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Abstract

Objectives The aim of this study was to assess the

changes in the fractal dimension before and after implant

placement. The study also examined the possibility of

using fractal analysis as a prognostic indicator for implant

success.

Methods Pre- and post-implant panoramic radiographs of

33 patients who underwent implant treatment were

archived. Square regions of interest were cropped, and a

fractal analysis was performed using the box-counting

method of ImageJ 1.42 software.

Results The Wilcoxon test revealed a significant differ-

ence between the pre- and post-implant values. This dif-

ference could indicate an increased bony microstructure

around the implant, thereby aiding the prediction of

implant success.

Conclusions The increase in the fractal analysis values

suggests increased bony microstructure in the peri-implant

sites after implant placement. Consensus on the technique

of evaluating fractal analysis and further experimental

studies could render fractal analysis a prognostic indicator

for implant success.

Keywords Fractal analysis � Implant � Panoramic

radiograph

Introduction

The concept of fractal analysis was first introduced by

Mandelbrot [1]. The term fractal is derived from the Latin

adjective fractus, which means broken. Mandelbrot iden-

tified familiar shapes, curves, surfaces, disconnected dust,

and odd shapes using fractal analysis. Researchers have

used fractal analysis in describing and measuring the

morphology of the natural world. For example, fractal

analysis has been applied to describe dripping taps, stock

exchange prices, cell outlines, pulmonary branching, heart

beats, and temporomandibular joint sounds [2, 3]. Since the

publication of The Fractal Geometry of Nature by Man-

delbrot in 1983, medical radiologists have used fractal

analysis as an indicator of bone changes that are indepen-

dent of variables such as projection geometry, alignment,

and radiodensity [4–6].

There is a popular opinion that the internal structure of

cancellous bone is determined by the functional load on the

bone. Trabeculae do not always intersect at right angles,

and minimizing stress does not appear to be the most

important goal in bone remodeling [7, 8].

Some researchers have already suggested that fractal

analysis of alveolar trabecular bone could be used as a

diagnostic tool to objectively characterize alveolar bone [9]

and may be a sensitive descriptor in bone studies [10]. It has

been established that cancellous alveolar bone is composed

of interconnected trabecular structures with an underlying

geometric pattern, thus making it a tool for defining a

mathematical fractal pattern [11]. Despite the establishment

of many methods to investigate the quality of alveolar bone,

fractal analysis of bone has the potential to be the most

popular because it is an accurate, economical, and readily

available method. Many attempts have been made to predict

and analyze trabecular bone using fractal analysis [12–15].
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The key factors for success of implants are a series of

patient-related and procedure-dependent parameters,

including general health, biocompatibility, implant mate-

rial, microscopic and macroscopic structures of the implant

surface, and quality and quantity of the alveolar bone [16].

The response of bone to placement of an implant is of

crucial importance for the prognosis of the implant.

A minimum period of 3–6 months of healing is required

after implant placement before the implant is loaded [17].

The implant then becomes osseointegrated as part of the

mechanical continuum of the alveolar bone without the

buffer of the periodontal ligament space. The fractal nature

of the trabecular pattern of alveolar bone can be at least

partially characterized by the fractal dimension (FD) [18].

Mechanical integration of the implant-bone interface pro-

vides unique opportunities to study the response of alveolar

bone trabeculae to implant placement. Therefore, it was

decided to test our hypothesis that placement of an implant

changes the orientation of the bony trabeculae.

This study was undertaken to examine the trabecular

changes taking place in the alveolar bone on panoramic

radiographs before and after implant placement. The study

also examined the possibility of using these changes as a

prognostic indicator for implant success.

Materials and methods

This study was submitted to and approved by the local

Institutional Review Board of Nair Hospital Dental College

on 18 December 2009. Panoramic radiographs of 50

patients who had received intraosseous implants were

retrieved from the archives of the oral and maxillofacial

radiology unit of Nair Hospital Dental College, Mumbai,

India, and a private implant center also based in Mumbai.

Two panoramic radiographs, namely the pre- and post-

implant radiographs, were retrieved for the 50 patients. The

inclusion criteria were any patient who had both panoramic

radiographs available, with the pre-implant radiograph

taken on the day of implant placement and the post-implant

radiograph taken 3 months after the implant placement.

