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Abstract

INTRODUCTION. Metal, polymer, and ceramic implants are examples of biocompatible implants that are fre-
quently suggested to enhance osseointegration and promote bone formation. The goal of this study was to
improve osseointegration by developing a new interface. This contact exists between bone tissue and the poly-
meric component. Silicon dioxide material is applied to PEEK (polyether ether ketone) plastic in this work coat.
MATERIALS AND METHODS. Thirty New Zealand rabbits received sixty implants. Each rabbit has two implants in
its tibia. Ten rabbits were scarified at two, four and six, weeks following implantation. The left tibiaimplant was ex-
perimental (coated with silicon dioxide), while the right tibia implant was control (uncoated) for every animal. Fol-
lowing hematoxylin and eosin staining, each section was histologically inspected and evaluated for histomorpho-
metric analysis to count bone cells (osteoblast, osteocyte, and osteoclast) and the area of new bone is formed.
RESULTS. In comparison to control groups, histological results for silicon dioxide-coated PEEK implants
showed a more rapid of bone growth, mineralization, and maturation. Significant difference of histomorpho-
metric examination of every bone parameter was very high between the control and experimental groups
during the course of all healing intervals.

CONCLUSIONS. According to the current study, the nano-silicon dioxide coating promotes faster osseointe-
gration than an uncoated implant, improving bone formation and increasing the healing rates.
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Pe3iome

BBEAEHUME. MeTannuyeckue, NONMMMEpPHbIE N KEPAMUYECKME UMIMIaHTaTbl ABASAIOTCS Npumepamm 61ocoB-
MECTUMBIX UMTMJIAHTaTOB, KOTOPbIE YaCTO PEKOMEHAYIOTCA 415 YYYLLIEHNA OCTEOUHTErpaLLmnm 1 CTUMYNALN
bOopMUPOBAHNSA KOCTHOM TKaHW.

LIE/1b. MoBbIWEHNE OCTEOUHTErpPaLMKM 3a CHET pa3paboTKM HOBOro MHTepdeica, KOTopbIi dopMmnpyeTcs
MeXy KOCTHOWN TKaHbIO U MONIMMEPHbLIM KOMNOHEeHTOM. B aTo paboTte Ha nnacTtuk PEEK (nonundenunncynb-
GOHITUIIKETOH) HAHOCUTCSH MNOKPbLITUE U3 ANOKCUOA KPEMHUS.

MATEPUAJbI U METOAbI. TpuauaTtn kponukam nopofabl HoBas 3enanans MMniaHTMpoBanm B 06LLein Cnox-
HOCTW LIECTbAECAT MMMNAAHTATOB. Y KaXA0ro Kponuka Obiin nNo ABa uMnnaHTaTa B 60nbLeb6epL0oBOi KOCTH.
[ecsatb KponukoB 3abuBanu Ha cpokax 2, 4 n 6 Hegenb Nocne UMmnnaHTaunn. mnnanTtaT B 1eBon 6onbLiue-
06epLoBOM KOCTK Dbl 9KCMEPUMEHTANbHBLIM (MOKPbLIT ANOKCUAO0M KPEMHUS), @ B NPABOWN — KOHTPOJIbHbIM (63
nokpbITKA). Nocne okpalumeaHsg reMaTokCUINHOM U 303UHOM KaxX bl cpes3 noaBeprancs rmCTonorm4ecko-
My MCCneaoBaHUIo N TMCTOMOPHOMETPUYECKOMY aHann3dy ANs noacyeTa KOCTHbIX KJIETOK (0cTeo6nacTos,
OCTEOLMTOB 1 OCTEOKJIACTOB) U OLLEHKW MoLWaAn BHOBb 00pa30BaHHOM KOCTH.

PE3YJIbTATbI. B cpaBHeHWN C KOHTPOIbHBIMW FPYMMNaMu, FTMCTONONMYEeCKNEe AaHHbIE MoKa3anu, YTo UMIMIaH-
TaTbl PEEK ¢ nokpbITMeM n3 gnokcmaa kpeMHus cnocobcteoanm 6osiee ObICTPOMY POCTY KOCTU, MUHEpPan-
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3aunm 1 ee co3peBaHnio. Pasnnynsa no Bcem rmctoMmopdoMeTpnIecknm napaMmeTpam KOCTHOM TKaHN Mexay
KOHTPObHOWM N 3KCMEPUMEHTANBbHOM rpynnamu 6b11n BbICOKMMM HA BCEX 3Tanax 3aXXnBeHus.

