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Abstract 
 
Aim: The aim of this study was to evaluate the long-term bone formation 
around functioning dental implants with prosthetic loading using the fractal 

analysis (FA) method. 

Methodology: The bone around four different brands of dental implants 
placed on maxillary and mandibular bone was evaluated by fractal analysis 

using panoramic radiographs taken before the dental implant was placed and 
after it had been functioning for at least 12 months. Fractal analysis was 
performed using the box-counting method. According to the conformity of the 
data to the normal distribution, the significance of the difference between 
the groups was interpreted by independent samples t-test and the Mann-
Whitney U test. 

Results: No significant difference was observed in the fractal dimension of 
the bone surrounding the dental implant in the pre- and post-treatment 
radiographs (p>0.05). No significant difference was observed when comparing 
patient gender and implant brands (p>0.05). 

Conclusion: Regardless of the implant brand, patient gender, and the jaw 
in which the treatment was performed, there may be no significant difference 
between radiographs in the trabecular bone around the dental implants 

before implant treatment and after at least 12 months of function. Further 
and large-scale clinical studies on the subject are needed. 

 
Keywords: Fractal analysis, dental implant, osseointegration, implant-
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Introduction 
 

Dental implants have been used for many years to repair 
full or partial edentulous jaws (1).  The success of dental 
implants is closely related to uncomplicated surgery and 
the quality of the bone tissue (1). While the mechanical 
performance of bone is one of the critical factors of a 
successful dental implant surgery, the most important 
factor in a prosthetic procedure is effective 
osseointegration (2). In cases where there are doubts 
about bone quality, osseointegration protocols indicate 
that the implants should not be loaded during this period, 
typically three to four months in the mandible and six to 

eight months in the maxilla (3-5).  
Fractal analysis is a mathematical method that is 

used to calculate the complexity of irregular and 
complex structures. A self-similar geometrical structure 
is represented by fractal dimension (FD), which is the 
result of processing an object or image after fractioning 
it into various sections.  Methods such as mandibular 
cortical index, resonance frequency analysis, implant 
stability quotient (ISQ), and fractal analysis (FA) have 
been described in the literature as effective methods for 
assessing bone quality and and primary stability before 
surgical intervention (1, 5).  

Fractal analysis is a method first described by 
Mandelbrot, who used the term “fractal” to describe 
complex geometric structures. It is used to delineate and 
quantify the morphology of the natural world (6). For 
example, FA has been used to identify dripping faucets, 
stock prices, cell lines, lung branches, heartbeats, and 
temporomandibular joint sounds (7, 8). It is also used in 
medicine to mathematically evaluate irregular and 

complex body structures. The biological structure 
studied by FA is characterized by a single number 
calculated using a computer algorithm, which is defined 
as the fractal dimension (FD) (9). Thus, FA allows both 
qualitative and quantitative evaluation of the structure 
under investigation. 

In dental implantology, FA has been used in studies 
on issues such as measuring stability following implant 
placement (8) and evaluating angiogenesis in bone at 
variable inter-implant distances (10, 11). Existing 
literature indicates that FA can be used as an objective 
diagnostic method for the characterization of alveolar 
bone (1, 12). Many studies have used FA to evaluate bone 
density around dental implants (5, 13), although there 
are no studies that assess this bone density in the long 
term.  

The aim of this study was to evaluate the long-term 
changes in bone quality in the alveolar bone around 
implants of different brands placed in the maxilla and 
mandible using the fractal analysis method on panoramic 
radiographs.  The quantitative values will be useful for 

designing strategies to control possible undesirable 
effects on bone after dental implant placement. The null 
hypothesis was that there would be no long-term 
difference in the fractal dimension of the supporting 
bone before and after panoramic radiographs. 

