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Abstract

The impact of autologous iliac crest bone graft versus BMP-2 to improve fusion rates for posterolateral fusion (PLF) of the
lumbar spine remains unanswered. Single-institution-centered data dominate the literature, providing results that may be
contradictory or inconclusive. The aim of this paper is to analyze data pooled from multiple well-controlled studies that
examined both ICBG and BMP-2 for use in PLF. This meta-analysis also provides details of success in different subsets of
patients with variable risk factors for delayed and non-unions. Six high-quality randomized clinical trials were selected.
Efficacy, morbidity, quality of life, and safety were compared between the BMP-2 group and the ICBG group. A total of 908
patients were included in the study. At 24 months, 94% of patients achieved fusion in the BMP-2 group and 83% in the ICBG
group. At 6 and 12 months, the fusion was also greater in the BMP-2 group (86% vs. 60% and 88% vs. 80%, respectively).
Surgical time, intraoperative blood loss, and hospitalization days also showed significant differences in favor of the experi-
mental group (p <0.01). There were no differences between two groups in the Oswestry Disability Index, 36-Item Short
Form Health Survey and Back Pain Score, whereas a greater number of additional surgical procedures were performed in
the ICBG group (p=0.001). In conclusion, the use of BMP-2 in PLF reduced the surgical morbidity and had more beneficial
effects on the fusion rate. The quality of life based on clinical scores was the same in both groups.

Keywords Randomized controlled trial - Systematic review - Bone morphogenetic protein - Iliac crest bone graft -
Posterolateral spine fusion

Introduction

Posterolateral fusion (PLF) is the most commonly used spi-
nal arthrodesis technique. Generally, this technique is used
to correct deformity, neurological involvement, stenosis,
or instability [1]. In most cases, the bone graft required to
perform PLF is extracted from the iliac crest. This area is
preferred because of its high cancellous bone concentration,
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which helps generate new tissues necessary for bone fusion.
Often, iliac crest bone graft (ICBG) harvest is associated
with problems, such as donor site morbidity, or sometimes,
grafting may be insufficient in individuals with osteoporosis
[2].

Bone morphogenetic proteins (BMPs) are growth factors
that facilitate osteoinduction. They have been effectively
used in the field of orthopedic surgery [3]. The FDA has
approved two types of BMPs, BMP-2 and BMP-7 (OP-1)
[4]. Some authors have reported on the benefits of using
this family of proteins in procedures related to spine surgery
[5, 6]. Extensive data have shown that molecules belong-
ing to the BMP family can initiate signaling cascades that
are essential for bone formation, including the migration of
pluripotent mesenchymal stem cells and their differentiation
into osteoblasts [7]. Although recombinant human BMP-2
(rhBMP-2) has been proven to be osteoinductive and is con-
sidered a promising substitute for autogenous bone grafts,
questions have been raised with regard to its safety [8]. In
fact, some authors have claimed that high doses of thBMP-2
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may be associated with the risk of developing malignant
tumors [9]. Given its brief history, the use of BMP-2 for pro-
cedures involved in orthopedic surgery remains controversial
with insufficient evidence available.

Therefore, the objective of this meta-analysis is to achieve
a general understanding of the efficacy and safety of BMP-2
in order to draw more accurate conclusions, which can aid in
decision-making regarding the use of BMP-2 in comparison
to ICBG in PLF. Furthermore, this study aimed to answer
some of the questions raised with regard to the effectiveness
of BMP-2.

Materials and methods
Search strategy and study selection

This meta-analysis was conducted according to the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) statement [10]. A systematic search of the lit-
erature using PubMed, EMBASE, Scopus, and the Cochrane
Collaboration Library database was carried out through July
2018. The following search terms were used: (1) posterolat-
eral fusion of lumbar spine; (2) bone morphogenetic pro-
tein and iliac crest bone graft; (3) randomized clinical trials
(RTCs). In addition, the reference lists of retrieved papers
and recent reviews were reviewed. The search was limited
to studies published in the English language.

Screening of titles or abstracts was first performed. Then
a second screening was based on full-text review. Studies
were considered eligible if they met the following criteria:
(1) the study design was a randomized clinical trial study;
(2) the type of bone morphogenetic protein was defined as
BMP-2 (rhBMP-2); (3) the outcome of interest was fusion
and was measured; and (4) relative risk (RR) or hazard ratio
(HR) and its corresponding 95% confidence interval (CI)
(or data to calculate them) were reported. Exclusion criteria
were studies that did not treat humans.

