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Purpose:  To assess bony trabecular changes potentially caused by loading stress around dental implants using fractal dimen-
sion analysis.
Methods:  Fractal dimensions were measured in 48 subjects by comparing radiographs taken immediately after prosthesis 
delivery with those taken 1 year after functional loading. Regions of interest were isolated, and fractal analysis was performed 
using the box-counting method with Image J 1.42 software. Wilcoxon signed-rank test was used to analyze the difference in 
fractal dimension before and after implant loading.
Results:  The mean fractal dimension before loading (1.4213±0.0525) increased significantly to 1.4329±0.0479 at 12 months after 
loading (P<0.05).
Conclusions:  Fractal dimension analysis might be helpful in detecting changes in peri-implant alveolar trabecular bone pat-
terns in clinical situations.
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INTRODUCTION

Dental implants are osseointegrated into surrounding bone 
without the periodontal ligament. Trabecular bone around 
an implant thus plays major roles in supporting the functional 
pressure exerted by the implant and in dispersing stress by 
forming a load transfer path [1]. The key factor for successful 
implant treatment is the manner in which stresses are trans-
ferred to the surrounding bone [2]. Bone tissue undergoes 
continuous cycles of resorption and formation, and the asso-
ciated combination of modeling and remodeling is critical to 
the ability to maintain the stability of the bone-implant in-
terface after loading [3]. Such loading force interferes with 
local bone healing and predisposes the implant to a fibrous 

tissue interface instead of osseointergration [4,5]. Others sug-
gest that when loading forces are appropriately controlled, it 
can stimulate bone remodeling around implants and help to 
maintain implant stability [6,7]. Thus, it has become crucial to 
monitor the bone surrounding an implant during mainte-
nance.

Periapical radiographs, which are frequently taken during 
routine dental examination, are traditionally interpreted by 
measuring peri-implant marginal bone loss. Unfortunately, 
this most commonly used method has low sensitivity [8] and 
has been shown to be of limited diagnostic value for the ear-
ly detection of changes in bone [9]. As a result, there has been 
a search for available, reliable, and sensitive methods of as-
sessment, offering affordable and more accessible ways to 
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measure early trabecular changes. Recent studies have sug-
gested that fractal dimension analysis is a noninvasive tool 
that can be used to describe biological systems in clinical 
studies and is a method of identifying scale-invariant struc-
ture that is not affected by exposure or minor alignment 
variations on radiographs [10,11]. It is thus well suited to the 
analysis of three-dimensional trabecular bone patterns on 
plain radiographs.

Several studies have found a strong correlation between 
the demineralization of alveolar bone and decreasing fractal 
dimension [12-15]. This method has been employed to quan-
tify trabecular bony structure under various conditions, not 
only those associated with dental diseases like root canal 
treatment [16] and periodontitis [17,18], but also the changes 
in osteoporosis and hyperparathyroidism patients [12,19]. 
When it comes to comparing the biomechanical compe-
tence of an implant, there are only two in vivo studies focus-
ing on the correlation between fractal dimensions and pa-
rameters, finding a correlation between fractal dimensions 
and the implant stability quotient values [20], and with inser-
tion torque [21].

Changes in the magnitude of habitual mechanical stimula-
tion should be accompanied by corresponding changes in 
osseous structure and the orientation of bony trabeculae [22-
24]. Therefore, the aim of this study was to assess bony tra-
becular changes caused by loading stress around dental im-
plants using fractal dimension analysis.

MATERIALS AND METHODS

Patient selection
This retrospective study was approved by the Institutional 

Review Board of Yonsei University. All of the patients were 
informed in detail about the study procedures and provided 
written informed consent. Forty-eight subjects (23 men, 25 
women; age range, 33 to 77 years; mean age, 58 years) were 
selected from among patients who received dental implants 
to replace missing teeth at the Department of Periodontolo-
gy, Gangnam Severance Dental Hospital, between January 
2007 and December 2010.

All of the patients selected for this study had functional 
prostheses for >12 months. Exclusion criteria were untreated 
active periodontitis, bruxism/parafunctional habits, poor oral 
hygiene (modified plaque index [mPI], >2 [25]), bone grafting 
in conjunction with implant placement, and uncontrolled 
compromised systemic disease.

Implants
Seventy-two internal hex implants (Astra Tech OsseoSpeed, 

Astra Tech Dental Implant System; Astra Tech AB, Mölndal, 
Sweden) were used to replace missing teeth. The implant 
lengths ranged from 8 to 13 mm and diameters ranged from 
3.5 to 5.0 mm (Tables 1 and 2).

