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ABSTRACT

Changes in the fractal dimension on peri-implant bone after surgical

treatment of peri-implantitis: a retrospective study

Yeon-ho Eo, D.D.S.

Department of Dental Science
The Graduate School, Yonsei University

(Directed by Professor Ik-Sang Moon, D.D.S., M.S.D., Ph.D.)

The aim of this study was to evaluate bony changes could be caused by surgical therapy
for treatment of peri-implantitis around dental implants by fractal dimension analysis.
Twenty subjects (12 males and 8 females; age range: 49 to 85 years; mean age: 63.2 years,
35 Implants) were selected from patients who were diagnosed with peri-implantitis at the
Department of Periodontology, Gangnam Severance Dental Hospital between August 2007
and October 2012. Five different surface characteristics of implants were included in this
study.

Depending on clinical and radiographic outcomes of surgical treatment, subjects were
assigned to two groups, treatment success and failure group.

Fractal dimension was measured by comparing radiographs taken before and 3 months

after the surgical treatment. The ROIs were set to a width of 100 pixels and a height of 200
iii



pixels at the mesial and distal aspect of implant, and a fractal analysis was performed using
the box-counting method of Image J 1.42 software. ROIs were created in same position.
Wilcoxon signed-rank was used to analyze the differences in before and after surgery.

There was a statistically significant difference in fractal dimensional changes after 3
months on both groups. In treatment success group, the median fractal dimension was
1.4878 before surgery and it increased to 1.5182 after 3 months surgery (p=0.001). This
result could suggest increased mineralization of peri-implant bone structure around the
implant as a result of bone remodeling. In treatment failure group, the median fractal
dimension was 1.4675 before surgery and it decreased to 1.4334 after 3 months surgery
(P=0.001).

There was a correlation between increased peri-implant bone volume and density
changes and successive outcome of surgical treatment for treating peri-implantitis as result
of bone remodeling. As fractal dimension analysis could detect small trabecular
mineralization changes, it could be used for early detection of trabecular bone changes in

clinical situation.

Key words: fractal dimension, dental implant, peri-implantitis
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. INTRODUCTION

Recent studies indicate that peri-implantitis is one of the most common complications
around dental implants (Claffey et al., 2008) and increasing number of implants placed in
everyday clinical practice, the prevalence of peri-implantitis is also increasing. In a recent
review of two cross-sectional study (Fransson et al., 2005; Fransson et al., 2008; Roos-
Jansaker et al., 2006), peri-implantitis was found in 28% and 56% of subjects and in 12%
and 43% of implant sites (Zitzmann and Berglundh, 2008).

The therapies of peri-implantitis have been based on the evidence available for the
treatment of periodontitis. In several studies, non-surgical therapy was not found to be
effective and surgical therapy has been advocated as a treatment of peri-implantitis (Claffey
et al., 2008; Klinge and Meyle, 2012; Renvert et al., 2008). Following the peri-implant

inflammation was resolved as a result of surgical treatment, remodeling of peri-implant



bone was expected in the similar result to increase of periodontal bone volume and density
after open flap debridement in periodontitis (Schwartz et al., 1997).

Several attempts, such as resective and regenerative treatment in conjunction with
various methods of additional surface decontamination have been made to determine a
treatment protocol that could successfully achieve bone fill within the peri-implant defect
and re-osseointegration on the previously contaminated surface. Experimental studies
(Persson et al., 1999; Persson et al., 2004; Schwarz et al., 2006; Wetzel et al., 1999; You et
al., 2007) have verified that peri-implant defects may heal with newly formed bone fill, and
re-osseointegration is possible to obtain but to be difficult to achieve. The clinical study
(Lee et al., 1999) reported to possibility to obtain re-osseointegration but there were few
clinical studies regarding to re-osseointegration on account of ethical reasons. Therefore,
approaches of the evaluation of treatment outcomes in human were focused on the changes
of peri-implant bone level by means of periapical radiographs in clinical situation.
Periapical radiographs are most commonly used in routine dental examination. It has high
resolution and high specificity (Kornman, 1987), so it might contain significant amounts of
information on bone quality, but it has low sensitivity (Akesson et al., 1992) and limited
diagnostic value for detection of small changes in the alveolar bone (Lang and Hill, 1977).

