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Abstract

Introduction This study aimed to assess the quantity and
quality of available bone to provide the autologous bone
graft from mandibular ramus.

Material and Methods CBCT scans were collected and
mandibular ramus was evaluated by measuring a variety of
parameters including volume, bone height, cortical, and
cancellous bone thickness. Data analysis was performed
using descriptive statistics and inferential statistics. We
used the Kolmogorov—Smirnov test for the evaluation of
data normality. We then applied Pearson correlation and
independent #-test for normal variables, and Spearman and
Mann—Whitney correlation tests for abnormal variables.
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Statistical analysis was performed using SPSS version 19
and P value < 0.05 was considered significant.

Results A total of 52 women and 32 men (aged 21 to 70)
were included in this study. The mean bone volume was
2.7 £ 0.70 cm?® [95%confidence interval (CI) 1.3-4.5]. The
mean bone density in the middle section was
1016.36 £ 231.58 Gy value (95% CI 475.6-1520.9).
Kolmogorov—Smirnov test revealed that the variables such
as apical cortical/cancellous ratio (P = 0.005), middle-
cancellous bone thickness (P = 0.016), and middle corti-
cal/cancellous ratio (P = 0.005) were abnormal and the rest
were normal. Bone density, as well as the amount of cor-
tical bone in the middle and apical regions, had a signifi-
cant reverse correlation with age (P < 0.001)

Conclusion The volume, density, and cortical/cancellous
ratio are independent of sex. The reverse relationship
between age and bone density, as well as the amount of
cortical bone in several parts, indicates a decrease in bone
quality with aging.

Keywords Bone grafts - Autogenic grafts - Mandible -
Ramus - Imaging - CBC

Introduction

Rehabilitation of oral structures is increasingly becoming a
great concern regarding the vast consequences of function
and esthetics. Alveolar ridge recession is one of the most
common oral complications after tooth extraction, which
may necessitate regenerative treatment before the implant
placement [1]. Bone defects may also occur as a result of
trauma or pathologic conditions such as periodontal dis-
eases and alveolar cleft.
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Several treatment approaches have been developed for
the regeneration of the defected alveolar bone. Among all,
autologous bone graft is proved to be a “gold standard” for
alveolar ridge augmentation before the implant treatment,
based on the high success rate of the procedure [2]. Based
on the area of defect, several sources can be used as donor
sites, including an iliac crest, maxillary tuberosity, coro-
noid process, tori, mandibular symphysis, and ramus [3].
Using mandibular ramus as a source of bone graft is well
accepted by patients as it does not involve skin, leads to
low morbidity and pain, and can be obtained under local
anesthesia [4]. Nevertheless, there are several limitations
to this site, including limited shape and size and the fact
that it mainly consists of cortical bone [5].

Previous studies have depicted that the compact struc-
ture of the cortical bone may impede the remodeling and
vascularization process, as it may act as a barrier to the
vessel growth from the surrounding tissues [6]. As a result,
the assessment of cortical/cancellous ratio as an indicator
of the bone quality, as well as the amount of available
bone, may be essential factors in donor site selection and
success rate of the graft. To the authors’ knowledge, only a
few studies have evaluated the volume and density of the
ramus as a donor site [7-9]; none has been performed on
the Iranian population. However, ethnic differences may
influence anatomical variations.

Regarding the importance of bone evaluation before
surgery and lack of sufficient evidence in the Iranian
population, we aimed to use CBCT for qualification and
quantification of the harvestable mandibular ramus in an
Iranian population. Our secondary aim was to evaluate the
effect of age and gender on the available bone
characteristics.

Materials and Methods

This analytical cross-sectional study was approved by the
ethics committee of the Dental School of Shahid Beheshti
University of Medical Sciences (IR.SBMU.DR-
C.REC.1398.006). Patients were referred to public and
private dental radiology clinics during the years 2016 and
2017. All images were taken for dental treatments
(orthodontics, implant, etc.) and not for the aims of this
study. Only Iranian patients were included and the fol-
lowing exclusion criteria were applied: fully edentulous
patients, patients with a history of trauma or vast surgery,
obvious signs of any cyst, tumor, or pathology in the
radiographs. Written informed consent was taken from
each patient for their data to be used in this study.