BbIBOAbl. CornacHo pesynsratam UccneaoBaHusi, HAaHOMOKPbLITUE N3 ANOKCUOA KPEMHUS YCKOPSET OCTe-
OWHTErpaumio nNo CPaBHEHUIO C HEMOKPLITEIMU MMMAaHTaTamMu, yaydwaet GOpMMPOBAHME KOCTHOM TKaHU

M NOBbILLAET CKOPOCTb 3a>XXNBJIEHUSA.

KnioueBbie cnoBa: popMnpoBaHme KOCTU, ANOKCUA, KPEMHUS, UMMNNaHTaT, ocTeonHTerpauvs, PEEK

UHdopmauumna o ctatbe: noctynuna — 05.10.2026; ncnpasnena — 17.12.2025; npunata — 29.12.2025

KoH)AUKT uHTepecoB: ABTOPbLI cO06LWAOT 06 OTCYTCTBUM KOHMINKTA MHTEPECOB.

bnarogapHocTu: CDVIHaHCI/IpOBaHVIe nmnHanemnayalJibHble 6naro,£|.apH00T|/| ana neknapunpoBaHUda OTCYTCTBYIOT.

Ana umtupoBaHua: Xanaep 94.M., xxann I X., @atanna A.A., Moxammep P.A. lMctonornyeckoe 1 rmctoMop-
domeTpuyeckoe nccnegosaHue nmnnaHtatoB PEEK ¢ HaHouacTuuamm SiO, 1 x BAMSIHUE Ha OCTEeOMHTEerpa-
LI Y KPONMKOB. SHA0A0HTHsS Today. 2026;24(1):136-142. https://doi.org/10.36377/ET-0169

INTRODUCTION

The goal of biomedical implants is to get the patient’s
biomechanical activity back to normal. Using a range
of technical materials, the implant device is matched
with the surrounding tissue to produce effective results.
which, given the complexity of biological systems, is
a difficult undertaking [1; 2]. In order to support a den-
tal prosthesis, a dental implantation surgical process is
utilized to connect the implanted tooth or teeth to the
jaw bone. Osseointegration, the biological process that
allows a close link to the materials with bone, serves as
the foundation for modern implants [3-5].

On the other hand, osseointegrated dental implants
are those with pores that osteoblast cells and the con-
nective supportive tissue can migrate into. In the context
of oral implantology, this describes bone that grows di-
rectly up to the surface of dental implants without a layer
of soft tissue in between [6]. It can also be defined as
a process that is immune-driven which leads to the for-
mation of the new bone surrounding the surface of the
implant rather than a pure response of the bone [7]. Due
to earlier differentiation and proliferation of bone-for-
ming cells, osseointegration can be augmented by the
new bone formation and mineralization that accelerate
the treatment of surface of the implant site [8].

The topography and chemical characteristics of
the implant surface are crucial for osseointegration.
In order to promote cell growth and proliferation, and
improve wettability. There are also chemical, physical
and mechanical techniques used for treating implant
surface that alter implant surface energy and topogra-
phy [9]. Implant surface roughness has a direct impact
on the quality of the bone-implant contact [10]. The pri-
mary techniques that are known to produce roughness
in implants are titanium plasma spraying, sandblasting,
acid etching, and coating with bioactive material. To
enhance biological properties of dental implants mo-
dern innovation like microtopography and nano-topog-
raphy are being used [11]. In general, the implant rough
surface is preferable for osteoblasts for the adhesion,
multiplication, and collagen making. While implant
smooth surface is preferable for the secure adhesion
of epithelial and fibroblast cells. Additionally, implants
with moderate surface roughness demonstrated im-
proved stability and bone ingrowth, enabling early me-
chanical loading [12; 13].

The thermoplastic (PEEK) polyether ketone ketone
is suitable for a variety of sterilizing processes, inclu-
ding as autoclaving, ethylene oxide, and gamma irra-
diation, because to its inert chemical structure and high
temperature tolerance. Furthermore, PEEK’s modulus
of elasticity is half that of cortical and trabecular bone.
Because PEEK has fewer mechanical incompatibilities
with bone tissue than metal implants, which could les-
sen stress shielding, itis favored in a range of therapeu-
tic applications [14]. Consequently, the majority of im-
plant applications began utilizing polymers in addition
to metals since they offer superior peri-implant tissue
recovery detection [15]. Some employ polymers as ba-
sic components in the design, while others use them as
a material to coat the metal component [16]. To raise the
likelihood that the implanted portion will be accepted
and to enhance the body’s capacity to integrate with it.
Reduce the inflammatory reaction as well [17; 18].

