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Radiographic determ
ination of trabecular bone change in
2- and 4-implant�supported overdenture prostheses

Beg€um €Unl€u Kurşun,a and Ender Akanb
Objective. The aim of this study was to compare the fractal dimensions (FDs) of peri-implant trabecular bone around

2-implant�supported overdentures with the FDs around 4-implant�supported overdentures at the time of implant placement

(T0) and 1 year after placement (T1).

Study Design. Standardized regions of interest were chosen at sites mesial and distal to 60 mandibular implants: 20 in 2-

implant�supported prostheses (group 1) and 40 in 4-implant�supported prostheses (group 2), for a total of 120 measurements.

FD values were calculated by using ImageJ software with the box-counting method.

Results. The mean FD values of peri-implant bone were significantly lower at T1 than at T0 in both groups (P � .001). Differences

between the groups in the decrease in FD between T0 and T1 were mostly insignificant.

Conclusions. Within the limitations of this study, 2-implant and 4-implant�supported overdentures exhibited the same degree of

reduction in peri-implant FD over time, suggesting similar risk of failure because FD is related to implant stability. Depending on

the patient’s residual ridge status and other factors, the 2-implant�supported overdenture may be preferred because it requires

less surgery and is less costly. (Oral Surg Oral Med Oral Pathol Oral Radiol 2021;131:364�370)
Reduced chewing ability caused by retention and

stability deficiencies is a common complaint of patients

with complete denture prostheses, especially mandibu-

lar complete dentures. For this reason, implant-sup-

ported overdenture prostheses are often used instead of

complete dentures.1 Implant-supported fixed prostheses

are another option when it is possible to place an ade-

quate number of implants followed by successful

osseointegration. A general level of satisfaction for

both implant-supported overdenture prostheses and

implant-supported fixed prostheses has been reported.2

According to a prospective study, 50% of the patients

preferred mandibular overdenture prostheses over fixed

prostheses, and the authors reported only minor differ-

ences in chewing ability.3

Implant-supported mandibular overdenture prosthe-

ses are generally supported by 2 or 4 implants.4 The

4-implant�supported prosthesis provides better reten-

tion and chewing capability and, thus, improves intrao-

ral comfort and reduces the risk of food getting trapped

under the prosthesis. It is recommended especially in

patients who require increased retention and stability,

such as those with high muscle attachments.5-7 Two-

implant�supported designs have several advantages,

such as low cost, acceptable occlusal stability, and

reduced surgical risk in patients with systemic discom-

fort and are sufficient for adequate functional and

psychological outcomes.5,8 However, disadvantages
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include rotation of the prosthesis during function, con-

tinued resorption of the bone in the posterior region,

and transfer of a large portion of the applied force to

the implants.8

Peri-implant bone loss is one of the most important

complications of implant treatment and has a signifi-

cant impact on long-term stabilization of the

implant.9,10 Surgical trauma, incorrect positioning of

implants, and excessive occlusal and nonaxial loading

may lead to peri-implant bone resorption, which can be

associated with the adaptation of bone to the applied

force.11 Marginal bone loss should be less than 1 to

1.5 mm during the first year and less than 0.2 mm in

the following period.12 In a study by Adell et al., bone

structure was found to be subjected to the functional

loading of the prosthesis during the first year after pros-

thetic treatment, and more bone resorption occurred

around the implant as a result of remodeling.13 The

argument that 4 implants produce less bone resorption

compared with 2 implants has not yet been scientifi-

cally proven.7

Fractal analysis (FA) is a noninvasive mathematical

technique that uses radiographs to measure the self-

similarity of such structures as trabecular bone.14-16

Because of its more active turnover rate compared with

that of compact bone, trabecular bone is often evalu-

ated.17 FA can help assess trabecular bone change with
Statement of Clinical Relevance

