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ABSTRACT

Objective: The present study aims to use the fractal dimension method to assess ossification occurring in patients undergoing
an open sinus lift surgery performed with the use of xenograft.

Material and Method: In our study, we used 90 orthopantomographs of a total of 43 patients. Our study consists of three
groups: Group A, Group B, and Group C. Using the fractal dimension method, we assessed the orthopantomographs taken
within three to six months after the open sinus lift surgery (Group A), taken after six to nine months after the open sinus lift
surgery (Group B), and taken more than nine months after the open sinus lift surgery (Group C). The data were analyzed using
IBM SPSS V23. The compliance of the data with the normal distribution was examined using the Shapiro-Wilk test.

Result: The three-way statistics made between the mean values of the groups revealed a difference (p=0,033). The density of
the xenograft material in the study area tended to decrease starting from the period of three to six months after the surgery.

Conclusion: The fractal dimension method can be used to assess ossification occurring after open sinus lift surgery that is

performed with the use of xenografts.
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INTRODUCTION

Dental implant treatment is an effective option for the
replacement of lost teeth and for the retention and stability
of removable dentures and maxillofacial prostheses. The
alveolar bones of the jaws undergo continuous resorption
after tooth loss (1). After the extraction of teeth, the
alveolar resorption in the posterior maxilla and the
increasing pneumatization of the maxillary sinus limit the
amount and quality of bone needed for implant placement
in this region (2,3). Although the usage of short or curved
implants has been indicated as a viable therapeutic
option to overcome these obstacles (4), sinus grafting
emerges as a good option to facilitate implant placement,
considering the anatomical constraints and the long-term
biomechanical stability of the prosthesis (3). Therefore,
a variety of methods have been needed to obtain the
necessary bone structure in the sinus region. Among the
sinus augmentation procedures, the techniques of the
lateral window and sinus floor elevation (performed with
an osteotome) have gained recognition in treating the loss
of vertical bone height in the posterior maxilla (1).
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Bone grafting material is one of the factors that play an
important role in sinus grafting outcomes. Xenografts are
biocompatible materials that offer a structure and physical
characteristics that are similar to human cancellous bone
(3). Theinorganic bovine bone combined with autogenous
bone can be a perfect graft material for maxillary sinus
augmentation (5). This can be explained by the slow
absorption rate and osteoconductive characteristics of
the inorganic xenograft (6).

Many methods have been put forward to examine
trabecular structures, however, the most commonly used
one today is the fractal dimension (FD) method, and it
is indicated with the value of fractal dimension (FD) in
numerical terms (7). The word fractal derives from the
Latin word fractus, which means fractured (8). For a long
time, fractal geometry has been used to identify irregular
patterns which exhibit self-similarity at different scales
(7). Fractals are especially used in the characterization
of a porous medium (9). Again, the fractal analysis
method is widely used for image analysis and pattern
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recognition (7), and the spongiform bone exhibits fractal
characteristics due to its reticulated structure. Therefore,
fractal geometry and fractal dimension measurements
can be used to identify the complex structure of trabecular
bone (10). The magnified image which monitors the
internal porous structure of the bone at different scales
resembles the initial original unmagnified appearance
(7). Generally, as the size scale increases, the shape gets
equally complex (11). It is specified that the FD obtained
from orthopantomography indicates the changes in the
density of the spongiform bone and the mineral loss in
the bone (12).

Bone tissue consists of two parts, cortical and cancellous,
and the ratio of these two structures in the entire bone
is approximately 80% and 20%, respectively (13). Due
to its proximity to the bone marrow cavity, remodeling
is more apparent in cancellous bone, which is the most
metabolically active component of the skeleton (14).
However, cancellous bone is also extremely susceptible
to disruptions induced by local or systemic factors that
can cause a significant imbalance in bone turnover (14).

In our study, we aimed to assess the grafted area with a
fractal analysis of orthopantomographs taken during the
postoperative follow-up of the patients who were treated
with open sinus lift surgery. This study hypothesizes that
fractal analysis can be used to assess ossification occurring
in the operated area after open sinus lift operations
performed with the use of xenograft. We could not find
any other study in the literature using fractal analysis
to assess, based on the postoperative periods, the area
undergoing open sinus lift surgery.

