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Abstract
Context: Alveolar bone deficiencies adversely affect proper dental implant placement in a correct restorative position. Thus, local-

ized ridge augmentation (RA), ridge preservation (RP), and maxillary sinus lift (SL) using bone grafts or biological agents such as
recombinant human bone morphogenetic protein-2 (rhBMP-2) are often employed to restore the bone.

Aim and Objective: This systematic review assesses the effects of using rhBMP-2 on bone changes in RA, RP and SL.

Materials and Methods: Literature reviews of the COCHRANE and MEDLINE electronic databases and hand searching up to January
2017 was carried out. Three reviewers independently and in triplicates identified eligible studies and assessed the data and methodological quality using specific data extraction and assessment forms. This systematic review was conducted according to the PRISMA
and MECIR guidelines.

Results: The search identified 189 potential publications. After review of abstracts and titles, 33 articles qualified for full text review.
Only 6 studies satisfied the inclusion criteria. Two studies evaluated bone width in ridge augmentation with rhBMP-2 versus without

rhBMP-2 (ACS, bone graft or no treatment) at the crest and apex. Difference in means was 1.043 mm [SD 0.318 (95% CI, 0.420 to
1.666)] at crest, and 0.271 mm [SD 0.358 (95% CI, -0.431 to 0.974)] at apex showing slightly better bone width with rhBMP-2 with
statistical significance for the crest width only. Two studies evaluated bone width in ridge preservation with rhBMP-2 versus without

rhBMP-2 (ACS or bone graft only). Difference in means was 0.662 mm [SD 0.535 (95% CI, -0.484 to 1.809)] showing significantly

greater increase in bone width in patients treated with rhBMP-2. Two studies evaluated bone height in sinus lift with rhBMP-2 versus
conventional bone grafting. Difference in means was -1.593 mm [SD 0.315 (95% CI, -2.210 to -0.976)] in favor of conventional bone
grafts. Heterogeneity was noted among the studies.

Conclusion: The studies presented in these meta -analyses show that rhBMP-2 is an effective alternative to bone grafts alone in
restoring alveolar ridge deficiencies. The use of rhBMP-2 in ridge augmentation showed slightly better bone width compared to its

use in ridge preservation. The use of rhBMP-2 in ridge augmentation and ridge preservation was effective in maintaining bone width
compared to patients treated without rhBMP-2 (ACS, bone graft or no treatment). However, rhBMP-2 was less effective in sinus lift

bone height gain compared to patients receiving bone grafts. The aforementioned results should be interpreted with caution. Moreover, definitive conclusions regarding rhBMP-2 cannot be made due to limited number of studies and heterogeneity present.

Keywords: Recombinant Human Morphogenetic Protein; Alveolar Ridge Augmentation; Dental Implants; Bone Graft; Maxillary Sinus;
Systematic Review
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RA: Ridge Augmentation; RP: Ridge Preservation; SL: Sinus Lift; rhBMP-2: Recombinant Human Bone Morphogenetic Protein-2; ACS:
Acellular Collagen Sponge; PRISMA: Preferred Reporting Items for Systematic Review and Meta-Analysis; MECIR: Methodological Expectations of Cochrane Intervention Reviews

Introduction

Alveolar bone deficiency is a common finding post extraction and can adversely affect the ideal prosthetic placement of dental im-

plants. The literature cites compromised implant stability or esthetic dilemmas around implants placed in alveolar ridges with insufficient
bone [1-5]. Post extraction, approximately 50% of bone volume is lost with the most happening in the initial 6 - 12 months [6]. Therefore,
procedures aimed at bone regeneration and preservation post-extraction are important to maintain adequate bone quantity and quality

for proper implant placement. In deficient ridges, guided bone regeneration (GBR) via alveolar ridge augmentation (RA) or sinus lift (SL)
are routinely used [7]. Ridge preservation (RP) involves placement of bone graft concurrently with extraction to maintain better bone vol-

ume [8]. Numerous types of bone grafts, growth and differentiating factors are used for RA, RP and SL [2,9]. Though bone grafts are widely
used with considerable success and safety, research has continued to explore biologically active molecules such as recombinant human

bone morphogenetic protein- 2 (rhBMP-2) that is a differentiating factor used in bone regeneration with high osteoinductive properties
[10-12]. The use of rhBMP-2 with a carrier “acellular collagen sponge (ACS)” promotes chemotaxis, proliferation, and differentiation of

undifferentiated cells into osteoblasts [13]. The first human pilot study using rhBMP-2 in sinus lift augmentation demonstrated 100%
new bone formation [10]. The newly regenerated bone was deemed adequate for only 73% of the patients [10].

