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ABSTRACT

Aim: This study aimed to investigate preoperative bone quality
obtained from the Hounsfield unit and fractal analysis scores in
cone beam computed tomography (CBCT) sections and compare
this value with primer stability derived from resonance frequency
analysis scores soon after placement of implants in the mandibular
posterior region.

Materials and Method: A total of 36 implant regions were examined
retrospectively. Primary outcome variables include the Hounsfield
unit, fractal analysis, and resonance frequency analysis scores soon
after implant placement. Hounsfield unit and fractal analysis scores
were calculated on the preoperative CBCT.

Results: The mean Hounsfield unit, fractal analysis and resonance
frequency analysis scores of all implants were 76.44, 0.65 and
67.44, respectively. No statistically significant correlation was
found between the Hounsfield unit, fractal analysis and resonance
frequency analysis scores (p>0.05). Resonance frequency analysis
scores (p=0.002) and Hounsfield unit scores (p=0.050) were
significantly superior in males. Age was found to be related to
resonance frequency analysis scores (r=0.445, p=0.007).

Conclusion: The preoperative bone quality of alveolar bone
measured from cone beam computed tomography by Hounsfield
unit or fractal analysis may be insufficient to determine initial implant
stability. Further studies are needed to investigate parameters
related to the prediction of implant stability.
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OZET

Amagc: Bu calismada mandibulada arka boélgeye uygulanmig
implant bolgelerinde preoperatif konik isinl bilgisayarli tomografi
(KIBT) kesitlerinden elde edilmis Hounsfield Unit ve Fraktal analiz
skorlarinin preoperatif kemik kalitesi anlaminda de@erlendiriimesi ve
bu skorlarin implant yerlesiminden hemen sonra belirlenen rezonans
frekans analizi degerleri ile karsilastirlmasi amaglanmaktadir.

Gereg ve Yontem: Toplamda 36 implant bélgesi retrospektif olarak
degerlendiriimistir. Temel sonug degiskenleri Hounsfield nit, fraktal
analiz ve rezonans frekans analizi skorlari olarak belirlenmistir.
Hounsfield Unit ve fraktal analiz skorlari preoperatif KIBT kesitleri
Uzerinde hesaplanmisgtir.

Bulgular: Ortalama Hounsfield Unit, fraktal analiz ve rezonans
frekans analizi skorlari sirasiyla; 76.44, 0.65 and 67.44 olarak
belirlenmistir. Hounsfield Unit, fraktal analiz ve rezonans
frekans analizi skorlari arasinda anlamli istatistiksel kolerasyon
saptanmamisgtir. (p>0.05). Rezonans frekans analizi (p=0.002)
ve Hounsfield Unit (p=0.050) skorlari erkeklerde anlamli dizeyde
yuksek belirlenmistir. Yas, rezonans frekans analizi skorlari ile iligkili
olarak belirlenmistir (r=0.445, p=0.007).

Sonug: Konik i1sinli bilgisayarli tomografi zerinde Hounsfield Unit
veya fraktal analiz araciliiyla élgtilen alveolar kemik bolgesindeki
preoperatif kemik kalitesi de@erlendirmesi baslangic implant
stabilitesinin belirlenmesinde yeterli bir parametre olmayabilir.
implant  stabilitesinin tahminine yénelik iliskili parametrelerin
degerlendirildigi ileri galigmalara gereksinim vardir.

Anahtar Kelimeler: Dental implant; Fraktal analiz; Hounsfield Gnit;
Kemik kalitesi; Konik isinh bilgisayarli tomografi; Rezonans frekans
analizi
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INTRODUCTION

Recent advancements in material sciences and sur-
gical techniques have revolutionized dental implant
therapy, leading to enhanced functional and aesthet-
ic outcomes. This treatment modality has evolved
into a well-established procedure for individuals
across various age groups, offering a reliable solu-
tion for replacing missing teeth.2

As the number of dental implants being inserted con-
tinues to rise, ensuring the success of the treatment
becomes paramount. The quantity and quality of the
bone tissue surrounding the implant play a crucial
role in determining the long-term success of the pro-
cedure.®>* Implants placed in bones with inadequate
quality were associated with higher failure rates.*
Studies have shown a significant relationship be-
tween primary/secondary implant stability and bone
density.5” Therefore, evaluating the preoperative
bone density/quality is vital in planning treatment de-
cisions and estimating survival success.