In this study, when 2- and 4-implant�supported

overdenture prostheses were compared by using

fractal analysis, it was noted that both designs are

clinically available and that there was no statisti-

cally significant difference between them in terms

of peri-implant bone exchange.
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retrospective radiographs in a variety of conditions,

including endodontic treatment, periodontitis, osteopo-

rosis, and implant stability.14,15,18 In the FA process,

the number calculated with a computer algorithm and

expressed as fractal dimension (FD) indicates the com-

plexity of the structure.18

In general, higher FD values represent more dense

and complex bone. There are several methods to calcu-

late FD, but the most commonly used is the box-count-

ing method.19 FA has been carried out on

nonstandardized radiographs for the evaluation of the

peri-implant region in dentistry.18 The objectives of

this study were to (1) retrospectively compare the

change in the FDs of peri-implant trabecular

bone between T0 and T1 in 2-implant and 4-

implant�supported overdenture prostheses and (2)

compare the differences in FD changes over time

between the 2-implant and 4-implant�supported pros-

theses. The null hypotheses stated that there would be

no significant differences in FDs between the time of

implant placement (T0) and 1 year after placement

(T1) for either the 2-implant or 4-implant�supported

bone and no significant differences in the changes in

FD over the 1 year time period when comparing the

implant sites in the 2-implant and 4-implant�supported

prostheses.

MATERIALS ANDMETHODS
This study was conducted by reviewing the archives of

the Department of Prosthodontics, Dentistry Faculty, at

the University of Izmir Katip Celebi. The study was

approved by the Non-Interventional Clinical Research

Ethics Committee of Izmir Katip Çelebi University

(Decision No.: 2019/290) and followed the tenets of

the Helsinki Declaration of 1964 and later versions.

Patient selection
In total, 60 implants in the mandibles of 20 patients

were chosen for the investigation. The 20 edentulous

patients (9 males, 11 females; age 42 to 80 years), who

had 2- or 4-implant�supported overdenture prostheses,

were selected according to the inclusion and exclusion

criteria. The inclusion criteria were (1) the presence of

2- or 4-implant�supported mandibular overdenture

prostheses; (2) availability of at least 1 year follow-up

panoramic radiographs of the prostheses; and (3)

acceptable image quality.

The exclusion criteria were (1) presence of any sys-

temic disorder affecting bone metabolism; (2) use of

any drug affecting bone metabolism; (3) unacceptable

image quality because of artifacts or distortion; and (4)

history of radiotherapy of the head and neck region.

All panoramic radiographs were acquired with an

Orthopantomograph OP 300 unit (Instrumentarium,

Helsinki, Finland) with the same exposure parameters:
66 kVp, 10 mA, and 16 s exposure time. To perform

FA, all images were saved to a personal computer.

The 20 study patients were assigned to 2 groups.

Group 1 included 10 patients, each with a 2-

implant�supported overdenture. The implants on the

right and left sides were designated “R” and “L”,

respectively (Figure 1A). Group 2 consisted of 10

patients, each with a 4-implant�supported overden-

ture. The implants were designated “RP” (right poste-

rior), “RA” (right anterior), “LA” (left anterior), and

“LP” (left posterior) (Figure 1B). Panoramic radio-

graphs acquired at the time of implant placement (T0)

and approximately 1 year after placement (T1) were

used for FA.

Fractal analysis
FA was performed on the same personal computer by

the same researcher who had been trained in the proce-

dure by using ImageJ Software version 1.52 a (National

Institutes of Health, Bethesda, MD). In the first step,

standardized regions of interest (ROIs) of 60 £ 90 pix-

els were selected from the mesial and distal aspects of

the neck region of each implant (see Figure 1). This

resulted in 40 ROIs in group 1 (2 ROIs per implant in

the 2-implant�supported prostheses [n = 10]) and 80

ROIs in group 2 (2 ROIs per implant in the 4-

implant�supported prostheses [n = 10]), for a total of

120 ROIs from the 2 groups on both the T0 and T1

radiographs. The ROIs did not include the lamina dura,

periodontal ligament, or any other anatomic structures

with abnormalities.

Each ROI was then duplicated for image processing

(Figure 2A). The duplicated image was blurred by

35 pixel diameter Gaussian filters (Figure 2B). The

blurred image was subtracted from the original image

(Figure 2C). Then, 128 gray values were added

(Figure 2D). The areas with different brightness in the

image with an average value of 128 gray values helped

distinguish bone marrow and trabecular structure. The

image was then converted to a 2-color binary black and

white image (Figure 2E) so that the outline of bone

marrow and trabecular structure could be distin-

guished. To reduce unwanted fluctuations in the image,

it was first eroded with the “Erode” option (Figure 2F)

and then dilated with the “Dilate” option, in which the

existing areas were expanded and made more visible

(Figure 2G). After this process, the white areas were

transformed into black, and the black areas were con-

verted to white by inverting the gray scale (Figure 2H).

