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I. Introduction

Dental implants are a solid, fixed choice for the treatment 
of total and partial edentulism with high success rates both in 
primitive and recovered bone1,2. The use of dental implants in 
oral restoration has turned into a standard of interest in daily 

practice3. 
Primary and secondary implant stability is essential for ef-

fective osseointegration of dental implants. Stability depends 
on the quality and amount of bone, the surgical protocol, and 
the design of the implant4. In the weeks after the placement 
of the implant, primary stability becomes secondary stabil-
ity due to bone development and reconstruction at the bone-
to-implant interface. An essential element for long-lasting 
osseointegration of an implant-supported prosthesis is the 
counteractive actions of biomechanical intricacies, which rely 
on the loads on the outlying bone5. Peri-implant bone under-
goes a continuous cycle of remodeling that is fundamental to 
the capacity to maintain bone-to-implant contact (BIC) after 
loading6. Through clinical loading of implants, functional 
forces, stresses and strains, and prosthesis choice all impact 
BIC7. The survival rate of dental implants relies on the qual-
ity of bone that has been added to expand BIC8,9.

The micro-architecture of the trabecular bone affects im-
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plant stability8. Therefore, a density-based structural approach 
has been preferred. By performing a pre-surgical analysis 
of the trabecular structure, the outcome of treatment can be 
predicted and the success rate of the implant increased. In ad-
dition, the success of the implant can be monitored by radio-
graphs at regular intervals after implantation.

Recently, studies have shown that fractal dimensions (FD)10 
are useful for the evaluation of bone quality. Fractal analysis 
(FA) uses statistical surface examination of the trabecular 
bone microarchitecture and gives a numerical value for the 
complexity of an image11,12. It is a precise, cautious, and ac-
cessible method12-14. In dental radiology, FD computation has 
been used for the identification of bony changes associated 
with periapical periodontitis, periodontal diseases, bone sur-
gery, and systemic diseases6,10,15-17. FD analysis can be used to 
evaluate surface-related characteristics of BIC and to evalu-
ate trabecular bone structure in radiographs11,18,19. Several 
methods have been proposed for FD calculation, with the 
box-counting method20 being the most often used in dental 
radiology10.

As an optimum standard, routine histomorphometry is used 
to assess bone micro-architecture21. However, it is in vitro-
based, long-lasting, and costly. Micro-computed tomography 
(μCT) is accepted as a new first-rate method for measuring 
bone micro-architecture22,23, but has not been validated in 
clinical trials and has only been applied to small animals (in 
vivo) or biopsy (ex vivo) samples23.

CT is a more accurate method for quantitative evaluation 
of bone density, and its use has increased over the last 20 
years. Previous research demonstrated an association be-
tween bone density on CT and primary implant stability24,25. 
However, subjects were exposed to high radiation doses 
during CT scans. In the late 21st century, the cone-beam CT 
(CBCT) method was introduced for head and neck imaging 
was presented. The benefits of CBCT are high-level imaging 
resolution and the possibility of lower radiation doses and 
costs than CT24,26. However, CBCT has disadvantages includ-
ing scattering radiation and bone density values that are not 
compatible with intensity values. The contrast and resolution 
of CBCT are also reduced by scatter radiation and artifacts. 
However, significant correlations were demonstrated be-
tween the density level of CBCT and the Hounsfield unit 
(HU) of multi-slice CT in recent studies24,26. The relationships 
between CBCT-derived grayscale values (GSVs) and multi-
slice CT-derived GSVs were investigated by Pauwels et al.27, 
who observed questionable outcomes demonstrating a good 
correlation between CBCT and CT, as well as wide errors 

when using GSVs quantitatively. As a result, it is controver-
sial to derive density values from CBCT images. When the 
sensitivity of CBCT for measuring bone-related parameters 
(e.g., bone thickness) is thoroughly examined1, little informa-
tion is available about its utility for assessing the structure of 
peri-implant bone tissue28. No research has assessed the rela-
tionship between FD and GSV for indicating bone quality.