Several classification systems have been intro-
duced for assessing bone quality and density in the
literature.®® In 1985, Leckholm and Zarb proposed
classifying bone density into four types based on
the radiographic evaluation of cortical and trabecu-
lar bone.® In 1988, Misch proposed four catego-
ries (D1-D4) based on the mechanical properties of
bone structure.®'" However, these techniques were
based on subjective evaluations. With the advance-
ments in dental radiology, the emergence of cone
beam computed tomography (CBCT) technology
has gained widespread popularity, revolutionizing
the field. This technology has allowed dental profes-
sionals to conduct thorough preoperative assess-
ments of bone structures with remarkable precision.
Alongside these remarkable advancements, nu-
merous distinguished studies emphasized the utility
of CBCT in evaluating bone quality, particularly in
terms of bone density, employing various methods
such as the Hounsfield unit (Hu) and density value
evaluation.®'2'3 The inclusion of bone density mea-
surements through preoperative CBCT scans can
prove highly advantageous, especially when there
are concerns regarding the suitability of the bone for
successful implant placement.'?

In recent years, fractal analysis (FA) emerged as
another valuable tool for assessing bone quality.™"7

This numerical technique is specifically designed
to evaluate irregular and complex structures, pro-
viding quantitative outcomes in the form of a frac-
tal dimension (FD). Within the field of dentistry, FA
has been employed primarily to assess the bone
structure and patterns of the jaws using dental radio-
graphs.™ Fractal analysis enables the examination
of the microarchitecture of trabecular bone through
the numerical expression of the FD, which serves as
a scale of image complexity."” It has been reported
that FD can be used as an adjunct to conventional
methods for estimating implant stability.*®

Primary stability of implants is generally considered a
crucial factor for achieving successful osteointegra-
tion.>6'3 Several techniques have been developed
to evaluate implant stability, including implant stabil-
ity tests, insertion torque tests, reverse torque tests,
and resonance frequency analysis."™ Among these
techniques, resonance frequency analysis (RFA) is
a well-defined method for assessing implant stabil-
ity.671213 This method involves connecting a metal
rod to the implant through a screw connection in-
strument. The implant stability quotient (ISQ), which
ranges from 1 to 100, is used to quantify implant
stability, with higher ISQ values indicating greater
stability.'®

However, there is an ongoing debate regarding the
correlation between bone density measurements
around implant sites in three-dimensional recon-
structions of CBCT, FA, and the assessment of im-
plant stability using RFA. To date, limited data exists
comparing preoperative Hu and FA scores obtained
from CBCT with implant stability in terms of RFA.
Therefore, the present study aimed to compare pre-
operative bone density scores obtained through Hu
and FA with primary stability scores obtained from
RFA of implants in the mandibular posterior region.

MATERIALS AND METHOD
Study design

This study was approved by the University of Health
Sciences/Gulhane Scientific Research Ethics Com-
mittee (registration number 2022/226). Fourteen pa-
tients (four male and ten female; age range, 32-70
years; mean age, 52.6 years) who received dental
implants at the mandibular molar or premolar region
at the Department of Oral and Maxillofacial Surgery,
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Figure 1. Selection of Region of interest (ROI) for fractal analysis.

Gulhane Faculty of Dentistry, Ankara, Turkiye be-
tween 2020-2022 included in the study. A total of 36
implant regions inserted by the same implant system
(Oxy PS Line, Oxy Dental implant System, Colico,
LC, ltaly) were analyzed retrospectively. Patients’
informed consent regarding using their data for sci-
entific purposes was obtained. Patients with system-

ic diseases, metabolic bone disorders, osteopenia,
destructive lesions in the mandibular region, cancer
treatment history and who had undergone augmen-
tation procedures before or simultaneously after im-
plant placement were excluded from the study. All
surgical procedures were performed by the same
implant system.