The literature cites conflicting reports for the effect of rhBMP-2 effect on bone growth. Some studies show significant benefits of rh-

BMP-2 on increasing bone height and width [14-16], while others demonstrate either considerable shrinkage using rhBMP-2 alone or
no increase in alveolar ridge width or height [12]. To improve rhBMP-2 efficacy in space maintenance, a later study proposed that graft

shrinkage can be prevented by adding a bone graft to the ACS [17]. Implant survival with rhBMP-2 is approaching 100% and is compa-

rable to implants placed in regenerated bone [2]. Although the literature cites promising potential for use of rhBMP-2 in RA, RP and SL, the

results are inconclusive. The objective of this meta-analysis is to systematically assess the effect of rhBMP-2 in alveolar ridge augmentation, ridge preservation, and sinus lift procedures and report on adverse effects associated with rhBMP-2.

Material and Methods
Information Sources

This meta-analyses were performed following the “Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA)

statement” [18], the “Cochrane Collaboration recommendations” [19] and the “Methodological Expectations of Cochrane Intervention
Reviews (MECIR)” [20].

The focused PICO Question was:
•
•
•
•

P: Completely or partially edentulous healthy patients with alveolar ridge deficiency.

I: Regenerative therapies using rhBMP-2 for alveolar ridge augmentation, ridge preservation or maxillary sinus lift.
C: Change in ridge dimensions using rhBMP-2 compared to other regenerative therapies.

O: The primary outcome was to calculate difference in ridge width or height in millimeters (mm). The secondary outcome was
adverse effects associated with rhBMP-2.

Screening process

An electronic search of two electronic databases “the National Center for Biotechnology Information PubMed, Medline, and the Co-

chrane Collaboration Library” was completed in triplicates independently by three reviewers (BMK, CP, and KN). Publications in English
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from 1966 up to January 2017 were selected. In addition to the online search, a hand search of references of reviews related to the topic
of rhBMP-2 and regenerative therapies was conducted.

The following search terminology was performed using Boolean operators: “(BMP and bone grafting) OR (BMP and dental implants)

OR (rhBMP-2 AND dental implants) OR (rhBMP-2 AND socket preservation) OR (rhBMP-2 AND maxillary sinus) OR ((rhbmp-2) OR (re-

combinant human morphogenetic protein 2) AND (“Alveolar Ridge Augmentation”[Mesh]))) OR ((rhbmp-2) OR recombinant human morphogenetic protein 2) AND (“Graft Survival”[Mesh]))) OR ((growth factor) OR (rhbmp-2) OR recombinant human morphogenetic protein
2) AND dental)) OR ((rhbmp-2) OR (recombinant human morphogenetic protein 2) AND periodontal))”.
Eligibility criteria

The inclusion criteria included manuscripts that had to be: 1) Clinical trials, randomized controlled trials, controlled clinical trials, case

reports, or case series 2) published in English; 3) conducted on human participants; 4) have at least five participants; 5) primary treat-

ment outcomes reported on clinical, radiographic findings, and/or adverse effects related to rhBMP-2; and 6) a minimum of 3 months
follow-up.

The manuscripts were excluded if: 1) inclusion criteria not matched; 2) they had missing data relevant to the treatment outcomes.
Risk for bias

An excel data-collection form was used independently by three reviewers (BMK, CP and KN) to collect the following study information:

1) author and year of publication; 2) study category; 3) randomization technique; 4) treatment groups; 5) patient demographics; 6) clini-

cal or radiographic bone formation; 7) carrier type; 8); regenerative procedure and materials used; 9) adverse effects; and 10) follow-up
time.

