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Objectives: This study aimed to compare the quality and quantity of bone at intraoral
autogenous graft donor sites in type Il diabetes mellitus (DM) patients versus healthy controls
using cone-beam computed tomography (CBCT).

Materials and methods: This case-control study was conducted on CBCT scans of 50 DM
patients and 50 healthy controls between 20-70 years. Maximum height, width, length, and volume
of harvestable bone at the symphysis, ramus, palate, and tuberosity were measured bilaterally. The
Hounsfield unit (HU) was also calculated to assess bone quality. The two groups were compared
regarding the quality and quantity of harvestable bone using an independent t-test. The effect of
confounders was analyzed by the regression model (alpha = 0.05).

Results: DM patients had significantly lower harvestable bone volume at the symphysis,
ramus, and tuberosity than healthy controls (p < 0.001) but this difference was not significant at
the palate (p = 0.957). Also, bone quality was significantly lower at the symphysis, ramus, palate,
and tuberosity in DM patients (p < 0.001).

Conclusion: Diabetic patients had significantly lower bone quality and quantity at intraoral
graft donor sites than healthy controls. Mandibular symphysis had higher bone volume and density
than ramus, palate, and tuberosity for graft harvesting in diabetic patients.
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Introduction

Bone grafting is a commonly practiced procedure for
the treatment of bone defects caused by atrophy, trauma,
congenital anomalies, or neoplasms [1]. Autogenous bone
is the most reliable option for the reconstruction of bone
defects [2]. It is the gold standard for grafting due to its
osteoconductive, osteoinductive, and osteogenic properties
and a success rate of over 95% even in cases with severe
vertical and horizontal bone resorption [3,4]. Moreover,
autogenous bone grafts do not elicit any immune reaction and
contain osteoprogenitor cells along with growth factors [5].

Several intraoral and extraoral donor sites are available
for graft harvesting [6]. Extraoral donor sites can provide
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higher amounts of bone; however, they have numerous
drawbacks such as higher cost of the procedure, significant
donor site morbidity, and creation of a second surgical site.
Intraoral donor sites can provide a significantly lower volume
of bone; however, they have the advantage of minimal side
effects and complications. Also, bone harvesting from the
oral cavity can shorten the duration of the procedure and
requires less surgical manipulation [7,8].

Intraoral donor sites are commonly used for the
reconstruction of maxillofacial bone defects, alveolar ridge
augmentsation, and ridge reconstruction [9]. The amount of
bone required at the recipient site and the biological quality
of the harvested bone are two important factors to consider
before selecting an intraoral donor site for autogenous bone
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harvesting [10]. Mandibular ramus and symphysis, mandible,
maxillary tuberosity, and the palate are the main intraoral
donor sites [11].

The dimensions of the intraoral donor site, the volume of
harvestable bone, and the approximation of intraoral donor
sites to anatomical structures can be accurately assessed by
cone-beam computed tomography (CBCT) [5]. CBCT provides
precise information regarding anatomical structures, bone
morphology, anatomical variations, and pathologies [12,13].
Also, valuable information can be obtained regarding bone
mineral density (BMD) by calculation of Hounsfield unit (HU)
on CBCT scans [14].

Systemic conditions such as diabetes mellitus (DM) can
adversely affect the quality and quantity of bone [15]. DM
is the most common metabolic disorder and a major health
dilemma worldwide [16]. It has serious complications
such as diabetic retinopathy, nephropathy, neuropathy,
macrovascular diseases, and wound healing impairment.
Furthermore, comorbidity of DM with other human diseases
occurs frequently aggravating the treatment [17]. DM is
associated with a series of skeletal complications such
as reduction in BMD, increased risk of osteopenia and
osteoporosis, impaired bone healing, and impaired bone
regeneration and remodeling [18]. Also, it is believed that
delayed wound healing and impaired function of neutrophils
in DM are associated with periodontal disease, periodontal
abscess, and implant failure [19]. Considering the high
number of diabetic patients, knowledge about the effects of
DM on bone quality and quantity is imperative, especially in
patients requiring bone grafting and dental implants.

Considering the absence of a comprehensive study on
the effects of DM on the quality and quantity of bone at all
intraoral donor sites and the presence of some controversy
in this regard, this study aimed to compare the quality and
quantity of bone at intraoral graft donor sites in type 2 DM
patients versus healthy controls using CBCT.