All patients’ preoperative CBCT examinations
were performed using 3D Accuitomo 170 CBCT
(3D Accuitomo; J Morita Mfg. Corp., Kyoto, Japan)
device. The exposure parameters were set at 90
kV, 5 mA, 0.08 mm voxel size, 140 x100 mm field
of view.

The appropriate implant area was chosen using
cross-sectional images with 1-mm slice intervals and
1-mm slice thickness (iDixel 2.0/0One Data Viewer/
One Volume Viewer; J Morita Mfg. Corp.). To ensure
precision, the section positioned at the centre of the
targeted region, where the implant will be situated,
was specifically selected for a comprehensive
assessment of bone quality. Aregion of interest (ROI)
was defined and positioned below the uppermost
point of the alveolar crest and conured to have a
width of 14 pixels and a height of 14 pixels (Figure 1).

For FA, ImagedJ software (National Institutes of
Health, Bethesda, MD) was used for processing and
analyzing all images with the box-counting method
introduced by White and Rudolf.?° (Figure 2). Hu was
calculated using the “histogram” tool of the ImageJ
software.
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Figure 2. Stages of fractal dimension analysis.

A, The selected ROI from cross sectional images was cropped and B, duplicated. C, Gaussian blur filter (=35 pixels) was
applied on duplicated image. D, The blurred image was subtracted from the original image. E, Addition of a gray value of 128 to
each pixel location. F, Binarization G, Erosion H, Dilatation I, Inversion J, The skeletonized image was used for fractal analysis.
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All radiographical assessments were done by the
same maxillofacial radiologist (EYK).

RFA were measured using an Osstell 1SQ (Ostell
AB, Goéteborg, Sweden) and recorded immediately
after implant placement. Smartpegs were inserted
into the implants, and the RFA value was measured
four times in four directions. Results were averaged
and recorded as implant stability quotients (1ISQ).?'

Statistical analysis

Data was analyzed by IBM SPSS Statistics ver. 25
(IBM Corporation, Armonk, NY, US) software. The
Shapiro-Wilk test was used to investigate whether
the assumption of normal distribution was met. De-
scriptive statistics were displayed as mean + SD
or numbers (n) and percentage (%). The degree
of associations between continuous variables was
calculated via Spearman’s rank-order correlation
coefficient. The mean differences between gender
groups were compared with the Student’s t-test. To
determine the best predictor(s), which mainly affect-
ed the resonance frequency analysis scores, was
evaluated by multiple linear regression analyses.
Coefficients of regression, 95% confidence intervals
and t-statistics for each independent variable were
also calculated.

RESULTS

A total of 36 implant regions in 14 patients were as-
sessed, [mean age, 52.6; female, 10 (71.4%)]. The
mean Hu, FA and RFA scores of all implants were
76.44, 0.65 and 67.44, respectively. Descriptive sta-
tistics for the measuring variables are presented in
Table 1.

No statistically significant correlation was found
among age, Hu (r=-0.230, p=0.177), and FA scores
(r=-0.161, p=0.349). While there was a statistically
significant positive correlation between age and RFA
score (r=0.445, p=0.007) (Table 2).

No statistically significant correlation was found
between the Hu, FD and RFA scores (p>0.05). In
Table 3, whether there was a statistically significant
change in the measuring parameters according to
gender was summarized. According to the results,
the mean Hu levels of males were statistically signifi-
cantly higher than females (p=0.050). There was no
statistically significant change in FA scores accord-
ing to gender (p=0.962); however, the RFA scores
of women were statistically significantly lower than
men (p=0.002).

Table 1. Descriptive statistics for the measuring variables.

Mean Std. Deviation Minimum Maximum
Hu 76.44 18.24 41.21 114.21
FA score 0.65 0.23 0.10 1.04
RFA score 67.44 13.84 22.00 85.00

Table 2. Correlation coefficients and significance levels of the measured parameters.

