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Image-based Bone Density Classification Using Fractal Dimensions and Histological Analysis of Implant Recipient Site

ABSTRACT

Background: Success of dental implants is affected by the quality and density of the 

alveolar bone. These parameters are essential for implant stability and influence its 

load-bearing capacity. Their assessment is usually based on preoperative radiographs used 

as a tool prior to implant procedures. Objective: The aim of the study was to compare 

the bone density of surgically harvested bone specimens at implant recipient sites in the 

maxillary and mandibular posterior region using histological analysis to the radiographic 

bone density using fractal dimension for reliability and determining an image based 

classification of bone density prior surgery. Methods: Fifty implants were placed in the 

posterior region of male patients, (twenty five implants in the maxilla and twenty five in 

the mandible). The edentulous regions were presurgically assessed using Photo Stimulable 

Phosphor Plate (PSP) intra-oral radiographs and the fractal dimension box counting of 

region of interest was calculated at the implant recipient site. During surgery, bone core 

specimens were trephined, and bone densities and minerals parameters were evaluated 

based on histological analysis using SEM (Scanning Electron Microscopy), and atomic 

absorption spectrometry. Results: Fractal dimensions (FD) values for the same region 

of interest (ROI) selected on the radiographs of bone blocks and edentulous sites were 

different but showed a proportional variation in molar and premolar region of the maxilla 

and mandible. Bone density results, calculated by the ratio of bone mass (BM) to the 

bone volume (BV) of the bone core specimen (D=M/V), increased in the mandibular bone 

blocks, and decreased in the maxilla specimens. Moreover, fractal dimension values of 

preoperative radiographs at implant recipient sites and bone density of trephined showed 

a statistically similar distribution. However, no significant difference was shown in the 

percentage of minerals contents and mass of calcium phosphate of each bone specimen 

between maxilla and mandible based on scanning electron microscopy analysis. Four 

types of bone densities were classified according to the distribution of FD values based 

on preoperative radiographs and on the densities of bone cores calculations. Conclusion: 

Radiographic estimation of bone quality calculated with fractal dimension could be a 

useful, non-invasive tool when using preoperative intra-oral radiographs to predict bone 

density at implant recipient sites with caution and limits concerning the kind of digital 

radiographs and size of region of interest, especially when these results were based with 

bone specimens harvested from implant site as an absolute reference.

Keywords: Fractal dimension; bone density; bone specimen; periapical radiograph.

1. INTRODUCTION
The success rate of dental implant 

is considered to be influenced by 
the quantity of bone surrounding 
the implant and the quality of bone 
which is one of the most critical pa-
rameters for the success of implant 
placement (1, 2). Comparing the two 
jaws, the success rate of implants 
in the lower jaw is higher than the 

upper based on the literature data 
(3-5), moreover a survey of studies 
on implant planning and treatment, 
showed a diversity of classification 
systems and measurement units of 
bone quality (6).

Generally, the quality of bone is 
considered as the sum of all the char-
acteristics of bone that influence its 
resistance to fracture (7), including 

Image-based Bone Density Classification Using Fractal 
Dimensions and Histological Analysis of Implant 
Recipient Site

Elie Hayek1, Georges Aoun1, 
Hassem Geha2, Ibrahim 
Nasseh1

1Department of Oral Medicine and 
Maxillofacial Radiology, Faculty of Dental 
Medicine, Lebanese University, Beirut, 
Lebanon
2Department of Comprehensive Dentistry, 
University of Texas Health Science Center 
San Antonio, San Antonio, Texas, USA

Corresponding author: Professor Georges 
Aoun, Head of Department of Oral Medicine 
and Maxillofacial Radiology, Faculty of 
Dental Medicine, Lebanese University, Beirut, 
Lebanon. E-mail: dr.georgesaoun@gmail.com. 
ORCID ID: http://orcid.org/0000-0001-5073-
6882.

doi: 10.5455/aim.2020.28.272-277

ACTA INFORM MED. 2020 DEC 28(4): 272-277
Received:  Nov 05, 2020
Accepted:  Dec 11, 2020

ORIGINAL PAPER

© 2020 Elie Hayek, Georges Aoun, Hassem Geha, 
Ibrahim Nasseh

This is an Open Access article distributed under the 
terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted non-
commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.



