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Diagnostic Accuracy and Reliability of Fine-Cut CT
Scans With Reconstructions to Determine the Status of
an Instrumented Posterolateral Fusion With Surgical
Exploration as Reference Standard

Leah Y. Carreon, MD, MSc,* Mladen Djurasovic, MD,*† Steven D. Glassman, MD,*†
and Philip Sailer, MD*†

Study Design. Accuracy of a diagnostic test referenced
to the gold standard.

Objectives. This study evaluated the reliability and ac-
curacy of fine-cut computed tomography scans with coro-
nal and sagittal reconstructions to determine the status of
an instrumented posterolateral fusion by using surgical
exploration as the reference standard.

Summary of Background Data. There is still a need for
a reliable and accurate noninvasive method to determine
the status of a spinal fusion.

Methods. Three spine surgeons reviewed 93 prerevi-
sion fine-cut CT scans over 163 fused levels of consecu-
tive patients who had revision surgery after an instru-
mented posterolateral lumbar fusion. The facet joints and
posterolateral gutters at each level were classified as
fused or not. The surgeons were unaware of the findings
on surgical exploration. Interobserver variability and like-
lihood ratios for a solid fusion when both, one, or none of
the facets and when both, one, or none of the posterolat-
eral gutters were fused, were calculated.

Results. There were 42 males and 51 females with a
mean age of 57 years (range, 19–86 years) at revision. On
exploration, there were 32 (19.6%) nonunions over 163 lev-
els. The kappa for interobserver variability for evaluating
facet fusions (0.42) was moderate and for posterolateral
fusions (0.62) was substantial. The probability of a solid
fusion on exploration was higher when both posterolateral
gutters were fused on CT scan (89%) than when both facets
were fused on CT scan (74%). When both facets and both
posterolateral gutters were fused on CT scan, the probabil-
ity of a solid fusion on exploration is 96%. The absence of
fusion of one or both facets or one posterolateral gutter
were poor predictors of nonunion on surgical exploration.

Conclusions. The CT scan reading of either one or both
posterolateral gutters fused or both facets fused were
moderately predictive of a solid fusion on surgical explo-
ration. Fine-cut CT scans with reconstructions are moder-
ately predictive of the presence of nonunion when both
facets are not fused.

Key words: computed tomography, diagnostic accu-
racy, posterolateral fusion, likelihood ratio. Spine 2007;

32:892–895

Surgical exploration continues to be the gold standard to
evaluate the status of a posterolateral fusion. The need
for a reliable and accurate noninvasive method to deter-
mine the status of a spinal fusion is underscored by recent
controversy on the efficacy of spinal fusion in the treat-
ment of lumbar degenerative conditions. Clinically, in
patients who have undergone a lumbar fusion and have
new or recurrent symptoms, determining the presence of
a solid fusion also becomes important.

CT scan, with its ability to provide osseous detail, has
become the diagnostic imaging of choice to evaluate
spine fusions. Previous studies on the accuracy of CT
scans using 6-mm axial slices reported a 57% correlation
with surgical exploration.1 The addition of selective sag-
ittal reconstructions increased this correlation to 80%.2

Current high-resolution CT scanners produce contig-
uous 1-mm-thick axial sections with a 1-mm table incre-
ment to optimize spatial resolution and to enhance the
quality of computer-generated reformatted images. Con-
tiguous axial images and contiguous reformatted sagittal
and coronal images decrease the probability that bony
bridging over a very limited area will be missed. Thinner
sections also provide improved spatial resolution and
improve the quality of reformatted images.

This study was conducted to determine the reliability
and accuracy of fine-cut CT scans with coronal and sag-
ittal reconstructions to determine the status of an instru-
mented posterolateral fusion by using surgical explora-
tion as the reference standard. The status of the both
facets and posterolateral gutters on either side were eval-
uated.

Methods

Three spine surgeons retrospectively reviewed prerevision fine-
cut CT scans of consecutive patients who had revision surgery
after an instrumented posterolateral lumbar fusion from April
2002 to August 2005. Patients were seen at a multisurgeon
spine surgery specialty clinic. Indications for revision included
nonunion, painful instrumentation and adjacent level degener-
ation. A total of 109 patients met the inclusion criteria. Sixteen
studies were excluded due to missing films, leaving 93 CT scans
with 163 fused levels for evaluation.
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†Department of Orthopaedic Surgery, University of Louisville School
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Acknowledgment date: February 21, 2006. First revision date: April
14, 2006. Second revision date: July 7, 2006. Acceptance date: August
31, 2006.
Supported by Norton Healthcare.
The manuscript submitted does not contain information about medical
device(s)/drug(s).
Institutional funds were received in support of this work. No benefits in
any form have been or will be received from a commercial party related
directly or indirectly to the subject of this manuscript.
Address correspondence and reprint requests to Leah Y. Carreon, MD,
MSc, Kenton D. Leatherman Spine Center, 210 East Gray Street, Suite
900, Louisville, KY 40202; E-mail: lcarreon@spinemds.com

892

Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



 

The right and left facet joint and the right and left postero-
lateral gutters at each level were classified as fused or not. A
facet fusion was defined as obliteration of the joint space be-
tween the superior and inferior articulating surfaces of the
facet. A posterolateral gutter fusion was defined as continuous
trabeculated bone connecting the transverse processes. If the
fusion was doubtful or probable, it could not be classified as
fused. The surgeons reviewing the CT scans were not aware of
the findings on surgical exploration and were not involved in
the care of the patients.

All CT scans were performed at the same institution using
the same technique. CT scans were 1 mm thick, continuous,
nonoverlapping axial slices. The gantry was tilted to obtain
scans parallel to the disc space and stayed constant throughout
the scan. The field of view included all fused vertebrae to in-
clude all transverse processes. Window and level settings were
2000/350 on the GE scanners (General Electric) to optimize
trabecular bone detail. All the films reviewed were hard copies
and not computer-assisted filmless digital images.

Surgical exploration was done through an open posterior
midline approach. The screws were uncoupled from the rods
and the rods removed. Distraction forces were then applied
over the screw heads using a laminar spreader to detect any
motion across the fusion mass. After removal of the screws,
pedicle probes were inserted into the pedicles and distraction
force was again applied using a laminar spreader to detect any
motion across the fusion mass. Inspection of the fusion masses
was done to establish the presence or absence of bony continu-
ity. Absence of bony continuity on inspection of the postero-
lateral gutters and facets and the presence of motion on distrac-
tion across the fused levels were defined as a nonunion on
surgical exploration.

Interobserver variability in the evaluation of the CT scans
for fusion across the facets and the posterolateral gutters was
computed using kappa coefficients. The strength of the agree-
ment was interpreted based on the classification of Landis and
Koch.3 The likelihood ratios for a solid fusion when both, one,
or none of the facets and when both, one or none of the pos-
terolateral gutters were fused were calculated for each of the 3
raters as well as the group as a whole. The likelihood ratios for
a nonunion when both, one, or none of the facets and when
both, one, or none of the posterolateral gutters were fused were
also computed. The rating used to calculate likelihood ratios
for the group was the consensus opinion of the 3 raters. If at
least 2 raters thought that the patient was fused, then the group
rating was defined as fused.

Likelihood ratios were calculated instead of sensitivity and
specificity since there are 3 possible outcomes for each param-
eter, facet fusion, and posterolateral fusion. The likelihood ra-
tio is a ratio of 2 probabilities, the probability of a given test
result among people with a disease divided by the probability of
that test result among people without the disease. In this study,
the likelihood ratio for a solid fusion is the probability of a
given CT scan reading (both, one, or none of the facets or
posterolateral gutters were fused) among patients with a solid
fusion on exploration divided by the probability of the test
result among patients with a nonunion on exploration. The
likelihood ratio for a nonunion is the probability of a given CT
scan reading (both, one, or none of the facets or posterolateral
gutters were fused) among patients with a nonunion on explo-
ration divided by the probability of the test result among pa-
tients with a solid fusion on exploration. Likelihood ratios are
interpreted as follows: likelihood ratios greater than 10 or less

than 0.1 generate large changes in probabilities, ratios from 5
to 10 and 0.1 to 0.2 generate moderate changes, ratios from 2
to 5 and 0.5 to 0.2 generate small changes, and ratios from 1 to
2 and 0.5 to 1 generate extremely small changes.4

Results

There were 42 males and 51 females with a mean age of 57
years (range, 19–86 years) at the time of revision surgery.
There were 38 smokers. Thirty-two (34%) required revi-
sion surgery for repair of a nonunion, 57 (61%) had adja-
cent level degeneration, and 4 (4%) had painful instrumen-
tation. Of the 32 patients who had nonunion repair, only
26 had a preoperative diagnosis of nonunion. The preop-
erative diagnosis was adjacent level degeneration in 4 and
painful instrumentation in 2 (Table 1). Seventeen of the 32
nonunions were smokers. Forty-two patients had single-
level fusions, 37 had 2-level, 13 3-level, and 2 4-level fu-
sions. There was an average of 49 months (�38 months)
between the initial and the revision surgery (range, 1–148
months) and an average of 4 months (�3 months) between
the date the CT scan was taken and the revision surgery
(range, 1–23 months). There were 32 nonunions over 163
levels on exploration, giving a prevalence of 19.6%.

The kappa coefficient for interobserver variability for
evaluating facet fusions (0.42) showed moderate agree-
ment between the raters, while the agreement for pos-
terolateral gutter fusion was substantial (kappa � 0.62).
The results of the group consensus for the status of the
facet fusion are presented in Table 2, and the results of
group consensus for the status of the posterolateral gut-
ter fusion are presented in Table 3.

The likelihood ratios for a solid fusion for each of the
raters and the group are presented in Table 4. When both
facets were read as fused, it was 2.90 times more likely

Table 1. Preoperative Indications for Surgery and
Postoperative Diagnosis in Each Patient

Preoperative Indication
for Surgery

Postoperative Diagnosis

TotalNonunion

Adjacent
Level

Degeneration
Painful

Instrumentation

Nonunion 25 7 2 34
Adjacent level

degeneration
5 47 1 53

Painful instrumentation 2 3 1 6
Total 32 57 4 93

Table 2. Group Consensus for the Status of the
Facet Fusion

CT Scan Evaluation

Findings on Surgical Exploration

Fused Not Fused

Both facets fused 107 9
One facet fused 9 4
No facet fused 15 19
Total 131 32
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that the patient was fused on surgical exploration, when
only one facet was read as fused it was 0.55; and when
both facets were not fused, it was 0.19. When both pos-
terolateral gutters were read as fused, it was 8.31 times
more likely that the patient was fused on surgical explo-
ration; when one posterolateral gutter was not fused, it
was 5.37; and when both posterolateral gutters were not
fused, it was 0.35.

Given an 80.4% prevalence of solid fusion per level in
this study sample, the probability of a patient having a
solid fusion on surgical exploration was higher (Table 5)
when one (84%) or both (89%) posterolateral gutters
were fused on CT scan than when both facets were fused
(74%).

The likelihood ratios for nonunion for each of the
raters and the group are presented in Table 6. When
neither facet was fused, it was 5.19 times more likely that
a nonunion was present on surgical exploration, when
one facet was fused it was 1.82, and when both facets
were fused it was 0.34. When neither posterolateral gut-
ter was fused, it was 2.90 times more likely that the
patient had a nonunion on surgical exploration; when
one posterolateral gutter was fused it was 0.19, and
when both posterolateral gutters were fused it was 0.12.
With a per level nonunion prevalence of 19.6%, a CT
scan finding of the absence of fusion of both facets gave
a higher probability of nonunion on surgical exploration
(84%) than the absence posterolateral gutter fusion
(Table 7).

Discussion

Determination of the fusion status in patients who have
had a lumbar fusion presenting new or recurrent symp-
toms is important. Previous studies evaluated plain ra-
diographs,5–7 bending films,1,6 stereophotogrammetry,8

radiograph polytomography,1,9 magnetic resonance im-
aging, and radionuclide imaging6,9 as diagnostic tools to
predict the status of a lumbar fusion. Various techniques
of computed axial tomography,1,2,6 including 2-dimen-
sional multiplanar reformations or 3-dimensional recon-
structions10,11 and direct coronal CT scanning,12 have
been used to assess fusion status with varying success.
Larsen et al6 reported that CT scans predicted the surgi-
cal result in 15 of 24 patients. Brodsky et al1 reported on
175 patients with posterolateral spinal fusions with and
without spinal instrumentation, who subsequently un-
derwent surgical assessment of their fusions. They
showed a 57% correlation between fusion assessment
using 6-mm axial slice CT scans and surgical explora-
tion. This low correlation may be explained by the thick-
ness of the axial slices as well as the lack of 2-dimen-
sional multiplanar reformations in the sagittal and
coronal planes. Laasonen and Soini,2 using 6-mm CT
scan with selective sagittal reconstructions in 20 patients
found an 80% correlation between findings on the CT
scan and surgical exploration. In both these studies, the
CT scans were not done specifically to assess the status of
the spinal fusion and the thickness of the axial sections
could have limited the resolution and diagnostic infor-
mation available in these imaging studies, even when
reformatting was performed. Our current study evalu-
ated CT scans with contiguous 1-mm-thick axial sections
with a 1-mm table increment and reformatted sagittal
and coronal images were obtained. These CT scans were
taken specifically to assess the fusion in patients who
were symptomatic.

Evaluating the facets and the posterolateral gutters on
each side separately allowed the raters to focus on these
4 areas where the fusion procedure is surgically per-

Table 5. Positive Predictive Values for a Solid Fusion

CT Scan Evaluation

Predictive Value for Solid Fusion

Rater
1 (%)

Rater
2 (%)

Rater
3 (%)

Consensus
(%)

Both facets fused 77 71 73 74
One facet fused 47 55 39 35
No facet fused 12 29 13 16
Both gutters fused 85 85 89 89
One gutter fused 84 56 49 84
No gutter fused 27 26 28 26

Table 6. Likelihood Ratios for Nonunion

CT Scan Evaluation

Likelihood Ratio for Nonunion

Rater 1 Rater 2 Rater 3 Consensus

No facet fused 7.16 2.43 6.82 5.19
One facet fused 1.12 0.82 1.56 1.82
Both facets fused 0.30 0.41 0.36 0.34
No gutter fused 6.38 2.89 2.62 2.90
One gutter fused 0.19 0.79 1.06 0.19
Both gutters fused 0.18 0.04 0.12 0.12

Table 3. Group Consensus for the Status of the
Posterolateral Gutter Fusion

CT Scan Evaluation

Findings on Surgical Exploration

Fused
Not

Fused

Both gutters fused 68 2
One gutter fused 22 1
No gutter fused 41 29
Total 131 32

Table 4. Likelihood Ratios for a Solid Fusion

CT Scan Evaluation

Likelihood Ratio for Solid Fusion

Rater 1 Rater 2 Rater 3 Consensus

Both facets fused 3.30 2.42 2.74 2.90
One facet fused 0.90 1.22 0.64 0.55
No facet fused 0.14 0.41 0.15 0.19
Both gutters fused 5.46 5.78 8.31 8.31
One gutter fused 5.13 1.27 0.94 5.37
No gutter fused 0.38 0.35 0.38 0.35
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formed and assess the adequacy of the fusion. Even
though the CT scans were performed in a single institu-
tion using the same imaging protocol, and all the raters
were fellowship trained spine surgeons and were given
specific instructions on how to rate the fusion, the inter-
observer reliability for evaluating facet fusions was only
moderate. This may be due to the variability in the
amount of facet resected during decompression and the
orientation of the facet joint in relation to the frontal and
sagittal plane CT reformations. There was substantial
agreement among the observers on the evaluation of the
posterolateral gutters, which may be reflective of the ease
in which bony continuity can be assessed with coronal
and sagittal plane reformations.

The likelihood ratio is a measure of diagnostic accu-
racy that indicates how much the result of a diagnostic
test, in this case the CT scan findings, increase or de-
crease the probability of the disease. In this study, the
likelihood ratios presented in Table 4 show what the
odds are that the patient has a solid fusion on surgical
exploration, given the different CT scan findings. The CT
scan reading of either one or both posterolateral gutters
fused were moderately predictive of a solid fusion on
surgical exploration. CT scan findings based on the sta-
tus of the facet fusion were not predictive of the presence
or absence of a solid fusion on exploration.

Table 6 shows the likelihood ratios for nonunion for
the different CT scan results using the group consensus.
The likelihood ratio for no facet fusion is moderately
predictive of the presence of nonunion on surgical explo-
ration. The likelihood ratio for both posterolateral gutter
fused is moderately predictive of the absence of a non-
union.

This study has several limitations. Foremost is that
only symptomatic patients who required a revision sur-
gery for nonunion, adjacent level degeneration, and
painful instrumentation were included. The ideal study
design would be to perform fine-cut CT scans on all
patients who had a posterolateral fusion, symptomatic
or not, followed by a surgical exploration. However, this
is not ethically possible. Another limitation is that the
instrumentation used in all patients was titanium. Thus,
the results of this study may not be replicable in cases

were stainless steel screws were used, which create arti-
facts on CT scans.

Conclusion

Fine-cut CT scans with coronal and sagittal reconstruc-
tions can reliably and can predict the presence of a solid
posterolateral fusion with moderate accuracy if either
one or both posterolateral gutters show continuous bony
trabeculations or if both facet joints are obliterated.
Fine-cut CT scans with reconstructions are moderately
predictive of the presence of nonunion when both facets
are not fused. As with any diagnostic test, surgeons need
to interpret findings on fine-cut CT scans in conjunction
with the patient’s clinical presentation to determine
when surgical intervention is necessary.

Key Points

● The kappa for interobserver agreement was
moderate for evaluating facet fusions (0.42) and
substantial for posterolateral fusions (0.62).
● A CT scan reading of either one or both postero-
lateral gutters fused or both facets fused are mod-
erately predictive of a solid fusion on surgical ex-
ploration.
● Fine-cut CT scans with reconstructions are mod-
erately predictive of the presence of nonunion
when both facets are not fused.
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Table 7. Positive Predictive Values for Nonunion

CT Scan Evaluation

Predictive Value for Nonunion

Rater
1 (%)

Rater
2 (%)

Rater
3 (%)

Consensus
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No facet fused 88 71 87 84
One facet fused 53 45 61 65
Both facets fused 23 29 27 26
No gutter fused 86 74 72 74
One gutter fused 16 44 51 16
Both gutters fused 15 4 11 11

895CT Scan Accuracy in Posterolateral Fusion • Carreon et al

Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



 

Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



 

Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



 

Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



 

Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



 

Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



 

486 J. Neurosurg: Spine / Volume 7 / November, 2007

ONE morphogenetic and osteogenetic proteins are
multifunctional growth factors that belong to the
transforming growth factor–b superfamily.3 Al-

though osteogenetic proteins are primarily considered os-
teogenic factors, further investigations have shown that
these proteins are also essential for embryogenesis and
organogenesis, and that they have pleiotropic roles in cell
growth, differentiation, migration, and apoptosis.3,11 The
rhOP-1, also known as bone morphogenetic protein–7, has
been documented as a potential treatment alternative for
different diseases, including bone disease, stroke, inflam-
matory bowel disease, prostate cancer, and chronic renal
disease.5,20,22,30,40

J Neurosurg Spine 7:486–495, 2007

Use of osteogenic protein-1 in patients at high risk for
spinal pseudarthrosis: a prospective cohort study assessing
safety, health-related quality of life, and radiographic fusion
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Object. The capability of osteogenic protein (OP)–1 to induce bone formation has led to an increasing interest in
its use in fusion surgery. This prospective study examines the safety and efficacy of OP-1 use in patients consid-
ered to be at a high risk for developing pseudarthrosis following reconstructive spinal surgery.