Inorganic nanomaterials made of silicon dioxide,
and silica nanoparticles are classified as either nonpo-
rous or mesoporous. They have high biocompatibility,
easily modifiable surfaces because of the presence of
silanol groups (Si-OH), and customizable size and pore
volume [19]. Because Si-OH groups can react with bio-
logical fluids, it has been demonstrated that they con-
tribute to bioactivity. This study sought to assess the
impact of covering PEEK implants with SiO, nanoparti-
cles on the osseointegration of rabbits both histologi-
cally and histomorphometrically.

MATERIALS AND METHODS

A circular target with a diameter of 50 mm and thick-
ness of 3 mm was made to accomplish the RF plasma
sputtering of SiO. powder. To create a uniform target
and prevent target fracture, 30 grams of SiO, powder
were mixed, then loaded and pressed in a cylindrical
stainless-steel mold that measured with a diameter of
50 mm and height of 3 mm. Pressing is carried out using
an electrical press for two minutes at 8 tons of pressure.
To prevent cracks, the samples were left to cure gra-
dually at room temperature for a whole day.

In the stainless-steel system chamber, radio fre-
quency magnetron sputtering was carried out. The sub-
strates were connected to the rotating cathode (nega-
tive charge) disc, while the target was connected to the
system’s anode (positive charge).

Tom 24, Ne 1/ 2026 \ Endodontics


https://doi.org/10.36377/ET-0169

138

After inserting the PEEK substrates and target into
the sputtering chamber, the chamber window was se-
curely shut. A set distance of 10 cm separated the sub-
strates and the target. To improve distribution consis-
tency, the deposition was carried out at 2 rom. There
were three runs or sputtering intervals [20].

Thirty male New Zealand white rabbits, all weighed
from 1.5 to 2 kg, aged from 10 to 12 months, had sixty
machined surface implants from PEEK placed in them.
Each rabbit had two implants put in its tibia: one in the
experimental left tibia and one in the control right tibia.

Ten rabbits were sacrificed at two, four- and six-
weeks following implantation. The implants were divi-
ded into two groups: the experimental group (30 PEEK
coated implants) for three healing periods, 10 implants
for each period, for the control group there has also
been (30 uncoated implants).

The sterilizing implants were inserted into the 5 mm
prepared hole in the tibiae of both rabbits. The uncoa-
ted implants were fixed straight into the right tibial bone
of the rabbits, while those implants with coated implant
was inserted into the left tibia following the rabbits’ sac-
rifice in the conclusion of the suggested times. To cre-
ate implant-contained bone blocks, the soft tissue was
removed from the right and left tibias after the rabbit
model had been sacrificed, to reveal the whole bone,
which was then sliced 5 mm from both implant sides.

The samples underwent a 48-hour fixation process
in 10% formalin, followed by decalcification using a for-
mic acid solution, alcohol-dehydrated bone tissue, and
paraffin embedding. Hematoxylin and eosin were used to
stain 5 um sections that were produced as normal. A light
microscope was used for the histological evaluation.

A new bone production ratio was calculated by histo-
morphometrically evaluating the bone cells (osteoblast,
osteocyte, and osteoclast).

Fig. 1. Histological view of 2-week duration control
group shows area filled with fibrous C.T. and osteoid
tissue) H&E %10

Puc. 1. [ucTtonornyeckas KapTmHa KOHTPOJIbHOM
rpynnbl Ha 2-i Hepene: 06NacTb 3anonHeHa GUBPO3HOM
COEONHUTENIbHOM TKaHbIO N OCTEOUOHOMN TKAHbIO;
oKpacka reMaToKCUIMHOM 1 903nHOM (H&E) x10

dHdodoHmus
T

RESULTS

The histology and histomorphometry performance
of PEEK covered with SiO, were examined in this work.
All animals generally recovered well from surgery
and experienced no notable negative effects. They
moved normally during the study period and showed
no symptoms of infection, inflammation, or allergic re-
action at the surgery site. The animal’s general health,
temperament, or diet were unaffected by the interven-
tional procedures. There was no way to manually move
the screws in order to assess osseointegration. Two
groups were examined: the control group, which had
no coated material, and the second group, which had
SiO,-coated PEEK specimens.

