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F
ormation of a direct bone-to-
implant contact (BIC) is an
important parameter, which in-

fluences the overall success and sur-
vival of dental implant therapy.1–4

One of the factors that have been re-
ported to affect BIC is surface charac-
teristics of the implant. It has been
reported that osteoblastic attachment
and collagen synthesis are signifi-
cantly higher around rough-surfaced
implants in contrast to implants with
machined surfaces.5,6 Therefore, some
investigators have used implants with
organic and inorganic osteogenic coat-
ings in an attempt to improve implant
surface activity and osteopromotive
activity.7–12

Osteoporosis is a metabolic disease
of bone, which is characterized by low

bone mineral density and reduced bone
mass because of an imbalance in the
activity of osteoblasts and osteo-
clasts.13,14 Premenopausal andpostmen-
opausal estrogen deficiency, excessive
glucocorticoid intake, eating disorders
(such as anorexia nervosa and celiac dis-
ease) have been relatedwith the etiology
of osteoporosis.15–17 Although bone
quality and strength are compromised

in osteoporotic patients; osteoporosis is
not considered a contraindication for
implant placement.18,19

It is hypothesized that osteogenic
coatings (placement of a thin film of
organic and inorganic osteoinductive
and osteoproliferative materials) on im-
plants surfaces increase osteoblastic
activity thereby increasing bone vol-
ume (BV) and BIC under experimental
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Objective: The aim of this sys-
tematic review and meta-analysis
was to evaluate the role of osteo-
genic coatings (placement of a thin
film of organic and inorganic os-
teoinductive and osteoproliferative
materials) on implant surfaces in
augmenting bone-to-implant contact
(BIC) in osteoporotic bone.

Data Sources: To answer the
focused question “Do osteogenic
coatings on implant surfaces increase
BIC in osteoporotic bone?” PubMed/
MEDLINE, EMBASE, ISI Web of
Knowledge, Scopus, and Google-
Scholar databases were searched
till June 2017 using different com-
binations of the following key
words: bone-to-implant contact,
coating, implant surface, osseointe-
gration, and osteoporosis. Letters
to the Editor, review articles, case-
reports/case-series, and commen-
taries were excluded.

Results: Six animal studies were
included, in which osteoporosis was
induced by bilateral ovariectomy. In
all studies, implant surface rough-
ness was increased by various oste-
ogenic surface coatings including
alumina, hydroxyapatite, calcium
phosphate, and zoledronic acid.
Five studies showed that bone vol-
ume and BIC are significantly high-
er around implants with coated
surfaces than noncoated implants.
In 1 study, there was no difference
in BIC around coated and non-
coated implants.

Conclusion: Although experi-
mental studies have shown that oste-
ogenic coatings are effective in
enhancing BIC, their clinical rele-
vance requires further investiga-
tions. (Implant Dent 2017;00:1–8)
Key Words: osseointegration, new
bone formation, osteogenesis, sur-
face modification
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osteoporotic conditions in contrast to
implants with noncoated surfaces. The
aim of the present systematic review
andmeta-analysis was to assess the role
of osteogenic coatings on implant sur-
faces in promoting BIC in experimental
osteoporosis.

METHODS AND MATERIALS

Focused Question
This systematic review was con-

ducted by following the Preferred Re-
porting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guide-
lines.20 A specific question was con-
structed according to the Participants,
Interventions, Control, and Outcomes
(PICO) principle. The focused question
was “Do osteogenic coatings on

implant surfaces increase BIC in osteo-
porotic bone?”

(P) Participants: It was essential for
the animals to have undergone implant
treatment.

(I) Types of interventions: The
intervention of interest was effect of
osteogenic coatings on osseointegra-
tion in experimental osteoporosis.

(C) Control Intervention: Osseoin-
tegration without osteogenic coatings.

(O) Outcome Measures: BIC with
and without osteogenic coatings.

Eligibility Criteria
The following eligibility criteria

were entailed: (a) original studies; (b)
experimental studies (animal models);
(c) intervention: effect of osteogenic
coatings on implant surfaces in

promoting BIC in experimental osteo-
porosis; and (d) articles published only
in English language. Letters to the
Editor, commentaries, review articles,
and case-reports/case-series were not
sought.