ORIGINAL PAPER / ACTA INFORM MED. 2020 DEC 28(4): 272-277 273

Image-based Bone Density Classification Using Fractal Dimensions and Histological Analysis of Implant Recipient Site

the structural aspects and the degree of bone tissue min-
eralization (8-11).

The density is the quality of radiopacity, the concept of 
Mass per Volume (D=M/V) is based that the absorption 
of x-ray is proportional to the mass of calcium in that 
unit of bone volume. The bone density is a key factor in 
determining the treatment planning, surgical approach 
and healing time in an edentulous site (12).

However, many clinicians in order to differentiate the 
different type of bone use bone density as an objective 
indicator to be evaluated at implant sites based on pre-
operative radiographs (13-15).

In the field of dentistry, several classification of bone 
density has been proposed for assessing bone quality. 
Lekholm and Zarb (16), classified alveolar bone quality 
from type 1 to type 4 according to the radiographic mor-
phology and amount of cortical bone versus trabecular 
bone. Mish et al. (17), adjusted this classification based on 
a subjective tactile sensations and assessment detected 
by the surgeon during implant drilling, yet these clas-
sifications are still without the analysis of bone tissue 
specimens as a reference and for additional observation.

Fractal analysis (FA) is a method which a complex and 
irregular body structures may be evaluated mathemat-
ically, and the fractal dimension (FD) is the definition 
of the quantitative outcome of this method (18). Many 
studies have been using the fractal analysis method to 
explore bone structures (19-22).

In dentistry, FA has been applied to analyze the images 
of panoramic and periapical radiographs which are the 
most frequently used (23), and to assess and quantify the 
trabecular bone pattern of the jaw through counting the 
bone marrow and trabecular bone interface (24).

This method has been employed by many researchers 
for bone mineral density (BMD) investigation. When the 
box counting value is high, the trabecular and medullar 
bone boundary is more complex. Moreover, the reduc-
tion of bone density values corresponds to a diminishing 
of fractal dimension (25). Fractal analysis may be calcu-
lated from digitalized images using a computer program 
described by White & Rudolph where the morphology 
features of the trabecular bone can be measured (26). 
Box counting algorithm method was used for calculation 
which considered easy and accessible (27, 28), and fre-
quently used by radiologist to predict bone density (29) 
and to facilitate quantitative evaluation of the bone mi-
croarchitecture from the high precision of digital images 
available (21).

Very few studies have estimated bone density by an-
alyzing minerals content and ratio mass to volume cal-
culation of bone biopsies in order to provide supplemen-
tary information.

2. AIM
The aim of this study is to compare the fractal dimen-

sion values of two similar regions of interest, one from 
a preoperative implant site, and the other from a tre-
phined bone block. Another aim is to propose a suit-
able image-based classification of bone density type by 
correlating between the bone density values calculated 

from bone biopsies, the mass of calcium phosphate, and 
the fractal dimension values from preoperative radio-
graphs to assess the bone quality before implant place-
ment. 

3. MATERIAL AND METHODS
Ethical aspects
This study was conducted in the Division of Maxillofa-

cial Radiology and approved by the Institutional Ethical 
Board of the Lebanese University (no 52018/117). All pa-
tients were given detailed information about the study 
objectives and procedures, and their written informed 
consent was obtained.

Inclusion criteria
The study included only healthy male patients ranging 

in age between 20 and 50, requiring at least one implan-
tation in the premolar/molar region of the maxilla or 
mandible with more than 10 mm of a residual alveolar 
bone crest height and more than 5 mm of residual bone 
crest width based on cone beam computed tomography 
(CBCT) images.

Exclusion criteria
The following patients were excluded from the study: 

(1) patients with systemic conditions, (2) patients under 
medications affecting the bone metabolism, (3) patients 
with alveolar bone lesions, (4) patients having received 
any type of bone graft, (5) smokers.