Materials and methods

This case-control study was approved by the ethics
committee of ** University of Medical Sciences (The code
is provided in the Cover Letter). (In order to blind the
manuscript, “***”is used in this file. The missing information is
provided in the Cover Letter of this submission.)

The sample size was calculated to be 42 in each group
according to a study by Rai, et al. [15] assuming the mean
and standard deviation of BMD to be 1395.368 * 296.97 in
the case group, and 1608.572 * 380.36 in the control group,
alpha = 0.05, and study power of 80%. Considering 20%
dropouts, 50 individuals were considered for each group.
The study was carried out from September 2021 to March
2022.
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Eligibility criteria

The inclusion criteria were age between 20 to 70 years,
no history of bone grafting or sinus surgery, no history of jaw
fracture, no systemic disease (except for type 2 DM in the
case group) and having CBCT scans taken for purposes not
related to this study.

The exclusion criteria were complete edentulism, poor-
quality CBCT scans and the presence of motion artifacts.

Study groups

The study was conducted on 100 individuals including 50
type 2 DM patients and 50 healthy controls. Patients assigned
to the case group had to have HbA1c levels = 6.5%.

All CBCT scans had been taken with a NewTom VGi CBCT
scanner (Verona, Italy) with a flat-panel 1920x1536-pixel
detector, 360-degree rotation, 18-second scanning time, and
maximum voltage of 110 kVp at the Oral and Maxillofacial
Radiology Department of School of Dentistry, *** University
of Medical Sciences. (In order to blind the manuscript, “***”
is used in this file. The missing information is provided in
the Cover Letter of this submission.) The scanner adjusted
the exposure settings. Images were reconstructed by NNT
Viewer version 8.0.0 software.

Measuring the dimensions of harvestable bone from
mandibular symphysis

The maximum harvestable bone width from the symphysis
was measured from the buccal surface of the mandible to
2 mm buccal to the lingual plate of the mandible on cross-
sectional images (Figure 1a, line 1).

The maximum symphyseal bone height was measured on
cross-sectional images from 5 mm apical to the apex of the
incisor to 2 mm coronal to the base of the mandible (Figure 1a
line 2).

The maximum symphyseal bone length was measured on
the axial view from 5 mm mesial to the right mental foramen
to 5 mm mesial to the left mental foramen (Figure 1b, line 3).

The maximum bone volume was measured in square
centimeters by marking a bone block on each scan using
Mimics 10.01 software.

Figure 1: Measuring the width, height, and length of harvestable bone from

the symphysis.
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Figure 2: Measuring the width, height, and length of harvestable bone from

the mandibular ramus.

Measuring the dimensions of harvestable bone from
mandibular ramus

Dimensions of harvestable bone from the mandibular
ramus were measured on both sides.

The maximum harvestable bone width from the ramus
was measured on cross-sectional images in millimeters from
the buccal surface of the mandible to the 2 mm buccal to the
lingual plate of the mandible (Figure 2a, line 1).

The maximum harvestable bone height was measured on
cross-sectional images in millimeters from the alveolar crest
to 2 mm above the mandibular canal (Figure 23, line 2).

The maximum harvestable bone length was measured
on the panoramic view in millimeters. The mesial limit was
2 mm distal to the most distal molar tooth. The distal limit
was the point at the cross-section of the cranial surface of
the mandible with the first reconstructed buccal surface on
CBCT scans with continuous visualization of the ascending
ramus. A line was drawn from this point perpendicular to
the mandibular canal. The distance between the mesial limit
and this vertical line was considered the maximum length of
harvestable bone from the ramus (Figure 2b, line 3).

The maximum volume in square centimeters was
measured by marking a bone block on each scan using Mimics
10.01 software.

Measuring the dimensions of harvestable bone from
the palate

Dimensions of harvestable bone from the palate were
measured bilaterally.

The maximum width of harvestable bone from the palate
was measured on cross-sectional images in millimeters from
the palatal surface to 2 mm of the buccal plate or 2 mm of the
root surface (Figure 33, line 1).

The maximum harvestable bone height from the palate
was measured on cross-sectional images in millimeters
from the palatal surface to 2 mm to the sinus or nasal cavity
(Figure 3a, line 2).

https://doi.org/10.29328/journal.johcs.1001043

Quality and quantity of bone at intraoral graft donor sites in type 2 diabetic patients versus healthy controls: A cone-beam computed tomographym
)

The maximum harvestable bone length from the palate
was measured on the axial view in millimeters from the
distal border of the second premolar to 2 mm of the incisive
foramen (Figure 3b, line 3).