The exclusion criteria included implant placed in the

anterior region, implant placed in areas of bone graft,

implant placed after sinus lift surgery, immediate implant

placement after extraction, or immediate loading of

implants.

In view of these criteria, 33 patients (20 males, 13

females, mean age 55 years, age range 25–70 years) were

finally selected for this study. A total of 50 implant sites

were studied in the 33 patients. Of the 50 implant sites, 23

were in the maxilla and 27 were in the mandible. All the

implants were placed using the two-step surgical protocol

described by Branemark [17].

All panoramic radiographs were obtained using a Kodak

digital 9000 panoramic unit (Carestream Health, Roches-

ter, NY, USA) with parameters of 72–80 kVp, 8–12 mA,

and 18-s exposure time. The panoramic radiographs were

taken in the standing position, and the patients were asked

to bite on the biting portion of the radiographic equipment

using the anterior teeth to establish the location. The

Frankfort horizontal plane was placed parallel to the hori-

zontal plane to maintain a consistent head position. The

sensor matrix was 61 9 1,244 pixels, and the image size

was 18 9 24 cm. A 14-bit image was obtained, with

16,384 gray scales. The sensor technology used was a

charge-coupled device–optical fiber sensor with a cesium

iodide coating. All original digital imaging and commu-

nications in medicine (DICOM) images were transferred to

a separate workstation, and a square region of interest

(ROI) was placed on the distal aspect of the peri-implant

area on the post-implant radiographs. One side of the

square was oriented parallel to the long axis of the implant,

without including any part of the implant in the ROI. The

other side was placed at the level of the apical end of the

implant. Another square ROI was placed in a similar region

on the pre-implant radiograph (Fig. 1). Two observers with

a minimum of 5 years of experience in maxillofacial

radiology were appointed to place the ROIs and assess the

FD. Both observers underwent training until they were

comfortable with the ROI placement and FD assessment.

The intraobserver agreement in the ROI placement was

assessed by having the same observer view all the images

twice, with a 3-week interval between the viewings. The

interobserver reliability was assessed by having the two

observers place the ROIs and assess the FD separately. The

ROIs were cropped and used for fractal analysis. All ROIs

were selected on the images as squares of 80 9 80 pixels.

All ROIs were outlined on the radiographs using Adobe

Photoshop CS3 (Adobe Systems, San Jose, CA, USA). The

ROIs were selected from the apical end of the implant to

prevent any influence of alterations from the crestal bone

after implant placement.

Fractal analysis was performed using ImageJ 1.42

software, as a version of NIH Image (US National Insti-

tutes of Health, http://rsb.info.nih.gov/nih-image). NIH

Image is a public domain program that was downloaded

from the Internet (http://rsb.info.nih.gov/ij/download.html)

on 9 November 2009 using Java 1.6.0_10.

The saved images were processed for the FD analysis

using the box-counting method proposed in a previous

report [19]. The cropped image was duplicated, and the

duplicated image was blurred with a Gaussian filter (kernel

size 30) to remove medium and fine scale variations in the

image brightness. The blurred image was then subtracted

from the original image, and 80 was added to the resultant

image at each pixel location. The blurring, subtracting, and
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adding 80 finally resulted in a standard low frequency noise

image. The addition of 80 was also performed to obtain the

mean gray level of the ROI image. The mean gray level of

the ROI image was thus standardized to 80. The image was

then made binary with a threshold at a gray value of 80.

This resulted in segmental objects approximating the bony

trabecular pattern. The binary image was finally eroded and

dilated once to remove noise before skeletonization. The

final image was then ready for fractal analysis (Fig. 2). The

skeletal binary image exhibited a skeletal structure repre-

senting the bone pattern and a nonskeletal pattern repre-

senting the bone marrow [20]. The FD was calculated using

the box-counting method from the ‘‘analyze’’ menu. The

image was initially covered by a square grid of equally

sized tiles, and the number of tiles referring to the tra-

becular bone was counted. The widths of the boxes were 2,

3, 4, 6, 8, 12, 16, 32, and 64 pixels. The number of counted

tiles was then plotted against the size of the box on a

double logarithmic scale. The slope of the line fitted to the

data points finally represented the FD (Fig. 3). The same

procedure was repeated to calculate the FD for the post-

implant radiographs (Figs. 4, 5).