Surgical procedures
All individuals were subjected to full mouth prophy-

laxis sessions prior to intraoral radiographs and sur-
geries. We placed 50 implants equally in premolar and 
molar areas of the maxilla and the mandible. All im-
plants were 10 mm long with a 4 mm diameter. 

Implant surgeries were performed by one experienced 
surgeon with a standardized protocol. Cylindrical bone 
specimens were harvested during the surgery using a 
trephine bur (Trepan Bur, 2.0 mm diameter, 7 mm long, 
Komet Dental. Gebr. Brasseler Gmbh &Co, Germany), 
and dental implant fixtures were then inserted into the 
edentulous site.

Digital periapical image acquisition
Size 2 Photostimulable phosphor (PSP) plate from the 

VistaScan digital radiographic system (Dürr Dental) 
were used and scanned at 1270 dpi (25 lp/mm) special 
resolution. The Kodak dental X-ray unit was adjusted to 
operate at 70 kVp, 7 mA, an exposure time of 0.16 second, 
and a focus-receptor distance of 30 cm. Two radiographs 
were obtained, one for the maxillary or mandibular 
molar/premolar region, and a second for the harvested 
bone block using paralleling technique and posterior 
paralleling device with standard exposure. Images were 
stored on a personal computer and given to the investi-
gator for fractal dimension (FD) calculations.

Region of interest selection
Two identical rectangular regions of interest (ROI) 

were marked on the radiographic images measuring 25× 
50 pixels, the first ROI was drawn at the edentulous im-
plant site on the preoperative radiograph, and the second 
was placed within the bone specimen radiograph (Figure 
1). All ROIs obtained were saved in the computer memory.
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Assessment of fractal dimension
ImageJ software (version 1.36b, U.S. National Institutes 

of Health) was used to analyze the ROIs. The sequence in-
cludes cropping of the regions of interest (ROI), duplica-
tion of the ROI and the use a blurred Gaussian filter to 
remove large-scale variations, in brightness the subtrac-
tion of ROI from the original image, binarization, and 
skeletonization (Figure 2).

Bone core specimen analysis The analytical infor-
mation of bone biopsy was done using Scanning Elec-
tron Microscopy (SEM) (Seron technologies Brand). Be-
fore SEM treatment, the mass of each bone specimen 
was measured using a scientific electronic balance. The 
sample was placed on a holder using Carbone tape, a 
thin film of gold was deposit on the sample to make its 
surface conductive (deposition time was 20-30 sec), the 
bone specimen was then placed in a chamber of high 
vacuum and finally an electron beam initiate to hit the 
sample surface in order to obtain a various signals. Two 
signals were used: the secondary electrons that display 
an image of the sample’s surface and characteristic x-ray 
that allows elemental quantification of elements present 
in the sample. Each of these two signals has their own 
detector embedded in the Energy Dispersive X-ray ma-
chine (EDX).

This technique was performed by a blinded examiner 
using a standard protocol to measure the percentage of 
mineral contents founded in the bone biopsy. For the de-
scriptive histological analysis, the parameters evaluated 
were: percentage of calcium, phosphorus inside bone 
specimen, mass of the specimen then the density of bone 
biopsy was calculated from the ratio of mass and volume 
of the specimen (D=M/V).

The mass of calcium phosphate was calculated as fol-
lows: 10 ml of HCL was added to the specimen and the 
mixture was heated for 5 hours on a hot plate at a 60°C of 

temperature, and then was diluted up to 100 ml to have 
a liquid solution. After that the solution was filtered by 
a 45µm syringe filter and was ready for the analysis by 
atomic absorption spectrometry to measure the concen-
tration of calcium phosphate in mg/l, and then the mass 
of calcium phosphate in the bone specimen was calcu-
lated.

Statistical Analysis
All results were saved in an Excel sheet and data were 

statistically analyzed using the IBM® SPSS® software 
version 20.0 (SPSS Inc, Chicago, Illinois). Box counting 
values based on radiographs and bone specimen densi-
ties and minerals contents were compared. The correla-
tions of bone specimen densities based on histological 
analysis with fractal dimensions values based on radio-
graphs were examined using uni- and/or multivariate 
regression analyses. Results were considered statisti-
cally significant if p < 0.05.

