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ABSTRACT

Introduction: Implant placement after tooth loss can prevent an
alveolar bone resorption. Bone grafting is used to obtain adequate
quantity and quality of alveolar bone to support dental implants.
Hydroxyapatite is the primary synthetic bone graft biomaterial, with a
composition and structure similar to natural bone. Hydroxyapatite
biomaterials have been widely researched and developed. This study
aims to summarize the modified HA materials that have been
successfully used in supporting dental implant treatment. Methods:
This review was conducted using a systematic review method that
refers to systematic literature review simplification with PICO
framework, based on PRISMA guidelines. Literature searches were
performed through Science Direct, PubMed, Google Scholar, SAGE
Journals, and Cochrane Library, for articles published between 2016
—2021. Inclusion criteria for this review consisted of research articles
on the use of hydroxyapatite bone graft in dental implant treatment.
Results: Analysis was carried out on 11 articles on the use of
hydroxyapatite bone graft in dental implant treatment with various
material modifications: sintered, carbonated, eggshell-derived, 3D
printed, obtained by sponge replica method, and in combination with
rhBMP-2, PRF membrane, collagen membrane, and amniotic
membrane. Additionally, hydroxyapatite also comes in several forms:
porous block, granular, and nano-sized. Treatment success was
observed through histology and histomorphometry analysis; SEM,
XRD, FTIR, CBCT, and CT-Scan imaging; and ISQ value. Conclusion:
This review demonstrates the modified hydroxyapatite, in combination
with other materials or in various form, successfully supports dental
implant treatment. This success is attributed to good osseointegration
between bone and implant, bone growth, and increase in bone
thickness, which are influences by the materials composition and
morphology.

Bone graft, dentalimplant, Hydroxyapatite

INTRODUCTION

Tooth loss can occur due to extraction, periodontal disease, pulp disease, or
trauma.2 Tooth loss leaves a void in the alveolar bone that is likely to resorb.!
The Alveolar ridge can be resorbed by up to 50% within one year of tooth loss,
with two-third of the resorption occurring in the first three months.3 One way to
prevent bone resorption is by placing dental implants.# Dental implants are
becoming the treatment of choice to replace missing teeth given that they are
aesthetically pleasing, comfortable, easy to clean, and able to preserve bone
condition.!

Dental implant placement site requires adequate alveolar ridge volume and
quality.> Rehabilitative measures are performed to obtain sufficient bone support
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in quality and quantity to support dental implants.® Alveolar ridge rehabilitation is
conducted through bone grafting procedure. Natural bone will grow to replace
bone graft materials and form new bones.” The materials used to replace bone
can be derived from the patient's own body, donor's body, artificial materials,
synthetic materials, or natural materials.®

Hydroxyapatite (HA) Ca10(PO4)s(OH): is a synthetic bone graft material that is
commonly used to regenerate bone because of its similarity in composition and
structure to natural bone.8 Its biocompatibility makes it the primary synthetic
material of choice used for bone grafting, due to its ability to bind to natural bone
without causing adverse effect to the body from toxic reactions or immune
responses, leading to a promising treatment success.5:8-10

Hydroxyapatite is the most widely researched biomaterials, and has been
developed into various shapes and sizes, depending on the synthesis methods
used.81! The size and shape of the material determine the mechanism of action
and success of hydroxyapatite treatments in various biomedical applications.8 To
date, many studies have been conducted using synthetic hydroxyapatite to
enhance bone healing process, either being used alone in more beneficial form,
by new production methods, or in combination with other materials. 1213

With the continuous development of biomaterial technology, it's imperative
to gather knowledge on the successful development of using hydroxyapatite as a
bone graft material to support dental implant treatment, as there has been no
previous studies that focuses on hydroxyapatite grafted implant treatment. The
aim of this article is to summarize the modified hydroxyapatite materials
successfully used to support dental implant treatments.

METHODS

This article uses the systematic review method, a form of knowledge synthesis
that can efficiently produce information in a short and timely manner.14 Prior to
the review, a PICO framework was used to develop research questions, as seen
outlined in Table 1.

