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Abstract The ability of bone mor-
phogenetic proteins (BMPs) to in-
duce bone formation has led to a
multitude of investigations into their
use as bone graft substitutes in spinal
surgery. The purpose of this multi-
center clinical pilot study was to
evaluate the safety and efficacy of
BMP-7 (osteogenic protein 1, OP-1),
in the form of a putty, combined with
autograft for intertransverse process
fusion of the lumbar spine in patients
with symptomatic spinal stenosis and
degenerative spondylolisthesis fol-
lowing spinal decompression. Twelve
patients with spinal stenosis and
degenerative lumbar spondylolisthe-
sis underwent a laminectomy and
partial or complete medial facetec-
tomy as required for decompression
of the neural elements, followed by
an intertransverse process fusion by
placing iliac crest autograft and OP-1
putty between the decorticated
transverse processes. No instrumen-
tation was used. Patients were fol-
lowed clinically using the Oswestry
scale and SF-36 outcome forms, and
radiographically using static and
dynamic radiographs to assess their
fusion status over a 2-year period.
Independent and blinded radiolo-
gists assessed the films for the pres-
ence of bridging bone between the
transverse processes and measured
translation and angulation on dy-
namic films using digital calipers.
Radiographic outcome was com-

pared to a historical control (auto-
graft alone fusion without
instrumentation for the treatment of
degenerative spondylolisthesis). All
adverse events were recorded pro-
spectively. The results showed eight
of the nine evaluable patients (89%)
obtained at least a 20% improvement
in their preoperative Oswestry score,
while five of ten patients (50%) with
radiographic follow-up achieved a
solid fusion by the criteria used in
this study. Bridging bone on the an-
teroposterior film was observed in
seven of the ten patients (70%). No
systemic toxicity, ectopic bone for-
mation, recurrent stenosis or other
adverse events related to the OP-1
putty implant were observed. A suc-
cessful fusion was observed in
slightly over half the patients in this
study, using stringent criteria with-
out adjunctive spinal instrumenta-
tion. This study did not demonstrate
the statistical superiority of OP-1
combined with autograft over an
autograft alone historical control, in
which the fusion rate was 45%.
There were no adverse events related
to the OP-1 putty implant in this
study, which supports findings in
other studies suggesting the safety of
bone morphogenetic proteins in
spinal surgery.
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Introduction

Degenerative lumbar spondylolisthesis with associated
spinal stenosis may result in symptomatic low back and
lower extremity pain in afflicted patients [40]. The most
commonly performed surgical procedure to treat this
condition in patients who do not respond to nonopera-
tive therapy is a lumbar decompression and spinal
arthrodesis. Although the majority of patients following
this procedure report improvement in their symptoms of
neurogenic claudication, a solid arthrodesis rate without
instrumentation is only seen in approximately 45–90%
of patients [2, 4, 6, 9, 22–24, 26, 32, 49, 52–54, 56]. While
there are many factors that have been linked to fusion
failure, including mechanical instability, multilevel pro-
cedures, infection, poor health, smoking, and certain
medications, there is no way to accurately predict which
patients will eventually go on to fusion non-healing [1, 5,
7, 8, 10, 11–13, 16, 27, 31, 33, 46, 47, 50]. Interestingly,
failure to obtain a solid arthrodesis is not always asso-
ciated with a suboptimal clinical outcome, as long as an
adequate decompression is performed and spinal sta-
bility is obtained. Although some studies have demon-
strated that spinal instrumentation may decrease the rate
of fusion failure, the effects of instrumentation on the
overall clinical improvement of the patient is frequently
debated [24]. As a result, it becomes imperative to im-
prove on methods of of providing spinal stability while
potentially avoiding the complications, both short and
long term, associated with the application of spinal
instrumentation. Bone graft substitutes, and particularly
bone morphogenetic proteins (BMPs), are one of the
alternative methods being evaluated as a means of
improving radiographic fusion success as well as func-
tional improvement.

The discovery of osteoinductive protein factors by
Marshal Urist in 1965 has prompted significant efforts
to isolate and characterize these BMPs. These proteins
have demonstrated the ability to stimulate bone forma-
tion and therefore offer the potential to enhance, aug-
ment or replace autogenous bone graft when attempting
a spinal arthrodesis. BMPs stimulate pluripotent mes-
enchymal cells to differentiate into osteoblasts and
produce matrix elements characteristic of a mature cell
line. A member of the TGF-b superfamily, osteogenic
protein 1 (OP-1), also known as BMP-7, strongly in-
duces the formation of bone when implanted in soft
tissues and is able to assist with fracture healing and
bone fusions [17, 26, 51, 55].