Methods. Outcome measures included documentation of adverse events, radiographic evaluation of fusion by an
independent musculoskeletal radiologist blinded to treatment, the Oswestry Disability Index (ODI), and the 36-Item
Short Form Health Survey (SF-36). The health-related quality of life (HRQOL) assessments (ODI and SF-36) were
given at baseline and at 3, 6, 12, 18, and 24 months after the surgical OP-1 implant.

Results. The study consisted of 17 male and 13 female patients, with a mean age of 53 years (range 20–77 years).
Fourteen patients underwent operations for cervical disease, and 16 for lumbar disease, with a median postopera-
tive follow-up of 24 months (range 13–46 months). There were significant improvements in the physical health
(from 28.7 6 1.5 to 34.2 6 3; p = 0.025) and mental health (from 43.7 6 2 to 47.5 6 3.1; p = 0.015) summary
scores on the SF-36. The mean postoperative ODI score at 6, 9, 12, and 18 months was significantly lower than the
baseline ODI score, after taking into consideration a 10-point measurement error (p = 0.0003, p = 0.003, p = 0.004,
and p = 0.032, respectively). At 24 months, however, the differences in ODI scores were no longer significant. Of
the 30 patients, 24 (80%) were deemed to have a solid fusion. There were no allergic reactions to OP-1 and no symp-
tomatic postoperative hematomas.

Conclusions. Our results suggest that the use of OP-1 is safe and may contribute to high fusion rates, as demon-
strated by radiographs, reduced levels of disability, and improved HRQOL in patients considered to be at a high risk
for developing a nonunion after spinal reconstructive surgery. (DOI: 10.3171/SPI-07/09/486)

KEY WORDS • bone morphogenetic protein–7 • osteogenic protein-1 •
Oswestry Disability Index • radiographic fusion • spinal pseudarthrosis •
36-Item Short Form Health Survey 

B
Abbreviations used in this paper: BMI = body mass index; CT =

computed tomography; HRQOL = health-related quality of life;
MR = magnetic resonance; ODI = Oswestry Disability Index; OP =
osteogenic protein; rhOP-1 = recombinant human OP-1; SF-36 = 36-
Item Short Form Health Survey.
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More explicitly, OP-1 plays an important role in bone
formation by inducing differentiation of pluripotent mes-
enchymal cells into active osteoblasts.32,34 Results from ani-
mal studies8,10,14,21 have shown that use of OP-1 can induce
a stable, mature, posterolateral spinal fusion mass more
rapidly than an autologous bone graft, and the resulting
fusion mass may be biomechanically stiffer in the early
stages (up to 3 months) of healing.10,14

Osteogenic protein receptor signaling plays a key role in
normal postnatal bone formation, and several experimental
studies in animals have demonstrated the capability of OPs
to enhance or replace autograft bone for spinal arthrode-
sis.2,4 The OPs promote osteoblast proliferation and induce
differentiation of progenitor cells into osteoblasts that form
bone.28 Upregulation of OP is observed at fracture sites dur-
ing the early stage of fracture repair.28 The bone formation–
inducing capacity of OPs has also been demonstrated in
both bone defect models and in vivo heterotopic sites.23

Although OP-1 has been reported to overcome the adverse
effects of nicotine on fusion in animals, this growth factor
was unable to overcome the inhibitory effects of estrogen
deficiency on spinal fusion.15,23,25 In addition, the rate of
fracture healing was greater in 3-month-old rats than in 18-
month-old rats, but OP-1 can effectively induce fracture
repair in both young and old animals.17 Therefore, gender
and age are the two major potential confounders that need
to be controlled for in clinical studies.

Despite the fact that the effects of OPs have been exten-
sively studied, there are still unanswered questions regard-
ing the safety and beneficial effects of OPs in patients who
undergo spinal surgery. At our institution, rhOP-1 has been
used in selected adult patients at high risk for pseudarthro-
sis following a posterior spinal fusion. The objectives of
this pilot study were fourfold: 1) longitudinally examine
HRQOL and disability in a cohort of patients at high risk
for spinal pseudarthrosis who undergo spine surgery in-
volving an implant of rhOP-1 putty; 2) evaluate the benefi-
cial effects of an OP-1 implant in terms of radiological fu-
sion; 3) assess the potential influence of age, sex, BMI,
ethnicity, number of fused levels, and level of spine disease
on long-term outcome in these patients after the rhOP-1
implant; and 4) evaluate the safety of an rhOP-1 implant in
this group of patients.

Clinical Material and Methods

Study Population

The Canadian Health Protection Branch and the Ontario
Ministry of Health and Long-Term Care approved the use
of rhOP-1 in our patients based on a compassionate use
protocol. The Research Ethics Board of the University
Health Network approved the research protocol for this
study. All patients who agreed to participate signed a con-
sent form. Inclusion criteria consisted of adult patients at a
high risk for pseudarthrosis following a posterior spinal
fusion who had a baseline assessment and a minimum post-
operative follow-up of 12 months. The population at risk
for a spinal nonunion was defined as patients with connec-
tive tissue disorders, individuals with a history of major
medical comorbidities that could adversely affect bone
healing, patients receiving medications that negatively af-

fect bone healing, patients with a history of previous non-
union fusions, and/or patients with limited availability or
poor quality of autogenous bone graft.

Intervention With rhOP-1 Putty Implant

The rhOP-1 implant consisted of 3.5 mg of lyophilized
rhOP-1 and a carrier consisting of 1 g of Type 1 bovine
bone collagen (Stryker Biotech). The dry powder was re-
constituted in 2.5 ml of saline to form a putty just before
surgical implantation. The amount of rhOP-1 used in this
study protocol was determined according to information
from previous animal and human studies.7–9,13

After induction of general anesthesia and administration
of prophylactic antibiotics, all patients underwent a routine
posterior midline approach to the spine. Standard decom-
pressions were performed as necessary to decompress the
neural elements, and the required posterior instrumentation
was performed to obtain and/or maintain spinal alignment
and stability. Autologous bone was harvested from the iliac
crest and/or posterior elements of the decompressed levels.
The bone was decorticated using a high-speed drill, and the
autologous bone was thoroughly mixed with the rhOP-1
putty and placed bilaterally in the posterolateral gutters. In
the majority of the patients, one vial of rhOP-1 was used on
either side of the spine, so that a total of two vials were
given to those patients.

Safety Assessment

Adverse events in the study population were tracked
using a prospective database, previously described by our
team elsewhere.27 In addition, heterotopic ossification was
tracked postoperatively using plain radiographs, CT scans,
and MR imaging. All patients underwent postoperative CT
scans and MR imaging to document the adequacy of de-
compression and development of fusion, and to exclude
peridural heterotopic ossification.

Outcome Measures

The outcome measures included an HRQOL assessment
using the SF-36 (US version 1.0) and evaluation of the de-
gree of disability using the ODI.12,38 These outcome mea-
surements were performed at baseline (the preoperative
evaluation) and at 3, 6, 12, 18, and 24 months after the
rhOP-1 putty was surgically implanted. The minimum clin-
ically important differences that ultimately reflect measure-
ment error were established based on previously reported
data for the SF-36 (seven points in each domain) and for
the ODI (10 points).16,24,26

In addition to the self-assessment for HRQOL and
degree of disability for all patients, this longitudinal study
included an evaluation of spinal stability based on the stat-
ic and dynamic plain radiographs in those patients who
underwent cervical spine fusion between 3 and 6 months
after rhOP-1 putty was surgically implanted. The status of
instrumentation was also assessed using radiographs. Ra-
diographic instability was defined as translation of larger
than 2 mm and/or angulation of more than 5˚ on postoper-
ative flexion/extension radiographs. A solid fusion was
defined as evidence of bridging bone on radiographic eval-
uation. Therefore, a successful radiological outcome was
established if no radiographic instability was observed

J. Neurosurg: Spine / Volume 7 / November, 2007 487

Osteogenic protein-1 implant in spinal pseudarthrosis

Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting
7.0 Bibliography and Selected References



 

along with radiological evidence of intact instrumentation
and evidence of an osseous union. An independent muscu-
loskeletal radiologist (Dr. David Salonen) reviewed all ra-
diographs in a blind manner.

Statistical Analysis

Comparisons between the baseline and follow-up time
with regard to SF-36 assessments and ODI scores were per-
formed using the Student paired t-test. The potential risk
factors for instrumentation-related problems (such as age,
sex, BMI, ethnicity, level of spine disease, and number of
fused levels) after the rhOP-1 was implanted were analyzed
using the two-sided Mann–Whitney U-test and the two-
sided Fisher exact test. All data analysis was performed
using SAS statistical software (version 8.02, SAS Institute,
Inc.). A probability value less than 0.05 was considered sta-
tistically significant.

Results

There were 30 patients included in the study, with a
mean age of 53.1 years and a median age of 52 years (range
20–77 years). The majority of patients were Caucasian with
high educational levels (Table 1). Lumbar or lumbosacral
fusions were performed slightly more frequently than cer-
vical or occipitocervical fusions (Table 1). Nearly half of
this cohort had had at least one previous pseudarthrosis fol-
lowing spinal surgery. The mean postoperative follow-up
duration was 23.8 months (median 24 months, range 13–46
months).

The SF-36 Assessment

Although there were no significant differences between
baseline and postoperative assessment scores with regard
to the general health domain on the SF-36 (42 6 2.5 com-
pared with 42.1 6 2.5, respectively; p = 0.94), the physi-
cal function domain score improved from 30 6 2 to
35.3 6 2.5 (p = 0.021), and the bodily pain domain score
increased from 31.9 6 1.4 to 39.7 6 2 (p = 0.0002). There
was also a trend toward an improvement in the physical
role domain score, from 31.5 6 1.6 to 35.5 6 1.9 (p =
0.063). This trend contributed to an improvement in the
physical health summary score, from 28.7 6 1.5 to 34.2 6
3 (p = 0.025; Fig. 1A), even after taking into consideration
a 7-point measurement error. An improvement in the phys-
ical health summary score of at least 7 points was observed
in 10 (33.3%) of 30 patients.

Additionally, the vitality domain score significantly
increased from 41 6 1.7 to 44.7 6 2.3 (p = 0.042), the
social function domain score significantly improved from
33.4 6 2.2 to 41 6 2.3 (p = 0.0001), and the emotional
role domain score significantly increased from 36.7 6 2.6
to 42.3 6 2.6 (p = 0.054). There was a trend toward a high-
er mental health domain score at the last postoperative
evaluation (46.8 6 2.2) in comparison with the baseline
mental health domain score (42.6 6 1.9; p = 0.084). This
trend contributed to a significant improvement in the men-
tal health summary score, from 43.7 6 2 to 47.5 6 3.1
(p = 0.015; Fig. 1A). Eleven (36.7%) of the 30 patients
showed a minimum improvement of 7 points in the mental
health summary score.

The physical health summary score significantly im-
proved at 6 months (p = 0.0005), 12 months (p = 0.0007),
and 18 months (p = 0.012) after surgery (Fig. 1B). There
was also a trend for an improvement in the physical health
summary score at 9 months after surgery (p = 0.085). The
baseline physical health summary score, however, did not
significantly differ from the postoperative assessments at 3
months (p = 0.358) or at 24 months (p = 0.205). 

Although the mental health summary score did not sig-
nificantly change at 3 months after surgery (p = 0.149),
there was a significant improvement in the mental health
summary score at 6 months (p = 0.011), 9 months (p =
0.0002), 12 months (p = 0.0009), 18 months (p = 0.01), and
24 months (p = 0.034) after surgery (Fig. 1B).

The ODI Scores

Although the overall difference between the post- and
preoperative ODI scores did not reach significance after
taking into consideration a 10-point measurement error
(52 6 3.2% compared with 39 6 4.6%, respectively; p =
0.41; Fig. 2A), a reduction in ODI scores of at least 10
points was observed in 18 (60%) of 30 patients. As illus-
trated in Fig. 2A, only the social life section (p , 0.009) of
the ODI showed a significant improvement after applying
the correction for measurement error. There was also a
trend toward a postoperative decrease in pain intensity
score compared with the baseline score (p = 0.094). The
last postoperative ODI score, however, did not significant-
ly differ from the baseline ODI score with regard to per-
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TABLE 1
Summary of the characteristics of the 30 patients in the study

Number of
Characteristic Cases (%)

sex
male 17 (56.7)
female 13 (43.3)

ethnicity 
Caucasian 27 (90)
African-American 1 (3.3)
East Indian 1 (3.3)
Southern Asian 1 (3.3)

educational level
less than high school 1 (3.3)
graduated from high school 5 (16.7)
some college education 9 (30)
graduated from college 8 (26.7)
postgraduate school or degree 7 (23.3)

surgical level
lumbar or lumbosacral fusion 16 (53)
cervical or occipitocervical fusion 14 (47)

risk factors for pseudarthrosis*
previous nonfusion 14
rheumatoid arthritis 6
systemic lupus erithematosus 2
Maroteaux–Lamy syndrome 1
ankylosing spondylitis 1
use of steroids, immunosuppressors 8
heavy smoking 6
osteopenia or osteoporosis 4

* The total number of patients exceeds 30 because many patients had
more than one risk factor.
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sonal care (p = 0.307), lifting (p = 0.804), walking (p =
0.603), sitting (p = 0.511), standing (p = 0.595), sleeping
(p = 0.89), sex life (p = 0.659), or traveling (p = 0.797) after
taking into consideration a 10-point measurement error.

The mean postoperative ODI score at 6, 9, 12, and 18
months was significantly lower than the baseline ODI score
(p = 0.0003, p = 0.003, p = 0.004, and p = 0.032, respec-
tively) after taking into consideration a 10-point measure-
ment error (Fig. 2B). The mean postoperative ODI score at
3 and 24 months, however, did not significantly differ from
the baseline ODI score (p = 0.323 and p = 0.204, respec-
tively) after applying the correction for measurement error
(Fig. 2B).

Radiographic Assessment

After a median postoperative follow-up of 24 months, 24
(80%) of 30 patients were considered to have a solid fusion,
which was defined as bridging bone, intact hardware, and
an absence of motion on flexion/extension dynamic ra-
diographs, as shown in illustrative cases of cervical fusion
(Fig. 3) and lumbar fusion (Fig. 4). Although no patient
demonstrated radiographic instability in terms of excessive
angulation or translation on flexion/extension radiographs,
six patients developed postoperative instrumentation-relat-
ed problems, four of whom required a surgical revision

(Table 2). Two patients (Cases 2 and 3) did not require
reoperation (Table 2).

Potential Risk Factors for Instrumentation Problems

Although patients with solid fusions were apparently
younger than patients with instrumentation-related prob-
lems after the surgical implantation of OP-1, there were no
significant differences between these patient groups with
regard to age (Table 3). In terms of sex, ethnicity, BMI, and
level of disease, patients with solid fusion after rhOP-1
implantation did not significantly differ from patients who
underwent rhOP-1 implantation but later developed instru-
mentation problems (Table 3). The number of fused levels,
however, was significantly lower among patients with solid
fusion after rhOP-1 implantation in comparison with pa-
tients who developed instrumentation problems (Table 3).

Safety of the OP-1 Implant

There was no evidence of systemic toxicity as defined by
signs of anaphylaxis. One patient who underwent a suc-
cessful occipitocervical fusion exhibited an asymptomatic
linear opacification in the soft tissues, which likely repre-
sents heterotopic ossification (Fig. 5). All patients under-
went MR imaging between 6 months and 1 year of follow-
up. No patient showed evidence of peridural ossification.
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FIG. 1. Bar graphs of norm-based SF-36 scores comparing preoperative (baseline) and postoperative assessments of
physical and mental health summary scores and their domains (A), and physical and mental summary scores over time
(B). Asterisks indicate significant differences (p , 0.05) even after the inclusion of a seven-point measurement error in
comparisons with baseline values.
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No patient in this series sustained neurological worsening.
There were two superficial wound infections that respond-
ed to debridement and antibiotic administration. In addi-
tion, two other patients had thromboembolic disease (one

with thrombosis of the aorta, and the other with a pul-
monary thromboembolism) after their reoperation for revi-
sion of instrumentation failure, and both responded to anti-
coagulation therapy.
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FIG. 3. Preoperative (A) and postoperative (B and C) radiographs obtained in a 24-year-old woman with a history of
Klippel–Feil syndrome, juvenile rheumatoid arthritis, and immunosuppressant use. A: Image showing the development
of C3–4 instability and transient quadriplegia after a diving injury. This injury was managed using combined
anterior/posterior instrumentation as a staged procedure, resulting in solid fusion. The rhOP-1 implant was used to sup-
plement the local autograft posteriorly. B and C: The absence of motion on extension (B) and flexion (C) dynamic radi-
ographs was demonstrated at 36 months after spine fusion. This patient has a mild, asymptomatic C1–2 instability that
has not required surgical intervention to date.

FIG. 2. Bar graphs of the ODI component scores comparing preoperative (baseline) with postoperative assessment (A),
and ODI assessment scores over time (B). Asterisks indicate significant differences (p , 0.05) after the inclusion of a 10-
point measurement error in comparisons with baseline values.
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Discussion

The results of our study suggest that the adjunctive use
of an rhOP-1 putty implant can improve HRQOL and
reduce the degree of disability in patients who undergo
spine surgery and are at high risk for spinal pseudarthrosis.
In addition, a high rate of radiographic fusion was observed
in this traditionally challenging cohort of patients. This po-
tential benefit of rhOP-1 implantation appears to be inde-
pendent of age, sex, ethnicity, BMI, and level of disease.
Importantly, there were no apparent adverse effects related
to the use of the OP-1 implant in this patient population.

Assessing HRQOL

The SF-36 is a generic measure of a patient’s perception
of his or her overall health state, which includes a physical
component score (more heavily weighted for pain, physical
function, and physical role function) and a mental compo-
nent score (more heavily weighted for mental health, gen-
eral health, and vitality).1,39 The SF-36 is commonly used in
studies in the orthopedic literature, including in several ran-
domized controlled trials of spine surgery.1 Although Rid-
dle and Stratford29 suggested that the SF-36 tends to be less
sensitive to changes in specific orthopedic disorders such
as spine diseases, a large multicenter study37 has shown that
this patient-based questionnaire may provide a sufficient
measure of health status and patient function.

In a randomized clinical trial comparing the use of an
rhOP-1 putty implant with an iliac crest autograft for pos-
terolateral lumbar arthrodesis, Vaccaro and associates36

found no significant differences in SF-36 scores at 12
months between the rhOP-1 treatment group (24 patients)
and the autograft treatment group (12 patients). In a subse-
quent article, Vaccaro and colleagues33 also reported simi-
lar results in terms of SF-36 score improvement in both
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FIG. 4. Preoperative axial (A) and mid sagittal (B) CT scans and
postoperative radiographs (C and D) obtained in a 69-year-old man
with L4–5 spondylolisthesis and intractable neurogenic bladder
due to spinal stenosis who underwent lumbar surgical fusion using
bone grafting and adjunctive rhOP-1. Evidence for a solid fusion
without instrumentation-related problems was demonstrated on the
27-month follow-up radiographs (C and D).