Treatment procedure
A two-stage surgical protocol was used. Second-stage sur-

geries were performed 6 and 3 months after the first stage 
for maxillary and mandibular implants, respectively. The 
prostheses were delivered 3 weeks after the second-stage 
surgery. The patients were recalled every 6 months for pro-
fessional plaque control and oral hygiene evaluation. 

Radiographic examination and evaluation
Radiographs were taken with an extension cone paralleling 

device (Rinn, Elgin, IL, USA) using the parallel cone technique 
(70 kV, 8 mA, 0.250 second). A 5.5-mm spherical metal bearing 
was placed to aid length measurement. All of the films were 
developed using the same automatic processor (Periomat, 
Durr Dental, Bietigheim-Bissingen, Germany) according to 
the manufacturer’s instructions. The radiographs were digi-
tized using a digital scanner (GT-12000, EPSON, Nagano, Ja-
pan) at an input resolution of 2,400 dpi with a grayscale spec-
trum of 256 shades. Periapical radiographs (Kodak Insight, F 
speed film; Eastman Kodak Co., Rochester, NY, USA) were 
taken 1 day after implant placement, immediately before the 
second-stage surgery, immediately after prosthesis delivery, 
and 1 year after functional loading.

Table 1. Distribution of analyzed implant length.

Length  
  (mm)

Maxilla Mandible Total,  
n (%)Anterior Posterior Anterior Posterior

8 0 1 0 8 9 (13)
9 1 14 0 26 41 (47)
11 3 11 0 7 21 (29)
13 0 0 0 1 1 (1)
Total 4 26 0 42 72 (100)

Table 2. Distribution of analyzed implant diameter.

Diameter  
  (mm)

Maxilla Mandible Total,  
n (%)Anterior Posterior Anterior Posterior

3.5 2 1 0 3 6 (8)
4.0 2 15 0 20 37 (51)
4.5C 0 1 0 1 2 (3)
5.0C 0 8 0 15 23 (32)
5.0S 0 1 0 3 4 (6)
Total 4 26 0 42 72 (100)

C: conical neck design, S: straight neck design.
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Selection of regions of interest and fractal analysis
The region of interest (ROI) was set to a width of 100 pixels 

and height of 200 pixels (1.0 mm×2.0 mm) at the first mac-
rothread around the mesial and distal aspects of each implant. 
The ROIs avoided crestal bone, neighboring tooth roots and 
lamina dura, the sinus floor, and other structural entities. Be-
cause remodeling is pronounced in bone within 1 mm of an 
implant [26], the ROI was set to a width of 1.0 mm adjacent to 
the implant-bone interface.

Image processing was performed according to the method 
described in a previous study [27]. Briefly, the ROI was blurred 
using a Gaussian filter (sigma, 35 pixels; kernel size, 33×33). 
The heavily blurred image was then subtracted from the 
original, and 128 was added to the result at each pixel location. 
This generated an image with a mean grayscale value of 128, 
regardless of its initial intensity. The image was then made 
binary with a threshold brightness value of 128, and eroded 
and dilated once to reduce noise. The image of the trabecu-
lae was then inverted and skeletonized. Fractal analysis was 
performed using the box-counting method. Using imaging 
software (Image J 1.43u; Wayne Rasband, National Institutes 
of Health, Bethesda, MD, USA), calibration was performed 
using the known distance of the spherical metal bearing (5.5 
mm). Fractal dimensions were compared by using radiographs 
taken immediately after prosthesis delivery and those taken 1 
year after functional loading (Fig. 1). Intraobserver agreement 
on ROI placement was assessed by re-evaluation of all of the 
images twice, with a 3-week interval between viewings.

Statistical analysis
The null hypothesis was that there would be no difference 

in the fractal dimension before and after implant loading. 
The D’Agostino-Pearson test was used to test the normality 
of distribution, which was rejected. Thus, the Wilcoxon signed-
rank test was used to analyze differences in the fractal di-
mension before and after implant delivery. Computer soft-
ware MedCalc ver. 11.2.1.0 (MedCalc, Ostend, Belgium) was 
used to process the data. The values were deemed statistically 
significant when P<0.05. The intraobserver agreement reli-
ability was evaluated by calculating Cronbach alpha coeffi-

cients.

RESULTS

Clinical examination
All of the implants functioned normally, and no specific 

complication was found during the observation period. No 
subject complained of pain or implant mobility, and no in-
flammation was observed in any implant. The peri-implant 
soft tissues were found to be clinically healthy. 