The data was screened and evaluated independently according to the MECIR [20] and PRISMA [18] parameters. If a disagreement oc-

curred, it was resolved by discussion. When a selected publication was missing relevant data, the corresponding authors were contacted
to seek complete ascertainment of the data.
Qualitative assessment

The Cochrane Assessment of Allocation Concealment [21] and the Jadad-Score Calculation [22] were used for methodological assess-

ment. The Cochrane Assessment used grades “A, B, C, D” for the validity and randomization of the studies where grade A and B had low
risk for bias, and C and D had high risk for bias. The Jadad scale used points “0, 1, 2, 3, 4, 5” with of 3 to 5 signifying high study quality.
Statistical analysis

The mean new bone formation measured in millimeters was the basis for data analyses. Mean differences were compared using Hedg-

es g statistic for meta- analysis and 95% confidence intervals (CI) were calculated. Statistically significant differences were reported when
p < 0.05. Meta-analyses were carried out using Comprehensive Meta-Analysis statistical software. Random effects models were used to
correct for heterogeneity between studies.
Study of heterogeneity

The value of I2 measured heterogeneity with value of 75% or higher representing higher heterogeneity due to the moderate insensitiv-

ity of the Q statistic [23].

Results

Study selection
The electronic search identified 187 articles and the hand search added 2 more for a total of 189 studies. Based on title and abstract

review, 33 relevant studies were selected for full text review. From the 33 studies, 27 did not meet the inclusion criteria and the remaining
6 studies reported data and exhibited a test and control arm allowing a series of meta-analyses to be performed (Figure 1). Kappa statistic
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was used to calculate the inter-observer agreement (Kappa value = 0.8907, SE = 0.0566, 95% CI = 0.78 to 1.00). Characteristics of the 6
studies [24-29] are summarized in table 1.

Figure 1: Flow chart for identification of publications according to PRISMA principles for systematic reviews.
Qualitative assessment
All 6 studies were randomized clinical trials (RCTs) [24-29]. All 6 RCTs scored high (Grade A to B according to the Cochrane allocation

of concealment. Five RCTs [24,25,27-29] scored high on the Jadad score (Score of 1 - 3) and only one [26] study scored low (4 out of 5)
(Table 1).

Author/Year

de Freitas., et al. (2013) [24]

Study Design

RCT

Treatment Groups (Intervention)

Alveolar Ridge Augmentation:
rhBMP-2/ACS

Alveolar Ridge Augmentation:
Autogenous

(Mean/Range of Age in Years)

(42.4)

(47.7)

Number of Patients

Concentration BMP (mg/mL)

12

12

1.5

(NC/NA)

Bone Volume (cm3)

(NC/NA)

(NC/NA)

Crest (C)

C: 1.5 ± 0.7

Total Dose per Site (mg)
Carrier Type

Bone Height (mm)

Bone Width (mm) at

4.2

(NC/NA)

ACS

(NC/NA)

(NC/NA)

(NC/NA)

C: 0.9 ± 0.5

Apex (A)

A: 1.7 ± 0.9

A: 1.8 ± 1.1

Re-evaluation Time (Months)

6

6

Bone Density

New Bone (%)

Number of Implants

Type of Definitive Restoration (Time
Delivered in months)
Implant Survival Rate

Allocation Concealment
Jadad Score

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

32

30

(NC/NA)
100

(NC/NA)
Grade A
3

100
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Author/Year

Fiorellini., et al. (2005) [25]

Study Design

RCT

Treatment Groups (Intervention)

Alveolar Ridge Augmentation:
rhBMP-2/ACS

Alveolar Ridge Augmentation:
rhBMP-2/ACS

Alveolar Ridge Augmentation: ACS Only

No Treatment

(Mean/Range of Age in
Years)

(47.4)

(47.4)

(47.4)

(47.4)

Total Dose per Site (mg)

0.9

1.9

Number of Patients

Concentration BMP
(mg/mL)
Carrier Type

Bone Volume (cm3)

22

21

0.75

17

1.50

ACS

(NC/NA)

(NC/NA)

(NC/NA)

ACS

(NC/NA)

20

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

Bone Height (mm)

