Unit from 
January 2023 to February 2023. The criteria for people who 
underwent panoramic radiograph imaging in this study were 
individuals domiciled in Medan City and aged 20 to 40 years, 
vegetarians who had implemented a vegetarian diet (e.g., 
lactovegetarian, ovo-vegetarian, lacto-ovo-vegetarian, or 
vegan) ≥ 6 months, nonvegetarians who had not adopted any 
vegetarian diet type (e.g., lactovegetarian, ovo-vegetarian, 
lacto-ovo-vegetarian, or vegan) ≥ 6 months, and individuals 
not known to suffer from mandibular trauma, not known to 
suffer developmental disorders related to bone metabolism 
(e.g., diabetes, hyperparathyroidism, myeloma, or bone 
metastases), and not known to take medications that affect 
bone metabolism (e.g., glucocorticoids, anticoagulants, 
anticonvulsants, immunosuppressants, or chemotherapy). 

Before all study procedures began, informed consent 
was given verbally and formalized in printed form to be 
completed and signed by the participants. Participants 
known to meet the criteria were identified through a 
questionnaire administered by the researcher at the Dental 
and Oral Hospital Universitas Sumatera Utara Radiology 
Installation. The questionnaire given to the participants 
regarding dietary history contained the following questions: 
(1) What diet do you currently implement? (2) At what age 
did you become a vegetarian? (3) How long have you been 
a vegetarian? (4) What foods do you most often consume 
if you are a vegetarian? (5) What foods do you most often 
consume if you are a nonvegetarian? (6) How often do you 
consume meat in one week if you are a nonvegetarian? (7) If 
you are a nonvegetarian, have you ever been a vegetarian? 
For how long?
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Figure 1.	 Scheme of the selected regions of interest (ROIs) on the digital panoramic radiographs: ROI 1 in the trabecular bone, 2 mm 
anterior to the right mental foramen, and ROI 2 in the trabecular bone, 2 mm in front of the left mental foramen.

 

	Figure 2. Image processing sequence of the fractal dimensional analysis used in this study. (A) 100 × 100-pixel square region of
interest, (B) Gaussian blur filters, (C) subtract background, (D) add, (E) make binary, (F) erode, (G) dilate, (H) skeletonize, 
(I) invert, and (J) result plot (personal documentation).
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The sample for the study was determined based on 
inclusion and exclusion criteria (purposive sampling). 
The inclusion criteria were panoramic radiographs of 
good quality and panoramic radiographs that displayed 
the right and left mental foramina. The exclusion criteria 
were panoramic radiographs that showed pathological 
conditions, such as radiolucent lesions or radiopaque 
lesions on the mandible, especially in the mental foramen 
area. Three observers evaluated the panoramic radiographs 
used in this study (DK, CDM, and PW). One of them was 
an oral radiologist with more than five years of experience. 
All images (n = 30) were saved in TIFF format, with a 
matrix size of 7,008 x 3,461 pixels in 300-dpi resolution 
and 8-bit grayscale. The images were processed using 
ImageJ version 1.54c software (National Institutes of 
Health, Bethesda, MD, USA, available at https://imagej.
net/ij/download.html) on a Dell Inspiron 3180 x64-based 
PC 087E (Dell, TX, USA) to obtain the FD values of the 
mandibular trabecular bone. 

Image processing was initiated by manually placing a 
square-shaped box of a 100 x 100-pixel region of interest 
(ROI) 2 mm from the mesial edge of the right (ROI1) and 
left (ROI2) mental foramina. The ROIs were not placed in 
areas prone to distortion and did not reach any anatomical 
structures, such as the lamina dura, apical teeth, mental 
foramen, mandibular canal, and mandibular cortical bone, 
to avoid the area of overlapping anatomical landmarks 
(Figure 1). The sequence of image processing steps in 
performing fractal analysis of the box-counting method 
consists of Gaussian blur filters, subtracting background, 
adding, making binary, eroding, dilating, skeletonizing, 
inverting, and fractal box count (Figure 2).28 The FD values 
obtained bilaterally from each radiograph were recorded, 
calculated, and applied to the statistical analysis. The 
processing steps were conducted using a methodology from 
a previous similar study based on the design developed by 
White and Rudolph.28 The observers evaluated the images 
for a second time after two weeks to ensure calibration 
and to determine the reliability of the jaw measurements. 
Measurement was performed twice, and the average of the 

measurements was used as the final result. The reliability 
of the results in this study was tested using the intraclass 
correlation coefficient (ICC) to guarantee that the observers 
held similar views, thus maintaining the validity and 
consistency of the data collected.