CBCT scans were captured with the following radio-
graphic parameters: 90 kV, 8 mA, and a voxel size of
0.2mm>. Facial mode with a field of view (FOV) of 7.5 *
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10 cm was used. Images were initially stored in DICOM
format. Patients’ data were opened in OnDemand software
to perform measurements. A panoramic curve was recon-
structed in the axial view to enable acquiring spatial planes
of the region of interest (Fig. 1). Each slice had a default
thickness of 1 mm. The available area as a source of
autogenous grafting in the ramus extends from the middle
of the first mandibular molar (the frontal point of the
external oblique ridge), ascending the ramus to a point in
the middle of the third molar and mandibular foramen. The
apical extension was 2 mm above the inferior alveolar
canal. The buccal extension was in a distance of 2 mm
from the root surface. Surface of this area, as well as linear
measurements, was performed by OnDemand software
(Fig. 2). Then, the volume of the interval area between
every two cuts was calculated using partial Frustum for-
mula [10]:

h
v= g(sl + 52+ 4/s1s2)

h = width of the slice, sl and s2 = surface of the cut at
each slice.

Considering the width of each slice was 1 mm, the
overall volume was measured by adding the volumes of
sequential slices (Fig. 3). The density of the har-
vestable bone was measured with an ROI tool in gray value
(GV).

For a better perception of the area, linear measurements
were also performed in the each slice (Fig. 4). First, a line
parallel to the tooth axis was drawn, then three perpen-
dicular lines to this line were drawn in the crestal, middle,
and apical area. As mentioned before, the line in the apical
area was 2 mm above the inferior alveolar canal:

(1) Height of available bone in the middle region, from
crest to two mm above the inferior alveolar nerve in
a line parallel to the tooth axis

(2) Thickness of cortical plate in the crestal, middle, and
apical regions

(3) Thickness of cancellous bone in the crestal, middle,
and apical regions

(4) Ratio of cortical/cancellous bone in each region was
also calculated

All measurements were performed by a qualified
examiner. To reduce intraexaminer error, all variables
related to 10 samples were measured repeatedly in two
weeks from the initial measurement. An intraclass cor-
relation coefficient (ICC) of greater than 0.8 approved
acceptable intraexaminer reliability for the
measurements.

Statistical analysis was performed by descriptive and
inferential methods. Mean and the standard deviation were
measured for each parameter. For the evaluation of data
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Fig. 1 Reconstruction of the panoramic curve in the axial view
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Fig. 2 Measurement of the harvestable surface in each slice

normality, we used the Kolmogorov—Smirnov test. We  correlation tests for abnormal variables. Statistical analysis
applied Pearson correlation and independent t-test for  was performed using SPSS version 19 and p value < 0.05
normal variables, and Spearman and Mann-Whitney  was considered significant.
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Fig. 4 Linear measurement of height, cortical and cancellous bone thickness
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Results

A total number of 84 patients were recruited in this study.
The mean age of individuals was 44.4 £+ 13.1 with a range
of 21 to 70 years. A total of 52 individuals were female and
32 were male. Table 1 illustrates the measured values of
each variable.

The volume, density, and height of the available bone
were 2.70 + 0.70 cm?®, 1016.36 & 231.58 GV, and
9.80 %+ 1.84 mm, respectively (mean & SD). The cortical
thickness in apical, middle, and crestal regions was
242 £ 0.49, 243 £ 0.51, and 4.53 £ 0.95 mm, respec-
tively. The thickest cortical bone was related to the crestal
region. The cancellous bone thickness in the apical and
middle regions was 2.38 4+ 0.74 and 2.47 £ 0.75 mm,
respectively. Since there was no cancellous bone in the
crestal area, the cortical/cancellous ratio was only mea-
surable in apical and middle areas.

Based on the Kolmogorov—Smirnov test results, the
cumulative distribution of apical cortical/cancellous ratio
(p = 0.005), middle-cancellous bone thickness (p = 0.016),
and middle cortical/cancellous ratio (p = 0.005) were not
normal and the rest of the variables were normal
(p > 0.05).