Hu mean FA score RFA score

Age

Coefficient of correlation -0.230 -0.161 0.445
p-value 0.177 0.349 0.007

Hu mean

Coefficient of correlation -0.113 -0.052
p-value 0.511 0.765

FA score

Coefficient of correlation -0.094
p-value 0.587

T Spearman’s rank-order correlation analysis, N/A: Not applicable.
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Table 3. The comparisons between gender groups in terms of clinical measurement

Male Female p-value t
Hu 86.7+15.8 73.0£17.9 0.050
FA score 0.64+0.27 0.65+0.22 0.962
RFA score 79.1+3.4 63.5+13.8 0.002

Data were shown as mean + SD, 1 Student’s t test.

Table 4. Determining the best predictor(s) which effect on the RFA scores

Coefficient of

o -
SHOENE Y t statistics p-value

Regression (B) interval for B

Model 1

Age -0.119 -0.600 — 0.362 -0.504 0.617
Female factor -18.990 -30.676 — -7.303 -3.310 0.002
Hu mean -0.172 -0.438 — 0.093 -1.322 0.196
Model 2

Age -0.002 -0.460 — 0.455 -0.011 0.991
Female factor -15.571 -26.265 — -4.878 -2.966 0.006
FA score -1.504 -20.718 — 17.709 -0.159 0.874
Model 3

Age -0.142 -0.637 — 0.354 -0.583 0.564
Female factor -19.412 -31.374 — -7.451 -3.310 0.002
Hu mean -0.190 -0.467 — 0.088 -1.392 0.174
FA score -4.868 -24.460 — 14.725 -0.507 0.616

Evaluation of all possible factors thought to be effec-
tive in the change in RFA scores analyzed by multi-
variate linear regression analyses and results were
summarized in Table 4. Gender was an independent
factor in predicting the change in RFA scores accord-
ing to all three models in which age and gender were
compared with Hu mean, FA scores and Hu mean
and FA scores, respectively. For all three models,
RFA scores were lower in females independently of
other factors (p values p=0.002, p=0.006, p=0.002,
respectively).

DISCUSSION

This study aimed to investigate preoperative bone
density obtained from the Hu and FA scores in CBCT
sections and compare this value with primer stabil-
ity derived from RFA scores soon after placement
of implants in the mandibular posterior region. We
hypothesized that higher bone density scores were
related to better primer stability. However, no statis-
tically significant correlation was found between the

Hu, FA and RFA scores (p>0.05). Additionally, in this
study, gender was found to be related to RFA and Hu
scores. A comparison of other variables showed no
statistically significant relationship.

Bone quality and implant stability were examined
in several studies.®?'?2 |t has been reported that
bone density obtained by CBCT images significantly
collaborated with primary stability evaluated by
implant stability meter device and insertion torque.?
Ivanova et al.® showed that bone density values
in CBCT scans as HU values and vital new bone
formation evaluated histologically were related to
primary and secondary implant stability. Similarly,
Salimov et al.?' and Isoda et al.*® reported that
preoperative bone density values obtained by
CBCT scans could be a beneficial tool for predicting
implant stability. Farre-Pages et al.® showed that
bone density values obtained by preoperative
CBCT scans in Hu value were related to Lekholm &
Zarb classification in terms of resistance to drilling
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during implant surgery and primary implant stability
measured by RFA in ISQ values. They concluded
that HU can be beneficial as a diagnostic tool to
predict implant stability. Kim et al."® evaluated the
correlations between bone density obtained by
CT-derived Hounsfiled units and primary implant
stability parameters measured with insertion torques
and RFA in the posterior maxilla. They reported
that CT-derived HU is significantly related to the
parameters of primary stability. In the present study,
the mean Hounsfield unit score for implant regions
was found to be 76.44 and Hounsfield unit scores
were found to be significantly superior in males,
p=0.050. No statistically significant correlation was
found between the HU mean, FA and RFA scores
(p>0.05).

