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Observation of trabecular changes of the mandible  
after orthognathic surgery using fractal analysis
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Abstract (J Korean Assoc Oral Maxillofac Surg 2012;38:96-100)

Objectives: This study sought to evaluate trabecular changes in the mandible using fractal analysis and to explain the transient osteopenia related to 
rapid orthodontic tooth movement after orthognathic surgery. 
Materials and Methods: Panoramic radiographs were taken of 26 patients who underwent bilateral sagittal split ramus osteotomy. Radiographs 
taken before the surgery and 1 month after surgery were overlapped, and 40×40 pixel square regions of interest were selected near the mandibular 
canines and 1st molars. After the image processing procedure, the fractal dimension was calculated using the box-counting method. 
Results: Fractal dimension after orthognathic surgery decreased in a statistically significant manner (P<0.05). The change in fractal dimension on the 
canine side had greater statistical significance as compared to that seen on the 1st molar side. 
Conclusion: This study found that bone density decreases after orthognathic surgery due to transient osteopenia related to the regional acceleratory 
phenomenon. This result can provide a guide to evaluating orthodontic tooth movement after orthognathic surgery.
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identify the complexity of shapes and structures in the human 

body3-5. In the dentistry field, Cha et al.6 selected a region 

of interest (ROI) in the mandible alveolar bone of furcation 

involvement and alveolar ridge from 30 radiographs of the 

normal periapical area and 30 radiographs of periodontitis 

patients’ periapical area to compare FD. Since the difference 

was statistically significant, they reported that fractal analysis 

is a useful method for diagnosing periodontitis. Rothe et 

al.7 investigated the relationship between the relapse of 

mandibular incisors crowding and the amount/structure of 

mandible by applying fractal analysis to photos of dental 

cast model, lateral cephalometric radiographs, and periapical 

area radiographs of patients who had completed orthodontic 

treatment for more than 10 years, which were taken at the 

first examination, end of treatment, and 10 years after the 

treatment; according to them, thinner cortical bone in the 

mandible increases the rate of relapse. Similarly, Wagle et 

al.8 reported that, after applying orthodontic force to the first 

molar of Sprague-Dawley rat for 6 hours to manufacture 

dried and demineralized tooth samples and calculating FD 

in the periodontal ligament and bone interface, FD increases 

in proportion to the orthodontic force. Research studies 

I. Introduction

Introduced by Mandelbrot in 1983, fractal means geometry 

based on self-similarity and decimal dimension, e.g., part 

of lightning or river resembles the entire shape of lightning 

or river1. Based on this concept, it is possible to identify the 

shape and structure of an object using fractal analysis, and 

they are expressed numerically using fractal dimension (FD). 

In other words, FD increases or decreases according to the 

complexity of the object2.

Fractal structure with self-similarity is not only in nature 

but in the human body as well, such as bronchial tubes, 

blood vessel, and convolutions of the brain. Therefore, many 

research studies have been conducted using fractal analysis to 
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both mandibular canines whose hyoid bone is not overlapped 

in the opposite mandible angle and trabecular bone in the root 

apex of the first molars, 40×40 pixel ROI were selected based 

on stage 0 and stage 1 panoramic radiographs (Fig. 1), and 

104 samples were collected at 4 pairs per patient. 

All ROI images obtained from stage 0 and stage 1 

panoramic radiographs (n=104) were processed according to 

the method developed by White and Rudolph18 as follows: 

first, the fine and middle-sized structures were removed with 

Gaussian filter (sigma=20 pixel), and the original images 

(Fig. 2. A) were blurred (Fig. 2. B); these blurred images 

were deducted from the original images, and 128 was added 

to make binary images (Fig. 2. C); to reduce noise, binary 

images were eroded and dilated once and processed as 

skeletonized images.(Fig. 2. D)

The FD of all skeletonized images obtained by the image 

processing procedure was calculated by box-counting method 

using Image J software 1.40 g (National Institutes of Health, 

Bethesda, Maryland, USA). The change of FD of stage 0 and 

stage 1 was analyzed, and the change before/after surgery 

was then calculated by canine area and first molar area. 

Finally, the change in the canine area and the first molar area 

was compared and evaluated. 

using radiographs and fractal analysis have also been used 

widely in dental prosthetics because the latter is noninvasive; 

moreover, FD is not greatly affected by the amount of 

exposure and projection angle of radiographs9.