The degree of osseointegration of coated and un-
coated samples with the bone, however, is revealed by
the histological analysis. Following the completion of the
implantation phase, several processing procedures are
carried out to getready for histological analysis. Various
magnifications are used to capture the images. In terms
of bone development, the first and second groups are
compared.

Specimens of new bone of the experimental group
were deposited more than the control group specimens
atintervals of 2, 4, and 6 weeks. At increased magnifica-
tion, it was discovered that the osteoblastic osteoid of
the experimental group lining the immature bone sur-
face was more recognizable.

Control 2-week

In certain areas, the histological findings revealed
the deposition of osteoid tissues with the fibrous con-
nective tissue, which was populated by progenitor
cells, fibroblasts, inflammatory cells, and osteoblasts.
(Fig. 1).

Fig. 2. View of two-week experimental group reveals
woven bone a and blood vessels H&E x4

Puc. 2. B npenapaTtax skCnepmMeHTanbHOM rpynnbl
Ha 2-11 Heene BbIABNSIOTCA rPybOBONOKHMUCTASNA
KOCTHasi TKaHb W KPOBEHOCHbIE COCYAbl; OKpacka
remMaToKCUIMHOM 1 903uHOM (H&E) x4
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Experimental 2-week

The histology results showed that the implant
shape was followed by woven bone in the thread area.
Higher magnification revealed that the thread area was
packed with thin bone trabeculae, with osteocytes oc-
cupying their vast lacunae and osteoblasts grouped in
a single mass at their margins. (Fig. 2).

Control 4-week

A few thin bone trabeculae filled with osteocytes and
reosteocytes were seen in the histological image of the
woven bone (Fig. 3).

Fig. 3. Histological view of 2-week control group
shows woven bone and thin bone trabeculae filled
thread area, H&E x10

Puc. 3. [1cTonormnyeckas kapTrHa KOHTPOJSIbHOM rpynnbl
Ha 2-11 Hepene: BbIABNAIOTCS rPyOOBONOKHNCTAsA KOCTb
M TOHKME KOCTHbIE Tpabekyibl, 3anonHsoLwme obnacTtb
nedekTa; okpacka reMaToKCUIMHOM 1 3031MHOM (H&E) x10
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Experimental 4-week

The histological view of experimental group in
a 4-week period shows new bone trabeculae which de-
marcated from basal bone by reversal line. These bone
trabeculae filled with osteocytes and surrounded by os-
teoblasts and osteoclasts (Fig. 4).

Control 6 week

The histological view shows formation of dense bone
trabeculae filled with large-size osteocytes and sur-
rounded by active osteoblasts. Also, the presence of
osteoclasts and reversal line in higher magnification this
indicates continuous bone remodelling (Fig. 5).

Fig. 5. View of 6-week control group shows
osteoblasts, osteoclasts (OCL), and osteocytes (OC)
H&E %20

Puc. 5. [uctonornyeckas kKapTmHa KOHTPONbHOM
rpynnbl Ha 6-i Hepene: BbIABNSAIOTCA 0CcTe0bNacThl,
octeoknactbl (OCL) n octeoumntsl (OC); okpacka
remMaTokCUINHOM 1 303uHOM (H&E) X20

Fig. 4. View of 4-weeks experimental group shows
woven bone (WB), new bone trabeculae (BT) filled
thread area with osteoblasts (OB) and osteocytes (OC)
H&E x10

Puc. 4. B npenaparax aKCrnepuMeHTanbHOM rpynnbl
Ha 4-1i Hegene onpeaenseTca rpyboBoNOKHUCTas
kocTb (WB) n HoBoo6pa3oBaHHbIe KOCTHbIE Tpabekysbl
(BT), 3anonHsowme obnactb aedekta, C HaN4YMem
octeobnacTos (OB) n octeountoB (OC); okpacka
reMaTtoKCUANHOM 1 303nHoM (H&E) x10

Fig. 6. Histological view of 6 weeks experimental group
shows mature bone rimmed by osteoblasts, Haversian
lamellae with osteocytes (OC) that are arranged in a circle
around Haversian canal (HC) and reversal line (RL) H&E x20

Puc. 6. lnctonornyeckas kaptTmHa 9KCNepuMeEHTasIbHOMN
rpynnol Ha 6- Hegene: 3penas KOCTb, OKalMIIEHHas
ocTeobsacTamMu, C raBepcoBbIMU IaMennamu,
copepxammm octeoumnTsl (OC), pacnonoxeHHble
BOKpYr raBepcoBoro kaHana (HC), u nuHunein pesepcun
(RL); okpacka reMaTtoKCUAMHOM 1 303uHOM (H&E) x20