With the “Skeletonize” option, the outline of the tra-

becular structure was determined and made ready for

fractal analysis (Figure 2I).

FDs were calculated by using software with the frac-

tal box counting method, as described by White and

Rudolph.20 When calculating the fractal size, the



Fig. 1. Panoramic radiographs of 2-implant (A) and 4-implant (B)�supported overdenture prostheses. The inserts demonstrate

the 2 regions of interest (ROIs), on the mesial and distal sides of each implant examined for fractal analysis.
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program divides the image into frames with dimensions

of 2, 3, 4, 6, 8, 12, 16, 32, and 64 pixels. The total num-

ber of boxes whose size ranged between 2 and 64
pixels was calculated. These values were plotted on a

logarithmic scale to generate a line that best matched

the points. The slope of the line is the FD value, which



Fig. 2. Fractal analysis process, according to White and Rudolph (1999). A, Duplicated image. B, 35 pixel Gaussian filtered

image. C, Subtraction from the original image. D, Image of 128 grey values were added. E, Binary image. F, Eroded image. G,

Dilated image. H, Inverted image. I, Skeletonized image.

Table I. Comparison of fractal dimensions in group 1

at the time of implant placement (T0) and 1

year after placement (T1) to evaluate changes
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indicates the degree of complexity of the structure. The

mean values and standard deviations of the calculated

FDs were saved for statistical analysis.
in FD over time

T0 T1

Mean SD Mean SD P

R Mesial 1.3975 0.08518 1.3139 0.07991 .001

Distal 1.3958 0.06224 1.2541 0.09254 < .001

L Mesial 1.4237 0.05566 1.3552 0.07434 < .001

Distal 1.3980 0.07141 1.3179 0.08421 < .001

L, implant in the left side;Mean, average of FD values at each region

of interest; R, Implant in the right side; SD, standard deviation

Table II. Comparison of fractal dimensions in group 2

at the time of implant placement (T0) and 1

year after placement (T1) to evaluate

changes in FD over time

T0 T1

Mean SD Mean SD P

RP Mesial 1.4186 0.06508 1.3513 0.05122 < .001
Statistical analysis
The study variables were analyzed with the use of

SPSS software version 22.0 (SPSS Inc., Chicago, IL).

The measurements were performed again on 10 ran-

domly selected radiographs by the same examiner after

2 weeks to allow calculation of intraexaminer reliabil-

ity. The intraclass correlation coefficient ranged from

0.90 to 1.00, indicating excellent reliability.21 The Sha-

piro-Wilk test confirmed the normal distribution of

data. The paired t test was used to compare the mean

FDs at T0 and T1 at each ROI to evaluate the change

in FD over time in both group 1 and group 2. The

paired t test was also used to compare the changes in

FDs over time (by subtracting the mean values at T0

from the mean values at T1) at each ROI to evaluate

the differences in FD change between group 1 and

group 2. A value of P< .05 was considered statistically

significant.

Distal 1.3998 0.05800 1.3471 0.04216 <.001

RA Mesial 1.4016 0.05742 1.3485 0.04240 .001

Distal 1.4094 0.06245 1.3469 0.05698 < .001

LA Mesial 1.4221 0.06457 1.3760 0.06182 < .001

Distal 1.3789 0.06907 1.3321 0.07922 .001

LP Mesial 1.4006 0.07342 1.3571 0.07575 .001

Distal 1.3713 0.05713 1.3318 0.06137 .001

LA, implant in the left anterior; LP, implant in the left posterior; Mean,

average of FD values at each region of interest; RA, implant in the right

anterior; RP, implant in the right posterior; SD, standard deviation.
RESULTS
After comparison of the results of FA of group 1 before

(T0) and after (T1) treatment, the FD values in both

mesial and distal regions of the 2 implants were found

to be significantly lower at T1 (P � .001) (Table I). In

group 2, the FDs in all sites around all 4 implants were

also found to be significantly lower at T1 (P � .001)

(Table II). When the changes in FD over time (calcu-

lated by subtracting the mean FD values at T0 from T1)

for the R and L implants in group 1 were compared with

the changes for the posterior implants (RP and LP,

respectively) in group 2, the differences between the FD

changes on the distal side of the R and RP implants
were statistically significant, with greater reductions in