SPSS version 25.0 (IBM SPSS Inc., Chicago, IL, USA) 
was used for the statistical analysis test. The Shapiro–
Wilk test was used to test the normality of the data. The 
descriptive data of the FD values were presented as the 
mean and standard deviation. The independent samples 
T-test was used for data analysis. The analysis results were 
considered significant when the p-value was <0.05. The 
study was conducted according to the applicable ethical 
principles and the World Medical Association Declaration 
of Helsinki of 1964 and was approved by the Health 
Research Ethical Committee of Universitas Sumatera Utara 
(15/KEPK/USU/2023).

RESULTS

The results of the ICC tests were greater than 0.75. This 
meant that the reliability of the data was excellent (Table 
1). The vegetarian group was composed of 73.3% females 
(n = 11) and 26.7% males (n = 4), with a mean age of 30.9 
years (SD 6.57). The nonvegetarian group had 7 females 
(46.7%) and 8 males (53.3%), with a mean age of 22.2 
years (SD 1.97). A total of 53.3% of the participants in this 
study had been vegetarians since birth (n = 8), 33.3% for 
more than 10 years (n = 5), and the remaining 13.3% for 
less than 10 years (n = 2) (Table 2).

The mean FD value of the mandibular trabecular bone 
with a vegetarian diet differed significantly from that of a 
nonvegetarian diet. The mean FD value of the mandibular 
trabecular bone in the vegetarians was 0.253 ± 0.144 lower 
(intraobserver) and 0.37 ± 0.149 lower (interobserver) than 
in the nonvegetarians. The intraobserver mean FD values 
of the mandibular trabecular bone with the vegetarian and 
nonvegetarian diets were 1.114 ± 0.123 and 1.367 ± 0.074 
(p = 0.00), respectively (Table 3). The mean FD values of 

Table 1.	 Results of the intraclass correlation coefficients (ICC) for the average measurements 

n Intraclass correlation coefficient F-test with true value 0 (Sig.)
Intraobserver 30 0.825 0.000
Interobserver 30 0.860 0.000

Table 2.	 Demographic characteristics of the participants in this study, according to diet status

Variable Nonvegetarians n = 15 Vegetarians n = 15
N (%) Mean (SD) N (%) Mean (SD)

Sex
Male 8 (53.3%) 4 (26.7%)
Female 7 (46.7%) 11 (73.3%)

Age, years 22.2 (1.97) 30.9 (6.57)
Duration of being vegetarian, years

6–10 2 (13.3%)
11–15 5 (33.3%)
>15 8 (53.3%)
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the right mandibular trabecular bone were 1.142 ± 0.130 in 
the vegetarians and 1.385 ± 0.046 in the nonvegetarians (p 
= 0.00). For the left side, the mean was 1.085 ± 0.111 for 
the vegetarians and 1.338 ± 0.118 for the nonvegetarians 
(p = 0.00) (Table 4).

The mean interobserver FD values of the mandibular 
trabecular bone were 1.02 ± 0.130 for the vegetarians and 
1.390 ± 0.072 for the nonvegetarians (p = 0.00) (Table 3). 
The mean FD values of the right mandibular trabecular bone 
were 1.033 ± 0.144 in the vegetarians and 1.400 ± 0.053 
in the nonvegetarians (p = 0.00). The mean was 1.007 ± 
0.112 for the vegetarians and 1.380 ± 0.086 (p = 0.00) for 
the nonvegetarians for the left side (Table 4).

DISCUSSION

Trabecular bone has a faster and higher metabolism than 
cortical bone because it has a larger surface area and more 
cell units.41 The fast and high metabolism of trabecular 
bone makes it sensitive to any changes that disrupt the 
balance of bone metabolism.24 Trabecular bone is affected 
by remodeling, which is the process of replacing old bone 
tissue with new bone tissue through a combination of 
resorption and bone formation. Bone remodeling takes 
about six months.42

BMD increases steadily from the age of 20 years to a 
peak at the age of 25–30 years. BMD remains stable at its 
peak until a person reaches 40 years of age.43 All bones 
in the human body, including the mandibular trabecular 
bone, reach their most stable state and maximum density 
in the young adult age range (20–40 years).43 High bone 
density in young adults is interpreted as a reserve of bone 
mass for old age. The better the quality of bone density 
in young adulthood, the less likely the occurrence of 
osteopenia, osteoporosis, or bone fractures in old age, 
and vice versa.44,45 About 60% of the risk of osteoporosis 
is determined by the level of bone density in young 
adulthood.46 The bone resorption process will dominate 
so that there will be a gradual decrease in density of about 
0.5% per year in a person who has passed the period of 
young adulthood.47