Osteogenic protein-1 implant in spinal pseudarthrosis

TABLE 2
Description of the instrumentation-related problems in this patient series

Case Age (yrs), Description of Instrumentation
No. Sex Preop Diagnosis Failure at Long-Term Follow-Up Reoperation

1 75, M C-1 arch fracture & posteriorly displaced recurrence of myelopathy w/ revision of distal
C-2 dens fracture; nonunited odontoid imaging evidence of erosion hardware
fracture w/ some retrolisthesis of facet of distal lamina at C3–4
joint at C1–2; avascular necrosis of secondary to occipito-
odontoid fracture (previous history of cervical fixation hardware
nonunions after various osseous injuries)

2 65, F advanced spondylolisthesis, osteporosis, broken screw unilaterally w/ not required
& severe lumbar kyphosis; previous some asymmetry of overall
attempt at fusion alignment but no progression

3 67, M central cord syndrome w/ atlantoaxial fracture of transarticular screws not required
instability, spinal cord injury, & com- bilaterally, but no evidence of in-
pressive myelopathy stability in terms of excessive 

angulation or translation on
flexion/extension radiographs

4 62, F pseudarthrosis w/ broken rods at L3–4 broken rod unilaterally revision of hard-
& L4–5 (kyphoscoliosis) ware

5 57, F scoliosis w/ loose hardware & pseud- evidence of some loosening revision of hard-
arthrosis (history of previous operation) of proximal screw in T-12 ware

(possible pseudarthrosis)
6 46, M spinal cord injury secondary to midthoracic failure of distal fixation revision of hard-

fracture (20 yrs ago), syringomyelia, ware
paraplegia at T-6 level, anxiety,
significant narcotic requirement, &
Charcot spine
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treatment groups at 24 months after surgery. In both stud-
ies, an increase in the SF-36 scores over time was docu-
mented even though no statistical comparison was provid-
ed between the baseline assessment and each follow-up
evaluation.33,36 The lack of information in those studies pre-
cludes more precise comparisons with our results. In addi-
tion, the patient population of those studies was different
from our group of patients with regard to preexisting med-
ical comorbidities, even though the baseline norm-based
mental and physical health scores in the previous studies
(28.8 and 47.0, respectively) are apparently similar to those
in our group of patients (28.7 and 43.7, respectively).

In our study, most of the SF-36 domains in the baseline
assessment significantly improved after spine surgery com-
bined with the use of the rhOP-1 putty implant. Moreover,
both postoperative physical and mental health summary
scores showed significant improvement beyond the 7-point
measurement error in comparison with baseline assessment
scores. Whereas the physical health summary score signif-
icantly improved after surgical treatment at all time points
after 6 months (but not at 24 months), the postoperative
mental health summary score consistently showed signifi-
cant improvement from 6 to 24 months. The lack of signif-
icant differences between baseline and postoperative
physical health summary scores at 24 months should be
carefully examined due to the relatively small number of
patients (15) who answered the SF-36 questionnaires at this
particular time point after surgery. Another possible expla-
nation for this negative result would be the potential pro-
gression and impact of the other medical and muscu-
loskeletal comorbidities within this patient population.31

Assessing the Degree of Disability

The ODI was included as a more specific outcome mea-
sure to assess low-back pain and patient functioning.12 The
ODI is a relatively reliable and valid measurement tool that
has been considered to be one of the core set of measures
for back pain.1,12

The ODI was commonly used as an outcome measure in
previous studies of the safety and efficacy of the rhOP-1
putty implant. In a pilot study, Vaccaro and coworkers35

reported that nine (75%) of 12 patients who received the
rhOP-1 putty implant as an adjuvant to an iliac crest auto-
graft in posterolateral lumbar fusions obtained at least a
20% improvement in their preoperative ODI score. In a
randomized clinical trial, Vaccaro et al.36 showed that 18
(86%) of 21 patients who received an rhOP-1 putty implant
and 8 (73%) of 11 patients who received an autograft had
at least a 20-point reduction in their baseline ODI score 12
months after posterolateral lumbar arthrodesis for degener-
ative spondylolisthesis. Subsequently, Vaccaro and col-
leagues33 reported a 20-point reduction in the preoperative
ODI score in 17 (85%) of 20 patients receiving an rhOP-1
implant and in 7 (64%) of 11 patients receiving an autograft
24 months after surgery to correct degenerative spondy-
lolisthesis. At both time points, there were no significant
differences between the rhOP-1 treatment group and the
autograft treatment group with regard to clinical success, as
defined by a 20% reduction in the baseline ODI score.33,36

Although the ODI score in the rhOP-1 treatment group
appeared to be lower than the score in the autograft treat-
ment group at all time points, no statistical analysis was
reported in terms of significant differences between the two
groups at each time point.33

In another prospective randomized trial, Kanayama and
associates19 compared the use of an OP-1 putty implant
with local autograft and ceramic bone substitute (hydroxy-
apatite/tricalcium phosphatate biphasic ceramic granules)
in 20 patients with degenerative spondylolisthesis who un-
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FIG. 5. Preoperative MR images (A and B) and postoperative
radiographs (C and D) obtained in a 60-year-old woman with het-
erotopic ossification of soft tissues after surgical cervical fusion
and reconstruction using bone grafting and rhOP-1. This patient
developed atlantoaxial subluxation, Klippel–Feil deformity, C2–3
subaxial stable kyphosis, and C3–4 subaxial spondylosis with
stenosis, as shown in the axial (A) and T2-weighted sagittal (B)
images. The radiographic assessment performed 21 months after
spine surgery (C and D) revealed a solid fusion and no instrumen-
tation-related problems.

TABLE 3
Comparison between patients with solid fusions

and patients with instrumentation-related
problems after surgical rhOP-1 implant*

Solid-Fusion Instrumentation-Re-
Characteristic Group lated Problem Group p Value

age (yrs)
range 21–66 46–77
mean 6 SEM 50.7 6 2.7 62.7 6 4.8 0.102

sex (%)
male 58.3 50 1
female 41.7 50

ethnicity (%)
Caucasian 87.5 100 1
non-Caucasian 12.5 0

level of disease (%)
lumbar/lumbosacral 50 66.7 0.657
cervical/occipitocervical 50 33.3

no. of fused levels
range 2–18 4–18
mean (median) 6 (4) 10 (9) 0.027

BMI (kg/m2)
mean ± SEM 26.5 6 1.2 23.4 6 1.3 0.15

* SEM = standard error of the mean.
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derwent posterolateral lumbar fusion. Although the ODI
score was significantly decreased in both patient groups
from 6 to 12 months after surgery, there were no statistical-
ly significant differences between the OP-1 and autograft
groups.

In our study, there was no significant difference between
the baseline and the last postoperative ODI assessment,
even though a clinically significant difference between
both assessments was observed in 60% of our patients.
After comparing the baseline and postoperative ODI
scores over time, the results suggest that at least a 10-point
reduction in the ODI was attained at 6, 9, 12, and 18
months after surgical treatment. Because of some loss of
follow-up between 18 and 24 months, the statistical power
to detect a difference between baseline ODI and the final
follow-up at 24 months was lower at this time point. Hence,
although the ODI scores remained constant after 1 year, the
lack of significance at 24 months most likely reflects a
Type II error. Comparisons with previous studies might be
inappropriate due to differences in preexisting medical
comorbidities that could be factors in the baseline ODI
scores of our group of patients (52 6 3.2%) compared with
the baseline ODI scores in two other studies (41 and
36.1%).19,35

Assessing Radiographic Fusion

Whereas investigators in several animal studies suggest
that use of OP-1 may be superior to the use of an autolo-
gous bone graft in quickly achieving a solid fusion mass,
this effect has not been demonstrated in clinical studies.
Johnsson and coworkers18 reported that there were no sig-
nificant differences between radiostereometric and radi-
ographic fusion results in 20 patients undergoing postero-
lateral fusion between L-5 and S-1 without instrumentation,
randomized to receive either OP-1 alone or an autologous
graft. Vaccaro and associates35 demonstrated radiographi-
cally successful fusion in six (55%) of 11 patients under-
going single-level intertransverse fusion without in-
strumentation, using rhOP-1 putty and an autologous bone
graft for degenerative spondylolisthesis; however, this rate
did not significantly differ from a historical fusion rate of
45% for autologous bone graft alone. Vaccaro and cowork-
ers33 conducted a randomized clinical trial of posterolateral
lumbar arthrodesis, in which, 24 months after surgery, the
radiographic fusion rate in the groups of patients who
received the rhOP-1 putty implant (55%) did not signifi-
cantly differ from the rate obtained in the control group
(40%) of patients receiving an iliac crest autograft. Using
similar radiographic criteria, Kanayama and associates19

observed that seven (78%) of nine patients who received
the OP-1 putty implant and nine (90%) of 10 patients who
received a local autograft and ceramic bone substitute had
radiographic fusion after a minimum 12-month follow-up
following posterolateral lumbar fusion for L3–4 or L4–5
degenerative spondylolisthesis.

Because our patient series included a heterogeneous
group of patients, one could anticipate an increased risk of
nonunion after posterolateral fusion with instrumentation.
Based on our clinical experience, all patients had at least
one risk factor for nonunion, and many had more than one
risk factor. Almost half of the patients had previously expe-
rienced at least one pseudarthrosis, and four patients had

more than one previous nonunion at the surgical site. Given
the particularities of this cohort, it is encouraging that all 30
patients had radiographically stable fusions, even though a
surgical revision for instrumentation-related problems was
required in four patients (13.3%).

Potential Risk Factors for Instrumentation Problems

Investigators in preclinical studies have noted the poten-
tial effects of age and sex on bone spinal fusion.17,23 Study-
ing age-related changes in cartilage endogenous OP-1 of
normal adult individuals, Chubinskaya et al.6 observed a
significant reduction (more than fourfold) in the OP-1
mRNA expression and protein levels with aging of normal
adult cartilage. Their data suggest that OP-1 could serve as
a repair factor for joint disease or aging.

Our study, for the first time, examined whether age, sex,
ethnicity, BMI, and level of disease affect solid fusion as
assessed using radiography in patients who received an
rhOP-1 implant. In univariate analyses, none of those po-
tential risk factors was found to significantly affect the radi-
ographic fusion rate in this cohort of patients, but further
investigation using a larger cohort of patients is needed to
validate our preliminary results. Of note is the observation
that a greater number of fused levels was associated with a
risk for developing instrumentation problems in our cohort.

Safety of the OP-1 Implant

Previous investigational clinical studies have demon-
strated no local or systemic adverse events related to the
rhOP-1 putty implant.33,35,36 In addition, Vaccaro and col-
leagues36 showed that there were no significant differences
regarding complication rates between the rhOP-1 treatment
group and the autograft treatment group in their random-
ized clinical trial of posterolateral lumbar fusion for de-
generative spondylolisthesis. The results of our study also
indicate that use of the rhOP-1 putty implant carries no ad-
ditional risk for adverse events in the treatment of patients
at high risk for spinal pseudarthrosis.

Conclusions

This study contributes to the growing body of evidence
that rhOP-1 is safe for surgical use in the clinical arena. The
use of an rhOP-1 implant may be a contributing factor
to the elevated rate of radiographic fusion, improved
HRQOL, and reduced degree of disability after spinal
fusion that was observed in this group of patients at a high
risk for developing pseudarthrosis.

One may also speculate that the rhOP-1 implant is able
to counteract factors that adversely affect bone fusion, and,
therefore, its use may be superior to an autologous bone
graft alone in patients at high risk for developing pseu-
darthrosis. The lack of either a control group or compara-
ble historical data for this unique patient group, however,
precluded us from providing a complete assessment of the
independent affect of rhOP-1 on fusion. We hypothesize
that rhOP-1 use does not confer additional benefit when
bone fusion is likely to occur in a normal fashion; howev-
er, in patients with one or more risk factors for impaired
bone healing, the adjuvant use of rhOP-1 may negate these
effects, allowing adequate bone fusion to occur. A prospec-
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tive, controlled trial to test this hypothesis will be conduct-
ed in the future at our institution.
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BACKGROUND CONTEXT: Spinal arthrodesis is a fundamental treat-

ment for many spinal pathologies. Stem cells from bone marrow have been

used to stimulate bone formation for spine fusion However, harvesting

bone marrow in human involved with potential donor site morbidity as

well as harvesting autogenous bone graft. Recently, it has been demon-

strated that adipose tissue contains multipotent stem cells and represents

an alternative stem cell source to bone marrow mesenchymal stem cells.

In addition to an adequate supply, the number of adipose derived stromal

cells (ADSCs) does not appear to decline with age.

PURPOSE: To study the ability of adipose derived stromal cells to differ-

entiate into osteogenic cells in vitro and induce spine fusion in a rat model.

STUDY DESIGN/ SETTING: This is an in vitro basic science study and

an in vivo animal study.

OUTCOME MEASURES: In vitro study: Osteogenic differentiation was

confirmed using the ALP and Von-Kossa Staining. Expressions of osteoblast

specific genes (ALP, Osteopontin, and Osteocalcin) were confirmed by RT-

PCR. In vivo study: At week 8, rat spinal fusion after implantation of these

cells was assessed by X-ray, CT scan, manual palpation and biomechanical

testing.

METHODS: In vitro study: adipose derived stromal cells were isolated

from rat inguinal fat pads after extensive washing with phosphate derived

saline and digesting with collagenase. After primary culture in osteogenic

medium and expanded to two passages, the cells were incubated in either

an osteogenic medium for 2–4 weeks to induce osteogenesis. In vivo study:

Total 32 Sprague-Dawley male rats were underwent posterolateral lumbar

fusions with implantation of materials in the intertransverse process space

at L4-5. Group I: (n58) rats were implanted with 1�107 ADSCs (P2)+col-

lagen sponge and Group II: (n58) rats were implanted with collagen

sponge only. Group III, IV: (each group, n58) rats were implanted with

autograft or sham surgery with decortication of the transverse processes

only.

RESULTS: In vitro study: ADSCs were able to be isolated from rat adi-

pose tissue and expanded rapidly. It exhibited a heterogeneous population

of fibroblast like cells morphologically. ADSCs induced to osteogenesis

were stained positively for ALP activity after 2 weeks and formed miner-

alized nodular structures, as conformed by Von Kossa staining. Expression

of osteoblast specific genes, such as ALP, Osteopontin, Osteocalcin, were

detected. ALP and Osteopontin, were expressed constitutively in osteo-

genic medium after 2 and 4 weeks of culture. Expression of Osteocalcin,

was induced by osteogenic growth factors at 4 weeks. In vivo study, All

of the rats in Group I (ADSCs group) were judged to be completely fused

by radiographic analysis (X-rays and CT) and manual palpation. Minimal

or no evidences of bone formation were observed in Group II, III, IV. With

biomechanical testing (Extension, Flexion, Lateral Bending), greater stiff-

ness was shown in Group I compared to Groups II, III, IV. (p!0.05).

CONCLUSIONS: ADSCs can be isolated from rat adipose tissue. Their

biological characteristics are similar with bone marrow mesenchymal stem

cells, and have the potential to differentiate into osteogenic lineage both in

vitro and in vivo. These cells also have the ability to induce a spinal fusion

in a rat intertransverse process fusion model. This may prove to be an at-

tractive strategy for bone formation and spinal fusion in humans. Further

study is needed.

FDA DEVICE/DRUG STATUS: This abstract does not discuss or include

any applicable devices or drugs.

doi:10.1016/j.spinee.2008.06.097

81. Effect of Teriparatide rhPTH134 and Calcitonin on

Intertransverse Process Fusion in a Rabbit Model

Ronald Lehman, Jr., MD1, Anton Dmitriev, MSc2, Mario J. Cardoso, MD2,

Jolynn Raymond, DVM3, Christen Christensen, DVM3, Melvin Helgeson,

MD1, Timothy Kuklo, MD4, K. Daniel Riew, MD5; 1Walter Reed Army

Medical Center, Washington, DC, USA; 2Washington, DC, USA; 3Armed

Forces Institute of Pathology, Washington, DC, USA; 4St. Louis, MO, USA;
5Washington University in St. Louis, St. Louis, MO, USA

BACKGROUND CONTEXT: It is widely recognized that some osteoporo-

sis medications, including bisphosphonates, can interfere with bone healing.

Although prescribed frequently in the treatment of osteoporosis, the effect of

teriparatide and calcitonin on spinal fusion has not been fully elucidated.

PURPOSE: To evaluate the effect of teriparatide and calcitonin following

an intertransverse process spinal fusion in a rabbit model.

STUDY DESIGN/ SETTING: Randomized, double-blinded, placebo

controlled animal study.

PATIENT SAMPLE: 51 New Zealand White Rabbits.

OUTCOME MEASURES: Emery histological scale, manual palpation,

radiographic evaluation, and biomechanical evaluation.

METHODS: Fifty-one New Zealand white (NZW) rabbits underwent

a posterolateral L5-L6 intertransverse process arthrodesis using autoge-

nous iliac crest bone graft. The rabbits were randomly divided into three

groups. All animals received daily subcutaneous injections of: Group I

(n517) 1cc of saline placebo; Group II (n517) 10mcg/kg/d of teriparatide;

Group III (n517) 14IU/animal of calcitonin during the 8-week postopera-

tive period. Post-mortem analyses included manual palpation, radio-

graphic, biomechanical and histologic assessment (performed by two

independent veterinary pathologists). Three random 10x fields were exam-

ined/graded within the cephalad, middle and caudad regions of each sec-

tion (828 fields). Fusion quality was graded using the Emery histological

scale (0-7 based on fibrous/bone content of the fusion mass).

RESULTS: Histologic fusion rates for teriparatide averaged 86.7% and was

significantly greater than the autograft control group (62.5%) (p50.033).

The average Emery grading score was 5.99+1.46(SD) for the autologous

group and 6.26+0.93(SD) for the Forteo group (p50.031). Radiographi-

cally, there was a strong trend towards teriparatide being superior to the cal-

citonin group (85.7% versus 56.3%, respectively; p50.07). Although not

significant, the Forteo group showed less motion in both flexion/extension

(Group I: 8.8+1.3, Group II: 75+1.3 & Group III: 8.7 +1.3) and axial rota-

tion (Group I: 2.3+1.1, Group II: 1.7+0.8, Group III: 2.1+0.7) (p50.118).

CONCLUSIONS: Our results suggest that Forteo enhances spinal fusion

while calcitonin has a neutral effect. The teriparatide group had the best

histologic fusion rate and Emery scores, while the calcitonin group was

similar to the saline controls. Although not significant, the Forteo group

had a strong trend towards superior radiographic fusion over the calcitonin

group.

FDA DEVICE/DRUG STATUS: Forteo: Approved for this indication;

Calcitonin: Approved for this indication.

doi:10.1016/j.spinee.2008.06.098

82. Posterolateral Intertransverse Lumbar Fusion in Nonhuman

Primates Using OP-1 Putty: Effect of Dose Concentration on Fusion

Rate

Louis Jenis, MD1, Dean Falb, PhD2, Bryan Cunningham, MSc3,

Allen Pierce2, Mary E.P. Goad, DVM2, Denis Schrier, PhD2; 1Boston Spine

Group, Boston, MA, USA; 2Hopkinton, MA, USA; 3Towson, MD, USA
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BACKGROUND CONTEXT: Autograft has been considered the ‘‘gold

standard’’ for posterolateral intertransverse process fusion (PLF) although

arthrodesis success is inconsistent. Effective alternatives to autograft

would eliminate the need for a second surgical site and the associated

donor site pain and morbidity. Osteogenic Protein-1 (rhBMP-7) has been

utilized as a bone graft substitute for autograft in spinal fusion in numerous

higher and lower animal models and anatomic sites.

PURPOSE: The purpose of this study is to determine the effective dose

concentration of OP-1 in a primate model of instrumented PLF as a means

of translating to human indications.

STUDY DESIGN/ SETTING: In vivo primate lumbar fusion study. An-

imal Care Committee approval was obtained.

OUTCOME MEASURES: Plain radiographic and fine cut computed to-

mographic imaging was obtained at various time courses throughout the

study period and fusion determined by qualitative and quantitative analy-

sis. In addition, biomechanical assessments of fusion were performed.