Data extraction

We extracted the basic data independent of each study: arti-
cle, year, number of patients, sex, age, BMP-2 dose, delivery
vehicle, BMP-2 concentration, and duration. The variables
for comparison were limited to quantitative variables. These
variables were related to the efficacy, safety, and optimiza-
tion of the use of BMP-2. These were dichotomous, whereas
for the measurement of other variables, the mean was used
as a central tendency measure and the standard deviation
as a dispersion measure. First, a comprehensive reading
of the articles was done taking into account the compari-
sons presented by each one. With this method, four aspects
could be compared: surgery (surgery time, blood loss, and

hospitalization duration), fusion (at 6, 12, and 24 months),
clinical variables (Oswestry Disability Index (ODI), 36-Item
Short Form Health Survey (SF-36) and Back Pain Score),
adverse effects (respiratory effects, infection, malignancy,
non-union, and total union), and additional surgery proce-
dures (ASPs). In terms of safety, many comparisons could
be drawn, but only those that were controversial or doubtful
in the literature were selected. The evaluation of the fusion
was based on radiological examinations (static and dynamic)
and CT. Using CT fusion was based on presence of either
unilateral or bilateral bridging bone. Using conventional
radiology, a successful fusion was defined as bridging of the
trabecular bone between the transverse processes with the
absence of motion (with motion defined as + 3 mm of trans-
lation and + 5° of angulation on flexion—extension views),
absence of radiolucent lines through the fusion mass, and
absence of any secondary signs of non-union, such as frac-
ture or loosening of the screws, in at least one side of the
spine.

Study quality assessment

The quality of RCTs was evaluated in accordance with
Review Manager (RevMan) version 5.3 (The Nordic
Cochrane Centre, The Cochrane Collaboration, Copenha-
gen, 2014) software to assess for the risk of bias. If there
was a conflict between the two reviewers, a third reviewer
is consulted and a discussion is conducted to arrive at a
decision. The evaluation method consisted of the following
steps: random sequence generation, allocation concealment,
blinding, incomplete outcome data, and selective outcome
reporting (Fig. 1).

Statistical analysis

The meta-analysis was performed using the Review Manager
5.3 software provided by the Cochrane community. The odds
ratio (OR) with a 95% confidence interval (CI) was calcu-
lated for the dichotomous variables, and the difference in
means (DM) and the 95% CI were calculated for the continu-
ous variables. Heterogeneity was evaluated using the Chi-
square test and the I? method. The /? statistic describes the
percentage of variation across studies that is due to hetero-
geneity rather than chance. When heterogeneity is substan-
tial, a prediction interval rather than a confidence interval
can help have a better sense of the uncertainty around the
effect estimate. I? varies from 0 to 100%: 30—-40% indicates
insignificant heterogeneity, 30-60% moderate heterogeneity,
50-90% substantial heterogeneity, and 75-100% high het-
erogeneity. The inverse variance method and the fixed effects
were used according to whether or not there was significant
statistical heterogeneity in the results. p values less than 0.05
were considered significant.

@ Springer



56

Journal of Bone and Mineral Metabolism (2020) 38:54-62

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

e W

% 25% 50% 75%

oT M

100%

[ Low risk of bias

[ unclear risk of bias

[l High risk of bias

Fig. 1 Risk of bias summary. (green=1low risk; red =hight risk; white =unknown) (color figure online)

Posterolateral fusion of lumbar spine Bone
Morphogenetic Protein

n=195

- Not randomized

- Not clinical trial

- Not BMP-2
- Not PLF of lumbar spine

Not human being

- Not share variables

- Highrisk of bias

n=6 studies included
the metanalysis

Fig.2 Study selection flow diagram (preferred reporting items for
systematic reviews and meta-analysis)

