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Purpose: Fractal analysis is a mathematical method used to describe the internal architecture of complex 

structures such as trabecular bone. Fractal analysis of panoramic radiographs of implant recipient sites 

could help to predict the quality of the bone prior to implant placement. This study investigated the 

correlations between the fractal dimension values obtained from panoramic radiographs and the insertion 

torque and resonance frequency values of mandibular implants. Materials and Methods: Thirty patients 

who received a total of 55 implants of the same brand, diameter, and length in the mandibular premolar 

and molar regions were included in the study. The same surgical procedures were applied to each patient, 

and the insertion torque and resonance frequency values were recorded for each implant at the time of 

placement. The radiographic fractal dimensions of the alveolar bone in the implant recipient area were 

calculated from preoperative panoramic radiographs using a box-counting algorithm. The insertion torque 

and resonance frequency values were compared with the fractal dimension values using the Spearman test. 

Results: All implants were successful, and none were lost during the follow-up period. Linear correlations 

were observed between the fractal dimension and resonance frequency, between the fractal dimension 

and insertion torque, and between resonance frequency and insertion torque. Conclusion: These results 

suggest that the noninvasive measurement of the fractal dimension from panoramic radiographs might 

help to predict the bone quality, and thus the primary stability of dental implants, before implant surgery. 
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The primary stability of a dental implant plays an 
important role in its successful osseointegration 

and depends mainly on its macro- and micro-design, 
on the mechanical properties of the local bone, and on 
the site preparation technique.1,2 Studies have shown 
higher success rates for implants placed in bone of 
good quality and quantity, such as that of the anterior 
mandible, and lower success rates for implants placed 
in bone of poor quality and quantity, such as that of 

the posterior maxilla.3,4 Because primary stability is an 
important factor in successful osseointegration, clini-
cians and patients would benefit from the ability to 
predict the bone quality—and thus the implant pri-
mary stability—at an implant site prior to attempting 
implant placement.

There are many nondestructive clinical methods 
to measure the primary stability at the bone-implant 
interface, including radiography, manual tapping, 
Periotest (Siemens),5 Dental Fine Tester (Kyocera), cut-
ting resistance,6 insertion torque (IT),7 dynamic model 
testing,8 resonance frequency analysis (RFA),9 Implat-
est,10 BoneProbe,11 and torsional RFA.12 Those tech-
niques cannot, however, predict bone quality at a site 
prior to implant placement.

Computed tomography (CT) and cone beam CT 
(CBCT) are established methods to evaluate the bone 
architecture prior to preparing the implant bed.13 Al-
though ionizing radiation remains a concern for CT or 
CBCT, newer CBCT machines with a small field of view 
allow the exposure of a restricted area (eg, 30 × 30 mm) 
to an ionizing radiation dose that is equal to or lower 
than that of conventional panoramic radiography.14
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Fig 1  Preoperative and postoperative 
panoramic radiographs were superim-
posed using image processing software 
(Photoshop Elements 2.0, Adobe Sys-
tems). A region of interest (ROI) was se-
lected, 4.6 mm in width and 10.5 mm in 
length (8-bit grayscale, resolution 300 
pixels per inch and 543 × 1,240 pixels), 
on each calibrated image. The ROIs were 
randomly numbered and stored in a per-
sonal computer.

The clinical methods most commonly in use to 
measure the primary stability of bone are cutting re-
sistance, IT, and RFA. Cutting resistance and IT values 
provide information about local bone quality, and IT 
values have been found to correlate with bone density 
and volume.7 However, these parameters give an indi-
cation of bone quality only after the implant bed has 
been prepared to its final diameter, and they cannot 
predict preoperatively the primary stability of a given 
recipient site.

RFA is a noninvasive method to assess implant sta-
bility and uses values expressed electromagnetically 
as an implant stability quotient (ISQ) on a scale of 0 to 
100. The stability of the implant, defined by axial stiff-
ness of the implant-bone interface, can be measured 
objectively by RFA at any time during the osseointe-
gration process.2 However, although RFA is widely 
accepted and used by many clinicians to measure im-
plant stability, similar to other methods of implant sta-
bility measurement, it cannot be used prior to implant 
placement.