The maximum volume was measured in square
centimeters by marking a bone block on each scan using
Mimics 10.01 software.

Measuring the dimensions of harvestable bone from
the maxillary tuberosity

This variable was also measured bilaterally.

The maximum harvestable bone width from the tuberosity
was quantified on cross-sectional images in millimeters by
measuring the buccolingual width of the maxillary alveolar
crest (Figure 44, line 1).

The maximum harvestable bone height from the tuberosity
was quantified on cross-sectional images in millimeters from
the bone crest to 2 mm from the sinus cavity (Figure 4a,
line 2).

The maximum harvestablebonelength from the tuberosity
was measured on the panoramic view in millimeters from 2
mm distal to the most distal tooth to the distal border of the
tuberosity (Figure 4b, line 3).

The maximum volume was measured in square
centimeters by marking a bone block on each scan using
Mimics 10.01 software.

Assessment of the quality of harvestable bone

The quality of harvestable bone from the ramus,

Figure 3: Measuring the width, height, and length of harvestable bone from
the palate.

Figure 4: Measuring the width, height, and length of harvestable bone from
the tuberosity.
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symphysis, tuberosity, and palate was assessed by measuring
the HU using NNT Viewer version 8.0.0 software. The quality
of harvestable bone was measured bilaterally for the ramus,
tuberosity, and palate, while the quality of harvestable bone
from the symphysis was measured as mono-block.

Statistical analysis

An Independent t-test was used to compare the
harvestable bone quality and quantity between the two
groups. A multivariate generalized linear regression model
(GLM) was applied to control for the effect of age and gender
onbone quality and quantity. Statistical analyses were carried
out using SPSS version 15 at a 0.05 level of significance.

Results

A total of 100 patients were evaluated in two groups of
case and control (n = 50) with a mean age of 48.29+13.69
years; the mean age was 45.12 * 14.81 years in healthy
controls and 51.46 * 11.86 years in the diabetic group
(P=0.020). A total of 48 females and 52 males were evaluated
including 24 females and 26 males in each group (p > 0.05).

Quality and quantity of harvestable bone from the
symphysis

Table 1 presents the mean dimensions and BMD of
harvestable bone from the symphysis.

Symphyseal width: The effect of the group on
symphyseal width was statistically significant such that the
mean symphyseal width of healthy controls was 0.330 units
higher than diabetic patients after controlling for the effect of
confounders including age, gender, and laterality (p = 0.004).

The effect of gender on symphyseal width was significant
such that the mean symphyseal width in females was 0.505
units smaller than that in males after controlling for other
variables (p < 0.001).

The effect of age on symphyseal width was significant
such that the mean symphyseal width decreased by 0.049
units with each one-year increase in age after controlling for
other variables (p < 0.001).

Table 1: Mean dimensions and BMD of harvestable bone from the symphysis
Group Gender N Mean Std. Deviation

Female @ 24  10.02 0.91
Healthy
. Male 26 10.73 0.68
Symphyseal width
i . Female 24 9.51 1.02
Diabetic
Male 26 9.89 0.77
Female | 24 | 12.54 1.15
Healthy
. Male 26 | 13.93 1.68
Symphyseal height
. . Female @ 24 11.59 0.98
Diabetic
Male 26 11.95 0.93
Female @ 24  32.03 1.72
Healthy
Male 26 33.21 1.81
Symphyseal length
i . Female 24 | 30.98 1.83
Diabetic
Male 26 31.91 1.58
Female | 24 3.61 0.90
Healthy
Male 26 457 1.1
Symphyseal volume
i . Female 24 2.97 0.75
Diabetic
Male 26 | 3.29 0.60
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Symphyseal height: The effect of the group on
symphyseal height was statistically significant such that the
mean symphyseal height of healthy controls was 0.989 units
higher than diabetic patients after controlling for the effect of
confounders (p < 0.001).

The effect of gender on symphyseal height was significant
such that the mean symphyseal height in females was 0.818
units higher than that in males after controlling for other
variables (p < 0.001).

The effect of age on symphyseal height was significant
such that the mean symphyseal height increased by 0.085
units with each one-year increase in age after controlling for
other variables (p < 0.001).

Symphyseal volume: The effect of the group on
symphyseal volume was statistically significant such that
the mean symphyseal volume of healthy controls was 0.594
units higher than diabetic patients after controlling for the
effect of confounders (p < 0.001).