Results
Literature search

The results of the selection process are presented in
Fig. 2. As regards the type of BMP, only two types were
approved for use by the FDA: BMP-2 and BMP-7 [4]. In
this study, only BMP-2 was included in the comparison. It
was found that there were no similar meta-analyses since
2008, except for a meta-analysis comparing BMP-7 and
ICBG that was published in 2017 [11, 12]. The decision
to conduct a meta-analysis and update the use of BMP-2
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compared to ICBG in PLF was based on the following:
first, four of the studies selected were published after
2008; second, the date of the last meta-analysis about the
use of BMP-2 at 2008. The studies included in this meta-
analysis were updated, rigorously selecting three meta-
analysis studies. The meta-analysis consisted in six RCTs
[1, 2, 13-16]. With regard to the included patients, the
sample was homogeneous, with a similar average age in
the six RCTs, a higher proportion of women than men, and
a follow-up time of between 6 and 48 months. In terms of
the type of intervention, all patients underwent postero-
lateral lumbar fusion and were randomly divided into two
groups for the administration of two types of osteoinduc-
tive material: ICBG or BMP-2 in different vehicles, doses,
and concentrations. Seventeen studies that either did not
treat humans or did not share common variables to enable
comparison in the meta-analysis or had low quality were
excluded.

Baseline data

The main characteristics of the six selected studies are sum-
marized in Table 1. The studies were published from 2002
to 2017. There was a total of 908 patients, 446 received
BMP-2 and 462 received ICBG, of whom 380 and 528 were
men and women, respectively. The RCTs were performed in
elderly people, aged 52—70 years. The dose varied depend-
ing on the study used. Furthermore, the average duration
was 24 months.

Fusion success
At 6 months, the differences between both groups were sig-

nificant. A total of 687 patients were included. About 86%
achieved fusion in the BMP group and 60% in the ICBG



Journal of Bone and Mineral Metabolism (2020) 38:54-62

57

Table 1 Characteristics of included randomized control trial studies of bone morphogenetic protein-2 versus iliac crest bone graft for the poste-

rolateral fusion of the lumbar spine included in the meta-analysis

Article/year No. of Sex Age years Dose of BMP  Carrier Fusion levels CT Follow-

patients (M/F) (C/BMP) up

(C/E) (months)
Cho et al. (2017) [2] 42/51 41/52 64.9 (8.4)/62 (9.2) 6 mg HA One-level v 56
Hulbert et al. (2013) [1] 95/93 80/108  53/53 42 mg BCP Two-level v 48
Dawson et al. (2009) [13] 25/21 19/27 55.9/56.9 24 ACS One-level v 24
Dimar et al. (2009) [14] 239/224 203/260 53.2/52.3 40 mg Type I collagen  One-level v 24
Glassman et al. (2008) [15] 50/52 32/70 69.2 (5.5)/69.9 (5.8) 40 mg - Multi-level v 24
Boden et al. (2002) [16] 11/5 5/11 57.6 (3.6)/52.9 (9.6) 40 mg BCP One-level v o

No. number, C control group, BMP BMP-2 group, M men, F female, BMP bone morphogenetic protein, CT computer tomography, HA hyalu-
ronic acid, BCP biphasic calcium phosphate, ACS absorbable collagen sponge, mg milligram, ml millimeter, cm centimeter

group (OR 3.75, 95% CI: 2.58-5.44), p<0.00001, I>=86%)
(Fig. 3a). A total of 448 patients were studied at 12 months.
three RCTs could be compared. Approximately 88% and 80%
achieved fusion in the BMP and ICBG group, respectively.
This difference was significant (OR 1.76, 95% CI: 1.06-2.92,
p=0.03, P=43%) (Fig. 3b). At 24 months, 519 patients were
included. During this period, 94% achieved fusion in the
BMP group and 83% in the ICBG group (OR 3.12, 95% CI:
1.71-5.72, p<0.0002, I*=0%) (Fig. 3c).

Surgery time, blood loss and hospitalization days

The surgical variables were analyzed in terms of surgery time,
blood loss, and hospitalization duration. The surgery time was
significantly longer in the ICBG group (MD —17.56, 95% CI:
—23.98 to (— 11.14), p<0.00001, I>=83%) (Fig. 4a). Simi-
larly, the blood loss was also greater in the ICBG group (MD
—61.19, 95% CI: —101.73 to (—20.66), p=0.003, P=78%)
(Fig. 4b). Hospitalization duration was significantly longer
in the ICBG group (MD —0.40, 95% CI: —0.67 to (—0.14),
p=0.0005, >=83%) (Fig. 4c).

Clinical success

The three variables that indicated the patients’ quality of
life of were as follows: ODI, SF-36, and Back Pain Score.
The ODI decreased in both groups, but the difference
between the two groups were not significant (MD 2.57, 95%
CIL: —3.51 to 8.66), p=0.83, I’=0%) (Fig. 5a). Figure 5b
shows SF-36 results (MD —0.89, 95% CI: —4.31 to —2.54,
p=0.61, 12=0%). Figure 5c shows Back Pain Score out-
comes (MD 0.13, 95% CI: —0.74 t0 0.99, p=0.77, I’ =0%).