Tom 24 N2 1/2026 ‘ Endodontics



140

Table 1. Statistical analysis of the bone architecture parameters for the experimental and control groups
Ta6nuua 1. CTaTUCTMYECKN aHANU3 NAPaMETPOB CTPYKTYPbl KOCTU

019 9KCNEepUMEHTAaIbHOM 1 KOHTPOJILHOM rpynn

Variable Duration N Control Coating
Mean SD F-test p-value Mean SD F-test p-value
. 2-week 10 1.32 0.08 1.45 0.07
Sroer;eforma“on 4-week 10 1.53 0.04 9.283 | 0.004 1.67 0.04 | 22134 | 0.000
6-week 10 1.92 0.06 2.81 0.07
2-week 10 6 0.9 6.3 1.4
Osteoblasts N. 4-week 10 12.1 1.2 5.292 0.000 16.7 2.6 25.603 0.000
6-week 10 15.4 2.3 14.4 2.7
2-week 10 0 0 3 0.4
Osteocytes N. 4-week 10 6.2 0.95 6.358 0.000 8.7 0.3 18.407 0.000
6-week 10 10.5 1.7 11.3 1.8
2-week 10 0.5 0.46 0.47 0.2
Osteoclasts N. 4-week 10 214 1.63 4.547 0.000 1 0.8 22.896 0.000
6-week 10 0.9 0.51 0.9 0.12

Experimental 6-week

The histological view reveals well established mature
bone rimmed by osteoblast and filled with osteocytes
occupied their small lacunae in thread area. In higher
magnification the mature bone characterized by pres-
ence of Haversion lamellae (Fig. 6).

Histomorphometry analysis of study groups
for bone architecture parameters

The mean values of the descriptive statistics of the
bone architecture parameters for the experimental and
control groups rise with over time in all healing inter-
vals. In every recovery period, the SiO,-coated group’s
mean values are greater than the control groups. Both
the experimental and control groups’ mean numbers
of osteoblasts and osteocytes rose over time, with the
SiO,-coated group’s mean values rising faster than the
control group’s at intervals of two, four, and six weeks.
The osteoclasts number was lower in the SiO,-trea-
ted group than in the control group at the same inter-
val, according to the mean values for both groups in
the week.

The assessment region’s quantitative histomor-
phometry analysis showed that while both groups’ new
bone area (%) increased, the experimental group’s
specimens showed substantially greater growth than
the control group’s at two-, four-, and six-week intervals.
Normality test showed normal distribution of data for all
groups (for Shapiro test, p value greater than 0.05).

DISCUSSION

Employing SiO, to analyze and compare the bone re-
sponse to PEEK implants coated and uncoated. A histo-
morphometric analysis of the implant-bone contact in
rabbits at various healing times was used to conduct
the evaluation. The findings of the current study showed
that because coated implants osseointegrate more
quickly than uncoated implants, they had a better bone
response. In dental implantology, altering implant sur-

dHdodoHmus
————TLT

faces to encourage osseointegration with bone is a rel-
atively new strategy. Even though histomorphometry
analysis is a destructive test, it is nonetheless regarded
as a representative test for assessing implant stability
and researching the quality of implant-to-tissue contact.
It can be used whenever the implant has been surgically
inserted. Many researchers have evaluated bone-to-
plant contact using this analytical method [21; 22].

Two weeks following implantation, the histological
analysis of the coated groups revealed higher signs of
new bone formation encircled by osteoblast cells and
an abundance of osteocytes with active blood ves-
sels at the thread-interface region than the uncoated
group. Histological characteristics of the uncoated
group specimens at the six-week mark of the healing
interval showed that the implant-bone interface region
was filled with new bone, which was plentiful, and that
the Harversian canal was lined with osteoblasts and
osteocyte cells. These results suggest that processing
was ongoing in the bone deposition area. However, six
weeks after implantation, the coated group specimens
had almost mature, new, and thick bone with osteocytes
distributed regularly throughout the Harversian system.
The current study demonstrated that superior osseoin-
tegrated implants were produced when implants were
placed into living bone in an environment that was more
favorable for bone regeneration due to the addition of
encouraging elements. This outcome is consistent with
Ibrahim et al. [23].

The high osteoconductivity of the coated surface
was demonstrated by the notable changes in the overall
amount of bone tissue growth surrounding the implantin
the cortical region and bone marrow. At the nanoscale,
a highly ordered nanoporous silica structure formed,
and the silica-covering particles were homogeneous
and free of microdefects. These findings show that add-
ing silica covering with a nanoporous structure, which
was shown in a prior work to promote cell adhesion and
differentiation processes [24; 25].