Search Strategy
To address the focused question,

PubMed/MEDLINE (National Library
of Medicine, Bethesda, MD),
EMBASE, Scopus, and Google-
Scholar databases were searched up
to and including June 2017 using the
following key words: (a) bone-to-
implant contact; (b) coating; (c) implant
surface; (d) osseointegration; and (e)
osteoporosis. These keywords were
used in the following combinations:
a + b + c + d + e, a + b + c + d, a + b +
c, b + c + d + e, b + c + d, c + d + e, c + d,
and d + e. Titles and abstracts of studies
that fulfilled the eligibility criteria
were independently screened by 2 au-
thors (S.V.K. and F.J.) and checked for
agreement. Full texts of studies judged
by title and abstract to be relevant were
read and independently assessed by the
same authors (S.V.K. and F.J.) against
the selection protocol. After this, refer-
ence lists of original and review studies
that were found to be pertinent in the
previous step were hand-searched.
Any disagreement among the authors
regarding study selection was resolved
by discussion.

Meta-Analysis
Meta-analysis of mean differences

was performed for %BIC between
control and test groups on an animal
level. By definition, a mean difference
,0 indicated a greater effect size in the
control group. In case of missing data
for the meta-analysis, the correspond-
ing author would be contacted for addi-
tional data. Heterogeneity among the
included studies for each outcome was
assessed using the Q-statistic and I2 sta-
tistic.21 Outcome measures were com-
bined with a fixed-effects model unless
significant heterogeneity among studies
was found. In the case of heterogeneity,
a random-effects model using the
DerSimonian-Laird method was pre-
ferred.22 Forest plots were produced re-
porting weighted mean differences and

Fig. 1. Study selection protocol.
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95% confidence intervals. Sensitivity
analysis was performed by removing
outlier studies in terms of sample size

(smallest) and effect size (largest) to
assess the robustness of the results.
The alpha level was set at a ¼ 0.05.

All above statistical analyses were
performed by a specialized statistical
software (R “metafor” package; R

Table 1. Characteristics of Experimental Studies Included

Authors
et al

Subjects
(Mean Age) Study Groups

Implants
Location

Implant Surface
Modifications Follow-up Outcome

7 15 rats
(3 mo)

Group-1: 15 OVX
rats

Femoral
condyl

Implant-I: CaP
coated

12 wk BV and BIC were significantly
high around implant-I and
implant-II than implant-III.Group-2: 15 sham-

operated rats
Implant-II: collagen

type-1 coated
Implant-III: noncoated

8 48 rats (NA) Group-1: 64 OVX
rats with
simvastatin
treatment

Tibia Group-1a: implants
coated with
10−7 mol/L
simvastatin

1, 2, 4 and
12 wk

In Groups 1a and 1b, new
bone formation was seen
after 1 wk and in Group-2
after 2 wk. At all time points,
BV and BIC were
significantly higher in Groups
1a and 1b than Group-2.
There was no difference in
BV and BIC in Groups-1a
and 1b at all time points.

Group-2: 32 OVX
rats without
simvastatin
treatment.

Group-1b: implants
coated with
10−6 mol/L
simvastatin

Group-2: implants
without simvastatin
coating

9 56 rabbits
(NA)

Group-1: 40 OVX
rabbits

Tibia Group-1a: OVX alone
Group-1b: local ZOL

12-wk BV and BIC were significantly
higher in groups 1b, 1c and
1d (with the highest increase
occurring in group 1d)
compared with group-2.

Group-2: 16 without
OVX

Group-1c: systemic
ZOL

Group-1d: local +
systemic ZOL

Group-2: sham surgery
(controls)

10 36 rabbits
(6 mo)

Group-1: 12 OVX
rabbits treated
with alendronate-
Na tablets

Parietal
bones

In each group, 1 modSLA
and 1 SLA titanium
dome were placed.

4 and
16 wk

modSLA Ti surface significantly
increased BIC and new bone
formation in all groups
compared with SLA
surfaces.Group-2: no

treatment in 12
OVX rabbits

Group-3: sham
surgery (controls)

11 20 rabbits
(12 mo)

Group-1: 10 OVX
rabbits

Group-2: 10 rabbits
without OVX

Tibia In each group, implants
with 3 types of
surfaces were
placed:

16-wk There was no significant
difference in BIC among the
implants placed in groups 1
and 2.