Materials and Methods 
 

Sample size calculation  

The sample size was calculated by using the G*Power 
software (Version 3.1.9.2, Heinrich Heine University, 
Dusseldorf, Germany). The following parameters were 
considered: a) test power of 0.9; b) 0.05 significance 
level; c) effect size of 0.4. Considering these standards, 
55 samples would be sufficient to detect statistically 
significant differences. A total of 67 implants were 
included in the study, with 32 in the mandible and 35 in 
the maxilla, applied to 19 patients (5 males and 14 
females; age range, 27 to 70 years; mean age 49 years). 
The mean follow-up was 35 months, ranging from 13 to 
80 months. 
 

Sample characteristics and data collection  

This study was designed as a retrospective cross-

sectional analytical survey to evaluate the long-term 
changes in bone quality in the alveolar bone around 
implants of different brands placed in the upper and 
Mandibula bones. This research was conducted on 
patients who underwent dental implant surgery at the 
Department of Prosthodontics and the Department of 
Maxillofacial Surgery at the University of Health 
Sciences. The principles of Helsinki Declaration were 
adhered to in the present research. Ethical approval was 
obtained from the University of Health Sciences 
Hamidiye Scientific Research Ethics Board with 
registration number 2023/20. 

In this study, a retrospective analysis was performed 

by one researcher on the files of all patients between 
the ages of 18 and 65 who underwent implant-supported 
fixed dental restoration due to single or multiple missing 
teeth in the maxilla or mandible and and who had 
preoperative and postoperative panoramic radiographs. 
All implants selected for this study had been in 
functional use for more than 12 months. Exclusion 
criteria included the presence of systemic diseases or use 
of medications that affect bone metabolism, bone 
grafting at the time of implant placement, and 
incomplete radiographic records. 

 

Fractal analysis 

The evaluation of the changes in bone quality in the 
alveolar bone around implants was performed using the 
FA method on panoramic radiographs (PR). 

The data collected from the radiographic records 
were divided into two groups:  

1) T0: Preoperative PR  
2) T1: Postoperative PR 
The trabecular bone microstructure at region of 

interest (ROI) points on panoramic (orthopantomograph) 
radiographs was evaluated by the fractal analysis 
method. Comparative quantitative determination of 
bone density changes between the two groups (T0 and 
T1) time periods were measured by calculating the 
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fractal dimension. ROI areas were determined on PRs for 
FD calculation using FA (16). The fractal dimension was 
calculated using the rates of change in the selected ROIs. 

 
 

Statistical analysis 

 
The data obtained from the CBCT images were analyzed 
using SPSS software (IBM SPSS Statistics version 21, IBM 
Inc., Armonk, NY, USA).  

The Kolmogorov-Smirnov normality test was used to 
determine the suitability of the data for normal 
distribution. According to the data’s suitability to normal 
distribution, the significance of the difference between 
groups was determined. It was interpreted with the t-
test or Mann-Whitney U test in independent groups. In 
comparing data obtained at different times in the same 
group, the t-test or Wilcoxon sign test was used 
independent groups. Significance was evaluated at an 
alpha level of 0.05. 
 
 

Results 
 

Pre- and post-measurement comparison 

The comparison of mesial, distal, and periapical 
measurements was analyzed using a dependent t-test. 
Accordingly, there was no significant difference between 
the mesial, distal, and periapical measurements 
obtained before and after implantation (Table 1) 
(p>0.05). 

 

Table 1. Pre and post measurement comparison 

  N Mean SD t p 

Mesial 
Pre 80  0.847 0.215 

0.004 0.997 
Post 80 0.847 0.202 

Distal 
Pre 80 0.816 0.220 

0.621 0.536 
Post 80 0.790 0.274 

Periapical 
Pre 80 0.777 0.232 

0.457 0.656 
Post 80 0.808 0.152 

SD: Standart Deviation 

 
 
 

Comparison of changes pre- and post-
changes compared to reference value 

Changes between pre- and post-measurements were 
calculated as percentages. A one-sample t-test was used 
to determine whether these changes were significantly 
different from the change at baseline (Table 2).  
Accordingly, the mean change in the reference value was 

9.22%, and the changes in the mesial, distal, and 
periapical measurements were not significantly different 
from the change in the reference value. The level of 
change in the reference value and in the measurements 
was at the same level (Table 3). When the absolute 
changes in the measurements were compared with the 
absolute change in the reference value, it was found that 
these changes were not significantly different (33.2%).  
 