There have not been sufficient studies evaluating trabecular 
bone patterns by comparing digital panoramic radiography 
(DPR) and CBCT. Therefore, the suitability of CBCT for 
the evaluation of trabecular bone structure should be further 
researched. In this context, our primary aim was to compare 
the image qualities of DPR and CBCT using image analysis. 
We hypothesized that there are no statistically significant 
differences between CBCT reformatted panoramic images 
and DPR. Our second aim was to test the applicability of 
FD in dental implantology. The third aim was to investigate 
and compare changes in peri-implant bone structure after the 
functional loading of implants on DPR and CBCT images. 
The fourth aim was to analyze the relationships between 
GSV and FD values obtained with DPR and CBCT and bone 
quality.

II. Materials and Methods

This retrospective study was approved by the Local Re-
search Ethics Committee (No. 2018.01) and complied with 
the guidelines laid out in the Declaration of Helsinki (2013). 
Sixteen subjects with CBCTs taken about 2 weeks after 
implantation and one year after implantation were chosen 
among patients who had dental implants that replaced miss-
ing teeth in posterior mandibular sites at the Department of 
Periodontology, Necmettin Erbakan University Dentistry 
Faculty, Konya, Turkey, between 2014 and 2017. CBCTs 
were taken about 2 weeks after implantation to diagnose 
postoperative complications such as altered sensation. Ap-
proximately one year after implant placement, the second set 
of CBCTs were taken for patients with persistent subjective 
(not objective) findings such as taste changes, paresthesia, 
and tenderness in their jaws. The protocol complied with 
the guidelines of the American Academy of Oral and Maxil-
lofacial Radiology (AAOMR) regarding radiology in dental 
implantology29. In the first CBCT, the status of implants and 
anatomical structures were assessed. In the second CBCT, 
the condition of the implants after prosthodontic loading was 
re-evaluated. However, no problems were identified with 
implant operations and prostheses such as mobility or nerve 
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damage. Radiographically, there appeared to be no contact of 
the implant with the mandibular canal. Therefore, our sample 
was limited to only 16 patients.

1. Inclusion and exclusion criteria

Patients with the minimum bone width and height required 
for placing an implant, which is at least 11 mm in length and 
4 mm in diameter, without additional bone procedures before 
placing the implant in the posterior mandibular region were 
included in the study. Patients who had clinically and radio-
logically poor implant osteointegration, high-grade bruxism, 
a background of smoking, intensive alcohol consumption, 
chemotherapy and radiotherapy, pregnancy, liver pathology, 
hematologic nephropathy, inflammatory and autoimmune 
diseases of the oral cavity, and were immune-suppressed and 
using corticosteroids were excluded from the study. CBCTs 
of patients with no clinical or radiological problems sur-
rounding the implants were included in the study.

The same surgeon (E.O.) performed all surgical procedures 
with local infiltration anesthesia (Ultracaine D-S; Hoechst, 
Abdi Ibrahim, Turkey). A crestal incision was made. After 
that, a mucoperiosteal flap was elevated. Implant osteotomies 
were performed, following the recommendations of the Astra 
Tech Dental Implant System. A total of 60 implants (implant 
diameters and lengths, 4 mm×11 mm) (OsseoSpeed; Astra 
Tech, Mölndal, Sweden) were set in adequate mature bone 
with no fenestration or dehiscence in the posterior mandibu-
lar region. Implants were loaded three months after insertion. 
All prosthodontic rehabilitations were performed by the same 
specialist. The patients were evaluated every three months for 
plaque control and oral hygiene.

2. Radiological evaluation

All DPR images were obtained by the same digital pan-
oramic machine (Morita Veraviewepocs 3D R100-P; J Morita 
MFG, Kyoto, Japan) at 70 kVp, 10 mA, and 10 seconds. The 
images were then exported as TIFF files. CBCT images were 
acquired using a Morita 3D Accuitomo 170 (J Morita MFG) 
operated at 90 kVp and 5 mA, 17.5 seconds rotation time, 
voxel 0.25 mm, 100 mm field of view. The filtration compo-
nent was not added. The desired region of each image was 
located at the center of the CBCT and DPR machines. The 
occlusal and Frankfurt planes of each patient were positioned 
parallel to the ground according to the device protocols. The 
DPR and CBCT images were saved as TIFF files. All radio-

logic evaluations were performed by a dento-maxillofacial 
radiologist (G.M.) with ten years of experience.