METHODS: Twenty-four adult male baboons were surgically treated with

exposure of L4L5, placement of autograft harvested from the iliac crest

(4.5ml/side) or a constant volume of OP-1 putty (6ml/side), and bilateral

pedicle screw-rod fixation. The OP-1 treated animals (4/group) were as-

signed as follows: carrier only (2g type I collagen– 460mg carboxymeth-

ylcellulose) or carrier with OP-1 including 0.33mg/ml, 1.0mg/ml, 2.0mg/

ml, or 4.0mg/ml. Animals were monitored over 4 months and then

euthanized.

RESULTS: The carrier only group did not achieve fusion at 3 or 4-month

time points. There was no difference in autograft or OP-1 groups with 1.0,

2.0 or 4.0mg/ml BMP-7 treatments (100% clinical fusion rate and grade).

The 0.33mg/ml treatment fusion rate was similar to higher OP-1 doses by 4

months (75% fusion rate). No statistical differences were found between

BMP-7 doses and autograft for any mode of biomechanical testing. Quan-

tified CT was utilized to determine bony fusion mass volume (cortical and

trabecular bone), morphology of the fusion tissue, and connectivity be-

tween the cranial and caudal transverse processes. The results confirm

the 1.0, 2.0 or 4.0mg/ml BMP-7 treatment groups had more than twice

the volume of bone within the fusion mass compared to the autograft treat-

ment group (ICBG). Similar results were found for both total trabecular

bone volume and total fusion volume on the right and left side.

CONCLUSIONS: The importance of optimizing dose of BMP-induced

spinal fusion and carrier / bulking agent has been shown in the current

study. When a constant volume of carrier is introduced in PLF, it appears

that the concentration of OP-1 is a critical determinant of osteoinduction

and clinical fusion. These studies allow for extrapolation to human admin-

istration of OP-1 as a bone graft substitute in PLF. The optimal primate

dosages are likely to be highly predictive of response to new bone forma-

tion in human clinical trials.

FDA DEVICE/DRUG STATUS: OP-1: Approved for this indication.

doi:10.1016/j.spinee.2008.06.099

Thursday, October 16, 2008
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Concurrent Session 2: Cervical

83. Comparison of Three Methods of ADCF Using Rigid Plates

Dynamic Compression Plates and Cages

Kyung-Soo Suk, MD1, Ki-Tack Kim1, Jung-Hee Lee1, Sang-Hun Lee, MD1,

Jin-Soo Kim2, Chan-Wan Park2; 1Department of Orthopaedic Surgery,

Kyung Hee University College of Medicine, Seoul, South Korea; 2Seoul,

South Korea

BACKGROUND CONTEXT: ACDF using plate fixation has many ad-

vantages including high fusion rates and prevention of graft extrusion.

Cervical plates are evolving since locking mechanism was introduced. Re-

cent advance in cervical plates is axial loading by dynamization. Recently

stand-alone cage is also introduced for ACDF. However, there is no study

comparing 3 fusion methods.

PURPOSE: The purpose of this study was to compare the outcomes of the

3 methods of ACDF (rigid plate, dynamization plate, and cage) and find

a useful method.

STUDY DESIGN/ SETTING: Prospective randomized study.

PATIENT SAMPLE: Consecutive 96 patients who were planned to un-

dergo one level ACDF due to degenerative cervical disc disease were stud-

ied prospectively. The patients were randomized into 1 of 3 treatment

groups: group 1 (rigid plate; n531); group 2 (dynamization plate;

n529); and group 3 (cage; n536).

OUTCOME MEASURES: Clinical and radiological outcome was mea-

sured preoperatively, postoperatively and at 2 year follow up. Clinical out-

come was measured by subjective improvement rate (%), neck pain by

VAS, arm pain by VAS, dysphasia, donor site pain, postop complication,

and medications. Radiological outcome was measured by height of fusion

segment, segmental angle of fusion segment, fusion, collapse of graft, col-

lapse of endplate.

METHODS: Clinical and radiological outcomes were compared among 3

methods of ACDF group.

RESULTS: There are no significant differences in subjective improvement

rate, neck pain, arm pain score, dysphasia, donor site pain, postoperative

complications and postoperative medications. No patient complained do-

nor site pain in group 3. 4 patients complained dysphasia in plate fixation

group and only one patients complained dysphasia in cage group. Pseu-

darthrosis was found in only one patients of group 1. There was no Pseu-

darthrosis in group 2 and 3. Graft collapse was found in 3 patients of group

1 and 2 respectively. Bony endplate collapse was found in 6 patients of

group 3. There were no significant differences in height of fusion segment,

segmental angle of fusion segment among three groups.

CONCLUSIONS: No significant differences in clinical results and union

rates were found among the 3 methods of ACDF. Cage group had less dys-

phasia and less donor site pain. But cage group had higher risk of endplate

collapse.

FDA DEVICE/DRUG STATUS: This abstract does not discuss or include

any applicable devices or drugs.

doi:10.1016/j.spinee.2008.06.101

84. Lower Incidence of Dysphagia with Cervical Arthroplasty

Compared to ACDF in a Prospective Randomized Clinical Trial

Paul C. McAfee, MD1, Andrew Cappuccino, MD2, John DeVine, MD3,

John Regan, MD4, Frank Phillips, MD5; 1Towson, MD, USA; 2Buffalo, NY,

USA; 3Tacoma, WA, USA; 4Beverly Hills, CA, USA; 5Chicago, IL, USA

BACKGROUND CONTEXT: This is a report of 132 patients from five

investigational centers in the FDA prospective trial using a validated dys-

phagia outcomes instrument.

PURPOSE: The dysphagia data for both PCM and ACDF patients was re-

viewed from 5 centers to [1] compare the severity of dysphagia, [2] com-

pare the postoperative incidence of dysphagia, and [3] to compare the

resolution of perioperative dysphagia.

STUDY DESIGN/ SETTING: Level I Prospective Randomized Clinical

trial.

PATIENT SAMPLE: This is a report of 132 patients from five investiga-

tional centers in the FDA prospective trial using a validated dysphagia out-

comes instrument.

OUTCOME MEASURES: NDI,VAS, Bazaz Criteria.

METHODS: Patients between 18 and 65 years old with one-level symp-

tomatic cervical radiculopathy and/or myelopathy for progressive neuro-

logical symptoms, were randomized to undergo anterior decompression

and PCM arthroplasty or ACDF (control). Patients self-reported dysphagia

severity using a Bazaz scale preoperatively and at follow-up. The Bazaz

43SProceedings of the NASS 23rd Annual Meeting / The Spine Journal 8 (2008) 1S–191S
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Degenerative Lumbar Spondylolisthesis With
Spinal Stenosis
A Prospective Long-Term Study Comparing Fusion
and Pseudarthrosis

Martin B. Kornblum, MD,* Jeffrey S. Fischgrund, MD,† Harry N. Herkowitz, MD,†
David A. Abraham, MD,‡ David L. Berkower, DO,§ and Jeff S. Ditkoff�

Study Design. A prospective, randomized study on
patients who underwent posterior lumbar decompression
with bilateral posterolateral arthrodesis.

Objective. To determine the long-term influence of
pseudarthrosis on the clinical outcome of patients with
degenerative spondylolisthesis and spinal stenosis.

Summary of Background Data. Spinal decompression
and posterolateral arthrodesis have been shown to be
beneficial in the surgical treatment of symptomatic spinal
stenosis with concurrent spondylolisthesis.

Methods. Forty-seven patients with single-level symp-
tomatic spinal stenosis and spondylolisthesis were pro-
spectively studied. Patients were treated with posterior
decompression and bilateral posterolateral arthrodesis
with autogenous bone graft. Radiographic evaluation was
used to determine if fusion or pseudarthrosis was
present. The solid fusion and pseudarthrosis groups were
analyzed clinically, roentgenographically, and with a val-
idated self-administered spinal stenosis questionnaire.

Results. Forty-seven patients were available for review
at a range of follow-up from 5 to 14 years. Average fol-
low-up was 7 years 8 months. Clinical outcome was ex-
cellent to good in 86% of patients with a solid arthrodesis
and in 56% of patients with a pseudarthrosis (P � 0.01).
Significant differences in residual back and lower limb
pain was discovered between the two groups using a
scale ranging from 0 (no pain) to 5 (severe pain). Preop-
erative back and lower limb pain scores were statistically
similar between the two groups. The solid fusion group
performed significantly better in the symptom severity
and physical function categories on the self-administered
questionnaire. The two groups had similar results in the
patient satisfaction category of this questionnaire.

Conclusions. In patients undergoing single-level de-
compression and posterolateral arthrodesis for spinal ste-
nosis and concurrent spondylolisthesis, a solid fusion im-
proves long-term clinical results. Benefits of a successful
arthrodesis over pseudarthrosis were demonstrated with
respect to back and lower limb symptomatology com-

pared with prior shorter-term studies, which indicated no
significant difference in clinical outcome between the two
groups. [Key words: degenerative spondylolisthesis, lum-
bar spine, spinal fusion, stenosis] Spine 2004;29:726–734

Degenerative spondylolisthesis was first described by
Newman in 1955.1 Earlier descriptions contrasted this
condition from those caused by a pars interarticularis
defect. Junghanns introduced the term “pseudo-
spondylolisthesis” in 1930.2 He recognized the distinc-
tion of an intact posterior element in his examination of
anatomic specimens from Schmorl’s collection. How-
ever, this term led to some confusion, as there is indeed a
true spondylolisthesis in this condition. Thus, MacNab,
in 1950, utilized “spondylolisthesis with an intact neural
arch.”3 Wiltse et al established a widely accepted classi-
fication of spondylolisthesis based on etiology.4 Degen-
erative spondylolisthesis comprises one of five elements
in this system.

The operative management of degenerative spon-
dylolisthesis has remained controversial. Early authors
recommended decompression alone; stabilization proce-
dures after laminectomy were considered unneces-
sary.5–10 Herkowitz and Kurz, in 1991, performed a pro-
spective, randomized study comparing decompression
alone with decompression and bilateral posterolateral
arthrodesis.11 Fifty consecutive patients were assigned
alternately to one of two treatment groups. Follow-up
averaged 3 years. The results of this study demonstrated
a significantly improved clinical outcome in those pa-
tients who underwent decompression with a concomi-
tant arthrodesis. Pseudarthrosis was noted in 9 patients
(36%) of the arthrodesis group. However, all patients
with a pseudarthrosis had an excellent or good outcome
at final evaluation.

The addition of spinal instrumentation has been ad-
vocated by some authors in the operative management of
degenerative spondylolisthesis with spinal stenosis.12–16

Instrumentation has been recommended to increase the
fusion rate, decrease the rehabilitation time, and improve
patient outcome.17 However, based on the results of
short to intermediate range studies, fusion status does
not affect clinical outcome.14,18 A fibrous union appears
to provide sufficient stabilization and to provide pain
relief of the back and lower extremities.

From the *Department of Orthopaedics, University of Virginia, Char-
lottesville, VA; †Southfield, MI; ‡West Reading, PA; §Department of
Internal Medicine, Botsford Hospital, Farmington Hills, MI; and
�Bloomfield Hills, MI.
Acknowledgment date: May 25, 2001. First revision date: November
12, 2001. Acceptance date: June 25, 2003.
The manuscript submitted does not contain information about medical
device(s)/drug(s).
No funds were received in support of this work. No benefits in any
form have been or will be received from a commercial party related
directly or indirectly to the subject of this manuscript.
Address correspondence to Jeffrey S. Fischgrund, MD, 27207 Lasher Rd.,
Suite 200B, Southfield, MI 48034; E-mail: jsfischgrund@comcast.net
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Fischgrund et al, in 1997, published a prospective,
randomized study comparing the results of decompres-
sion and arthrodesis alone with those of decompression
and arthrodesis combined with instrumentation.18 Sixty-
eight patients were randomized to one of two treatment
groups. There was an average follow-up of 2 years. The
results of this study demonstrated that the addition of
spinal instrumentation will improve the fusion rate (83%
vs. 45%). However, no significant improvement in clin-
ical outcome was realized with the use of spinal instru-
mentation at final follow-up. Although pseudarthrosis
developed in 55% of the noninstrumented group, the
clinical outcome was still noted to be excellent or good in
15 of 18 patients (83%).18

The purpose of the current study was to determine the
long-term influence of arthrodesis or pseudarthrosis on
the clinical outcome of patients with degenerative spon-
dylolisthesis and spinal stenosis. A prospective, random-
ized study was performed on patients who underwent
posterior lumbar decompression with bilateral postero-
lateral autogenous arthrodesis.

Materials and Methods

A total of 118 consecutive patients had been randomly assigned
to one of two treatment groups; these patients were described
in two previous studies.11,18 Fifty-eight patients from the prior
two studies had been randomized to the treatment group that
underwent posterior lumbar decompression and bilateral pos-
terolateral autogenous arthrodesis without spinal instrumenta-
tion. The data on these 58 patients form the basis of this report.

All patients had degenerative spondylolisthesis with symp-
tomatic spinal stenosis at a single level, with no prior history of
lumbar spine surgery. All patients underwent a trial of nonop-
erative treatment for at least 3 months before surgery. The
patients were recommended for a surgical procedure after fail-
ing nonoperative treatment. All continued to have significant
back and leg pain with a significant restriction of daily activities
due to radicular or neurogenic claudicatory complaints. In-
formed written consent was obtained from each participant.
All patients in the current study agreed to participate in a clin-
ical study approved by the Human Investigational Committee
at William Beaumont Hospital, Royal Oak, MI.

Forty-seven of 58 patients treated with decompression and
arthrodesis were available at final review. Final evaluation con-
sisted of a telephone interview and self-administered question-
naire. Final clinical and radiographic assessment was per-
formed approximately 3 years following surgery. Of the 11
patients not included in this report, 8 patients died, 1 had a
recent cerebrovascular accident, 1 patient declined to partici-
pate, and only 1 patient was not located.

All patients had single-level degenerative lumbar spon-
dylolisthesis on plain radiographic imaging. The diagnosis of
spinal stenosis was established by computed tomography (CT),
CT myelogram, or MRI. Preoperative plain radiographs of the
lumbosacral spine were obtained for all patients. These in-
cluded anteroposterior, lateral, left and right obliques, stand-
ing lateral, and standing flexion–extension lateral images. Fi-
nal radiographs obtained included anteroposterior and
standing flexion–extension lateral images. These final radio-
graphs were obtained 3 years following surgical intervention.
Preoperative and postoperative radiographic images were ana-

lyzed to determine the amount of spondylolisthesis in millime-
ters, the amount of sagittal motion in millimeters, and the
amount of angular motion in degrees (Figure 1).

Arthrodesis was determined to be successful if follow-up
radiographs demonstrated a bilateral continuity in the fusion
mass between the cephalad and caudad transverse processes.
Pseudarthrosis was present if there was no continuity in the
fusion mass (Figure 2) or if lateral flexion–extension radio-
graphs demonstrated �2° of angular motion or �2 mm of
sagittal motion at the level of the spondylolisthesis.18 All clin-
ical and radiographic assessments were made by examiners
other than the treating surgeons and who were blinded to the
patient’s clinical results. Radiographs were independently ex-
amined by two orthopedic surgeons (one of whom was a spine
specialist). If the reported fusion status differed between the
examiners, the radiographs were reexamined and a consensus
reached.

Decompression of the central canal and nerve roots was
performed by removing half of the cephalad and the caudad
lamina of the involved vertebra, together with bilateral medial
caudad and cephalad facetectomy. The technique of spinal ar-
throdesis was that described by MacNab and Dall19 and by

Figure 1. A: Preoperative lateral extension radiograph demon-
strates 5 mm of subluxation of L4 on L5. B: The same patient
demonstrates 9 mm of subluxation with flexion. This patient’s
sagittal motion would be 4 mm. The angular motion would be 7°.
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Wiltse et al20 for single-level bilateral intertransverse process
arthrodesis. The outer table of the iliac crest was exposed
through the same skin incision that was used for the decom-
pression and arthrodesis. Strips of corticocancellous and can-
cellous bone were harvested from the outer and middle tables
of the iliac crest and were placed along the transverse process-
es.16,21 Decortication of the transverse processes with a burr or
rongeur was performed before placement of bone graft.18

Before the operation, all patients rated pain in the back and
lower limbs/buttocks on a visual analog pain scale, ranging
from 0 (no pain) to 5 (severe pain). Separate scales were estab-
lished for back and lower limb pain. At final follow-up, the
patients were again asked to score their back and leg pain on
the same visual analog pain scale.

The operative results were rated as excellent, good, fair, or
poor based on criteria established from previous studies.11,18

The result was considered to be excellent if a patient resumed
unrestricted activity and had near-complete relief of pain in the
back, lower limbs, or both. A good result indicated that there
was occasional discomfort in the back or lower limbs, necessi-
tating occasional non-narcotic medication. Patients with a
good result had significant improvement, compared with the
preoperative condition, and had resumed unrestricted activity.
A fair result was defined as intermittent discomfort in the back,
lower limbs, or both; improvement compared with the preop-
erative condition; restriction of activities; and an occasional
need for non-narcotic medication. The patients who had a poor
result had marked discomfort in the back, lower limbs, or both,
necessitating non-narcotic and occasional narcotic medication.
The patients in this category noted no improvement compared
with the preoperative condition and had significant restriction
of activities18 (Table 1).

The clinical results of the operation and radiographic find-
ings were then subjected to statistical analysis. Categorical
variables were analyzed using the two-tailed Fisher’s exact test
or Cochran-Mantel-Haenszel statistics based on table scores
where appropriate. Continuous variables were analyzed using
the two-tailed Student’s t test or the paired test. Pearson corre-
lation coefficient and the asymptotic error were calculated as
needed.

The same postoperative treatment was used for all groups of
patients. Walking was permitted on the first postoperative day
and progressed at 4 to 6 weeks after surgery. Exercises on the
stationary bike or water therapy began at 6 to 8 weeks, and
exercises for flexion of the spine and strengthening of the ab-
dominal muscles were added at 10 to 12 weeks. No brace or
corset was used after surgery in either group.18 A self-
administered spinal stenosis questionnaire, as developed by
Stucki et al, was used to compare long-term postoperative out-
come between the two groups.22 This questionnaire was shown
to be reproducible, internally consistent, valid, and highly re-
sponsive. Three categories are assessed via the questionnaire:
symptom severity, physical function status, and patient satis-
faction (Table 2).

Pain scales, operative results, and the self-administered spi-
nal stenosis questionnaire were completed by the patients in a
return trip to the hospital. Those patients who were unable to
return to the hospital were administered the questionnaire
through a telephone interview. This was performed by one of
two medical students, who were unaware of the patient’s fu-
sion status at the time of this conversation. The duration of
follow-up ranged from 5 to 14 years (mean 7.7 years).

Results

There were 36 women and 11 men in this study. The
average age at surgery was 73 years for the solid fusion
group and 72 years for the pseudarthrosis group. Nine
patients were smokers, 8 patients were diabetic, and 6
patients had a diagnosis of peripheral vascular disease.
The operations were performed at L4–L5 in 40 patients
and at L3–L4 in 7 patients. The arthrodesis was success-
ful in 22 patients (47%). Pseudarthrosis developed in 25
patients. Arthrodesis status was determined by radio-
graphs taken at final clinical follow-up, usually 3 years
after the surgical procedure (range 2–4 years).

Clinical outcome, assessed according to relief of pain
and an increase in activity, was good or excellent in 86%
of patients with a solid fusion and in 56% of patients

Figure 2. Two-year postoperative anteroposterior radiograph
demonstrating clefts (arrows) in the lateral fusion mass between
L4 and L5.