There is still a need for an easy, predictable, and 
nondestructive method to predict implant stability 
prior to implant placement. Recently, a mathematical 
method called fractal analysis has been suggested for 
use to analyze the architecture of trabecular bone.15 
The fractal dimension (FD) has been used to assess the 
spatial patterns or texture from radiographs because 
of its ability to model naturally complex structures.16,17 
With FD analysis, it is possible to noninvasively iden-
tify, in radiographs, scale-invariant structures that are 
not affected by minor variations in exposure and align-
ment. Although there are many approaches to esti-
mating fractal texture, the trabecular pattern is usually 
quantified using a box-counting algorithm to count 
the interfaces between the trabecular bone and the 
bone marrow in a binary image.18 Many researchers 
have employed similar methods to interpret and de-
scribe images of arterial trees, the nervous system, and 
bone and the electrical conductivity of the heart.17,19,20 
In the dental sciences, FD analysis has many applica-
tions, as described in a recent review by Sanchez and 

Uzcategui.21 In implant dentistry, FD analysis has been 
used to evaluate the surface-related characteristics of 
dental implants22,23 and to analyze trabecular bone 
patterns in radiographs.16,24,25 A few studies have used 
FD analysis to examine the relationship between the 
primary stability of implants and bone quality at the 
recipient site. Lee et al26 observed a positive correla-
tion between the FD value measured prior to place-
ment and the ISQ measured after surgical placement. 
Similarly, Veltri et al27 found a correlation between 
the FD value and the IT value in a rabbit model. Those 
results suggest that FD analysis of a panoramic radio-
graph might be a useful tool to predict the bone qual-
ity and primary stability of the implant bed.

The present study investigated whether the FD val-
ue of bone at an implant recipient site correlates with 
the primary stability of an implant, as represented by 
IT values and ISQs.

MATERIALS AND METHODS

Patient Data
Patients who received a dental implant at the Depart-
ment of Oral and Maxillofacial Surgery of Gulhane 
Military Medical Academy, Haydarpasa Teaching Hos-
pital, Istanbul, Turkey, between 2010 and 2013 were 
screened, and a group of patients were recruited ac-
cording to predetermined inclusion and exclusion 
criteria. The inclusion criteria were: (1) patients who 
received one or two implants in the mandibular pre-
molar or molar region; (2) patients who received one 
Tissue-Level Standard Plus implant (Straumann), 4.1 
mm in diameter and 10 mm in length, in each man-
dibular quadrant; (3) patients with detailed dental re-
cords, including the IT values and ISQs of the implants 
recorded at the time of placement; (4) patients who 
had panoramic radiographs taken before and after 
implant placement; and (5) patients who attended a 
follow-up visit at least 1 year after delivery of the pros-
thetic restoration. The exclusion criteria included: (1) 
patients who had undergone any type of bone grafting 
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procedure; (2) patients whose panoramic radiographs 
had poor diagnostic quality, digital artifacts, or distor-
tions; (3) patients with uncontrolled systemic diseases; 
and (4) patients who had taken or were currently tak-
ing medications that might affect bone metabolism.

Surgical Protocol
One surgeon placed all of the implants according to 
the manufacturer’s recommendations. The implants 
were placed after a mucoperiosteal flap was raised. A 
healing cap was fixed to each implant at the end of the 
surgery according to a single-stage, delayed-loading 
technique.

The implants were placed in the socket with the 
aid of an adapter attached to the handpiece and were 
inserted into the bone using a motor unit (Implan-
teo, Anthogyr). The IT was measured as the maximum 
torque value (Ncm) reached at the end of the inser-
tion of the implant into the recipient site. The IT values 
were read from the digital display of the motor unit 
and recorded on the patient’s chart. The contra-angle 
handpiece (Mont Blanc, Anthogyr) was calibrated 
with a calibration device (#11660, Anthogyr) before 
each use.

