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Abstract

Radiography is essential in assessing osseointegration, specifically when using periapical
radiography, a technique designed for evaluating osseointegration in dental implants.

Therefore, this study aimed to analyze the density and microstructure of the osseointegration
process in dental implants, both with and without the addition of gambir (Uncaria gambir Roxb.),
through periapical radiography. The method used was an observational analytic comparative with a
cross-sectional design involving a total sampling of rabbit tibia bone with dental implants installed
on days 3, 14, and 28. In total, 24 periapical radiography images of the samples, taken over a span
of 28 days, were selected using a total sampling technique, covering both gambir and control
groups.

The normality test was performed using the Shapiro-Wilk test, the qualitative assessment
employed the Mann-Whitney test, and the quantitative assessment involved one-way ANOVA along
with post hoc tests. The results showed that the average values per time in both gambir and control
groups had p-values > 0.05 for all variables. However, for bone volume/total volume (BV/TV) in the
control group over time, the p-value was < 0.05. A descriptive trend emerged, showing superior
values in density and microstructure between gambir and control groups across different time
intervals of days 3, 14, and 28 when employing periapical radiography. Additionally, it was

important to note that no statistically significant differences were observed.
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Introduction

The popularity of dental implant treatment
among the public is increasing and projected to
continue rising until 2026. In Indonesia, the
prevalence of the usage of this device is
expected to reach 0.2% by the same year.'
Implant failure often originates from infections,
with peri-implantitis being the most common,
affecting 34% of patients. Furthermore, the
dental implant failure rate associated with this
infection was 3.11%.2 Due to the high cost of
dental implant treatment, precise and accurate
evaluations are imperative. The efficiency of the
device can be evaluated through various
parameters, such as minimal bone loss in
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radiographic images.?
Gambir plant (Uncaria gambir Roxb.), which
often grows in abundance in Indonesia, has

drawn attention.” Its extract contains several
flavonoid components, with catechin comprising
a significant portion (7-33%).*Activity tests have
shown that gambir catechin isolates exhibit
various pharmacological activities, including

antioxidant, antibacterial, and anti-inflammatory.s'

8 . . .
- The mechanism of flavonoids as anti-
inflammatory agents involves inhibiting COX-2

. 9,10
enzymes to control pain and edema. They
also play a role in stimulating the formation of
osteoblasts and osteoclasts during the
remodeling phase, thereby aiding the implant

osseointegration process.11

Osseointegration is a critical aspect and
one of the prerequisites for the success of dental
implants.' 2 Furthermore, it closely correlates
with the bone healing process, which consists of
3 phases, namely hemostasis and inflammation,
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proliferation, as well as remodeling.”*'* During
the inflammation phase, the peak expression of
TNF-a occurs on day 3 after implantation,
followed by a subsequent decrease.®® The
highest BMP-2 gene expression after tooth
extraction is observed between days 7 and 14,
corresponding to the proliferation phase.'® The
remodeling process typically begins around day
21 and continues for 1 year or after 4 weeks. The
outcomes observed were stabilization of bone
remodeling around the implant and an increase
in the amount of bone matrix."*"

Assessment of density through the mean

value of grey, fractal dimension (FD), and
microstructure can provide insights into the
osseointegration  process in the bone.

Microstructure parameters can directly, including
bone volume over total volume fraction (BV/TV),
trabecular  thickness  (Tb.Th), trabecular
separation (Tb.Sp), and trabecular number
(Tb.N), offer direct and accurate depictions of the
bone osseointegration process.®

Periapical radiography offers several
advantages, including cost-effectiveness,
accuracy, widespread availability of tools in
dental clinics and hospitals, minimal distortion,
accurate image production, minimal
superimposition, as well as detailed depiction.'®?°
Rabbits serve as a good model for bone
investigations due to their close resemblance to
human bone conditions.?' Rabbit tibia bone used
in this study was relatively small, allowing
periapical radiography to provide a more focused
image.m'20

The selection of day 3 as a time point was
based on the peak expression of TNF-a after
implantation, followed by a decrease.?*?® Day 14
corresponds to the period of highest BMP-2 gene
expression during the proliferation phase.
Furthermore, the BMP-2 speed plays a role in
osteogenesis.'®** Jaqueline et al. stated that
microstructure values continued to improve over
time until day 28. This aligned with the activities
of osteoblast and osteoclast.?