Statistical analysis revealed that gender has no signifi-
cant association with the measured bone parameters
(Table 2). Analysis also indicates that there is a significant
reverse correlation between age and density (p = 0.024),
apical ratio (p = 0.009), middle ratio (p = 0.005), apical-
cortical bone thickness (p = P < 0.001), and middle-cor-
tical bone thickness (p = P < 0.001) (Table 3).

Table 1 Mean, standard deviation (SD), minimum and maximum of
different variables including density, the thickness of cortical and
cancellous bone in apical, middle and crestal region, ratio of corti-
cal/cancellous bone thickness in apical and middle region and bone
height

Variable Mean SD Min Max

Volume (cm®) 2.70 0.70 1.30 4.50
Density (gv) 1016.36  231.58 475.60 1520.90
Apical- cortical BT (mm) 2.42 0.49 1.43 3.57
Apical-cancellous BT (mm) 2.38 0.74 0.98 3.97
Apical ratio 1.09 0.39 0.52 2.10
Middle-cortical BT (mm) 2.43 0.51 0.53 3.80
Middle-cancellous BT (mm) 2.47 0.75 1.16 4.25
Middle ratio 1.06 0.43 0.18 2.46
Crestal-cortical BT (mm) 4.53 0.95 2.32 6.68
Crestal-cancellous BT (mm) 0.00 0.00 0.00 0.00
Height (mm) 9.80 1.84 4.52 14.79

BT: bone thickness

Table 2 Correlation of bone parameters with gender

Variable P value
Volume 0.441
Density 0.111
Apical-cortical BT 0.856
Apical-cancellous BT 0.438
Apical ratio 0.814*
Middle-cortical BT 0.289
Middle-cancellous BT 0.484
Middle ratio 0.379
Crestal-cortical BT 0.087
Height 0.116

*p value was calculated with Mann—Whitney test, the rest of the
values were calculated with t-test

Discussion

Several donor sites have been suggested for alveolar bone
augmentation, generally classified as intraoral and extrao-
ral. Intraoral sites seem to be preferred by both clinicians
and patients on account of fewer complications and
removing the need for hospitalization [11]. Among these,
the mandibular ramus and symphysis are among the com-
monest sites, particularly for localized deficiencies of the
ridge [12, 13]. Implants placed into ridges grafted through
these techniques have shown a high survival and success
rate [14]. The most likely complications of these sites are
pain and discomfort, sensory disturbances, and esthetic
results, all shown to be far less common when using ramus
bone compared to the symphysis [15]. Sensory alterations
of the mucosa occur rarely when using ramus (8.19%) and
mostly present to be temporary [15]. Overall, applying
mandibular ramus as a donor site for grafting seems to be a
reasonably safe technique. Concerning the importance of
this site in grafting techniques, we conducted this study to
assess bone parameters of this region.

Several methods have been developed to evaluate the
volume of different body parts, the gold standard is con-
sidered to be water displacement [16, 17]. The partial
Frustum model is a geometrical measurement of the vol-
ume [10]. In this method, the shape is divided into small
frustums and the total volume is calculated by adding up
the volumes of frustums. Previous studies have evaluated
the accuracy of this method by comparing it to the water
displacement method and have shown high accuracy and
reliability of this method [18, 19].

We found a volume of 2.7 & 0.7 cm® (range 1.3 to 4.5
cm?) in the harvestable mandibular ramus. Giingérmiis and
Yavuz evaluated the value in 16 samples of dry skulls and
found a mean of 2.36 cm® [5]. The slight difference
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Table 3 Correlation of bone parameters with age

Variable P value Amount of decrease in parameter
with one year increase of age
1 Volume (cm?) 0.203 -
2 Density (gv) 0.024* 0.024
3 Apical-cortical BT (mm) P < 0.001* 0.447
4 Apical-cancellous BT (mm) 0.848 -
5 Apical ratio 0.009* 0.287
6 Middle-cortical BT (mm) P < 0.001* 0411
7 Middle-cancellous BT (mm) 0.534 -
8 Middle ratio 0.005* 0.308
9 Crestal-cortical BT (mm) 0.327 -
10 Height (mm) 0.866 -

