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Abstract

Early dental implant occurs failure due to poor osseointegration between the bone tissue
and implant surface. Adding osseoinductive biomaterials such as bone morphogenetic proteins
to the surface of the implant improves the quality and osseointegration of osseointegration.
They trigger the conversion of mesenchymal stem cells into osteoblast cells producing new
bone. This study aimed to assess the effects of adding bone morphogenetic proteins (rhBMP-2)
to the implant surfaces on the extend and strength of osseointegration. This review used stud-
ies from Dentistry and Oral Sciences Source, Medline on EBSCo host platform, and CINAHL
Ultimate Databases. In-vivo studies with randomised controlled trials from 01/01/2013 to
12/31/2023 were included. Seven animal studies on the surface modification of SLA implants
with rhBMP-2 on different carriers were selected based on the inclusion criteria with low risk
of bias. The bone area, volume, and bone-implant contact in the new bone formed were meas-
ured. The strength of osseointegration was measured in two studies as removal torque and
implant stability quotient. Statistically significant increase in new bone formation and bone-
implant contact was seen in rhBMP-2 immobilized on heparinised implant surface. Three stud-
ies showed significant increase in bone formation when rhBMP-2 was added. bone-implant
contact showed statistically significant increase in the experimental group in only two studies.
There was no significant difference in the bone-implant contact, removal torque and implant
stability quotient analysis in five studies. The biofunctionalisation using rhBMP-2 is promising
to increase the extent and strength of osseointegration. It influences the outcome measures
of osseointegration even though to display statistical significance rhBMP-2 should have sus-
tained release and concentration. Carriers such as Hydroxyapatite (HAp), Heparin and poly (D,L
lactide-co-glycolide) (PLGA) microspheres can biofunctionalise implant surfaces with rhBMP-2.
Further studies are needed to identify the ideal carriers and doses needed to increase in the

bone implant contact and strength of osseointegration.
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Introduction

According to the UN report on world population ageing in
2020, globally there are 727 million persons aged 60 years and
over. This number is expected to increase from the current 9.3%
to 16% over the next three decades [1]. The incidence of caries
among British adults has reduced but the incidence of severe
periodontal disease has increased [2]. These primary causes of
tooth removal result in a growing number of patients seeking
solutions for full or partial tooth loss. Implant-supported pros-
theses are attractive due to their biological and functional ben-
efits, offering excellent long-term results to patients [3]. Studies
show that dental implants between 100,000-300,000 implants
are placed per year [4]. The success rate depends mainly on the
way the individual’s bone integrates with the implant surface
called osseointegration. A retrospective cohort study to inves-
tigate causes of failure of implants, classified as early failure
and late failure was conducted by Manor et al. The main cause
of early failure was found to be the lack of osseointegration at
73.2%. Osseo-integration is the direct contact between living
bone tissue and the implant surface by Branemark [5]. The im-
plant’s primary stability depends on factors such cortical bone
volume, implant size, and surface features. This stability weak-
ens in the first few weeks due to bone changes. To compensate
for this, the secondary stability, mainly from the newly formed
bone, becomes crucial. This bond on the implant surface is bio-
logical, not mechanical [6]. Historically, several modifications to
the implant surface properties such as structure, surface rough-
ness, chemistry, surface charge, and wettability have been ex-
amined to improve the osseointegration [5]. Recently, micro-
roughening methods such as sandblasting or electrochemical
deposition and altering the surface activity through acid etch-
ing, anodising, or activation are used to boost osseointegra-
tion [7]. Specific growth factors such as Bone Morphogenetic
Proteins (BMP) to stimulate the creation of bone tissue have
been explored. This phenomenon involves the proliferation
and differentiation of the undifferentiated stem cells, osteo-
progenitor cells and preosteoblasts into osteoblasts enhancing
implant osseointegration. Among the family of BMPs, rhBMP-2
and BMP-7 seem to possess the highest osteoinductive poten-
tial [8]. Studies involving local application of rhBMP at fracture
sites and bone analysis for BMP expression showed elevated
upregulation for 21 days during healing [9]. A review on in vivo
studies of BMP coated titanium implant surface measured the
bone formation outcome each week up to 3 weeks [10]. Anoth-
er systematic review on the effects of bioactive drugs such as
bisphosphonates, calcium phosphates and BMP by coating the
implant surface or using carriers showed significantly improved
osseointegration by BMPs and calcium phosphate, but only
bone to implant contact was measured [11]. This review aimed
to critically appraise the extent and strength of osseointegra-
tion achieved by the biofunctionalisation of the implant surface
with rhBMP-2 by analysing the outcomes including new Bone
Area (BA) or Bone Volume (BV), bone implant contact from his-
tological evaluations and the Removal Torque (RT), the Reso-
nance Frequency Analysis (RFA) or Implant Stability Quotient
(1SQ) compared to that achieved by the Sand-blasted, Large grit
Acid etched (SLA) titanium implants.