Table 1. Clinical and Radiographic Data

Solid Fusion
(N � 22)

Pseudarthrosis
(N � 25)

Result
Excellent 12 (54%) 7 (28%)
Good 7 (32%) 7 (28%)
Fair 2 (9%) 3 (12%)
Poor 1 (5%) 8 (32%)

Back pain
Preop 3.7 (0–5) 3.5 (0–5)
Postop 1.4 (0–4) 2.6 (0–5)

Leg pain
Preop 4.5 (3–5) 4.2 (0–5)
Postop 0.5 (0–3) 2.1 (0–5)

Olisthesis (mm)
Preop 6.4 (2–18) 6.9 (2–15)
Postop 6.4 (2–14) 7.3 (2–15)

Sagittal motion (mm)
Preop 3.2 (0–8) 3.3 (0–8)
Postop 1.0 (0–6) 2.6 (0–6)

Angular motion (°)
Preop 6.6 (0–16) 10.1 (4–17)
Postop 0.5 (0–12) 8.4 (4–17)
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Table 2. Spinal Stenosis Questionnaire22

Solid Fusion [no. (%)] Pseudarthrosis [no. (%)]

I. Symptom Severity Scale
In the last month, how would you describe:

The pain you have had on average including pain in your back, buttocks and
pain that goes down the legs?*

None 8 (36) 2 (8)
Mild 9 (41) 9 (36)
Moderate 3 (14) 6 (24)
Severe 2 (9) 8 (32)
Very severe 0 (0) 0 (0)

How often have you had back buttock or leg pain?*
Less than once a week 13 (62) 7 (28)
At least once a week 0 (0) 2 (8)
Every day, for at least a few minutes 6 (6) 4 (16)
Every day, for most of the day 2 (2) 11 (44)
Every minute of the day 0 (0) 1 (4)

The pain in your back or buttocks?*
None 8 (36) 3 (12)
Mild 7 (22) 6 (24)
Moderate 5 (23) 8 (32)
Severe 1 (4) 8 (32)
Very severe 1 (5) 0 (0)

The pain in your legs or feet?*
None 14 (64) 6 (24)
Mild 7 (32) 6 (24)
Moderate 1 (4) 7 (28)
Severe 0 (0) 6 (24)
Very severe 0 (0) 0 (0)

Numbness or tingling in your legs or feet?
None 14 (64) 11 (44)
Mild 3 (14) 6 (24)
Moderate 4 (18) 5 (20)
Severe 1 (4) 3 (12)
Very severe 0 (0) 0 (0)

Weakness in your legs or feet?*
None 13 (62) 8 (33)
Mild 4 (19) 4 (17)
Moderate 3 (14) 9 (38)
Severe 1 (5) 3 (12)
Very severe 0 (0) 0 (0)

Problems with your balance?
No, I’ve had no problems with balance 14 (64) 11 (44)
Yes, sometimes I feel my balance is off, or that I am not sure-footed 7 (32) 9 (36)
Yes, often I feel my balance is off, or that I am not sure-footed 1 (4) 5 (20)

II. Physical Function Scale
In the last month, on a typical day:

How far have you been able to walk?*
Over 2 miles 10 (46) 2 (8)
Over 2 blocks, but less than 2 miles 8 (36) 8 (33)
Over 50 feet, but less than 2 blocks 4 (18) 9 (38)
Less than 50 feet 0 (0) 5 (21)

Have you taken walks outdoors or in malls for pleasure?*
Yes, comfortably 17 (77) 6 (24)
Yes, but sometimes with pain 1 (4.5) 8 (32)
Yes, but always with pain 1 (4.5) 4 (16)
No 3 (14) 7 (28)

Have you been shopping for groceries or other items?*
Yes, comfortably 15 (68) 7 (28)
Yes, but sometimes with pain 3 (14) 7 (28)
Yes, but always with pain 1 (4) 6 (24)
No 3 (14) 5 (20)

Have you walked around the different rooms in your house or apartment?*
Yes, comfortably 16 (73) 10 (40)
Yes, but sometimes with pain 6 (27) 9 (36)
Yes, but always with pain 0 (0) 6 (24)
No 0 (0) 0 (0)

Have you walked from your bedroom to the bathroom?*
Yes, comfortably 18 (82) 11 (44)
Yes, but sometimes with pain 4 (18) 8 (32)
Yes, but always with pain 0 (0) 6 (24)
No 0 (0) 0 (0)

(Table continues)
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with a pseudarthrosis. There was a statistically signifi-
cant difference in outcome (P � 0.01).

Significant differences were also demonstrated at final
follow-up between the two groups with respect to resid-
ual back and limb pain scores. Preoperative back and leg
pain scores were similar between the two groups. The
solid fusion group and pseudarthrosis group had initial
average back pain scores of 3.7 and 3.5, respectively.
Preoperative leg pain scores were 4.5 and 4.2,
respectively.

At the most recent postoperative evaluation, back
pain scores were 1.4 and 2.6 (P � 0.02), and leg pain
scores were 0.5 and 2.1 (P � 0.001) for the solid fusion
and pseudarthrosis groups, respectively.

Before surgery, spondylolisthesis measured 6.4 mm in
the solid fusion group and 6.9 mm in the pseudarthrosis
group, (range 2–18 mm). Preoperative sagittal motion
averaged 3 mm for both groups (range 0–11 mm). Pre-
operative angular motion was 6.6° for the arthrodesis
group and 10.1° for the pseudarthrosis group (range
0–17°).

After surgery, the spondylolisthesis averaged 7.3 mm
and sagittal and angular motion decreased to 2.6 mm
and 8.4°, respectively, in the pseudarthrosis group. The
amount of spondylolisthesis remained the same for the
solid fusion group, whereas sagittal and angular motion
decreased to 1.0 mm and 0.5°, respectively. The signifi-

cant improvement in postoperative dynamic instability
in the solid fusion group is a product of the arthrodesis.
The slip severity and sagittal and angular motion were
then analyzed to determine what effect, if any, they have
on the likelihood of a solid fusion occurring.

Preoperative angulation averaged 6.6° in those pa-
tients who eventually had a solid fusion, compared with
10.1° in those in whom a pseudarthrosis developed (P �
0.02, Student’s t test of independent samples). This dif-
ference between the groups was statistically significant.
Preoperative spondylolisthesis (P � 0.66) and sagittal
motion (P � 0.89) were not predictive of fusion
outcome.

Evaluation on the self-administered spinal stenosis
questionnaire revealed that the solid fusion group scored
statistically significantly better in the symptom severity
and physical function categories. There was no statistical
difference between the solid fusion and pseudarthrosis
group on the patient satisfaction scale.

There was no statistically significant difference discov-
ered between the two groups with respect to the major
influencing variables of age, sex, levels fused, smoking,
diabetes, or peripheral vascular disease.

There were no new peripheral (lower motor neuron)
neurologic deficits after surgery in either group. No post-
operative infections developed.

Table 2. Continued

Solid Fusion [no. (%)] Pseudarthrosis [no. (%)]

III. Satisfaction Scale
How satisfied are you with:

The overall results of your operation?
Very satisfied 16 (73) 12 (50)
Somewhat satisfied 4 (18) 4 (17)
Somewhat dissatisfied 0 (0) 2 (8)
Very dissatisfied 2 (9) 6 (25)

Relief of pain following the operation?
Very satisfied 14 (64) 12 (50)
Somewhat satisfied 5 (23) 3 (12)
Somewhat dissatisfied 1 (4) 5 (21)
Very dissatisfied 2 (9) 4 (17)

Your ability to walk following the operation?
Very satisfied 14 (64) 13 (52)
Somewhat satisfied 5 (23) 5 (20)
Somewhat dissatisfied 1 (4) 3 (12)
Very dissatisfied 2 (9) 4 (16)

Your ability to do housework, yardwork or job following the operation?
Very satisfied 13 (62) 10 (40)
Somewhat satisfied 3 (14) 5 (20)
Somewhat dissatisfied 3 (14) 2 (8)
Very dissatisfied 2 (10) 8 (32)

Your strength in the thighs legs and feet?
Very satisfied 13 (59) 9 (36)
Somewhat satisfied 4 (18) 8 (32)
Somewhat dissatisfied 4 (18) 4 (16)
Very dissatisfied 1 (5) 4 (16)

Your balance or steadiness on your feet?
Very satisfied 14 (64) 12 (48)
Somewhat satisfied 5 (23) 6 (24)
Somewhat dissatisfied 1 (4) 2 (8)
Very dissatisfied 2 (9) 5 (20)

* Statistically significant better scores in the solid fusion group.
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Seven patients underwent a second lumbar spine sur-
gery after the original index procedure. Five of these
patients were of the pseudarthrosis group and 2 of the
arthrodesis group. Three patients with pseudarthrosis,
all with poor results, went on to have a second attempt at
arthrodesis, this time with instrumentation. The remain-
ing 2 patients from the pseudarthrosis group both under-
went decompressive lumbar laminectomy at a spinal lo-
cation different from the original surgery. Of the 2
patients who had a solid fusion and underwent a second
lumbar spine procedure, both had decompressive lumbar
laminectomy at a spinal location different from the orig-
inal surgery.

Discussion

Nonoperative methods are effective in the treatment of
most patients with symptomatic degenerative spon-
dylolisthesis and spinal stenosis. Initial treatment con-
sists of short-term activity restriction and a nonsteroidal
analgesic, if tolerated. Physical therapy along with mas-
sage, heat, ultrasound, and limited pelvic traction may be
used as well. Ultimately, patients are recommended to
establish a regular exercise program consisting of aero-
bic, active flexion, and abdominal and back strengthen-
ing exercises. Surgery was advised to patients in this
study who failed to respond to a reasonable trial of non-
operative treatment for a minimum of 3 months.

Surgical management of degenerative spondylolisthe-
sis with spinal stenosis has evolved from decompressive
lumbar laminectomy alone to decompression combined
with a fusion procedure. The clinical benefits of perform-
ing an arthrodesis following decompression have been
substantiated by several studies.5,11–13,23,24 In addition,
there is justification from the literature to promote the
use of spinal instrumentation as a means to increase the
fusion rate.12–16,18,25 At the same time, good to excellent
clinical outcomes have been demonstrated independent
of the radiographic fusion status.18 The long-term status
and the implications of a pseudarthrosis and its associa-
tion vis-à-vis clinical outcome has not yet been
elucidated.

Fischgrund et al reported on a study of 68 patients
with degenerative spondylolisthesis and spinal steno-
sis.18 This was a prospective, randomized study compar-
ing decompressive lumbar laminectomy and arthrodesis
with and without instrumentation. Thirty-five patients
received pedicle screw instrumentation as part of their
protocol and 33 did not. Whereas the results of the study
did demonstrate an increased fusion rate with instrumen-
tation (83% vs. 45%), there was no statistical difference
in clinical outcome between treatment groups, after a
minimum follow-up period of 24 months.

Bridwell et al performed a prospective randomized
study of 49 patients with symptomatic degenerative
spondylolisthesis.13 There was an average follow-up of 3
years. Three treatment groups were established: Group
1, no arthrodesis; Group 2, decompression and arthro-
desis; and Group 3, decompression and arthrodesis com-

bined with pedicle screw instrumentation. An exception
to the randomization process was made for those pa-
tients with �10° of angular motion or �3 mm of sagittal
motion. This group of patients was automatically as-
signed to Group 3 and received instrumentation as part
of their operative procedure. The results of this study
demonstrated an improved fusion rate in the instru-
mented fusion group (87% vs. 30%) when compared
with the noninstrumented fusion group. Functional as-
sessment was determined by a single parameter, walking
ability. Eighty-three percent of the instrumented fusion
group felt that they were able to walk significantly better
after the surgery compared with 31% reported for
Groups 1 and 2.

Mardjetko et al, in 1994, published a meta-analysis of
25 publications and 889 patients with degenerative
spondylolisthesis, collected between the years 1970 and
1993.14 Patients in these studies were categorized based
on treatment methods, including decompression, fusion,
non-pedicle screw instrumentation, pedicle screw instru-
mentation, and anterior fusions. Those patients treated
with decompression alone reported a 69% satisfactory
clinical outcome. With the addition of an arthrodesis, the
satisfaction rate increased to 90% and the successful fu-
sion rate was 86%. The combination of decompression,
arthrodesis, and pedicle screw instrumentation revealed
that 86% had satisfactory outcomes and the fusion rate
was increased to 93%. However, there was no statistical
significance when comparing the outcome results and
fusion rates between the instrumented and noninstru-
mented fusion groups.

Zdeblick, in 1993, prospectively evaluated 124 pa-
tients undergoing lumbar or lumbosacral fusion for de-
generative conditions of the spine.16 All patients were
randomized to one of three treatment groups. Nonin-
strumented fusions were compared with fusions with
semirigid and rigid instrumentation systems. This study
revealed improved clinical outcome (95% vs. 71% good
to excellent results) and better fusion rates (95% vs. 65%
successful fusions) in the rigidly instrumented patients
compared with the noninstrumented fusion group. Only
26 of these patients were noted to have degenerative
spondylolisthesis.

Yuan et al presented a historical cohort study of pedi-
cle screw fixation in thoracic, lumbar, and sacral spinal
fusions in 1994.15 A total of 3,498 patients were in-
cluded in this study, 2,684 of whom had degenerative
spondylolisthesis. The majority of patients with degen-
erative spondylolisthesis (81%) were treated with pedi-
cle screw instrumentation and autogenous arthrodesis.
The pedicle screw group demonstrated a higher fusion
rate (89% vs. 70%), improved spinal alignment, and a
shorter time to fusion consolidation when compared
with the noninstrumented fusion group. The pedicle
screw treatment cohort also demonstrated improved
clinical outcomes with better function, greater neuro-
logic recovery, and less back and leg pain than the non-
instrumented fusion control group. The authors con-
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cluded that the clinical benefits of pedicle screw
instrumentation in this condition outweigh any potential
risk from implant breakage or other untoward perioper-
ative event.

Booth et al reported on the clinical and radiographic
outcome of 41 cases of degenerative spondylolisthesis
treated with decompression and instrumented posterior
fusion.12 The authors demonstrated a satisfaction rate of
83% at final clinical evaluation. Eighty-six percent of
patients reported a reduction in back or leg pain from
their preoperative condition. Functional improvement
after surgery was significant at the 2-year follow-up, but
not at final review. There were no patients with a symp-
tomatic pseudarthrosis. This was a retrospective review
with a minimum 5-year follow-up (mean 6.5 years). No
control group was available for comparison with the
study cohort. Back and leg pain questions were grouped
together rather than assessed apart. Eight patients had
multiple-level fusions for adjacent segment subluxations.
However, this study had been the longest follow-up of
patients treated operatively for this disorder. It demon-
strated that approximately 85% of patients treated in
this manner, all of whom had a solid fusion, will main-
tain a satisfactory clinical outcome even after 5 years.

The current series is the longest prospective study of
degenerative spondylolisthesis treated with decompres-
sion and arthrodesis. All patients were treated with sin-
gle-level decompression and bilateral posterolateral au-
togenous fusion for degenerative spondylolisthesis with
concurrent spinal stenosis. A successful arthrodesis was
shown to generate improved long-term clinical results
over pseudarthrosis. Clinical outcome was good to ex-
cellent in 86% of the patients with a solid fusion com-
pared with 56% of patients with a pseudarthrosis (P �
0.01). Back and lower limb pain scores were statistically
significantly improved as well. In short review, good to
excellent results have been reported in patients despite a
pseudarthrosis. These results, as shown in the current
study, have not been maintained over time. Long-term
clinical benefits of an arthrodesis over pseudarthrosis,
with respect to back and lower leg symptomatology, are
realized on later review.

A major difficulty encountered in this study was locat-
ing patients, some of whom had surgery as early as 1985.
The average age at the time of the index surgical proce-
dure was 72 years. Currently, the mean age of the study
group is more than 80 years, with many of the partici-
pants having relocated to warmer climates. It was felt by
the authors that it would be impossible to do a clinical
and radiologic follow-up on this population due to geo-
graphic constraints. It has been assumed for this study
that the patient’s radiographic status at 3 years has been
maintained over the course of the study. Therefore, if a
patient demonstrated a pseudarthrosis at final radiologic
follow-up (2–4 years), it would be unlikely that a solid
arthrodesis would occur in the ensuing 5 to 10 years. If
clinical and radiographic data were required on each
patient to complete this study, we think that the attrition

rate would be unacceptably high, therefore invalidating
any results.

A successful arthrodesis correlates with better radio-
logic parameters as well as an improved clinical out-
come. In this study, the solid fusion and pseudarthrosis
groups had similar preoperative demographics. Preoper-
ative radiographs were analyzed in an attempt to identify
radiographic measures of spondylolisthesis severity,
which may influence fusion outcome. The initial spon-
dylolisthesis and sagittal motion were not predictive of
radiographic fusion. The initial preoperative angular
motion at the location of the spondylolisthesis was sta-
tistically higher in those patients who ultimately went on
to pseudarthrosis. In 22 patients, in whom a solid fusion
was achieved, the preoperative angulation averaged 6.6°,
whereas angulation in the 25 patients in whom a
pseudarthrosis developed averaged 11° before surgery
(P � 0.02).

Conclusion

The results of the current study demonstrate that in pa-
tients undergoing single-level decompression and pos-
terolateral arthrodesis for spinal stenosis for concurrent
spondylolisthesis, a solid fusion provides lasting long-
term clinical benefits. A successful fusion correlates with
an improved functional outcome and less back and lower
limb symptomatology, compared with prior shorter-
term studies, which indicated no significant difference
between the successful fusion and pseudarthrosis groups.
An increased angular motion may be a preoperative
marker for those patients at risk for the development of
pseudarthrosis. The amount of preoperative spondylolis-
thesis and sagittal motion did not correlate with radio-
graphic fusion status. Based on previous work, the addi-
tion of spinal instrumentation in this patient population
increases the ability to obtain a solid fusion and may be
recommended as an adjunct to bone grafting alone in
patients at risk for pseudarthrosis.

Key Points

● Patients with spinal stenosis and degenerative
spondylolisthesis benefitted from a solid
arthrodesis.
● Patients who had a pseudarthrosis had an infe-
rior long-term outcome.
● These results differ from previous shorter-term
studies.
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Point of View

Jeffrey N. Katz, MD, MS

Surgery for patients with functionally limiting pain aris-
ing from spinal stenosis associated with degenerative
spondylolisthesis includes decompression of central and
foraminal stenosis. In addition, there has been consider-
able debate over whether to include an arthrodesis and, if
so, whether to augment the posterolateral arthrodesis
with instrumentation. Two key studies have helped guide
clinical decision-making in this area. In the controlled
trial by Herkowitz and Kurz published over a decade
ago, noninstrumented arthrodesis was superior to no ar-
throdesis in the management of spinal stenosis associated
with degenerative spondylolisthesis.1 This trial, and
other evidence supporting arthrodesis, has prompted
many surgeons to recommend arthrodesis in this clinical
context. The randomized controlled trial of Fischgrund
et al2 addressed the question of whether the arthrodesis
should be augmented with instrumentation, and found
that patients receiving noninstrumented arthrodesis ex-

perienced similar levels of symptom relief and functional
improvement as patients receiving instrumented arthro-
desis. In this trial, patients who received instrumented
arthrodesis had higher rates of solid fusion than those
who received noninstrumented arthrodesis, but the tech-
nical success of the fusion (solid vs. pseudarthrosis) was
not associated with the extent of pain relief or functional
improvement. Given the greater costs and complications
associated with instrumented fusion, formal cost-
effectiveness analyses3 have suggested that noninstru-
mented arthrodesis has acceptable cost-effectiveness
($56,000 per quality-adjusted life year) when compared
with decompression without arthrodesis, while instru-
mented arthrodesis had unacceptable cost-effectiveness
(over 3 million dollars per quality-adjusted life year). If,
however, instrumented arthrodesis resulted in substan-
tially better symptom relief and functional improvement
than noninstrumented arthrodesis, its cost-effectiveness
would improve dramatically.3

Both of these pivotal studies reported results after 2
years of follow-up. In this issue of Spine, Kornblum et al
performed a longer-term follow-up, restricted to the pa-
tients in these two trials who received noninstrumented
arthrodesis. They did not follow the patients in the
Herkowitz trial who received decompression without fu-
sion or the patients in the Fischgrund trial who received
instrumented fusion. The authors examined radiographs
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obtained after about 3 years of follow-up to ascertain
whether the fusion was solid. In phone interviews con-
ducted 5 to 14 years after surgery, they determined the
patients’ levels of pain and functional status. The find-
ings are strikingly different from those of the 2-year anal-
yses. Whereas the technical success of the arthrodesis
was not associated with pain relief and functional im-
provement after 2 years of follow-up,2 patients who
achieved a solid fusion had considerably lower levels of
back and leg pain and better functional status than pa-
tients with a pseudarthrosis after 5 to 14 years of
follow-up.