Several studies have shown FA as an accurate and
effective method for evaluating bone density.’® One
of the key advantages of FA in dentistry is the ease
of accessibility, and it can be readily implemented in
clinical practice. Moreover, it is independent of the
variables such as projection geometry and radioden-
sity that ensure reliable and consistent results.?® By
employing FA, clinicians can obtain objective, re-
peatable, and precise numerical information about
the trabecular structure of bone. Distinguished stud-
ies have reported several radiographic methods can
be beneficial for the evaluation of the quality of bone
in terms of bone density by FA.'5242¢ A gystematic
review that evaluated the utilization of fractal dimen-
sion in dental radiographs to investigate implant
stability showed that most studies used intraoral
periapical radiographs and orthopantomograms.'®
Currently, there is no consensus about the gold
standard of different radiological techniques. Hayek
et al.?* evaluated the correlation between fractal di-
mension obtained from digital periapical radiographs
with bone specimens harvested from implant recipi-
ent sites and implant stability obtained by RFA. They
concluded that there was a correlation between the
fractal dimension and implant stability quotient/bone
density. They underscored the FA assessed on peri-
apical radiographs can offer predictable information
for bone density. Similar to that result, another study
that aimed to compare the bone density of surgically
harvested bone specimens at implant recipient sites
in the posterior region of jaw bones based on histo-
logical analysis using SEM to bone density obtained

by fractal analysis based on intra-oral radiographs
showed a correlation between fractal dimension
scores and bone core specimens density’s values.®
Soylu et al.?” evaluated the effectiveness of fractal
analysis obtained by panoramic films on determin-
ing osteointegration of dental implants in mandibular
molar/premolar region soon after, 1 and 2 months
after surgery and before surgery. They stated FA as
a promising, reliable method for predicting osteointe-
gration around implants. Oztiirk&Kis? reported that
fractal analysis calculated by panoramic films could
be used as a non-invasive method for evaluating
microstructural analysis of peri-implant bone before
prosthetic placement where access to devices for
ISQ measurement is not available.

The investigation of FD based on CBCT is promising
in the field of implantology owing to the 3-dimension-
al image of internal bone structure. However, only
a few studies used CBCT to compare fractal analy-
sis scores to implant stability.'®?® To our knowledge,
there has been no study on this date that compares
preoperative HU and fractal dimension of recipient
implant sites obtained by CBCT to implant stability
based on RFA soon after implant placement. This
study aimed to investigate preoperative bone den-
sity obtained from the Hounsfield units and fractal
analysis scores in cone beam computed tomography
sections and compare this value with primer stabili-
ty derived from resonance frequency analysis score
soon after placement of implants in the mandibular
posterior region. In the present study, the mean frac-
tal analysis scores for implant regions were found
to be 0.64, which was not collareted to HU and RFA
(p>0.05). Gender and age were not related to fractal
analysis.

It was reported that the use of panoramic radiographs
for evaluating trabecular structure was superior ow-
ing to higher image resolution than CBCT.17 How-
ever, Magat et al.* reported that digital panoramic
radiographs and reconstructed panoramic CBCT are
beneficial for evaluating trabecular bone regions with
similar image quality. Additionally, they highlighted
that CBCT could obtain more precise FD values due
to avoiding the superimposition of cortical bone on
trabecular bone. On the other hand, radiation dose,
lower image resolution, and expenses of machines
were stated as the limitations of CBCT. Gaalaas et
al.® used fractal analysis to evaluate several types
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of bone regions by CBCT scans. They reported that
fractal values could detect differences in the trabec-
ular bone morphology in the different parts of the jaw
and can be used to analyze trabecular bone using
CBCT images.