Volume 24, no. 1/ 2026



REFERENCES / CTUCOK JINTEPATYPbI

1.

10.

1.

12.

13.

14.

. Jani G.H.,,

LiuY., Rath B., Tingart M., Eschweiler J. Role of implants
surface modification in osseointegration: A systematic
review. J Biomed Mater Res A. 2020;108(3):470-484.
https://doi.org/10.1002/jbm.a.36829

Fatalla A.A. Surface Characterization of
PEKK Modified by stron-tium — hydroxyapatite coating
as implant material Via the magnetron sputtering
Deposition technique. Journal of Baghdad College of
Dentistry. 2022;34(2):25-36. https://doi.org/10.26477/
jbcd.v34i2.3143

Oshida, Tuna EB, Aktéren O, Gencay K. Dental implant
systems. Int J Mol Sci. 2010;11(4):1580-678. https://doi.
org/10.3390/ijms11041580

Alheeti O.A.R., Jani G.H., Qustanteen F.R. The effects
of selenium nanoparticles on the osseointegration
of a titanium implant in rabbits: A histomorphometric
investigation. Dentistry 3000. 2024;12(2):730. https://
doi.org/10.5195/d3000.2024.730

Papaspyridakos P., Mokti M., Chen C.J., Benic G.I.,
Gallucci G.O., Chronopoulos V. Implant and prostho-
dontic survival rates with implant fixed complete den-
tal prostheses in the edentulous mandible after at
least 5 years: a systematic review. Clin Implant Dent
Relat Res. 2014;16(5):705-717. https://doi.org/10.1111/
¢id.12036

Frisardi G., Barone S., Razionale A.V., Paoli A., Frisar-
di F.,, Tullio A. et al. Biomechanics of the press-fit phe-
nomenon in dental implantology: an image-based finite
element analysis. Head Face Med. 2012;8(1):18. https://
doi.org/10.1186/1746-160X-8-18

Kamil N.B., AL-Ghaban N.M., Aamery A. Osseointe-
gration effects of whey protein (histological and histo-
morphological observations): An experimental study
on rabbits. Journal of Baghdad College of Dentistry.
2023;35(3):28-36. https://doi.org/10.26477/jbcd.v35i3.
3449

Kamil N.B., AL-Ghaban N.M. Evaluation of the effects
of whey protein and moringa oleifera leaves extract
mixture on osseointegration in rabbits. Iran Biomed J.
2023;28(2-3):82-89. https://doi.org/0.61186/ibj.4025

Jemat A., Ghazali M.J., Razali M., Otsuka Y. Surface
modifications and their effects on titanium dental
implants. Biomed Res Int. 2015;2015:791725. https://
doi.org/10.1155/2015/791725

Goyal N., Kaur R. Effect of various implant surface treat-
ments on osseointegration — A literature review. Indian J
Dental Sci. 2012;4(1):154-157.

Rupp F., Liang L., Geis-Gerstorfer J., Scheideler L.,
Huttig F. Surface characteristics of dental implants:
A review. Dent Mater. 2018;34(1):40-57. https://doi.
org/10.1016/j.dental.2017.09.007

BoscoR., Van Den Beucken J., Leeuwenburgh S., Jansen J.
Surface engineering for bone implants: A trend from
passive to active surfaces. Coatings. 2012;2(3):95-119.
https://doi.org/10.3390/coatings2030095

Schupbach P., Glauser R., Bauer S. Al203 particles on ti-
tanium dental implant systems following sandblasting and
acid-etching process. Int J Biomater. 2019;2019:6318429.
https://doi.org/10.1155/2019/6318429

Owonubi S.J., Agwuncha S.C., Fasiku V.O., Mukwevho E.,
Aderibigbe B.A., Sadiku E.R., Bezuidenhout D. Biomedi-

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

141

cal applications of polyolefins. In: Ugbolue S.C.O. (ed.)
Polyolefin Fibres. 2™ ed. Elsevier Ltd.; 2017, pp. 517-538.
https://doi.org/10.1016/B978-0-08-101132-4.00017-5

Durham J.W. 3, Montelongo S.A., Ong J.L., Guda T., Al-
len M.J., Rabiei A. Hydroxyapatite coating on PEEK im-
plants: Biomechanical and histological study in a rabbit
model. Mater Sci Eng C Mater Biol Appl. 2016;68:723-731.
https://doi.org/10.1016/j.msec.2016.06.049