Fractal dimension analysis is a one of the method of quantitatively measuring complex
bony trabecular pattern by using periapical radiographs and considered to provide a
diagnostic tool to objectively characterize trabecular bone structure. There are many useful
research applications that correlating trabecular bone structure by using fractal analysis.
This could be used to diagnose or monitor pathological conditions, such as osteoporosis
(Law et al., 1996; Ruttimann et al., 1992; Southard et al., 1996) or pathological bone lesions
(Havlin et al., 1995; Heymans et al., 2000) in medicine. In dentistry, it has been performed
for evaluation of periodontally compromised patients (Landini, 1991, 1997; Shrout et al.,

1998; Updike and Nowzari, 2008), root canal therapy (Chen et al., 2005; Yu et al., 2009),



caries (Gonzalez-Gonzalez, 1997; Umemori et al., 2010) and others (Demirbas et al., 2008;
Morinushi et al., 1998).

There have been a publication using radiograph for evaluating the fractal dimensional
changes in peri-implant bone after surgical treatment of peri-implantitis in animals (Kim and
Kim, 2010), but no clinical study existed. Therefore, the aim of this retrospective study was
to evaluate peri-implant bone changes caused by surgical treatment for peri-implantitis by

using fractal dimension analysis.



Il. MATERIALS AND METHODS

1. Patient selection

This study was approved by the Institutional Review Board of Yonsei University (IRB
No. # 3-2012-0208). Patients were informed in detail about the study procedures.

Patients who were diagnosed with peri-implantitis and received surgical treatment were
recruited between August 2007 and October 2012 to the Department of Periodontology,
Gangnam Severance Hospital, and were selected as subjects for this study. In total, 20
patients (12 males and 8 females, 35 implants) participated in the study, with a mean age of
63.2 years and a range of 49 to 85 years.

They were assigned to two groups according to criteria of treatment success and failure,
as mentioned in the 8th section.

All the patients were in good general health. None of the patients had known systemic
diseases that would affect bone metabolism, cancers with bone metastasis and they were not
using specific drugs of hormones which are known to have adverse effects on bone

metabolism.



2. Diagnosis

In this study, the diagnosis of peri-implantitis was assessed by evaluating clinical and
radiographic parameters in according with the most commonly used: clinical signs of
suppuration or sulcus bleeding; probe penetration > 5mm into the peri-implant sulcus; and
radiographic evidence of peri-implant radiolucency (Ferreira et al., 2006; Karoussis et al.,
2004; Zitzmann and Berglundh, 2008).

The parameters were recorded at four locations around each implant (mesial, buccal,
distal and palatal/lingual). The amount of plaque was scored using the modified plaque
index (mPI)(Mombelli et al., 1987) and bleeding tendency of the marginal peri-implant
tissues was evaluated using a modified sulcus bleeding index (mBI)(Mombelli et al., 1987).
PPD(Mombelli et al., 1987) defined as the distance from the mucosal margin to the bottom

of the pocket, was recorded by light force.

3. Implants

Five different implant systems were evaluated in this study. Different surface

characteristic of the installed implant systems is detailed in Tables 1.



Number of instated

Surface Name Company
implants
Sandblasted
Large grit Acid Implantium Dentium®, Seoul, Korea 10
Etched (SLA)
Resorbable blast
Megafix Megagen, Seoul, Korea 7
media (RBM)
Nobel Biocare AB,
TiUnite MK III 3
Goteborg, Sweden
Astra Tech AB,
TiOblast TiOblast 8
Mélndal, Sweden
Fluoride-modified
) Astra Tech AB,
TiOblast Osseospeed ™ 7

(Osseospeed™)

Molndal, Sweden

Table 1. Characteristics of the installed implants.



4. Treatment procedure

Surgical treatment for peri-implantitis should include of the two important procedures;
granulation tissue removal and implant surface detoxification.

Under local anesthesia, sulcular incisions were used to prepare full thickness flaps at
both vestibular and oral aspects of each implant site. All granulation tissue was completely
removed from the defect area by using curettes. Saline soaked cotton pellets were adapted to
all exposed implant surface areas for implant surface detoxification, which was followed by
a thorough irrigation with sterile saline. To ensure a non-submerged healing, the
mucoperiosteal flaps were positioned with interrupted sutures (Schwarz et al., 2010). All

treatments were performed by the two experienced periodontists.

5. Postoperative care

Sutures were removed 10 days after surgery. The patients received new oral hygiene
instructions, aiming at optimal plaque control. A supragingival professional implant/tooth
cleaning and reinforcement of oral hygiene were performed at 1, 3 and 6 months after

therapy.