Since parametric tests failed, a nonparametric test was

applied for the intraobserver agreement and interobserver

reliability. The intraobserver agreement and interobserver

reliability were evaluated by Cronbach’s alpha, where an

Fig. 1 ROIs selected as squares

of 80 9 80 pixels on pre- and

post-implant radiographs

Fig. 2 Different steps involved in calculating the FD from a pre-implant radiograph. a Cropped ROI transferred to ImageJ, b duplicated 8-bit

image, c blurred image, d subtracted image, e image with added 80, f image made binary, g eroded image, h dilated image, i skeletonized image

Fig. 3 Slope of the line fitted to the data points along with the FD

value for the pre-implant radiograph of the same patient represented

in Fig. 2
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alpha value of 0.8 or greater was considered to constitute

agreement or reliability, respectively.

Results

The 33 patients enrolled in this study comprised 20 males

and 13 females, who ranged in age from 25 to 71 years.

Among the 33 patients, 3 patients had decreased FD values

on their post-implant radiographs.

Observer one

For observer one, the FD values of all 33 cases ranged from

0.009 to 1.335 on the pre-implant radiographs and from

0.842 to 1.456 on the post-implant radiographs in session

one. In session two, the FD values ranged from 0.604 to

1.357 on the pre-implant radiographs and from 0.846 to

1.372 on the post-implant radiographs.

For session one, the FD analysis of the pre-implant

radiographs gave a mean of 0.991, median of 1.015, and

standard deviation (SD) of 0.252, while that of the post-

implant radiographs gave a mean of 1.183, median of

1.164, and SD of 0.168 (Table 1). The nonparametric

Wilcoxon signed rank test revealed a significant difference

between the pre-implant and post-implant FD values

(p \ 0.001) for session one.

In session two, the FD analysis of the pre-implant

radiographs gave a mean of 1.018, median of 1.06, and SD

of 0.259, while that of the post-implant radiographs gave a

mean of 1.203, median of 1.19, and SD of 0.174 (Table 2).

The Wilcoxon signed rank test showed a significant dif-

ference between the pre- and post-implant FD values

(p \ 0.001) for session two.

Fig. 4 Different steps involved in calculating the FD from the post-

implant radiograph of the same patient represented in Figs. 2 and 3.

a Cropped ROI transferred to ImageJ, b duplicated 8-bit image,

c blurred image, d subtracted image, e image with added 80, f image

made binary, g eroded image, h dilated image, i skeletonized image

Fig. 5 Slope of the line fitted to the data points along with the FD

value for the post-implant radiograph of the same patient represented

in Figs. 2 and 3

Table 1 Significant difference between the pre- and post-implant FD

values for observer one in session one

Variable Number Mean Median SD W (Wilcoxon

value)

Pre-

implant

FD

50 0.991 1.015 0.0252 1,169 (p \ 0.001);

difference is

significant

Post-

implant

FD

50 1.183 1.164 0.168

Table 2 Significant difference between the pre- and post-implant FD

values for observer one in session two

Variable Number Mean Median SD W (Wilcoxon value)

Pre-

implant

FD

50 1.018 1.06 0.259 118 (p \ 0.001);

difference is

significant

Post-

implant

FD

50 1.203 1.19 0.174
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Observer two

For observer two, the FD values on the pre-implant radio-

graphs ranged from 0.383 to 1.298, with a mean of 0.976,

median of 1.01, and SD of 0.286, while those on the post-

implant radiographs ranged from 0.718 to 1.944, with a

mean of 1.242, median of 1.11, and SD of 0.303 (Table 3).

The Wilcoxon signed rank test showed a significant differ-

ence between the pre- and post-implant values (p \ 0.001).

Intraobserver agreement

For observer one, the Cronbach’s alpha of the pre-implant

radiographs for sessions one and two was 0.986, while that

for the post-implant radiographs for sessions one and two

was 0.849.

Interobserver reliability

The Cronbach’s alpha values of the pre- and post-implant

radiographs were 0.936 and 0.906, respectively, for

observer one session one and observer two. The Cron-

bach’s alpha values of the pre- and post-implant radio-

graphs were 0.916 and 0.956, respectively, for observer one

session two and observer two.