Additional surgical procedures (ASPs)
A total of 799 patients underwent ASPs. The experimental

group (7%) had lesser ASPs than the control group (13%)
(OR 0.49, 95% C10.30-0.79, p=0.004, I>=0%) (Fig. 6).

Overall adverse events

The summary of all the adverse effects compared in the
study is shown in Tables 2 and 3. These differences were
not significant for any of the adverse events except for non-
unions (OR 0.28, 95% CI 0.11-0.68, p=0.005, I>=0%).

Discussion

Based on the findings of the present meta-analysis, we can
say that first, when BMP-2 is compared with ICBG, a higher
fusion rate was obtained, in addition to a shorter operative
time lower blood loss, and lesser hospitalization days, and
second, more ASPs were performed in the ICBG group.
In this regard, there is no meta-analysis conducted in the
last 10 years including all recent RCTs. This meta-analysis
updates the results of studies comparing BMP-2 with ICBG.
The results obtained showed the absence of significant dif-
ferences in terms of the clinical variables, such as ODI,
SF-36, or Back Pain Score, and adverse events.

The RCTs were of considerably quality, therefore conclu-
sions of greater evidence could be drawn from the present
study [1, 2, 13—16]. The found fusion rate may be due to a
greater ability of the BMP to generate bone bridges. The
fusion rate was higher both in the short and long term, and
showed more differences at 6 months which suggests that the
regenerative capacity of BMP-2 is faster than that of ICBG.
This evaluation of the fusion rate was mostly radiographic.
CT grade showed differences also, but only two RCTs could
assess it. The fact that higher resolution image tests show a
higher fusion rate in the BMP group could support the fact
that BMP-2 has an osteogenic capacity than ICBG.

ICBG is the gold standard for spine fusion, but with
regard to certain variables such as surgery time or blood
loss, different bone graft alternatives should be evaluated
[12]. This is quite advantageous for BMP, as there is no
need for bone autografts being harvested from the iliac crest.

@ Springer
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Dawson et al. 2009 18 22 12 20 7.7% 3.00(0.74,1223) -
Dimar et al 2009 155 196 115 176 850%  2.01(1.26,3.19) .
Hulbertetal. 2013 83 93 38 88 56% 29.28(9.87,86.81) e
Total (95% ClI) 352 335 100.0%  3.75[2.58, 5.44) <>
Total events 303 211
Heterogeneity. Chi*= 21.24, df= 3 (P < 0.0001); = 86% + + ¥ +
0.005 01 1 10 200
Testfor overall effect Z= 6.94 (P < 0.00001) BMP Autograft
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Boden et al. 2002 1 1 2 5 06% 3220(1.23,84182)
Dawson et al. 2009 17 21 13 20 11.1% 2.29[0.55,952) e —
Dimar et al. 2009 182 208 151 183 88.2% 1.48[0.85, 2.60) !
Subtotal (95% CI) 240 208 100.0% 1.76 [1.06, 2.92]
Total events 210 166
Heterogeneity. Chi*=3.54,df=2(P=0.17),F=43%
Test for overall effect Z= 220 (P =0.03)
Total (95% CI) 240 208 100.0% 1.76 [1.06, 2.92] -3
Total events 210 166
Heterogeneity. Chi*= 354, df= 2 (P=0.17); F= 43% I + + i
Testfor overall eflect Z = 2.20 (P = 0.03) e M sap Aeoorl e
|_Test for subqroup differences: Not applicable
BMP Autograft Odds Ratio Odds Ratio
| Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Boden et al. 2002 1" 1 3 5 15% 16.43(063, 429.50)
Dawson et al. 2009 18 19 14 20 57% 7.71(0.83,71.69) b
Dimar et al. 2009 186 194 151 169 524% 277(1.17,6.595) ——
Glassman et al. 2008 42 49 37 52 404% 243(0.89,661) T
Total (95% CI) 273 246 100.0%  3.12(1.70,5.72) R
Total events 257 205
Heterogeneity. Chi"= 194, df=3(P=058),F=0% 3002 oh M 500

Test for overall effect Z= 3.68 (P = 0.0002)

BMP Autograft

Fig. 3 Forest plot of risk difference in fusion rates from randomized control trials: a at 6 months; b at 12 months; ¢ at 24 months

BMP presents a lower surgical morbidity. The fact that less
blood is lost during surgery or shorter days of hospitaliza-
tion translate into a higher quality of care as well as less
consumption of resources, complications or reinterventions.
In addition, patients with other types of pathologies could
benefit as patients with osteoporosis since the bone graft
from the iliac crest will be of lower quality [17, 18]. This is
an important point to keep since most patients are patients
between 50 and 70 years old. The clinical variables were
equally distributed. This could be correlated with the fact
that there were no differences in adverse events.