 

Table 2. Comparison of changes pre and post changes 

compared to reference value 

  N Mean SD t p 

Mesial 

change (%) 
80 12.8 73.2 0.378 0.707 

Distal  

change (%) 
80 13.7 93.7 0.384 0.702 

Periapical 

change (%) 
80 42.9 150.0 0.778 0.453 

SD: Standart Deviation 

 

 

Table 3. Comparison of absolute changes in measurements 

with absolute changes at the reference changes 

  N Mean SD t p 

Mesial 

change (%) 

(Absolute) 

80 32.72 66.61 
-

0.057 
0.955 

Distal  

change (%) 

(Absolute) 

80 41.68 84.86 0.805 0.424 

Periapical 

change (%) 

(Absolute) 

80 57.19 144.70 0.574 0.577 

SD: Standart Deviation 

 
 

 

Analysis of changes in measurements by 
gender 

The independent samples t-test was used to determine 
the means of the change in measurements and absolute 
changes according to gender and the difference between 
these means (Table 4). According to the results, the 
change in measurements and absolute changes did not 
differ significantly by gender (p>0.05). In other words, 
the changes in measurements were at the same level in 
males and females. 
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Table 4. Analysis of changes in measurements by gender 

Gender N Mean SD t p 

Mesial Change (%) 
Female 43 18.44 81.30 

0.935 0.353 
Male 18 -0.80 48.05 

Distal Change (%) 
Female 47 20.95 107.21 

1.011 0.316 
Male 18 -5.29 37.53 

Periapical Change (%) 
Female 10 49.41 164.86 

0.322 0.754 
Male 2 10.36 17.75 

Mesial Change (%) 

(Absolute) 

Female 43 34.41 75.81 
0.304 0.762 

Male 18 28.68 37.93 

Distal Change (%) 

(Absolute) 

Female 47 47.65 98.09 
0.915 0.364 

Male 18 26.09 26.78 

Periapical Change (%) 

(Absolute) 

Female 10 66.12 158.23 
0.460 0.655 

Male 2 12.55 14.65 

SD: Standart Deviation 

 

Analyzing the changes in measurements 
according to the jaw 

The means of the changes in measurements and absolute 
changes according to the jaw and the difference 
between these averages were examined by t-test in 
independent groups (Table 5).   Accordingly, the changes 
in measurements and absolute changes did not differ 
significantly according to the jaw (p>0.05). In other 
words, the measurement changes in the upper and 
Mandibulas were at the same level.  

Analysis of changes in measurements by 
brand   

The averages of the change in measurements and 
absolute changes according to the brand and the 
difference between these averages were analyzed by 
one-way analysis of variance (Table 6). According to the 
results, the measurements did not differ significantly 
according to the brand and were found to be at the same 
level. 

 
Table 5. Analyzing the changes in measurements according to the jaw 

 

Jaw N Mean SD t p 

Mesial Change (%) 
Maxilla 28 1.1 38.7 

-1.151 0.254 
Mandibula 33 22.7 92.5 

Distal Change (%) 
Maxilla 30 13.3 109.5 

-0.029 0.977 
Mandibula 35 14.0 79.3 

Periapical Change (%) 
Maxilla 0a - - 

- - 
Mandibula 12 42.9 150.0 

Mesial Change (%) 

(Absolute) 

Maxilla 28 21.7 31.8 
-1.191 0.238 

Mandibula 33 42.0 85.3 

Distal Change (%) 

(Absolute) 

Maxilla 30 48.4 98.7 
0.591 0.557 

Mandibula 35 35.9 71.9 

Periapical Change (%) 

(Absolute) 

Maxilla 0a - - 
- - 

Mandibula 12 57.2 144.7 
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Table 6. Analysis of changes in measurements by brand 