Recombinant human OP-1 (rhOP-1), used as an ad-
junct or replacement for autologous bone graft has
demonstrated successful outcomes without device re-
lated adverse events in a variety of animals models for
both fracture healing and spinal fusion [14, 15, 20, 21,
29, 37, 38, 45]. Ongoing clinical studies are presently

investigating the use of rhOP-1 in human spinal surgery.
A 1-year follow-up study found that rhOP-1 (BMP-7)
was safe to use as an adjunct to autologous iliac crest
bone graft in the surgical management of symptomatic
degenerative spondylolisthesis and spinal stenosis [55].
The purpose of this present study is to evaluate the 2-
year safety and efficacy results of rhBMP-7 (OP-1 putty),
used as an adjunct with autologous iliac crest bone graft,
in the surgical treatment of lumbar degenerative
spondylolisthesis

Materials and methods

After obtaining Human Investigations Committee ap-
proval at each of four participating centers, 12 patients
with single-level, grade I or II degenerative spondylo-
listhesis (L3-L4 or L4-L5) and symptoms of neurogenic
claudication were prospectively enrolled in this study.
To meet the inclusion criteria for this study, patients had
to be skeletally mature adults less than 81 years of age.
All patients complained of disabling leg pain with or
without back pain and had failed to improve with non-
operative treatment for at least 6 months preoperatively,
and had no previous fusion attempts at the affected le-
vel. Additionally, patients who showed signs of active
spinal or systemic infections, smokers, morbidly obese
patients, those with a known sensitivity to collagen,
women of childbearing potential and anyone who was
known at the time of enrollment to require additional
surgery in the next 6 months were excluded. All patients
completed a detailed demographic questionnaire
including an Oswestry pain scale and SF-36 form. Pre-
operative anteroposterior, lateral, flexion and extension
plain radiographs were obtained to evaluate the degree
of translation and angulation at the level of the spond-
ylolisthesis. Patients who had a degenerative spondylo-
listhesis grade III or IV, or who showed spinal instability
measured on flexion/extension radiographs of greater

Table 1 Demographic and clinical details of the 12 study subjects

Mean± SD Range

Age (years) 68±8.5 45–79
Height (cm) 163.8±19.8 149.9–188
Weight (kg) 91.6±2.6 55.3–111.1
Pre-op Oswestry score 41±15.6 30–72.0

n %

Gender
Female 9 75
Male 3 25
Level fused
L3-L4 3 25
L4-L5 9 75
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than or equal to 20� of angular motion were excluded
from this study. Advanced imaging studies were ob-
tained (magnetic resonance imaging or myelogram/
computed tomography) to confirm the presence of spinal
stenosis at the level of the spondylolisthetic segment.

The study subjects (Table 1) included nine women
and three men, with an average age of 68 and an age
range of 45–79. Nine patients underwent surgery at the
L4-L5 level, while three patients underwent surgery at
the L3-L4 level.

The OP-1 putty implant contained 3.5 mg of lyoph-
ilized rhOP-1 mixed with 230 mg carboxymethylcellu-
lose (CMC) and 1 g type I bone collagen. One implant
was used on each side of the spine. The powdered mix-
ture was reconstituted at the time of surgery by the
addition of saline to form putty.

Autograft bone was harvested from the posterior iliac
crest. Amount of autograft taken was based on an in-
traoperative surgeon decision based on the amount of
graft material needed to span the space between the
transverse processes. This graft was then mixed with one
unit of OP-1 putty per side.

Follow-up evaluation

The patients were evaluated at 6 weeks, 3 months,
6 months, 9 months, 12 months, and 24 months with
radiographs and a physical exam 2. The Oswestry
questionnaire was repeated at the 6-, 12- and 24- month
time points. The SF-36 form was also repeated at the 24-
month follow-up. Clinical success was defined as at least
20% improvement in the pre-operative Oswestry score
as well as functional improvement as demonstrated by
the SF-36 outcome measurement.

Two independent neuroradioiogists evaluated the
radiographs using digital calipers to obtain measure-
ments. The criteria for successful radiographic fusion
were defined as the presence of bridging bone between
the transverse processes at the spondylolisthetic segment
(Fig. 1), £ 5� of angulation and £ 2 mm of translation
on flexion/extension radiographs (Fig. 2). These criteria
for demonstration of successful fusion were slightly
more rigid than those established by the US FDA as
part of the required follow-up for medical devices being
evaluated under FDA approved IDE studies. All
radiographic criteria had to be met to be classified as a
radiographic success. In the event that there was dis-
agreement between the radiologists regarding the fusion
status, a third, independent, neuroradiologist was uti-
lized as the tiebreaker. The radiographic outcomes were
compared to those reported in a historical randomized,
controlled, prospective study that included a fusion arm
using autograft alone without instrumentation in the
treatment of symptomatic degenerative spondylolisthesis
[3]. All clinical adverse events, related or not to the use
of OP-1, were recorded prospectively.