The articles were retrieved from Science Direct, PubMed, Google Scholar,
SAGE Journals, and Cochrane Library databases. The writing process refers to the
Preferred Reporting Items for Systematic Review and Meta-analysis (PRISMA)
guidelines. The search keywords used were “(Hydroxyapatite) AND (bone graft)
AND (Dental implant)”. The inclusion criteria for this research article include
journals or research articles that specifically examine the use of hydroxyapatite as
an effective bone graft materials for supporting dental implant treatment, with
findings observed through clinical, analytical, and imaging analysis. The selected
literature is indexed and ranked, written in English, and published between 2016
and 2021. Exclusion criteria include journals or research articles focus solely on
animal testing of bone grafts publication later than 2016, articles without full-text
access, those irrelevant to the topic, and duplicate entries.

During the initial search, 729 articles were identified, with 21 duplicates
removed. Titles and abstracts of 708 articles were screened, resulting in the
exclusion of 681 articles due to irrelevance. A total of 27 articles went through
full-text assessment for eligibility, which led to the elimination of 16 articles.
Ultimately, 11 articles met the eligibility and inclusion criteria. The PRISMA
diagram illustrating the article selection process is presented in Chart 1.

Table 1. PICOS

Population Toothloss patients requiring bone augmentation prior to dental
implant treatment

Intervention Hydroxyapatite bone grafting

Comparative -

Outcome Osseointegration observed through implant stability after bone
graft support
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Chart 1. PRISMA diagram
RESULTS

We obtained 11 research articles that met the inclusion criteria. The modifications
described in these articles included sintering process, eggshell-derived, 3D
printing, carbonated hydroxyapatite (HA) produced through wet precipitation
method, HA obtained via the sponge replica method, and combinations with

rhBMP-2, PRF membrane,

collagen membrane,

and amniotic membrane.

Additionally, various forms of HA were used; porous block, granular, and nano-
sized. Data extraction from the eleven articles are summarized in table 2.

Table 2. Article Extraction Outcome

No Articles Participant Materials Procedure Outcome
- Softtissue 6% month:
openedwith - No
flap complication,
—_ technique; infection,
'Io‘nrigllccgggg(?t;d -1 subject Bone Graft: an implant abnormal pain,
POrous -Aged 51years Interconnected body or
Hydroxyapatite Req uires porous _ installedinto  hypoesthesia
CeramicBlock implant hyd roxyapaute thealveolar - .ISQ value
for Onlay Block treatmentfor  ceramic (IP-CHA) bone increased
1 Bone Grafting extracted 21 block 6x7x3 mm - IP-CHA - IP-CHA block
in Implant toqthdue to block placed statEIe
Treatment: A caries Implant: over 16 _n_10nth:
Case Report -Horizontal Replace tapered gxposed - Stabilized IP-
alveolarbone  groovyNP3.5x10 implant CHADblock and
atrophyinthe  mm thread implant
gt‘ga('zKO'l% anterior region - Soft tissge 3"year:
closed with - GoodIP-CHA
an integration
absorbable  withhostbone
suture 5th year:
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Histologicand
Histomormphom
etric
Comparison
Between
Sintered
Nanohydroxyap
atiteand
Inorganic
Bovine
Xenograftin
Maxillary Sinus
Grafting: A
split-Mouth
Randomized
Controlled
Clinical Trial

Stacchi, C., et
al’.(2017)

Histological
and Micro-
Computed
Tomographic
Observations
After Maxillary
Sinus
Augmentation
with Porous
Hydroxyapatite
Alloplast: A
Clinical Case
Series

Nakata, H., et
al'é, (2016)

Horizontal
Ridge
Augmentation
of ASingle
AtrophicSitein
the Anterior
Maxilla Using
Hydroxyapatite
and rhBMP-2

Maitre, G., et
al'®. (2020)