Implant brand N Mean SD F p 

Mesial Change 

ITI 18 7.261 48.210 

1.082 0.368 

Camlog 6 42.518 51.235 

XIVE 12 46.147 122.720 

Mis 6 -7.717 12.115 

Total 42 21.268 76.148 

Distal Change 

ITI 18 -10.210 45.520 

1.671 0.189 

Camlog 6 4.424 24.781 

XIVE 13 74.302 188.761 

Mis 6 -8.898 41.134 

Total 43 17.565 112.894 

Periapical Change 

ITI 18 -3.009 21.574 

2.011 0.129 

Camlog 6 88.984 209.644 

XIVE 12 21.220 42.454 

Mis 6 3.987 15.338 

Total 42 18.055 83.833 

Mesial Change (Absolute) 

ITI 18 28.133 39.268 

0.818 0.492 

Camlog 6 48.972 43.778 

XIVE 12 58.545 116.808 

Mis 6 10.593 9.141 

Total 42 37.293 69.550 

Distal Change (Absolute) 

ITI 18 35.450 29.185 

1.340 0.275 

Camlog 6 19.208 13.960 

XIVE 13 96.388 177.614 

Mis 6 25.308 31.913 

Total 43 50.192 102.381 

Periapical Change 

(Absolute) 

ITI 18 17.233 12.672 

2.146 0.110 

Camlog 6 104.073 201.134 

XIVE 12 30.136 36.094 

Mis 6 13.326 6.420 

Total 42 32.767 79.133 

SD: Standart Deviation

Discussion 
 
Our hypothesis was accepted. No significant difference 
was observed between baseline and follow-up in the 
mesial, distal, and periapical measurements of the bone 
around the dental implants (p>0.05). In addition, there 
was no significant difference between the measurements 
in the gender and implant brand comparisons (p>0.05). 

Fractal analysis is a mathematical method used in 
radiograph analysis that describes and analyzes complex 

shapes and structural patterns, such as bone tissue. FA 
has been shown to be useful for measuring and studying 
mandibular and maxillary regeneration and trabecular 
changes in the phases after implant placement (17). The 
main application of FA in dentistry is the assessment of 
the morphologic characteristics of the jaw bones and its 
possible change over time (19). Many studies in medicine 
and dentistry have examined the trabecular bone using 
the fractal analysis method (13,19). In dental implants, 
it is accepted that fractal analysis can be an early 
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indicator of osseointegration. Reports indicate that the 
FA method is a promising, non-invasive method for 
predicting osseointegration of dental implants based on 
dental radiographs, and it may also help to shorten the 
total treatment time (13). 

 It is important to use the appropriate image format, 
such as TIFF, for accurate fractal dimensioning on 
radiographs (20, 21). A study evaluating the ability of 
TIFF and JPEG image formats to preserve grayscale 
values in images reported that TIFF was more successful 
(22). Another study evaluating the effect of panoramic 
radiographs in TIFF and JPEG formats on image density 
and fractal dimension values, it was reported that the 
loss of detail was higher in JPEG format images, and FA 
measurements obtained from TIFF format images were 
more reliable (23). Based on this information, in our 
study, radiographs of all groups were saved in TIFF 
format to prevent data loss, and FA measurements were 
performed. The box-counting method, which is the most 
widely used method in the literature, was used to 
evaluate the trabecular structure of the bone (13, 24, 
25). All images were analyzed by an expert maxillofacial 
surgeon. 

Koh et al. showed that the mental foramen was the 
most reliable area to use as a reference for FA 
measurement using panoramic radiographs, because the 
trabecular pattern is clearly visible in dense bone (26). 
In the present study, the mental foramen region was used 
as the reference area. In addition, standard ROIs were 
used to determine the FD. 