4. RESULTS
The results showed that the data distribution was 

normal.
Of the 50 implants placed, 25 implants were inserted in 

the posterior region of the maxilla and 25 implants in the 
posterior region of the mandible. In the maxilla, seven 
implants were installed in molar sites (three in the left 
side and four in the right), and 18 implants in premolar 
sites (12 in the left side and six in the right). In the man-
dible, among the 25 implants placed, 17 were in molar 
sites (11 in the right side and six in the left) and eight in 
premolar sites (two implants in the left side and six in the 
right). The distribution of implants insertions is listed in 
Table 1.

Fractal dimension of implant sites calculated using 
preoperative radiographs showed an increased in the 
average of values from molar to premolar maxillary and 
from molar to premolar mandibular and between max-
illa and mandible separately (Table 2).

When using the bone block radiographs, the average of 
FD values were lower than the values at implant sites de-
spite the same ROI’s were used. In other words, all results 
showed a proportional distribution to these obtained 
from preoperative radiographs in regards to maxillary 
and mandibular molar and premolar regions or between 
the two arches but with lower values (Table 3).

Significant increases in bone mass, therefore increases 
in bone density were noted in mandibular bone core 
specimens compared to those in maxillary specimens. 
However, using multivariate regression analysis, no cor-
relation was noted between the amount and percentage 
of minerals component (calcium, phosphorus) and bone 

Figure 1. ImageJ program was used to select two identical ROI of 25x50 
pixels on two radiographs, one for preoperative edentulous site and 
second for bone core specimen.

Figure 2. The image processing steps includes cropping of the regions of 
interest (ROI), duplication of the ROI and use a blurred Gaussian filter, in 
brightness the subtraction of ROI from the original image, binarization, 
and skeletonization.

Molar Premolar Total

Right Left Right Left Right Left

Maxilla 4 3 6 12 10 15

Mandible 11 6 6 2 17 8

15 9 12 14 27 23

Total 24 26 50

Table 1. Distribution of implants’ placement in the maxilla and mandible 
posterior region
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densities and there was no significant variability of these 
results in mandibular and maxillary specimens sepa-
rately, only mass of calcium phosphate values increased 
with bone densities (Table 4).

Significant increases in bone densities calculation 
were observed in the posterior region of the mandible 
compared to those calculated in the maxilla, and in-
crease in premolar regions of each jaw compared to 
molar regions (Table 5).

However, comparing image based bone type assessed 
by FD values using preoperative radiographs in the pos-
terior regions of maxilla and mandible and densities of 

bone block respectively; a positive signifi-
cant correlation was noted. As well, when 
the maxilla and mandible were separately 
examined, the correlation could still be 
found. A classification was proposed by 
the authors according to the distribution 
of FD values and bone densities, divided 
bone densities into 4 types. Type 1: FD1.60, 
Type 2: 1.60FD1.55, Type 3: 1.55FD1.50, Type 
4: FD1.50. In our study, classification Type 
2-Type 3 were noted in the posterior re-
gions of the mandible with FD values be-
tween 1,550 and 1,563, whereas type 3-type 

4 were found in the maxilla 
with FD values between 1.451 
to 1.544 (Table 5).

5. DISCUSSION
Quality of bone is one of the 

keys of success in the implant 
treatment plan but it is also 
unfortunately, one of the vari-
ants that cannot be accurately 
determined prior to implant 
placement. Implant stability 
is due to the amount of cortical 
bone whereas the long-term 
stability is the responsibility 
of cancellous bone. Bone ar-
chitecture and constituents of 
cancellous bone have a consid-

erable interest in evaluating quality of bone. Assessment 
of bone quality and bone density based on preoperative 
radiographs has frequently been used as a tool prior to 
implant procedures.