(a) Ti implant
(b) HA-PS implant
(c) Implant coated with HA

with biomimetic
process

12 40 rats 40 OVX rats Tibia Implants (n ¼ 10/group)
were immersed in 4
different solutions
before placement:

12-wk Compared with group-a, BV
and BIC were significantly
higher in groups b, c, and d.
Highest BV and BIC were
observed in group
d compared with groups
b and c.

Group-a: water
Group-b: ZOL
Group-c: bFGF
Group-d: ZOL + bFGF

alendronate-Na indicates alendronate-sodium; bFGF, basic fibroblast growth factor; CaP, calcium phosphate; HA, hydroxyapatite; HA-PS, hydroxyapatite coated and plasma sprayed; modSLA,
modified-etched hydrophilic titanium; NA, not available; OVX, ovariectomized; SLA, etched titanium; SS, stainless steel; ZOL, zoledronate acid.
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Development Core Team. 2010.
URL: http://www.jstatsoft.org/v36/i03/).

RESULTS

Study Selection and
General Characteristics

The initial search yielded 28 stud-
ies. Twenty-two studies, which did not
fulfill the eligibility criteria, were
excluded (AppendixA). In total, 6 stud-
ies7–12 were included and processed for
data extraction (Fig. 1).

General characteristics of the stud-
ies that were included in the present
systematic review are shown in
Table 1. All studies7–12 were experi-
mental and were performed at Univer-
sity settings. Rats and rabbits were
used in 37,8,12 and 39–11 studies,
respectively. Mean ages of rats and
rabbits ranged between 3 to 10 months
and 6 to 12 months, respectively. In all
studies,7–12 experimental osteoporosis
was induced by bilateral ovariectomy.
In the study byMardas et al,10 implants
were placed in the parietal bone. In the
remaining studies,7–9,11,12 implants
were either placed in the femoral con-
dyle or tibia. The follow-up period
ranged between 1 and 16 weeks.

Implant-Related Characteristics of
the Studies

Implant-related characteristics of
the studies7–12 that fulfilled the

eligibility criteria are shown in Table 2.
In these studies,7–12,23,24 the numbers of
implants placed ranged between 30 and
192. In 2 studies,7,12 cylindrical im-
plants were used and screw-shaped im-
plants were used in 3 studies.8–10 In 1
study,11 shape of the implants used was
not reported. The lengths and diameters
of implants used ranged between 3 to
12mm and 1 to 5mm, correspondingly.
In all studies,7–12 rough-surfaced dental

implants were used. Calciumphosphate
(CaP) and zoledronic acid (ZOL)-
coated implant surfaces were used in
17 and 2 studies,9,12 respectively;
whereas 1 study11 assessed the effect
of using a duplex coating of hydroxy-
apatite on implant osseointegration
under experimental osteoporotic condi-
tions. In a study on rats,12 effect of
fibroblast growth factor with and with-
out adjunct ZOL coating in increasing

Table 2. Implant-Related Characteristics of the Studies Included

Authors
et al No. Implants Placed Implant Shape

Implant
Length
(in mm)

Implant
Diameter
(in mm)

Implant Surface
Characteristics

7 30 CaP or Collagen type-1
coated Ti implants

Cylindrical 5 2.85 Grit-blasted + CaP or collagen
type-1 coating.

30 noncoated Ti implants
8 192 Screw-shaped 4 2.2 Grit-blasted + treated with

hydrofluoric acid/nitric acid
solution and hydrochloric acid/

sulfuric acid solutions
9 80 Ti implants Screw-shaped 12 2 HA and ZOL coating
10 72 Ti discs* Screw-shaped 3* 5* ModSLA and SLA
11 60 Ti implants NA 10 3.8 HA-PS and HA with biomimetic

process
12 20 Ti implants in distilled water Cylindrical 12 1 HA immersed in water, ZOL, bFGF,

or ZOL + bFGF20 Ti implants in ZOL
20 Ti implants in bFGF

20 Ti implants in ZOL + bFGF

*Titanium disks were placed on induced parietal bone defects.
bFGF indicates basic fibroblast growth factor; CaP, calcium phosphate; HA, hydroxyapaptite; HA-PS, hydroxyapaptite coated and plasma sprayed; Ti, Titanium; ZOL, Zoledronate acid.