Materials and methods

To explore the research question, a systematic review of
published Randomised Controlled Trials (RCT) was the selected
research method. In vivo animal randomised controlled trials
studies, with or without split mouth design, and assessing fol-
low up outcomes from 3 weeks to 3 months with low risk of
bias were included. Studies not included in the earlier reviews
and not analysed for more outcomes according to this inclusion
criteria were included in this review.

Studies that did not meet the inclusion criteria such as co-
hort and case control studies and in vitro studies which could
not provide the outcome measures such as removal torque and
Stability Quotient were excluded.

Inclusion and exclusion criteria: Healthy animals without sys-
temic diseases or medication which may compromise osseous
healing were included. Implants used must be SLA titanium im-
plants. In vitro studies, animal studies without ethical approval,
BMP placed as scaffolds at the implant site, BMP in the form of
solution/gel/carrier dependent placed as a simultaneous guid-
ed bone regeneration procedure but not coated on the implant
were excluded. Studies involving BMP-7, BMP-4, nanotube
delivery and gene vector delivery of BMP were also excluded.

Intervention planned: Implant surface modification with rh-
BMP-2 adsorbed or as a covalent attachment or a carrier deliv-
ered on the surface of the implant.

Outcomes: New bone formation measured by bone area, BV,
bone height or density. Osseointegration measured by bone-
implant contact which is the amount of bone in contact with
the determined surface or length of the implant.

Stability measured by removal torque or Stability Quotient.
Removal torque is measured by the torque required to remove
an osseointegrated implant. Resonance frequency analysis is
the resonance measured of the implant oscillating at the first
flexural stress translated as Stability Quotient [12].

Search methods for selection of studies: The three databas-
es Medline on Ebscohost platform, CINAHL Ultimate, Dentistry
and Oral Sciences Sources were searched using the strategy
planned according to the inclusion criteria and outcomes de-
cided. MeSH terms like dental implants, oral implants, titanium
implants, osseointegration, bone morphogenetic proteins, rh-
BMP-2, reversal torque, removal torque, bone implant contact,
implant stability quotient and resonance frequency analysis
were employed. The limiters used were the publication period
2013-2023 to gather up to date studies and publications in Eng-
lish. Systematic reviews and meta- analyses on the same sub-
ject were consulted to supplement the selection of papers. The
PRISMA protocol was followed for selection of studies (Table
1). A total number of 94 papers were identified from all the da-
tabases. The rationale for excluding studies was in accordance
with the exclusion criteria for study selection, participants,
interventions, and the removal of duplicate papers. The final
studies selected were 7 (Table 2).

Missing data: Pang et al. (2021) [13] were emailed to request
missing data, but the information could not be obtained. As it
was not very critical to the review, the study was still included
in the selection.
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Table 1: Prisma flowchart for selection of studies.

Identification

Screening

Risk assessment of bias in the included studies: The risk of
bias for the included studies was assessed based on the OHAT

Identification of via and

| risk of bias tool for evaluating human and animal studies (Table

3). This tool was developed from guidance by the Agency for

Records identified from*:
3 Databases, DOSS- 25,
Medline-53, CINAHL- 16.
(n =84)

sCreening:
Duplicate records
n=23)

A4

Records removed before

Healthcare research and Quality, the Cochrane Handbook, the
Cochrane risk of bias tool for non-randomised trials, the SYRCLE
tool for animal studies, comments from advisors and staff and
other sources (OHAT Risk of bias tool, 2015).

remaoved

l

The following domains were assessed across individual stud-

(n="71)

Records screened

{n=33)

Records excluded after fitle and
abstract assessment

ies.

Selection bias.

l

(n=1)

Reports sought for refrieval

Allocation concealment.

(n=32)

Reports nof refrieved

Internal Validity- appropriate comparison groups.
Confounding variables.

l

Articles excluded:

{n=39)

Abstracts assessed for eligibility

Reason 1- net incleded in
inclusion criteria, (other EMPs
and implants not made of
fitanium) (n = 26)

Reason 2 -systemic review
and meta-analyses (n = 3)

Identical experimental conditions.
Attrition/Exclusion bias.
Detection bias.

Outcome assessment.