-0.62 ±1.39

- 0.02 ± 1.2

- 1.0 ± 1.4

-1.17 ± 1.23

Crest (C)

C: 1.76 ± 1.67

C: 3.27 ± 2.53

C: 0.82 ± 1.4

C: 0.57 ± 2.56

Bone Width (mm) at
Apex (A)

A: 2.29 ± 1.07

A: 2.68 ± 1.37

A: 1.82 ± 1.5

A: 1.65 ± 2.06

Re-evaluation Time
(Months)

4

4

4

4

Bone Density

New Bone (%)

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

Number of Implants

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

Implant Success Rate

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

Type of Definitive Restoration (Time Delivered
in months)
Implant Survival Rate

Observation Period After Loading (months)

Allocation Concealment

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

Grade B

Study Design

RCT

Treatment Groups (Intervention)

Sinus Augmentation:
rhBMP-2/ACS

rhBMP-2+ACS

Number of Patients

18

17

Concentration BMP (mg/mL)
Total Dose per Site (mg)
Carrier Type

Bone Volume (cm3)

(57)
0.75
8.9

ACS

(NC/NA)

(52)

(NC/NA)

(NC/NA)

3

Boyne., et al. (2005) [26]

(NC/NA)

(NC/NA)

(NC/NA)

Author/Year

(Mean/Range of Age in Years)

(NC/NA)

(NC/NA)

Triplett., et al. (2009)
[29]
RCT

Prospective

Sinus Augmentation:
Autogenous OR Autogenous + Allogenous

rhBMP2+ACS

(57)

(53.6)

(51.4)

ACS

(NC/NA)

13

82

Clinical Trial
autogenous
+ allogenous
bone
78

1.5

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)
7.83 ±
3.52

9.46 ± 4.11

20.8
ACS

(NC/NA)
(NC/NA)

1.5

0

12.9

0

(NC/NA)

Bone Height (mm)

9.47 ± 5.72

10.16 ± 4.7

11.29 ± 4.12

Crest (C)

C: 2.02 ± 2.73

C: 1.98 ± 2.41

C: 4.66 ± 2.75

N/A

N/A

137 ± 77 mg/
cc

350 ± 243 mg/cc

283

200

73

63

Bone Width (mm) at
Apex (A)

A: 11.86 ± 5.15

A: 10.78 ± 4.63

New Bone (%)

(NC/NA)

(NC/NA)

Bone Density (at 4 months)
Re-evaluation Time (Months)
Number of Implants

84 ± 50 mg/cc
4

83

Type of Definitive Restoration
(Time Delivered in months)

Single Tooth + FPD +
Over Denture

Implant Survival Rate

88

Implant Success Rate

Observation Period After Loading (months)
Allocation Concealment

71
36

A: 10.56 ± 3.17
(NC/NA)

(NC/NA)

(NC/NA)

Single Tooth
+ FPD + Over
Denture

Single Tooth + FPD +
Over Denture

(NC/NA)

(NC/NA)

36

81
36

83
87

90

6

71
79

Grade B
4

4

52

6

6

240

(NC/NA)

243

87

(NC/NA)

Grade B
1
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Author/Year

Kim., et al. (2014) [27]

Study Design

RCT

Coomes., et al. (2014) [28]
RCT

Treatment Groups
(Intervention)

rhBMP2 + Injectable demineralized bone matrix gel

Injectable demineralized
bone matrix gel alone

(Mean/Range of Age in Years)

(50.37)

(51.18)

Number of Patients

Concentration BMP (mg/mL)
Total Dose per Site (mg)
Carrier Type

Bone Volume (cm3)

29

0.05

0

(NC/NA)

Bone Height (mm)
Crest (C)

(NC/NA)

-1.17 ± 0.82

C: -1.06 ± 1.26

(NC/NA)

C: -1.21 ± 1.31

C: -2.07±1.17

C:
-3.4±1.73

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

Type of Definitive Restoration
(Time Delivered in months)
Implant Success Rate

Implant Survival Rate

Observation Period After
Loading (months)
Allocation Concealment

3

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)
(NC/NA)

Jadad Score

(NC/NA)
Grade A

0

(NC/NA)

(NC/NA)