There were high alpha values for the intraobserver

agreement and interobserver reliability in the ROI place-

ment and FD analysis.

The Bland and Altman model, a coefficient for variation,

was used to measure the variability in the interobserver FD

values. Bland and Altman plots were constructed for

comparisons of the pre- and post-implant FD values

between the two observers. The plots indicated SDs of

±0.5 for the pre-implant radiographs and ±0.3 for the post-

implant radiographs between observers one and two

(Fig. 6a, b). The mean absolute differences in the pre- and

post-implant FD values for the two observers were within

the bounds of the 5% confidence interval.

Age group variations

\The 33 patients were divided into five age groups

(Table 4). The Kruskal–Wallis one-way analysis test was

applied to data obtained from session one of observer one

to compare the pre- and post-implant FD values in dif-

ferent age groups. The Kruskal–Wallis test revealed

medians ranging from 0.008 to 0.16 for all five age

groups. The difference between the pre- and post-implant

FD values for the different age groups was not significant

(p = 0.900).

Table 3 Significant difference between the pre- and post-implant FD

values for observer two

Variable Number Mean Median SD W (Wilcoxon value)

Pre-

implant

50 0.976 1.01 0.286 126 (p \ 0.001);

difference is

significantPost-

implant

50 1.242 1.11 0.303
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Fig. 6 Bland and Altman plots showing the interobserver variability

in the FD values between observers one and two. a Average pre-

implant FD values for observers one and two. b Average post-implant

FD values for observers one and two

Table 4 Kruskal–Wallis one-way analysis of variance for various

age groups

Age (years) Number Mean Median SD

24–34 3 0.75 0.99 0.66

35–44 3 1.10 1.10 0.11

45–54 8 1.03 1.02 0.16

55–64 9 1.06 1.06 0.15

65–74 10 0.93 1.02 0.36
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Anatomic variations

Of the 50 implant sites assessed, 23 were in the maxilla and

27 were in the maxilla. Only posterior region implant sites

were selected for this study to avoid faulty results caused

by cervical spine superimposition. The anatomic variations

for the maxilla and mandible were analyzed from the data

for session one of observer one.

In the maxilla, the FD values for the pre-implant

radiographs ranged from 0.604 to 1.293, with a mean of

0.99, median of 1.017, and SD of 1.017, while those for the

post-implant radiographs ranged from 0.936 to 1.782, with

a mean of 1.17, median of 1.137, and SD of 0.24. The

Wilcoxon signed rank test showed a significant difference

between the pre- and post-implant FD values (p \ 0.001)

for the maxillary radiographs (Table 5).

In the mandible, the FD values for the pre-implant

radiographs ranged from 0.007 to 1.335, with a mean of

1.03, median of 1.057, and SD of 0.27, while those for the

post-implant radiographs ranged from 0.846 to 1.556, with

a mean of 1.23, median of 1.194, and SD of 0.18. The

Wilcoxon signed rank test showed a significant difference

between the pre- and post-implant FD values (p \ 0.001)

for the mandibular radiographs (Table 6).

Discussion

Mathematically constructed fractals are known to possess

self-similarity. Conversely, biological or natural fractals

tend to differ in their characteristics. Since its inception, the

FD has been found to be associated with changes in the

bony microstructure. These changes have been observed for

various clinical conditions, such as increased load to

osteoarthritic knee joints [21]. and after immobilization of

the heel [22]. The FD has also been found to reflect partial

demineralization of bone [23]. Several studies have dem-

onstrated loss of bone mass as a result of decreased function

and positive responses of bone to optimal stress [24–29].

The responses of bone to an implant play a pivotal role

in the prognosis of the implant. This study was conducted

to assess the bone-implant interface for changes in the

trabecular pattern. It was hypothesized that placement of an

implant leads to a change in the orientation of the bony

trabeculae. This hypothesis was proposed because the

diameter of a drilled implant osteotomy is usually smaller

than the diameter of the inserted implant. Consequently,

while tightening of the implant is carried out, broken tra-

becular fragments could get approximated and come to lie

closer to one another, thereby leading to increased bone

microstructure.