This study has some limitations. Besides the trabec-
ular structure of alveolar bone, it has been shown
that the width of alveolar ridges may also contribute
to primary implant stability.” In this study, the char-
acteristic of the recipient’s bone, such as the width
of the alveolar ridge, was not evaluated. Secondly,
only preoperative FD scores were evaluated in the
scope of the methodology. However, it has been
reported that the healing of bone can also be eval-
uated in the initial healing period following implant
placement. Zeytinoglu et al.’® evaluated the chang-
es in FD from peri-implant alveolar bone regions in
panoramic radiographs at six months and one year
after prosthodontic loading and stated that trabecu-
lar bone around successful implants shows lower FD
values six months after prosthodontic loading and
displays a stable microstructure at one year of follow
up. Soylu et al.?” compared the fractal dimensions
around dental implants in mandibular molar/premo-
lar region soon after, 1 and 2 months after surgery
and before surgery and reported that fractal analysis
is an efficacious and non-invasive tool for predict-
ing osteointegration. Lastly, due to the study’s ret-
rospective nature, total number of included implants
was low.

CONCLUSIONS

The preoperative bone density of alveolar bone mea-
sured from cone beam computed tomography by Hu
and FA scores may be insufficient to determine initial
implant stability. Further studies with larger sample
sizes are needed to investigate parameters related
to the prediction of implant stability.

REFERENCES

1. Elani HW, Starr JR, Da Silva JD, Gallucci GO. Trends in dental
implant use in the U.S., 1999-2016, and projections to 2026. J
Dent Res 2018;97:1424-30.

2. Winitsky N, Olgart K, Jemt T, Smedberg JI. A retro-prospective
long-term follow-up of Branemark single implants in the anterior
maxilla in young adults. Part 1: Clinical and radiographic
parameters. Clin Implant Dent Relat Res 2018;20:937-44.

3. Fuh LJ, Huang HL, Chen CS, Fu KL, Shen YW, Tu MG, Shen
WC, Hsu JT. Variations in bone density at dental implant sites in

different regions of the jawbone. J Oral Rehabil 2010;37:346-51.

4. Herrmann |, Lekholm U, Holm S, Kultje C. Evaluation of patient
and implant characteristics as potential prognostic factors for oral
implant failures. Int J Oral Maxillofac Implants 2005;20:220-30.

5. lvanova V, Chenchev |, Zlatev S, Mijiritsky E. Correlation
between primary, secondary stability, bone density, percentage
of vital bone formation and implant size. Int J Environ Res Public
Health 2021;18:6994.

6. Farré-Pagés N, Augé-Castro ML, Alaejos-Algarra F, Mareque-
Bueno J, Ferrés-Padré E, Hernandez-Alfaro F. Relation between
bone density and primary implant stability. Med Oral Patol Oral Cir
Bucal 2011;16:€62-7.

7. de Elio Oliveros J, Del Canto Diaz A, Del Canto Diaz M, Orea
CJ, Del Canto Pingarrén M, Calvo JS. Alveolar Bone Density
and Width Affect Primary Implant Stability. J Oral Implantol
2020;46:389-95.

8. Lekholm U, Zarb GA. Patient selection and preparation.
Branemark, Zarb, Albrektsson, editors. Tissue-integrated
Prostheses: Osseointegration in Clinical Dentistry. Chicago:
Quintessence Publishing Co; 1985. p.199-209.

9. Misch CE. Bone character: second vital implant criterion. Dent
Today 1988;7:39-40.

10. Misch CE. Rationale for dental implants. Misch CE editor.
Contemporary Implant Dentistry. St.Louis, Missouri: Mosby
Elsevier; 2008. p. 38-67.

11. Misch CE. Density of bone: effect on treatment plans, surgical
approach, healing and progressive bone loading. Int J Oral
Implantol 1990;6:23-31.

12. Fuster-Torres MA, Pefiarrocha-Diago M, Pefiarrocha-Oltra D,
Pefarrocha-Diago M. Relationships between bone density values
from cone beam computed tomography, maximum insertion
torque, and resonance frequency analysis at implant placement:
a pilot study. Int J Oral Maxillofac Implants 2011;26:1051-6.

13. Isoda K, Ayukawa Y, Tsukiyama Y, Sogo M, Matsushita Y,
Koyano K. Relationship between the bone density estimated by
cone-beam computed tomography and the primary stability of
dental implants. Clin Oral Implants Res 2012;23:832-6.