(NC/NA)
3

17

-1.5 ± 1.07

New Bone (%)

(NC/NA)

Collagen
Sponge

(NC/NA)

A: -0.37 ± 0.61

Number of Implants

RCT

ACS

A: -0.23 ± 0.45

Re-evaluation Time (Months)

1.5

(NC/NA)

Resorbable Membrane

(NC/NA)

14

(NC/NA)

Apex (A)

Bone Density

rhBMP-2+ACS

(NC/NA)

Resorbable Membrane + Allo
bone graft
(NC/NA)

Bone Width (mm) at

30

RCT

(NC/NA)

2

(NC/NA)

(NC/NA)

(NC/NA)

5

5

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

(NC/NA)

Grade A

(NC/NA)

2

Table 1: Characteristics of the 6 studies included in the systematic review.
Prosp CT: Prospective Clinical Trial; RCT: Randomized Clinical Trial; NC/NA: Not Clear or Not Available; ACS: Acellular Collagen Sponge;
rhBMP-2: Recombinant Human Bone Morphogenic Protein-2.
Intergroup meta-analysis
The 6 studies included a total of 467 patients (ages 18 to 79) with 4 to 36 months follow-up. Of the patients treated in the rhBMP-2

group, 66, 55 and 128 had RA, RP and sinus lifts, respectively.
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Meta-analysis: Alveolar ridge augmentation with or without rhBMP-2 reporting on bone width
Two studies [24,25] evaluated the effects of rhBMP-2 in RA on alveolar bone width measured at the crest and the apex of the ridge

compared to control patients receiving ACS or autogenous bone alone. Patients received rhBMP-2 with concentrations of 0.75 mg/mL

and 1.50 mg/mL [25] and 1.50 mg/mL [24] and were reevaluated after four-six months. The treatment groups varied in concentration of
rhBMP-2, and were pooled together (22 received 0.75 mg/mL, and 33 received 1.50 mg/mL) for both studies [24,25]. The rhBMP-2 group

(test) had 35 patients while the control group included 49 patients. The difference in means at the crest was 1.043 mm [SD 0.318 (95%
CI, 0.420 to 1.666)] showing greater horizontal bone gain at the crest in patients treated with rhBMP-2. The difference in horizontal bone
gain was statistically significant (p = 0.615) without heterogeneity between the studies (I2 = 0.00%) (Figure 2A). The difference in means
at the apex was 0.271 mm [SD 0.358 (95% CI, -0.431 to 0.974)] showing greater horizontal bone gain in patients with rhBMP-2. There was
no statistical difference (p = 0.135) with slight heterogeneity between the studies (I2 = 38.12%) (Figure 2B).

Figure 2: Forest plot comparing bone width: A) conventional versus rhBMP-2 alveolar ridge augmentation at the crest. B)
conventional versus rhBMP-2 alveolar ridge augmentation at the apex. (df = degrees of freedom; I2 = Heterogeneity).
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Meta-analysis: Ridge preservation with or without rhBMP-2 reporting on bone width
Two studies [28,30] evaluated the effects of rhBMP-2 on alveolar bone width in patients receiving RP. Coomes., et al. [28] utilized 1.50

mg/mL rhBMP-2/ACS in 14 patients and compared it to ACS alone in 17 patients. Kim., et al. [30] utilized 0.05 mg/mL rhBMP-2 with a
demineralized bone matrix (DBM) carrier in 29 patients compared to DBM alone in 30 patients with follow up of three to five months.

Whereas the treatment groups varied in rhBMP-2 concentration and carrier, they were pooled together to allow enough data for analysis.
The difference in means was 0.662 mm [SD 0.535 (95% CI, -0.484 to 1.809)] indicating greater increase in alveolar bone width in patients

treated with rhBMP-2. There was no statistical difference (p = 0.257) and substantial heterogeneity was noted between the studies (I2 =
70.76%) (Figure 3).