3. Selection of regions of interest and fractal analysis

FD calculations were evaluated using the ImageJ 1.49× 
program (National Institutes of Health [NIH]; http://rsb.info.
nih.gov/nih-image). Regions of interest (ROIs) were selected 
among three regions around each implant in the posterior 
mandibular area. The ROI was set to a width of 25 pixels and 
a height of 50 pixels (25×50 pixels) at the first macro thread 
around the mesial and distal parts of every implant on DPRs 
and CBCT images. However, the ROI was set to a width of 
50 pixels and height of 25 pixels (50×25 pixels) at the last 
macro thread around the apical parts of every implant on 
DPRs and CBCT images since the implant was close to the 
mandibular canal.(Fig. 1) The ROIs were defined away from 
the crestal bone, the adjacent tooth roots and lamina dura, 
and other structural entities. Because remodeling develops 
throughout the bone that is within a 1 mm radius from the pe-
riphery of the implant7, the ROI was set to a width of 2.0 mm 
around the radius of the BIC to avoid artifacts created by the 
implant. Images with artifacts within the ROI field were also 
excluded from the study. 

The FD was measured according to the protocol of White 
et al.30. The ROIs were selected and filtered via Gaussian blur 
with a sigma value of 3. The obtained image was then sub-
tracted from the original image and 128 added at each pixel 
location to distinguish bone marrow spaces and trabeculae 

Fig. 1. Region of interest selection at mesial (25×50 pixels), distal 
(25×50 pixels), and apical (50×25 pixels) areas on digital pan-
oramic radiography and reformatted panoramic images of cone-
beam computed tomography.
Guldane Magat et al: Comparison of cone-beam computed tomography and digital pan-
oramic radiography for detecting peri-implant alveolar bone changes using trabecular 
micro-structure analysis. J Korean Assoc Oral Maxillofac Surg 2022
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and the ROI was binarized and outlined. The resulting image 
was eroded, dilated, and skeletonized. As a result, the final 
skeletal image was ready for FA. Finally, FD was measured 
using the ImageJ program with a box-counting algorithm (2-
64 pixels).(Fig. 2) 

The bone density measurements were based on the arrange-
ment of trabeculae on cross-sectional images of CBCT27. 
Hence, GSVs of CBCT images were evaluated on cross-
sectional images, which were created from the panoramic 
format to avoid including the cortical bone. Cross-sectional 
images of CBCT with 1 mm thickness at 0.08 mm intervals 
were reconstructed. Subsequently, in every image, a square 
ROI 4 mm2 in area was set in the cancellous bone of the im-
plant apex. As a result, the GSV at the implant apex of the 
ROI was measured with CBCT machine software.(Fig. 3) 
The measurements were calculated twice at a three-week in-
terval by the same oral and maxillofacial radiologist to ensure 
intra-observer agreement. All initial FD values of mesial, dis-
tal, and apical sides and GSVs of apical sides were compared 
with the values obtained at the 12-month postoperative evalu-
ation of functional loading of the implant.

4. Statistical analysis

We analyzed raw data using IBM SPSS Statistics software 
(ver. 21.0; IBM, Armonk, NY, USA). The methodology was 
reviewed by an independent statistician. Descriptive statistics 
were calculated and the Kolmogorov–Smirnov test was used 
to ensure normality. Since the data were not homogeneously 
distributed, non-parametric tests were used. Differences in 
DPR and CBCT FD values and GSVs immediately after 
implant surgery and at the 12-month postoperative evalua-
tion of the functional loading of the implants were assessed 
using the Wilcoxon test. Spearman’s test was used to assess 
correlations among GSV and FD measurements between the 

two specified periods. Values less than 0.05 were considered 
significant. The intra-observer agreement reliability was as-
sessed by calculating Cronbach’s alpha coefficients.