{n=10}

Full texts assessed for eligibility

Other bias.

Articles excluded

control studies.

Included

(n = 3) Reason exclusicn of case

The risk of bias was graded on a 4-point scale as definitely
high, probably high, probably low, and definitely low with “not

(n=7)

Studies included in review

Table 2: List of studies included.

reported” data classed as probably high. The study by [20] Soo
Yeon Yoo et al 2015 had an overall definitely low risk of bias. The
study by [17] Kim et al. 2015 was a pilot study with only mean
values assessed and no statistical analysis was performed,
hence the risk of bias for internal validity was graded as prob-
ably high. In the study [14] Cardoso et al. 2017, the use of phos-
phate carriers masks the reliable outcome measurement of the
effect of the addition of BMP, hence the confounding variables

No.

Author
and Year

Title of study

Full reference

Pang K

(2021)

)
=

etal.

'Effects of the combination of bone morpho-
genetic protein-2 and nano-hydroxyapatite
on the osseointegration of dental implants'

PangK, SeoY, Lee J. (2021). Effects of the combination of bone morphogenetic protein-2 and nano-
hydroxyapatite on the osseointegration of dental implants. Journal of the Korean Association of
Oral and Maxillofacial Surgeons, 47(6), pp. 454-464 Available at: 10.5125/jkaoms. 2021.47.6.454.

Cardoso
MV, et al.
(2017) [14]

'Titanium implant functionalization with
phosphate-containing polymers may favour

in vivo osseointegration’

Cardoso, M.V., de Rycker, J., Chaudhari, A., Coutinho, E., Yoshida, Y., Van Meerbeek, B., Mesquita,
M.F., da Silva, W.J., Yoshihara, K., Vandamme, K. and Duyck, J. (2017). Titanium implant functional-
ization with phosphate-containing polymers may favour in vivo osseointegration. Journal of clini-
cal periodontology, 44(9), pp. 950-960 Available at: 10.1111/jcpe.12736.

Pan H., et al.
(2016) [15]

‘Effect of sustained release of rhBMP-2 from
dried and wet hyaluronic acid hydrogel car-
riers compared with direct dip coating of rh-
BMP-2 on peri-implant osteogenesis of den-
tal implants in canine mandibles'

Pan, H., Han, J.J,, Park, Y., Cho, T.H. and Hwang, S.J. (2016). Effect of sustained release of rhBMP-2
from dried and wet hyaluronic acid hydrogel carriers compared with direct dip coating of rh-
BMP-2 on peri-implant osteogenesis of dental implants in canine mandibles. Journal of cranio-
maxillo-facial surgery: official publication of the European Association for Cranio-Maxillo-Facial
Surgery, 44(2), pp. 116-125 Available at: 10.1016/j. jcms.2015.11.018.

al. (2015)
[16]

Yoo, S., et

'Biochemical Responses of Anodized Titanium
Implants with a Poly(lactide-co-glycolide)/
Bone Morphogenetic Protein-2 Submicron
Particle Coating. Part 2: An In Vivo Study'

Yoo, S., Kim, S., Heo, S., Koak, J., Lee, J. and Heo, J. (2015). Biochemical Responses of Anodized
Titanium Implants with a Poly(lactide-co-glycolide)/Bone Morphogenetic Protein-2 Submicron
Particle Coating. Part 2: An In Vivo Study. The International journal of oral & maxillofacial im-
plants, 30(4), pp. 754-760 Available at: 10. 11607/jomi. 3701b.

Kim, N., et
al. (2015)
[17]

'Effects of rhBMP-2 on Sandblasted and Acid
Etched Titanium Implant Surfaces on Bone
Regeneration and Osseointegration: Spilt-
Mouth Designed Pilot Study'

Kim, N., Lee, S., Ryu, J., Choi, K. and Huh, J. (2015). Effects of rhBMP-2 on Sandblasted and
Acid Etched Titanium Implant Surfaces on Bone Regeneration and Osseointegration: Spilt-
Mouth Designed Pilot Study. BioMed research international, 2015, pp. 459393 Available at: 10.
1155/2015/459393.

Kim, S.
E. etal.
(2014) [18]

'Improving osteoblast functions and bone
formation upon BMP-2 immobilization on ti-
tanium modified with heparin'

Kim, S.E., Kim, C., Yun, Y., Yang, D.H., Park, K., Kim, S.E., Jeong, C. and Huh, J. (2014). Improving
osteoblast functions and bone formation upon BMP-2 immobilization on titanium modified with
heparin. Carbohydrate Polymers, 114, pp. 123-132 Available at: 10.1016/j.carbpol.2014.08.005.