6. Radiographic examination

Radiographs were taken with an extension cone paralleling (XCP) device (Extension
Cone Paralleling Kit, Rinn, Elgin, IL, USA.) using the parallel cone technique (70 kV, 8 mA,
0.250 s). A5.5 mm spherical metal bearing was placed to aid length measurement. All films
were developed using the same automatic processor (Periomat, Durr Dental, Bietigheim-
Bissingen, Germany.) according to the manufacturer's instructions. Films were digitized
using a digital scanner (EPSON GT-12000, EPSON, Nagano, Japan.) at an input resolution
of 2400 dpi with 256 gray scale. Periapical radiographs (Kodak Insight, film speed F,

Rochester, NY, USA.) were taken before the surgery, and 3 months after surgery.

7. Imaging processing (selection of ROI and fractal analysis)

Image J 1.43u program (Wayne Rasband, National Institutes of Health, USA) was used
for all image processing and analyzing. Calibration was performed using the known distance
of the spherical metal bearing (5.5mm). Fractal dimension was measured by comparing
radiographs taken before the surgery to these taken 3 months after surgery (Figure 1).

The ROIs were set to a width of 100 pixels and a height of 200 pixels (= 1.0mm x
2.0mm) located on the mesial and distal aspect of specific threads of each implant.
Radiographs were taken three months after surgery, and ROIs were created in same position.

The protocol used was based on the methods described by White and Rudolph (White
and Rudolph, 1999). The ROIs were duplicated and blurred by a Gaussian filter with a
diameter of 35 pixels. This step removed all fine-scale and medium-scale structure and
retained only large variations in density. The resulting heavily blurred image was then
subtracted from the original, and 128 were added to the result at each pixel location. This
generates an image with a mean value of 128, regardless of the initial intensity of the image.
The aim of this operation was to reflect individual variations in the image such as trabeculae

and marrow space. The Image was then made binary, thresholding on a brightness value of
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128 and eroded and dilated once to reduce noise. The image of the trabeculae is then

inverted to make trabeculae and then skeletonized. Fractal analysis was performed using the

box-counting method.

a b

Figure 1. ROIs were selected (a) before the surgery; (b) after 3 months



8. Treatment success and failure criteria

Peri-implantitis treatment success criteria were absence of bleeding on probing and/or
suppuration in conjunction to PPD > 5mm (Charalampakis et al., 2011). Radiographically,
increased or stable marginal bone levels around dental implants compared with the baseline
periapical radiographs were considered to treatment success. Any clinical measurements
different from the above thresholds or obvious progressive bone loss radiographically were

assigned to treatment failure group (Charalampakis et al., 2011).

9. Statistical analysis

The null hypothesis was that there would be no difference between the fractal
dimensional change before and after surgery in each group. The D'Agostino-Pearson test
was used to test the normality of the distribution.

As the normality of the distribution was rejected, Wilcoxon signed-rank test was used to
analyze the differences in before and after surgery. Computer software (SPSS for Windows, ,
SPSS Inc, Chicago, USA.) was used to process the data. The values were deemed
statistically significant if the p-value was lower than 0.05. The intracbserver agreement

reliability was evaluated by Cronbach’s alpha.
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1. RESULT

1. Clinical examination

Thirteen of twenty subjects (23 implants) have no specific complications during the
observation period. No inflammation was observed in any of the implants of these subjects.
All of the implants functioned normally. The peri-implant soft tissues were found to be
clinically healthy. They were assigned to treatment success group.

The others, seven subjects (12 implants), suffered clinical symptom, such as pain,
suppuration, bleeding on probing and obviously progressive bone loss after surgical
treatment during the observation period. They were considered treatment failure, as

mentioned above thresholds and classified into treatment failure group.

2. Fractal dimensional change before and after surgery

The Cronbach's Alpha value for interobserver reliability was 0.8684. The median fractal
dimension was 1.4878 before surgery and it increased to 1.5182 after 3 months surgery in
success group (P=0.001). The median fractal dimension was 1.4675 before surgery and it
decreased to 1.4334 after 3 months surgery in failure group (P=0.001).

