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Comparison of Fusion Rate between Demineralized Bone
Matrix versus Autograft in Lumbar Fusion : Meta-Analysis
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The demineralized bone matrix (DBM) as the bone graft material to increase the fusion rate was widely used in spinal fusion. The
current study aimed to compare the fusion rate of DBM to the fusion rate of autograft in lumbar spine fusion via meta-analysis of
published literature. After systematic search, comparative studies were selected according to eligibility criteria. Checklist (risk of bias
assessment tool for non-randomized study) was used to evaluate the risk of bias of the included nonrandomized controlled studies.
The corresponding 95% confidence interval (95% Cl) were calculated. We also used subgroup analysis to analyze the fusion rate
of posterolateral lumbar fusion and lumbar interbody fusion. Eight studies were finally included in this meta-analysis. These eight
studies included 581 patients. Among them, 337 patients underwent spinal fusion surgery using DBM (DBM group) and 204 patients
underwent spinal fusion surgery with mainly autologous bone and without using DBM (control group). There was no significant
differences of fusion rate between the two groups in posterolateral fusion analysis (risk ratio [RR], 1.03; 95% Cl, 0.90-1.17; p=0.66)
and interbody fusion analysis (RR, 1.13; 95% Cl, 0.91-1.39; p=0.27). Based on the available evidence, the use of DBM with autograft
in posterolateral lumbar spine fusion and lumbar interbody fusion showed a slightly higher fusion rate than that of autograft alone;
however, there was no statistically different between two groups.
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INTRODUCTION worsens'®*”.

Bone fusion is a very important process in spinal fusion
surgery. Failure to achieve bone fusion after surgery leads to
several complications. Pseudarthrosis, the result of failed spi-
nal fusion, can cause implant migration or breakage and pedi-
cle screw loosening. With further progression of pseudarthro-

sis, spinal instability can be initiated and the clinical outcome

To prevent pseudarthrosis in spinal fusion surgery, proper
use of implant and preparation of bone fusion bed are two
important aspects. However, the selection of good bone graft
material is also a critical factor. Autologous iliac crest bone
graft (ICBG) is the standard bone graft material in spinal fu-

10,11

sion surgery™"”. However, the amount of autologous ICBG is

limited, and there are several complications due to ICBG us-
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age, such as hematoma, infection, and pain**. Therefore, sur-
geons require an alternative bone graft material with osteoin-
ductive and osteoconductive ability equivalent to that of
ICBG"”.

Demineralized bone matrix (DBM), prepared from al-
lograft bone by demineralization techniques, theoretically has
bone morphogenetic protein (BMP) and osteoinductive abili-
ty”. According to previous studies, the effect of DBM in spinal
fusion surgery is still controversial*”. We therefore conducted
this meta-analysis to further evaluate the fusion rate of group
using DBM compared to that of another group using auto-

graft bone in lumbar spinal fusion surgery.

MATERIALS AND METHODS

Study selection

To identify the relevant studies, we searched the following
databases using controlled vocabulary and free-text words de-
scribed in Supplementary Material : Pubmed (MEDLINE),
EMBASE, the Cochrane Central Register of Controlled Trials
(CENTRAL), the Web of Science, and SCOPUS. This study is
based on the Cochrane Review Methods, and reporting was
conducted according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA). We aimed to
identify all relevant studies regardless of language, publication
type (article, poster, conference article, etc.), journal and date.
This search was updated in March 2019 and includes reference
list of the studies and review articles identified. There were no

restrictions on start dates for articles found.

Eligibility criteria

We selected studies based on the following criteria : 1) stud-
ies including patients who underwent lumbar spinal fusion
surgery with screw fixation due to degenerative changes in the
spine; 2) studies comparing bone fusion rates between group
using autologous bone graft and another group using DBM in
patients who underwent lumbar spinal fusion surgery; and
3) studies evaluating bone fusion rate using radiography and
computed tomography (CT). Animal studies and non-com-

parative studies were excluded.

Data collection
Two reviewers independently recorded data from each
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study. Any disagreement between the two reviewers about
data extraction was settled by the opinion of a third reviewer.
The following data were extracted from the studies: study de-
sign, patient demographics, performed interventions, radio-
graphic and clinical outcomes, statistical methods, and study

results.

Fusion evaluation

The meta-analysis included only papers describing the fu-
sion evaluation method. For radiographic evaluation of fu-
sion, the evaluation should be carried out using previously
published criteria or meet similar comparative criteria. Crite-
ria included having the continuous bony bridging in CT scans
or X-rays and/or minimal lack of movement in dynamic plain

film.