Osseointegration was defined by Brånemark as a 
successful and functional direct connection between 
bone and implant (3). The osseointegration process 
depends on several factors, including the macro- and 
microstructure of the implant, the surgical technique 
used, bone quality, and loading protocols. Primary 
stability of the dental implant during placement is a 
prerequisite for implant survival (1, 27). A positive 
correlation was found between the ISQ measured after 
implant placement and the FD value measured before 
placement (1). Sansare et al. showed that the FD value 
increased significantly after implant placement due to 
the increase in bone microstructure and the amount of 
bone trabeculae around the implant (14). Jung found no 
significant change in fractal dimension change in the first 
six months after implant placement (15).  

Farsiani et al. evaluated the bone structure around 
photofunctionalized implants using the fractal analysis 

method for a period of 12 to 16 months and found no 
significant difference between the initial and final 
radiographs taken at the end of the study (25). They 
reported that the implants they evaluated during the 
study were osteointegrated at three or four months. 
Soylu et al. showed that osseointegration and bone 
healing processes can be completed in two months by 
evaluating fractal dimensions (13). They also observed 
that after dental implant placement, the FD value 
decreased in the first week and subsequently increased; 
furthermore, in the second month, the bone was almost 
close to its condition before dental implant placement.  

Similar to these results, in a study evaluating bone 
healing after orthognathic surgery with FD, it was 
observed that FD decreased after surgery and gradually 
increased during the healing process (28). This can be 
explained by the healing pattern of the bone. Therefore, 
it can be said that after the bone healing process of FD, 
there is an increase in bone formation and trabecular 
pattern, reaching the same bone density as before 
implant placement. In this study, X-rays after implant 
placement were not taken into account; therefore, the 
decrease in FD was not observed. However, in support of 
the aforementioned studies, FD values of radiographic 
images taken before implant placement and at least 12 
months after implant placement, where bone healing 
was completed and prosthetic loading was performed 
around dental implants, were found to be similar and no 
significant difference was observed between them.  

Jung evaluated radiographs taken immediately after 
prosthetic rehabilitation of dental implants and at the 
end of the first year of loading and reported that the FD 
value increased (24). Wilding et al. in their study of 
dental implants in 18 patients, found that FD increased 
after prosthetic loading in fractal analysis of radiographs 
after fixed restoration and two years later (29). In this 
study, the relationship between FD and prosthetic 
loading was not evaluated because radiographs taken 
after prosthetic loading were not included in the 
evaluation.  

Bone metabolism is one of the patient-related 
factors affecting ostreointegration. Bone metabolism 
differs between males and females in terms of bone-
regulating hormones. Chen et al. showed that implants 
in women a had lower ISQ compared than in men, but 
the difference was not statistically significant (30). In 
similar studies evaluating the osteointegration of dental 
implants, no significant difference was observed 
between male and female patients (13, 24). The current 
study is consistent with previous studies in which no 
significant gender difference was observed. 

Some of the studies that performed fractal analysis 
on dental implant radiographs (24, 25) evaluated 
implants of the same brand, while others (13) evaluated 
implants of different brands. In this study, four different 
brands of implants were evaluated. When comparing the 
fractal analyses according to implant brands, it was 
reported that no significant difference was observed 
according to brand. In our research, no significant 
difference was observed between maxillary and 

mandibular bone in terms of FD change around the 
placed dental implant. There are no studies in the 
literature that compare the effect of implant brands and 
maxillary mandibular bone on post-treatment bone 
structure with FA on radiographs, so we could not 
compare our results.  

The study had some limitations. ROI selection was 
based on pre-implant and post-implant radiographs. The 
effect of ROI location and size on FD measurements is 
unclear. It has been shown that precise specification of 
ROI location and size may not make a significant 
difference, but there is no consensus on this. 
Furthermore, due to the retrospective design of the 
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study, the total number of implants included was low, 
and no additional measurements were performed.  

 
 

Conclusion 
 
Within the limitations of the study, it can be concluded 
that in dental implant treatments with complete bone 
healing and prosthetic rehabilitation, radiographs of the 
bone tissue at least 12 months later show a trabecular 
structure similar to the pre-treatment radiographs. This 
situation was not influenced by implant brand, gender, 
or jaw bone differences.  

Future clinical studies are needed to consider a 
larger number of implants and different methods. 
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