Praneeth et al. conducted a study
exploring various strategies to enhance
osseointegration, such as using Moringa oleifera
plant gel during dental implant placement. This
led to new bone formation without degenerative
changes and a shortened osseointegration
period.15 Alghamdi investigated methods to
improve osseointegration in low-quality bone
(Type-IV) by applying drug coatings to the

implant surface. The results indicated the need
for surface  modifications to  enhance
osseointegration within the bone.?® Smeets et al.
stated that surface modifications of dental
implants were essential for minimizing bacterial
adhesion, boosting osseointegration, and
preventing peri-implantitis.?’

According to previous investigations and
insights, it becomes viable to consider a novel
method by modifying the surface of dental
implants using another natural element, such as
gambir. Therefore, this study aimed to analyze
the differences in osseointegration microstructure
and density around dental implants in rabbit tibia.
Periapical radiography images at different time
intervals (days 3, 14, and 28), both with and
without the addition of gambir.

Materials and methods

This study was approved by the Animal
Ethics Commission, Faculty of Veterinary
Medicine, Bogor Agricultural University under the
number 006/KEH/SKE/II/2021 as well as the
Dental and Oral Hospital of Padjadjaran University
under the number 224/UN6.RSGM/TU.00/2023.
This study was conducted from January to March
2023, at the Oral and Dental Radiology Installation
of the Dental and Oral Hospital, Padjadjaran
University.

This study employed an observational
analytic comparative method, using rabbit tibia
bone with dental implants over 28 days. The
population consisted of periapical radiography
images of the samples, while the treatment was
the addition of gambir extract. The inclusion
criteria considered were clear periapical
radiography images of rabbit tibia bone sections
with dental implants at time intervals of 3, 14, and
28 days, both with and without the addition of
gambir. Gambir extract was obtained from dry
leave of Gambir and extracted in Chemistry
Laboratory, Faculty of Chemistry, Padjadjaran
University.?® A total sampling method was
employed in this study, resulting in a sample size
of 24 periapical radiography images of rabbit tibia
bone sections with dental implants,
encompassing both those with and without
gambir.

The following materials and tools were
used: rabbit tibia bone sections with dental
implants over a 28-day period, both with and
without ~ gambir;  periapical  digital  focus
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instrumentation format of the Cliniview software
(Cliniview Software, Finland); conventional x-ray
equipment, computer (Toshiba Portege Intel Core
13, Tokyo, Japan) with Windows 7 (Microsoft,
Washington, USA); phosphor plate sensor; and
red U-shaped clay used as the sample base.?
Additionally, some other tools included a dental
implant by dentist brand (DENTIS Co., LTD.,,
Dong-gu, South Korea) made of Ti-alloy grade 4
with a length of 7 mm and diameter of 4 mm, over
3, 14, and 28 days, ImageJ (National Institutes of
Health, US) software for analyzing density and
microstructure, as well as SPSS 28.0.1 (SPSS,
Chicago, lllinois, USA) software for data
processing. The experimental setup involved in
periapical radiography shows in Figure 1.
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Figure 1. The experimental setup involved (a)
Placing rabbit tibia bone in the molar region of a
jaw model made of clay, and (b) Using a
periapical radiography apparatus.
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Figure 2. The use of ImageJ software to assess

density and microstructure in bone

osseointegration processes.

Data for this study was collected through
observations. A total of 24 periapical radiography
images of dental implants in rabbit tibia were
quantitatively analyzed using ImageJ software.
The use of ImageJ software to assess density and
microstructure in bone osseointegration processes
can be seen in Figure 2. The indicators assessed
were density, FD, BV/TV, Tb.Th, Tb.Sp, and Tb.N,
around the dental implants in rabbit tibia. The
procedures involved opening the software,
selecting periapical radiography images to be
investigated, and creating a U-shaped region of
interest (ROI) with a width of 1 mm using the
freehand tool. Subsequently, the density, FD,
Tb.Th, and Tb.Sp, as well as BV/TV, were
analyzed using the histogram, fraclac, the local
thickness, and the area/volume fraction plugin,
respectively. Finally, Tb.N was calculated using
formula 1/(Tb.Th + Tb.Sp), followed by the
recording of both the data and analysis.