MATERIAL AND METHOD

This study was carried out at Inénii University Faculty of
Dentistry, Department of Oral, Dental, and Maxillofacial
Radiology. All procedures were carried out in accordance
with the ethical rules and the principles of the
Declaration of Helsinki. In this study, images obtained
by using planmeca proline XC (2009, 60-80 kVP, 4-12
mA, 18 second exposure time, Helsinki, Finland)
panoramic device were used. In our study, we used 90
orthopantomographs of a total of 43 patients who were
treated with open sinus lift surgery between September
2018 and June 2021. Fractal analysis was performed on
the orthopantomographs taken three to six months after
the surgery (A), six to nine months after the surgery (B),
and more than nine months after the surgery (C). The
study included patients who were treated with bilateral
or unilateral open sinus lift surgery performed with the
use of xenograft (Apatos, Osteobiol). The study excluded
the patients with systemic problems that would endanger
the bone healing process, the patients with severe
parafunctional habits, the patients with substance abuse,

and the patients with severe periodontal disease. Care was
taken not to let any anatomic structures, such as tooth
roots, be visible in the images obtained from panoramic
radiographs. After determining an area of 20x20 pixels
using the most superior region of the graft placed, fractal
dimension (FD) analysis was performed in the maxilla
using the box-counting method. The operations related
to fractal dimension analysis were carried out by the
same person on the same computer. Fractal dimension
analysis was performed in the Image] image analysis
software, which is a version of the National Institute of
Health Image, using the method developed by White and
Rudolph. (15). Fractal dimension analysis operations
were performed in the following order: After the relevant
area to be examined in the image was cropped, it was
saved and copied in the 8-bit format. Then, a Gaussian
filter (sigma= 35 pixels) was applied to the duplicated
image, and the image was blurred. The image (which
was blurred by applying the Gaussian filter) was then
subtracted from the original image by the 'subtraction’
process. A brightness value of 128 was added to each
pixel location. Regardless of the initial brightness of
the image, 128 was determined as the threshold value.
The image taken as the threshold value was converted
to binary format. To avoid redundancy in the image,
erosion and dilatation processes were applied to the
image. The inverted image was skeletonized, and in this
way, it was made sure that only the central parts of the
trabeculae remained. In the Image]J software, FB analysis
was performed on the skeletonized image by using the
'box-counting' function.

Statistical Method

The data were analyzed using IBM SPSS V23. The
compliance of the data to normal distribution was
examined using the Shapiro-Wilk test. To compare the
intragroup values that exhibited normal distribution
according to gender, the independent two-sample
t-test was used. To compare the data that exhibited
normal distribution according to groups, the one-way
analysis of variance (ANOVA) was used. Also, multiple
comparisons were examined with the Tukey HSD test.
For quantitative data, the analysis results were presented
as meantstandard deviation and median (minimum-
maximum). The level of significance was taken as p <0.05.

RESULTS

A significant difference was found between the mean
values of the groups (p=0.033). The mean value was 0.97
in Group A, 0.96 in Group B, and 0.92 in Group C. While
the mean value in Group B did not exhibit any difference
compared to Groups A and C, the mean value of Group
A was higher than that of Group C (Table 1).
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Table 1. Comparison of the values according to groups

Groups Number of Mean +S. Median (Min.- P*
samples deviation max.)
A n=30 0.97+0.09* 0.99 (0.85-1.13)  0.033
B n=30 0.96+0.08* 0.97 (0.81-1.10)  0.033
C n=30 0.92+0.09° 0.92 (0,75-1,09)  0.033
*One-way analysis of variance (ANOVA); ** There is no difference between the groups
with the same letter.

The mean values of Group A did not exhibit a difference
according to gender (p=0.445). In Group A, while the
mean value for women was 0.97, the mean value for men
was 0.99. The mean values obtained in Group B did not
exhibit a difference according to gender (p=0.709). In
Group B, while the mean value for women was 0.96, the
mean value for men was 0.95. The mean values obtained
in Group C did not exhibit a difference according to
gender (p=0.363). In Group C, while the mean value for
women was 0.91, the mean value for men was 0.94 (Table
2).