Despite these results, there are still concerns regarding
the relative value derived from the use of BMP as a replace-
ment for the iliac crest bone [12, 17]. In addition, these stud-
ies showed the relative safety of BMP. The greatest number
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of adverse events was found in the ICBG group despite
there being no significant differences for either of the two
groups except for non-unions. Thus, according to the results
of the meta-analysis, it can be concluded that these events
are practically distributed similarly in both groups. Some
studies have found an association between BMPs and can-
cer. In the meta-analysis conducted, higher percentage of
cancer was found in the BMP group, although it was not
significant. However, the cancer rate is 2.5 times higher in
the BMP group. This is an alarming fact since with a greater
power it could be significant [8, 19-21]. With reference to
the results obtained, the safety parameters included by the
RCTs focused on respiratory complications, malignancy, or
infection, but no evidence of poor safety was observed with
the use of BMP [22]. Non-unions could lead to a higher
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BMmpP Autograft Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1BMP.2
Boden et al. 2002 222 18 11 186 24 5 74% 3500([1243,5957]
Dawson et al 2009 144 42 25 156 48 21 60% -1200F3832,1432) .
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Glassman ¢t al. 2008 248 59 S50 270 34 52 117% -2200(4078,-322) T
Hulbert et al 2013 150 72 98 162 84 99 86% -1200[3384,984) —
Subtotal (95% CI) 423 401 100.0% -17.56(-23.98,-11.14] -
Heterogeneity Ch?= 23.03, df= 4 (P = 0.0001), = 83%
Testfor overall effect Z= 5.36 (P < 0.00001)
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Glassman et al 2008 670 487 50 674 456 52 49% -400[18726,17926)
Hulbertetal 2013 615 448 98 643 488 99 96% -2800}15880,10280]
Subtotal (95% CI) 47 407 100.0% .61.19[.101.73, .20.66) <>
Heterogenelty. Chi*= 1816, df= &4 (P = 0.001), "= 78%
Test for overall effect Z= 296 (P = 0.003)
Total (95% CI) 417 407 100.0% -61.19(.101.73,.20.66) -
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Testfor overall eflect Z= 296 (P = 0.003) - Y Mo,;f,? 20
|_Test for subgroup differences. Not applicable
BMP Autograft Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.3.18BMP.2
Boden et al. 2002 3301 11 44 05 5 350% -1.10[1.54,-066) —a—
Dawson et al. 2009 4 14 25 41 11 21 131% -010}082,062) —
Dimar et a1 2009 4123 238 418 224 466% 010[0.28 0.48) ——
Hulbertet 3l 2013 6 3 98 7 5 99 52% 100215015
Subtotal (95% C1) 373 349 100.0% .0.40[.0.67,.0.14) <>
Heterogeneity. Chi*= 17 87, df= 3 (P = 0.0005), P= 83%
Testfor overall effect Z=3.02(P=0003)
Total (95% CI) 373 349 100.0% -0.40 [-0.67, .0.14) >
Heterogenelty Ch*= 17 .87, df= 3 (P = 0.0005), P= 83% 2 51 ) : f
Testfor overall effect Z= 302 (P=0.003) BMP Autograf

|_Testfor subqroup differences. Not apphicable

Fig.4 Forest plot of risk difference in surgery variables rates from randomized control trial studies included: a surgery time, b blood loss and ¢

hospitalization days

number of reoperations or complications. However, the
adverse effects of BMP could be due to a dosing problem.
Nevertheless, the dose used in the different studies proved to
be safe compared to ICBG. Therefore, treatment with BMP
could be a substitute for optimal ICBG due to its greater
efficacy, lower surgical morbidity, and similar adverse events
with ICBG, resulting in significant clinical improvement.
Nonetheless, the different fusion techniques could be
studied together with BMP. Recent studies have shown sim-
ilar or better fusion rates in patients who received BMP-2
compared with those who received ICBG for posterolateral
or transforaminal interbody fusions [23]. With regard to the