A power analysis software program was used for post hoc 
power calculation for data regarding FD. For n=60, group 
number 1 and α=0.05 calculated power value for 0.5 effect 
size is 100%.

III. Results

We included 16 patients (10 females, 6 males; mean age, 
56±10 years) with a total of 60 implants in the posterior 
mandibular area. All implants in this study were of the same 
brand (OsseoSpeed) with diameters of 4.0 mm and lengths 
of 11 mm. All implants functioned successfully and no com-

Mean GSV: 2089.38Mean GSV: 2089.38

4 mm
2

4 mm
2

Fig. 3. The selection of grayscale value (GSV) (4 mm2) at the im-
plant apex on the cross sectional image of cone-beam computed 
tomography (CBCT). The mean GSV was measured automatically 
by the CBCT software program.
Guldane Magat et al: Comparison of cone-beam computed tomography and digital pan-
oramic radiography for detecting peri-implant alveolar bone changes using trabecular 
micro-structure analysis. J Korean Assoc Oral Maxillofac Surg 2022
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Fig. 2. A. Region of interest (ROI) on digital panoramic radiography and cone-beam volumetric tomography images were cropped and 
transferred to ImageJ. B, C. The cropped ROI was duplicated (B) and then blurred with a Gaussian filter (C). D, E. The blurred image was 
subtracted from the original image (D), and 128 was added to the result at each pixel location (E). F. The resultant image was converted to 
binary, to set the image into trabeculae and marrow spaces. G, H. The binary image was eroded then dilated to reduce the noise before 
skeletonization. I. The skeletonized image was used for fractal analysis.
Guldane Magat et al: 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
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plications developed during the surgery. The subjects did not 
complain of pain or have signs of inflammation in the region 
surrounding the implants. The soft tissues around implants 
were evaluated with a periodontal probe, and no inflamma-
tion was noted. At 12 weeks after surgery, the implants were 
assembled with porcelain-fused-to-metal cemented crowns. 

The mean and standard deviation of FD values and GSVs 
for implants calculated right after implant surgery and at the 

12-month postoperative evaluation of functional loading of 
the implant on DPR and CBCT images are displayed in Table 1.

The Cronbach’s alpha values for intra-observer reliability 
ranged from 0.81 to 0.95. No significant differences were 
found between FD values obtained from DPR at the distal, 
apical, and mesial sides measured right after implant surgery 
and at the 12-month postoperative visit, or between FD val-
ues obtained from CBCT at the distal, apical and mesial sides 
calculated during the two specified periods (P>0.05).(Table 
2) There were no significant differences between GSVs ob-
tained from CBCT at the implant apex right after implant 
surgery and at the 12-month postoperative visit. There were 
no significant differences between FD values obtained from 
DPR and CBCT at the distal, apical, and mesial sides for both 
initial and final measurements (P>0.05).(Table 3) According 
to Spearman’s correlation tests, there was a significant cor-
relation between FD values obtained from DPR and CBCT at 
the distal, apical, and mesial sides assessed right after the im-
plant surgery and at the 12-month postoperative visit. How-
ever, GSVs at the implant apex were not correlated with the 
FD values obtained from DPR and CBCT at the distal, apical, 
and mesial sides after implant surgery and at the 12-month 
postoperative visit (P>0.05).

Table 1. FD values and GSVs after implant surgery and 12 months 
postoperative on DPR and reformatted panoramic images of CBCT 
(n=60)

Timing Mean±SD

After implant surgery DPR distal FD 1.17±0.09
DPR apical FD 1.14±0.09
DPR mesial FD 1.14±0.09
CBCT distal FD 1.18±0.07
CBCT apical FD 1.16±0.08
CBCT mesial FD 1.15±0.07
Apical GSV 2,118.53±366.00