Lee, S., et al.
(2014) [19]

'Hydroxyapatite and collagen combination-
coated dental implants display better bone
formation in the peri-implant area than the
same combination plus bone morphogenetic
protein-2-coated implants, hydroxyapatite
only coated implants, and uncoated implants'

Lee, S., Hahn, B., Kang, TY., Lee, M., Choi, J., Kim, M. and Kim, S. (2014). Hydroxyapatite and col-
lagen combination-coated dental implants display better bone formation in the peri-implant area
than the same combination plus bone morphogenetic protein-2-coated implants, hydroxyapatite
only coated implants, and uncoated implants. Journal of oral and maxillofacial surgery: official
journal of the American Association of Oral and Maxillofacial Surgeons, 72(1), pp. 53-60 Available
at: 10.1016/j.joms.2013.08.031.
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Table 3: Risk of bias analysis of included studies.

Kang Mi Pang et al, 2021 Marcio V. Cardoso et al. 2017 Hui Pan et al. 2016 So0 Yeon Yoo et al. 2015 NHKim et al. 2015 SE Kim et al.2014 SWLee etal 2014

Selection Bias + . + . . + +
Allocation concealment = . = . = = =
Internal validity-appropriate comparison groups . . . . - . .
Confounding variables . - . . . . .
i Exporimontl condiios - - w ® . w ®

. @ @ : @ @ o
Attrition fexclusion bias
Deteclion bias - " - ) - - Y
Outcome assessment- + + + i T + +
Other bias . . . . . . .
Key

Firi I probably definitely
definitelu low | probably low | 7. .
kigh high

+

are graded as probably high risk of bias. No study was excluded
as the overall risk of bias for all studies were low.

Data extraction and management: The seven randomised
controlled studies selected for review included over 252 im-
plants. A comprehensive data extraction template inclusive of
all characteristics, interventions, outcomes measured, results
and statistical data was planned and tabulated for easy refer-
ence. The Gradepro GDT tool was used to create a summary of
findings table and assess the quality of evidence. Further, the
data was analysed and described as a narrative synthesis with
inferences and implications.

The following information was extracted:

General information: Author, publication year, Title, Journal
of publication, location, aims and study design.

Study eligibility: Inclusion and exclusion criteria

Participants: Animal used, Number of animals and implants,
ethical approvals, site of implantation.

Interventions: Type and concentration of BMP used, carrier,
method of implant surface modification, BMP release tests, de-
tails of surgical procedure, pre and post medications.

Comparators: Type of implant or carrier used as control.

Outcomes: Schedules, bone area, BV, bone-implant contact,
Stability Quotient.

Others: Statistical analysis, significance, conclusions, conflict
of interest, overall risk of bias.

Characteristics of included studies: In the randomised con-
trolled trials by [13] Pang etal. 2021, carried out on rabbit tibia,
200 ng rhBMP-2 was added to a composite of collagen and na-
no-hydroxyapatite and adsorbed onto the implant surface.

II'
{
h

iy
-"'-.1-::. 'F

" r
I:I|..|.|_LI

ed:{:l‘#f T i

Figure 1: Photograph of titanium implant (left) and Col/nHAp/
BMP-2-coated implant (right) [13] (Pang et al. 2021).

The BMP release tests were conducted as invitro tests. New
bone area, bone-implant contact, and removal torque were
assessed at 4 weeks [13]. In 2017, Cardoso et al. [14] studied
the effects of 1 ug rhBMP-2 with Phosphorylated Pullulan (PPL)
adsorbed onto the implant surface. These randomised con-
trolled trials involving 120 implants, also tested the effects of
phosphates on osseointegration by coating implants with 10%
polyphosphoric acid, 1% PPL and 10% PPL against SLA titanium
implants as controls. BV and bone-implant contact B were mea-
sured at 1 month and 3 months [14]. In the study by [15]. Pan et
al. 2016, hyaluronic acid hydrogel with 10 pug/ml.