One important clinical implication of this study is that
instrumentation may offer long-term benefits not seen in
the short-term trials. This critical inference is speculative
and could only be proven with a randomized trial that
had long-term follow-up. Given the expense of mounting
such trials, it is disappointing that the authors chose to
follow just one treatment arm from their trials and not
both. They had an opportunity to compare the long-term
outcomes of decompression with and without arthrode-
sis, and of arthrodesis with and without instrumenta-
tion. Such comparisons would address directly the issue
that this study raises implicitly: If higher rates of solid
fusion are associated with better pain relief, is instru-
mented arthrodesis a better choice than noninstru-
mented arthrodesis, or than no arthrodesis at all? In the

absence of such direct comparisons, we must be cau-
tious. While the higher fusion rates afforded by instru-
mented arthrodesis might lead to less back and leg pain,
it is also possible that the instrumentation (and even the
bone graft harvesting) could cause bothersome symp-
toms that would vitiate the benefits of a solid fusion over
time.

Thus, this paper informs but does not resolve the de-
bate over whether to add instrumentation to an arthro-
desis for spinal stenosis and associated degenerative
spondylolisthesis. The answer will await controlled trials
with long-term follow-up. The paper does beg the ques-
tion of the mechanism for superior long-term pain relief
associated with solid fusion. Further research in this di-
rection may yield additional insights into this important
clinical problem.
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DONOR SITE PAIN FROM THE ILIUM

A COMPLICATION OF LUMBAR SPINE FUSION

B. N. SUMMERS, S. M. EISENSTEIN

From the Robert Jones & Agnes Hunt Hospital, Oswestry

Chronic pain at the donor site was reported by 25% of 290 patients who had undergone anterior lumbar

spine fusion for low back pain. Donor site pain has characteristic clinical features, may be severely disabling

and is stubbornly resistant to treatment.

The highest prevalence was in patients who had a tricortical full thickness graft taken through a separate

incision overlying the iliac crest. Patients with a clinically unsatisfactory result from the spine fusion also had

a significantly higher prevalence of donor site pain.

The use ofautogenous bone graft in orthopaedic practice

is common, and the ilium provides a large and accessible

source. Postoperatively, patients often have more pain

from the donor site than from the primary operation.

This pain usually resolves over a period ofseveral weeks,

but it may persist.

Other complications of iliac bone grafting have been

reported, such as fracture of the wing of the ilium,

herniation of abdominal contents, and meralgia paraes-

thetica (Reid 1968; Weike! and Habal 1977; Guha and

Poole 1983), but little detailed information is available

about donor site pain. Laurie et a! (1984) reported such

chronic pain in 10% of patients after iliac crest grafting

for maxillofacial procedures and considered that preser-

vation of the crest itself was important, but gave no

proof. Cockin (1971), in a review of 118 orthopaedic

patients, found only 6% with donor site pain, hypersen-

sitivity or buttock anaesthesia but gave no indication of

the nature of the graft taken, the surgical approach, or

the characteristics of the pain.

Large blocks of corticocancellous bone are required

for anterior interbody lumbar fusion, and are usually

taken from the anterior aspect of the ilium. Anterior

fusion was the most commonly performed operation in

this department for severe low back pain secondary to

internal disc disruption, facet arthrosis, spondylolis-

B. N. Summers, FRCS, SeniorOrthopaedic Registrar
The Middlesex Hospital. MortimerStreet, London WIP 7PN, England.

S. M. Eisenstein. PhD, FRCS, Director
The Department for Spinal Disorders, The Robert Jones & Agnes Hunt
Orthopaedic Hospital. Oswestry, Salop SY1O 7AG, England.

Correspondence should be sent to Mr B. N. Summers.
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thesis, or failure of other spine operations and was often

combined with a posterior fusion under the same

anaesthetic.

During follow-up, a significant proportion of these

patients complained of disabling donor site pain. We

therefore investigated this complication to determine its

prevalence, nature, and predisposing features.

MATERIALS AND METHODS

We sent a postal questionnaire about donor site pain to

428 patients aged from 1 7 to 62 years who had had an

anterior spinal fusion for low back pain.

Of these, 290 (68%) replied and 8! of them, about

half with and half without donor site pain, were assessed

clinically by one of the authors (BNS). Fifty-eight of

these patients agreed to have radiographs of the donor

site.

Definition. Donor site pain was defined as pain, with or

without paraesthesia, which was separate from, and

independent of any residual low back pain.

Grading. From the replies to the questionnaire, patients

were placed in one of three groups, according to their

assessment of the severity of the donor site pain:

1) pain which constituted a significant and unacceptable

disability,

2) pain which the patient considered to be an acceptable

symptom, and

3) no pain.

Surgical technique. Bone graft was taken from the anterior

two-thirds of the ilium, approached either through the

abdominal incision used to expose the anterior lumbar

spine, or through a separate incision overlying and

parallel to the iliac crest. A full thickness graft was taken,

either as a tricortical block, incorporating the crest
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Figure 1 - Operative removal ofa tricortical graft including the iliac crest. Figure 2 -� A bicortical graft preserving
the crest.
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(Fig. 1), or as a bicortica! block, leaving the crest intact

(Fig. 2). In 1 1 of the 290 patients, acrylic cement was

used to fill the donor site defect at the initial operation.

Statistical analysis. Statistical analysis of the results was

performed by the Department of Statistical Science,

University College, London employing the chi-squared

test.

RESULTS

Incidence. The questionnaire revealed ‘significant’ donor

site pain in 25% of patients, ‘acceptable’ pain in 24%,

and no pain in 51%.

Of 290 patients responding to the questionnaire, the

notes and radiographs of 235 patients were available for

study. This showed a higher incidence ofdonor site pain

in patients who had had a tricortical graft taken through

a separate incision (p<O.OS), and in those patients who

had an unsuccessful clinical result as regards back pain

(p <0.001).

Acrylic cement. In 1 1 of the 290 patients, acrylic cement

had been used to fill the donor site. Ofthese 10 complained

of donor site pain, and six considered it a significant

disability. Five ofthe 290 donor sites had become infected

and four of these were in patients with local acrylic

cement.

Clinical assessment. The results of clinical assessment of

81 patients are given in Table I. Patients with donor site

pain were older and more likely to be female, compared

with asymptomatic patients, but this difference was not

statistically significant.

Surgical approach. There was significant donor site pain

Table I. Clinical details of the 8 1 patients who were examined

Donor site pain
Number of patients
(per cent of total)

Donor sites
number (per cent)

Males/females
number (ratio)

Age at operation
(years) FoIl ow-up (years)

Significant 25 31 26 31 7/18 1:2.6 43.2 21 to62 5.4 1.8to9.8

Acceptable 14 17 14 17 8/6 1.33:1 38.1 17to51 4.9 0.8to 10.3

None 42 52 42 51 19/23 1:1.21 34.2 17to52 4.7 0.7to 10.2

Allpatients 81 82 34/47 1:1.38 37.6 17to62 5 0.7to 10.3

Table II. Surgical approach and type of graft related to donor site
pain in 81 examined patients with 82 donor sites (number and per
cent). Surgical approach uncertain at nine donor sites

Donor site pain
Abdominal incision
tricortical graft

Iliac incision

Tricortical Bicortical

Significant 9 30 7 88 8 33

Acceptable 4 13 1 12 6 17

None 17 57 0 21 60

All patients 30 8 35

Table III. Clinical success of the spine operation
related to donor site pain in 8 1 examined patients
with 82 donor sites (number and per cent)

Donor site pain

Outcome of sp me operation

Satisfied Dissatisfied

Significant 5 17 21 40

Acceptable 4 14 10 19

None 20 69 22 42

All patients 29 53
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Figure 3 � Radiograph of tricortical
donor site four years after operation.

Figure 4 - Radiograph of a bicortical
donor site six years after operation.

in 30#{176}cof the patients who had had a tricortica! graft

taken through an abdominal incision, 23% of those

who had had a bicortical graft taken through a sep-

arate incision, and 88% of those who had had a tricortical

graft taken through a separate iliac incision (p < 0.05 com-

pared with the other two groups). Details are shown in

Table II.

Success of the spinal fusion. Patients who considered

the operation to have relieved their back pain suffered

less donor site pain than patients who were dissatisfied

with the clinical outcome (p<O.O5). Details are given in

Table III.

Treatment. Treatment for donor site pain had included

oral analgesia, local and epidural anaesthetic injections,

local heat and ultrasound, cryotherapy, operative trim-

ming ofthe iliac crest, immobilisation in a hip spica, and

removal of acrylic cement. None of these treatments had

relieved pain to any significant degree in any patient.

Spontaneous resolution had occurred in only two patients

at four and six years postoperatively.

Characteristics. Twenty-one of the 39 symptomatic

‘examined’ patients (54%) described the pain as burning,

aching or ofa ‘toothache’ nature, and nine (23%) as sharp

or shooting, while seven (18%) described both these

qualities of pain. Three patients (8%) were unable to

describe their pain.

Thirty-four of the 39 symptomatic patients (87%)

were unable to lie on the affected side because of pain.

Twenty-seven patients (69%) found that pain was

aggravated by walking, 14 (36%) by sitting and four

(10%) by standing. After operation, pain had been

immediate in 27 patients (69%), had developed between

one and three months later in six patients (15%), and

between four and 12 months later in the remaining six

patients (1 5%). Only two of the symptomatic ‘examined’

patients had a positive Trendelenberg sign on the affected

side. One of these patients also had tuberculosis of the

hip, which was thought to account for this finding.

The site of maxima! pain was over the iliac crest in

16 (76%) of2l examined patients who had had tricortical

grafts ; and over the iliac wing in 14 (88%) of 18 examined

patients who had had bicortical grafts. In the four

remaining patients it was difficult to determine the

maximal site of pain.

Radiography. Radiographs in 58 patients showed that

none of the donor defects had filled in with new bone to

any significant degree. Sharp edges had tended to round

off, and some bony spikes were seen to project into the

defect (Figs 3 and 4).

DISCUSSION

We found a high incidence of donor site pain in our

patients. The pattern was characteristic, being maximal

over the donor site, and usually aching, burning or ‘like

toothache’. It was typically aggravated by local pressure,

and by walking, and many ofthe examined patients were

unable to lie comfortably on the affected side. The pain

was easily distinguished as being different in nature and

site from any residual low back pain.

Bicortical grafts, preserving the crest itself, or

tricortical grafts whether taken through the abdominal

incision or through a separate one, a!! gave rise to a

significant incidence of pain. The prevalence, however,

was considerably higher after tricortical grafts taken

through a separate incision and we presume that the close

proximity of the scar to the donor defect, lying just

subcutaneously, accounted for this finding. We therefore

recommend that the crest itself is preserved unless it is

approached through the existing abdominal incision.

The incidence of donor site pain was substantially

higher in patients who considered that the fusion had not
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relieved their back pain, indicating a possible psycho-

logical element in the perception of donor site pain.

The use of acrylic cement to fill the donor site was

almost invariably associated with donor site pain and in

addition there was a very high incidence ofloca! infection.

Clearly, this attempt at ‘prophylaxis’ was unsuccessful.

The precise cause ofdonor site pain remains obscure.

We can postulate that it is either muscular or periosteal,

secondary to the stripping of the abductors from the

ilium, or neurogenic secondary to sensory nerve injury.

Some patients have no pain, while others have severe

symptoms from the same approach and technique; this

may indicate that in some a sensory nerve was damaged,

but in others it fortuitously escaped. A proportion of

patients did not develop donor site pain until some

months after the operation. This suggests that the pain

was delayed until the development of a neuroma, but the

facts that pain was closely related to the exact position of

the donor site, and was typically aggravated by walking,

indicate a local muscular or periosteal origin. It may we!!

be that the cause is multifactoria!.

One of the most salient features of donor site pain

was its stubborn resistance to treatment. None of the

conventional treatments we used were successful, and

spontaneous resolution was very rare. Surgeons perform-

ing anterior spinal fusion for low back pain, must take

into account the risk of significant pain from donor sites

and balance it against the benefits of using autogenous

bone.

We are grateful for the assistance of Dr S. Galliven, PhD, of the
Department of Statistical Science, University College, Gower Street,
London, for the statistical assessment of our results.

We also acknowledge the help of Mrs H. Evans, Miss A. Davis,
AAMS, and Miss R. Dutton, in the preparation of the typescript: Mr
R. Pearson for artwork : and the Medical Photographic Departments
at the Robert Jones & Agnes Hunt Orthopaedic Hospital, Oswestry,
and the Royal National Orthopaedic Hospital, Stanmore.

No benefits in any form have been received or will be received
from a commercial party related directly or indirectly to the subject of
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Abstract It has been reported that in patients undergoing

posterolateral lumbar fusion (PLF), the fusion status is not

related to the short-term operative results. To determine

whether the fusion status influences the long-term opera-

tive results of PLF, we retrospectively examined the

surgical outcomes of uninstrumented PLF for a minimum

of 8 years (average, 9.5 years), by comparing cases

exhibiting union with those exhibiting nonunion. Uninstr-

umented PLF was performed for the treatment of lumbar

canal stenosis (LCS) with degenerative spondylolisthesis.

Since nine patients were lost to final follow-up, the study

included 42 patients, and the follow-up rate was 82.4%.

The mean age of the patients was 64.1 years (range 46–

77 years). Eight patients exhibited fusion at the L3–4 level

and 34 patients, at the L4–5 level. The fusion status was

assessed using plain radiographs. The clinical outcomes

were evaluated using the Japanese Orthopaedic Association

(JOA) scores. Nonunion was noted in 26% (11/42) of the

patients. There were no statistically significant differences

between the groups exhibiting union and nonunion with

respect to age, sex, preoperative JOA score, or preoperative

lumbar instability. The union group achieved better oper-

ative results than the nonunion group at the 5-year and final

follow-up (P = 0.006 and 0.008, respectively) although

there was no significant difference in the percent recovery

at 1 and 3-year follow-up (P = 0.515 and 0.506, respec-

tively). A stepwise regression analysis revealed that the

best combination of predictors for percent recovery at

the time of final follow-up included the fusion status and

the presence of comorbid disease. The results indicate that

the fusion status following PLF is a critical factor influ-

encing the long-term but not short-term operative results in

the treatment of LCS with degenerative spondylolisthesis.

Key words Lumbar spinal fusion �
Posterolateral lumbar fusion � Lumbar canal stenosis �
Degenerative spondylolisthesis

Introduction

Lumbar spine fusion is indicated as a primary procedure or

as an adjunct to decompression for patients with degene-

rative spinal disorders for securing spinal stability and

preventing postoperative instability [5, 17, 20]. Although

several techniques of lumbar fusion exist, posterolateral

lumbar fusion (PLF) is considered to be the gold standard

for lumbar spinal fusion [1, 21]. PLF involves placing a

bone graft harvested from the iliac crest between the

transverse processes; this restricts spinal motion by bridg-

ing the posterolateral portion of the lumbar spine. In the

surgical treatment of lumbar canal stenosis (LCS) associ-

ated with degenerative spondylolisthesis, a randomized

trial and a study with alternating treatment assignments

indicated better outcomes for laminectomy plus PLF than

for laminectomy alone [7]. Fusion as an adjunct prevents

the progression of spondylolisthesis after decompression

and improves operative results possibly due to decreased

postoperative back pain by the elimination of instability [7,

14]. These results have prompted many surgeons to rec-

ommend concomitant spinal fusion in the management of

LCS associated with degenerative spondylolisthesis.

Nonunion following PLF may lead to changes in align-

ment, spinal instability and potential neurological injury;
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however, asymptomatic nonunion has also been docu-

mented. In a 3-year prospective study comparing

laminectomy alone to laminectomy combined with PLF in

the treatment of LCS with degenerative spondylolisthe-

sis, Herkowitz and Kurz [7] reported that the nonunion rate

of PLF was 36% as observed on plain radiographs and that

the clinical results were excellent or good for all patients

who underwent PLF, including those demonstrating

nonunion. In another report, Fischgrund et al. [6] published

a 2-year prospective randomized study comparing the

results of decompression and PLF alone with those of

decompression and instrumented PLF in 67 patients with

degenerative spondylolisthesis. This study demonstrated

that in the uninstrumented PLF group, the clinical outcome

was noted to be excellent or good in 83% of the patients

who developed a pseudoarthrosis. Both studies indicated

that the fusion status following uninstrumented PLF does

not affect the short-term clinical outcome.

However, whether nonunion following uninstrumented

PLF maintains good operative results on long-term follow-

up remains an unresolved problem. In this study, we retro-

spectively studied the long-term operative results of

uninstrumented PLF in patients having LCS with degene-

rative spondylolisthesis. The goals of the study were (1) to

assess the outcome of uninstrumented PLF over time in

terms of the fusion status and (2) to attempt to identify the

demographic and clinical factors of the patients that were

predictive of surgical outcomes.

Patients and methods

Patients

This study included patients who underwent decompressive

surgery and a single-level PLF at the authors’ institution

for LCS with grade 1 degenerative spondylolisthesis. The

patient exclusion criteria were as follows: (1) prior surgery

to the lumbar spine, (2) isthmic spondylolisthesis, (3)

segmental kyphosis at the listhetic segment and (4) com-

pletely collapsed disc height at the listhetic level. The

charts of the patients who underwent the surgery between

January 1995 and December 1997 were retrospectively

reviewed. Spondylolisthesis was confirmed when the per-

centage of slip (%slip) was 5% or more on a lateral

radiograph in a neutral standing position [15]. The total

amount of angular motion between the adjacent vertebral

endplate (dynamic angulation) and the total extent of the

vertebral slip (dynamic translation) between the lateral

radiographs taken in flexion and extension in the standing

position were used to determine the dynamic motion at the

fusion site [4]. In order to eliminate the X-ray magnifica-

tion factor, the amount of translation was calculated as a

percentage of the vertebral body width. Diagnosis was

based on plain radiographic findings together with mye-

lography, computed tomography (CT) and magnetic

resonance imaging of the lumbar spine.

Operative technique

The decompression of the cauda equina and nerve roots

was achieved by laminotomy (fenestration) or laminec-

tomy with partial facetectomy (\50% on both sides).

Discectomy was included when indicated. The transverse

processes of the levels above and below the fusion segment

were decorticated to expose the bone marrow. The auto-

genous iliac crest bone was placed so as to bridge the gap

between the decorticated transverse processes. Concomi-

tant spinal instrumentation was not used. Each patient was

fitted with a lumbosacral brace and instructed to wear the

brace when out of bed for 6 months following surgery.