14. Kato CN, Barra SG, Tavares NP, Amaral TM, Brasileiro CB,
Mesquita RA, Abreu LG. Use of fractal analysis in dental images:
a systematic review. Dentomaxillofac Radiol 2020;49:20180457.

15. Zeytinoglu M, llhan B, Diindar N, Boyacioglu H. Fractal analysis
for the assessment of trabecular peri-implant alveolar bone using
panoramic radiographs. Clin Oral Investig 2015;19:519-24.

16. Hayek E, Aoun G, Geha H, Nasseh |. Image-based bone
density classification using fractal dimensions and histological
analysis of implant recipient site. Acta Inform Med 2020;28:272-7.

17. Magat G, Ozcan Sener S. Evaluation of trabecular pattern of
mandible using fractal dimension, bone area fraction, and gray
scale value: comparison of cone-beam computed tomography
and panoramic radiography. Oral Radiol 2019;35:35-42.



Samur Ergiiven S., Yildizer E., Ozkan A., Sahin Z. S., San S. K., Peker F.

Cilt: 13, Sayi: 1, 2024 Sayfa: 2-9

18. Mishra S, Kumar M, Mishra L, Mohanty R, Nayak R, Das AC,
Mishra S, Panda S, Lapinska B. Fractal dimension as a tool for
assessment of dental implant stability-a scoping review. J Clin
Med 2022;11:4051.

19. Kim JH, Lim YJ, Kim B, Lee J. How do parameters of implant
primary stability correspond with ct-evaluated bone quality in
the posterior maxilla? A Correlation Analysis. Materials (Basel)
2021;14:270.

20. White SC, Rudolph DJ. Alterations of the trabecular pattern of
the jaws in patients with osteoporosis. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 1999;88:628-35.

21. Salimov F, Tatli U, Kurk¢td M, Akoglan M, Oztung H, Kurtoglu
C. Evaluation of relationship between preoperative bone density
values derived from cone beam computed tomography and
implant stability parameters: a clinical study. Clin Oral Implants
Res 2014;25:1016-21.

22. Al-damal MFJ, Al-Jumaily HA. Can the bone density estimated
by CBCT predict the primary stability of dental implants? A New
Measurement Protocol. J Craniofac Surg 2021; 32:e171-4.

23. Gulec M., Tagséker M, Ozcan S. Tipta ve dis hekimliginde
fraktal analiz. EU Dishek Fak Derg 2019;40:17-31.

24. Hayek E, Aoun G, Bassit R, Nasseh I. Correlating radiographic
fractal analysis at implant recipient sites with primary implant
stability: an in vivo preliminary study. Cureus 2020;12:€6539.

25. Veltri M, Balleri P, Ferrari M. Damping factor for monitoring
the bone interface at dental implants. Clin Oral Implants Res
2007;18:738-42.

26. Gaalaas L, HennL, Gaillard PR, Ahmad M, Islam MS. Analysis
of trabecular bone using site-specific fractal values calculated
from cone beam CT images. Oral Radiol 2014;30:179-85.

27. Soylu E, Cosgunarslan A, Celebi S, Soydan D, Demirbas AE,
Demir O. Fractal analysis as a useful predictor for determining
osseointegration of dental implant? A retrospective study. Int J
Implant Dent 2021;7:14.

28. Oztiirk K, Kis HC. Peri-implant bone microstructural analysis
and comparison of resonance frequency analysis before
prosthetic placement: a retrospective study. Clin Oral Investig
2022;26:4967-75.

29. Gonzalez-Martin O, Lee EA, Veltri M. CBCT fractal dimension
changes at the apex of immediate implants placed using
undersized drilling. Clin Oral Implants Res 2012;23:954-7.

30. Magat G, Oncu E, Ozcan S, Orhan K. Comparison of cone-
beam computed tomography and digital panoramic radiography
for detecting peri-implant alveolar bone changes using trabecular
micro-structure analysis. J Korean Assoc Oral Maxillofac Surg
2022;48:41-9.