Figure 3: Forest plot comparing bone width: conventional versus rhBMP-2 ridge preservation.
(df = degrees of freedom; I2 = Heterogeneity).
Meta-analysis: Maxillary sinus lift with or without rhBMP-2 reporting on bone height
Two studies [26,29] exhibited test and control arms allowing a meta-analysis to be conducted. The studies evaluated the effects of

rhBMP-2/ACS in sinus augmentation procedures versus conventional bone grafts on bone height. Triplett., et al. [29] compared 1.50 mg/

mL rhBMP-2/ACS to an autograft. Boyne., et al. [26] compared 0.75 mg/mL and 1.50 mg/mL rhBMP-2/ACS to autogenous only or a combination of autogenous and allogenic bone graft.

The different concentration groups were pooled together to allow a more robust analysis. A total of 18 received 0.75 mg/ml, and 99

received 1.50 mg/ml. The difference in means was -1.593 mm [SD 0.315 (95% CI, -2.210 to -0.976)]. There was greater increase in bone
height in patients treated with the bone graft compared to rhBMP-2/ACS. The difference in bone height was statistically significant (p <
0.05). No heterogeneity was noted between the studies (I2 = 0.00%) (Figure 4).

Figure : Forest plot comparing bone height: conventional versus rhBMP-2 sinus lift.
(df = degrees of freedom; I2 = Heterogeneity).
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Adverse events
While no safety issues were associated with use of rhBMP-2, higher post-surgical events such as edema, oral pain and erythema were

reported. Two studies [25,29] reported greater frequency of oral edema in groups treated with rhBMP-2 compared to control groups.

Fiorellini., et al. [25] reported 250 events for 78 of the 80 enrolled patients, with the most frequent being oral edema (75%), mouth pain
(68%), and oral erythema (46%) and these events were higher compared to the extraction only group. In addition, groups treated with
1.50 mg/mL of rhBMP-2 (n = 14) experienced greater frequency of oral edema compared to the 0.75 mg/mL group (n = 7) [26]. With
regard to pain, patients in the bone graft group experienced greater pain with the autograft harvest site compared to rhBMP-2 [26].

With regard to long-term efficacy of rhBMP-2, an early study [12] evaluated the use of rhBMP-2 in RA versus RP on alveolar bone

height with a three- year follow-up [15]. There were a total of 5 patients in the RA group and 6 in the RP group. The study utilized 0.43

mg/mL concentration of rhBMP-2 with ACS. The difference in means was -0.086 mm [SD 0.754 (95% CI, - 1.564 to -1.392)] indicating
slightly better bone height in RA compared to RP. However, the difference was not statistically significant (p = 0.909) without heterogeneity between the studies (I2 = 0.00%).

Discussion

Recombinant human bone morphogenetic protein (rhBMP-2) with a proven ability to induce bone growth, was approved by the Food

and Drug administration based on superior results in spinal fusion procedures [31]. This systematic review focuses on highlighting the
efficacy of rhBMP-2 in three different treatment scenarios.
Intergroup meta-analysis

Meta-analysis: Alveolar ridge augmentation with or without rhBMP-2 reporting on bone width
The first meta-analysis included two studies comparing the use of rhBMP-2 in RA versus control showing greater horizontal bone

width for the rhBMP-2 group wit mean difference of 1.043 mm at the crest and 0.271 mm at the apex [24,25]. A recent systematic review

[32], included two studies reporting on bone width in RA using rhBMP-2 without conducting a meta -analysis. One study reported no
difference between the rhBMP-2 and the autogenous bone groups [24], while the second study showed better bone width gain with the

rhBMP-2 group (-3.40 + 1.73) compared to the control (autogenous) group (-2.07 + 1.17) [28]. Although, the current meta -analysis shows
that the rhBMP-2 group has a better outcome, one should be remember that the slight heterogeneity (I2 = 38.12%) observed between the

studies at the apex could skew the results.

Meta-analysis: Ridge preservation with or without rhBMP-2 reporting on bone width
Alveolar ridge preservation is a well-documented procedure [28,30]. Recent reviews reported better bone width maintenance with RP

1.89 mm [33] and 1.31 to 1.54 mm [34] compared to extraction alone. The current meta-analysis showed bone gain of 0.662 mm favor-

ing the rhBMP-2 group. This finding is in agreement with a recent systematic review that showed a volumetric gain of 0.104 cm3 [35].
Although the rhBMP-2 shows promising results (0.662 mm gain), it is noteworthy that bone grafting alone has shown superior results

(1.31 to 1.89 mm gain) compared to extraction alone [34,35]. This could be related to the fact that bone grafts take longer to resorb with
better space maintenance compared to rhBMP-2 [17].