FD around the implants in group 1 (P = .003). The dif-

ferences on the distal aspects of the L and LP implants

approached significance, with greater reductions in



Table III. Comparison of changes in fractal dimen-

sions over time (by subtracting the mean

values at T0 from T1) to evaluate the

implants in group 1 versus the posterior

implants in group 2

Mean SD P

Group 1 R Mesial �0.0840 0.05562 .067

Group 2 RP �0.0463 0.01685

Group 1 R Distal �0.1420 0.07345 .003

Group 2 RP �0.0450 0.02330

Group 1 L Mesial �0.0690 0.03635 .126

Group 2 LP �0.0450 0.02330

Group 1 L Distal �0.0800 0.02867 .054

Group 2 LP �0.0413 0.02031

L, implant in the left side; LP, implant in the left posterior; Mean,

average of the changes in FD between T1 and T0 (by subtracting T0

from T1) at each region of interest; R, implant in the right side; RP,

implant in the right posterior.
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group 1 (P = .054) (Table III). As a result of comparing

the changes in FD over time for the R and L implants in

group 1 with the changes for the anterior implants (RA

and LA, respectively) in group 2, only the differences at

the distal sites of the R and RA implants were statisti-

cally significant, with greater reduction in FD values

detected in group 1 (P = .005) (Table IV). No significant

differences were found when comparing FD values

between the mesial and distal surfaces of the 2 posterior

implants or of the 2 anterior implants in group 2 ( P �
.086 ).
DISCUSSION
The results of our study allowed us to reject the null

hypothesis that there would be no significant differen-

ces in mean FD values when comparing measurements

at T0 with T1 in either group 1 or group 2. At 1 year
Table IV. Comparison of changes in fractal dimen-

sions over time (by subtracting the mean

values at T0 from T1) to evaluate the

implants in group 1 versus the anterior

implants in group 2

Mean SD P

Group 1 R Mesial �0.0840 0.05562 .346

Group 2 RA �0.0650 0.02330

Group 1 R Distal �0.1420 0.07345 .005

Group 2 RA �0.0525 0.02493

Group 1 L Mesial �0.0690 0.03635 .278

Group 2 LA �0.0513 0.02900

Group 1 L Distal �0.0800 0.02867 .093

Group 2 LA �0.0588 0.01959

L, implant in the left side; LA, implant in the left anterior; Mean,

average of the changes in FD between T1 and T0 (by subtracting T0

from T1) at each region of interest; R, implant in the right side; RA,

implant in the right anterior.
after insertion of the overdenture prostheses, the FD

values of the trabecular bone, calculated with sections

taken from mesial and distal regions from implants,

were found to be significantly lower than the initial val-

ues in all sites in both groups (P � .001). The null

hypothesis that the 2 groups would not be significantly

different from each other when comparing changes in

FDs between T0 and T1 can be rejected for the distal

ROI of the R implant in group 1 compared with the RP

implant in group 2 (P = .003) and with the RA implant

in group 2 (P = .005). However, comparisons between

groups in all other ROIs yielded no significant differen-

ces between the groups in decreases in FDs over time

(P � .054).

Research indicates that marginal bone loss in the peri-

implant region is influenced by various patient factors,

implant-related neck design, placement depth and tor-

que, location of the implant site, and the properties of

the prosthesis.11 Other factors contributing to bone loss

include surgical trauma, biomechanical factors, and bac-

terial infections. Overloading of implants may also

increase bone resorption and even lead to failure of

osseointegration.7 According to a study to evaluate

implant survival by Albrektsson et al., marginal bone

loss should be less than 1 to 1.5 mm during the first

year and less than 0.2 mm in the following period.12

There is an assumption that overdenture prostheses

with 4-implant supports result in less peri-implant

bone loss compared with 2-implant�supported pros-

theses. However, this is based on anecdotal clinical

experience, and there are not enough studies to sup-

port this theory.7

Bone resorption has also been studied in the mandib-

ular peri-implant area according to type of prosthesis

in the maxillary arch. Carlsson et al. reported the effect

of opposite jaw prosthesis in 47 patients. Thirteen

patients with mandibular implant-supported fixed par-

tial dentures were also treated with implant-assisted

prostheses in the maxillae, whereas the remaining 34

patients had standard maxillary complete dentures.