After the final seating of the implant, ISQs were 
measured using the Osstell Mentor instrument (Inte-
gration Diagnostics) as recommended by the manu-
facturer. A Type 4 SmartPeg (Integration Diagnostics) 
was screwed into each implant. The probe was held 
with the probe tip pointing toward the SmartPeg at a 
distance of 2 to 4 mm until the instrument displayed 
the ISQ. Measurements were taken for each implant 
with the transducer probe in the buccal and lingual 
positions, respectively, and then averaged.

Acquisition and Examination of Panoramic 
Radiographs
Two sets of panoramic radiographs, one taken before 
the implant surgery (diagnostic) and one taken after 
implant placement or prosthetic restoration, were se-
lected from each patient’s charts. All panoramic radio-
graphs were taken with the same machine (Proline XC, 

Planmeca) and the same settings (70 kVp, 6 mA) ac-
cording to the manufacturer’s recommendations. All 
images were stored digitally on a personal computer. 
For each image, one investigator, who was blinded to 
the identities of the patients, located the region of in-
terest (ROI). To identify the locations of the implants 
on the preoperative radiographs, the preoperative and 
postoperative radiographs were superimposed using 
image software (Adobe Photoshop Elements 2.0, Ado-
be Systems) according to the method described by Lee 
et al.26 The implant length and width were calibrated 
via the panoramic image, and the ROI was selected as 
an area with diameter and length each 0.5 mm larger 
than those of the implant (width = 4.6 mm, length = 
10.5 mm; Fig 1). All images were then randomly num-
bered and given to a different investigator, who was 
blinded to the rest of the study, for calculations of FD.

Calculation of the Fractal Dimension
The FDs of the ROIs on the radiographs were calculat-
ed using the box-counting algorithm and ImageJ soft-
ware (version 1.45s, U.S. National Institutes of Health). 
Prior to calculations of the FD, image processing was 
performed in the ROIs to reveal the changes in inten-
sity between the trabeculae and the marrow spaces. 
First, the ROIs were blurred by a Gaussian filter (kernel 
size ε = 10), a type of low-pass filtering, such that only 
those features with large variations in intensity re-
mained visible. Then, those features were subtracted 
from the original ROIs, and features with differences 
in intensity of the trabecular structure were visualized. 
Finally, the two sets of features were used to render 
the images binary, thereby segmenting them into tra-
beculae and marrow (Fig 2).

Calculations of the FD were performed on the 
binary images using ImageJ. The FDs were calculated 
using the box-counting method, with box sizes rang-
ing from 25 to 200 µm that were selected with consid-
eration of the dimensions of the trabecular structures 
as described by Updike and Nowzari.17 Several grids 
with decreasing box sizes were placed over the ROI, 
and the number of boxes that contained pixels was 

Fig 2  Fractal dimensions (FD) of regions 
of interest (ROIs) on the radiographs were 
measured by the box-counting algorithm: 
(a) The original ROI was duplicated and 
blurred by a (b) Gaussian filter. (c) Then, 
the blurred image was subtracted from the 
original image. (d) The final image was seg-
mented in a binary fashion. The FD box-
counting calculation was performed on the 
binary images using ImageJ software.
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counted for each grid. Data were gathered for each 
box in every grid. The FD is the slope of the regres-
sion line on the log-log plot of the box size and the 
number of boxes that contained pixels. The algorithm 
was repeated for grids of squares with lengths of 2, 3, 
4, 8, 12, and 16 pixels, according to previous estimates 
of optimal box sizes for the bone trabeculae.17

Statistical Analysis
All the quantitative data were analyzed statistically 
with SPSS software version 20.0 (SPSS Inc). The means, 
medians, maxima, minima, and standard deviations 
were calculated and analyzed as descriptive statistics. 
A Spearman correlation analysis was performed to 
assess the significance of the correlations among 
the FD, IT, and ISQ values. P values less than .05 were 
accepted as statistically significant.

