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When there is vertical alveolar
bone loss, bone must often be
increased before an implant
can be placed’; this represents
a major problem in implant
dentistry.” An autologous bone
graft is regarded as the gold
standard for increasing bone
because it has excellent bio-
logical and mechanical proper-
ties.>* However, with current
grafting techniques, an autolo-
gous bone graft has problems of
morbidity of the donor site,
postoperative pain, and limited
availability.>® At present, a
number of substitutes for a
bone graft are available. The
ideal substitute should be
biocompatible, osteoconductive,
and osteoinductive.” The os-
teoinductivity of a bone substi-
tute can be improved by usingan
osteoinductive protein. Bone

morphogenetic proteins (BMPs) are a subfamily of the
transforming growth factor-B superfamily. Their os-
teoinductivity was first noted by Urist® in 1965. Since then,

ABSTRACT

Statement of problem. Recombinant human bone morphogenetic protein 2 (rhBMP-2) has been
introduced to clinical practice because of its osteoinductive capacity. However, the evidence of its
efficacy in vertical bone augmentation procedures is not clear.

Purpose. The purpose of this systematic review and meta-analysis was to investigate the efficacy of
rhBMP-2 in vertical bone augmentation and to establish whether its addition in preclinical
experiments (animal studies) would be sufficient to justify further clinical and histometric studies.

Material and methods. An electronic search of 3 databases, PubMed/MEDLINE, EMBASE, and Web
of Science, and a manual search of the reference list of relevant studies were performed. Only
randomized controlled trials regarding animal studies comparing the efficacy of bone grafts
supplemented with and without rhBMP-2 in vertical bone augmentation procedures were included
and reviewed.

Results. Nine studies were included. The results of the meta-analysis showed that the pooled
weighted mean difference (WMD) of the percentage of newly formed bone was 9.97% (95%
confidence interval [Cl]=—0.79% to 20.72%; P=.070), the WMD of the percentage of residual
materials was —21.31% (95% Cl=—70.62% to 28.00%; P=.400), the WMD of the augmented bone
height was 1.70 mm (95% Cl=—0.23 to 3.63 mm; P=.080), the WMD of the augmented bone height
for studies with space-providing barriers was 1.00 mm (95% Cl=0.43 to 1.57 mm; P<.001), and the
WMD of the percentage of regenerated tissue was 17.07% (95% Cl=8.52% to 25.62%; P<.001).

Conclusions. The application of rhBMP-2 in bone substitutes did not enhance new bone formation
and residual graft resorption in vertical bone augmentation procedures. Tissue regeneration and the
augmented bone height were significantly improved by the additional use of BMP-2. (J Prosthet
Dent 2019;122:355-63)

their roles in the regulation of bone induction, mainte-
nance, and repair have been investigated.” ** Studies in
animals and humans have confirmed that using the
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recombinant human bone morphogenetic protein 2
(thBMP-2) induces and enhances the regeneration of
bone.'*'® The Food and Drug Administration has
approved the use of thBMP-2 (Infuse Bone Graft; Med-
tronic) for lumbar interbody fusions, sinus, and alveolar
ridge defects associated with sockets resulting from tooth
extraction.'”

With the increasing clinical use of thBMP-2, a number
of worrying and well-documented side effects have been
reported. These include adipogenesis,” postoperative
inflammation,*' ectopic bone formation,** and osteo-
clast-mediated bone resorption.>*?* These are caused
mainly by the high doses of thBMP-2 necessary to pro-
duce the desired results. Although efforts have been
made in recent years to develop an appropriate carrier for
rhBMP-2 to reduce its side effects and increase its effi-
cacy,” ?® using it clinically is still controversial.

In addition, vertical bone augmentation means
replacing a 1-wall defect rather than a space-providing
defect. Compression of the soft tissue can limit bone
formation.”””° If the augmented space is not carefully
maintained, the outcome of the vertical bone augmen-
tation is hard to predict.**>>

At present, little is known about using thBMP-2 for
vertical bone augmentation in humans, but several ex-
periments have been carried out on animals.>*??
Therefore, a systematic review and meta-analysis of
animal studies that used rhBMP-2 for vertical bone
augmentation were conducted to help justify further
clinical and histometric studies.

MATERIAL AND METHODS

The electronic databases including PubMed/MEDLINE,
EMBASE, and Web of Science were scanned for the title
and abstract of relevant papers in English from the
earliest publication to July 2017 (Fig. 1). Searches were
performed using the following medical subject headings
(MeSH terms, represented as mh) and keywords: ((bone
morphogenetic protein 2)[mh] OR (BMP-2) OR (thBMP-
2)) AND ((bone substitutes)[mh] OR (block bone sub-
stitute) OR (particulate substitute)) AND ((alveolar ridge
augmentation)[mh] OR (vertical bone augmentation) OR
(bone formation)). A manual search of the reference list
of relevant studies was also performed as a supplement
of the electronic search.

The inclusion criteria and exclusion criteria are listed
in Table 1. All the studies identified by the electronic
searches were examined to determine their eligibility for
the present review. The full text of the study was ob-
tained for those articles which appeared to meet the
criteria for inclusion in the survey and for those articles
which had insufficient data in the title and abstract to
enable a clear decision. For the latter group, the list of
references was searched manually to find any
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Articles excluded by
title/abstract (N=277)

Articles identified through
electronic databases (N=295)

Potentially relevant articles Additional studies included

retrieved for evaluation (N=18) following hand search from

references of included
studies (N=11)

A

Full-text articles assessed
for eligibility (N=29)

Studies excluded for
following reasons (N=20):

Study not for vertical bone
augmentation (N=14)
No data reported for
analysis (N=4)
Replication of published
data (N=1)
Sample size is too small
(N=1)

A

Studies included in quantitative
synthesis (meta-analysis) (N=9)

Figure 1. Flowchart of article selection process.

Table 1.Inclusion and exclusion criteria

Inclusion Criteria 1. Articles only of randomized controlled trials regarding
animal experiments included and reviewed.