BMP was employed in dried, wet, and immediate dip coat-
ed on dried gel forms on 28 implants. BMP release tests were
determined up to day 3. Bone area and bone-implant contact
were measured at 1 week and 4 week [15]. (Pan et al. 2016)
[16]. Yoo et al. 2015, conducted a randomised controlled trial
on 8 rabbits with 32 implants and BMP at 50 pug/ml (PLGA) mol-
ecules electrosprayed on the implant surface. Bone area and
bone-implant contact were measured at 3 weeks and 7 weeks
[16]. In the pilot study by [17]. Kim et al. 2015, 24 implants were
used and different concentrations of BMP 0.1 mg/ml, 0.5 mg/
ml and 1.0 mg/ml were adsorbed directly and dried. The BMP
release test were measured from the first 6 hours to 4 days.
BH, BV, bone-implant contact and changes in Stability Quotient
were measured at 8 weeks [17].

www.jclinmedsurgery.com



Figure 2: Implant surgery procedure for the in vivo study; 5.5
mm width peri-implant defects were created using a trephine bur.
The implant was placed within its prepared site, and peri-implant
defect areas were covered using a 5.5 mm diameter cover screw
[18]. In the randomised controlled trials by Kim et al. in 2014, 24
implants and 0.75 mg/ml of BMP were employed. BMP was elec-
trostatically strongly bonded with the heparinized implant surface
and the BMP release was tested for 28 days.

Figure 3: Scanning Electron Microscopy (SEM) for the surface
morphologies; the control and surface-modified groups had simi-
lar morphologies. (a) Ti, (b) BMP-2/Ti, (c) BMP-2/Hep-Ti. (Magni-
fication: x4000). BH, bone density and bone-implant contact were
measured at 8 weeks [18]. The study by [19] Lee et al. 2014, was
a randomised controlled trial with 12 rabbits and 24 implants. 200
ng/ml of BMP and hydroxyapatite and collagen were adsorbed us-
ing an aerosol deposition system. The new bone formation and
bone-implant contact were measured at 6 weeks.

Results

This review compared the effect of rhBMP-2 on the implant
surface to the existing SLA surface on the indicators of the ex-
tent and quality of osseointegration. Of the seven selected in-
vivo studies, six studies modified the titanium implants with
rhBMP-2 added onto a carrier and one directly in wet and dried
layered coatings. The analyses at the bone-implant surface
were performed at [3,4,6-8] weeks measuring the bone area,
BH, BV and bone-implant contact. The de novo bone formation
increased in the initial weeks in all implants biofunctionalized
with rhBMP-2. A significant increase was seen in [2] studies in

bone area, in 1 study in BH at 3, 4 and 8 weeks respectively.
Later follow up analysis in 3 studies showed no statistical dif-
ference except for the heparinized implant with BMP-2 coating.
The bone-implant contact showed statistically significant differ-
ence at [6,8] weeks in the implants with BMP-2 on Hydroxyapa-
tite and collagen and Heparin carriers and none in all others,
though the mean values were high in [6] studies. Both the re-
moval torque and the Stability Quotient at 8 weeks increased
compared to the control but had no statistical difference. The
most efficient carrier releasing BMP-2 was heparin which pro-
vided prolonged and constant dose delivery up to 28 days.

Question: Does rhBMP-2 biofunctionalized implant surface
compared to SLA implant surface provide better osseointegra-
tion?.

Population: Animal studies-healthy animals without system-
ic diseases or medication affecting bone physiology.

Intervention: rhBMP-2 functionalization of implant surface
with carriers or dip coated.

Comparison: SLA titanium implant surface.
Discussion

The rhBMP-2 is a dosage dependent growth factor. Lower
concentrations promote bone formation, but higher concen-
trations can trigger osteoclasts, resulting in bone loss. For sig-
nificant new bone formation, rhBMP-2 must be released in an
initial burst and have a sustained release over days or weeks
[21]. To favour bone formation, the release of BMP should be at
a low constant dose by incorporating it into a carrier [22].

At very high doses, BMP-2 can cause formation of haema-
tomas as reported in an experimental study by Bouyer et al.
[23]. Other side effects of BMP at large doses were swelling
and pain. In 2021, [13] Pang et al. studied the effects of Hy-
droxyapatite and collagen as a carrier for rhBMP-2. The BMP
release was sustained over 5 days in the col/Hydroxyapatite/
BMP group. The outcomes of bone area, bone-implant contact
and removal torque measured at 4 weeks showed higher values
but there was no statistically significant difference [13] (Pang
et al. 2021). In the study by [14] Cardoso et al. a remarkable
decrease in the bone formation was seen in all the outcomes
compared between PPL-10/BMP and PPL10. In comparison
with the negative control, the outcomes of PPL10/BMP group
were similar at 1 month and lower at 3 months [14]. Hence,
phosphates cannot be preferred as a carrier for BMP-2. The PPA
and PPL themselves may promote osseointegration in unfavour-
able bone conditions.