There are various published techniques for calculating

the FD, including the caliper, box-counting. and power

spectral methods [13, 30]. We chose the box-counting

method of the ImageJ 1.42 software because it was readily

available and easy to use.

A previous study found a greater magnitude and

occurrence of bone loss during the first year after place-

ment of an implant measuring 1.2 mm with a range of

0–3 mm [31]. Another study reported an average first year

bone loss of 0.93 mm, with a range of 0.4–1.6 mm [32].

Early crestal bone loss has been observed so frequently that

the proposed criteria for successful implants often do not

include the first year bone loss [33]. It was therefore

decided not to include the crestal bone in the ROI.

The ROI was placed near the apical end of the implant.

Care was taken to avoid inclusion of any part of the implant

or anatomic structures such as the inferior alveolar canal,

mental foramen, or inferior border of the maxillary sinus in

the ROI. Previous studies have suggested that the ROI

location is more critical for fractal analysis than its size

[34, 35]. A square of 80 9 80 pixels was selected as an

ROI because that was the most convenient dimension for

placement in the peri-implant area. The ROI placement

and FD assessment on the pre-implant radiographs were

considered to be controls and compared with those on the

post-implant radiographs. The ROI placement and FD

assessment could not have been performed on the contra-

lateral side because the contralateral side was not always

edentulous. Moreover, biological fractals are not known to

be self-similar, unlike mathematical fractals.

The interobserver variation was assessed by appointing

two observers for the FD analysis. The intraobserver var-

iation was evaluated by re-placement of the ROI by the

Table 5 Significant difference between the pre- and post-implant FD

values for the maxilla

Maxilla Number Mean Median SD W (Wilcoxon value)

Pre-

implant

FD

23 0.99 1.017 0.24 204 (p \ 0.001);

difference is

significant

Post-

implant

FD

23 1.17 1.137 0.17

Table 6 Significant difference between the pre- and post-implant FD

values for the mandible

Mandible Number Mean Median SD W (Wilcoxon value)

Pre-

implant

FD

27 1.03 1.057 0.27 344 (p \ 0.001);

difference is

significant

Post-

implant

FD

27 1.23 1.194 0.18
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same observer after a 3-week interval in both the pre- and

post-implant radiographs. The FD values obtained from

observer one during sessions one and two for both the pre-

and post-implant radiographs were analyzed by Cronbach’s

alpha. The high intraobserver and interobserver alpha

values found in the present study demonstrate excellent

intraobserver agreement and interobserver reliability in the

reproducibility of the ROI placement. It should be noted

that the factors determining observer agreement may be

related to observer experience, radiographic quality,

viewing conditions, study design, and study material. The

Bland and Altman plots suggested that there was good

agreement for the pre- and post-implant FD value mea-

surements between the two observers.

It has been acknowledged in the literature that the FD

values from projection X-rays are likely to differ from

those derived from cross-sectional images [36]. Two-

dimensional radiographs have been shown to contain

information about the bone mineral density and trabecular

architecture [23]. However, although periapical radio-

graphs can allow for accurate observation and analysis of

the fractal pattern, panoramic radiographs have largely

been used to determine the FD.

Panoramic radiographs with implant placement have

been used for fractal analysis in a previous study [37].

Fractal analysis has also been performed on both periapical

and panoramic radiographs, with significant results

obtained on both types of images [38]. It has also been

concluded that the FD can be calculated from nonstan-

dardized clinical radiographs using different methods [39,

40]. Panoramic radiographs were used in our study to

determine the FD because these were routinely advised as

pre- and post-implant radiographs as an institutional

protocol.

The FD has been used for assessment of osteoporosis,

bony healing, and differentiating gingivitis, periodontitis,

and normal conditions in healthy adults on dental radio-

graphs [13, 36, 41]. The FD has also been used to differ-

entiate between the occlusal forces in dentulous and

edentulous arches [42, 43]. It has also been reported that

the FD increases during the bone-healing process [44].

It is still debatable whether a decreasing bone density

removes fine trabecular structures by increasing the number

of abrupt and erratic density changes with an increased FD or

whether a decreasing density eliminates larger intercon-

necting trabecular struts with a decreased FD [23, 45].