2. Test groups to use bone grafts applied with rhBMP-2 for
vertical bone augmentation.

3. Control groups to use the same bone grafts alone
(without rhBMP-2) for vertical bone augmentation.

4. Animals used were adults.

5. Numbers of grafts stated.

6. Numbers and types of test animals stated.

7. Data reported for at least one of the following:
percentage of newly formed bone, percentage of residual
grafting, augmented bone height, percentage of
regenerated tissue in original grafting material, or sufficient
reporting of data to (re)calculate these.

8. Follow-up periods stated.

Exclusion criteria 1. Studies not published as full articles excluded

2. In vitro studies, reviews, case reports, and duplicate
publications also excluded, but bibliographies of these
studies screened for potential articles that could be
included.

3. Studies also excluded if they used one of the following:
cell culture, bone transport models, injectable materials, and
studies reporting on vertical bone augmentation after or
simultaneously with insertion of implants.

potentially relevant articles. They were then added to
the results of the electronic search. The eligibility of an
article was considered independently by 2 reviewers
(F.T., LW.). If they disagreed, a third reviewer (N.S.)
was consulted.

For each study, the following data were recorded if
applicable: study design, first author, year of publication,
number of animals, number of augmented sites, sample
size, dose of thBMP-2, type of grafting material, barrier
type, healing period, newly formed bone, percentage of
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residual grafting material in the regenerated tissue,
augmented bone height, and percentage of regenerated
tissue in the original grafting material. For studies
involving more than 1 growth factor, only the results
using thBMP-2 were extracted. Authors of the relevant
articles were contacted for more detailed data if
necessary.

The risk of bias of the included articles was assessed
independently by 2 reviewers (F.T., L.W.) using the
Systematic Review Centre for Laboratory Animal
Experimentation (SYRCLE) risk of bias tool for animal
studies,®® which is based on the Cochrane Risk of Bias
tool” for randomized clinical trials and has been adjusted
for animal intervention studies. The domains are
sequence generation, baseline characteristics, allocation
concealment, random housing, blinding for performance
bias, random outcome assessment, blinding for detection
bias, incomplete outcome data, and selective outcome
reporting. A risk of bias judgment (“high,” “low,” or
“moderate”) was decided based on each domain. If each
domain of SYRCLE was judged as “-” (low risk), the risk
of bias of the study was scored as “low.” If only one
domain was judged as “?” (unclear risk), the risk of bias
of this study was scored as “moderate.” Otherwise, the
risk of bias of the study was scored as “high.” Any
disagreement was resolved through a discussion to reach
a consensus.

The investigated outcomes for the meta-analysis
were the percentage of newly formed bone in the re-
generated tissue, the percentage of residual grafting
material in the regenerated tissue, the augmented bone
height, and the percentage of regenerated tissue in the
original grafting material. Adverse effects were not
analyzed because they were not systematically reported
in any of the articles. The pooled weighted mean dif-
ference (WMD) between the results with and without
rhBMP-2 was assessed separately using software (Rev-
Man v5.3; The Nordic Cochrane Centre). For the
assessment of each result, the contribution of each
article was weighed. For studies with several treatment
arms, the results of all arms were combined. Hetero-
geneity was assessed with the chi-square test and the I*
test. I” value is the percentage of the observed variance
that reflects real differences between studies. Lower I*
values represent less heterogeneity. For studies with an
I? value higher than 50%, a random-effect model was
applied to minimize the bias caused by methodological
differences in the studies. Otherwise, a fixed-effect
model was chosen. Forest plots were generated to
represent graphically the differences in the 4 results for
all the included articles. Confidence intervals (CIs) were
reported at 95% levels (0=.05). The present study was
conducted and reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.”®
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RESULTS

The selection process is shown in Figure 1. Two hundred
ninety-five articles were identified through electronic
search. After screening the titles and abstracts, 18 articles
were selected for an evaluation of the whole text. The
reference lists of these 18 articles were also examined,
and as a result, 11 more articles were added to the 18
articles, giving a total of 29 articles. Of these 29 articles,
20 were excluded for reasons shown in Figure 1. The
remaining 9 studies*>*?**7*> were included in this sys-
tematic review.

The main features and conclusions of the included
studies are presented in Table 2. The volume size of
samples used for the surgery was reported, except for 3
studies.>*”*" The surgery of vertical bone augmentation
was performed using space-providing barriers (titanium
cylinders or titanium meshes) in only 4 of the
articles.>*?54!1

The results of the included studies were determined
using a histomorphometric analysis for 7 studies, using a
microcomputed tomography for 1 study® and with
macroscopic measurements using a digital caliper for 1
study.” The duration of the study varied from 2 weeks to
4 months. The grafting materials used were not all the
same and neither were the concentrations of rhBMP-2.
In 7 studies, a low concentration (<1.0 mg/mL)" of
rhBMP-2 was used, while 2 studies®* used a high con-
centration (>1.0 mg/mL)."” Subgroup meta-analysis
regarding the concentrations of rhBMP-2 was not
possible because of the limited number of relevant
results.

The assessment of the risk of bias for the included
studies is given in Table 3. The bias in the selection and
in performance is low in most studies because the na-
tional or international guidelines for animal experiments
were followed. Blinding for detection bias was rarely
mentioned, and therefore, the detection bias is difficult
to judge for most of the articles. Any specimen loss was
clearly stated in all the articles, and almost all the
studies maintained the study protocol, leading to a low
risk of attrition bias and reporting bias. The study by
Polo et al® showed a high reporting bias because part of
the results regarding newly formed bone was missing.
The results regarding the newly formed bone in this
study were, therefore, excluded from this review. To
summarize, 1 study was considered to have a low risk of
bias, 5 studies were considered to have a moderate risk
of bias, and the remaining 3 studies were considered to
have a high risk of bias. Funnel plots to assess the
publication bias could not be made because the number
of articles was less than 10.*°

Five studies®”?** that reported the percentage of
newly formed bone in the regenerated tissue were
included for the meta-analysis (Fig. 2). A sixth study by
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Table 2. Features of included articles