12 months postoperative DPR distal FD 1.17±0.08
DPR apical FD 1.15±0.07
DPR mesial FD 1.15±0.08
CBCT distal FD 1.18±0.06
CBCT apical FD 1.15±0.07
CBCT mesial FD 1.16±0.07
Apical GSV 2,206.05±292.93

(FD: fractal dimension, GSVs: grayscale values, DPR: digital panoramic 
radiography, CBCT: cone-beam computed tomography, SD: standard 
deviation) 
Guldane Magat et al: Comparison of cone-beam computed tomography and digital pan-
oramic radiography for detecting peri-implant alveolar bone changes using trabecular 
micro-structure analysis. J Korean Assoc Oral Maxillofac Surg 2022

Table 2. Comparison of FD values after implant surgery and at the 12-month postoperative (postop) visit on DPR and reformatted pan-
oramic images of CBCT

Variable P-value

DPR distal FD after implant surgery to DPR distal FD at the 12-month postop 0.520
DPR apical FD after implant surgery to DPR apical FD at the 12-month postop 0.895
DPR mesial FD after implant surgery to DPR mesial FD at the 12-month postop 0.639
CBCT distal FD after implant surgery to DPR distal FD at the 12-month postop 0.560
CBCT apical after implant surgery to DPR apical FD at the 12-month postop 0.444
CBCT mesial FD after implant surgery to DPR mesial FD at the 12-month postop 0.567
Apical GSV after implant surgery to apical GSV at the 12-month postop 0.242

(FD: fractal dimension, DPR: digital panoramic radiography, CBCT: cone-beam computed tomography, GSV: grayscale value)
Guldane Magat et al: 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

Table 3. P-values between the FD values obtained from DPR and reformatted panoramic images of CBCT

Variable P-value

DPR distal FD after implant surgery to CBCT distal FD after implant surgery 0.178
DPR apical FD after implant surgery to CBCT apical FD after implant surgery 0.460
DPR mesial FD after implant surgery to CBCT mesial FD after implant surgery 0.271
DPR distal FD at the 12-month postop to CBCT distal FD at the 12-month postop 0.140
DPR apical FD at the 12-month postop to CBCT apical FD at the 12-month postop 0.196
DPR mesial FD at the 12-month postop to CBCT mesial FD at the 12-month postop 0.195

(FD: fractal dimension, DPR: digital panoramic radiography, CBCT: cone-beam computed tomography, postop: postoperative)
Guldane Magat et al: 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
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IV. Discussion

We compared changes in trabecular bone architecture mea-
sured on radiological images obtained after implant surgery 
and at 12 months postoperative. This study is the first evalu-
ating FD and GSV of peri-implant alveolar bone on DPRs 
and CBCTs immediately after implant surgery and at the 
12-month postoperative visit, and the relationships between 
FD values on DPR and CBCT.

All measurements were assessed on DPR and CBCT im-
ages. A dentomaxillofacial radiologist (G.M.) evaluated each 
image to ensure reliability and consistency. The Cronbach’s 
alpha values were excellent, demonstrating that the meth-
ods used for evaluation were dependable. All implants were 
placed by the same surgeon (E.O.) using the same technique 
and identical brands and implant sizes, to reduce experimen-
tal variation to a minimum. 

Koh et al.31 determined that the mandibular premolar-molar 
area was the best site to assess FD values from DPR images, 
while the posterior mandible was more suitable for mechani-
cal power and to display noticeable changes in the trabecular 
bone32. Therefore, we assessed implants in the posterior man-
dible in this study.

Trabecular bone evaluation has been a dependable standout 
among the most critical parameters for foreseeing long-term 
success in dental implant therapy. In this study, we analyzed 
trabecular patterns on DPR and CBCT images using FD 
measurements as well as correlations between GSV and FD 
values obtained from DPR and CBCT associated with bone 
quality. 

Trabecular bone has a branching pattern that displays frac-
tal properties such as self-similitude and the absence of a 
well-defined scale. Fractal geometry and FD measurements 
can be used to detect trabecular complexity and bone struc-
ture33. FA of the bone trabecular structure is suitable evaluat-
ing bone quality in clinical applications34. 