Fractal dimensions before and after occlusal loading
The Cronbach alpha value for inter-observer reliability was 

0.8780. The mean fractal dimension was 1.4213±0.0525 before 
loading, and increased significantly to 1.4329±0.0479 at 12 
months after loading (P<0.05) (Table 3, Fig. 2).

DISCUSSION

Implants exposed to functional loading exhibit signs of bone 
remodeling, including the presence of bone multicellular 
units and a higher degree of bone-implant contact [7,28-30]. 
Mechanical loading also increases the bone volume fraction 
and trabecular thickness and content, and alters trabecular 
morphology [23]. The removal and addition of bone matrix 
by osteoclasts and osteoblasts may transform the trabecular 
architecture, which has been shown to be an important fac-
tor affecting the mechanical properties of bone and is highly 
correlated with bone strength [31,32]. 

Table 3. Fractal dimensions at the time of implant delivery and 12 
months after loading.

Mean±SD Median (95% CI) P-value

Fractal dimensional changes 0.026
At delivery 1.4213±0.0525 1.4305 (1.4195–1.4439)
12 Months after loading 1.4329±0.0479 1.4367 (1.4289–1.4529)

SD: standard deviation, CI: confidence interval.

A B

Figure 1. Regions of interest were selected on radiographs taken 
immediately after prosthesis delivery (A) and 1 year after loading (B). Figure 2. Change in fractal dimension. 
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Several studies have assessed the reliability of fractal di-
mension calculations from radiographs [15,33], finding that 
they are not sensitive to small alignment variations or over- 
or subexposure. Furthermore, ROI placement has been found 
to be more critical than ROI size [34]. In our study, we used 
standardized periapical radiographs and carefully placed 
ROIs to minimize the potential unknown effects of these 
factors. 

The fractal dimension had increased significantly after 12 
months of loading (P<0.05), suggesting an increase in the 
amount of bony microstructure around the implant [35]. Our 
findings are consistent with those of a similar study [13], 
which found an increased fractal dimension at 2 years after 
implant placement. 

Jung [36] found no significant fractal dimension change in 
the first 6 months after implantation. However, that study 
used panoramic radiographs, which have a much lower reso-
lution than periapical radiographs, which prevents the visu-
alization of finer bony structures [37]. Moreover, the author 
provided no information about loading time because the 
study was focused on the healing process after implantation.

Not all of our data indicated that loading stress increased 
the fractal dimension. Three major factors affect the bony re-
sponse around loaded dental implants: mechanical influ-
ence, implant design, and implant surface [38]. All of the im-
plant fixtures (Astra Tech OsseoSpeed, Astra Tech Dental Im-
plant System) used in the present study had the same surface 
treatment, implant-abutment interface (conical seal design; 
Astra Tech AB), and thread characteristics. Thus, external 
loading stress was the major factor influencing fractal di-
mensional change. Frost [39] hypothesized that bone model-
ing and remodeling would be initiated at a critical strain lev-
el; peak load magnitudes exceeding 2,500–3,500 microstrain 
led to new bone formation until the increased bone mass re-
duced strain, whereas disuse atrophy was proposed to occur 
at peak load magnitudes below 50–200 microstrain. Other 
investigators have reported similar findings but have pro-
posed different thresholds. Melsen and Lang [24] found that 
loading significantly influenced the turnover and density of 
alveolar bone at magnitudes of 3,400–6,600 microstrain. In 
other words, the same amount of stress can result in differ-
ent amounts of strain in bones with different mechanical 
properties. These factors may explain why some of our data 
showed decreased fractal dimensional values after loading. 
To date, the magnitude of force necessary to maintain a bal-
ance between disuse atrophy and overload resorption in a 
normal clinical environment has not been established.

Our study demonstrated that fractal analysis of alveolar 
bone can quantify the response of trabecular bone to func-
tional loading. To achieve the common use of fractal analysis 

in routine clinical practice, a consensus must be reached about 
the most appropriate method of calculating fractal dimen-
sions [40]. The limitation of this study was the short follow-
up period, as the amount of peri-implant trabecular bone in-
creases over a period longer than 12 months [13]. Further long-
term studies are needed to evaluate the relationship between 
fractal dimension changes and functional loading. 

In conclusion, the increased fractal dimension around im-
plants after functional loading indicates an adaptive remod-
eling response of the surrounding bone. Fractal dimension 
analysis could be helpful in detecting changes in peri-implant 
alveolar trabecular bone patterns in clinical situations.
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