type of BMP, it was shown that the most effective in terms of
fusion, and where differences were really found, was BMP-2,
with a strong recommendation against BMP-7 (OP-1) [11].
Our results differ from the meta-analysis between BMP-7
and ICGB, they found that with the exception of reducing
the operation time, the use of the thBMP-7 instead of ICBG
produced no additional beneficial effect on the fusion rates,
clinical success of ODI, overall adverse events, revision rates
and duration of hospitalization in one-level PLF [11].
There are some limitations that must be taken into
account: first, the doses and the different BMP carriers
may have influenced in some way the results obtained.
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Fig. 5 Forest plot of risk difference in clinical variables rates from randomized control trial studies included: a Oswestry Disability Index (ODI),

b 36-Item Short Form Health Survey (SF-36) and ¢ Back Pain Score

Test for overall effect: Z= 2.91 (P = 0.004)

BMP Autograft Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Dawson et al. 2009 2 25 2 21 41% 0.83[0.11,6.43)
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Fig.6 Forest plot of risk difference in additional surgical procedures rates from randomized control trial studies included

Second, according to these results, it seems logical to
think that the use of BMP-2 is more beneficial than ICBG;
but it would also be important to highlight the cost—ben-
efit ratio: there is only one study that analyzed BMP vs.
ICBG in terms of cost, so the necessary comparisons could
not be made to arrive at results from which the pertinent
conclusions can be drawn. The use of BMP reduces the
need for additional surgery because of the higher fusion
rate compared to ICBG, so that long time BMP would
be more cost-effective than ICBG. The greater number
of complications and persistent symptoms in the ICBG
group compensate the higher initial cost for the use of
BMP. Therefore, the total cost in each group is sensitive
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to changes in the incidence of complications and the need
for additional treatment or revision surgery [24]. Third,
there was a lack of detailed information on the definition
of fusion. In addition, two studies included criteria for
fusion using CT.

In summary, this meta-analysis concludes that the use
of BMP-2 in PLF reduced the surgical morbidity and had
more beneficial effects on the fusion rate on the long and
short term. The quality of life based on clinical scores was
the same in both groups. Finally, the safety was similar
except the ICBG group had more non-union rate.
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Table2 Risk difference in Study BMP-2 Autograft Odds ratio
adverse events rates from
randomized control trial studies Events Total Events Total Weight (%) 95% CI
included: a respiratory, b
malignancy, ¢ wound/surgical a. Respiratory
infection, d total adverse events Cho et al. [2] 0 42 1 51 10.4 0.40 [0.02, 9.98]
Dimar et al. [14] 15 239 12 224 89.6 1.18 [0.54, 2.59]
Total (95% CI) 15 281 13 275 100.0 1.10 [0.52, 2.34]
b. Malignancy
Dimar et al. [14] 8 239 2 224 50.2 3.84[0.81, 18.30]
Hulbert et al. [1] 95 2 93 49.8 0.98 [0.13, 7.10]
Total (95% CI) 10 334 4 317 100.0 2.4210.75, 7.80]
c. Wound/surgical infection
Dawson et al. [13] 1 25 1 21 2.4 0.83 [0.05, 14.19]
Dimar et al. [14] 39 239 45 224 87.6 0.78 [0.48, 1.25]
Hulbert et al. [1] 11 95 5 93 10.1 2.30[0.77, 6.91]
Total (95% CI) 51 359 51 338 100.0 0.9310.61, 1.42]
d. Total
Cho et al. [2] 2 42 8 51 21.1 0.27 [0.05, 1.34]
Dimar et al. [14] 209 239 198 224 78.9 0.91 [0.52, 1.60]
Total (95% CI) 211 281 206 275 100.0 0.78 [0.46, 1.31]
BMP bone morphogenetic protein, CI confidence interval
Tal?le 3 Risk difference i.n non- Study BMP-2 Autograft QOdds ratio
union rates from randomized
control trial studies included Events Total Events Total Weight (%) 95% CI
a. Non-union
Dawson et al. [13] 0 25 2 21 12.8 0.15[0.01, 3.37]
Dimar et al. [14] 6 239 18 224 87.2 0.29 [0.11, 0.76]
Total (95% CI) 9 314 27 297 100.0 0.28 [0.11, 0.68]

BMP bone morphogenetic protein, CI confidence interval
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