FD is a mathematical method to measure complex struc-
tures. Generally, more complex shapes possess higher FD. 
Southard et al.35 detected a positive relationship between bone 
density and FD measurements. As bone density increases, 
FD increases. In this study, FA was performed on DPR and 
CBCT images for the noninvasive assessment of trabecular 
bone structures to compare FD values between DPR and 
CBCT.

FD values of healthy bone ranged from 1.1 to 2.6816,35,36. 
This instability was predominantly caused by the issues of 
the FA itself rather than by various materials and strategies, 

anatomic areas, and ROI estimates used in every study. In 
the current study, FD values of DPR and CBCT for implant 
sites were 1.17±0.09, 1.14±0.09, 1.14±0.09, 1.17±0.08, 
1.15±0.07, 1.15±0.08, 1.18±0.07, 1.16±0.08, 1.15±0.07, 
1.18±0.06, 1.15±0.07, and 1.16±0.07 for distal, apical, and 
mesial areas, respectively, in alignment with values reported 
in the literature.

Very few studies have compared panoramic radiography 
and CBCT-related image quality for assessment of FD37-39. 
In previous studies, conventional panoramic radiographs had 
much higher spatial resolution than either CBCTs or medical 
CT due to image blurring. In this study, there were no signifi-
cant differences between FD values obtained from DPR and 
CBCT (P>0.05). Hence, DPR and reconstructed panoramic 
images of CBCT had similar image qualities for the assess-
ment of FD. On the other hand, no study has compared DPRs 
with CBCT using the FA for image quality. The present study 
was the first to clinically compare FD values obtained from 
DPR and CBCT in jaw bone morphometry.

The trabecular bone surrounding dental implants has been 
assessed occasionally in the past by FA13,34,40-42. In recent stud-
ies by dos Santos Corpas et al.40 and Ilhan et al.42, no changes 
in peri-implant bone tissue were found after loading. Mean-
while, some studies have found that there was a significant 
increase in mean FD value after prosthodontic loading34,41. 
Zeytinoğlu et al.13 however found that peri-implant alveolar 
bone did not significantly decrease or increase at 12 months 
post-implantation compared to 6 months post-implantation, 
similar to our results.

There are fewer studies considering the FD on CBCT. 
Hua et al.43 stated that the drop in CBCT FD values was 
significantly correlated with reduction of bone density as 
measured with dual-energy X-ray absorptiometry. González-
Martín et al.44 found that the mean FD value at the implant 
apex displayed a 3% increase in the 6 months following the 
emplacement. Huang et al.45 reported that FD results did not 
differ due to bone remodeling. In this study, analysis of the 
changes in peri-implant trabecular bone architecture did not 
reveal any significant differences immediately after implant 
surgery and at the 12-month follow-up. This result is consis-
tent with previous studies conducted by Jung17, Ilhan et al.42, 
and Zeytinoğlu et al.13. The differences between the results 
may also reflect the influence of physiological functions and 
mechanical loading on the trabecular bone architecture11. 
Related research showed that all implants lead to increases of 
bone density in the apical side, but the reason conventionally 
loaded implants demonstrate this pattern remains unclear46,47. 
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The periapical bone surrounding the implants may be ex-
posed to chewing stress over a longer time than implants that 
are loaded continuously. By avoiding early overwhelming 
stresses, the crestal bone around the implant that is loaded 
continuously becomes able to support the overloading capac-
ity and reduce the amount of load to the apical bone around 
the implant. This slight stimulation may produce bone in this 
peri-implant region27.