Subjects Surgical Sites
No. of
Surgery  No. of Surgical Healing

Study Animal  Sites Animals Sites (Cvs T)  Control Group Intervention vs Test Group Intervention  Size (mm?®) Barriers Period
Murata et al, Rats Calvaria 20 5vs5 Atelocollagen vs atelocollagen+rhBMP-2 NA NA 2 weeks
2000 5vs 5 4 weeks
Kawakatsu  Dogs  Mandibles 6 6 Vs 6 PGS vs PGS+0.4 mg/ml BMP-2 30%x8%6 NA 16 weeks
et al, 2008
Jung et al,  Rabbits Calvaria 10 10 vs 10 PEG matrix+HA/TCP vs PEG matrix+HA/TCP+10 pg/ml rhBMP-2 NA Titanium cylinder 8 weeks
2008 10 vs 10 PEG matrix+HA/TCP vs PEG matrix+HA/TCP+30 pig/ml rhBMP-2
Kim et al, Rabbits Calvaria 10 5vs5 DBBB vs DBBB+6 |ig rhBMP-2 h6x4 NA 12 weeks
2010 5vs5  CHBB vs CHBB+5 pig rhBMP-2 634
Kim et al, Rabbits Calvaria 14 7vs7 BCP vs BCP+10 pig rhBMP-2 H8x3 NA 8 weeks
2012 7vs7 BCP/collagen vs BCP/collagen+10 fig rhBMP-2
Schmitt Pigs Calvaria 11 5vs5 Bio-Oss block vs Bio-Oss block+8 pg/ml rhBMP-2/Tissucol 20x10x10 NA 30 days
etal, 2013 5vs4 60 days
Polo et al,  Rabbits Calvaria 22 10 vs 12 BBM vs BBM+1.5 mg/ml rhBMP-2/ACS $5%5 Titanium cylinder 14 weeks
2013 10vs 11 BCP vs BCP+1.5 mg/ml thBMP-2/ACS

10 vs 12 B-TCP vs B-TCP+1.5 mg/ml rhBMP-2/ACS

10 vs 12 CL vs CL+1.5 mg/ml rhBMP-2/ACS
lkeno et al, Rabbits Calvaria 5 5vs5 PM vs PM+25 pg/ml rhBMP-2 G6x7 Titanium cylinder 8 weeks
2013
Hsu et al, Dogs  Mandibles 3 11(3) vs 11(3)° Human allografts vs human allografts+1.5 mg/ml rhBMP-2/ACS NA Titanium meshes 4 months
2017

ACS, absorbable collagen sponge; BBM, bovine bone mineral; BCP, block-type biphasic calcium phosphate; B-TCP, beta-tricalcium phosphate; C, control group; CHBB, corticocancellous
human bone block; CL, blood clot; DBBB, deproteinized bovine bone block; GBR, guided bone regeneration; HA/TCP, hydroxyapatite/tricalcium phosphate; N, number; NA, not applicable;
PEG, polyethylene glycol; PGS, poly gelatin sponge; PM, PuraMatix, a synthetic self-assembling peptide; T, test group; % of newly formed bone, percentage of newly formed bone; % of residual
materials, percentage of residual grafting material in regenerated tissue; % of regenerated tissue, percentage of regenerated tissue in original grafting material; ¢, diameter. “Values were
calculated by authors. hAlthough 11 dogs were used in Hsu's study, only 3 dogs were euthanized for microcomputed tomography analysis. In this systematic review, data of augmented bone

height from those 3 dogs were collected.

Kawakatsu et al*® reported the results of newly formed
bone in square millimeter. This could not be converted
into a percentage and so could not be compared with
other studies nor used in the meta-analysis. The pooled
WMD of the percentage of newly formed bone was
9.97% (95% CI=—0.79% to 20.72%; P=.070). There was a
high degree of heterogeneity (P<.001 for chi-square test;
1’=93%) in the selected studies.

Three studies®”*”** reported the percentage of re-
sidual materials in the regenerated tissue from histo-
morphometric measurements (Fig. 3). The pooled WMD
of the percentage of residual materials was —21.31%
(95% CI=-70.62% to 28.00%; P=.400). A high degree of
heterogeneity (P<.001 for chi-square test; 1°=98%)
among selected studies was noticed.

Four studies®?*?7%¢ reported the augmented bone
height (Fig. 4). The pooled WMD of the augmented bone
height was 1.70 mm (95% CI=-0.23 to 3.63 mm; P=.080;
P<.001 for chi-square test; ’=94%). Of the 4 studies, 2
studies®*® used space-providing titanium barriers. A
subgroup analysis for the augmented bone height among
studies conducted with space-providing barriers was
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conducted. The pooled weighted mean in group with
rthBMP-2 was 1.00 mm (95% CI=0.43 to 1.57 mm) higher
than that in the control group. The difference was sta-
tistically significant (P<.001). Low heterogeneity (P=.430
for chi-square test, I°=0%) among the selected studies
was noticed. This result shows that when surgery was
performed using a titanium barrier, the augmented bone
height in the group with thBMP-2 increased compared
with the group without rhBMP-2.

Only 2 studies®® reported the percentage of regen-
erated tissue in the original grafting material (Fig. 5). The
pooled WMD of the percentage of regenerated tissue was
17.07% (95% CI=8.52% to 25.62%; P<.001). This result
means that a higher percentage of regenerated tissue was
found when rhBMP-2 was used. There was a low degree
of heterogeneity (P=.260 for chi-square test, 1*=20%)
between these 2 studies.

DISCUSSION

The purpose of this systematic review and meta-analysis
was to investigate if using rhBMP-2 with the bone

Teng et al
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Table 2. (Continued) Features of included articles
Outcomes (C/T)
Augmented
Bone Height % of
% of Newly Formed Bone % of Residual Materials (mm) Regenerated Tissue Main Conclusions
0 +0/49.3 £7.4 94.4 £1.1/40.5 £8.2 NA NA Onlay implant of rhBMP-2 and atelocollagen should be
0 +0/92.5+2.0 88.3 +3.0/2.0 +0.8 NA NA biologicallx novel effective system for bone
augmentation.