The study by Pan et al. employed Hyaluronic Acid (HA) as
a carrier for BMP. At 4 weeks, the BA measured significantly
higher values in the dip coated group, but the bone-implant
contact showed no significant difference among the groups
though higher values were seen in the dried coated group [15].
The randomised controlled trials by Yoo et al. 2015, at 3 weeks,
there was seen a significant difference but none at 7 weeks in
the BMP group in bone area. The bone-implant contact mea-
sures showed no significant difference at 3 and 7 weeks [16].
The pilot study by Kim et al. 2015, measured the outcomes for
different concentrations of BMP-2 and found higher values in
BH, BV and bone-implant contact at 8 weeks for 0.5 mg/ml and
1.0 mg/ml groups.

www.jclinmedsurgery.com



Table 4: Summary of findings using gradepro assessment tool.

Certainty assessment

No of Study Risk of . . . Other Impact Certainty | Importance
. . . Inconsistency | Indirectness Imprecision ) A
studies | design bias considerations
New bone area (follow-up: range 1 weeks to 7 weeks)
)
©
s Mean values were higher in all|, ©®PD »
° 3 3 2 g 4 studies. Significant difference §
4 2 0 2 Q o ; ; E
€ 5 5 5 5 was observed in 2 studies at 3 =
-g « « « 7 g K K ich ©
2 = 2 = £ S weeks and 4 weeks. Hig
c c c c c =z
Bone volume (follow-up: range 1 months to 3 months)
2 No significant difference in 1 COOD
2 =
= study at 1 month and 3 months. z
2 2 2 2 2 g
2 2 3 2 S 2 e
= = = = &
3 b b b 2 e Mean values were higher. High =
2 o o o o S
8 2 2 2 2 z
Bone Implant Contact (follow-up: range 1 weeks to 3 months)
©
e ) ) DODD .
b BIC mean values were higher in =
o
7 2 § § § § 6 studies and statistically signifi- =
5 o o @ @ ° cant in 2 studies. ) S
2 Z Z Z Z g High
i 2 2 2 2 z
Bone height (follow-up: mean 8 weeks)
© .
= Mean values of vertical bone E
) = " " " " height were higher in 1 study and OO0 E
[
é a '3 3 E statistically significant increase in Q
S g g g g o 2" study. 2
S B B IS 5] s
c c c c c =z High
Removal Torque (follow-up: mean 4 weeks)
©
=] =z
1 ° @ ] @ @ Mean values were higher but not OO0 E
(%]
€ 2 2 2 2 statistically significant o
s 3 3 3 2 @ =
S S S ° ° ] -
e c c c c z High
Implant Stability Quotient (follow-up: mean 8 weeks)
1%}
= =
had Mean values were higher at 8
3 2 2 2 2 re hig 8 oo s
1 @ 3 3 3 3 weeks. No statistical analysis 5
E 3 o done .
< 3 5 3 g 5 =
il c c c c =z High

Cl: Confidence Interval: 95% p<0.05 was considered statistically significant.

Table 5: Results and significance.
Author and e e T
L Statistical significance Clinical significance/Results
Publication Year

by At 4 weeks, the Col/nHAp/BMP-2 implant demonstrated slightly more new bone area than
5 the negative control (P=0.07) hence not statistically significant, whereas BIC and removal | Slightly higher values were seen with BMP but
f torque showed no significant differences, although the mean values were higher. The Col/ not statistically significant. HAp exhibits a high
E’D nHAp/BMP-2 demonstrated a greater BIC (33.46%16.91%) than the titanium implant| affinity for BMP-2, evenly distributes BMP-2 un-
E (31.36%%3.22%), but the differences were not statistically significant. New bone area in the | der pressure, and causes minimal foreign body
'5' Col/nHAp/BMP-2 (73.69%+5.88%) was slightly higher than that of the titanium implant sur- | reactions, and is therefore considered useful as
o face (62.24%+12.52%). Similarly, Col/nHAp/BMP-2 had a greater removal torque (26.63+4.41 a BMP carrier.
N Ncm) than the negative control (22.90£2.33 Ncm).
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A significant lower BV was found in the BMP-2 group. After 3 months, no statistically sig-
nificant difference was observed between the PPA10 group and PPL10 BMP group (p<0.05)
More BIC was observed in PPA10 implants compared to the PPL10 BMP group after 1 month
(p<0.05). Significantly higher BIC values between PPL10 and PPL10 BMP at 3 months (p<0.05).
Over 3 months, no statistically significant difference was found (p>0.05) among all groups.