RESULTS

Thirty patients, 11 women and 19 men, with a mean 
age of 42.2 ± 10.62 years (women: 41 ± 8.7 years; 
men: 41.8 ± 11.9 years) and a total of 55 implants, met 
the inclusion criteria. According to the study design, 
all implants were of the same brand (Standard Plus, 
Straumann) and were 4.1 mm in diameter and 10 mm 
in length. There were no complications for any of the 
patients during the surgery and healing phases. The 
implants were restored after 8 weeks (range, 7 to 9 
weeks) with single porcelain-fused-to-metal cemented 
crowns. The mean follow-up period was 18 months 
(range, 12 to 21.6 months) and the survival rate was 

100% after clinical and radiologic examinations. Im-
plant locations are listed in Table 1. 

The IT values for the implants ranged between 30 
and 71 Ncm (mean: 49.85 ± 9.28 Ncm) (Table 2). The 
ISQs for the implants ranged between 56 and 86 (mean: 
75.74 ± 6.39) (Table 2). There was a positive correlation 
(r = 0.045, P = .00056588) between IT values and ISQs 
(Fig 3).

 The FD values of the 55 ROIs ranged between 1.67 
and 1.81 (mean: 1.74 ± 0.02) (Table 2). There were 
positive linear correlations between FD and IT values 
(r = 0.452, P = .00052806) and between the FD and ISQ 
values (r = 0.366, P = .0059; Fig 4).

DISCUSSION

Primary stability of a dental implant at the time of 
placement has been considered a prerequisite for its 
success.8 Primary stability depends mainly upon the 
quality and quantity of bone at the recipient site, the 
macro- and micro-geometry of the implant, and the 
surgical technique employed.28 To minimize experi-
mental variations among the implants included in 
the current study, all of the implants were placed by 
the same surgeon using the same technique, and the 
same brand and size of implant was used in all pa-
tients. Koh et al20 described the mandibular premolar 
region as the most appropriate site to evaluate the FD 
from panoramic radiographs. Therefore, only implants 
placed in the mandibular premolar and molar regions 
were included in this study.

IT and RFA are the most common clinical methods 
used to evaluate the primary stability of implants.29 
Both methods are sensitive to the equipment and 
technique used, but they generally provide good in-
dications of the biomechanical competence of an 
implant. The geometry of the implant, including its 
length and diameter and any surface treatments, af-
fects IT and RFA measurements.30 The positive corre-
lation between the IT values and ISQs in the present 
study is in accordance with past results.31 Although IT 
values and ISQs are acceptable indicators of the initial 
biomechanical competence of an implant, they cannot 
be used prior to implant placement.

Medical-grade CT and CBCT are established meth-
ods to evaluate bone architecture before implant 
placement.32 With CBCT, the practitioner can obtain 
valuable information regarding implant placement in 
three dimensions. Some studies suggest that the ion-
izing radiation dose and cost are the main concerns 
with the use of CT or CBCT and that their use is justi-
fied for single implant placement only if planning can-
not be carried out with conventional radiographs.14 
Recently, newer CBCT machines have evolved that 

Table 1 Locations of Implants

Site No. placed %

Right first premolar 5 9.1

Right second premolar 6 16.4

Right first molar 11 20

Right second molar 3 5.4

Left first premolar 5 9.1

Left second premolar 9 16.4

Left first molar 8 14.5

Left second molar 5 9.1

Table 2 Implant Data

Parameter Mean ± SD Min Max

ITV (Ncm) 49.85 ± 9.28 30 71

ISQ 75.75 ± 6.39 56 86

Fractal dimension 1.74 ± 0.026 1.67 1.81

SD = standard deviation.
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use an ionizing radiation dose that is equal to or low-
er than that of conventional panoramic radiography. 
Nevertheless, the lack of routine availability of such 
machines and their cost to patients should be borne 
in mind.