There were statistically significant differences in fractal dimensional changes after

surgery in both groups. (p < 0.05 ; Table 2, Figure2)

_11_



Table 2. Fractal dimensional change (median (95% CI for the median))

Before surgery After surgery p- value
Success 1.4878(1.4452-1.5019)  1.5182(1.5044-1.5701)  p=0.001*
Failure 1.4675(1.4334-1.4998)  1.4334(1.3813-1.4552)  p=0.001*

* statistically significant different

_12_
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IV. DISCUSSION

New bone formation within the peri-implant defect and re-osseointegration is the
ultimate goal of surgical therapy of peri-implantitis. Several clinical (Charalampakis et al.,
2011; Claffey et al., 2008; Heitz-Mayfield et al., 2011; Romeo et al., 2007) and experimental
(Persson et al., 1999; Persson et al., 2004; Schwarz et al., 2006; Wetzel et al., 1999; You et al.,
2007) studies reported that peri-implant bone density and volume was improved as a
consequence of treatment success. On the basis of these results, the aim of this study was to
evaluate bony density and volume changes caused by surgical therapy for treatment of peri-
implantitis by using fractal dimension analysis.

As trabecular bone is a better indicator for bone metabolic activity and more useful in
monitoring changes, it has been used to evaluate the changes of bone density and volume in
many studies by using several clinical methods (Chen and Chen, 1998; Jolley et al., 2006;
Southard et al., 1996). One such method, fractal analysis, could be a useful tool to quantify
bone changes in clinical situation. Several studies demonstrated that there were strong
correlations between generalized mineralization of trabecular bone and increasing fractal
dimension (Chen and Chen, 1998; Schou et al., 2003a; Schou et al., 2003b; Southard et al.,
1996; Southard et al., 2001). And there are several studies regarding the reliability of fractal
dimension measurement from radiographs (Jolley et al., 2006; Shrout et al., 1997a; Shrout et
al., 1997b).

Despite the fact that the position and size of ROI may affect fractal dimension(Lee et al.,
1999; Schou et al., 2003c), previous experimental and clinical studies merely provide
insufficient or even no details respecting reference of position and size of ROI. The
remodeling of peri-implant bone was pronounced within 1mm (Garetto et al., 1995). For this
reasons, the ROl was set to a width of 1.0mm adjacent to the implant-bone interface. In our
studies, almost every peri-implant bone loss was occurred more than 1mm vertically. To

include the bone defect sufficiently within ROI, the ROI was set to a height of 2.0 mm. For

_14_



investigating not only bone density but volume changes of peri-implant bone defects, the ROI
was located on the mesial and distal aspect of the implant including bone defects on the basis
of Kim et al. (Kim and Kim, 2010).

Subjects were assigned to two groups, treatment success and failure, according as
clinical and radiographic criteria. In treatment success group, there were statistically
significant differences in fractal dimensional changes after 3 months of surgery (p < 0.05).
This result demonstrated that increased fractal dimensions after surgery, which could suggest
increased mineralization of peri-implant bone around the implant as a result of bone
remodeling. Other studies reported the similar results. Wojtowicz et al. (Wojtowicz et al.,
2003) showed the increasing complexity of trabecular patterns as the bone grew, and Nair et
al. (Nair et al., 2001) and Heo et al.(Heo et al., 2002) reported that the fractal dimension
increased during the bone recovery process.

However, in treatment failure group, they showed that decreased fractal dimension after
3 months of surgery (p < 0.05). This result suggested that decreased fractal dimension means
decreased mineralization of peri-implant bone in consequence of failure of resolution the peri-
implant inflammation. Similar results were reported. Fractal dimension was decreased in
patients compromised by periodontal disease compared with normal subjects (Cha et al., 2001;
Khosrovi et al., 1995). Ruttimann et al. (Ruttimann et al., 1992) reported that fractal
dimension diminished with continued mineral loss.

Judging by these results, the tendency to increased bone architecture here measured with
fractal dimension analysis would seem to be in agreement with a significant increase of
density and volume in the peri-implant bone. And we could consider that there was a
correlation between increased peri-implant bone density and successive outcome of surgical
treatment for treating peri-implantitis as result of bone remodeling.

The main limitation of this study is the surface characteristics difference of treated

implants. Several studies reported that reosseointegration may be influenced by the implant
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surface characteristics and in smooth surface implant was less than rough surface implant
(Persson et al., 2001; Persson et al., 2004; Schwarz et al., 2006; Shibli et al., 2003; Wetzel et
al., 1999). But, these studies also reported that similar amount of peri-implant new bone
formation was founded in consequences of peri-implant inflammation resolution, regardless
of the different surface characteristics. And the level of surface roughness of implants using in
our study was comparable, these effects was considered to be minimal. The aim of this
clinical study was focused on the meaning of evaluation of peri-implant new bone formation,
not re-osseointegration. Therefore, surface characteristics were not considered to be critical
factor.

