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Efficacy, Cost, and Complications of 2 The Aunort) 202
Demineralized Bone Matrix in Instrumented S
Lumbar Fusion: Comparison With rhBMP-2 e S SAGE

Ananth Eleswarapu, MD', F. Andrew Rowan, MD', Hai Le, MD' ,
Joseph B. Wick, MD'®, Rolando F. Roberto, MD',
Yashar Javidan, MD', and Eric O. Klineberg, MD, MS'

Abstract
Study Design: Retrospective cohort study.

Objectives: To evaluate demineralized bone matrix as an adjunct for instrumented lumbar spine fusion compared with
recombinant human bone morphogenetic protein—2 (rhBMP-2).

Methods: Clinical and radiographic review was performed of 43 patients with degenerative spine disease treated with pos-
terolateral spinal fusion with or without posterior or transforaminal lumbar interbody fusion. Final analysis included sixteen
patients treated with demineralized bone matrix (DBM; Accell Evo3, SeaSpine) compared with a retrospective matched group of
21 patients treated with rhBMP-2 (rhBMP-2, Infuse, Medtronic). All patients were followed for 24 months. Fusion was evaluated
by computed tomography and/or x-ray. Clinical outcomes included visual analogue scale (VAS), Oswestry Disability Index (ODI),
and Short Form 12 (SF-12).

Results: Overall fusion rate, including posterolateral and/or interbody fusion, was 100% for both groups, though the fusion rates
in the posterolateral space alone were 93.5% and 100% for the DBM and rhBMP-2 groups, respectively. Clinical outcomes were
similar between groups, with the DBM group showing greater improvement in ODI. The rhBMP-2 group showed higher rates of
radiographic complications with 7 of 2| patients (33.3%) demonstrating either adjacent level fusion or ectopic bone formation,
compared with zero in the DBM group. Average biologic cost per level was $1522 for DBM and $3505 for rhBMP-2.

Conclusions: DBM and rhBMP-2 demonstrated similar radiographic and clinical outcomes in instrumented lumbar fusions.
rhBMP-2 was associated with higher rates of radiographic complications and significantly higher costs.

Keywords
lumbar fusion, biologics, bone morphogenic protein, complications, pseudarthrosis, demineralized bone matrix, interbody fusion,
posterolateral lumbar fusion
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There are a wide variety of choices to augment local
bone to achieve a solid fusion. With increasing focus on
cost-effectiveness, there is a need for data comparing clinical
outcomes and costs between commercially available options.
A large body of clinical data has demonstrated high fusion rates
with the use of recombinant human bone morphogenetic pro-
tein—2 (rhBMP-2, Infuse, Medtronic) as an adjunct to poster-
olateral lumbar fusion.** However, there can be dosing and
containment challenges, and the use of rhBMP-2 has been
associated with complications including ectopic bone growth,
osteolysis, and soft tissue swelling leading to dysphagia and/or
radicular symptoms.>® Furthermore, there are concerns related
to thBMP-2’s relatively high cost. Consequently, many sur-
geons have sought alternative products that may offer a lower
risk of complications and price without compromising fusion
rates.

Demineralized bone matrix substitutes may represent a
viable alternative to thBMP-2 for augmenting bony fusion. For
example, Accell Evo3 (SeaSpine) is a bone graft substitute
featuring an open-structured, dispersed form of demineralized
bone matrix (DBM) tissue that greatly increases the surface
area, in turn allowing for greater osteoinductive properties.
DBM is produced by removing cellular and mineral compo-
nents from human corticocancellous cadaver bone, leaving the
extracellular matrix molecules, including bone morphogenic
proteins, which are osteoinductive. The present study compares
the fusion rates among patients undergoing lumbar spinal
fusion with either hBMP-2 or Accell Evo3 DBM as an adjunct
to local bone autograft in the posterolateral space. We hypothe-
sized that DBM would not demonstrate a significant difference
in radiographic fusion rates compared with rhBMP-2.