Assessment of methodological quality

The risk of bias and the methodological quality were as-
sessed as described in the Cochrane Handbook for Systematic
Reviews of Interventions'. The risk of bias for non-random-
ized experimental studies was assessed using the Risk of Bias
Assessment Tool for Non-randomized Studies (RoBANS) for
quality assessment. We evaluated the degree of effectiveness
and quality of evidence for each outcome. Two investigators
independently assessed the methodological quality of each
study. Any disagreement between the two reviewers was re-
solved by consensus or by consultation with a third investiga-
tor. Publication bias was not assessed due to the small number

of enrolled studies.

Statistical analysis

The meta-analysis was conducted using Review Manager
(RevMan) version 5.2 (The Nordic Cochrane Centre, The Co-
chrane Collaboration, Copenhagen, Denmark). The random-
effects model was suitable for our study and was used to ana-
lyze fusion data. To evaluate fusion rate, we calculated the risk
ratio (RR) in the included studies.

The heterogeneity among the studies was assessed using I’
statistic, with I* values of 25%, 50%, and 75% considered to be
low, moderate, and high, respectively. Cochran’s Q statistic
(chi-square test) was also used to assess the heterogeneity, with

a p value <0.10 defining significant degree of heterogeneity.



RESULTS

Identification of studies

Fig. 1 shows the details of study identification, inclusion,
and exclusion criteria. An electronic search yielded 2291 stud-
ies in PubMed (MEDLINE), 2572 in EMBASE, 144 in the Co-
chrane Library, 3379 in the Web of Science, and 2596 in Sco-
pus. After removing duplicates, 3606 studies remained, of
which 3592 were excluded after reviewing the abstracts and
full-text articles. Therefore, eight studies were finally included

. . - 2,8,12,24,29,30,32,35
in this meta-analysis Y

Study characteristics and patient populations

The meta-analysis included four prospective cohort studies,
and four retrospective studies. There were six studies on pos-
terolateral lumbar fusion surgery, two studies on lumbar in-

terbody fusion, and one study on posterolateral lumbar fusion
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surgery and lumbar interbody fusion. These eight studies in-
cluded 581 patients and 884 fusion levels. Among them, 377
patients underwent spinal fusion surgery using DBM (DBM
group) and 204 patients underwent spinal fusion surgery with
mainly autologous bone and without using DBM (control
group). The details of the included studies are presented in
Tables 1 and 2.

Quality of the included studies

The results of quality assessment in eight studies included
in this systematic review using ROBANS tool are summarized
in Fig. 2. Overall, except for selection bias, these studies were
rated as having low risk for other biases. Among the eight
studies included in the assessment, 50% were evaluated as
having low risk in the selection of participants and confound-
ing variables. The low risk ratios of the performance bias, the

attrition bias, and the reporting biases were 87.5%, respectively.

-

é Records identified through
8 database searching
= (n=10982)
S
_J \ 4
pr— Records after duplicates removed
(n=3606)
=4
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Full-text articles assessed Full-text articles excluded, with reasons (n=291)
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Duplicate articles (n=4)
Cervical or thoracic spine study (n=25)
Inappropriate intervention group (n=10)
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram detailing the results of our meta-analysis of the medical

literature.
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The rate of posterolateral lumbar fusion

Of the eight studies included in the meta-analysis, six de-
scribed the rate of posterolateral lumbar fusion. Six studies in-
cluded 377 patients who underwent posterolateral lumbar fu-

Table 1. Characteristics of the studies included in the meta-analysis

sion surgery and described the fusion incidence in the DBM
group and the control group as 71.7% (152/212) and 67.5%
(114/169), respectively. However, there was no significant dif-
ference in the fusion rate between two groups (odds ratio

Sassard et al.”?
(2000)

Thalgott et al.*”
(2001)

Vaccaro et al.”
(2007)

Schizas et al.*”
(2008)

Fuetal.” (2016)

Nam and Yi*
(2016)

Choi et al.” (2008)
Ahn et al.? (2014)

Retrospective cohort

Retrospective cohort

Prospective cohort

Prospective cohort

Retrospective cohort

Retrospective cohort

Prospective cohort

Prospective cohort

52 56 404441
28 12 62*
27 27 551:557
33 26 64.6:58.3
26 21 67.2:65.1
38 39 66.9:67
15 12 65.3:589
59 38 63.7:64.5