Fig. 2. Forest plot for included studies that reported %BIC in test implant surfaces versus
conventional implant surfaces in medically compromised animals. The plot is showing
weighted mean differences and 95% confidence intervals (95% CI). Weighted mean differ-
ences were estimated by a random-effects (RE) model.
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BV and BIC was investigated; whereas
in 1 study,8 Ti implantswere dipped in 2
different concentrations of a hypolipi-
demic drug before insertion in rat tibia.

Main Outcome of Studies
Results from 5 studies7–10,12

showed that BV and BIC were signifi-
cantly higher around implants with
coated surfaces than noncoated implants.
Results by Vidigal et al11 showed no dif-
ference in BIC around coated and non-
coated implants placed in animals with
experimentally induced osteoporosis.

Meta-Analysis
Tests for heterogeneity demon-

strated significant heterogeneity in the
main meta-analysis (Q ¼ 17.83, de-
grees of freedom ¼ 5, P-value ¼
0.003, I2 ¼ 71.95%) and the sensitivity
analysis (Q ¼ 10.45–13.26, I2 ¼
71.30%–77.38%), thus a random-
effects model was used for all analyses.
The pooled effect size for increase in %
BIC was significant in favor of coated
implants with a mean difference of
45.27% (35.04%, 55.49%), P ,
0.001.After the exclusion of (1)Mardas
et al10 and Gao et al12 that exhibited the
largest effect size and (2) Mardas et al10

and Qi et al9 that had the smallest sam-
ple size, results remained similar with
the mean difference in %BIC ranging
between 39.57% and 46.20%, respec-
tively (P, 0.001 in both cases) (Fig. 2).

DISCUSSION

In the present systematic review,
only a limited number of studies ful-
filled the eligibility criteria to be statis-
tically assessed for a meta-analysis.
Although this factor could be consid-
ered as a potential limitation of this
study, yet the present results are based
on the most recent evidence available.
In general, studies7–12 included in the
present systematic review showed that
implants with osteogenic coatings ex-
hibited a higher BIC and BV in animals
with experimentally induced osteopo-
rosis than noncoated implants. An
explanation in this regard may be
derived from the fact that an increase
in surface roughness of the implant
(caused by osteogenic coatings) facili-
tates the attachment of osteoinductive

cells to the implant surface. Stud-
ies4,25,26 have also shown that long-
term success of dental implants is
related to the degree of primary stability
(PS) achieved at the time of implant
placement. It is therefore hypothesized
that rough-surfaced implants promote
bone formation around implants in sys-
temically healthy and osteoporotic pa-
tients by enhancing the degree of PS as
compared to implants with machined
surfaces. It is noteworthy that all stud-
ies7–12,23,24,27–29 included in this review
were experimental and osteoporosis was
induced in animals within 4 weeks to 24
months of ovariectomization.7–12 From
a clinical standpoint, it is well acknowl-
edged that aging is a major risk factor of
osteoporosis.30 Therefore, it may be
argued whether or not experimental
osteoporosis induced in the experimen-
tal studies7–12,23,24,27–29 included in the
present review truly replicated a clinical
scenario of osteoporosis. Moreover, it is
known that hyperglycemia is commonly
manifested in elderly osteoporotic pa-
tients.31 Chronic hyperglycemia has
been associated with an increased for-
mation of advanced glycation end prod-
ucts (AGEs) and their accumulation in
tissues including gingival tissues.32

Increased interactions between AGEs
and their receptors have been associated
with increased gingival inflammation
and alveolar bone loss (ABL).33,34 It is
well established that habitual use of
tobacco in the form of smoking and
smokeless tobacco products increases
oral soft tissue inflammation and in-
creasesABL.35–39 Furthermore, the con-
tribution of regular oral hygiene
maintenance toward the preservation of
periodontal and peri-implant soft- and
hard-tissue status cannot be over-
looked.40 Because chronic hyperglyce-
mia, advanced aging and habitual use of
tobacco products undermine the differ-
entiation and growth of osteoprogenitor
cells41–43; it is hypothesized that the out-
come of dental implant therapy in terms
of maintenance of BIC is compromised
in patients with poorly controlled diabe-
tes, elderly individuals, and tobacco
smokers in contrast to their correspond-
ing controls (ie, systemically healthy
subjects, younger individuals and indi-
viduals who have never used tobacco in
any form, respectively). In this regard,

merely using implants with osteogenic
coatings in osteoporotic patients is most
likely insufficient to promote BIC and
enhance the long-term success and sur-
vival of dental implants.