The other limitation in this study, did not give a clear description of the morphology of
the peri-implant bone defect. Several studies attempted to evaluate efficacy of the procedures
used for surgical treatment of peri-implant bone defects, but the configuration and sizes of the
bone defects were not reported in most of the studies (Ericsson et al., 1996; Persson et al.,
1996; Schou et al., 2004; Schou et al., 2003a; Schou et al., 2003b). However, these previous
studies pointed out that defect morphology plays a major role in the healing process. In
particular, it was founded that the deeper the defect the greater was the amount of clinical
improvement, while the wider the defect the lower were the attachment and bone gain (Garrett
et al., 1988; Tonetti et al., 1993; Tonetti et al., 1996). And the number of residual bony walls
may affect the regeneration potential (Goldman and Cohen, 1958). In our studies, bone defect
configuration was divided into two shapes, horizontal and intrabony defects. Only seven out
of thirty-five were intrabony defects configuration, therefore large number samples is needed
in future study.

Despite of these limitations, we found that there was a correlation between increased
peri-implant bone density and successive outcome of surgical treatment. And as fractal
dimension analysis could detect small trabecular mineralization changes, it could be used for

early detection of trabecular bone changes in clinical situation.
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V. CONCLUSION

There was a correlation between increased peri-implant bone density changes and
successive outcome of surgical treatment for treating peri-implantitis as result of bone
remodeling. As fractal dimension analysis could detect small trabecular mineralization

changes, it could be used for early detection of trabecular bone changes in clinical situation.

_17_



VI. REFERENCES

Akesson L, Hakansson J, Rohlin M: Comparison of panoramic and intraoral radiography and
pocket probing for the measurement of the marginal bone level. J Clin Periodontol 19(5):
326-332, 1992.

Cha SY, Han WJ, Kim EK: Usefulness of fractal analysis for the diagnosis of periodontitis. Korean
Journal of Oral and Maxillofacial Radiology 31(1): 35-42, 2001.

Charalampakis G, Rabe P, Leonhardt A, Dahlen G: A follow-up study of peri-implantitis cases
after treatment. J Clin Periodontol 38(9): 864-871, 2011.

Chen SK, Chen CM: The effects of projection geometry and trabecular texture on estimated fractal
dimensions in two alveolar bone models. Dentomaxillofac Radiol 27(5): 270-274, 1998.

Chen SK, Oviir T, Lin CH, Leu LJ, Cho BH, Hollender L: Digital imaging analysis with
mathematical morphology and fractal dimension for evaluation of periapical lesions
following endodontic treatment. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
100(4): 467-472, 2005.

Claffey N, Clarke E, Polyzois I, Renvert S: Surgical treatment of peri-implantitis. J Clin
Periodontol 35(8 Suppl): 316-332, 2008.

Demirbas AK, Ergun S, Guneri P, Aktener BO, Boyacioglu H: Mandibular bone changes in sickle
cell anemia: fractal analysis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 106(1):
e41-48, 2008.

Ericsson I, Persson L, Berglundh T, Edlund T, Lindhe J: The effect of antimicrobial theram on
peri-implantitis lesions. An experimental study in the dog. Clinical oral implants research
7(4): 320-328, 1996.

Ferreira SD, Silva GL, Cortelli JR, Costa JE, Costa FO: Prevalence and risk variables for peri-
implant disease in Brazilian subjects. J Clin Periodontol 33(12): 929-935, 2006.

Fransson C, Lekholm U, Jemt T, Berglundh T: Prevalence of subjects with progressive bone loss at
implants. Clin Oral Implants Res 16(4): 440-446, 2005.

Fransson C, Wennstrom J, Berglundh T: Clinical characteristics at implants with a history of
progressive bone loss. Clin Oral Implants Res 19(2): 142-147, 2008.

Garetto LP, Chen J, Parr JA, Roberts WE: Remodeling dynamics of bone supporting rigidly fixed
titanium implants: a histomorphometric comparison in four species including humans.
Implant dentistry 4(4): 235-243, 1995.

Garrett S, Loos B, Chamberlain D, Egelberg J: Treatment of intraosseous periodontal defects with
a combined adjunctive therapy of citric acid conditioning, bone grafting, and placement
of collagenous membranes. Journal of clinical periodontology 15(6): 383-389, 1988.