NA NA 0.22 £0.28/4.3 0.9 NA RhBMP-2/PGS promoted substantial bone formation and
provided sufficient space for bone formation with no
immune or other adverse reactions, which might be
effective for vertical ridge augmentation.

15.16 £7.95/26.32 £8.56 NA NA NA RhBMP-2 significantly enhances bone regeneration in

15.16 +7.95/30.15 +7.63 NA NA NA rabbit's yvhen delivered by synthetic PEG matrix
containing HA/TCP.

4.89 +£2.37/16.61 +6.13 41.02 +15.84/53.48 £18.24  1.85 £0.55/1.89 £0.55 NA Vertical bone augmentation was not enhanced by

20.83 £6.97/30.85 £7.45  91.01 £4.56/94.05 £575  4.00 +0.34/4.11 £0.41 NA application of rhBMP-2 or DBBB alone. In CHBB

groups, which showed better result, there were no
significant differences between test and control

groups.
26.9 +£10.0/40.9 £3.2 NA NA NA BCP-collagen blocks with rhBMP-2 facilitate
23.3 +6.6/49.9 +1.8 NA NA NA 3-dimensional vertical bone augmentation.
3.92 £1.14/4.88 £1.09 32.34 +6.88/31.56 +4.80 NA NA In chosen setting and time frame, de novo bone
10.02 +5.43/9.33 +3.92 33.38 £0.45/33.15 +6.95 NA NA formation did not increase with additional use
TeoT D T of BMP-2.
NA NA NA 66.3 +20.73/91.7 £9.09° RhBMP-2/ACS significantly increases bone formation in
NA NA NA 78.1 +12.05/94.4 +5.91° rabbit calvarium GBR model when combined with any of
— — B-TCP, BCP, and BBM.
NA NA NA 70.1 £19.94/93.3 +5.82°
NA NA NA 41.7 +24.88/57.9 +35.40°
NA NA 347 +0.57/4.39 £0.39 4894 +11.33/58.06 £14.84 PuraMatrix combined with rhBMP-2 significantly

enhanced bone regeneration in bone augmentation
model in rabbits.

NA NA 3.49 £0.66/5.15 £1.40

NA RhBMP-2 combined with allograft allows increase of
vertical gain compared with non-rhBMP-2 sites.

substitutes gave better vertical bone augmentation than
those without thBMP-2. Only randomized controlled
trials were included in this study because the random-
ized controlled trial shows higher level of evidence than
other study designs such as cohort and case-control
studies.

Seven of the 9 articles®™ reported a positive
result which favored the use of rhBMP-2. Two arti-
cles®”** reported that the vertical bone augmentation
was not enhanced by the application of thBMP-2 in their
experiments. The results of the meta-analysis demon-
strated that the tissue regeneration was significantly
improved with thBMP-2. When a space-providing tita-
nium barrier was used, the augmented bone height was
also increased by using thBMP-2. These positive results
can be attributed to the osteoinductive efficacy of
rhBMP-2. However, no statistically significant difference
was found in the percentage of newly formed bone and
residual materials between the groups with and without
rhBMP-2. This contradicts the clear facts that BMP-2
promotes osteogenic differentiation in vitro'*'® and in-
duces new bone formation at ectopic sites in vivo.'”'®

33,38-41

Teng et al

This finding may be because, when analyzing the
percentage of newly formed bone and the percentage of
residual materials, a high heterogeneity was noticed
among the selected studies. This is because of the
different grafting materials, surgical procedures, doses
and concentrations of rhBMP-2, animal models, and
healing periods used in these studies. These differences
may have affected the final outcomes and lead to high
heterogeneity among the studies.

In addition, BMP-2 can not only induce osteogenic
programming by upregulating the expression of series of
transcription factors, such as runt-related transcription
factor 2 in osteoblasts'"'> but also enhance bone
resorption by activating osteoclasts by upregulating
cyclooxygenase-2 and the receptor activator of nuclear
kappa-B ligand.?*** As Schorn et al** reported in a study
of vertical bone regeneration with the simultaneous
insertion of implants, the negative feedback mechanisms
of the rhBMP-2 signaling cascade can put a brake on new
bone formation. In a vertical bone augmentation model
in rats, Kinard et al*® reported increased osteoclastic bone
resorption in groups releasing BMP-2 and that the level
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Table 3. Risk of bias assessment for included articles

Murata Kawakatsu Jung Kim Kim Schmitt Polo Ikeno Hsu
et al,** et al,** et al,*’ et al,*’ et al,*° et al,*? etal,? et al,*® et al,?
Criteria (Hooijmans et al,>* 2014) 2000 2008 2008 2010 2012 2013 2013 2013 2017
Sequence generation (selection bias) ? ? + ?
Baseline characteristics (selection bias) + + + + + + + + +
Allocation concealment (selection bias) ? ? + + + + + + -
Random housing (performance bias) + + + + + + + + +
Blinding (performance bias) + + + + + + + + +
Random outcome assessment (detection bias) + + + + + + + + +
Blinding (detection bias) ? ? ? ? + ? ? ? ?
Incomplete outcome data (attrition bias) + + + + + + - + +
Selective outcome reporting (reporting bias) + + + + + + + + +
Estimated potential risk of bias High High Moderate Moderate Low Moderate High Moderate High
+, low risk of bias; ?, unclear risk of bias; -, high risk of bias.
Graft+rhBMP-2 Graft Alone Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95%Cl Year IV, Random, 95% Cl

Murata et al. 2000 709 2333 10 0 0 10 Not estimable 2000

Jung et al. 2008 28.24 8.13 20 15.16 7.95 10 25.4%  13.08(7.00,19.16) 2008 -

Kim et al. 2010 23.73 9.88 10 1736 14.03 10 21.8% 6.37(-4.27,17.01) 2010 T

Kim et al. 2012 45.4 5.29 14 25.1 8.35 14 26.0% 20.30(15.12,25.48) 2012 -

Schmitt et al. 2013 6.86 3.44 9 6.97 4.9 10 26.8% -0.11(-3.89,3.67) 2013 -*

Total (95% CI) 63 54 100.0% 9.97 (-0.79, 20.72)

Heterogeneity: T°=108.85; x?=42.14, df=3 (P<.00001); I’=93% _1=00 _;0 q slo - (I)o

Test for overall effect: Z=1.82 (P=.07)

Favors (Experimental) Favors (Control)

Figure 2. Meta-analysis for percentage of newly formed bone in regenerated tissue among selected studies. Pooled WMD of percentage of newly
formed bone, 9.97% (95% Cl=—0.79% to 20.72%). Difference between groups not statistically significant (P=.070). High degree of heterogeneity (P<.001
for chi-square test; 1°=93%) among selected studies was noticed. Cl, confidence interval; IV, inverse variance; rhBMP-2, recombinant human bone
morphogenetic protein 2; SD, standard deviation; WMD, weighted mean difference.