Torres J.L., Gehrke S., Guirado J.L.C., Aristazabal L.F.R.
Evaluation of four designs of short implants placed in
atrophic areas with reduced bone height: A three-year,
retrospective, clinical and radiographic study. Br J
Oral Maxillofac Surg. 2017;55(7):703-708. https://doi.
org/10.1016/j.bjoms.2017.05.012

Tomaszewski P.K., Lasnier B., Hannink G., Verkerke G.J.,
Verdonschot N. Experimental assessment of a new di-
rect fixation implant for artificial limbs. J Mech Behav
Biomed Mater. 2013;21:77-85. https://doi.org/10.1016/j.
jmbbm.2013.02.012

Jeong S.-M., Choi B.-H., Li J., Kim H.-S., Ko C.-Y.,
Jung J.-H. et al. Flapless implant surgery: an experi-
mental study. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2007;104(1):24-28. https://doi.org/10.1016/j.
tripleo.2006.11.034

Jawad S.N., Abdullah B.H. Computer assisted immuno-
histochemical score prediction via simplified image ac-
quisition technique. J Bagh Coll Dent. 2017;29(1):83-88.
https://doi.org/10.12816/0038631

Atsumi M., Park S.H., Wang H.L. Methods used to assess
implant stability: current status. Int J Oral Maxillofac
Implants. 2007;22(5):743-754.

Jassim M.M., Hamad T.I. In vitro assessment of some
properties of biocompatable polymer dental implant
consisting from poly ether ketone (Peek) and silicon
carbide nanofiller. Indian J Public Health Res Dev.
2019;10(10):2772-2777. https://doi.org/10.5958/0976-
5506.2019.03289.3

Ghiban B., Jicmon G., Cosmeleata G. Structural inves-
tigation of electrodeposited hydroxyapatite on titanium
supports. Rom J Physiol. 2006;51;(1-2):187-196. Avail-
able at: https://rip.nipne.ro/2006_51_1-2/0187_0196.pdf
(accessed: 15.12.2025).

Ibrahim S.W., Al-Nakkash W.A., Al Ghaban N.M. Histo-
logical assessment of nano hydroxyapatite, chitosan
and collagen composite coating on commercially pure
dental implants in comparison with nanohyroxyapatite
coating. Int J Sci Res. 2017;6(7):ART20175552. https://
doi.org/10.21275/art20175552

Inzunza D., Covarrubias C., Von Marttens A., LeightonY.,
Carvajal J.C., Valenzuela F. et al. Synthesis of nano-
structured porous silica coatings on titanium and their
cell adhesive and osteogenic differentiation properties.
J Biomed Mater Res A. 2014;102(1):37-48. https://doi.
org/10.1002/jbm.a.34673

Jani G.H., Al-Ameer S.S., Jawad S.N. Histological and
histomorphometric analysis of strontium chloride coat-
ed commercially pure titanium implant compared with
hydroxyapatite coating. Journal of Baghdad College of
Dentistry. 2015;27(1):26-31. Available at: https://jbcd.
uobaghdad.edu.ig/index.php/jbcd/article/view/631
(accessed: 15.12.2025).

Tom 24, Ne 1/ 2026 \ Endodontics


https://doi.org/10.1002/jbm.a.36829
https://doi.org/10.26477/jbcd.v34i2.3143
https://doi.org/10.26477/jbcd.v34i2.3143
https://doi.org/10.3390/ijms11041580
https://doi.org/10.3390/ijms11041580
https://doi.org/10.5195/d3000.2024.730
https://doi.org/10.5195/d3000.2024.730
https://doi.org/10.1111/cid.12036
https://doi.org/10.1111/cid.12036
https://doi.org/10.1186/1746-160X-8-18
https://doi.org/10.1186/1746-160X-8-18
https://doi.org/10.26477/jbcd.v35i3.3449
https://doi.org/10.26477/jbcd.v35i3.3449
https://doi.org/0.61186/ibj.4025
https://doi.org/10.1155/2015/791725
https://doi.org/10.1155/2015/791725
https://doi.org/10.1016/j.dental.2017.09.007
https://doi.org/10.1016/j.dental.2017.09.007
https://doi.org/10.3390/coatings2030095
https://doi.org/10.1155/2019/6318429
https://doi.org/10.1016/B978-0-08-101132-4.00017-5
https://doi.org/10.1016/j.msec.2016.06.049
https://doi.org/10.1016/j.bjoms.2017.05.012
https://doi.org/10.1016/j.bjoms.2017.05.012
https://doi.org/10.1016/j.jmbbm.2013.02.012
https://doi.org/10.1016/j.jmbbm.2013.02.012
https://doi.org/10.1016/j.tripleo.2006.11.034
https://doi.org/10.1016/j.tripleo.2006.11.034
https://doi.org/10.12816/0038631
https://doi.org/10.5958/0976-5506.2019.03289.3
https://doi.org/10.5958/0976-5506.2019.03289.3
https://rjp.nipne.ro/2006_51_1-2/0187_0196.pdf 
https://doi.org/10.21275/art20175552
https://doi.org/10.21275/art20175552
https://doi.org/10.1002/jbm.a.34673
https://doi.org/10.1002/jbm.a.34673
https://jbcd.uobaghdad.edu.iq/index.php/jbcd/article/view/631
https://jbcd.uobaghdad.edu.iq/index.php/jbcd/article/view/631