A variety of implant coating mate-
rials were used in the studies and
included in the present systematic
review. For instance, Alghamdi et al7

used CaP-coated implants and the re-
sults demonstrated that CaP coatings
are effective in enhancing BIC and
BVcomparedwith noncoated implants.
However, results by Qi et al9 and Gao
et al12 showed that ZOL-coated im-
plants augment osseointegration under
experimental osteoporosis as compared
to noncoated implant surfaces. More-
over, results byGao et al12 also reported
that coating implant surfaces with
growth factors with adjunct ZOL ther-
apy increased BIC to a significantly
greater extent as compared to when
ZOL was used alone. CaP coatings
increase the attachment of osteoblast-
like cells and mesenchymal stem cells
on implant surfaces44; and ZOL coat-
ings improve osseointegration of
hydroxyapatite-coated implants by
converting the rod-like structure of tra-
beculae (following estrogen deficiency)
to the plate-like structure thereby
increasing bone mass around implants
and improving implant fixation.12 It is
therefore difficult to nominate a specific
implant coatingmaterial that may result
in highest BIC under osteoporotic con-
ditions. Furthermore, from the literature
reviewed, it is difficult to determine
the minimum thickness of the coating
material (regardless of its composition)
that would yield the most fruitful out-
come in terms of augmenting BIC.

It has been reported that the
secondary stability of implants is
associated with the BIC and the role
of implant diameter in this context is
secondary.45,46 From the literature re-
viewed, it was observed that although
implants used in the respective stud-
ies varied in diameters (range 1–5
mm); histologic outcomes of most
studies revealed significantly more
BIC around coated implants than
noncoated surfaces in animals with
experimental osteoporosis. Further
long-term randomized controlled
clinical trials are warranted to assess
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the impact of osteogenic coatings on
osseointegration of dental implants in
patients with osteoporosis.

CONCLUSION

On experimental grounds, osteo-
genic coatings on implant surfaces
enhance BIC and seem to be a useful
strategy for increasing the long-term
success and survival of dental implants.
However, from a clinical perspective,
the role of osteogenic coatings on
implant surfaces in terms of augment-
ingBIC remains debatable since several
local and systemic factors influence
BIC and not merely implant surface
coatings. Further clinical trials are
needed to assess the efficacy of osteo-
genic coatings on implant surfaces in
augmenting osseointegration in osteo-
porotic patients.
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Appendix A. List of Excluded
Studies. Reason for Exclusion

is Shown in Parenthesis

• Xiao JR, Li DH, Chen YX, et al.
Evaluation of fixation of

expandable implants in the mandi-
bles of ovariectomized sheep. J
Oral Maxillofac Surg.
2013;71:682–688. (Focused ques-
tion not answered).

• Irish J, Virdi AS, Sena K, et al.
Implant placement increases
bone remodeling transiently in
a rat model. J Orthop Res.
2013;31:800–806. (Focused ques-
tion not answered).

• Li CY, Zhou YM, Wang L, et al.
Effect of alendronate sodium on
torque-out testing on implant-
bone interfaces in estrogen-
deficient rabbits with alendronate
systemic administration. Hua Xi
Kou Qiang Yi Xue Za Zhi.
2011;29:233–236. (Article in
Chinese).

• Linderbäck P,Areva S,Aspenberg
P, et al. Sol-gel derived titania
coating with immobilized bi-
sphosphonate enhances screw fix-
ation in rat tibia. J Biomed Mater
Res A. 2010;94:389–395.
(Focused question not answered).

• Carvalho CM, Carvalho LF, Costa
LJ, et al. Titanium implants:
a removal torque study in osteo-
penic rabbits. Indian J Dent Res.
2010;21:349–352. (Focused ques-
tion not answered).

• Li JP, Zhang WQ, Yu J, et al. The
effect of experimental osteoporo-
sis on bone healing of autologous
iliac crest graft around implants.
Hua Xi Kou Qiang Yi Xue Za
Zhi. 2010;28:435–438. (Article
in Chinese).