The effect of gender on symphyseal volume was significant
such that the mean symphyseal volume in females was 0.591
units higher than that in males after controlling for other
variables (p < 0.001).

The effect of age on symphyseal volume was significant
such that the mean symphyseal volume increased by 0.053
units with each one-year increase in age after controlling for
other variables (p < 0.001).

Quality of symphyseal bone: GLM revealed that the
effects of group (p < 0.001), gender (p < 0.001), and age (p <
0.001) on the quality of symphyseal bone were statistically
significant such that the BMD was 46.007 units lower in
diabetic patients and 41.50 units higher in males. Also, each
one-year increase in age decreased BMD by an average of
4.07 units.

Quality and quantity of harvestable bone from the
ramus

Table 2 presents the mean dimensions and BMD of
harvestable bone from the ramus.

Ramus width: The effect of the group on ramus width
was statistically significant such that the mean ramus width
of healthy controls was 0.294 units higher than diabetic
patients after controlling for the effect of confounders
(p <0.001).

The effect of gender on ramus width was significant
such that the mean ramus width in females was 0.275 units
smaller than thatin males after controlling for other variables
(p<0.001).

The effect of laterality on ramus width was not significant
(»=0.719).
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Table 2: Mean dimensions and BMD of harvestable bone from the ramus.

S Group Gondor Location N Mean_Sta. Deviation |

Right 24 | 9.70 0.75
Female
Left 24 9.69 0.75
Healthy -
Right 26 | 10.07 0.80
Male
. Left 26  10.13 0.80
Ramus width .
Right 24 | 9.09 1.05
Female
. . Left 24 | 9.15 1.12
Diabetic -
Right 26 9.36 0.63
Male
Left 26 9.35 0.65
Right 24 | 11.86 1.41
Female
Left 24 | 11.84 1.37
Healthy -
Right 26  12.24 1.93
Male
. Left 26 | 12.22 1.96
Ramus height .
Right 24 | 10.93 1.26
Female
. . Left 24 | 10.91 1.15
Diabetic -
Right 26 | 11.02 1.29
Male
Left 26 11.29 1.84
Right 24 | 9.18 1.73
Female
Left 24 | 9.13 1.68
Healthy .
Right 26 9.62 1.41
Male
Left 26 9.70 1.37
Ramus length -
Right 24 | 8.04 1.25
Female
. . Left 24 | 791 1.25
Diabetic -
Right 26 8.64 1.13
Male
Left 26 8.64 1.08
Right 24 | 1.08 0.33
Female
Left 24 | 1.06 0.32
Healthy -
Right 26 1.21 0.37
Male
Left 26 1.22 0.36
Ramus volume -
Right 24 | 0.83 0.27
Female
. . Left 24 | 0.81 0.24
Diabetic -
Right 26 | 0.89 0.18
Male
Left 26 0.89 0.16

The effect of age on ramus width was significant such that
the mean ramus width decreased by 0.051 units with each
one-year increase in age after controlling for other variables
(p <0.001).

Ramus height: The effect of the group on ramus height
was statistically significant such that the mean ramus height
of healthy controls was 0.459 units higher than diabetic
patients after controlling for the effect of confounders
(p <0.001).

The effect of gender on ramus height was not significant
(p=0.157)

The effect of laterality on ramus height was not significant
(p=0.742).

The effect of age on ramus height was significant such that
the mean ramus height decreased by 0.077 units with each
one-year increase in age after controlling for other variables
(p <0.001).

Ramus length: The effect of the group on ramus length
was statistically significant such that the mean ramus length
of healthy controls was 0.728 units higher than diabetic
patients after controlling for the effect of confounders
(p <0.001).

The effect of gender on ramus length was significant
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such that the mean ramus length in females was 0.538
units smaller than that in males after controlling for other
variables (p = 0.002).

The effect of laterality on ramus length was not significant
(p =0.900).

The effect of age on ramus length was significant such that
the mean ramus length decreased by 0.051 units with each
one-year increase in age after controlling for other variables
(p<0.001).

Ramus volume: The effect of the group on ramus volume
was statistically significant such that the mean ramus volume
of healthy controls was 0.161 units higher than diabetic
patients after controlling for the effect of confounders
(P<0.001).

The effect of gender on ramus volume was significant
such that the mean ramus volume in females was 0.091 units
lower than that in males after controlling for other variables
(» <0.001).