Methods

Patient Enrollment and Surgical Technique

This single center, retrospective review of nonrandomized,
prospectively collected data was conducted in accordance with
STROBE (Strengthening The Reporting of OBservational
Studies in Epidemiology) guidelines after institutional review
board approval was obtained. Patients undergoing posterolat-
eral lumbar fusion with DBM were prospectively enrolled and
compared with an age- and sex-matched retrospectively iden-
tified cohort of patients who had undergone posterolateral
lumbar fusion with the use of thBMP-2. The concentration of
rhBMP-2 used in this study was 1.5 mg rhBMP-2/mL bone
graft. Patients in the prospectively enrolled DBM cohort were
enrolled consecutively and provided written consent for partic-
ipation. Inclusion criteria for both the DBM and rhBMP-2
groups included posterolateral fusion performed alone or in
combination with posterior interbody fusion of 1 to 3 levels
between L3 and S1, age greater than 18 years, and minimum 24
months clinical and radiographic follow-up. Patients were
excluded if they were using medications known to inhibit
fusion formation, were immunosuppressed, had prior radiother-
apy treatment, had bone metabolic disease including

Table I. Lenke Classification® of Posterolateral Fusion.

Grade Definition

A Definitely solid fusion with bilateral robust bridging bone

B Probably solid fusion with unilateral robust bridging bone and
contralateral thin fusion mass

C Probably not solid fusion with a thin unilateral fusion mass and
a probable pseudarthrosis on the contralateral side

D Definitely not solid fusion with thin fusion masses bilaterally
with obvious pseudarthrosis or bone graft dissolution
bilaterally

?Lenke classification as originally described in J Spinal Disord, 1992;5:433-442.

osteoporosis, were pregnant, or were incarcerated. Baseline
patient characteristics and surgical variables were obtained
from the electronic medical record and compared between
groups. The baseline characteristics included risk factors for
pseudarthrosis and worsened clinical outcomes, such as smok-
ing status,” age,® and obesity.’

Patients in both cohorts underwent surgery by 1 of 3 ortho-
pedic spine surgeons. All patients underwent fusion with pedi-
cle screw instrumentation, decortication of dorsal bony
elements, and placement of local autograft bone, allograft can-
cellous chips, and biologic augmentation with either DBM or
rhBMP-2 in the posterolateral space. Interbody fusion was
added at the discretion of the surgeon and was performed via
either transforaminal (TLIF) or posterior lumbar interbody
fusion (PLIF). Interbody graft material was either a cage or
structural allograft, followed by local autograft bone. No DBM
or thBMP-2 was used in the interbody space.

Outcomes and Data Analysis

The primary outcome measure was radiographic fusion as
assessed by computed tomography (CT) and plain radiographs.
CT was performed for all patients at the 12-month postopera-
tive time point, and final radiographic assessment was made at
the 24-month postoperative time point for all patients. The
Lenke scale (Table 1) was used for radiographic grading of
posterolateral fusion.'® CT scans were assessed using a modi-
fied Glassman CT grading scale (Table 2), which evaluates
both posterolateral fusion and the interbody space.'’ Two
blinded spine surgeons graded each of the radiographs and
CT scans to determine final fusion status. Levels with scores
A and B for posterolateral fusion or grades I or II for interbody
fusion were considered “fused,” whereas scores C and D for
posterolateral fusion or grades III and IV for interbody fusion
were considered “not fused.” X-rays that were not interpretable
were labeled “unable to assess,” and these data points were
excluded from the evaluation. Combined fusion rates utilizing
CT and x-ray data were also calculated. Specifically, when
combining fusion rates, patients were considered “fused” if
they had demonstration of fusion on 12-month CT scan,
24-month x-ray, or both.

Secondary outcomes, including the visual analogue scale
(VAS), Oswestry Disability Index (ODI), and Short Form 12
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Table 2. Modified Glassman Scale for Grading of Lumbar Fusion on
CT Imaging.

Posterolateral left-side grade Posterolateral right -side grade

A Definitely fused A Definitely fused

B Probably fused B Probably fused

C Probably not fused C Probably not fused
D Definitely not fused D Definitely not fused
N/A  Unable to assess N/A Unable to assess

Interbody fusion grading and definitions

I: Complete fusion Cortical union of the allograft
and central trabecular
continuity

Cortical union of the structural
allograft with partial
trabecular incorporation

Superior or inferior cortical
non-union of the central
allograft with partial
trabecular discontinuity
centrally

Both superior and inferior
cortical non-union with a
complete lack of central
trabecular continuity

Unable to assess

II: Partial fusion

Ill: Unipolar pseudarthrosis

IV: Bipolar pseudarthrosis

N/A

Glassman scale as described in: Spine (Phila Pa 1976), 2005. 30(15): p. 1694-8.