71:37 PLF
14:26 PLF
36:37  PLF+IBF
22:37 PLF
11:36 PLF
23:54 PLF
9:23 IBF
18:79 IBF

*Mean age of included patients. M : male, F : female, PLF : posterolateral fusion, IBF : interbody fusion

Table 2. Perioperative data including operation time, length of hospital stay, graft material and fusion evaluation modality

| 29)

Sassard et a
(2000)

Thalgottetal. ™
(2001)

Vaccaroetal™ 2135

(2007)

Schizaseta
(2008)

Fuetal.”
(2016)

Nam and Yi*
(2016)

Choietal?
(2008)

Ahnetal?
(2014)

| 30)

284.8

241 244

604.6 104

5.2 DBM+  Autobone

autobone

DBM+
autobone

DBM+
autobone

Autobone

Autobone

DBM+autobone

Autobone

DBM+autobone+HA  Autobone+HA

DBM+autobone

DBM+autobone

Autobone

Autobone

DBM+autobone+HA  Autobone+HA

DBM+autobone

Autobone

Not
mentioned

10 mL per
level

Not
mentioned

2.5-10 mL

5mL

5 mL per
level

TmL per
level

1 mL per
level

X-ray

X-ray

X-ray

X-ray

X-ray

X-ray

CT scans

X-ray

DBM : demineralized bone matrix, CT : computed tomography, HA : hydroxyapatite
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[OR], 1.03; 95% confidence interval [CI], 0.90-1.17; p=0.66).
There was no heterogeneity among the selected studies evalu-
ating the fusion rate (I’=0%, p=0.48) (Fig. 3).

The rate of lumbar interbody fusion

Of the eight studies included in the meta-analysis, three de-
scribed the rate of lumbar interbody fusion as 70.1% (89/127)
in the DBM group and 62.6% (48/77) in the control group, re-

spectively. There was no significant difference in the fusion
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rate between two groups (OR, 1.13; 95% CI, 0.91-1.39; p=0.27).
There was a heterogeneity among the selected studies evaluat-
ing the fusion rate (I’=57%, p=0.10) (Fig. 4).

DISCUSSION

Autologous ICBG has been rated as the gold standard graft

. . . . 7,10 L
material in spinal fusion surgery”'”. However, it is known that

there are several complications associated with the [CBG har-

vest™". Usage of recombinant BMP as the osteoinductive
Selection of participants (selection bias

Confounding variables (selection bias
Measurement of intervention (performance bias

) . . o .
) agent can achieve 94-99% fusion rate in spinal fusion surgery,
)

Blinding of outcome assessment (detection bias)
)
)

but it has complications like radiculitis, ectopic bone forma-

. . 14,27
tion, seroma formation, etc."””. To our knowledge, there are
Incomplete outcome data (attrition bias

Selective reporting (reporting bias few reports about the complications due to usage of DBM as

0%  25%  50% 78R 100% the bone graft in spinal fusion surgery.

[CJUnclear risk of bias [l High risk of bias

I Low risk of bias

Although DBM showed promising results in spinal fusion

in animals, the results in humans were somewhat differ-
19,21,23,26

Fig. 2. Risk of bias graph : review authors’ judgements about each risk of

bias item presented as percentages across all included studies. ent ) The study by Cammisa et al.”, which was a pos-

DBM-+autobone Autobone Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight ~ M-H, fixed, 95% Cl M-H, fixed, 95% CI
Sassard et al.” (2000) 33 52 28 56 21.2% 1.27(0.91,1.77) -
Thalgott et al.*” (2001) 25 28 12 12 13.6% 0.91(0.77,1.09) -
Vaccaro et al.* (2007) 19 27 18 27 14.2% 1.06 (0.73,1.52) i
Schizas etal.*” (2008) 23 33 20 26 17.6% 0.91(0.67,1.23) -
Nam and Y (2016) 31 46 18 27 17.8% 1.01(0.72, 1.41) "
Fuetal” (2016) 21 26 18 21 15.7% 0.94(0.73,1.22) - "
Total (95% Cl) 212 169 100.0%  1.03(0.90, 1.17) -
Total events 152 114 ! ' ' |
Heterogeneity : chi®=4.47, df=5 (p=0.48), <0% 05 07 1 15 2
Test for overall effect : Z=0.44 (p=0.66) DBM+autobone Autobone

Fig. 3. Forest plots comparing fusion rate between DBM group and autobone group in lumbar posterolateral fusion surgery. Cl : confidence interval,
M-H : Mantel-Haenszel, DBM : demineralized bone matrix.