The  differences in  density and
microstructure assessment in radiography images
of dental implants with and without gambir were
tested using the Mann-Whitney Test. This test
was conducted to determine the presence or
absence of a significant difference in the Mean of
2 independent samples. Due to the relatively low
sample size in this study, a normality test was
performed on the osseointegration assessment
data, namely density, FD, BV/TV, Tb.Th, Tb.Sp,
and Tb.N, using the Shapiro-Wilk test. Meanwhile,
the paired t-test was conducted in 3 replications to
examine the consistency of the assessment.

Results
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Figure 3. Effect of Gambir on bone density and
microstructure (a) Density, (b) BV/TV, (c) Fractal
dimension, (d) Trabecular thickness, (e)

Trabecular separation, (f) trabecular number.
Data are shown as the mean + standard deviation.
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The sample was collected through the
selection of subjects that met the inclusion
criteria. Furthermore, it consists of 24 periapical
radiography images of dental implants in rabbit
tibia, both with and without gambir treatment,
observed over time variations of 3, 14, and 28
days. The sample was assessed for density,
BV/TV, FD, Tb.Th, Tb.Sp, and Tb.N. The
osseointegration density and microstructure
assessment results were shown in Figure 3.

Based on Figure 3, both of control and
gambir treatment, the density(Figure 3a),
BV/TV(Figure 3b), FD(Figure 3c), and
Tb.Th(Figure 3d) values show an increase trend
in treatment time manner, then the values of
Tb.Sp(Figure 3e) and Tb.N(Figure 3f) were
decrease in the treatment time manner trend.
The BV/TV value, with gambir treatment, was
increased from day 3 to 14 and decreased on
day 28 (Figure 3(b)). In contrast, BV/TV value of
control treatment was increased over time
treatment. The normality test results for all
variables are presented in Table 1. Table 2.
Shows the comparison of each variable between
treatments.

variable values exhibited insignificant differences
at each time interval, with p-values > 0.05.

Variable Mean (SD) p-value®
Control Gambir
Density Day3 2379 (:0.127) 2417 (:0.085) _ 0.718
Day14 2418 (:0.203)  2.423 (:0227)  0.964
Day28 2437 (:0.020)  2.511(:0.123)  0.743
BVITV Day3  0.0100 (x0.0000) 0.0102 (£0.0005) 04762
Day14 0.0102 (:0.0005) 0.0105 (:0.0005) 0.4762
Day28 0.0105 (:0.0005) 0.0102 (:0.0000) 0.4762
Fractal Day3 1367 (:0.039)  1.386 (:0.043) 0421
(DFig';a"Sim Day 14 1377 (:0.043) 1394 (:0.015)  0.457
Day28 1.384 (:0.014)  1.416 (:0.027)  0.191
Trabecular Day3  0.977 (:0.006)  0.9937 (£0.029)  0.255
Thickness o014 0983 (:0.015)  1.002 (:0.173)  0.189
(TbTh)
Day28 1.006 (:0.012)  1.014 (+0.028)  0.558
Trabecular Day3  0.0205 (£0.001) _ 0.0200 (£0.003) _ 0.793
(Sfbpg‘;?m" Day 14 0.0200 (:0.001)  0.0187 (:0.004)  0.529
Day28 0.0200(:0.003) 0.0182 (£0.001)  0.373
Trabecular Day3  1.004 (:0.008)  0.987 (:0.026)  0.221
F‘T‘m)’er Day 14 1.000(x0.017) 0979 (x0.011)  0.129
Day28 0.985(x0.012)  0.968 (:0.027)  0.709

Table 2. Comparison of each variable between
treatments.

Variable Day 3 (p-value) Day 14 (p-value) Day 28 (p-value)
Gambir Control Gambir Control Gambir Control Treatment Comqarison p-value*

Density 0312 0206 0333 0258 0.64 0.306 overtime  Densty BVIV  FD  ToTh  TbSp  TON
BV/TV 0.441 0.000 0.307 0.361 0.441 0.307 Control  Day3&14 0998 0976 0998 0997 1000  1.000
FD 0.380 0.188 0.228 0.441 0.207 0.352 Day14&28 1000 0976  1.000 0615 1000  0.369
TeTh 0.301 0.225 0.265 0.205 0.339 0.250 Day3&28 0977 0695 0977 0382  1.000  0.242
kS 0.236 0.283 0.275 0.293 0.441 0.236 Gambir  Day3&14 1000 0976 0999 0989 0985  0.089
Toh 0.298 0208 0333 0260 0358 0.296 Day14&28 0957 0976 0939 0955 1000  0.961
Table 1. Normality test results for all variables. Day3&28 0045 1000 0808 0694 0938 0717

Note: The p-value for the Shapiro-Wilk test was used to assess the
normality of the data. When this value was less than 0.05, it
indicated that the data were not normally distributed.