Follow-up study

Radiographs (AP, oblique, lateral and flexion-extension)

obtained at the final follow-up were examined to determine

the fusion status of PLF. PLF was defined as union if

radiographs demonstrated a bilateral continuity in the

fusion mass between the cephalad and caudad transverse

processes with less than 2� of angular motion and no

translation between the vertebrae at the level of PLF on

lateral flexion-extension radiographs [6, 7, 13]. The

absence of continuity in the fusion mass at any point

between the transverse process on one or both sides, greater

than 2� of angular motion or any translation was considered

a failure of fusion with nonunion [6, 7, 13]. The Japanese

Orthopaedic Association’s (JOA) scores for the assessment

of low back pain were reviewed to evaluate the conditions

before surgery and the clinical results at 1, 3 and 5 years

after surgery and at the final follow-up. All the patients

were followed up at each time interval. The JOA score

comprises nine points assigned for subjective symptoms,

six points for clinical signs and 14 points for the restriction

of activity of daily living (ADL); the total score is thus 29

points [9]. Among the subjective symptoms, low back pain

(LBP) and leg pain were also evaluated using the JOA

score. Both scores ranged from 0 (indicating continuous

severe pain) to 3 (no pain). The percent recovery of the

JOA score that indicated the degree of normalization after

surgery was calculated using the formula specified by

Hirabayashi et al. [8] which was as follows:

Percent recovery (%) = [(postoperative JOA score - pre-

operative JOA score)/(29 - preoperative JOA score)] 9 100.

The outcome was graded ‘4’ for an improvement in the

recovery rate of 75% or more, ‘3’ for 50–74% improve-

ment, ‘2’ for 25–49% improvement and ‘1’ for 24%

1108 Eur Spine J (2008) 17:1107–1112
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improvement or less and for when revision surgery was

required.

Statistical analysis

All radiological data and clinical charts of these patients

were retrospectively reviewed by examiners other than the

treating surgeons in a blinded manner. The results are

expressed as the mean ± SD. To determine what factors

might be associated with the operative result at the final

follow-up, stepwise regression analysis was used to deter-

mine the best multiple regression models of the

postoperative percent recovery and potential predictors

assessed. All variables with F values below 4 were

excluded from the regression analysis. The factors included

age at the time of surgery (continuous), gender (categori-

cal: 1 = male, 2 = female), the severity of preoperative

symptoms (preoperative JOA score; continuous), preopera-

tive %slip (continuous), preoperative dynamic translation

(continuous), preoperative dynamic angulation (continu-

ous), postoperative %slip (continuous), fusion status

(categorical: 1 = union, 2 = nonunion) and presence of

comorbid diseases (categorical: 1 = present, 2 = absent).

For each radiological and clinical parameter, the statistical

differences between union and nonunion or those obtained

before and after surgery were compared by using Fisher’s

exact probability test, Mann–Whitney test, or Wilcoxon

signed-ranks test. Statistical analyses were performed with

the StatView program (version 5.0; Abacus Concept Inc.,

Berkeley, CA). P \ 0.05 was considered statistically

significant.

Results

Between January 1995 and December 1997, 51 patients

who underwent the surgery met the selection criteria. One

patient died due to causes unrelated to the surgical proce-

dure, and eight patients could not be located; therefore,

these nine patients were excluded from the study. Thus, we

retrospectively reviewed 42 patients (25 female and 17

male, follow-up rate: 82.4%) for an average follow-up

period of 9.5 years (range 8–10 years). No new neuro-

logical deficits were observed after surgery. At the time of

surgery, the mean age was 64.1 years (range 46–77 years).

Eight patients exhibited fusion at the L3–4 level and 34

patients, at the L4–5 level. Of the 42 patients studied, 8

(19%) had a comorbid disease influencing their walking

ability. The comorbid diseases included advanced osteo-

arthrosis of the hip or knee joint necessitating arthroplasty

(n = 4), Parkinson’s disease (n = 2), cervical or thoracic

myelopathy (n = 4) and rheumatoid arthritis (n = 1).

Three patients suffered from two comorbid diseases.

The averaged JOA score was 13.2 (range 3–20 points)

before surgery and 23.5 (range 11–29 points) at the final

follow-up. At the final follow-up, the percent recovery was

greater than 3 in 69.0% (29/42) of the patients (Fig. 1). Of

the six patients with a grade 1 percent recovery at the final

evaluation, four patients belonged to the nonunion group

and two patients belonged to the union group. Among

them, two patients underwent a revision surgery at least

1-year after the initial operation. One patient in the union

group suffered from recurrent leg pain due to lumbar disc

herniation at the adjacent level below the fused segment

18 months after the surgery and subsequently underwent

facetectomy and spinal instrumentation. The other patient

with persistent LBP and leg pain underwent PLIF and

spinal instrumentation at the same level due to nonunion.

Nonunion developed in 26.2% (11/42) of the patients

(Table 1). There were no significant differences between

the union and nonunion groups with regard to age, gender,

fusion level, preoperative %slip, preoperative dynamic

translation, preoperative dynamic angulation, preoperative

JOA scores and number of patients with comorbid diseases.

Figures 2 and 3 show the comparative clinical results for

the two groups. At 1 and 3-year follow-up, there was no

significant difference in the overall percent recovery

between the two groups (union vs. nonunion: 3.5 ± 0.8 vs.

3.4 ± 0.7, P = 0.515, and 3.4 ± 0.8 vs. 3.1 ± 1.2,

P = 0.508, respectively) (Fig. 2). However, the percent

recovery in the union group was significantly better than

that of the nonunion group at 5-year and final follow-up

(union vs. nonunion: 3.5 ± 0.7 vs. 2.5 ± 1.0, P = 0.006,

and 3.3 ± 0.9 vs. 2.2 ± 1.2, P = 0.008, respectively)

(Fig. 2). The averages of the preoperative LBP score and

the leg symptoms score did not differ significantly between

the union and nonunion groups (P = 0.361 and 0.535,

respectively). One year after surgery, a significant

improvement in these scores was noted in both the groups

Fig. 1 Time-course changes in percent recovery (n = 42). The

grades include grade 4 (percent recovery 75–100%), grade 3 (percent

recovery 50–74%), grade 2 (percent recovery 25–49%) and grade 1

(percent recovery \25%, revision surgery)

Eur Spine J (2008) 17:1107–1112 1109
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(LBP: P \ 0.001 in the union group and P = 0.005 in the

nonunion group; leg symptoms: P \ 0.001 in the union

group and P = 0.034 in the nonunion group). At the final

follow-up, the LBP score and the leg symptoms score in the

union group were significantly better than the scores in the

nonunion group (P = 0.018 and 0.035, respectively)

(Fig. 4).

A stepwise regression analysis revealed that the best

combination of the predictors for the percent recovery at

the final follow-up included fusion status and the presence

of comorbid disease. The multiple regression equations are

as follows: percent recovery (grade) = 4.334 - 1.076

(fusion status: union = 1, nonunion = 2), (adjusted

R2 = 0.172; P = 0.004), and percent recovery (%) =

48.927 - 31.309 (fusion status: union = 1, nonunion =

2) + 30.149 (comorbid disease: present = 1, absent = 2),

(adjusted R2 = 0.311; P = 0.0004).

Discussion

A fundamental problem that arises while investigating

spinal fusion is the lack of definitive methods for con-

firming solid fusion. The fusion status can by accurately

evaluated only through surgical exploration and direct

inspection of the fusion mass; however, these methods are

impractical for routine use. CT scanning has become the

preferred diagnostic imaging modality for evaluating spinal

fusion. Carreon et al. [2] have demonstrated that the

positive predictive value for solid fusion on CT scans was

89%, while that of nonunion was only 74% when PLF on

both sides were not fused on fine-cut CT scans with

reconstructions. Thus, CT evaluation does not seem to be

very reliable for the diagnosis of nonunion. Additionally,

due to the harmful effects of radiation exposure, CT is not

currently used as a routine method for fusion-status eva-

luation in our hospital. Although plain radiography is not

the best method for assessing the fusion status [11], plain

radiographs, accompanied by those in the flexion and

extension bending views, are commonly used for this

purpose because they are relatively inexpensive and easy to

Fig. 2 Average percent recovery (grade) at different follow-up time

points in the union and the nonunion groups. Open bars, union group

(n = 31); filled bars, nonunion group (n = 11). The error bars
represent standard deviation. The P values were calculated by using

the Mann–Whitney test

Fig. 3 Box plots showing the time-course changes in percent

recovery (%) in the union and the nonunion groups. Patients who

underwent revision surgery were excluded. Open boxes, union group

(n = 30); filled boxes, nonunion group (n = 10). These plots

illustrate the mean value as a horizontal line in a box. The vertical

limits of the box define the 25th and 75th percentiles, and the error
bars denote the 10th and 90th percentiles. The P values were

calculated by using the Mann–Whitney test

Table 1 Patients’ demographic data

Union

(n = 31)

Nonunion

(n = 11)

P
value

Mean age at surgery

(years)

63.4 66.2 0.183

range 46–77 49–75

Sex (female/male) 19/12 6/5 0.733

PLF level

L3–4 6 2 [0.999

L4–5 25 9

Preoperative percent slip 12.2 14.6 0.271

range 5.0–20.8 6.1–24.3

Dynamic translation (%) 6.0 5.9 0.853

range 0–17.1 2.4–11.6

Dynamic angulation (�) 8.3 7.9 0.698

range 1–17 0–20

Preoperative JOA score 13.5 12.5 0.615

range 3–20 5–17

Comorbid disease [no.

(%)]

5 (16) 3 (27) 0.412

PLF posterolateral lumbar fusion, JOA Japanese Orthopaedic

Association
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obtain [19]. Static plain radiography is used to detect the

presence of a bone bridge between the transverse pro-

cesses, and functional radiography is used to detect motion

at the fused segment. In this study, the overall fusion

rate achieved by PLF was 74%, as evaluated by the

method described by Fischgrund et al. [6] and Kornblum

et al. [13].

Even though the data suggest some beneficial effects of

concomitant spinal fusion in the treatment of patients with

degenerative spondylolisthesis [7], there is no agreement

concerning the association between fusion status and

surgical outcomes. In this study, we have retrospectively

examined a minimum of 8-year surgical outcomes of

decompression and PLF in the treatment of LCS with

degenerative spondylolisthesis by comparing cases dem-

onstrating union with those exhibiting nonunion. The

results demonstrated that the union group achieved better

clinical results than the nonunion group at the 5-year and

final follow-up although no significant difference was

observed at the 1 and 3-year follow-up. Additionally, the

scores of LBP and leg symptoms in the union group were

better than those observed in the nonunion group at the final

follow-up, while these scores were not significantly differ-

ent between the two groups at 1-year follow-up. In a 3-year

prospective study comparing decompression alone with

decompression and uninstrumented PLF in the treatment of

patients with LCS and degenerative spondylolisthesis,

Herkowitz and Kurz [7] reported that patients undergoing

concomitant arthrodesis demonstrated improved clinical

results, regardless of the fusion status, when compared with

the ‘decompression only’ group. Thereafter, Kornblum

et al. [13] described the long-term outcomes (mean,

7.7 years) of the patients treated with uninstrumented PLF

in the studies by Herkowitz and Kurz [7] and Fischgrund

et al. [6]. They demonstrated that patients exhibiting non-

union experienced significant deterioration in the surgical

outcome as compared to a more stable long-term relief for

patients with a solid fusion. These results together suggest

that an arthrodesis attempt, regardless of the fusion status,

appears to play a key role in the treatment of LCS with

degenerative spondylolisthesis in the short term; however,

the fusion status is a critical factor influencing the long-term

operative results. The cause of deterioration in the long-

term operative results in the nonunion group with time is a

matter of debate. One possible explanation is that instability

at the fusion segment in the nonunion group causes greater

degenerative changes, such as laminar regrowth and

hypertrophy of the facet joints, than that observed in the

union group. These changes might lead to the recurrence of

the spinal stenosis, resulting in the deterioration of surgical

outcomes with time [3, 18].

Degeneration that develops at mobile segments above

or below a fused spinal segment is known as adjacent

segment disease (ASD) [16]. In this study, plain radio-

graphs obtained at the time of final follow-up revealed

degenerative changes in the regions adjacent to the fused

segment in the case of eight patients (herniated nucleus

pulposus in one patient, disc space narrowing in 4, and

instability in 3) belonging to the union group. ASD did not

seem to be related to the surgical outcomes, except in the

case of one patient, who required revision surgery at the

adjacent level, below the fused segment, due to lumbar disc

herniation.

Regarding the predictors of surgical outcomes, a mul-

tiple regression analysis revealed that the coexistence of

comorbid conditions was also a key predictor of the long-

term operative results, which was consistent with previous

studies [10, 12, 23]. This result is possibly caused by the

influence of comorbid diseases on gait and ADL, which

comprise 17 points in the JOA score. In contrast, a multi-

variate analysis was unable to identify a significant

correlation between percent recovery and age, gender,

preoperative %slip, preoperative JOA score, preoperative

dynamic motion at the listhetic segment and postoperative

%slip.

The present study has some limitations. First, it was

conducted based on a set of retrospective data, and the

outcomes were measured solely based on the JOA score

Fig. 4 Average scores of LBP

(a) and leg symptoms (b) at

different follow-up time points

in the union and nonunion

groups. Open bars, union group

(n = 30); filled bars, nonunion

group (n = 10). The error bars
indicate standard deviation. The

P values were calculated by

using the Mann–Whitney test.

Patients who underwent

revision surgery were excluded.

(Preop Preoperative values)
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due to the unavailability of other scales such as the Visual

Analogue Scale and the Oswestry Disability Index. Second,

psychosocial factors which have been reported to influence

the long-term surgical outcomes of spinal fusion [22] were

not evaluated. Finally, the number of patients exhibiting

nonunion was small (n = 11). Although the small sample

size in the nonunion group clearly limited the results of the

statistical analysis, we believe that this fact does not

invalidate the main findings of our study.

Conclusions

In patients having LCS with degenerative spondylolisthesis

who underwent uninstrumented PLF, the fusion rate eval-

uated by plain radiographs was 74%. The union group

demonstrated better clinical results than the nonunion group

in the long-term outcomes, while there were no significant

differences in the short-term outcomes. Our results suggest

that the fusion status in PLF and the coexistence of

comorbid conditions are critical factors influencing the

long-term operative results.
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Comparison of OP-1 Putty (rhBMP-7) to Iliac Crest
Autograft for Posterolateral Lumbar Arthrodesis
A Minimum 2-Year Follow-up Pilot Study

Alexander R. Vaccaro, MD,* D. Greg Anderson, MD,† Tushar Patel, MD,‡
Jeffrey Fischgrund, MD,§ Eeric Truumees, MD,� Harry N. Herkowitz, MD,¶
Frank Phillips, MD,# Alan Hilibrand, MD,** Todd J. Albert, MD,**
Todd Wetzel, MD,†† and John A. McCulloch, MD‡‡

Study Design. A prospective, randomized, controlled,
multicenter clinical study.

Objective. To compare the safety and clinical and ra-
diographic outcomes of OP-1 (BMP-7) Putty to autoge-
nous iliac crest bone graft in a population of patients
undergoing laminectomy and posterolateral fusion for
symptomatic lumbar stenosis associated with degenera-
tive spondylolisthesis.

Summary of Background Data. Although the existing
preclinical and clinical data suggest that OP-1 is able to
achieve osteoinduction and clinical fusion in a variety of
situations, the efficacy of this recombinant protein in a
clinical spine fusion population has not been fully eluci-
dated. This study directly compares the efficacy and
safety of OP-1 putty to autograft bone for arthrodesis in
patients with symptomatic stenosis in association with
degenerative spondylolisthesis.

Methods. Thirty-six patients with degenerative lumbar
spondylolisthesis and symptoms of neurogenic claudica-
tion underwent laminectomy, bilateral medial facetec-
tomy, and posterolateral fusion using either iliac crest
autograft or OP-1 Putty. Oswestry scores and SF-36 ques-
tionnaires were used to determine the clinical response to
treatment. Independent, blinded neuroradiologists re-
viewed both static and dynamic radiographs to determine
the fusion status. Successful fusion was declared when

the presence of continuous bridging bone between the
transverse processes was observed and less than 5o of
angular motion and 2 mm of translational movement was
measured using digital calipers.

Results. Efficacy data were tabulated for 27 patients at
the 24-month time point and an additional 4 patients
(without evaluable 24-month results) at the 36-month
time point. One patient was not evaluable for radiology,
so the data reflect clinical information for 31 patients and
radiology for 30 patients. Clinical success, defined as a
20% improvement in the preoperative Oswestry score,
was achieved by 17 of 20 (85%) OP-1 Putty patients and 7
of 11 (64%) autograft patients. A successful posterolateral
fusion was achieved in 11 of 20 (55%) OP-1 Putty patients
and 4 of 10 (40%) autograft patients. SF-36 scores showed
similar clinical improvement in both groups. No systemic
toxicity, ectopic bone formation, recurrent stenosis, or
other adverse events specifically related to the use of the
OP-1 Putty implant were observed.

Conclusion. This study represents the first clinical trial
to demonstrate the safety and similarity of OP-1 Putty as
a replacement for autogenous bone graft in the postero-
lateral fusion environment with a minimum of 2-year fol-
low-up. OP-1 Putty was able to achieve osteoinduction
leading to a radiographically solid fusion in the absence
of autogenous iliac crest bone graft in 55% of the patients
at 24 and 36 months. These results compare favorably to
the historical fusion rates reported for uninstrumented
arthrodesis in this challenging clinical scenario.

Key words: BMP, OP-1, fusion, posterolateral, lumbar
spine, dynamic radiograph, degenerative spondylolis-
thesis. Spine 2005;30:2709–2716

Although posterolateral spinal arthrodesis is commonly
used for the treatment of patients with symptomatic de-
generative spondylolisthesis, fusion failure remains a
common complication following surgery.1,2 In addition
to the lack of successful arthrodesis, donor site morbidity
related to the bone graft harvest presents a problem that
affects as many as 25% of patients following traditional
spinal fusion using autogenous iliac crest bone graft.3–5

A myriad of bone graft extenders and alternatives have
been developed in an attempt to improve the rates of
healing and avoid or diminish the complications of au-
tograft harvest.6–9 Unfortunately, none has yet proven
effective enough to replace autograft bone as the gold
standard for posterolateral spinal arthrodesis.

The discovery of osteogenic peptides by Marshall
Urist in the mid 1960s heralded a new era in the science
of bone formation and healing.10,11 This family of re-
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lated proteins has been subsequently named bone mor-
phogenetic proteins (BMPs), and many members of this
family have been isolated and characterized. Osteogenic
BMPs have been shown to exert their action by recruiting
and stimulating pluripotent mesenchymal cells along an
osteoblastic lineage resulting in the formation of bone.12

Because of the powerful osteogenic potential of these
proteins, they have been studied with enthusiasm as a
possible replacement or augmentation for autograft
bone in spinal fusion. Several BMP preparations have
been studied in preclinical and clinical trials for spinal
applications.13–18

Osteogenic Protein 1 (OP-1), also called BMP-7, is a
member of the TGF-� superfamily. Like other osteogenic
BMPs, this protein induces the formation of bone when
implanted in soft tissue ectopic locations. The human
OP-1 gene has been cloned and introduced into a com-
mercial cell line, facilitating the production of large
quantities of recombinant human OP-1 (rhOP-1). OP-1
with various carrier preparations has been studied in a
number of animal spine fusion models.13–15,19–21 The
available human data involving BMPs suggests that these
molecules are associated with a low risk of protein re-
lated complications when used to promote bone healing
or spinal fusion. Currently, OP-1 Putty has received a
Humanitarian Device Exemption as of April 7, 2004, for
use in the posterolateral spine by the United States Food
and Drug Administration (FDA).