Results

A total of nine of the original 12 patients were available
for clinical examination at the 24 month follow-up, and a
total of ten patients had complete 24 month radiographic
follow-up (this includes data for one patient without
24 month data but with 36 month data that was included
in the analysis). Tables 3 and 4 show the outcome of the
fusion operations. Clinical success at 24 months (20%
improvement in the Oswestry score and functional
improvement as demonstrated by the SF-36 outcome
analysis) was achieved in eight of the nine patients avail-
able at follow-up (89%). Radiologic fusion at 24 months

Table 2 Radiographic and clinical outcome in the study subjects

24 month results Success Failure Percentage of success

Clinical 8 1 89
Radiographic 5 5 50

Fig. 1 Twenty-four month follow-up antero-posterior radiograph
of OP-1/autograft patient showing solid bridging bone between the
transverse processes
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was achieved in five of ten patients at follow-up (50%)
(Fig. 1, 2). Two patients were lost to follow-up at
approximately 6 months following their index procedure.
One of these patients was diagnosed with a symptomatic
pseudarthrosis at another institution and underwent a
revision fusion procedure with pedicular fixation. One
patient who was examined at 24 month follow-up
underwent imaging evaluation but failed to complete his
Oswestry and SF-36 outcome questionnaires leaving the
total number of patients available for clinical follow-up at
nine. If all patients that were lost to follow-up were con-

sidered to be failures, then the success rates for both the
clinical and radiographic endpoints would have been
lowered. If all lost patients were considered failures, the
clinical success rate would have been 8/12 (67%) and the
radiographic success rate would have been 5/12 (42%).
Seven of ten patients (70%) were noted to have bridging
bone between the transverse processes on their antero-
posterior radiographs. No patient demonstrated pro-
gression of their spondylolisthesis and one patient
underwent a revision posterior lumbar fusion for a clinical
diagnosis of a pseudarthrosis.

Table 3 Translation/angulation results of the reviewers (Rev.1,
Rev. 2) for fusions classified as successful and those classified as
failed. Seven of ten patients (70%) had bridging bone at 24 months

Translation (mm) Angulation (�) Bridging bone
on A/P films: Yes/No

Rev. 1/Rev. 2 Rev. 1/Rev. 2 Rev. 1/Rev. 2

Failed fusions
1 4.9/5.8 15.9/16.5 y/y
2 5.8/7.0 8.8/8.5 n/y
3 2.7/3.0 6.3/7.1 n/y
4 0.6/1.2 8.1/14.2 n/y
5a 0.0/1.3 6.4/5.2 y/y
Successful fusions
1 0.6/1.0 1.6/0.0 y/y
2 0.6/0.0 1.9/0.0 y/y
3 1.49/0.3 1.5/1.2 y/y
4 0.6/1.2 2.7/1.3 y/y
5 0.6/1.5 2.5/1.7 y/y

a36-month data used for patient 5 in failed fusions

Table 4 Summary table. NA not applicable

Clinical Radiographic Bridging

1 Success Success y
2 Not reported Success y
3a Lost Lost NA
4 Lost Lost NA
5 Success Failure y
6 Success Failure No
7 Success Failure No
8 Success Success y
9 Success Success y
10 Success Success y
11 Failure Failure No
12b Success Failure y

aPatient 3 had revision surgery with pedicle screw instrumentation
9 months following the index procedure, following a diagnosis
of pseudarthrosis
bUsing 36 month data for patient 12 because 24 month data was
incomplete

Fig. 2 Lateral radiographs of
an OP-1/autograft patient
determined to be a radiographic
success, in a flexion, and
b extension
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Adverse events identified among the study group in-
cluded one case of symptomatic pseudoarthrosis con-
sisting of worsening back pain which eventually required
a revision instrumented surgical fusion. Twenty-five
percent of patients reported moderate donor site pain
and no patients reported severe pain at 24 month fol-
low-up 5. No patient in this study had any side effects
attributable to the rhOP-1 product. There were no cases
of systemic toxicity, ectopic bone formation or recur-
rence of spinal stenosis.

Discussion

Bone graft substitutes may be used clinically to replace
the need for autograft bone or to act as an adjunct to
either enhance the qualitative or quantitative nature of
autologous bone during graft maturation. Though this is
a limited human pilot study where data collected is
preliminary in nature, the purpose of this investigation
was 2-fold, to assess the safety of rhBMP-7 as a bone
graft adjunct in spinal fusion, and to assess its efficacy as
a bone graft adjunct compared to autograph alone in the
setting of a lumbar degenerative spondylolisthesis.