FD analysis of the jawbone on dental radiographs is 
a reliable diagnostic tool for osteoporosis screening and 
can be a reference BMD test.48 Based on a prior study, 
a decrease in BMD values corresponds to a decrease in 
fractal dimension.49–51 The results of the FD values in 
this study were evaluated to ascertain their reliability. 
The present study revealed excellent reliability for both 
intra- and inter-observer measurements, indicating that the 
selection of ROI 1 and ROI 2 to obtain the FD values was 
carried out accurately (Table 1). The reliability of the study 
results was ensured by the utilization of standardized and 
calibrated tools. The measurement of FD values on extraoral 
radiographs using ImageJ with a similar methodology has 
also been performed in previous studies.29,30

This study showed that the mean FD value of the 
mandibular trabecular bone with a vegetarian diet differed 
significantly from a nonvegetarian diet. In Table 3, the 
mean FD value of the mandibular trabecular bone in the 
vegetarians was 18–26% lower than in the nonvegetarians. 
Lower mean bone density in vegetarians was found by 
Menzel et al.,12 Syagata,13 and Nugroho et al.,39 although 

Table 3.	 Mean fractal dimension (FD) values of the mandibular trabecular bone in the vegetarian and nonvegetarian groups

FD values N Mean SD* p-value

Intraobserver
Vegetarians 15 1.114 0.123

0.000**
Nonvegetarians 15 1.367 0.074

Interobserver
Vegetarians 15 1.02 0.130

0.000**
Nonvegetarians 15 1.390 0.072

*Standard deviation, **significant at α < 0.05.

Table 4.	 Mean fractal dimension (FD) values based on each mandibular trabecular bone side in the two groups

FD values N Mean SD* p-value

Intraobserver
Right (ROI1) Vegetarians 15 1.142 0.130 0.000**Nonvegetarians 15 1.385 0.046

Left (ROI2) Vegetarians 15 1.085 0.111 0.000**Nonvegetarians 15 1.338 0.118

Interobserver

Right (ROI1) Vegetarians 15 1.033 0.144 0.000**Nonvegetarians 15 1.400 0.053
Left (ROI2) Vegetarians 15 1.007 0.112 0.000**Nonvegetarians 15 1.380 0.086

*Standard deviation, **significant at α < 0.05.

Table 5.	 Mean fractal dimension (FD) values of the 
mandibular trabecular bone from the intraobserver 
and interobserver calculations

FD values N Mean SD
Vegetarians 60 1.067 0.134

Right 30 1.088 0.146
Left 30 1.046 0.014

Nonvegetarians 60 1.379 0.074
Right 30 1.393 0.035
Left 30 1.365 0.008
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they used different methods in their studies. Menzel et 
al.12 showed that the mean values of the heel bone density 
were 111.8 ± 10.7 dB/MHz in vegetarians and 118.0 ± 
10.8 dB/MHz in nonvegetarians.12 Similar results were 
found by Syagata.13 A study by Nugroho et al.39 with 31 
vegetarians showed that 24 had osteopenia and seven had 
osteoporosis. To the best of our knowledge, no study has 
examined the FD value in vegetarians in any part of the 
bone using any radiographic techniques. Not a single study 
about FD values involving vegetarians as study subjects 
has been conducted.

In Tables 3 and 4, the study results indicated a 
significant difference between the mean FD values of 
the mandibular trabecular bone in the vegetarians and 
the nonvegetarians. In this study, diet was assumed to 
cause a significant difference in the mean FD value of the 
mandibular trabecular bone. A diet with a low intake of 
bone nutrients can lead to a decrease in BMD.10 Nutrients 
such as calcium, phosphorus, iron, iodine, zinc, protein, 
vitamin B12, and vitamin D are essential in maintaining 
bone health.16,17 According to previous studies, individuals 
who adopt a vegetarian diet have a low intake of bone 
nutrients. These nutrients include calcium, vitamin D, 
iodine, selenium, zinc, iron, protein, and vitamin B12.36,37,52 
A greater and more adequate variety of bone nutrients can 
be found in animal products,10 including cow’s milk,53 
chicken, beef, fish, eggs, and derived products, such as 
cheese and yogurt.37,38

Sutiari et al.36 showed significantly lower intakes of 
vitamin D, B12, and calcium among vegetarians. Fallon 
et al.37 revealed that vegetarians are significantly deficient 
in vitamin D, vitamin B3, vitamin B12, iodine, and 
selenium. Vegetarians also have significant deficiencies 
in riboflavin, folate, and vitamin B9. According to Fallon 
et al.,37 these deficiencies occur because meat and dairy 
products are excluded from the daily diet. Based on a 
study by Menzel et al.,12 zinc intake among vegetarians 
is significantly lower than among nonvegetarians. Zinc 
promotes osteoblast cell differentiation, proliferation, 
and remineralisation.12 Another reason for the low intake 
of bone nutrients by vegetarians is the high content of 
antinutrients in plant foods, including nuts, seeds, and green 
vegetables. Antinutrients can inhibit the absorption of zinc, 
iron, calcium, and magnesium. As a result, bone nutrients 
from plant-based foods are more difficult to absorb and 
cannot be optimally utilized by the body.38,54,55