There is still a need for an easy, reliable, and non-
invasive method to predict implant stability prior to 
implant placement. Recently, a mathematical method 
called FD analysis was suggested for the analysis of 
bone trabeculae architecture.15 Some authors have 
reported that plain radiographs include architectural 
information that is directly related to the underlying 
three-dimensional bone structure, and plain-film ra-
diographs appear to have the potential to assess tra-
becular structure noninvasively.25,33 In this respect, FD 
analysis of periapical and panoramic radiographs has 
been suggested as a way to examine alveolar bone 
patterns.25

FD values can be viewed as measures of the ir-
regularity and complexity of bone tissue. FD values 
range between 1 and 2. A value of 1 indicates a simple 
straight or curved linear structure that takes up almost 
no space. A value of 2 indicates a structure that fills 
all of the available space. The FD of alveolar bone is 
between 1 and 2, meaning that alveolar bone has 
fractal geometry. The FD values in the current study 
were consistent with those in other studies, suggest-
ing that the mandible is actually fractal.16,17,19,20,34 
The FD indicates the complexity of the branching 
trabeculae of the alveolar bone. Therefore, any disease 
condition that alters the internal structures of bone 
tissue, such as osteoporosis, also alters the FD values. 
Ruttimann et al35 suggested that the radiographic FD 
analysis of alveolar bone could be a possible diagnos-
tic indicator for osteoporosis. Updike and Nowzari17 
hypothesized that fractal analysis could be used to 

Fig 3  Correlation between implant stability quo-
tient (ISQ) and insertion torque (IT). A statistically 
significant moderately positive linear correlation 
between ISQ and IT was observed (r = 0.045, 
P = .00056588).
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examine trabecular bone patterns in periodontal 
patients. Their results showed that healthy patients 
had higher FD values than patients with periodontitis. 
Demirbas et al34 found a significant difference in FD 
values between healthy patients and in patients with 
sickle cell anemia. They concluded that patients with 
sickle cell anemia under the age of 20 had lower FD 
values than healthy patients, pointing to a scarcity 
of trabecular bone in patients with the disease. Tor-
res et al36 evaluated the FD values from CBCT scans 
of patients with bisphosphonate-associated osteo-
necrosis of the mandible. Their results showed that, 
compared to control (healthy) individuals, patients 
with bisphosphonate-associated osteonecrosis had 
higher FD values in regions close to the alveolar 
process.

The main hypothesis of the current study was that 
FD values estimated from two-dimensional radio-
graphs taken before implant insertion can be used 
to predict the primary stability of an implant prior to 
implant placement. In implant dentistry, FD analysis 
has been used to investigate bone changes around 
implants.26,27,37–40 Wilding et al37 investigated the 
bone remodeling around dental implants by means 
of FD analysis of a series of panoramic radiographs. 
They found a significant increase in FD values during 
the period up to 2 years after implantation. The most 
pronounced increase was in the region of bone around 
the implant neck, which was consistent with models 
derived from finite element analysis that predicted 
the relationship between trabecular architecture and 
strain. Other studies demonstrated similar increases 
in FD values around successful implants after load-
ing.39,40 Recently, researchers employed FD analysis 
of plain radiographs to estimate the primary stability 
of dental implants. Lee et al26 found a linear cor-
relation between the FD value of the alveolar bone 
and the ISQ of the implant, which is in agreement 
with the current results. They suggested that the FD 
values acquired from panoramic radiographs might 
be useful predictors of the primary stability of den-
tal implants. In an experimental study, Veltri et al27 
used FD values to predict the initial biomechanical 
competence of implants, as represented by IT values 
and ISQs, in rabbit condyles. Their results showed a 
linear correlation between the FD and IT values but 
no correlation between the FD values and ISQs. They 
postulated that their small sample size (n = 13) might 
have been the reason for the lack of correlation be-
tween the FD values and ISQs. In the current study, 
positive correlations were seen between the FD and 
IT values and between the FD values and ISQs. FD 
values obtained retrospectively from successfully 
osseointegrated implants were correlated linearly to 
IT values and ISQs, indicating that the IT values and 

ISQs were good predictors of the primary stability 
of the implants.