This study, as well as other clinical investigations
assessing the safety profile of BMPs in spinal fusion,
suggest that these growth factors are safe for the indi-
cations evaluated. Animal studies utilizing a variety of
BMPs have failed to demonstrate systemic toxicity or
tumor formation in response to these substances [15, 17–
21, 28, 38, 43–45]. In a clinical tibial non-union study by
Friedlaender et al. [26], low levels of anti-OP-1 anti-
bodies developed in approximately 10% of patients
treated with OP-1. All of the anti-OP-1 antibody
responses were transient and all titers were low. No
adverse events related to sensitization were identified,
and all patients who were found to have an anti-OP-1
antibody response were healed clinically and radio-
graphically at the 24-month follow-up. Antibody titers
were not available in our study population, as more
advanced methods for testing for antibodies to OP-1 are
currently in development.

At 2 year follow-up, this study demonstrated that
OP-1 had an acceptable safety profile when used as an

adjunct to iliac crest in posterolateral fusions in the
setting of a degenerative spondylolisthesis. No patient
demonstrated systemic toxicity, ectopic bone formation
or implant migration into the laminectomy site.

Radiographically, the fusion success rate using the
stringent criteria defined in this paper appeared to
change very little between the 1 year and 2 year follow-
up interval (55% versus 50% respectively). Clinically,
results of the Oswestry scale and SF-36 similarly dem-
onstrated no significant change in results over the same
time period (75% versus 89% respectively). Fischgrund
et al. [24] demonstrated the difficulty in obtaining a solid
arthrodesis in the setting of a degenerative spondylolis-
thesis observing that in the absence of internal fixation,
only 45% of patients went onto a solid arthrodesis. To
improve the rate of fusion, some authors have recom-
mended the use of supplemental instrumentation [9, 24,
42, 48], while others have argued that instrumentation
may not lead to improved clinical outcomes [25, 35, 36,
39]. Our study found that the use of OP-1 as an adjunct
to autologous iliac crest bone graft did not statistically
improve the rate of fusion compared to historical con-
trols. These findings may be a reflection of the pro-
spective nature of this study and the application of very
strict rules for judging fusion success.

The methods for judging fusion success varies widely
between studies comparing the results of posterolateral
fusion for degenerative spondylolisthesis, while the
typical practice evaluation is based on clinical and
radiographic (bridging bone) assessment. Although no
method, short of surgical exploration, is considered
completely accurate to determine the success of an
arthrodesis, the radiographic criteria used in this study
are commonly used as a non-invasive method to deter-
mine fusion success [9, 24, 32, 34, 35, 39, 48]. The use of
digital calipers and independent neuroradiologists as
employed in this study should increase the accuracy and
objectivity compared with most other studies where less
stringent fusion criteria are utilized. In addition, because
instrumentation was not utilized in the current study, the
ability of the radiographs to quantify ossification be-
tween the transverse processes and any residual motion
is enhanced. It is known that some motion in the sagittal
plane occurs in the setting of a solid posterolateral
arthrodesis [3, 30, 41]; however, it is not clear how much
motion should be evident to qualify as a true pseudo-
arthrosis.

Conclusion

The attainment of a solid posterolateral fusion in patients
with degenerative spondylolisthesis in the absence of
internal fixation continues to be a challenging fusion
model. The present study evaluated the safety and efficacy
of OP-1 putty in this patient population by combining

Table 5 Donor site pain

Visit window None
n (%)

Mild
n (%)

Moderate
n (%)

Severe
n (%)

6 weeks 50 30 20 0
3 months 42 42 16 0
6 months 46 27 18 9
9 months 64 27 9 0
12 months 63 0 37 0
24 monthsa 75 0 25 0

a36 Month data used for patient 12
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OP-1 putty with autogenous bone for intertransverse
process fusion. Although a successful fusion rate of only
50% was observed using stringent radiographic criteria,
70% of the patients demonstrated bridging bone, and
clinical success was achieved in 89% of patients. No
patient exhibited signs of systemic toxicity, ectopic bone
formation or migration of the implant into the laminec-
tomy site, and there were no complications related to the

OP-1 putty product itself. The results presented in this
small pilot study support the safety of OP-1 putty when
used as an adjunct to autogenous iliac crest bone graft in
uninstrumented posterolateral fusions. This study did not
demonstrate an improved efficacy of OP-1 combined with
autologous bone as compared to autologous bone graft
alone in attempting to obtain an arthrodesis in the setting
of a degenerative spondylolisthesis.
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