- 28 subjects

- Aged 39-79
years

- Severe
bilateral
maxillary
athrophy

- Crestal height
<3 mm

- Needing MSFA

-3 subjects

-Aged 64-73
years

-Severe
alveolarbone
resorptiondue
to periodontal
diseaseor
trauma

- Clear maxillary
sinus

-Alveolarridge -
to the sinus
floorbone
height 1-2 mm

- 13 subjects

-Aged 19-28
years

-Needed 1
tooth
replacement

- Residual bone
width <4 mm

- Residual bone
height <2
mm

Bone graft:
Testgroup:
Granule sintered
nanohydroxyapatit
e/NHA

Control group:
Anorganicbovine

bone /ABB (Bio-
Oss)

Membrane:
Resorbable bovine
collagen membrane

Implant:
BnxEvo implant

Bone Graft:
Porous
Hydroxyapatite
particles $1-2 mm,
1g

Implant:
Astra-techimplant
system (¢3.75x 10
mm)
Nobel-Replace
Tapered (¢4.3x 10
mm)

Bone graft:
Osteo-conductor:
Porous HA partides
(80% porosity,d 3
mm)
Osteo-inductor:
rhBMP-2

Membrane:

Fast resorbing
microporous
collagen membrane

Implant:

Conical implant 3.5
x 11 mm/3.5x 10
mm

Soft tissue
opened with
full-
thickness
flap
technique
MSFA with
lateral
approach
Bonegraft
materials
inserted and
covered with
the
membrane
The
implants
inserted 6
months after
surgery
Healing
abutment
installed and
metal-
ceramic
prosthesis
screwed
after4
months

MSFA
surgery with
lateral
approach

- Bone graft

material
inserted
through
lateral
window
Implant
placement
with full-
thickness
flap
technique
after6
months

HA particles
soakedinto
1 mg/ml
rhBMP-2
solution for
activationto
ensure
hydration
and flow
through HA
pores
Horizontal
augmentatio
nsurgery
with full-
thickness
muco periost
eal flap
technique
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-No problem
withthe
implantand
superstructure

6" month:
Newbone
formation and
implants
survival rate
differences
between NHA
and ABB group
are not
statistically
significant
- Sufficient
osseointegratio
n between
host bone and
bonegraft
particles

12t month:

- Allimplants
and prostheses
function
successfully

- No biological
ormechanical
complication

6" month:
Stableimplant
torque during
healing period
- Maturebone
cells and new
blood vessel
shows active
bone
remodeling
and formation
Bone growth
in the HA
interspace
observed with
bone
volume/tissue
volume
(BV/TV) £30%
Insertion:

- Insertion

torque
adequate to
maintain
implant
stability (30 -
70 Ncm)

4-5"month:

- Statistically

significant
bone thickness
increase within
4-5 months

- Osseointegrati

onobserved
around implant
periphery
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- Bonegraft - Sufficient
materials Adeguate bone
inserted, healing inall
stabilized cases
withthe

membrane,

and closed

with

absorbable

sutures

Implant

placed after

4-5

months

Healing cap

placed after

3 months

CHA Material
synthesized analysis:

at 37°C,not - Crystallinity of
sintered, CHA are higher
prepared than BioOss

- 30 subjects with wet
Randomized  -A9ed30-70 g o graft: precripitation 90t day:
Controlled }/ej_rs d - Microspheres Smeft od -No licati
Clinical Trial of ~ ndlcate 1t° nanostructured -0 ttls(jsugth com? |cta!t|on
Nanostructured g2 20" carbonated mucoperiost  observed
Ea:jbrzna;eitite extraction (for Pé/g;o)xyapaute eal flap -CHAand
foyrAlv)'(eyolgr periodontal, BioOss® technique BioOss
5 Bone Repair trauma, or - Bone graft clinically
caries) Control group: materials demonstrate
Resende -Nosofttissue ¢ ) installed, the same bone
RB.F et,alzo recesses and the density
JA10y " -Adequate . wound - Newbone
(2019) - . Implant: A .
extraction site Try-On® or closed with  formation
forthe St ®implants sutures observedon
implant rong@®implan - Implants CHA'is higher
installation installed than BioOss
after90 - Material
days with remains are
mucoperiost higherin
eal flap BioOss
procedure
- Granular 2" week:
nHA - Soft tissue
synthesized healed with
fromchicken thick gingival
eggshell biotype (>3
Bone graft: waste for mm)
Socket - Granular nano calcium - No graft
Preservation hydroxyapatite precursors,  material
Using Eggshell- (nHA) fromchicken using a leaching
Derived - 11 subjects eggshell waste rapid
Nanohydroxyap -Aged 15—-45 - 100 —200 nm microwave 12t week:
atite with years widthand 0.5-1 processing - Increased
Platelet-Rich - Decayed teeth [m long technique bone density
6 Fibrinas A - Unrestorable - PRF
Varrier teeth Membrane: membrane 24" week:
Membrane: A - Willing to - Platelet-Rich Fibrin  prepared by - Bone graft
New Technique undergo (PRF) from separating materials was
implant autologous blood. PRF clinically
Kattimani,V.S., restoration component  indistingushabl
at al?l. (2019) Implant: from e from
Nobel-Parallel centrifuged  neighboring
conical connection  blood, and bony tissue
rootform moldedinto - Abundant
thinsheet bone

nHAinserted formation
immediately (grade3)in
aftertooth 56.52%
extraction, sockets from
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- 5 subjects
The Useof -Aged 33-45
Three- years
Dimensional -Neededan
Printed anterior tooth
Hydroxyapatite extraction
Granules in (endodontic
AlveolarRidge failure,
Preservation complicated
crown-root
Kijartom, P., et  fracture,and
al’?.(2017) root caries)
-Neededdental
implant
treatment
Application of
Hydroxyapatite
/Collagen
Composite - Aged >20
Material for years

Maxillary Sinus - Needing

Floor dental implant
Aaugmentation  with MSFA for

maxillary
Ohba, S., et molar teeth
al?3.(2021)

Hydroxyapatite - 13 subjects
Block Produces - Aged 41—64

by Sponge years

Replica - Lossof
Method: maxillary
Mechanical, premolar
Clinical and unilateral/bilat
Histologic eralor

Bone graft:

- 3D printed

hydroxyapatite
granule 0,9 mm

Membrane:
Collagen
membrane

Bone graft:
Hydroxyapatite/coll
agen (HAp/Col)
composite

- 80% HA, 20%

collagen, 95%
porosity

Implant:
Osseo-Speed’]
Finesia®
Straumann®

Bone graft:
Porous
hidroxyapatite
block obtained by
the sponge replica
method.

Implant:

Djaswandini, et al

coveredwith  histomorphom
PRF etricanalysis
membrane,
and closed
with sutures
Implant
installed
after 24
weeks.
Insertion:
- Insertion
torque
. adequate to
glrjafl[:lr;tsed maintain
implant
trancformed  stabiliy (35 -
through 45 Nem)
phosphorizat .
ionreaction ) ﬁo week:
(Lj'fs”;%l m complication,
hyd ro;en infection, or
phosphate :,r:ﬁgi
Granular HA -
insertedinto Gooc_i_lmplant
extracted stability
socket - Newbone
A formationin
Igﬁ-:;arggnwmh and around
grafting
;nne dn::?gzgg’ materials
by crisscross ~ Granular HA
sutures absorband
Implants agglomerate
placed after Ea:g%dlyo re
8 weeks. making’ the
structure
sturdy and
stable
MSFA
surgery with
lateral and
crestal rd .
approach 3_ m_onth.
HAp/Col -nghln]platnt
. . survival rate
immersedin
patients’ (82.4(;’/0)
blood, then ~ gseits\/erse
uz;&tid t;ée occurred, the
Im Iantp materials can
plapced into be used safely
maxillary —Higher bone
sinuses via Fﬁ.'gkht and
ickness on
lc?f;rgland the success
group
approach -
Szgornd - HigherISQ
e valueonthe
;lérr?o rr%/q;\:jas success group
after3
months
HAblock Material
producedby analysis:
impregnatin - The HAis well
g crystallized
polyurethan - The HAblock
e sponge has 85%
blockinthe porosityand a
HAsslurry, significantly
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Observations fully/partially  Cylindricalimplant ~ and the HA high