Although FD analysis of the alveolar bone can 
give an idea of the complexity of the branching tra-
beculae, concerns remain regarding the reliability of 
FD analysis.41 One concern is the superimposition of 
cortical plates on trabecular bone when the FD calcu-
lation is applied to the full thickness of the mandible. 
Projection radiographs are necessarily degraded by 
the superimposition of cortical bone on trabecular 
structures.42 Although the presence or absence of 
cortical layers of bone (ie, full thickness of mandible) 
affects the estimation of bone density, the FD value 
indicates the complexity of the branching trabeculae. 
Furthermore, image processing by different filtering 
steps of removes the homogenous cortical super-
impositions, leaving images with large variations in 
intensity. It was also reported that the buccal and 
cortical plates of the mandible and maxilla do not 
cast a discernible image on periapical radiographs, 
and trabecular bone is a substantive contributor to 
the bone striae seen on periapical radiographs.43 
The same conclusions can be drawn for panoramic 
radiographs.25 The use of CBCT for FD analysis would 
certainly help to avoid the problem of the superim-
position of cortical bone on trabecular bone and give 
rise to more accurate FD values.

Another concern is about the type of radiography 
used to measure the FD values. In the literature, peri-
apical and panoramic radiographs have been used 
to calculate FD values. However, the measured FD 
values may differ between periapical and panoramic 
radiographs, mainly because of the resolutions of the 
images.24 Similarly, there are two means to obtain 
radiographic images for FD estimation: digitally or 
conventionally (the latter followed by conversion 
into digital images). With regard to image resolution, 
it is reasonable to postulate that there might be a 
difference in FD values depending on the method 
used. A second concern is that different methods 
are used to estimate the FD values of the trabecular 
bone, which can yield different FD values. FD val-
ues derived with the pixel-dilation method versus 
the box-counting method will be different and will 
probably not be comparable.41 Hence, no reliable 
information is available regarding the best method 
to measure the FD value to predict the primary sta-
bility of dental implants; however, the box-counting 
algorithm is the most commonly employed method.21 
The range of box sizes used can influence the final 
FD estimation.19 Therefore, it is very important to 
determine the optimal range of box sizes to obtain 
more accurate FD measurements. The current authors 
adopted a previously employed methodology to esti-
mate the optimal box sizes for trabecular bone in the 
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mandible.17 This methodology is in agreement with 
that of other studies that evaluated the correlation 
between FD values and primary implant stability.

A third concern in FD analysis of alveolar bone is the 
interpretation of the results. Ruttimann et al35 found 
that FD values increased after acid-induced demin-
eralization of dry mandibular bone segments. They 
also observed an increase in FD values in postmeno-
pausal women with osteoporosis. Similarly, Bollen et 
al24 found that FD values increased with a decrease 
in bone mass. Conversely, some researchers found 
decreased FD values in patients with osteoporosis 
compared with healthy patients.20,44,45 Because the 
FD value reflects the complexity of the alveolar bone 
and corresponds closely to the roughness of the bone 
(the rougher/smoother the surface, the larger/smaller 
the computed FD), patients with higher bone density 
are expected to have higher FD values.16 The FD value 
does not clarify, however, in which bony compartment 
(trabecular, cortical, or both) the demineralization is 
present. A single FD value cannot be used in place 
of the classical two-dimensional descriptors of bone 
trabeculae.46 Additional fractal parameters, such as 
lacunarity, succolarity, or Feret diameter, could be used 
to improve the description of the internal structures 
of the alveolar bone.25,39,47 Lacunarity, which is not 
predicated by fractality, measures the gap size of the 
trabeculae and may be particularly useful for charac-
terizing the texture of trabecular bone.48

FD estimation is a method to identify scale-invariant 
structures in radiographs that are not affected by the 
conditions under which the radiography was per-
formed (eg, tube angulation, contrast of the original 
image, or variations in the exposure time within clini-
cally acceptable standards). According to the present 
results, FD estimation based on two-dimensional 
dental radiographs of implant recipient sites prior to 
implant placement is a promising, noninvasive tool 
to predict primary implant stability.

CONCLUSIONS

The present study observed a linear correlation be-
tween radiographic fractal dimension (FD) values and 
the primary stability of implants as represented by 
insertion torque values and implant stability quotients. 
The results suggest that the box-counting algorithm 
for FD analysis of panoramic radiographs can be used 
to predict the initial biomechanical competence of 
dental implants by predicting the bone quality at the 
prospective implant site. Further studies are warranted 
to evaluate the best method to noninvasively estimate 
the FD values of trabecular bone at potential implant 
sites prior to implant placement.
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