(SF-12) were obtained preoperatively and at 6, 12, and 24
months postoperatively. Costs of biologics used were calcu-
lated by multiplying the volume used by the charge rate per
unit volume at our institution.

Statistical significance was established by Fisher’s exact
and chi-square test for categorical data and Student’s ¢ test for
continuous data. Microsoft Excel (Microsoft Corp) was used
for all statistical calculations with level of significance defined
as P = .05.

Results

Patients and Clinical Characteristics

Twenty patients were enrolled and 16 were included in the final
analysis in the prospective DBM group, which included a total
of 23 treated levels. The retrospective rhBMP-2 group had 23
patients enrolled and 21 included in the final analysis, with a
total of 37 treated levels. Baseline clinical and demographic
factors were similar between the two groups (Table 3). There
was no significant difference between the number of levels
fused in in the DBM and thBMP-2 groups, with mean number
of levels fused per patient being 1.43 and 1.57, respectively.
A greater proportion of patients in the DBM group underwent
single level procedures (63% vs 48%), but this difference was
not significant. Similarly, there was no significant difference
between groups in the number of patients undergoing revision
surgery. However, significantly more patients in the thBMP-2
group underwent PLIF, whereas a significantly greater

Table 3. Baseline Patient Demographics and Surgical Variables.

Covariate DBM rhBMP-2 P
No. of levels fused, mean (SD) 1.43 (0.63) 1.57 (0.60) .51
No. of patients undergoing single level 10 (63) 10 (48) .37
procedures, n (%)
No. of patients undergoing PLIF, n (%) 0(0) 524 .04
No. of patients undergoing TLIF, n (%) 6 (38) 2(95 .04
Age in years (mean) 60 60 99
% Female 56% 38% 29
Body mass index (mean) 30 30 .75
Percent of patients with body mass 38 29 .58
index >30 kg/m?
Current smoker, % 50 57 .68
Prior spine surgery, % 40 35 33

Abbreviations: DBM, demineralized bone matrix; rhBMP-2, recombinant
human bone morphogenic protein—2; PLIF, posterior lumbar interbody fusion;
TLIF, transforaminal lumbar interbody fusion.

Table 4. Comparison of Bone Allograft Usage Volume and Costs.

Parameter DBM rhBMP-2? P

Bone graft volume per level, mL,
mean (SD)

Biologic cost per level, $

Mean total cost of biologic per
patient, $

8.55 (4.12) 5.35 (2.48)

1522
1899

3505
4757

<.001
<.001

Abbreviations: DBM, demineralized bone matrix; rhBMP-2, recombinant
human bone morphogenic protein—-2.
?The concentration of rhBMP-2 used was 1.5 mg/mL.

proportion of patients in the DBM group underwent TLIF. The
most common diagnoses in both groups were degenerative
spondylolisthesis and lumbar spinal stenosis. The incidence
of risk factors for pseudarthrosis and diminished clinical out-
comes, including age, body mass index, and smoking status,
were similar between both the DBM and rhBMP-2 groups.
While the volume of biologics used was higher in the DBM
group, both the total cost and cost of biologics per level were
higher in the rhBMP-2 group (Table 4). The mean volume of
bone allograft utilized per level fused in the DBM group was
8.55 mL versus 5.35 mL of allograft per level fused in the
rhBMP-2 group. At a concentration of 1.5 mg rhBMP-2/mL
bone graft, this represents a mean of 8.03 mg of rhBMP-2
utilized per level fused.

Fusion Rates

Table 5 shows that posterolateral fusion rates were signifi-
cantly higher in the thBMP-2 group as assessed by both CT
and x-ray at final assessment by each imaging modality
(12 months for CT and 24 months for x-ray), and approached
statistical significance (P = .054) when results from imaging
modalities were combined to minimize the impact of false
negatives from each imaging modality. No significant differ-
ence was found in the rate of interbody fusion between the
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Table 5. Comparison of Fusion Rates.