Both PPA10 and PPL10 seem to induce faster
peri-implant osseointegration and bone regen-
eration. Use of PPL as a carrier for BMP-2 was
not efficient on stimulating peri-implant bone
formation. PPA10 and PPL10 may promote
more favourable conditions for early implant
loading, particularly in unfavourable clinical
situations.

1) The dried coating of BMP-HAH resulted in a significantly greater BA than the wet BMP-
HAH (p<0.006) and implants without any coating (p<0.022), while the simple dip coating of
rhBMP-2 represented significantly greater BA than the other 3 groups (p<0.0005).

2) BIC was significantly higher for the dried coating of BMP-HAH than the wet coating of BMP-
HAH(p<0.014); otherwise, there were no significant differences. BIC was 42.36+/-4.75% in the
control, 30.27+/-5.03% for the wet coating, 50.36+/-2.72% for the dried coating, and 41.78+/-

Implants coated with dried rhBMP-2 hydrogel
composite showed enhanced new bone for-
mation in peri-implant defects relative to non-
coated implants alone or implants coated with
in situ-forming rhBMP-2 hydrogel composites.
However, the simple dip coating of rhBMP-2
presented significantly greater BA than the
other three groups.

Bone area- Significant difference between groups B-3 and A-3 (p<0.05). There was no signifi-
cant difference between BIC in B-3 and A-3(p=0. 065), and the same at 7 weeks (p>0.05). Bone
area values were not significantly different at 3 weeks (p=0.050). There was also no significant
difference in bone area between groups A-7 and B-7 (p>0. 05)

Titanium implants coated with the submicron
sized PLGA+rhBMP-2 showed enhanced bone
area and bone-implant contact during early
healing, though not statistically significant.

Statistical analysis of the data was not performed. Mean VBHs of buccal defect areas were
higher in the 0.5 (1.88+0.52) and 1.0 groups (2.06+0.60) than in the control (-0.02+0.62)
and in the 0.1 groups (0.71+0.62). Mean BIC values in the 0.5 (24.4746.63) and 1.0 groups
(18.42+8.65) in buccal defect areas were higher than in the control (0.67+1.15) and 0.1 groups
(10.24+10.99). Intergroup difference was not observed in lingual defect areas. However, mean
buccal BV (%) values of the 0.5 (33.67£5.24) and 1.0 groups (35.67+8.80) were greater than
those of the 0.1 (13.30+£11.24) and control groups (2.77+3.71).

In the 1 mm coronal bone defect area sur-
rounding the implant, bone mass and density
were increased merely by the SLA implant sur-
face, but in the open bone defect area, the 0.5
and 1.0 mg/mL concentrations of rhBMP-2
were more effective at promoting bone regen-
eration and osseointegration in this pilot study.

The IntraThread Bone Density and the BIC in the new bone area of BMP-2/Ti and BMP-2/
Hep-Ti was significantly greater than that of Ti (P<0.05), and no significant difference was ob-
served between BMP-2/Ti and BMP-2/Hep-Ti (P>0.05). The BIC and IntraThread Bone Density
within the old bone area at 8 weeks after surgery were not different between the groups.
Pronounced peri-implant bone re-modeling and vertical bone growth was observed in the

The BMP-2 released from BMP-2/Hep-Ti
showed sustained BMP-2 release profiles com-
pared to that from BMP-2/Ti. BMP-2/Hep-Ti
substrates induced new bone formation at the
defect area with statistical significance.

Mean new bone formation was 47.04+/-17.82% in CH group. This value was 23.34-/+13. 28%,
22:85+/-12.55%, and 27.72+/-13.42% in the UC, HA, and CHB groups, respectively. There was
significant difference between CH and CHB group (p=0.002) and no significant difference be-
tween UC and CHB group (p>0.05). The mean BIC appeared higher at 41.45+/-6.77% in the
CH group. The value was 21.38+/-6.76%, 24.18+/-8.21%, and 30.72+/-5.51% for the UC, HA,
and CHB groups, respectively. The mean BIC values of the UC and CHB groups also were sig-
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BMP-2 coating did not have a significant effect
compared with the other groups. The CH group
displayed significantly greater new bone forma-
tion and BIC than the other groups.