Meta-analysis: Maxillary sinus lift with or without rhBMP-2 reporting on bone height
Although the use of autogenous bone has been the gold standard, literature has shown that up to 55% of resorption can occur in the

first 6 months in autogenous bone augmented sinus lift procedures [36]. A prospective clinical trial utilizing xenograft and a resorbable

collagen membrane in the control group to augment the sinus resulted in mean residual graft values of ranging from 22.78 to 10.83%
[37]. The use of rhBMP-2 has initially showed promising results as an alternative to bone graft. The current meta-analysis showed a
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mean difference of -1.593 mm in favor of the bone graft compared to the rhBMP-2 group. A recent systematic review evaluated different

concentrations of rhBMP-2 using pooled estimate instead of meta-analysis and reported similar results in favor of the bone graft group
(-0.50 mm; P = 0.00) [32].

The current meta-analysis collapsed the two concentrations of rhBMP-2 and only reported rhBMP-2. While separating subjects would

allow evaluation of the effect of rhBMP-2 at different concentrations, too few subjects were available to make this feasible. Kelly., et al.
2015 showed minimal heterogeneity (I2 = 18.67) in their study compared to none in the present analysis (I2 = 0%) [32].
Adverse effects

The use of rhBMP-2 in RA and RP seems to be less dimensionally stable with the loss of alveolar bone height after 3 years [15]. Assess-

ment of the mean change in alveolar bone height and width from pre- to post- implantation in the alveolar ridge indicated a decrease in

bone height (-0.8 mm) and width (- 3.6 mm) during the three-year follow-up period. The difference in means was -0.086 mm [SD 0.754
(95% CI, -1.564 to -1.392)] indicating slightly better bone height in RA compared to RP. In a recent publication [38] machined surface implants using bone xenograft and collagen membrane (GBR) were compared to standard implant placement without GBR. The 5-to 15-year
follow-up examination revealed loss of interproximal marginal bone level that averaged 0.23 ± 0.70 mm for the GBR group and 0.28 ± 0.63
mm for the control group. Conventional grafting methods around dental implants have shown alveolar bone loss in long term follow-up
studies and the results are comparable with rhBMP-2 studies [24,25].

Limitation and Recommendations for Future Research

The primary objective of the current review was to quantitatively evaluate the amount of bone augmentation obtained using rhBMP-2

in RA, RP and SL. While there were numerous publications on the use of rhBMP-2, only six could be included in this investigation because
of inconsistencies in methods and reported data.

Conclusion

Clinical documentation of the effect of rhBMP-2 for ridge augmentation procedures and adverse events is sparse. Inadequacies in study

design limit the use of these investigations. Hence, there is a need for additional RCTs evaluating rhBMP-2 for intra-oral bone augmenta-

tion in well-defined clinical studies. The significant high cost of rhBMP-2 may have contributed to the limited number of clinical studies
utilizing it in intraoral ridge augmentation procedures. Meta-analyses and a systematic review were done to evaluate the bone changes

after utilizing rhBMP-2 on RA, RP and SL. Within the limitations of the methodologies used, the studies presented in these meta-analyses
show that rhBMP-2 is an effective alternative to bone grafts in restoring alveolar ridge deficiencies (height and width). The use of rhBMP-2
in ridge augmentation showed slightly better bone width compared to its use in ridge preservation. The use of rhBMP-2 in ridge augmentation and ridge preservation was effective in maintaining bone width compared to patients treated without rhBMP-2 (ACS, bone graft

or no treatment). However, rhBMP-2 was less effective in sinus lift bone height gain compared to patients receiving bone grafts. Due to
limited number of studies the results should be interpreted with caution and definitive conclusions regarding rhBMP-2 cannot be made.
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Footnote

∥ Statistical thinking for managerial decisions: pooling the means, variances. ¶ Number Crunchers Statistical Software Program, NCSS,
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