Graft+rhBMP-2 Graft Alone Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI Year IV, Random, 95% CI
Murata et al. 2000 2125 21.02 10 9135 386 10 33.6% -70.10(-83.35,-56.85) 2000 —w—
Kim et al. 2010 7377 249 10 66.02 2855 10 32.0% 7.75(-15.73,31.23) 2010 —
Schmitt et al. 2013 3227 551 9 3286 463 10 344% -0.59 (-5.19,4.01) 2013 -
Total (95% Cl) 29 30 100.0% -21.31(-70.62, 28.00) |

! 1 1 ]

Heterogeneity: t°=1835.65; 12=96.07, df=2 (P<.00001); [>=98% 100 50 0 0 100

Test for overall effect: Z=0.85 (P=.40)

Favors (Experimental) Favors (Control)

Figure 3. Meta-analysis for percentage of residual materials in regenerated tissue among selected studies. Pooled WMD of percentage of residual
materials, —21.31% (95% Cl=—70.62% to 28.00%). Difference between groups not statistically significant (P=.400). High degree of heterogeneity (P<.001
for chi-square test; 12=98%) among selected studies was noticed. Cl, confidence interval; IV, inverse variance; rhBMP-2, recombinant human bone
morphogenetic protein 2; SD, standard deviation; WMD, weighted mean difference.

of bone augmentation was not significantly different
between the groups with and without BMP-2 after
healing for 4 weeks. Although this article was excluded
from this review because of insufficient data reported, it
explained the results in the present review. Therefore,
when applied in vitro or for ectopic sites, BMP-2 showed
a clear osteoinductive efficacy in the absence of osteo-
clasts. When applied at orthotopic bone sites, the results
are ambiguous.”®
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The side effects of osteoclastic bone resorption can be
reduced, and the efficacy of thBMP-2 can be enhanced
by using a proper carrier for a slow and sustained delivery
of thBMP-2.7?% In a study reporting negative results,
Kim et al®” attributed the absence of significant differ-
ences between the corticocancellous human bone block
(CHBB)/thBMP-2 group and CHBB group to the small
effect of CHBB on the maintenance and release of
thBMP-2. They suggested that the addition of a carrier

Teng et al
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Graft+rhBMP-2 Graft Alone Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95%Cl Year 1V, Random, 95% ClI
Kawakatsu et al. 2008 43 0.9 6 022 0.28 6 26.1% 4,08 (3.33,4.83) 2008
Kim et al. 2010 3 126 10 293 1.21 10 25.1% 0.07 (-1.01, 1.15) 2010 |
lkeno et al. 2013 439 039 5 347 0.57 5 26.5% 0.92(0.31,1.53) 2013 |
Hsu et al. 2017 5.15 1.4 3 349 0.66 3 22.2% 1.66 (-0.09, 3.41) 2017
Total (95% Cl) 24 24 100.0% 1.70 (-0.23, 3.63)
1 1 1 1
e 2 2 . 12— U U U L
Heterogeneity: 1°=3.56; x°=53.05, df=3 (P<.00001); 1°=94% -100 _50 0 50 100

Test for overall effect: Z=1.72 (P=.08)

Favors (Experimental) Favors (Control)

Figure 4. Meta-analysis for comparison of augmented bone height among selected studies. Pooled WMD of augmented bone height, 1.70 mm (95%
Cl=—0.23 to 3.63 mm). Difference between groups not statistically significant (P=.080). High degree of heterogeneity (P<.001 for chi-square test; 1>=94%)
among selected studies was noticed. Cl, confidence interval; IV, inverse variance; rhBMP-2, recombinant human bone morphogenetic protein 2; SD,

standard deviation; WMD, weighted mean difference.

Graft+rhBMP-2 Graft Alone Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI
lkeno et al. 2013 58.06 14.84 5 48.94 11.33 5 273% 9.12(-7.25,25.49) 2013 —1=—
Polo et al. 2013 84.11 24.01 47 64.05 2359 40 72.7%  20.06 (10.03,30.09) 2013 —-
Total (95% CI) 52 45 100.0% 17.07 (8.52, 25.62)
1 1 1 ]
fryp B 2 — 12— U T T 1
Heterogeneity: x°=1.25, df=1 (P=.26); |°=20% ~100 50 0 50 100

Test for overall effect: Z=3.91 (P<.0001)

Favors (Experimental) Favors (Control)

Figure 5. Meta-analysis for percentage of regenerated tissue in original grafting material. Pooled weighted mean of percentage of regenerated tissue
in group with rhBMP-2, 17.07% (95% Cl=8.52% to 25.62%) higher than that in control group. Difference between groups statistically significant (P<.001).
Low degree of heterogeneity (P=.260 for chi-square test; 12=20%) among selected studies was noticed. Cl, confidence interval; IV, inverse variance;
rhBMP-2, recombinant human bone morphogenetic protein 2; SD, standard deviation.

which maintained and gave a controlled released of
rhBMP-2 could improve the vertical bone augmentation.
Similarly, in a study investigating the effect of rhBMP-2
around endosseous implants reported by Jones et al,*
no significant difference in sites with or without
rthBMP-2 regarding new bone area or percentage of
defect fill was found after 12 weeks. The authors sug-
gested that sustained stimulation of bone growth might
require additional delivery or the prolonged release of the
rhBMP-2.