edentulous scaffold is compressive
- Residual sintered strength
Scarano,A.,et  alveolarridge - Access
al?*.(2019) height made with 4" month:
between3-4 modified -No
mm full- inflammation,
thickness foreignbody
triangular reaction, or
flap pathological
technique, symptoms
and - Newbone

antrostomy  formation
performed observed

- Implant around and
placed into within HA
alveolar block
bone socket,
residual
bonefilled
with HA
blocks, and
closed with
a black
polyamide
suture.

- Screw-
healing
abutment
placed after
3-4 months

- MSFE with
elevated
full-
thickness
muco periost
eal flap Insertion:
technique - No infection,

- Osteotomy  dehiscence, or

Maxillary Sinus with oroantral
Floor Elevation . standard communication
Using ;3:331:5‘;9 Bone graft: sequential - Allimplantin
Hydroxya_pat]'te years - Nano ) implant bothgroup
nano Particles - Atrophic ?ydroxyapaute ?rﬁtocgcll stable
VS Tenting . nano streams, ollow
Technique with pgstt:n:)r Hydroxyapatite withimplant 6t month:
Simultaneous ﬁ‘lae):(ri]IIgr?Iur?dge nanoparticles) insertion - Higherbone
10 Implant . - Needing fixed -HA ' de.n5|tyar'1d_
Placement: A prosthetic Membrane: nanoparticle heightgainin
Randomized rehabilitation Resorbable mixed with grafted group
Clinical Trial _pocidual collagen membrane sterliledsgline - fBone ;
packedina ormation
Khaled, H., et ﬁl\{eohlta; b%ne Implant: disposable covered the
al®.(2018) mer:qg B Cleanlant syringe, wholeimplant
thenpacked ingrafted
into grafted  group
group (A) - HigherISQ

- The window valuein
coveredwith  grafted group
membrane
and sutured
withan
interrupted
suture.

Effect of nano- -30 subjects Group I: nHA - PRF Insertion:

hydroxyapatite -Meanagewas Group II: nHa + membrane 1Q vaIuee;re
" a_nd pla@elet- 375+£23 AM ] prepare_d by higher in

richfibrin years Group III: nHA+  separating

coveredby the -Had PRF + AM PRF group II

amniotic edentulous component 3" month:

membraneon  spaceinthe Bone graft: from )
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osseointegratio  posterior nHA, 19 nm centrifuged - Higherbone
n after mandible blood, cut density
mandibular -Alveolarridge Membrane: into small increasesin
piezoelectric width3-5 Amniotic pieces,and  group III
ridge splitting mm membrane25cm?  mixed with
- Alveolar ridge nHA 6" month:
Altaweel, A.A., heightatleast Platelet-Rich - Softtissue - Higherbone
et al'3. (2021) 8 mm Fibrin: openedwith  width
PRF preparedwith  full- increasesin
Dohantechnique. thickness group III
flap - Higherbone
Implant: technique density
Zimmerimplants® - Osteotomy increasesin
4.2 -4.8 mm performed, group III
diameter,8-12 and 2
mm long implants 12" month:
insertedin - Stable
eachsite osseointegratio

The gaps n after 1 year
filled with - Higherbone
graft density
materials increasesin
accordingto group III
thetest - Higher

group marginal bone
Wound lossingroup I
closed with

interrupted

non-

resorbable

sutures.

implant

abutment

placement

after6

months

1SQ: Implant Stability Quotient; rhBMP-2: recombinant human bone morphogenetic protein-2; MSFA:
Maxillary Sinus Floor Augmentation; PRF: Platelet-Rich Fibrin