Table 2. Comparison of the data within the groups according to
gender

MeanxS. deviation Median (Min.-Max.) p*
Group A 0.445
Female 0.97+0.09 0.97 (0.85-1.13)
Male 0.99+0.09 1.01 (0.85-1.1)
Group B 0.709
Female 0.96+0.08 0.97 (0.82-1.1)
Male 0.95+0.09 0.98 (0.81-1.07)
Group C 0.363
Female 0.91+0.09 0,92 (0,75-1,09)
Male 0.94+0.09 0.93 (0.75-1.07)
*Independent samples t-test

DISCUSSION

In our study, we performed the fractal dimension analysis
on the orthopantomographs to assess the aftermath of
the xenograft material placed in the patients who were
treated with open sinus lift surgery, focusing on the period
of three to six months from the surgery, on the period of
six to nine months from the surgery, and on the period
of more than nine months from the surgery. The results
obtained in the study verify the hypothesis of the study.
Although there was no difference between Group B and
Groups A, C, we observed that trabeculation increased as
the duration increased.

The histological and histomorphometric techniques can
be used to examine the mineral quality of the grafted
bone and the structure of the trabecular bone, but the
invasive nature of the procedure is disadvantageous
(16). In the evaluation of hard tissue and hard tissue
grafts, Micro-CT is precise and non-invasive. However,
the high amount of x-rays projected onto the patient
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and its cost are the disadvantages of this method (17).
Orthopantomographs are widely used to assess the
condition of the grafted bone before dental implants are
made. While the non-invasive nature of this X-ray-based
technique is an advantage, its capability of providing only
low-resolution, two-dimensional images is a disadvantage
(18). Some properties of orthopantomographs, such as
low radiation emission, low cost, and non-invasiveness,
are advantageous for postoperative evaluations.

There are various procedures to gain bone height, and
open sinus lift surgery has become a standard procedure
to enable the placement of dental implants, especially
in the presence of insufficient bone in the posterior
maxilla (19). Different graft materials such as autografts,
xenografts, alloplastic materials, and the combinations
of these materials can be used for this procedure (20,
21). Considering the disadvantages of autogenous bone
grafts, non-autogenous graft materials are considered
an alternative (22). Xenografts are similar to human
cancellous bones in terms of their crystalline and
morphological structure (23).

Many studies have been carried out to evaluate bones in
terms of their quality (24,25). Most of these studies have
used the data related to the mineral density measurement
of the bone performed with the Dual-energy X-ray
absorptiometry method and the data related to the
radiomorphometric measurements called panoramic
mandibular index (26). These studies evaluating the
density and macrostructure of the bone do not provide
sufficient information about the trabecular structure of
thebone. However, the trabecular bone playsanimportant
role in the durability of the bone, and together with the
cortical bone, it determines the biomechanical properties
of the bone (27). In recent years, fractal analysis has
gained popularity in terms of the detection of possible
abnormalities, the evaluation of existing disorders in
bone structure, and the evaluation of changes in the
bone structure (28). While a high FD value indicates a
more complex and dense bone structure, a low FD value
indicates a more porous bone structure (29). Measuring
and calculating FD is easy, and the measurement area
is determined subjectively. The obtained quantitative
values provide objective information regarding the tissue
of the bone or regarding the bone-like structure. Several
studies have evaluated FD in different ways (28-30). The
most frequently used method in the literature to calculate
FD is the box-counting technique, which was also used
in this study (8).

In their study performed on lab rats, Gomes et al. (31)
applied xenograft to the socket after tooth extraction,
then sacrificed the animals on the 1st, 7th, 14th, 21st,
and 49th days, took radiography, and performed fractal
analysis. In the grouping made according to duration,
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they did not find any differences between the groups.
However, it must be noted that waiting durations after the
xenograft application were low and the time differences
between the groups were also low in their study. When
we check the mean fractal value, it was below 1, which
is similar to our study. By using fractal analysis, Dursun
et al. (17) compared the xenograft types in patients
whom they treated with bilateral two-staged open sinus
lift, and found no difference between the two groups. In
their study, unlike ours, they took tissue samples from
the relevant area six months after the first procedure,
scanned these samples with micro ct, and conducted
fractal analysis on the images. As a result, they found
no difference between the two groups. Their fractal
values after six months were above two, and these results
are consistent with the results of neither our study nor
similar studies (31-33).

CONCLUSION

In our study, we observed that the density of the xenograft
material used in the open sinus lift tended to decrease
starting from the period of three to six months after the
surgery (Figure). We observed that nine months after
the surgery, this density loss increased even more. This
indicates that the initially dense areas within the graft
resorb over time and are replaced by the trabecular bone.
In conclusion, fractal dimension can be used as a method
in the evaluation of ossification occurring after open
sinus lift surgery
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Figure. Mean and standard deviation graph according to groups
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