The effect of laterality on ramus volume was not
significant (p = 0.802).

The effect of age on ramus volume was significant such
that the mean ramus volume decreased by 0.018 units with
each one-year increase in age after controlling for other
variables (p < 0.001).

Quality of ramus bone: GLM revealed that the effects of
group (p < 0.001), gender (p < 0.001), and age (p < 0.001) on
the quality of ramus bone were statistically significant such
that the BMD was 45.68 units lower in diabetic patients and
32.54 units higher in males. Also, each one-year increase in
age decreased BMD by an average of 6.15 units. The effect
of laterality on the quality of ramus bone was not significant
(»=0.972).

Quality and quantity of harvestable bone from the
palate

Table 3 presents the mean dimensions and BMD of
harvestable bone from the palate.

Palatal width: The effect of the group on palatal width
was statistically significant such that the mean palatal width
of healthy controls was 0.177 units higher than diabetic
patients after controlling for the effect of confounders
including age, gender, and laterality (p = 0.036).

The effect of gender on palatal width was significant
such that the mean palatal width in females was 0.322 units
smaller than that in males after controlling for other variables
(p<0.001).

The effect of laterality on ramus width was not significant
(p =0.934).

The effect of age on palatal width was significant such that
the mean palatal width decreased by 0.030 units with each
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Table 3: Mean dimensions and BMD of harvestable bone from the palate.

Group  Gender | Location N @ Mean Std. Deviation

Quality and quantity of bone at intraoral graft donor sites in type 2 diabetic patients versus healthy controls: A cone-beam computed tomographym
)

The effect of gender on palatal volume was significant
such that the mean palatal volume in females was 0.161
units smaller than that in males after controlling for other
variables (p = 0.009).

The effect of laterality on palatal volume was not
significant (p = 0.295).

The effect of age on palatal volume was significant such
that the mean palatal volume decreased by 0.017 units with
each one-year increase in age after controlling for other
variables (p < 0.001).

Quality of palatal bone: GLM revealed that the effects of
group (p < 0.001), gender (p < 0.001), and age (p < 0.001) on
the quality of palatal bone were statistically significant such
that the BMD was 32.026 units lower in diabetic patients and
21.82 units higher in males. Also, each one-year increase in
age decreased BMD by an average of 4.17 units. The effect of
laterality on the quality of ramus bone was not significant (p
=0.744).

Quality and quantity of harvestable bone from the
tuberosity

Table 4 presents the mean dimensions and BMD of
harvestable bone from the tuberosity.

Right 24 | 6.93 0.74
Female
Left 24 | 6.94 0.77
Healthy .
Right 26 | 7.21 0.63
Male
. Left 26 7.19 0.64
Palatal width -
Right 24 | 6.45 0.81
Female
. . Left 24 | 6.45 0.79
Diabetic .
Right 26 6.87 0.63
Male
Left 26 6.92 0.61
Right 24 | 7.54 1.20
Female
Left 24 | 7.53 1.18
Healthy )
Right 26 8.12 1.12
Male
. Left 26 7.86 1.72
Palatal height h
Right 24 | 6.94 1.06
Female
. . Left 24 | 6.91 1.08
Diabetic -
Right 26 | 10.55 15.53
Male
Left 26 | 7.41 0.72
Right 24 | 16.23 1.43
Female
Left 24 | 16.22 1.43
Healthy -
Right 26 | 16.71 1.15
Male
Left 26  16.35 2.16
Palatal length -
Right 24 | 14.90 1.62
Female
. . Left 24 | 14.92 1.69
Diabetic :
Right 26 | 15.49 1.26
Male
Left 26  15.50 1.27
Right 24 | 0.88 0.26
Female
Left 24 | 0.86 0.22
Healthy .
Right 26 0.99 0.22
Male
Left 26 0.99 0.22
Palatal volume -
Right 24 | 0.69 0.22
Female
. . Left 24 | 0.69 0.22
Diabetic :
Right 26 1.04 1.25
Male
Left 26 0.80 0.15

one-year increase in age after controlling for other variables
(p <0.001).

Palatal height: The effects of group (p = 0.456), gender
(p = 0.133), laterality (p = 0.274) and age (p = 0.070) on
palatal height were not significant.

Palatal length: The effect of the group on palatal length
was statistically significant such that the mean palatal length
of healthy controls was 0.638 units higher than diabetic
patients after controlling for the effect of confounders
(p <0.001).