Another reason affecting the results was also re-
ported. Kawakatsu et al,*® Kim et al,®” and Schmitt et al**
reported that, because the vertical bone augmentation is
the reestablishment of a 1-wall defect rather than of a
space-providing defect, bone grafting materials were not
able to provide or maintain a space adequately. This
could result in a limited bone formation because of soft
tissue compression. Studies®'** have reported that stable
maintenance of the augmented space is essential for
successful bone regeneration. Interestingly, for all the
statistically significant results achieved in this review (the
augmented bone height for studies with barriers and the
percentage of regenerated tissue), most of the studies
involved™*°® used space-providing titanium barriers.

The current review presents several limitations. First,
the number of the included studies is only 9. Second, the

Teng et al

meta-analysis showed a high degree of heterogeneity
among the studies when analyzing the percentage of
newly formed bone, the percentage of residual materials,
and the augmented bone height. This can be attributed
to the large variation in the procedures used in the
studies. There were differences in the grafting materials,
surgical procedures, doses and concentrations of rhBMP-
2, animal models, and healing periods. In addition, 6 of
the 9 studies had more than 1 treatment arm. Three
studies used several types of grafting materials,>*"*° 1
study used 2 concentrations of thBMP-2*" and 2 studies
allowed different times for healing.”*** The combination
of the data from these studies can also contribute to the
moderate or high degree of heterogeneity. A subgroup
analysis is an option when the heterogeneity is moderate
or high.>" However, because of the small number of
studies, only 1 subgroup analysis was made and that was
on the augmented bone height for studies with titanium
barriers. The results of the remaining meta-analysis with
moderate or high heterogeneity should be interpreted
with caution. Further standardized studies are needed.
Third, no adverse effects of using rhBMP-2 for vertical
bone augmentation were reported in the included
studies. This may be because of the small sample sizes
and the limited time for healing in these studies. In
addition, the aims of these studies were to investigate the
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effect of using thBMP-2 for vertical bone augmentation.
Any side effects may have been overlooked. Further
studies assessing the risk of adverse events after appli-
cation of thBMP-2 for vertical bone augmentation are
therefore needed.

This study suggested a possible method for vertical
bone augmentation, but the results are not strong
enough to support the current use of hBMP-2 in routine
clinical practice. The presence of space-providing barrier
and proper carrier for thBMP-2 may be important to
optimize the osteoinductive efficacy of thBMP-2. This
study also motivates clinicians and researchers to explore
further the application of rhBMP-2 for vertical bone
augmentation in humans.

CONCLUSIONS

Based on the findings of this systematic review and
meta-analysis, the following conclusions were drawn:

1. Until now, the application of rhBMP-2 in bone
substitutes has not enhanced bone formation and
residual graft resorption in vertical bone augmen-
tation procedures.

2. Tissue regeneration was significantly improved by
the additional use of BMP-2.

3. With the application of space-providing barriers, the
augmented bone height was also significantly
enhanced by the use of BMP-2.

4. These results are not strong enough to support the
use of thBMP-2 in routine clinical practice because
of the limitations of the study.

5. Further higher quality clinical studies are needed to
come to a definite conclusion.

REFERENCES

1. Rocchietta I, Fontana F, Simion M. Clinical outcomes of vertical bone
augmentation to enable dental implant placement: a systematic review. J Clin
Periodontol 2008;35:203-15.

2. Hsu YT, Al-Hezaimi K, Galindo-Moreno P, O’Valle F, Al-Rasheed A,
Wang HL. Effects of recombinant human bone morphogenetic protein-2 on
vertical bone augmentation in a canine model. ] Periodontol 2017;88:
896-905.

3. Polo CI, Lima JL, De Lucca L, Piacezzi CB, Naclerio-Homem Mda G, Arana-
Chavez VE, et al. Effect of recombinant human bone morphogenetic protein
2 associated with a variety of bone substitutes on vertical guided bone
regeneration in rabbit calvarium. J Periodontol 2013;84:360-70.

4. Goldberg VM, Stevenson S. Natural history of autografts and allografts. Clin
Orthop Relat Res 1987:7-16.

5. Pape HC, Evans A, Kobbe P. Autologous bone graft: properties and
techniques. ] Orthop Trauma 2010;24(suppl 1):536-40.

6. Raghoebar GM, Meijndert L, Kalk WW, Vissink A. Morbidity of mandibular
bone harvesting: a comparative study. Int ] Oral Maxillofac Implants 2007;22:
359-65.

7. Miron R], Zhang YF. Osteoinduction: a review of old concepts with new
standards. ] Dent Res 2012;91:736-44.

8. Urist MR. Bone: formation by autoinduction. Science 1965;150:893-9.

9. Arosarena O, Collins W. Comparison of BMP-2 and -4 for rat
mandibular bone regeneration at various doses. Orthod Craniofac Res
2005;8:267-76.

10. Bragdon B, Moseychuk O, Saldanha S, King D, Julian J, Nohe A. Bone
morphogenetic proteins: a critical review. Cell Signal 2011;23:609-20.

11. Lee KS, Kim HJ, Li QL, Chi XZ, Ueta C, Komori T, et al. Runx2 is a common
target of transforming growth factor beta 1 and bone morphogenetic protein

THE JOURNAL OF PROSTHETIC DENTISTRY

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

2, and cooperation between Runx2 and Smad5 induces osteoblast-specific
gene expression in the pluripotent mesenchymal precursor cell line C2C12.
Mol Cell Biol 2000;20:8783-92.

Banerjee C, Javed A, Choi JY, Green ], Rosen V, van Wijnen AJ, et al.
Differential regulation of the two principal Runx2/Cbfal N-terminal isoforms
in response to bone morphogenetic protein-2 during development of the
osteoblast phenotype. Endocrinology 2001;142:4026-39.

Suzuki A, Ghayor C, Guicheux ], Magne D, Quillard S, Kakita A, et al.
Enhanced expression of the inorganic phosphate transporter Pit-1 is involved
in BMP-2-Induced matrix mineralization in osteoblast-like cells. ] Bone
Miner Res 2006,21:674-83.