*Indicates significant reverse relationship; values of 5, 7, and 8 parameters were calculated with Spearman correlation test; rest of the values

were calculated with Pearson correlation test

between the two results could be as a result of postmortem
alterations of bone structure [20, 21]. Verdugo et al. in a
clinical study measured the available volume by computer-
aided design (CAD) software and also intrasurgically by
displacement volumetry [7]. They found a har-
vestable volume of 0.82 & 0.21 cm’ and 2.65 + 0.45 cm’
by CAD calculations and intrasurgically, respectively. It is
noticeable that our results are closely similar to the prac-
tical results obtained intrasurgically, which is greater than
the volume measured by CAD calculations.

Bone density, as an indicator of bone quality, is highly
associated with the primary stability of implants inserted in
the region [22]. Conventionally, researchers have calcu-
lated bone density in Hounsfield (HU) scale using a CT
scan. Nevertheless, Isoda et al. showed that bone density
values measured through CBCT scans are similar to the
conventional method. CBCT is more frequently used in
dentistry, so applying CBCT scans for research purposes
seems more reasonable and causes no further exposure for
patients. Therefore, we calculated bone density in gray
value by CBCT scans.

The density of the harvestable bone is found to be 475.6
to 1520.9 GV in the present study. Regarding this range,
the density of the Iranian population mandibular ramus is
classified between D1 to D3 [23]. We also found the height
of available bone to be 9.8 £ 1.84 mm. Padayachee et al.
found a mean bone distance of 13.068 £ 2.963 mm from
crest to inferior alveolar nerve [24]. Since we measured
bone height from a safe margin of 2 mm from the inferior
alveolar nerve, only a slight difference exists between the
South African and Iranian populations.

Based on our results, reverse correlation of bone density
(p =0.024) and cortical bone thickness in apical and
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middle regions (p < 0.001) indicate the decrease of bone
quality with aging. Previous studies have demonstrated
similar results in other skeletal sites of the body [25, 26]. A
variety of possible reasons have been suggested for this,
including reduced activity and nutritional insufficien-
cies [25, 27], besides the general aging procedure caused
by oxidative stress and telomere reduction.

We found a cortical thickness of 2.42 £ 0.49 mm in the
apical region. This is consistent with a clinical study by
Verdugo et al. that reported a cortical bone thickness of
1.9 &+ 0.3 mm, 2.4 &+ 0.6 mm, and 2.1 & 0.4 mm in the
apical region of the first, second, and third molars,
respectively [28]. Examination of the cortical/cancellous
bone ratio showed that in the crestal region of the middle
slice, the bone structure merely consists of cortical bone
(4.5 = 0.95 mm). Cancellous bone in the middle and api-
cal region is of greater proportion (2.47 £ 0.75 and
2.38 £ 0.74 mm, respectively). The proportion of cortical
bone may be an essential index in the donor site as a great
proportion may delay the remodeling process by obstruct-
ing the growth of vessels into the grafted area [6].

There are several limitations to this study. We were not
able to obtain demographic data of the patients due to the
cross-sectional nature of this study. Another limitation is
the lack of advanced software technology to automatically
measure the volume, which could contribute to fewer errors
compared to the manual calculation. Finally, regarding that
first choice for assessing bone density is by CT scan, using
CBCT, despite its advantages such as less radiation
dose [29], could be a restriction of this study.

Future studies should evaluate other oral osseous graft-
ing sources in the Iranian population so that a comparison
between the regions could be performed to make the best
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treatment plans. Additionally, a clinical trial in this field
could be recommended to access patients’ data.

Conclusion

In conclusion, the volume, density, and cortical/cancellous
ratios are independent of gender. There is no relationship
between volume and age. Nevertheless, a significant
inverse correlation between age and density, as well as
cortical bone thickness in the apical and middle regions,
has been found. This indicates a decrease in bone quality
with aging. Accordingly, clinicians should consider the age
to make the right treatment decisions. Finally, the wide
range of harvestable bone in this area necessitates the
assessment of this bone before the surgery.
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