DISCUSSION

Hydroxyapatite (HA) is the most widely used synthetic biomaterial in bone grafting
because it has inorganic components and a crystal structure similar to natural
bone, and it is the most stable calcium phosphate compound under physiological
conditions, such as temperature, pH, and body fluids.810 Its use as a bone graft
material has been continuously developed by modifying its shape and size or
combining it with other materials to achieve the desired biological and mechanical
properties. In the dental field, HA is widely used as a metal implant coating
material to promote osseointegration between bone and implant in dental implant
treatment. The success of bone grafting is determined by the formation of new
bone, osseointegration between the bone and implant, and the stability of the
dental implant.2>:31

The porous structure accelerates bone formation by facilitating a space for
new bone and blood vessel growth, cell adhesion, and maintaining the bone
volume stability.19:27 Block-shaped HA can be transported by clamping it with
forceps, but its insertion can be challenging due to poor fitting. Ohta et a/.16 used
interconnected porous hydroxyapatite ceramic (IP-CHA) blocks for onlay bone
grafting. IP-CHA can be pre-fabricated to match the shape and size of a patient's
alveolar ridge.

In contrast to conventional porous CHA, which has limited interconnecting
structure, IP-CHA has a fully interconnected pore structure. This structure exhibits
biocompatible and osteoconductive properties, allowing bone growth around and
within the pore, thereby promoting osseointegration.2428 Imaging analysis
demonstrate a subtle transition between the IP-CHA block and alveolar bone,
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indicating good integration. The HA block used in the observation by Scarano et
al.2* was produced using the sponge replication method, which can also be
customized in shape and size. This method involves impregnating polyurethane
(PU) sponge in a HA and polyvinyl alcohol (PVA) slurry. The final HA framework
was obtained by sintering at 1300°C for 3 hours, resulting in well crystallized HA.
Heat treatments, such as sintering, enhance material crystallinity, thereby
improving its mechanical strength and decreasing its dissolution rate.20

Histological analysis revealed new bone growth both inside and outside the
materials, along with marrow spaces and new blood vessels. Ohba et al.?3 used
hydroxyapatite/collagen (HAp/Col) composite block consisting of 80% HA and
20% collagen, with a porosity of 95%. Materials containing collagen exhibit
hemostatic properties, enabling material coagulation and stabilization. High
porosity accelerates the formation of bone and blood vessel. Prior to use, HAp/Col
was immersed in a patient's blood until it became elastic like a sponge. The elastic
behavior facilitates the application of HAp/Col as it adapts easily to an intricate
cavity.

In contrast with block-shaped HA, the granular form could adjust to the
existing space, but sometimes the granule may scatter in the wound during
insertion.23 Nakata et al.!® used granular-shaped porous HA which quickly
absorbed and integrated with blood, forming a firm and immobile structure.??
Histological and radiographic analysis showed the presence of a new bone and
blood vessel-forming cells around and within the materials.

The ingrowth of porous materials increased the load-bearing ability compared
to non-porous materials. Maitre et a/!°® used porous granular HA, immersed in
active ingredient recombinant human bone morphogenetic protein-2 (rhBMP-2)
solution. RhBMP-2 acts as an osteoinducer due to its ability to accelerate bone
formation by promoting MSCs differentiation into osteoblast cells. CBCT analysis
revealed a significant increase in average/mean bone thickness, which was further
corroborated by a histologic analysis demonstrating adequate new bone growth
to support implant insertion.

Kijartorn et al.22 produced 3D-printed granules using a 3-dimensional (3D)
printing machine and converted it into HA through a phosphorization reaction.
XRD and SEM analysis showed that the 3D-printed HA had low crystallinity, so it
quickly absorbed and mixed with blood, agglomerating the material to become
firm and immobile during the insertion process into the cavities.