Jung RE, Glauser R, Scharer P, Hammerle CH, Sailer HF, Weber FE. Effect of
rhBMP-2 on guided bone regeneration in humans. Clin Oral Implants Res
2003;14:556-68.

Hasegawa Y, Sato S, Takayama T, Murai M, Suzuki N, Ito K. Short-term
effects of rhBMP-2-enhanced bone augmentation beyond the skeletal
envelope within a titanium cap in rabbit calvarium. ] Periodontol 2008;79:
348-54.

Jeon O, Song SJ, Kang SW, Putnam AJ, Kim BS. Enhancement of ectopic
bone formation by bone morphogenetic protein-2 released from a heparin-
conjugated poly(L-lactic-co-glycolic acid) scaffold. Biomaterials 2007;28:
2763-71.

Stenfelt S, Hulsart-Billstrom G, Gedda L, Bergman K, Hilborn J, Larsson S,
et al. Pre-incubation of chemically crosslinked hyaluronan-based hydrogels,
loaded with BMP-2 and hydroxyapatite, and its effect on ectopic bone
formation. ] Mater Sci Mater Med 2014;25:1013-23.

Bae IH, Jeong BC, Kook MS, Kim SH, Koh JT. Evaluation of a thiolated
chitosan scaffold for local delivery of BMP-2 for osteogenic differentiation
and ectopic bone formation. Biomed Res Int 2013;2013:878930.

Kelly MP, Vaughn OL, Anderson PA. Systematic review and meta-analysis of
recombinant human bone morphogenetic protein-2 in localized alveolar
ridge and maxillary sinus augmentation. ] Oral Maxillofac Surg 2016;74:
928-39.

Jeon MJ, Kim JA, Kwon SH, Kim SW, Park KS, Park SW, et al. Activation of
peroxisome proliferator-activated receptor-gamma inhibits the Runx2-
mediated transcription of osteocalcin in osteoblasts. ] Biol Chem 2003;278:
23270-7.

Suda T, Takahashi N, Udagawa N, Jimi E, Gillespie MT, Martin TJ.
Modulation of osteoclast differentiation and function by the new members of
the tumor necrosis factor receptor and ligand families. Endocr Rev 1999;20:
345-57.

James AW, LaChaud G, Shen ], Asatrian G, Nguyen V, Zhang X, et al.

A review of the clinical side effects of bone morphogenetic protein-2. Tissue
Eng Part B Rev 2016;22:284-97.

Vukicevic S, Oppermann H, Verbanac D, Jankolija M, Popek I, Curak J, et al.
The clinical use of bone morphogenetic proteins revisited: a novel
biocompatible carrier device OSTEOGROW for bone healing. Int Orthop
2014;38:635-47.

Okamoto M, Murai J, Yoshikawa H, Tsumaki N. Bone morphogenetic
proteins in bone stimulate osteoclasts and osteoblasts during bone
development. ] Bone Miner Res 2006;21:1022-33.

Wikesjo UM, Sorensen RG, Kinoshita A, Wozney JM. RhBMP-2/alphaBSM
induces significant vertical alveolar ridge augmentation and dental implant
osseointegration. Clin Implant Dent Relat Res 2002;4:174-82.

Liu'Y, Wu G, de Groot K. Biomimetic coatings for bone tissue engineering of
critical-sized defects. ] R Soc Interface 2010;7(suppl 5):5631-47.

Liu Y, Huse RO, de Groot K, Buser D, Hunziker EB. Delivery mode and
efficacy of BMP-2 in association with implants. ] Dent Res 2007;86:84-9.
Hunziker EB, Enggist L, Kuffer A, Buser D, Liu Y. Osseointegration: the slow
delivery of BMP-2 enhances osteoinductivity. Bone 2012;51:98-106.
Barboza EP, Caula AL, Caula Fde O, de Souza RO, Geolas Neto L,
Sorensen RG, et al. Effect of recombinant human bone morphogenetic
protein-2 in an absorbable collagen sponge with space-providing
biomaterials on the augmentation of chronic alveolar ridge defects.

] Periodontol 2004;75:702-8.

Barboza EP, Duarte ME, Geolas L, Sorensen RG, Riedel GE, Wikesjo UM.
Ridge augmentation following implantation of recombinant human bone
morphogenetic protein-2 in the dog. ] Periodontol 2000;71:488-96.

Lin GH, Lim G, Chan HL, Giannobile WV, Wang HL. Recombinant human
bone morphogenetic protein 2 outcomes for maxillary sinus floor
augmentation: a systematic review and meta-analysis. Clin Oral Implants Res
2016;27:1349-59.

Sun YK, Cha JK, Thoma DS, Yoon SR, Lee JS, Choi SH, et al. Bone
regeneration of peri-implant defects using a collagen membrane as a carrier
for recombinant human bone morphogenetic orotein-2. Biomed Res Int
2018;2018:5437361.

Kawakatsu N, Oda S, Kinoshita A, Kikuchi S, Tsuchioka H, Akizuki T, et al.
Effect of rhBMP-2 with PLGA/gelatin sponge type (PGS) carrier on alveolar
ridge augmentation in dogs. J Oral Rehabil 2008;35:647-55.

Hooijmans CR, Rovers MM, de Vries RB, Leenaars M, Ritskes-Hoitinga M,
Langendam MW. SYRCLE's risk of bias tool for animal studies. BMC Med
Res Methodol 2014;14:43.