This study was undertaken to assess the bone den-
sity at 50 implant sites distributed equally in the poste-
rior regions of maxilla and mandible, using fractal di-
mension with periapical digital radiograph, and 50 bone 
cores, where the implants would engage, obtained from 
the central part of the implant sites excluding the buccal 
and lingual cortical plates and then radiographed. The 

Region of Interest
25 x 50 pixels

Preoperative FD at implant recipient site

Molar Premolar Posterior Region

Min Max Av. Min Max Av. Min Max Av.

Maxilla 1.398 1.486 1.451 1.479 1.598 1.544 1.398 1.598 1.52

Mandible 1.522 1.588 1.550 1.506 1.644 1.563 1.506 1.611 1.553

Table 2. Distribution and comparison of implant site fractal dimension values determined by the radiographs.

Region of Interest
25 x 50 pixels

FD of bone core specimen

Molar Premolar Posterior Region

Min Max Av. Min Max Av. Min Max Av.

Maxilla 1.387 1.475 1.434 1.316 1.578 1.485 1.316 1.578 1.472

Mandible 1.405 1.553 1.498 1.4 1.56 1.502 1.4 1.56 1.499

Table 3. Distribution and comparison of bone core specimen fractal dimension values determined by the radiographs.

Bone core specimen
     Calcium 

%
Phosphorus 

%
Mass of Cal-

cium Phosphate
Density of Bone 

D=M/V

Maxillary 
Molar

21.326 11.685 1.849 0.150

Maxillary Premolar 23.442 12.173 2.175 0.305

Maxillary Posterior Region 22.384 11.929 2.012 0.227

Mandibular
Molar

21.833 10.889 2.735 0.379

Mandibular Premolar 26.236 13.873 3.003 0.489

Mandibular Posterior Region 22.982 11.784 2.869 0.408

Table 4. Histological analysis of bone minerals and bone core specimens’ densities 
calculations obtained from recipient implant sites

FD of
Pre-Operative 

Radiograph

FD of bone 
core spec-

imen

Density of
Bone Specimen 

(g/cm3)

Mass of Calcium 
Phosphate

(mg)

Type of
Bone Density

Maxillary
Molar

1.451 1.434 0.150 1.849
Type 4

(FD<1.50)

Maxillary 
Premolar

1.544 1.485 0.305 2.175
Type 3 

(1.55<FD>1.50)

Maxillary 
Posterior Region

1.520 1.472 0.227 2.012
Type 3- Type 4 
1.55<FD>1.45

Mandibular
 Molar

1.550 1.498 0.379 2.735
Type 3 

(1.55<FD>1.50)

Mandibular 
Premolar

1.563 1.502 0.489 3.003
Type 2 

(1.60<FD>1.55)

Mandibular 
Posterior Region

1.553 1.499 0.408 2.869
Type 2- Type 3

1.60FD1.50

Table 5.  Correlations of histological characteristics of bone specimen density with the fractal dimensions 
assessed by radiographs and types of bone densities
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bone blocks were examined to calculate bone densities 
by calculating mass and volume and calcium phosphate 
mass. It has been reported that thicknesses variations 
of the buccal and lingual cortical plates at different sites 
may affect the radiographic diagnosis but not when the 
specimens bone cores were considered as a reference 
(30).

Fractal analysis provide the clinician with box 
counting values, a subjective method of evaluating bone 
density for a proposed implant site using preoperative 
intra-oral radiograph.

Geraets and van der Stelt (31) stated that all stages in 
the “analytic chain” of FA have an influence in the as-
sessment of bone due to the wide variations of analyzing 
methods.

In the present study a specific methodology has been 
followed using the ImageJ software to ensure that the 
ROIs were exactly similar on the radiographic images.

Previous studies stated that FA of PSP radiographic 
images of alveolar bone is influenced by some digital 
enhancement filters and the spatial resolution of the 
system (32). Therefore, the same image specifications 
and processing conditions should be used for FD com-
parison.

Our results showed that the bone density assessments 
by FD as a primary tool using preoperative radiographs 
present higher values in the mandible than the maxilla 
and differences between molar/premolar regions in both 
arches. Reported results on human cadaver jaw bone 
specimens using micro-CT (33-34) are consistent with 
our results.