The results of the Shapiro-Wilk normality
test on the 6 variables showed a normal
distribution pattern for the data. Specifically, p-
values greater than 0.05 were obtained for all
variables, except for the control group data in the
BV/TV variable on day 3, where it was less than
0.05. This signified that the data for this variable
did not follow a normal distribution.

From Table 3, the analysis of variance
(ANOVA) results between the different time

points within each group showed p-values > 0.05.

This signified the absence of significant
differences among the time intervals and
treatments. The Kruskal-Wallis test results for all

Table 3. Comparison of each variable over time.
Description: *) The p-value is obtained from the Analysis of
Variance test (density, BV/TV, TbTh, TbN in both groups) except for
BV/TV in the control group using the Kruskal-Wallis test.

Discussion

In the context of the healing process, the
evolution of bone structure over time is a
dynamic phenomenon. In the initial phases,
trabecular patterns appear thinner and more
sparse, gradually thickening in subsequent
phases.? The assessment of bone strength and
structure often relied on factors such as mass,
geometry, and quality.®® For this study, BV/TV,
FD, Tb.Th, Tb.Sp, and Tb.N were employed as
measures of bone growth around implants.3' FD
offered insights into the intricate structural pattern
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of bone in relation to its density value.®* BV/TV
represented the bone volume within the tissue
volume.®® During the healing phase, the sample
was subjected to compaction and maturation to
support its increasing volume."” Tb.Sp reflected
the mean distance between trabecular bone,
where narrower gaps correspond to higher
density.>®* Meanwhile, Tb.Th represented the
mean thickness of trabecular bone and is closely
associated with increased values of BV/TV and
Tb.N. Furthermore, it described the number of
trabeculae per unit bone length.>*** This
correlates with increased new bone formation,
resulting in an augmentation of trabecular bone.
The quality of bone evolves in accordance with
conditions and time, influenced by factors such
as hormones, vitamin intake, and mechanical
properties.?®

Gambir, containing flavonoids, acts as an
anti-inflammatory agent by reducing the activity
of the enzyme lipoxygenase, thereby inhibiting
leukotriene activity and the activation of
leukocytes during inflammation processes.*® The
plant can also inhibit cyclooxygenase enzymes,
impeding prostaglandin formation and hindering
the oxidation of arachidonic acid, which leads to
the prevention of reactive oxygen and chemical
mediators.*® As a result, the inflammation
process is accelerated and bone healing is
facilitated. In this phase, the density and
microstructure of bone are higher in gambir
group compared to the control.

Previous studies indicated that
osseointegration significantly impacted implant
stability within the bone.*' FD values showed an
increase from the inflammation phase to day
28.% According to Jaqueline et al., BV/TV, Tb.Th,
and Tb.N increased while Tb.Sp decreased over
time until day 28, aligning with osteoblast and
osteoclast activities.?*

The osseointegration assessment results
on days 3, 14, and 28 do not exhibit significant
differences across all variables, thereby not
demonstrating the quantitative effectiveness of
gambir extract in the bone healing process at this
point. The lack of significance was attributed to
all variables having p-values > 0.05 in the paired
t-test, variance, and Kruskal-Wallis tests.
However, gambir and control groups, along with
their developmental changes over time, showed
better values at each phase. This aligned with
literature indicating that the flavonoids in the
plant were considered effective anti-inflammatory