DBM+autobone Autobone Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight ~ M-H, fixed, 95% Cl M-H, fixed, 95% CI
Ahn etal? (2014) 40 59 26 38 532%  0.99(0.75,1.31)
Choi et al.? (2008) 18 22 4 12 8.7% 2.45(1.08, 5.60) . —
Vaccaro et al.” (2007) 31 46 18 27 38.1% 101(0.72, 1.41)
Total (95% Cl) 127 77 100.0%  113(0.91,1.39)
Total events 89 48 , | ‘ ‘
Heterogeneity : chi*=4.64, df=2 (p=0.10), I=57% 02 05 i 2 5
Test for overall effect : Z=1.09 (p=0.27) DBM+Autobone  Autobone

Fig. 4. Forest plots comparing fusion rate between DBM group and autobone group in lumbar interbody fusion surgery. Cl : confidence interval, M-H :
Mantel-Haenszel, DBM : demineralized bone matrix.

J Korean Neurosurg Soc 63 (6) : 673-680 677



J Korean Neurosurg Soc 63 | November 2020

terolateral lumbar fusion study in which DBM and autologous
bone were inserted on one side and only autologous bone was
inserted on the other side, reported that the fusion rate with
DBM was similar to that with ICBG. Unlike this favorable re-
sult, Thalgott et al.*”
the DBM group was higher than that in the DBM-less group.

reported that the pseudarthrosis rate in

Opverall, the efficacy of DBM in spinal fusion surgery is still
controversial in view of the clinical results of DBM”******.

Therefore, we performed a meta-analysis to determine the
effectiveness of DBM in spinal fusion surgery. First, in the ob-
servational studies of posterolateral lumbar fusion surgery, the
overall fusion rate drops slightly in the DBM group compared
to the control group. However, the fusion rate in the DBM
group is not statistically different from that in the control
group. Second, the results of lumbar interbody fusion surgery
study were similar to those of the posterolateral lumbar fusion
surgery study. These results may indicate that DBM is less ef-
fective as a graft enhancer than autologous bone. However,
these studies suggest that DBM has an autologous bone -like
graft extender capacity by showing a bone union rate similar
to autologous bone.

This result was observed due to the characteristics of DBM.
First, DBM is affected by the donor’s age, sex, and other
unique characteristics which determine the efficacy of DBM".
Second, the manufacturing process of DBM differs from com-
pany to company. The intervariability and intravariability of
BMP in each DBM product are detected by experimental pro-
cedures*”. According to the study by Bae et al.”, in each DBM
product, concentration range of BMP-2 and BMP-7 are
20-120 ng/g and 54-226 ng/g, respectively. The quantity of
BMP as the osteoinductive agent is too small in DBM product.
Nevertheless, it is important to note that DBM has osteoin-
ductive property. So, according to the result of this meta-anal-
ysis, DBM might have played role as a graft extender like au-

tologous bone, rather than a graft enhancer.

Limitation of the study

This study has several limitations. Almost all the studies in-
cluded in this meta-analysis are observational studies, sug-
gesting inherent heterogeneity due to uncontrolled bias. Slight
differences in different factors such as surgical skill, amount
of graft material, sagittal balance, age, and density of bone,
which could affect fusion rate may have increased the hetero-

geneity of the studies involved.
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Some studies have included hydroxyapatite (HA) in the
DBM group or autobone group. Particularly, since the compo-
nents of HA do not contain BMP and their direct osteoinduc-
tion ability is substantially low, they are included in the
study™"*.,

The fusion rate of posterolateral fusion is a bit higher than
its interbody fusion. As a result of something different from
other studies™, the reason is mean follow-up duration. Fol-
low-up duration is a little longer in posterolateral fusion stud-
ies than interbody fusion studies. Moreover, there is a varia-
tion in the number of surgical levels and it may be the
confounding factor for this analysis. Additionally, the volume
of DBM is different in each study, and two studies don’t de-
scribe the amount of DBM. Therefore, in terms of the volume
of DBM, this meta-analysis study has heterogeneity and con-
founding factors.

Despite these limitations, this meta-analysis provides a
snapshot of the best possible evidence currently available on
the use of DBM in lumbar spinal fusion surgery.

Another limitation of this study is that there is no heteroge-
neity between studies of posterolateral fusion. This is only sta-
tistical point. Because the studies included in this study are
observational studies, there is basically a heterogeneity be-

tween studies.

CONCLUSION

Based on the available evidence, the use of DBM with auto-
graft in posterolateral lumbar spine fusion and lumbar inter-
body fusion showed a slightly higher fusion rate than that of
autograft alone; however, there was no statistically different

between two groups.
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