The effect of gender on palatal length was significant
such that the mean palatal length in females was 0.371
units smaller than that in males after controlling for other
variables (p = 0.025).

The effect of laterality on ramus length was not significant
(p=0.567).

The effect of age on palatal length was significant such
that the mean palatal length decreased by 0.074 units with
each one-year increase in age after controlling for other
variables (p < 0.001).

Palatal volume: The effect of the group on palatal volume
was not statistically significant (p = 0.957).
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Table 4: Mean dimensions and BMD of harvestable bone from the tuberosity.
Mean @ Std. Deviation

Group Gender Location N

Right 24 | 7.346 0.990
Female
Left 24 | 7.396 0.948
Healthy :
Right 26 10.911 16.479
Male
L Left 26  7.870 0.726
Tuberosity width -
Right 24 | 7.038 1.150
Female
. . Left 24 | 6.967 1.166
Diabetic -
Right 26  7.316 0.551
Male
Left 26 7.264 0.507
Right 24 | 7.950 1.395
Female
Left 24 | 7.817 1.348
Healthy :
Right 26 8.041 1.427
Male
. . Left 26  8.133 1.407
Tuberosity height -
Right 24 | 7.292 1.407
Female
. . Left 24 | 7.304 1.523
Diabetic X
Right 26 6.960 0.828
Male
Left 26  6.964 0.826
Right 24 | 7.892 1.648
Female
Left 24 8.304 2.332
Healthy X
Right 26  8.330 1.181
Male
. Left 26 8.356 1.299
Tuberosity length -
Right 24 | 6.700 1.413
Female
. ) Left 24 | 6.571 1.496
Diabetic -
Right 26 | 7.932 1.350
Male
Left 26 7.956 1.348
Right 24 | 0.473 0.177
Female
Left 24 | 0.468 0.174
Healthy ]
Right 26 0.532 0.167
Male
. Left 26 0.539 0.164
Tuberosity volume -
Right 24 | 0.360 0.163
Female
. ) Left 24 1 0.348 0.147
Diabetic :
Right 26 0.409 0.104
Male
Left 26  0.406 0.102
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Tuberosity width: The effects of group (p = 0.484),
gender (p = 0.204), and laterality (p = 0.321) on tuberosity
width were not statistically significant.

The effect of age on tuberosity width was significant such
that the mean tuberosity width decreased by 0.091 units
with each one-year increase in age after controlling for other
variables (p = 0.005).

Tuberosity height: The effect of the group on tuberosity
height was statistically significant such that the mean
tuberosity height of healthy controls was 0.412 units higher
than diabetic patients after controlling for the effect of
confounders (p = 0.004).

The effects of gender (p = 0.121) and laterality (p = 0.983)
on tuberosity height were not significant.

The effect of age on tuberosity height was significant such
that the mean tuberosity height decreased by 0.064 units
with each one-year increase in age after controlling for other
variables (p < 0.001).

Tuberosity length: The effect of the group on tuberosity
length was statistically significant such that the mean
tuberosity length of healthy controls was 0.461 units higher
than diabetic patients after controlling for the effect of
confounders (p = 0.017).

The effect of gender on tuberosity length was significant
such that the mean tuberosity length in females was 0.707
units smaller than that in males after controlling for other
variables (p < 0.001).

The effect of laterality on tuberosity length was not
significant (p = 0.661).

The effect of age on tuberosity length was significant such
that the mean tuberosity length decreased by 0.063 units
with each one-year increase in age after controlling for other
variables (p < 0.001).

Tuberosity volume: The effect of the group on
tuberosity volume was statistically significant such that the
mean tuberosity volume of healthy controls was 0.05 units
higher than diabetic patients after controlling for the effect
of confounders (p < 0.001).

The effect of gender on tuberosity volume was significant
such that the mean tuberosity volume in females was 0.05
units smaller than that in males after controlling for other
variables (p < 0.001).

The effect of laterality on tuberosity volume was not
significant (p = 0.75).

The effect of age on tuberosity volume was significant
such that the mean tuberosity volume decreased by 0.01
units with each one-year increase in age after controlling for
other variables (p < 0.001).
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Quality of tuberosity bone: GLM revealed that the effects
of group (p < 0.001), gender (p = 0.002), and age (p < 0.001)
on the quality of tuberosity bone were statistically significant
such that the BMD was 33.72 units lower in diabetic patients
and 20.60 units higher in males. Also, each one-year increase
in age decreased BMD by an average of 5.68 units. The effect
of laterality on the quality of ramus bone was not significant
(p = 0.954).