Liu et al.56 affirmed that animal protein derived 
from white meat, such as chicken, fish, and seafood, 
can significantly reduce and prevent bone loss. Similar 
results were not found for plant protein. Animal protein 
is superior to plant protein, as the body absorbs it more 
easily.56 In a study by Fitriani et al.35 with 21 vegetarian 
respondents, 12 had inadequate protein intake (54.5%), 
and 15 had insufficient iron intake (68.2%). Fitriani et al.35 
suggested that the inadequate iron intake was because the 
respondents’ only sources of iron were tofu and tempeh. 
Plant iron, including iron in tofu and tempeh, is non-heme 

iron that is difficult to absorb. The body can absorb only 
1–15% of non-heme iron,  in contrast to 15-40% of heme 
iron (animal iron).35,38 Animal foods also contain 20–30% 
more iron than plant foods.33 Iron-rich foods include egg 
yolks, liver, poultry, red meat, and shellfish.57

Most vegetarian respondents in this study chose 
vegetables, tofu, tempeh, and potatoes as their daily diet. 
In contrast, the daily diet of the nonvegetarian respondents 
was dominated by animal products, including chicken, 
eggs, beef, and cow’s milk. The dietary intake of the 
nonvegetarian respondents was more diverse, as they also 
consumed plant-based foods, such as vegetables, tempeh, 
and tofu. Religious factors were behind the adoption of a 
vegetarian diet since childhood, based on the questionnaire 
data. Animal-based foods, such as eggs, fish, and meat, 
were characterized as foods of darkness that would bring 
bad karma because they were obtained by harming living 
beings. There is no standard for the FD value of healthy 
mandibular trabecular bone. However, in the studies of 
Pacheco-Pereira et al.29 and Coşgunarslan et al.30 using 
similar methods, the FD values of the mandibular trabecular 
bone in healthy patients were significantly higher than 
in patients with disease. The mean FD values of the 
mandibular trabecular bone in those studies were similar 
to the mean FD values in this study.29,30

In this study, the mean FD value of the left and right 
mandibular trabecular bone with a vegetarian diet was 
similar to a previous study using similar methods (Table 
4).29 Pacheco-Pereira et al.29 showed that the mean FD 
values of the left and right mandibular trabecular bone 
in 45 healthy patients were 1.206 ± 1.112 and 1.253 ± 
0.075, respectively. Pacheco-Pereira et al.29 discovered 
that the mean FD values of the healthy patients were 
significantly higher than those of the patients with diseases 
that affected bone structures. A similar result was found by 
Coşgunarslan et al.,30 who showed that the mean FD value 
of the mandibular trabecular bone of 106 healthy patients 
not taking medications was 1.25 ± 0.1.

The FD values of the mandibular trabecular bone of 
the vegetarians in this study were observed to be lower 
than those recorded from a previous study’s control 
group comprising healthy patients. Based on these 
findings, dentists should be careful when performing 
surgical procedures involving bone structures, such as 
tooth extraction,58 implant surgery,59 bone grafting,59 and 
gingivectomy,60 in vegetarians. Preoperative assessment of 
the mandibular trabecular bone in vegetarians is necessary. 
Furthermore, supplementary measures are required to 
enhance bone nutrition to elevate the FD values of the 
mandibular trabecular bone in vegetarians. Vegetarians 
must take bone supplements, such as calcium, zinc, 
vitamin D, and vitamin B12, under a clinician’s control. 
Moreover, consumption levels and dietary processing must 
be optimized to meet bone nutrient requirements. These 
measures can be a way for vegetarians to balance the bone 
metabolic process so that a decrease in bone density can 
be avoided.61
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Other factors affecting BMD are age, sex, race, 
systemic diseases, traumatic history, genetics, and lifestyle. 
These include diet, physical activity, alcohol intake, and 
smoking.10,15 One limitation of this study was that the FD 
values were only assessed based on dietary factors and 
using small sample sizes. Even though the study did not 
aim to investigate the BMD status of the vegetarian and 
nonvegetarian samples, they were carefully selected to 
reduce the confounding factors related to lowering BMD 
(e.g., systemic diseases, traumatic history, obesity, and 
smoking). Another limitation of the study was that it did 
not conduct blood biochemistry tests on each participant. 
Future research should involve larger sample sizes, blood 
biochemistry tests, and BMD examination techniques to 
reveal the correlation between the FD value of vegetarian 
mandibular trabecular bone on panoramic radiographs and 
BMD status.

In conclusion, the mean FD values on panoramic 
radiographs are lower in vegetarian mandibular trabecular 
bone than in nonvegetarian mandibular trabecular 
bone. Considerations need to be made by dentists when 
performing treatments related to mandibular trabecular 
bone surgery in vegetarians.
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