Goldman HM, Cohen DW: The Infrabony Pocket: Classification and Treatmentt. Journal of
Periodontology 29(4): 272-291, 1958.

Gonzalez-Gonzalez JM: Fractals in restorative treatment of teeth. J Oral Rehabil 24(1): 52-56,
1997.

_18_



Havlin S, Buldyrev SV, Goldberger AL, Mantegna RN, Ossadnik SM, Peng CK, et al.: Fractals in
biology and medicine. Chaos Solitons Fractals 6: 171-201, 1995.

Heitz-Mayfield LJ, Salvi GE, Botticelli D, Mombelli A, Faddy M, Lang NP: Anti-infective
treatment of peri-implant mucositis: a randomised controlled clinical trial. Clin Oral
Implants Res 22(3): 237-241, 2011.

Heo MS, Park KS, Lee SS, Choi SC, Koak JY, Heo SJ, et al.: Fractal analysis of mandibular bony
healing after orthognathic surgery. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
94(6): 763-767, 2002.

Heymans O, Fissette J, Vico P, Blacher S, Masset D, Brouers F: Is fractal geometry useful in
medicine and biomedical sciences? Med Hypotheses 54(3): 360-366, 2000.

Jolley L, Majumdar S, Kapila S: Technical factors in fractal analysis of periapical radiographs.
Dentomaxillofac Radiol 35(6): 393-397, 2006.

Karoussis 1K, Bragger U, Salvi GE, Burgin W, Lang NP: Effect of implant design on survival and
success rates of titanium oral implants: a 10-year prospective cohort study of the ITI
Dental Implant System. Clin Oral Implants Res 15(1): 8-17, 2004.

Khosrovi P, Kahn A, Majumdar S, Genant H, 1ZU C: FRACTAL ANALYSIS OF DENTAL
RADIOGRAPHS TO ASSESS TRABECULAR BONE-STRUCTURE. In: JOURNAL
OF DENTAL RESEARCH. AMER ASSOC DENTAL RESEARCH 1619 DUKE ST,
ALEXANDRIA, VA 22314. 1995. p. 173-173.

Kim HK, Kim JS: Fractal analysis of the surgical treatment of ligature-induced peri-implantitis in
dogs. Korean Journal of Oral and Maxillofacial Radiology 40(3): 123-129, 2010.

Klinge B, Meyle J: Peri-implant tissue destruction. The Third EAO Consensus Conference 2012.
Clin Oral Implants Res 23 Suppl 6: 108-110, 2012.

Kornman KS: Nature of periodontal diseases: assessment and diagnosis. J Periodontal Res 22(3):
192-204, 1987.

Landini G: A fractal model for periodontal breakdown in periodontal disease. J Periodontal Res
26(3 Pt 1): 176-179, 1991.

Landini G: Is periodontal breakdown a fractal process? Simulations using the Weierstrass-
Mandelbrot function. J Periodontal Res 32(3): 300-307, 1997.

Lang NP, Hill RW: Radiographs in periodonties. Journal of Clinical Periodontology 4(1): 16-28,
1977.

Law AN, Bollen AM, Chen SK: Detecting osteoporosis using dental radiographs: a comparison of
four methods. J Am Dent Assoc 127(12): 1734-1742, 1996.

Lee K, Choi S, Park T, You D: Fractal dimension calculated from two types of region of interest.
Dentomaxillofacial Radiology 28(5): 284-289, 1999.

Mombelli A, van Oosten MA, Schurch E, Jr., Land NP: The microbiota associated with successful

or failing osseointegrated titanium implants. Oral Microbiol Immunol 2(4): 145-151,
1987.

_19_



Morinushi T, Kawasaki H, Masumoto Y, Shigeta K, Ogura T, Takigawa M: Examination of the
diagnostic value and estimation of the chaos phenomenon in masticatory movement using
fractal dimension in patients with temporomandibular dysfunction syndrome. J Oral
Rehabil 25(5): 386-394, 1998.

Nair MK, Seyedain A, Webber RL, Nair UP, Piesco NP, Agarwal S, et al.: Fractal analyses of
osseous healing using tuned aperture computed tomography images. Eur Radiol 11(8):
1510-1515, 2001.

Persson L, Ericsson I, Berglundh T, Lindhe J: Guided bone regeneration in the treatment of peri-
implantitis. Clinical Oral Implants Research 7(4): 366-372, 1996.