In clinical orthodontics, rapid tooth movement is 

often performed temporarily during the treatment after 

orthognathic surgery. It is called RAP. Introduced by Frost, 

RAP is a tendency wherein treatment is accelerated because 

excessive bone metabolic products are concentrated during 

the healing of the damaged structure. It is also called transient 

osteopenia10-13. Park et al.14 and Gwack et al.15 conducted 

a immunohistochemical research and found that tooth 

movement is accelerated under cortical punching in the palate 

of rats. Note, however, that aggressive bone remodeling may 

have undesirable side effects due to rapid tooth movement 

during the treatment after surgery. Though some researchers 

performed biological and histological analysis on orthodontic 

tooth movement and RAP, very few radiological research 

studies have been conducted16-18. 

Therefore, we conducted this study to evaluate the change 

of sponge bones around teeth caused by orthognathic surgery 

using panoramic radiographs before/after orthognathic 

surgery and fractal analysis. 

II. Materials and Methods

1. Materials

Panoramic radiographs taken of 26 patients (13 are male 

and 13 are female) who visited Department of Orthodontics 

in Pusan National University Dental Hospital, who were 

diagnosed with skeletal malocclusion, and who underwent 

bilateral sagittal split ramus osteotomy (BSSRO) were 

selected. The average age of the patients was 23.1±2.7, and 

there was no specific medical history. Panoramic radiographs 

were taken before the surgery (stage 0) and 1 month after 

the surgery (stage 1) (PM 2002 CC, Planmeca, Helsinki, 

Finland). 

2. Methods

Panoramic radiographs of digitalized stage 0 and stage 

1 were overlapped to match the apex/root apex of canine, 

crown/mesiodistal root apex of the first molar using 

Photoshop version 7.0 (Adobe Systems Inc., San Jose, CA, 

USA). In this process, any vertical distortion of stage 0 and 

stage 1 panoramic radiographs was corrected. Afterward, near 

Fig. 1. Panoramic radiograph showing the region of interest.
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Fig. 2. Steps used in image processing. A. Original image. B. 
Blurred image. C. Binary image. D. Skeletonized image.
Hyeon-Ju Kang et al: Observation of trabecular changes of the mandible after orthogna-
thic surgery using fractal analysis. J Korean Assoc Oral Maxillofac Surg 2012



J Korean Assoc Oral Maxillofac Surg 2012;38:96-100

98

a result of comparing and evaluating the change of FD in the 

canine area and in the first molar area before/after surgery, 

statistically significant difference was verified (P<0.05).

(Table 2)

IV. Discussion

This study sought to explain transient osteopenia generated 

in treatment when maxillary bone receives traumatic impact 

such as orthognathic surgery using panoramic radiographs 

and fractal analysis and to provide a guide to determining 

the time of orthodontic treatment after proper surgery. FD 

is a non-invasive method of measuring and comparing the 

change of bone density without being affected greatly by the 

contrast of radiographs and change of projection direction. 

As such, fractal analysis has been widely used as a diagnosis 

and evaluation tool, generally for osteoporosis that may cause 

loss of overall bones and inflammation of alveolar bone6,19. 

Ellis et al.20 reported that after SSRO, the surgical site can 

be cured by direct and indirect osteogenesis based on the 

rigidity of fixation, and that the medullary space is filled with 

mature bone until 6 weeks from the surgery. Therefore, loss 

of bone density after surgery can be explained in the same 

context. Heo et al.21 also measured FD in the part of BSSRO 

before the surgery and 1-2 days/1 month/6 months/1 year 

after the surgery and reported that FD decreased right after 

the surgery with statistical significance and then increased 

gradually over time. A statistically significant decrease of 

FD in ROI before and after surgery is an index of change 

of bone metabolism and density. In other words, because 

the trabecular has a typical fractal structure, and FD reflects 

the trabecular's morphological complexity, FD increases 

when complexity increases or osteogenesis is in process and 

decreases when bone density decreases. Note, however, that 

these research studies investigated the change in maxillary 

bone near the surgical site, but there were few research 

studies on the change of trabecular in the maxillary bone 

around teeth like this study. 