FD of bone cores in table 3 showed a similar and pro-
portional distribution of the FD but with lower values 
compared to the FD values in table 2 for the same ROI’s. 
This is attributed to the presence of the buccal and lin-
gual cortical plates of the preoperative radiographs.

A very few studies investigated the local elemental 
composition of bone core specimen using SEM, which 
allows, for example, the percentage of calcium and phos-
phorus and mass of calcium phosphate to be measured.

In this current study, the measures of quantitative com-
ponents of bone cores were significant. The ratio of mass 
to volume and therefore bone densities increases in man-
dibles more than in maxilla that the mass and volume of 
specimens harvested from mandibles was larger than of 
those obtained from maxilla, and that denser bones were 
harvested from the mandibular implant sites than from 
maxillary implant sites. The mean value of bone density 
in the posterior region of maxilla was 0.227 comparing 
to 0.408 in the mandible. Conversely, no significant dif-
ferences were observed when measuring the mineral 
composition of bone between maxilla (22.384 of calcium, 
11.929 of phosphorus) and mandible (22.929 of calcium, 
11.784 of phosphorus). However, the reason that the mass 
of calcium phosphate matched with bone density value 
is still unclear.

In our study, we proposed a bone density classification 
according to the distribution of FD values based on pre-
operative radiographs and on the densities of bone cores 
calculations and we divided bone densities into four 

types: 
Type 1: FD1.60, Type 2: 1.60FD1.55, Type 3: 1.55FD1.50, 

Type 4: FD1.50.
A correlation was found between the bone density 

based analytical characteristics of bone specimens and 
fractal dimension values based on intra oral radiographs 
of the posterior region in either maxilla or mandible. 
Moreover, the types of bone density in molar or pre-
molar region assessed based on fractal dimension values 
of each region and bone densities respectively, were ana-
lyzed and classified per region as follow:

Maxillary molar region: Type 4 with FD mean values 
1.451 and bone densities average 0.150 g/cm3

Maxillary premolar region: Type 3 with FD mean 
values is 1.544 and bone densities 0.305 g/cm3

Mandibular molar region: Type 3 with FD mean values 
is 1.550 and bone densities 0.379 g/cm3

Mandibular premolar region: Type 2 average of FD 
values is 1,563 and bone densities 0.489 g/cm3

In summary, Type 2-Type 3 of bone were noted in the 
posterior regions of the mandible with FD values be-
tween 1,550 and 1,563 and bone densities average 0.408 g/
cm3 , while Type 3-Type 4 were found in the maxilla with 
FD values between 1.451 to 1.544 and bone densities av-
erage 0.227 g/cm3.

The suggested value for the FD of a normal or healthy 
trabecular bone of the jaws is approximately 1.5 in peri-
apical images (35). In our study, similar results were re-
ported, while in some other studies with same groups, a 
higher (1.74) or lower (1.05) FD values were detected (18-
36). Variation in image parameters or different size of 
ROI can justify such differences in values.

When comparing fractal dimensions and bone den-
sities based respectively on intra-oral radiographs and 
bone core specimens, a significant correlation was noted 
but this was not limited to mandible or maxilla but also 
to the molar and premolar region when Type 2 and Type 
3 and Type 4 were compared.

According to the above results, assessment of bone 
density based on periapical radiographs using fractal di-
mension values might be useful, particularly when these 
values were compared to bone core densities harvested 
from the recipient implant sites as an absolute reference.

Therefore, image-based classification using fractal di-
mension to predict the bone type prior to implant treat-
ment may be clinically time-consuming and a deter-
mining factor in implant design, surgical approach, and 
healing time.

6. CONCLUSION
Our study demonstrates a correlation between fractal 

dimension values and bone core specimens densities 
harvested from the recipient implant sites and proposed 
an image-based classification of bone density in the pos-
terior regions of maxilla and mandible and separately in 
molar and premolar region of each jaw.

Fractal dimension provides an economical and easy 
option to measure the density at implant sites, as op-
posed to the expensive and unfeasible density assess-
ment of other techniques.
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Image-based bone density for the anterior region in 
maxilla and mandibles must be established in further 
studies.
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