Teng et al


http://refhub.elsevier.com/S0022-3913(18)30829-1/sref1
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref1
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref1
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref2
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref2
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref2
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref2
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref3
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref3
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref3
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref3
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref4
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref4
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref5
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref5
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref6
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref6
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref6
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref7
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref7
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref8
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref9
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref9
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref9
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref10
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref10
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref11
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref11
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref11
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref11
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref11
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref12
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref12
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref12
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref12
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref13
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref13
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref13
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref13
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref14
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref14
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref14
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref15
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref15
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref15
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref15
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref16
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref16
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref16
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref16
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref17
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref17
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref17
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref17
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref18
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref18
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref18
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref19
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref19
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref19
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref19
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref20
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref20
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref20
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref20
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref21
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref21
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref21
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref21
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref22
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref22
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref22
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref23
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref23
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref23
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref23
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref24
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref24
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref24
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref25
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref25
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref25
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref26
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref26
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref27
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref27
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref28
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref28
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref29
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref29
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref29
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref29
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref29
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref30
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref30
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref30
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref31
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref31
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref31
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref31
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref32
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref32
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref32
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref32
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref33
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref33
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref33
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref34
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref34
http://refhub.elsevier.com/S0022-3913(18)30829-1/sref34

October 2019

363

35. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al.
The Cochrane Collaboration’s tool for assessing risk of bias in randomised
trials. BMJ 2011;343:d5928.

36. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Toannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate health care interventions: explanation and
elaboration. J Clin Epidemiol 2009;62:e1-34.

37. Kim SJ, Shin HS, Shin SW. Effect of bone block graft with rhBMP-2 on
vertical bone augmentation. Int J Oral Maxillofac Surg 2010;39:883-8.

38. Ikeno M, Hibi H, Kinoshita K, Hattori H, Ueda M. Effects of self-assembling
peptide hydrogel scaffold on bone regeneration with recombinant human
bone morphogenetic protein-2. Int ] Oral Maxillofac Implants 2013;28:
€283-9.

39. Murata M, Maki F, Sato D, Shibata T, Arisue M. Bone augmentation by onlay
implant using recombinant human BMP-2 and collagen on adult rat skull
without periosteum. Clin Oral Implants Res 2000;11:289-95.

40. Kim JW, JungIH, Lee KI, Jung UW, Kim CS, Choi SH, et al. Volumetric bone
regenerative efficacy of biphasic calcium phosphate-collagen composite block
loaded with thBMP-2 in vertical bone augmentation model of a rabbit
calvarium. ] Biomed Mater Res A 2012;100:3304-13.

41. Jung RE, Weber FE, Thoma DS, Ehrbar M, Cochran DL, Hammerle CH. Bone
morphogenetic protein-2 enhances bone formation when delivered by a
synthetic matrix containing hydroxyapatite/tricalciumphosphate. Clin Oral
Implants Res 2008;19:188-95.

42. Schmitt C, Lutz R, Doering H, Lell M, Ratky ], Schlegel KA. Bio-Oss(R)
blocks combined with BMP-2 and VEGF for the regeneration of
bony defects and vertical augmentation. Clin Oral Implants Res 2013;24:
450-60.

43. Su N, Li C, Wang H, Shen J, Liu W, Kou L. Efficacy and safety of articaine
versus lidocaine for irreversible pulpitis treatment: a systematic review and
meta-analysis of randomised controlled trials. Aust Endod ] 2016;42:4-15.

44. Schorn L, Sproll C, Ommerborn M, Naujoks C, Kubler NR, Depprich R.
Vertical bone regeneration using rhBMP-2 and VEGF. Head Face Med
2017;13.

45. Kinard LA, Dahlin RL, Henslee AM, Spicer PP, Chu CY, Tabata Y, et al.
Tissue response to composite hydrogels for vertical bone augmentation in the
rat. ] Biomed Mater Res A 2014;102:2079-88.

46. Jones AA, Buser D, Schenk R, Wozney ], Cochran DL. The effect of rhBMP-2
around endosseous implants with and without membranes in the canine
model. ] Periodontol 2006;77:1184-93.

Corresponding author:
Dr Yuelian Liu

Gustav Mahlerlaan 3004
1081LA, Amsterdam
THE NETHERLANDS
Email: y.liu@acta.nl

Acknowledgments
The authors gratefully acknowledge Dr Tony Hearn for his useful comments and
language editing which have greatly improved the manuscript.

Copyright © 2018 by the Editorial Council for The Journal of Prosthetic Dentistry.
https://doi.org/10.1016/j.prosdent.2018.09.008

Noteworthy Abstracts of the Current Literature

Remake rates for single-unit crowns in clinical practice: Findings from The National

Dental Practice-Based Research Network

McCracken MS, Litaker MS, Gordan VV, Karr T, Sowell E, Gilbert GH; National Dental PBRN

Collaborative Group
] Prosthodont 2019 Feb;28:122-30

Purpose. Some crowns returned from the laboratory are clinically unacceptable, and dentists must remake them. The
objectives of this study were to: (1) quantify the remake rate of single-unit crowns; and (2) identify factors significantly
associated with crown remakes and intraoral fit.

Material and methods. Dentists participating in the National Dental Practice-Based Research Network recruited
patients needing crowns and documented fabrication techniques, patient characteristics, and outcomes. Crowns were
considered clinically acceptable or rejected. Also, various aspects of the clinical fit of the crown were graded and
categorized as ‘Goodness of Fit (GOF).” Dentist and patient characteristics were tested statistically for associations with
crown acceptability and GOF.

Results. More than 200 dentists participated in this study (N=205) and evaluated 3750 single-unit crowns. The mean
age (years) of patients receiving a crown was 55. The remake rate for crowns was 3.8%. The range of rejection rates
among individual practitioners was 0% to 42%. Most clinicians (118, or 58%) did not reject any crowns; all rejections
came from 42% of the clinicians (n=87). The most common reasons for rejections were proximal misfit, marginal errors,
and esthetic failures. Fewer years in practice was significantly associated with lower crown success rates and lower fit
scores. GOF was also associated with practice busyness and patient insurance status, patient gender (dentists reported
better fit for female patients), and patient ethnicity.

Conclusions. The crown remake rate in this study was about 4%. Remakes and crown GOF were associated with
certain dentist and practice characteristics.

Reprinted with permission of The American College of Prosthodontists.
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