(g)

(h)

Figure 4: SEM images of each group. (a,e) The control group, (b,f) the 0.1 group, (c,g) the 0.5 group, and (d,h) the 1.0 group. Asterisk:
freeze dried rhBMP-2: (a-d) x1000, (e-h) x5-000. (Kim et al. 2015). The Stability Quotient difference at placement and 8 weeks showed higher
changes in the 0.5 and 1.0 mg/ml group. As only 4 animals were used, the authors couldn’t present the statistical significance from 2 obser-

vations per group [17] (Kim et al. 2015).
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Group At surgery At 8 weeks ISQ change
Control 46.83 + 3.97 60.17 £ 3.25 13.33 £ 543
0.1 48.00 + 4.00 64.83 + 3.19 16.83 + 4.67
0.5 49.83 £5.95 71.67 £ 6.15 19.83 £ 9.56
1.0 52.67 +7.61 72.00 + 2.68 18.17 £ 6.94

At surgery: ISQ value at surgery.
At week 8: ISQ value 8 weeks after implantation.

Figure 5: Results of Stability Quotient (I1SQ) values and changes
from at surgery to week 8 [17]. In the randomised controlled tri-
als by Kim et al. 2014, the bone density and bone-implant con-
tact showed significant increase compared to the control groups
but there was none between the dried coated BMP group and the
heparinized BMP group [18].

Figure 6: Histological specimens of the three groups (a-c) Ti, (d-
f) BMP-2/Ti, (g-i) BMP-2/Hep-Ti). Note pronounced peri-implant
bone remodeling and vertical bone growth in the BMP-2/Ti and
BMP-2/Hep-Ti groups [18]. The study by Lee et al. 2014, the new
bone formation and bone-implant contact at 6 weeks showed sig-
nificant increase in Hydroxyapatite/collagen compared to Hydroxy-
apatite/collagen/BMP group [19].

The study by Lee et al. 2014, the new bone formation and
bone-implant contact at 6 weeks showed significant increase
in Hydroxyapatite/collagen compared to Hydroxyapatite/colla-
gen/BMP group [19].

The review of these studies indicates a boost in new bone
formation and bone-implant contact values when rhBMP-2 is
present on the implant surface. However, the statistical analysis
showed effectiveness in only 2 studies. As the study participants
are animals, it is difficult to design a larger cohort which would
have shown better statistically significant results. Some carriers
like hydroxyapatite, collagen, hyaluronic acid, and phosphates,
being osteoconductive themselves caused confounding out-
comes. The studies should have measured removal torque and
Stability Quotient and further follow-up. As different concentra-
tions of BMP-2 were used in each of the studies, it was difficult to
ensure homogeneity among the outcomes. The most effective
dosage of BMP-2 being 20-100 pg/g of coating [24]. The effects
of the carriers themselves should be considered and the inclu-
sion criteria modified accordingly to the use of inert carriers.

Conclusion

Numerous investigations have revealed rhBMP-2 is a prom-
ising osseoinductive growth factor which can accelerate bone
remodeling [25,26]. In the studies selected for this review, the
rhBMP-2 was coated onto implants using carriers like Hydroxy-
apatite and collagen, Phosphorylated pullulan, Polylactide (L,D,
co-gylcolide) PLGA, Heparin and Hyaluronic acid in 4 studies.
The gradual liberation of rhBMP-2 from a depot, in these stud-
ies over a period of 3-5 days from the different carriers, aided
the sustained de novo bone formation [22]. The study of the
heparinized implant surface with BMP-2 bound as an electro-
static interaction and dried coated BMP measured the sus-
tained release over 28 days and showed no statistically signifi-
cant difference among them. Thus, the author concludes that
the effectiveness of biofunctionalising an implant surface with
rhBMP-2 as an osseoinductive agent is largely dependent on its
sustained constant release into the peri-implant tissues. This
can be achieved by dried coating or by carriers.

Implications for practice and future research: The review
included SLA titanium implants as controls which are widely
used nowadays. Establishing a successful implant surface which
provides even better osseointegration will provide remarkable
reduction in failures even in the presence of compromised bone
physiology. Hence, further research involving carriers or tech-
niques for sustained release of rhBMP-2 should be conducted
to assess the true effectiveness of biofunctionalization of the
implant surface with rhBMP-2.

Abbreviations: BMP-2: Bone Morphogenic Protein-2; Cl-
NAHL: Cumulative Index To Nursing and Allied Health Literature;
DOPA: Dopamine Hydrochloride; ELISA: Enzyme-Like Immuno-
sorbent Assay; Hap: Hydroxyapatite; Mesh: Medical Subject
Headings; OHAT: Office of Health Assessment and Translation;
PICO: Population, Intervention, Comparison and Outcome;
PLGA: Poly (D,L Lactide-Co-Glycolide); PRISMA: Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses; RFA:
Resonance Frequency Analysis; SLA: Sand-Blasted, Large Grit
Acid Etched; SYRCLE: Systematic Review Centre for Laboratory
Animal Experimentation.
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