After 10 years, the mean bone resorption around the

mandibular implants was less than 1 mm, and no sig-

nificant difference was observed in bone loss in the

mandibular peri-implant region between patients with

implant-supported overdentures and those with stan-

dard complete maxillary dentures.22

Generally, high FD values signify a more complex

structure.23 Southard et al. reported that the density of

the alveolar bone had a positive correlation with FD.24

Similarly, Heo et al. reported that FD values increased

after orthognathic surgery, at the time of the bone heal-

ing process.25 Erg€un et al. reported that the FD value

of the mandibular alveolar bone of patients who had

hyperparathyroidism also increased after surgery dur-

ing the healing process.26 However, Yu et al. found
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decreased FD values in the reactive bone areas after

clinically effective endodontic treatment.27

When the studies are evaluated in terms of the meth-

ods for obtaining the radiographs used in FD calcula-

tions, it was observed that some researchers used

panoramic radiographs, some preferred to use periapical

radiographs with higher resolution, and some used both

periapical and panoramic radiographs.28 Wilding et al.

reported that bone remodeling can be evaluated by per-

forming FA with the use of panoramic radiography after

implant placement, as was done in our study.29

Lee et al. identified 52 related areas of 60 £ 90 pixel

size before and after implant treatment by using pan-

oramic radiographs of 22 patients. Primary stability of

the implant was represented by the implant stability

quotient, which is calculated from resonance frequency

analysis. The results showed that there was a statisti-

cally significant positive relationship between the FD

values and the implant stability coefficient of the reso-

nance frequency analysis and that the mandibular

implants showed a higher correlation between these 2

measures than maxillary implants.30

Treatment with 2 versus 4 implants to support over-

denture prostheses is a highly controversial issue. The

German Maxillofacial Surgery Association proposes the

use of 4 implants for support.31 Posterior implants that

provide stress distribution and a quadrilateral support

between anterior and posterior implants may result in

less peri-implant vertical bone loss.32 Petrie et al.

reported that the use of 4-implant�supported overden-

tures leads to a decrease in damaging strain on

implants.33 However, Cune et al. found that the survival

rate of implants in patients with 2-implant�supported

mandibular overdenture prostheses was 93.9% after the

1-year follow-up period and reported high patient satis-

faction and few prosthetic complications.34 Visser et al.

observed no significant differences in the 5-year success

rates of 2- and 4-implant�supported mandibular over-

dentures in terms of clinical and radiologic parameters.1

In the present investigation, we found that both 2-

and 4-implant�supported prostheses suffered signifi-

cant decreases in FD over 1 year of function. Because

the FD is correlated with implant stability coefficient,

both designs might have equal rates of success or fail-

ure as measured in implant stability. No significant dif-

ference was observed in the decreased FDs between

group 1 and group 2 except for the distal sites of the

right implants in group 1 compared with the right ante-

rior and right posterior implants in group 2. This

implies that, all else being equal, 2-implant�supported

overdentures have no significantly greater risk of fail-

ure compared with 4-implant�supported overdentures.

General health, morphologic conditions, and func-

tional and economic factors must be considered when

determining the design of implant-supported
prostheses. Placement of 2 implants is less challenging

and less costly in the edentulous mandible compared

with the use of 4 implants to support overdentures. The

disadvantages are increased movement and reduced of

stability of the prosthesis on the distal side of the

implants. The advantages of treatment using 4 implants

include increased intraoral comfort and stability.7

One of the important limitations of this study is the

restricted clinical information because of the small

number of patients included. Bone loss resulting from

occlusal forces around the implants, influence of posi-

tioning during panoramic radiography, and lack of

overall quality in comparison of the T0 and T1 radio-

graphs are other limitations. Further clinical research

with appropriate sample sizes is necessary.

CONCLUSIONS
In this study, the FD values in both groups significantly

decreased between T0 and T1 (P � .001). Comparison of

group 1 with group 2 with regard to the peri-implant

decrease in FDs between T0 and T1 revealed significant

differences in some ROIs (P� .005), but most of the com-

pared sites were not significantly different (P� .054).

Within the limitations of this study, the findings indi-

cate that 2-implant and 4-implant�supported overden-

tures result in similar degrees of adverse bone change

around the implants. Both designs are clinically avail-

able, and depending on the patient’s residual ridge sta-

tus, the 2-implant�supported overdenture could be

preferred because it requires less surgery and is more

economical.
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