agents and expected to facilitate
osseointegration.®

Based on descriptive statistical
calculations, the values for density and
microstructure on days 3, 14, and 28 improved
over time. Theoretically, on day 3, monocytes or
macrophages penetrated the wound through the
mediation of monocyte chemoattractant protein 1
(MCP-1). Macrophages secrete proteases to
degrade the extracellular matrix (ECM), crucial
for removing foreign materials, stimulating cell
movement, and regulating ECM turnover.' Day 3
marks the inflammation phase in the bone
healing process, with the highest expression of
TNF-a occurring on this day. This increased
expression leads to inflammation and inhibits
osteoblast formation during bone development.
On day 3, the periphery of the implant adjacent to
the bone experiences hypoxia, causing an
inflammation process. During this process, ion,
water, and protein absorption occur. There was
also an increase in Runx2, Wnt, TGF-B3, Osterix,
Osteocalcin, ALP, and Osteoprotegerin, which
play roles in the maturation and inhibition of bone
formation. Additionally, it inhibits COX-2, TNF-q,
RANKL, TRAP Enzyme, Nf-Kb, Caspase-3
reaction, and Fenton reaction, regulating
osteoclasts and degradation during inflammation.
At this phase, the immature bone mesh was
observed to develop from the endosteal origin to
fill over half the bone marrow volume around the
implant after 1 week.242842

On day 14, Vascular Endothelial Growth
Factor (VEGF), a potent angiogenic factor, was
generated by keratinocytes, macrophages, and
fibroblasts during the healing process.™ During
this phase, epithelialization occurred, involving
the reconstruction of damaged layers.”® The
tissue scar remodeling phase was the longest in
the healing process. According to Takeshita et
al., the initial formation was resorbed after 14
days and replaced by mature flat bone, mostly in
contact with the implant. Day 14 signified the
proliferation phase with BMP-2 being the highest
gene expression, 243942

On day 28, a significant transformation
took place as the bone marrow space and
trabeculae appeared thicker. This phenomenon
arose as the bone matrix was densified, marked
by the growth of mature bone fibers, known as
lamellar bone, in the interface region between the
dental implant and the surrounding bone. The
maturation process was accompanied by the

rapid
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formation of osteons.*? During this phase, there
was a noticeable decline in the levels of certain
inflammatory cytokines, while others such as
TNF, IL-1, and BMP-2 remained elevated.*® This
transition towards lower inflammation levels was
reflected in radiographic images, which started to
exhibit increased radiopacity. The density and
microstructure values on day 28 tended to be
higher, primarily due to the formation of a mature
bone matrix and the maturation of collagen
fibers. These changes marked the initiation of the
osseointegration process, a critical step in
implant stability. However, it is worth noting that
Tb.Sp showed a further decrease at this phase,
indicating a denser bone structure.** The
remodeling process drastically enhanced wound
resistance strength, and it was underpinned by
the transformation from collagen type Il to type I.
A significant increase in strength occurred from
weeks 3 to 6 after wound, with maximum wound
resistance strength reaching 90% of normal
tissue strength.™

Based on descriptive statistical
calculations, the results showed that the values
in gambir group were superior. This was
consistent with the mechanism of flavonoids as
anti-inflammatory agents, inhibiting COX-2
enzymes to control edema and pain.
Furthermore, flavonoids were implicated in
facilitating osteoblast and osteoclast formation
during the remodeling phase for implant
osseointegration.®®

The quality characteristics of bone were
assessed by analyzing its microstructure.
According to Jaqueline et al., BV/TV, Tb.Th, and
Tb.N consistently increased, while Tb.Sp
decreased over time up to day 28, in line with
osteoblast and osteoclast activity.?* The quality of
bone evolved in accordance with conditions and
time, influenced by various factors such as
hormones, vitamin intake, and mechanical
properties.?’ The lack of a significant gambir
effect could stem from intervention, such as
infection, affecting the value and dose provided,
which was not optimal for achieving the desired
results. An optimal dose of flavonoids was
expected to yield positive results for bone
health.*

Analysis based on 2D image
measurements using ImagedJ software heavily
depended on the regions of interest (ROls)
selected, making it a challenging procedure.?
Delphine P Antony et al. stated that periapical

radiography, CBCT, and panoramic radiography
had an accuracy of 70, 91.3, and 54%, for
detecting bone structure.*® However, the
periapical radiography apparatus remained
significant and served as a foundation for
decision-making in the assessment of dental
implant osseointegration. This would be followed
by further examinations using electron
microscopy and histomorphometry analysis.

Conclusions

In conclusion, osteointegration evaluation
of dental implant osseointegration in rabbit tibia
with and without gambir was performed using 24
periapical radiographic images. The results
showed a descriptive trend with better values in
density and microstructure (density BV/TV, FD,
Tb.Th, TbSp, and Tb.N) between the two
treatments (gambir and control groups) and
various time intervals of days 3, 14, and 28.
However no statistically significant differences
were observed between grops.
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