Persson LG, Araujo MG, Berglundh T, Grondahl K, Lindhe J: Resolution of peri-implantitis
following treatment. An experimental study in the dog. Clin Oral Implants Res 10(3):
195-203, 1999.

Persson LG, Berglundh T, Lindhe J, Sennerby L: Re-osseointegration after treatment of peri-
implantitis at different implant surfaces. An experimental study in the dog. Clin Oral
Implants Res 12(6): 595-603, 2001.

Persson LG, Mouhyi J, Berglundh T, Sennerby L, Lindhe J: Carbon dioxide laser and hydrogen
peroxide conditioning in the treatment of periimplantitis: an experimental study in the
dog. Clin Implant Dent Relat Res 6(4): 230-238, 2004.

Renvert S, Roos-Jansaker AM, Claffey N: Non-surgical treatment of peri-implant mucositis and
peri-implantitis: a literature review. J Clin Periodontol 35(8 Suppl): 305-315, 2008.

Romeo E, Lops D, Chiapasco M, Ghisolfi M, Vogel G: Therapy of peri-implantitis with resective
surgery. A 3-year clinical trial on rough screw-shaped oral implants. Part Il: radiographic
outcome. Clin Oral Implants Res 18(2): 179-187, 2007.

Roos-Jansaker AM, Lindahl C, Renvert H, Renvert S: Nine- to fourteen-year follow-up of implant
treatment. Part Il: presence of peri-implant lesions. J Clin Periodontol 33(4): 290-295,
2006.

Ruttimann UE, Webber RL, Hazelrig JB: Fractal dimension from radiographs of peridental
alveolar bone. A possible diagnostic indicator of osteoporosis. Oral Surg Oral Med Oral
Pathol 74(1): 98-110, 1992.

Schou S, Berglundh T, Lang NP: Surgical treatment of peri-implantitis. The International journal
of oral & maxillofacial implants 19: 140, 2004.

Schou S, Holmstrup P, Jargensen T, Skovgaard LT, Stoltze K, Hjarting-Hansen E, et al.: Anorganic
porous bovine-derived bone mineral (Bio-Oss® ) and ePTFE membrane in the treatment
of peri-implantitis in cynomolgus monkeys. Clinical Oral Implants Research 14(5): 535-
547, 2003a.

Schou S, Holmstrup P, Jorgensen T, Skovgaard LT, Stoltze K, Hjorting-Hansen E, et al.: Implant
surface preparation in the surgical treatment of experimental peri-implantitis with
autogenous bone graft and ePTFE membrane in cynomolgus monkeys. Clin Oral
Implants Res 14(4): 412-422, 2003a.

Schou S, Holmstrup P, Jorgensen T, Stoltze K, Hjorting-Hansen E, Wenzel A: Autogenous bone
graft and ePTFE membrane in the treatment of peri-implantitis. 1. Clinical and

_20_



radiographic observations in cynomolgus monkeys. Clin Oral Implants Res 14(4): 391-
403, 2003b.

Schou S, Holmstrup P, Skovgaard LT, Stoltze K, Hjgrting-Hansen E, Gundersen HIJG: Autogenous
bone graft and ePTFE membrane in the treatment of peri-implantitis. Il. Stereologic and
histologic observations in cynomolgus monkeys. Clinical Oral Implants Research 14(4):
404-411, 2003b.

Schou S, Holmstrup P, Skovgaard LT, Stoltze K, Hjorting-Hansen E, Gundersen HJ: Autogenous
bone graft and ePTFE membrane in the treatment of peri-implantitis. Il. Stereologic and
histologic observations in cynomolgus monkeys. Clin Oral Implants Res 14(4): 404-411,
2003c.

Schwartz Z, Goultschin J, Dean DD, Boyan BD: Mechanisms of alveolar bone destruction in
periodontitis. Periodontology 2000 14(1): 158-172, 1997.

Schwarz F, Jepsen S, Herten M, Sager M, Rothamel D, Becker J: Influence of different treatment
approaches on non-submerged and submerged healing of ligature induced peri-implantitis
lesions: an experimental study in dogs. J Clin Periodontol 33(8): 584-595, 2006.

Schwarz F, Sahm N, Schwarz K, Becker J: Impact of defect configuration on the clinical outcome
following surgical regenerative therapy of peri-implantitis. Journal of clinical
periodontology 37(5): 449-455, 2010.