• Glösel B, Kuchler U, Watzek G,
et al. Review of dental implant rat
researchmodels simulatingosteopo-
rosis or diabetes. Int J Oral Maxillo-
fac Implants. 2010;25:516–524.
(Review article).

• Goldhahn J, Neuhoff D,
Schaeren S, et al. Osseointegra-
tion of hollow cylinder based
spinal implants in normal and
osteoporotic vertebrae: a sheep
study. Arch Orthop Trauma Surg.
2006;126:554–561. (Focused
question not answered).

• Cho P, Schneider GB, Krizan K,
et al. Examination of the bone-
implant interface in experimen-
tally induced osteoporotic bone.

Implant Dent. 2004;13:79–87.
(Focused question not answered).

• Duarte PM, César Neto JB,
Gonçalves PF, et al. Estrogen defi-
ciency affects bone healing around
titanium implants: A histometric
study in rats. Implant Dent.
2003;12:340–346. (Focused ques-
tion not answered).

• Ozawa S, Ogawa T, Iida K, et al.
Ovariectomy hinders the early
stage of bone-implant integration:
Histomorphometric, biomechani-
cal, and molecular analyses. Bone.
2002;30:137–143. (Focused ques-
tion not answered).

• Yoshinari M, Oda Y, Inoue T,
et al. Bone response to calcium
phosphate-coated and
bisphosphonate-immobilized tita-
nium implants. Biomaterials.
2002;23:2879–2885. (Focused
question not answered).

• Lugero GG, de Falco Caparbo V,
Guzzo ML, et al. Histomorpho-
metric evaluation of titanium im-
plants in osteoporotic rabbits.
Implant Dent. 2000;9:303–309.
(Focused question not answered).

• Pan J, Shirota T, Ohno K, et al.
Effect of ovariectomy on
bone remodeling adjacent to
hydroxyapatite-coated implants
in the tibia of mature rats. J Oral
Maxillofac Surg. 2000;58:877–
882. (Focused question not
answered).

• Yamazaki M, Shirota T,
Tokugawa Y, et al. Bone reac-
tions to titanium screw implants
in ovariectomized animals. Oral
Surg Oral Med Oral Pathol Oral
Radiol Endod. 1999;87:411–418.
(Focused question not answered).

• Mori H, Manabe M, Kurachi Y,
et al. Osseointegration of dental
implants in rabbit bone with
low mineral density. J Oral Max-
illofac Surg. 1997;55:351–361;
discussion 362. (Focused question
not answered).

• Maugars Y, Berthelot JM,
Delécrin J, et al. Dual-energy
X-ray absorptiometry: value in
orthopedics. Rev Chir Orthop
Reparatrice Appar Mot.
1995;81:326–332. (Focused ques-
tion not answered).
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• De Benedittis A, Mattioli-
Belmonte M, Krajewski A, et al.
In vitro and in vivo assessment of
bone-implant interface:acompara-
tive study. Int J Artif Organs.
1999;22:516–521. (Did not fulfill
the criteria for meta-analysis).

• Fini M, Giavaresi G, Greggi T,
et al. Biological assessment of the
bone-screw interface after inser-
tion of uncoated and
hydroxyapatite-coated pedicular
screws in the osteopenic sheep. J
Biomed Mater Res Part A.
2003;66:176–183. (Did not fulfill
the criteria for meta-analysis).

• Borsari V, Fini M, Giavaresi G,
et al. Osteointegration of titanium
and hydroxyapatite rough surfaces
in healthy and compromised corti-
cal and trabecular bone: In vivo
comparative study on young, aged,
and estrogen-deficient sheep. J Or-
thop Res. 2007;25:1250–1260.
(Did not fulfill the criteria for
meta-analysis).

• Alghamdi HS, Bosco R, van den
Beucken JJ, et al. Osteogenicity of
titanium implants coated with cal-
cium phosphate or collagen type-I
in osteoporotic rats. Biomaterials.
2013;34:3747–3757. (Did not ful-
fill the criteria for meta-analysis).

• Jung YC, Han CH, Lee IS, Kim
HE. Effects of ion beam-assisted
deposition of hydroxyapatite on
the osseointegration of endo-
sseous implants in rabbit tibiae.
Int J Oral Maxillofac Implants.
2011;16:809–818. (Did not fulfill
the criteria for meta-analysis).
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