Nano-sized HA developed to mimic natural bone composition, which showed
enhanced biomechanical properties. Compared to a conventional form of HA, it
exhibits improved biological performance, and the small nanoparticle size has a
larger surface area, which results in a faster resorption rate.12:2529 Stacchi et al.”
used sintered nano hydroxyapatite (nHA) in granular form. The nanosized material
is easier to produce due to its lower sintering temperature. 12:25.29

Sintered nHA showed osteoconductive potential and good osseointegration,
with new bone and blood vessel formation in the particles. Khaled et al.2> used
nHA mixed with sterile saline to get a soft consistency for insertion, then covered
it with a collagen membrane to prevent intrusion of the implant body into the
maxillary sinus. Collagen membranes had high biocompatibility and were
bioactive, so they could promote tissue healing and modulate osteogenic
processes.!? Altaweel et al.26 used nHA in conjunction with Platelet Rich Fibrin
(PRF) and covered by Amniotic Membrane (AM).

The use of PRF stimulates osteoblast proliferation and differentiation,
facilitates angiogenesis, and enhances bone density.33 The leukocyte in PRF
played a role in regulating inflammation and infection. PRF has a hemostatic effect
that maintains the stability of nHA graft particles.'3:3° AM acted as a scaffold for
cell proliferation and differentiation. AM accelerates the wound healing process by
increasing epithelialization, and has anti-microbial and anti-viral properties.!3 The
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implant stability and bone density value in the test group using nHA in conjunction
with PRF and AM were higher compared to the test group using HA alone.

Kattimani et al.2! synthesized nHA granules from calcium in chicken eggshells
through a rapid microwave process. The use of eggshells as a source of synthesis
is considered environmentally friendly and has no potential for disease
transmission. This study used a PRF membrane to seal the grafting area and
prevent leaching in the early implantation period. The eggshell-derived nHA
indistinguishably merged into the neighboring bony tissue, and bone density
increase was observed with no material leaching. Resende et al.2® synthesized
carbonated nHA through wet precipitation method without heat treatment,
modified by substituting phosphate ions (PO43) in the B-type HA structure with
carbonate ions (COs3). Non-sintered carbonated HA has lower crystallinity,
therefore more biodegradable with a higher presence of neoformed bone.

The success of dental implant is influenced by primary stability. The insertion
torque must be sufficient to hold the implant firmly in place, preventing micro-
movements that may interfere with the osseointegration process. The insertion
torque used in 3D-printed HA22 was 35 — 45 Ncm, and in porous HA with rhBMP-
219 was 30 — 70 Ncm. Insertion torque >50 Ncm can withstand implant
micromovement without damaging the bone. However, an insertion torque of 20
— 25 Ncm, as used in porous HA!8, can provide sufficient stability to prevent
movement during the healing period.

This is consistent with Greenstein’s32 statement that there is no definite

minimum torque required to achieve primary stability. The implant stability
quotient (ISQ) values in this study ranged from a low of 61.0 £ 13.3 (medium
stability) to a high of 78 £ 5 (high stability). These ISQ values indicates good
implant stability in alveolar bone augmented with HA bone graft. In clinical
observation, there were no biological or mechanical complications reported;
foreign body induced infection and inflammation; local and systemic immune
reactions; pathological signs; dehiscence; or hypoesthesia throughout the
study.16-18,:20-26 The tissue seal remained intact, preventing material loss or
leaching.
This article has limitations, including a narrow scope of discussion, the absence of
a risk of bias assessment, and the involvement of only one researcher in analysis
process. Further studies are necessary to explore the future clinical application of
HA-based technologies.

CONCLUSION

Within the confines of the research studied thoroughly, HA reported a clinical
success in supporting dental implant stably due to favorable osseointegration
between bone and implant, as well as increased bone growth, thickness and
density. Theoretical implications of this study suggest that the morphology and
composition of HA materials influence their biological and mechanical properties,
because its resemblance to natural bone promotes integration between the
materials and the host, thus affecting the stability of implant embedded in the
material. A smaller material may increase material resorption rate due to a larger
surface area, which may induce surface reactivity. The material’s porosity may
promote osteoconductivity by providing a scaffold for cellular growth within and
around the material Additionally, material incorporation may enhance
osteoinductivity and accelerate the healing period by facilitating cell growth
necessary for new bone and blood vessel formation. The practical implication of
this research is to provide dentists with considerations for selecting bone graft
materials to rehabilitate alveolar bone defects.
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