Shibli JA, Martins MC, Nociti Jr FH, Garcia VG, Marcantonio Jr E: Treatment of ligature-induced
peri-implantitis by lethal photosensitization and guided bone regeneration: a preliminary
histologic study in dogs. Journal of periodontology 74(3): 338-345, 2003.

Shrout MK, Hildebolt CF, Potter BJ: The effect of varying the region of interest on calculations of
fractal index. Dentomaxillofac Radiol 26(5): 295-298, 1997a.

Shrout MK, Potter BJ, Hildebolt CF: The effect of image variations on fractal dimension
calculations. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 84(1): 96-100, 1997b.

Shrout MK, Roberson B, Potter BJ, Mailhot JM, Hildebolt CF: A comparison of 2 patient
populations using fractal analysis. J Periodontol 69(1): 9-13, 1998.

Southard TE, Southard KA, Jakobsen JR, Hillis SL, Najim CA: Fractal dimension in radiographic
analysis of alveolar process bone. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
82(5): 569-576, 1996.

Southard TE, Southard KA, Lee A: Alveolar process fractal dimension and postcranial bone
density. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 91(4): 486-491, 2001.

Tonetti MS, Pini-Prato G, Cortellini P: Periodontal regeneration of human intrabony defects. IV.
Determinants of healing response. Journal of periodontology 64(10): 934-940, 1993.

Tonetti MS, Prato GP, Cortellini P: Factors affecting the healing response of intrabony defects
following guided tissue regeneration and access flap surgery. Journal of Clinical
Periodontology 23(6): 548-556, 1996.

Umemori S, Tonami K, Nitta H, Mataki S, Araki K: The possibility of digital imaging in the
diagnosis of occlusal caries. Int J Dent 2010: 860515, 2010.

_21_



Updike SX, Nowzari H: Fractal analysis of dental radiographs to detect periodontitis-induced
trabecular changes. J Periodontal Res 43(6): 658-664, 2008.

Wetzel AC, Vlassis J, Caffesse RG, Hammerle CH, Lang NP: Attempts to obtain re-
osseointegration following experimental peri-implantitis in dogs. Clin Oral Implants Res
10(2): 111-119, 1999.

White SC, Rudolph DJ: Alterations of the trabecular pattern of the jaws in patients with
osteoporaosis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 88(5): 628-635, 1999.

Wojtowicz A, Chaberek S, Kryst L, Urbanowska E, Ciechowicz K, Ostrowski K: Fourier and
fractal analysis of maxillary alveolar ridge repair using platelet rich plasma (PRP) and
inorganic bovine bone. Int J Oral Maxillofac Surg 32(1): 84-86, 2003.

You TM, Choi BH, Zhu SJ, Jung JH, Lee SH, Huh JY, et al.: Treatment of experimental peri-
implantitis using autogenous bone grafts and platelet-enriched fibrin glue in dogs. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 103(1): 34-37, 2007.

Yu YY, Chen H, Lin CH, Chen CM, Oviir T, Chen SK, et al.: Fractal dimension analysis of
periapical reactive bone in response to root canal treatment. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 107(2): 283-288, 2009.

Zitzmann NU, Berglundh T: Definition and prevalence of peri-implant diseases. J Clin Periodontol
35(8 Suppl): 286-291, 2008.

_22_



or

g
e

B

0

B
X
;OO
_z.
%
g
o
=i
B
)

o
s

o}
)

gadl
N

il
o
B

—

0

ALug: & 9 4, D.D.S., M.S.D., Ph.D.>

ol 4 ¥, DD.S

M

o}
M

il

)

)=

dE

3z
=

L 2099 FAH(3E5712 o

=l
]

3

A2g A

S|
&

BN
=

R

;Oﬂ
FH

TR

<]

i)l
W
2!

WAL Aol weh 54

=)
=~

o|J
X
o
m

N
T

&+

T A F OFoE vy Qdth

_23_



X

o|J
i

)

az|Z ¥ At

] A
-1 =

Fg 2ol 100x200

N

otk Wilcoxon

A3 S

Rl 3ApEof A

=

signed—rank testZ o]&

3

9

1.51820% ZAstx o7 {

2= &
= T

> TRbek 1.4878,

=
ol
]

-

X

A

el

il

]

o

P~ 2~ o)
TE F

T
R

0.001) o]

Hgow (P

M

4o o

0.001).

=

2 (P

!

2l
o]

ﬂl

o}

B
ol

Mo

i

il

0

ol

)

)

259

ar
=

ox YT WA ARl eA

i
3

s

B

71l A

N
it

s

—

_24_