Fusion parameter DBM, % rhBMP-2, % P

CT posterolateral fusion at 12 87 98.5 .02
months

X-ray posterolateral fusion at 77 100 <.001
24 months

Posterolateral fusion on 93.5 100 .054

either CT or x-ray
Interbody fusion 69 92 32
Successful posterolateral and/ 100 100 —
or interbody fusion

Abbreviations: DBM, demineralized bone matrix; rhBMP-2, recombinant
human bone morphogenic protein 2; CT, computed tomography.

Figure |. Coronal plane computed tomography (CT) image at the
|2 months postoperative time point showing solid bilateral fusion
from L3-L4 in a patient treated with demineralized bone matrix.

groups. Occurrence of fusion in either the posterolateral or
interbody space was 100% for both groups. Figure 1 is a
12-month postoperative coronal CT image of a patient treated
with DBM demonstrating solid posterolateral fusion.

Complications and Clinical Outcomes

No significant difference was found between the groups in the
rate of postoperative radiculopathy (DBM 56% vs rhBMP-2
29%; P = .11), dural tear (19% vs 19%) or hematoma/seroma
(6% vs 5%, P = 1.0). The rate of adjacent level fusion due to
ectopic bone formation was 33% in the thBMP-2 group, with
no such events occurring in the DBM group (P = .01). Figure 2
is a 12-month postoperative coronal CT image of a patient

Figure 2. Coronal plane computed tomography (CT) image at the
12 months postoperative time point showing solid fusion from L4-SI
and ectopic bone extending to L3 in a patient treated with
recombinant human bone morphogenetic protein—2 (rhBMP-2).

treated with thBMP-2 demonstrating ectopic bone formation
extending cranially to L3, resulting in adjacent level fusion.
Improvements in patient-reported clinical outcomes between
the preoperative and 24-month postoperative visits were simi-
lar between the groups, with the exception of ODI, which
favored the DBM group (Table 6, Figures 3-5).

Discussion

Autograft bone taken from local decompression is commonly
used for posterolateral fusion, although the use of local bone is
limited by the volume of graft available and risk of nonunion,
particularly for multilevel or revision fusions." ICBG is the
historical gold standard and is both osteoinductive and osteo-
conductive. However, concerns over donor site morbidity and
pain have prompted a search for other osteogenic adjuncts that
can extend graft volume and promote fusion.> rhBMP-2 has
shown powerful osteogenic potential in both animal and human
models, with fusion rates equal to or superior to those achieved
with ICBG.*® While thBMP-2 is not approved by the Food and
Drug Administration for primary posterolateral lumbar fusion,
off-label use for this purpose is common.® A significant criti-
cism of hBMP-2 is its substantial cost, representing around 5%
to 10% of the total cost of lumbar fusion in prior studies.*'?
High costs of thBMP-2 are compounded by lack of consensus
on the optimal dose of rhBMP-2 per level of fusion performed;
previously recommended and reported values have ranged
from 4.2 to 40 mg per level fused.'> thBMP-2 is also associated
with significant complications, including seroma formation,
radiculopathy, adjacent level fusion, and malignancy.>%!4!?
Given the costs and complications associated with
rhBMP-2, we conducted this study to compare the efficacy of
a DBM compound to thBMP-2 in the promotion of posterolat-
eral lumbar fusion using matched-cohort analysis. Our results
demonstrated a significantly higher rate of posterolateral fusion
in the hBMP-2 group; however, thBMP-2 was also associated
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Table 6. Twenty-Four-Month Improvement in Patient-Reported Outcomes Compared With Baseline.

DBM rhBMP-2
Outcome, mean (SD) Baseline 24-month % change Baseline 24-month % change % change P
VAS leg pain 58.6 (23.1) 9.6 (17.2) 84 52.7 (29.2) 12.9 (18.8) 76 A4l
VAS back pain 51.3 (27.9) 15.3 (13.6) 70 58.2 (28.6) 25.4 (29.0) 56 .18
ODI 46.2 (16.5) 17.7 (13.2) 62 42.5 (14.0) 28.1 (21.7) 34 .002
SF-12 PCS 31.8 (7.6) 46.3 (7.2) 37 31.2 (6.9) 43.0 (11.5) 27 32
SF-12 MCS 48.3 (12.8) 54.1 (7.7) 7 49.4 (11.5) 53.4 (13.6) I .85

Abbreviations: VAS, visual analogue scale; ODI, Oswestry Disability Index; SF-12 PCS, Short-Form 12 Physical Component Score; SF-12 MCS, Short-Form 12
Mental Component Score; DBM, demineralized bone matrix; rhBMP-2, recombinant human bone morphogenic protein-2.