Although most of the earlier studies suggested that a

decreasing FD implies decreased bone density [9, 36, 37, 46],

there have been conflicting reports in the literature [5, 23].

Dense bone tends to attract strain and become denser.

The density of bone is also directly related to the strength

of bone [47, 48], and fine trabecular bone is less dense than

coarse trabecular bone [49]. There have been reports of

implants appearing to generate bone around themselves

[50, 51].

It has already been acknowledged that all fractal anal-

ysis studies are fraught with parameters that are difficult to

control [52]. It has also been accepted that different

methods used for estimation of the FD may not agree in

their results, and this remains a gray area with no accept-

able universal answer at the present time [46]. However, it

has been proposed that the FD may differ because of dif-

ferences in the anatomy of subjects and the experimental

design [16].

In this study, the FD was examined on 33 panoramic

radiographs and 50 implant sites before and after implant

placement. The FD calculated for the pre-implant radio-

graphs was compared with that for the post-implant

radiographs. A nonparametric test, the Wilcoxon signed

rank test, was applied because parametric tests failed on

these data. The FD value was significantly increased after

implant placement for both sessions of observer one and

between observers one and two. This consistent increase in

the post-implant FD could suggest an increased amount of

bony microstructure and bony trabeculae around the

implant, thereby making the implant firm and stable. A firm

and stable implant could be considered as an early sign of a

successful implant [16].

The radiographs of three subjects had significant nega-

tive regression slopes, with decreased post-implant FD

values, which could be an early sign of failed implants. On

follow-up, it was found that the implant treatment had

failed in these three patients. Of the three failed implants,

two were in the mandible and one was in the maxilla.

Implants were considered to have failed if any one or more

of the following was present [53]: pain on palpation, per-

cussion, or function; horizontal mobility of more than

0.5 mm; vertical mobility of any degree; radiographic bone

loss of more than 4 mm; probing depth of more than 7 mm;

presence of uncontrolled exudate; or implant no longer in

the mouth.

One of the key factors determining long-term success of

an implant is the nature of the bony microstructure around

the implant [54]. Bone biopsies have been performed to

evaluate the bone quality through histomorphometric

analysis [55, 56]. Commonly, X-ray evaluation is used to

determine the bone quality. Computed tomography [57, 58]

or dual photon X-ray absorptiometry [59] has been used to

measure the bone density. In the present study, a fractal

analysis was used to evaluate the bony trabeculae around

the implants because fractal analysis is easy to perform and

readily available. Successful implants are known to gen-

erate bone around themselves, thereby increasing their

stability quotient in the bone [16, 50, 51, 54]. In our study,

a significant increase was observed in the post-implant FD

values, suggestive of increased bony trabeculae around the
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implants. It can therefore be proposed that fractal analysis

may be a useful tool for predicting the prognosis of an

implant.

The 33 patients were also divided into five age groups.

Most of our patients were placed in the age groups of

55–64 and 65–74 years. The Kruskal–Wallis one-way

analysis test was applied to the data obtained from session

one of observer one to evaluate the differences between the

various age groups for the pre- and post-implant radio-

graphs. It was found that age was not a significant factor for

the difference between the pre- and post-implant FD val-

ues. This indicates that the pre- and post-implant FD values

were not influenced by age. Therefore, it can be concluded

that differences in the pre- and post-implant FD values will

be observed irrespective of the age of the patient at the time

of implant placement.

Of the 50 implant sites analyzed, 23 were in the maxilla

and 27 were in the mandible. There were significant dif-

ferences between the pre- and post-implant FD values for

both the maxillary and mandibular sites using the data from

session one of observer one. Therefore, it can be concluded

that the anatomic site was not a significant factor in the

changes in the FD values.

Our findings are also consistent with the only similar

study reported [41], which found an increased FD for

2 years after implant placement in 34 implant sites from 18

panoramic radiographs. The findings of this study therefore

support the findings of the earlier study.

For fractal analysis to be a routine clinical procedure,

there needs to be a consensus on the method of fractal

analysis estimation. This could be achieved by conducting

more clinical trials and on larger sample sizes. Given the

controversy surrounding fractal analysis, there is a need for

further analytical clinical studies. This study could form

the basis for further studies with different population

groups, eventually rendering the FD as a prognostic tool for

intraosseous implants.
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