Discussion

This study compared the quality and quantity of bone
at intraoral graft donor sites in type 2 DM patients versus
healthy controls using CBCT. The results showed that the
mandibular symphysis had the largest dimensions and
volume of harvestable bone (mean volume of 4.57 + 1.11
cm?®) while the tuberosity had the smallest dimensions and
volume of harvestable bone. The effects of age and gender
on the quantity of symphyseal, ramus, palatal, and tuberosity
bone were significant such that the quantity of harvestable
bone from the aforementioned sites was significantly higher
in males than females, and the quantity of bone decreased
with age. The effect of laterality on bone quantity was not
significant.

Previous studies showed that edentulous areas of the
mandible had higher BMD (determined by the HU) than
edentulous areas of the maxilla. Also, in both the maxilla
and mandible, the anterior region had higher BMD than
the posterior region [20,21]. Previous studies showed
that edentulous areas of the mandible had higher BMD
(determined by the Hounsfield unit) than edentulous areas
of the maxilla [22]. The present results showed maximum
and minimum BMD in mandibular symphysis and maxillary
tuberosity, respectively, and the effects of age and gender on
bone quality of the symphysis, ramus, palate, and tuberosity
were statistically significant, such that the quality of bone at
the aforementioned sites was higher in males than females,
and bone quality decreased with age. The effect of laterality
on bone quality was not significant.

Ataman-Duruel, et al. [22] in their study conducted in the
United States compared the volume, dimensions, and quality
of bone at different intraoral donor sites. They evaluated 50
CBCT scans of patients and analyzed the symphysis, ramus,
palate, and tuberosity. The results showed that symphysis
had the highest bone quality and quantity while tuberosity
had the lowest bone quality and quantity. Their results
were in agreement with the present findings. Gender had no
significant effect on bone quality or quantity in their study.
Laterality had no significant effect on bone quantity at the
ramus and tuberosity but had a significant effect on the
quantity of palatal bone. Bone quality was not significantly
different on the right and left sides at any site. El Nahass, et
al. [23] in their study conducted in Egypt measured palatal
bone dimensions on 76 CBCT images and reported higher
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harvestable bone dimensions in the palate in males than
females. Similar results were obtained in the present study
such thatthe palatal width in females was significantly smaller
than that in males but palatal height was not significantly
different between males and females. The palatal length was
also significantly smaller in females.

The mechanisms behind the correlation between DM and
bone quality and quantity have notbeen well elucidated. Thus,
the possible role of sex hormones, obesity, hyperglycemia,
and hyperinsulinemia in this regard has been investigated;
however, the pathogenesis is still not clearly understood
[24]. The present results showed a significant reduction in
the volume of harvestable bone at the symphysis, ramus,
and tuberosity in type 2 DM patients compared with healthy
controls. However, the reduction in palatal volume was
not significant in diabetic patients. Also, DM significantly
decreased the quality (BMD) of harvestable bone at the
symphysis, ramus, palate, and tuberosity. The present results
were generally in agreement with the available literature on
this topic [15,25]. Rai, et al. [15] evaluated bone quality at
four intraoral donor sites of diabetic patients with HbAlc =
6.5% in comparison with healthy controls using CBCT. They
showed lower cortical and cancellous BMD (in HU) in diabetic
patients than in healthy controls. However, the difference
among different age groups was not significantin BMD. Males
had significantly higher cortical and cancellous BMD than
females; the difference in cortical and cancellous BMD of the
maxilla and mandible was also significant. Similarly, Nemtoi,
et al. [25] revealed a significant inverse correlation of bone
quality and quantity with the level of HbA1lc and emphasized
the need for assessment of bone quality and quantity of
diabetic patients by CBCT prior to surgical procedures.

In the present study, only diabetic patients taking oral
metformin were included in the study for the purpose of
standardization. Future studies are required on diabetic
patients taking other medications for DM.

Conclusion

Diabetic patients had significantly lower bone quality and
quantity at intraoral graft donor sites than healthy controls.
Mandibular symphysis had higher bone volume and density
than ramus, palate, and tuberosity for graft harvesting in
diabetic patients. CBCT can provide valuable information
regarding bone quality and quantity at the graft donor sites.
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