Visual Analog Scale Pain Scores

~+DBM Back Pain
“*-rhBMP-2 Back Pain
DBM Leg Pain

/ ~~rhBMP-2 Leg Pain

Visual Analog Scale Score

Post-operative month

Oswestry Disability Index

Score

==DBM
) ~#-rhBMP-2

[ B 2 1 ]

Post-operative month

Figure 3. Comparison of visual analogue scale (VAS) pain scores at
baseline, 6-month, 12-month, and 24-month postoperative time
points in patients treated with demineralized bone matrix (DBM) and
recombinant human bone morphogenetic protein—2 (rhBMP-2).

SF-12 Scores
= /\/
~-DBM PCS
-=-rhBMP-2 PCS

DBM MCS
~=rhBMP-2 MCS

Score
&

] 6 fH] "] 2

Post-operative month

Figure 4. Comparison of Short Form 12 (SF-12) Physical Composite
Scale (PCS) and Mental Composite Scale (MCS) scores at baseline,
6-month, 12-month, and 24-month postoperative time points in
patients treated with demineralized bone matrix (DBM) and
recombinant human bone morphogenetic protein—2 (rhBMP-2).

Figure 5. Comparison of Oswestry Disability Index (ODI) scores at
baseline, 6-month, 12-month, and 24-month postoperative time
points in patients treated with demineralized bone matrix (DBM) and
recombinant human bone morphogenetic protein—2 (rhBMP-2).

with significantly increased costs and significantly increased
rates of ectopic bone formation. It is worth noting that the high
rate of ectopic bone formation observed amongst patients in
our study occurred despite thBMP-2 dosing in our study being
at the lower end of previously reported dosing per level fused.
This suggests that hBMP-2 has very significant potential for
exuberant and ectopic bone formation and unintentional fusion
of adjacent levels.

Fusion rates in the DBM and rhBMP-2 cohorts were com-
pared between fusion observed with 12-month CT alone,
24-month x-ray alone, and combined fusion on either
12-month CT or 24-month x-ray. In combining CT and x-ray
fusion rates, patients were considered “fused” if they had evi-
dence of fusion on either their 12-month postoperative CT
scan, their 24-month postoperative x-rays, or both. It is possible
that excessive bony growth achieved with thBMP-2 may have
falsely biased our results toward showing a lower nonunion rate
amongst thBMP-2-treated patients than DBM-treated patients,
as fusion via excessive thBMP-2 bone growth may be more
radiographically apparent. In other words, excessive bony
growth achieved with hBMP-2 may have made fusions more
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radiographically evident on either x-ray or CT within the
rhBMP-2 group, whereas adequate fusion may have been
achieved with DBM but may not have been as radiographically
apparent as DBM does not result in as much bony overgrowth.
To minimize the impact of false negative radiographs and CT
scans on overall fusion rates, we chose to combine CT and
x-ray fusion rates at final imaging follow-up for each modality.
The importance of minimizing the effect of false negatives is
highlighted in Table 5, which shows 87% of patients treated
with DBM had posterolateral fusion on 12-month postoperative
CTs, while only 77% of patients treated with DBM had
24-month postoperative x-rays demonstrating fusion. Clearly,
both CT and x-ray have imperfect sensitivity for detecting
fusion. The limitations of CT and x-ray are further reflected
in the 2008 study by Fogel et al'® comparing fusion as assessed
by CT, x-ray, and surgical exploration. Additionally, their
study showed that both CT and x-ray had good sensitivity for
non-union, as both modalities had no instances in which they
demonstrated fusion in patients who went on to have pseudar-
throsis discovered via surgical exploration. Based on that data,
it is unlikely that our method of combining fusion rates from
CT and x-rays would have biased our results toward falsely
counting patients as fused, when they truly were not fused.
Finally, clinical outcomes may further highlight the utility of
combining CT and x-ray fusion rates to help maximize accu-
racy in determining whether patients in both groups achieved
fusion. For example, while higher fusion rates were observed in
the thBMP-2 group, 24-month improvements in patient-
reported outcomes, including pain, were similar between the
2 groups, with the exception of ODI favoring the DBM group.
This is worth noting, as pain may be a symptom of nonunion or
pseudarthrosis, yet 24-month pain scores did not differ between
groups. Additionally, rates of other complications, including
radiculopathy and seroma formation, were similar between
patients treated with thBMP-2 and DBM.