In bone damaged by bone fracture, arthropathy, osteotomy, 

or bone graft, the overall osteopenia process is accelerated 

due to aspecific inflammatory reaction such as inflammation-

mediated osteopenia22. Damaged bone is cured through 

granulation, callus, modeling, and remodeling stages, with 

the RAP generated in these stages accelerating the speed of 

each stage by 2-10 times. Such phenomenon is started within 

a few days of damage, reaching its peak after 1-2 month(s) 

and disappearing gradually after 6-24 months12.

3. Statistical Analysis 

To verify tester error, the same tester measured all measure -

ment items among 8 randomly selected people after 7 days. 

In the intraclass correlation, the mean measurement error was 

0.02±0.01 in the canine area and 0.01±0.01 in the first molar 

area. Standard error was measured by Dahlberg’s formula 

(error of method2=Σd2/2n, d=difference of the first and second 

measurement, n=number of measurement). The standard 

error of the canine area was 0.016, and that of the first molar 

area was 0.004. The difference in the measurement error of 

the tester in this study was not statistically significant. 

The difference of FD between stage 0 and stage 1 was 

analyzed by paired t-test, and the relationship between 

the change of the canine area and the first molar area was 

evaluated by independent t-test. All statistical processes were 

done using the SPSS version 12.0k (SPSS Inc., Chicago, IL, 

USA) program.

III. Results

The mean FD of ROI was 1.14±0.10 before BSSRO (stage 

0) and 1.04±0.10 after BSSRO (stage 1), and the difference 

was statistically significant (P<0.05).(Table 1) The mean FD 

in the mandible canine area before surgery was 1.16±0.10 but 

decreased to 1.04±0.11 after surgery, and the difference was 

statistically significant (P<0.05).(Table 1) In the first molar 

area, the mean FD before surgery was 1.12±0.09 and 1.05±

0.08 after surgery. Similar to the canine area, FD decreased, 

showing statistically significant difference (P<0.05).(Table 1) As 

Table 1. Fractal dimensions before and after orthognathic surgery

Stage 0 Stage 1 Difference Significance

Canine
1st molar
Total

1.16±0.10
1.12±0.09
1.14±0.10

1.04±0.11
1.05±0.08
1.04±0.10

0.12±0.09
0.07±0.01
0.10±0.00

*
*
*

(*P<0.05)
Values are mean±standard deviation.
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Table 2. Comparison of fractal dimension in each area

Canine 1st molar Significance

Trabecular change
(stage 0-stage1)

0.12±0.09 0.06±0.01 *

(*P<0.05)
Values are mean±standard deviation.
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osteopenia. If a surgeon applied aggressive force in the early 

orthodontic treatment after surgery and met the patient after 

4-6 weeks as in normal orthodontic treatment, however, 

excessive orthodontic tooth movement may yield an 

undesirable result. In most cases, orthodontists should inspect 

the patient weekly in the first month and meet the patient 

every 2 weeks in the next 2 months. Generally, the interval 

of visit can be increased 3-4 months after surgery when the 

early healing stage is finished and occlusion is stabilized24.

In conclusion, with this study, we can verify that overall 

mandibular bone density is reduced by traumatic impact 

and assume the reason for rapid tooth movement after 

orthognathic surgery. This study can provide a guide as to the 

time and method of orthodontic treatment after orthognathic 

surgery if more research studies on the healing process after 

orthognathic surgery are conducted.

V. Conclusion

To identify the change of cancellous bones around teeth 

caused by orthognathic surgery using panoramic radiographs 

before/after the surgery and fractal analysis, this study 

selected ROI in cancellous bones near both mandibular 

canines and first molars from the panoramic radiographs 

of patients who underwent BSSRO and calculated and 

compared trabecular change before/after surgery. As a result, 

FD decreased after orthognathic surgery, showing statistically 

significant difference (P<0.05). The change of FD on the 

canine side compared with that on the 1st molar side had 

greater statistical significance (P<0.05).

As mentioned above, this study radio graphi cally identified 

that orthognathic surgery such as BSSRO decreases overall 

bone density temporarily and suggests that the reason for 

rapid tooth movement after orthognathic surgery is related to 

the RAP. This study can provide a guide as to the time and 

method of orthodontic treatment after orthognathic surgery 

if more research studies on the change of mandibular bones 

after orthognathic surgery are conducted.
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