142

INFORMATION ABOUT THE AUTHORS

Yagthan Mohammed Haider - Lecturer, Department of Prosthodontic, College of Dentistry, University of Baghdad,
Baghdad, Iraqg; https://orcid.org/0000-0001-9260-6242

Ghasak H. Jani — Assistant Professor, Department of Prosthodontic, College of Dentistry, University of Baghdad, Baghdad,
Iraq; https://orcid.org/0000-0002-6446-3165

Abdalbseet A. Fatalla — Professor, Department of Prosthodontic, College of Dentistry, University of Baghdad, Baghdad,
Iraq; https://orcid.org/0000-0001-5320-8559

Raghad Abdullrazzaq Mohammed - Professor, Department of Conservative, College of Dentistry, University of Baghdad,
Baghdad, Iraq; https://orcid.org/0000-0001-6164-6735

WHOOPMALIUA OB ABTOPAX

Arran Moxammep Xanaep — npenogasatesib, kadpenpa optoneanyeckomn CToMaTonorum, CToMaTonorniecknuin dakynb-
TeT, barpaackuin yumsepcuTer, r. bargagn, Vpak; https://orcid.org/0000-0001-9260-6242

Facak X. >xaHu — accucteHT-npodeccop, kadbeapa opToneanyeckorn cTomMmaTonorum, CtToMmaTonorniyeckmim pakynbTeT,
Bbarpanckuii yHnBepcuTer, r. bargan, Upak; https://orcid.org/0000-0002-6446-3165

A6pan6acuTt A. ®aranna — npodeccop, kKadeapa OopToNeaAnNYecKon CTOMATONONMN, CTOMATONOrMYecKkin pakynbTeT,
Bbarpaackuii yameepcuTer, . bargan, Wpak; https://orcid.org/0000-0001-5320-8559

Parxap A6aynpassak Moxammep — npodeccop, kadpenpa tepaneBTMYeCKon cToMaToNnornm, CToMmaTonormieckmin da-
kyneteT, barpanckuin ynmueepcuterT, . bargan, Mpak; https://orcid.org/0000-0001-6164-6735

AUTHOR’S CONTRIBUTION

All the authors made equal contributions to the publication preparation in terms of the idea and design of the article; data
collection; critical revision of the article in terms of significant intellectual content and final approval of the version of the
article for publication.

BKJA ABTOPOB

Bce aBTOPbI BHECTN paBHOLI,EHHbIVI BKNaa B NoAroTtoBkKy ny6n|/1|<a|_|,mm B 4aCTuX 3aMbiCna 1 An3anHa nccnefoBaHns; c6opa
JAaHHbIX; KOUTNYECKOro nepecmMoTpa CTaTb B HaCTU 3HAYNMOTI O MHTENNIEKTYaJIbHOIo cogep>XaHna n OKoOH4YaTesIbHOro o40-
6peH|/|9| BapuaHTa CTaTbh onda OI'Iy6J'II/IKOBaHVIF|.

9Hdodornmus Volume 24, no. 1 / 2026


https://orcid.org/0000-0001-9260-6242
https://orcid.org/0000-0002-6446-3165
https://orcid.org/0000-0001-5320-8559
https://orcid.org/0000-0001-6164-6735
https://orcid.org/0000-0001-9260-6242
https://orcid.org/0000-0002-6446-3165
https://orcid.org/0000-0001-5320-8559
https://orcid.org/0000-0001-6164-6735