To our knowledge, no prior studies have directly compared
efficacy, complications, and costs of DBM to thBMP-2. Our
results suggest that DBM may offer equivalent clinical outcomes
at a lower cost without the risk of ectopic bone formation com-
pared with thBMP-2. While we found similar rates of radiculo-
pathy and seroma formation between patients treated with
rhBMP-2 and DBM, our study was not powered specifically to
look at these complications, and they remain an important con-
sideration, especially as ectopic bone may impinge on neural
structures or cause unintended adjacent level fusion.'*'> Impor-
tantly, patients in both groups who underwent combined inter-
body and posterolateral fusionhad a 100% fusion rate in eitherthe
interbody or posterolateral space. For these patients especially,
theadded costandrisk ofthBMP-2 doesnot seemto justify itsuse.
Conversely, in patients receiving posterolateral fusion alone who
are at high risk of nonunion (diabetics, smokers, revision cases),
the higher fusion rate of hBMP-2 may offset the associated cost
and risk of additional surgery or pseudarthrosis.

Results of our study are consistent with those of prior stud-
ies. Our fusion rates, specifically the posterolateral fusion rate
of 87% for DBM on 12-month postoperative CT, are consistent

with previously reported rates for DBM products.®!” Similarly,
we found a high incidence (33%) of ectopic bone formation and
adjacent level fusion in the rhBMP-2 cohort, which is
consistent with previous reports of thBMP-2 causing excessive
bone growth. Conversely, while our results are consistent with
prior studies in that they showed increased costs associated
with thBMP-2, our reported average cost of biologics used in
the rhBMP-2 group ($4757) is higher than that previously
reported in the literature.>'* Despite our higher reported costs,
the dose of ThBMP-2 used per level of fusion in our patient
population was at the lower end of the range of previously
reported thBMP-2 dosing.'?

Our study has several limitations. First, our study was
underpowered to detect slight differences in fusion rates given
the high fusion rates in both the DBM and thBMP-2 groups,
Our study was also underpowered to detect significant differ-
ences in specific complications such as seroma formation and
radiculopathy. Additionally, fusion and complication rates
may differ between various commercial preparations of
DBM.'® While 24-month follow-up has been shown to be
adequate for assessing long-term patient improvement follow-
ing lumbar spine surgery,'® our 24-month follow-up may have
missed cases of pseudarthrosis that presented with longer-term
follow-up, as the average reported time to detection of lumbar
pseudarthrosis is 3.5 years.”° It is also known that postopera-
tive patients with pseudarthrosis may initially have good relief
of symptoms, which subsequently deteriorates over longer-
term follow-up.?' As such, our results may underestimate the
benefits of thBMP-2. Our study is also limited by its nonran-
domized design, which we attempted to address with the
matched-cohort comparison. Finally, our study is limited by
radiographic assessment of fusion; correlation with surgical
exploration of fusion, the gold standard for assessment of
fusion, has been reported to be 69% for plain radiography?*
and 89% for CT.** Despite these limitations, we believe this
study represents a valuable objective assessment of DBM,
which performed favorably when compared with historical
reports of other commercially available DBM products, and
showed similar clinical outcomes to thBMP-2 but at lower
cost. An additional and important strength of our study is that
we utilized a commercially available rhBMP-2 kit at previ-
ously reported dosing levels, which increases the
generalizability of our results. In light of our findings, sur-
geons should consider the use of DBM, rather than
rhBMP-2, as an adjunct to lumbar fusion, especially in patients
not at high risk for nonunion.

Conclusions

DBM combined with locally harvested bone had similar
radiographic and clinical outcomes compared with thBMP-2
in patients undergoing instrumented lumbar fusion. thBMP-2
was associated with a higher number of radiographic complica-
tions including spontaneous adjacent level fusions, with a 68%
higher cost compared with DBM. Surgeons should carefully
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consider the costs of biologics when performing posterolateral
fusions, especially in the setting of similar clinical outcomes.
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