Studies based on bone density analysis of grayscale CBCT 
images are controversial. Several studies have reported high 
correlations between the intensity values of CBCT and HU 
of multi-slice CT24,26. Some researchers reported significant 
correlations between bone density and implant stability21. 
Throughout in vitro studies26, grayscale intensity values 
quantitatively measured in CBCT groups (GSV) were gen-
erally found to be higher than those obtained from the CT 
groups (HU). Technical factors such as X-ray beam harden-
ing, scatter radiation, and the “discontinuity-related effect of 
projection data” are said to cause this discrepancy. These are 
all affected by the contrast of the dynamic differentiation of 
CBCT scanners (8-14 bits) with multi-slice CT (16 bits)48. 
Along with increased radio-opacity (mineral content), radia-
tion hardening becomes more noticeable49. Clinicians should 
be aware of this fact when making clinical decisions. In the 
present study, the mean GSVs at the implant apex after im-
plant surgery and at the 12-month postoperative visit were 
2,118.53±366.00 and 2,206.05±292.93, respectively. There 
were no significant correlations with the GSVs obtained from 
CBCT and FD values obtained from DPR and CBCT after 
implant surgery and at the 12-month postoperative visit. No 
significant differences were observed between GSVs at the 
implant apex after implant surgery and at the 12-month post-
operative visit. 

The outcomes of this study demonstrate that loading stress 
did not increase FD values and GSVs. Three important fac-
tors that affected bone-related responses to loaded dental 
implants were mechanical effects, implant design, and im-
plant surface characteristics16. All of the implant fixtures 
(OsseoSpeed) used in the present study had the same surface 
treatment, implant-abutment interface (conical seal design; 
Astra Tech), and thread characteristics. We confirmed that 
trabecular bone displays directional anisotropy of its mechan-
ical components and design, dependent on its physiological 
function and mechanical loading over the skeleton50. More 
research is needed to fully standardize image processing 
methods, minimize artifacts, and optimize the reconstruction 
algorithm for practical clinical applications of CBCT in peri-

implant bone tissue analyses45.
There are a few limitations to this study. First, this study 

concentrated on recognizing changes in trabecular architec-
ture on clinical digital images using FA. No comparisons 
were performed with other diagnostic techniques. FD, which 
is obtained from CT images and micro-CT, has greater po-
tential to interpret the microarchitecture of bone and facilitate 
the whole characterization of trabecular mesh than other 
modalities43. Although using both radiographic techniques in-
creases radiation exposure, this can be reduced to a minimum 
by careful choice of exposure parameters. Analysis of 3D 
images may be more popular than 2D images in the future. 
Second, we used a short follow-up period, but the amount of 
peri-implant trabecular bone increases over a period of longer 
than one year13. Additional long-term studies are required to 
assess the relationships between FD changes and functional 
loading. Third, we used a combined surgical procedure with a 
single type of implant design. Additional studies are required 
to determine the impacts of various dental implant systems 
on trabecular bone structure. Finally, we included a single 
CBCT model. It has been demonstrated that there is signifi-
cant inconsistency in spatial and contrast resolution between 
CBCTs, with the model used in this study to be a leading 
choice on the image quality range scale27. Therefore, no con-
clusions can be made regarding CBCT as a whole as noted 
above, and differences between CBCTs as a result of varying 
exposure and reconstruction factors should be further investi-
gated. The GSVs in this study should not be applied to other 
CBCT devices until directed by further predictive studies.

V. Conclusion

This study revealed that DPR and CBCT are useful for as-
sessing trabecular bone design. The DPR and reconstructed 
panoramic images of CBCT have similar image quality for 
the assessment of FD. The FD values and GSVs of the peri-
implant trabecular bone architecture did not show changes at 
the 12-month postoperative evaluations of functional loading 
of the implants, and the FD values obtained from DPR and 
CBCT immediately after implant surgery and at the 12-month 
postoperative visit were not correlated with the GSV. There-
fore, GSVs representing bone mass do not support FD values 
that predict bone microstructure. We recommend that these 
measures should be considered different parameters for as-
sessing bone quality. The use of CBCT for FD analysis would 
contribute towards avoiding the superimposition of cortical 
bone on trabecular bone, which would give rise to more pre-
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cise FD values. However, considering the radiation dose, im-
age resolution, and expenses of CBCT machines, it is more 
appropriate to use DPR instead of CBCT. FD is applicable 
and makes clinical sense in implantology. More detailed 
studies are needed to confirm these outcomes and to test their 
clinical appropriateness.
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