The purpose of this study was to assess the safety and
efficacy of OP-1 Putty as a replacement for autograft
bone when performing an uninstrumented posterolateral
spinal arthrodesis in a population of patients with symp-
tomatic lumbar spinal stenosis and degenerative spon-
dylolisthesis. This study reports data for 36 patients ran-
domized to either autograft or OP-1 Putty that were
enrolled in a randomized, prospective, multicentered
trial conducted under an Investigational Device Exemp-
tion Study as allowed by the U.S. FDA.

Materials and Methods

Study Design. The study was performed at five different insti-
tutions and involved 10 surgeons. At each site, Human Inves-
tigations Committee approval was obtained before patient en-
rollment. Thirty-six patients with single-level degenerative
spondylolisthesis and stenosis at the L3–L4 or L4–L5 were
enrolled. The patients were randomly selected to undergo a
decompressive laminectomy and bilateral partial facetectomy
combined with a posterolateral arthrodesis using either autol-
ogous iliac crest bone graft or OP-1 Putty. Patient randomiza-
tion was done in a 2:1 fashion so that 24 patients received OP-1
Putty and 12 received autograft bone. Each patient was evalu-
ated at the 6-week, and 3-, 6-, 9-, 12-, and 24-month time
points following surgery, and yearly thereafter. Patient demo-
graphics are shown in Table 1. The surgical procedures were
performed between June 1999 and January 2001.

Inclusion and Exclusion Criteria. All study patients had a
Grade I or II degenerative spondylolisthesis of the L3–L4 or
L4–L5 segments with coexistent spinal stenosis as confirmed

by MRI or postmyelography CT. Clinically, the patients pre-
sented with symptoms of neurogenic claudication and had pre-
operative Oswestry scores of �30. All the patients were skele-
tally mature, and none had undergone previous lumbar
surgery. All patients had failed at least 6 months of nonopera-
tive treatment, including physical therapy, lumbar epidural in-
jections, anti-inflammatory medications, and activity modifica-
tions for their spinal symptoms.

Patients with active spinal or systemic infection, a history of
smoking, morbid obesity, or a known sensitivity to collagen
were excluded from the study. Also excluded were pregnant
women or those that planned to become pregnant. Patients
with greater than 50% anterior translation of the cranial ver-

Figure 1. A, A 24-month follow-up anteroposterior plain radio-
graph of an OP-1 patient showing solid bridging bone between the
transverse processes. Lateral plain dynamic radiographs indicate
essentially no translation in the sagittal plane on the (B) flexion or
(C) extension views.

Table 1. Statistical Profile for All Patients, Including
Age, Gender, Height, Weight, Fusion Level, and
Preoperative Oswestry Score

OP-1 Autograft Significance

Age (yr)
�mean (range)�

63 (43–80) 66 (51–79) NS

Sex (female/male) 13/11 7/5 NS
Height (cm)

�mean (range)�
169 (150–196) 177 (130–220) NS

Weight (kg)
�mean (range)�

74 (47–112) 66 (62–72) NS

Level fused L3–L4 � 1 (4%);
L4–L5 � 23 (96%)

L3–L4 � 3 (25%);
L4–L5 � 9 (75%)

NS

Preoperative
Oswestry
�mean (range)�

46 (16–68)* 47 (32–71) NS

NS � not significant.
*One patient enrolled in the OP-1 arm was a protocol deviation because of the
Oswestry score only being 16, and the minimum required score was 30. This
was a calculation error, and the patient continued to be followed in the study.
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tebral body or greater than 20° of angular motion of the lis-
thetic segment on flexion-extension films were excluded from
study participation.

Randomization and Demographics. Patients were random-
ized in a 2:1 ratio to receive OP-1 Putty or iliac crest autograft
for their spinal fusion. Randomization was performed after
enrollment but before surgery using a computer algorithm (SAS
using the PLAN procedure). Because of the study design, pa-
tients were not able to be blinded to the type of graft received.

In the OP-1 Putty group, 13 women (54%) and 11 men
(46%) with an average age of 63 years (range, 43–80 years)
were treated. Surgery was performed at L4–L5 in 23 patients
(96%) and at L3–L4 in 1 patient (4%) (Table 1).

In the autograft group, 7 women (58%) and 5 men (42%)
with an average age of 66 years (range, 51–79 years) were
treated. Surgery was performed at L4–L5 in 9 patients (75%)
and at L3–L4 in 3 patients (25%) (Table 1).

Fusion Materials. The OP-1 Putty implant consisted of 3.5
mg of rhOP-1 formulated with 1 g of Type 1 collagen derived
from bovine bone and 200 mg of carboxymethylcellulose. This
powdered mixture was reconstituted at the time of surgery by
the addition of saline to achieve a final implant concentration
of rhOP-1 protein of 0.875 mg/mL. One implant was used per
side so that each patient received a total of 7 mg of rhOP-1
protein. No autogenous bone was used for the fusion in those
patients randomized to receive the OP-1 Putty implants.

Patients who were randomized to the autograft group were
treated with morselized corticocancellous bone harvested from
the posterior iliac crest of the patient. No local bone graft was
used for the fusion procedures. In both the OP-1 patients and
the autograft patients, the implanted fusion material was
placed between the decorticated transverse processes of the
listhetic segment (e.g., for a L4–L5 spondylolisthesis, the fu-

sion material was used to bridge the space between the decor-
ticated L4 and L5 transverse processes).

Surgical and Postoperative Protocol. All patients received a
general anesthetic and prophylactic antibiotics. A posterior
midline exposure was performed and carried out to the tips of
the transverse processes of the listhetic segment. A bilateral
laminectomy and bilateral medial facetectomies were per-
formed to decompress the neural elements. The transverse pro-
cesses of the levels above and below the slip were decorticated
to expose the marrow elements of the bone. The fusion mate-
rial (either one OP-1 Putty implant per side or half of the
morselized autograft bone graft per side) was placed so as to
bridge the space between the decorticated transverse pro-
cesses. No irrigation was performed after placement of the
fusion material.

Postoperative Management. Each patient was fitted with a
rigid lumbosacral brace and instructed to wear the brace when
out of bed for 3 months. Early ambulation was encouraged on
the first day following surgery. Formal organized physical ther-
apy emphasizing active exercises was begun 6 to 8 weeks fol-
lowing surgery. Each patient was scheduled for a follow-up
visits with their surgeon at the 6-week, and 3-, 6-, 9-, 12-, and
24-month time points following surgery, and on a yearly basis
after the 24-month visit. At each visit, a neurologic and radio-
graphic assessment was performed. Oswestry and Medical
Outcomes Study 36-Item Short Form Health Survey (SF-36)
were administered at appropriate time points as described in
the study protocol.

Radiographic Assessment. The radiographic assessment of
the fusion status was the primary assessment for the effective-
ness of the fusion material. This was determined by two inde-
pendent neuroradiologists, blinded to the assigned treatment
group of the patients. The radiologists studied anteroposterior,
lateral, and flexion-extension lateral radiographs and mea-
sured the magnitude of the slip and angulation at the listhetic
segment using digital calipers (Figure 1). The differences in slip
and angulation measurement between flexion and extension
lateral radiographs were used to determine motion at the fusion

Table 2. Patients Evaluable for Clinical and Radiographic Endpoint Analyses

24 Months 36 Months Total

Clinical Radiographic Clinical Radiographic Clinical Radiographic

Autograft 10 9 1 1 11 10
OP-1 Putty 17 17 3 3 20 20
Total 27 26 4 4 31 30

Table 3. Success Rates: Clinical and Radiographic

Success % Success 95% CI (%)

Clinical
OP-1 17/20 85 62.1–96.8
Autograft 7/11 64 30.8–89.1
P � 0.21

Radiographic
OP-1 11/20 55 31.5–76.9
Autograft 4/10 40 12.2–73.8
P � 0.70

Note: Clinical success requires a 20%or greater improvement in Oswestry
scores from pretreatment. Overall radiographic success, requiring an assess-
ment of less than 5o of angular motion and less than 2 mm of translational
movement on lateral flexion and extension radiographic views and bridging
bone between the transverse processes on anteroposterior radiograph.

Table 4. Twenty-Four and Thirty-Six-Month
Bridging Bone

Radiographic Success % Success 95% CI

OP-1 15/20 75 50.9–91.3
Autograft 8/10 80 44.4–97.5

P � 1.00

Note: Bridging needs to be observed by 2 reviewers to be classified as a
success.
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site. To be considered a radiographically successful fusion,
complete bridging bone had to be present between the trans-
verse processes and less than 5° of angulation and �2 mm of
translation had to be present at the site of the spondylolisthesis
when comparing flexion to extension lateral radiographic
views. If there was disagreement between the radiologists as to
the fusion status of a patient, an evaluation by a third indepen-
dent neuroradiologist was conducted and used as the definitive
assessment.

Clinical Outcome. Clinical efficacy of the surgical procedure
was measured using patient reported outcomes on the Oswe-
stry questionnaire and SF-36 scale. The Oswestry score was
used as the primary measure of clinical outcome with a clini-
cally successful result arbitrarily defined as 20% improvement
in the preoperative Oswestry score.

Safety and Adverse Events Reporting. The safety of the
investigational product was evaluated by comparing the nature
and frequency of adverse events in each of the two treatment
groups. Adverse events included all minor and major medical
events for which the patient sought medical attention regard-
less of the nature of the event or its severity.

Data Analysis and Statistics. Comparisons between treat-
ment groups were analyzed using the two-sided Fisher’s exact
test with a P value of �0.05 considered statistically significant.
Exact 95% confidence intervals were calculated for success
rates.

Results

Patient Follow-up
As of June 2004, all patients still active in the study had
passed the 36-month visit window and were being fol-
lowed on a yearly basis. The study period was 24
months; after this visit, yearly long-term follow-up was
scheduled. Before the 24-month visit, 3 patients in the
OP-1 Putty group and 1 patient in the autograft group

had discontinued the study: 3 either moved or were lost
to follow-up and 1 patient had withdrawn voluntarily.

Efficacy Data Reporting (Radiographic and Clinical)
At the 24-month time point, 10 patients missed either the
clinical or radiographic assessment (3 controls, 7 OP-1-
treated patients). Of the 3 control patients with missing
or incomplete data, 1 patient was lost to follow-up, 1
patient failed to have films taken at 24 months, and 1
patient failed to complete the Oswestry questionnaire.
Of the 7 OP-1 patients who did not have complete data
at 24 months, 1 patient had films taken but were poor in
quality and found to be nondiagnostic by the indepen-
dent radiologists, 1 patient failed to complete the Oswe-
stry questionnaire, and 3 patients were lost to follow-up
or withdrew from the study. The remaining 2 patients
missed the 24-month assessment visit.

However, a complete set of 36-month clinical and
radiographic data were available for 4 of the patients
that did not have 24-month data: 3 patients in the OP-1
Putty group and 1 patient in the autograft group. These
data are included with the minimum 24-month compos-
ite results. The 24-month clinical data from 1 autograft
patient with inadequate radiographic studies was added to
the reporting set for completeness of data information. A
summary of this accounting is provided in Table 2.

Thus, the clinical data reported in this table consisted
of 31 of 36 patients: 27 patients at 24 months and an
additional 4 patients at 36 months. The radiographic
data reported consisted of 30 of 36 patients, 26 patients
at 24 months, and 4 additional patients at 36 months.
Patients who failed to have clinical or radiographic data
at either 24 or 36 months were excluded from the pri-

Table 5. Adverse Event Table for the OP-1-Treated and
Autograft-Treated Groups

Clinical Adverse Events % Adverse Events 95% CI

OP-1 23/24 96 78.9–99.9
Autograft 12/12 100 73.5–100.00

P � 1.000

Table 6. No. of Reported Adverse Events by Treatment Group and Body System

Body System

OP-1 Group (N � 24) Autograft Group (N � 12)

�24 Months
Total No.
of Events

% of All
Events �24 Months

Total No.
of Events

% of All
Events

Cardiac 0 2 2.9 0 0 0
Gastrointestinal 0 2 2.9 1 3 6.7
Infections (superficial/deep) 0 5 7.1 0 1 2.2
Neural injury 0 2 2.9 1 3 6.7
Renal/urinary infection 3 4 5.7 0 2 4.4
Respiratory infection 0 1 1.4 0 0 0

Table 7. Donor Site Pain at Various Follow-up Time
Points for the Autograft Group

Visit
Window

None
(%)

Mild
(%)

Moderate
(%)

Severe
(%)

6 wk 42 33 25 0
3 mo 27 55 18 0
6 mo 17 50 17 17
9 mo 22 33 44 0

12 mo 33 44 11 11
24 mo 33 22 44 0
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mary statistical analysis but are included in a worst-case
analysis as described in a subsequent section.

Additional Data Reporting

Adverse Events and Complications
There were no medical complications or adverse events
directly attributed to the OP-1 Putty product, with the
exception of pseudarthrosis. The adverse events experi-
enced by the patients enrolled in this study (Tables 3–5)
were typical of the complications expected with lumbar
decompression/fusion surgery given the age and diagno-
sis of the patient population as reported in Table 1. There
was no significant difference in the rate of adverse events
between the patients in either treatment group. Similarly,
there was no significant difference noted between the
operative times, hospital stays, or the presence of a post-
operative straight leg tension sign between the two
groups (Tables 6–12). No cases of systemic toxicity, ec-
topic bone formation, or recurrent spinal stenosis were
observed in any of the patients in this study. No remov-

als, revisions, or refusions with internal fixation had
been performed in any of the patients in this study at the
latest follow-up time point.

Radiographic Assessment
Using the strict criteria described above, radiographic
fusion was observed in 11 of 20 (55%) OP-1 patients and
4 of 10 (40%) autograft patients at follow-up. This dif-
ference is not statistically significant (Table 13). Bridging
bone between the transverse processes on the anteropos-
terior radiograph was observed in 75% of the OP-1 pa-
tients and 80% of autograft patients (Table 14).

Patient-Reported Clinical Outcomes: Oswestry
The Oswestry scores were used as the primary method of
determining the clinical success of patients following sur-
gery, with a clinical success arbitrarily defined as a 20%
or greater improvement in their preoperative Oswestry
score (Figure 2). At the 24- and 36-month visit, 17 of 20
(85%) OP-1 patients and 7 of 11 (64%) autograft pa-
tients achieved at least a 20% improvement in their Os-
westry score and were graded as a clinical success. The
difference in clinical success between autograft and OP-
1-treated patients was not statistically significant. Figure
3 displays the degree of pain for the autograft group at
various follow-up intervals.

Patient-Reported Outcomes: SF-36
The SF-36 survey measures the self-reported general
well-being of a patient. SF-36 results are reported in Ta-
ble 11–14 and Figure 4 (Figure 4). Both treatment groups
showed an improvement in physical and mental well-
being. Before surgery, the average Physical Component
Summary scores for both treatment groups were below
the 25th percentile of the normative data for age-
matched citizens in the general U.S. population. At the
24-month visit, the mean Physical Component Summary

Table 9. Hospital Stay

Treatment N Mean SD Range

OP-1 Putty 23 3.9 1.7 2–10
Autograft 11 4.3 2.0 3–9

P � 0.59.

Table 10. Operative Time

Treatment N Mean SD Range

OP-1 Putty 24 138 43.0 50–220
Autograft 12 155 28.0 115–215

P � 0.24.

Table 11. SF-36 Scores Over Time: Physical and Mental Component Summary Scales

Base 6 Weeks 3 Months 6 Months 9 Months 12 Months 24 Months

Autograft 30.1 31.7 36.6 35.9 35.8 38.3 29
OP-1 28.8 32.7 37.2 38.5 44 44.1 46.2

Table 12. SF-36 Scores Over Time: Norms for Physical Component Summary Scale in Selected Age Groups

Age (yr) N Mean (SD) 25th Percentile 50th Percentile 75th Percentile

55–64 269 45.90 (11.25) 38.66 49.86 54.32
65–74 442 43.33 (11.16) 35.04 46.18 52.50

Table 8. Presence of Straight Leg Tension Sign Causing Leg Pain*

Treatment Preoperative 6 Weeks 3 Months 6 Months 9 Months 12 Months 24 Months†

OP-1 Putty 6/24 (25%) 3/24 (13%) 3/24 (13%) 3/24 (13%) 3/24 (13%) 1/22 (5%) 0/19 (0%)
Autograft 1/12 (8%) 0/12 (0%) 1/12 (8%) 1/12 (8%) 0/9 (0%) 1/11 (9%) 2/11 (18%)

*Pain at any angle.
†P � 0.126.
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scores for the OP-1 treatment group were comparable to
the mean age-matched normative values while SF-36
scores for the autograft treatment group were slightly
lower than the mean age-matched normative values.
Similarly, the mean Mental Component Summary scores
for both treatment groups before surgery were compara-
ble to the 25th percentile normative data for age-
matched citizens in the U.S. population. At the 24-month
visit, the mean Mental Component Summary scores for
the OP-1 treatment group were between the 50th and
75th percentiles of the age-matched normative data,
while the mean scores for the autograft group were
slightly above the 50th percentile of the age-matched
population controls.

A further calculation was performed on the assump-
tion that patients lost to follow-up in both groups were
clinical and radiographic failures and therefore chose not
to return for further evaluation. With this assumption, 7
of 12 (58%) autograft patients would be rated a clinical
success while 4 of 12 autograft patients (33%) would be
rated a radiographic success. Similarly, in the OP-1 Putty
group, 17 of 24 (71%) OP-1 patients would be rated a
clinical successes while 11 of 24 (46%) would be rated a
radiographic success. Using these assumptions, the dif-
ferences between the clinical success rate and the radio-
graphic fusion rate of the groups are still not statistically
significant.

Discussion

In this study, the radiographic fusion rates and clinical
outcomes have been carefully compared between two
cohorts of patients undergoing posterolateral fusion us-
ing either OP-1 Putty or autograft iliac crest bone. At a
minimum follow-up of 24 months, the rates of fusion
and the clinical results were not statistically different be-
tween these two groups of patients. Also, the rates of
adverse events were similar between the two groups, and
the complications seen in both groups were typical for
the age and diagnosis of the patients.

The posterolateral region of the spine is one of the
more challenging fusion environments because of the
large gap that must be spanned by bone, the relatively
poor vascularity of this region, the tensile stresses present
in this region of the spine, and the presence of motion

when the fusion is performed without supplemental in-
ternal fixation.22 Patients with the diagnosis of degener-
ative spondylolisthesis form a particularly challenging
group, as these patients are generally older and have
varying degrees of instability following decompression
with partial facet removal.1,2,22 In this population, Fis-
chgrund et al observed a successful fusion rate of only
45% using autograft bone without supplemental inter-
nal fixation.1 In the same study, internal fixation of the
fusion site was associated with an increased fusion rate but
did not increase the odds of a successful clinical result. For
this reason, the use of internal fixation for the diagnosis of
degenerative spondylolisthesis with stenosis remains con-
troversial because the outcome data have not supported a
dramatic benefit with the use of supplemental internal fix-
ation, while the surgical costs and the risk of complications
may be increased when internal fixation is used.1,23–25

Assessing the status of a posterolateral spinal fusion
radiographically without open surgical exploration also
presents a challenge. Although plain radiographs can be
used to detect the presence of apparent bridging bone
between the transverse processes, many studies have
demonstrated the persistence of substantial motion sug-
gesting failure to achieve a solid bony union.1,2,26,27

Also, complicating the noninvasive assessment of pos-
terolateral fusion is the fact that some motion occurs
even in the setting of a solid posterolateral arthrodesis
and the exact amount of motion that indicates a pseudar-
throsis versus a fusion is unknown.26 In this study, a very
rigorous methodology was used to assess the status of the
fusion. As mentioned, independent, blinded radiologists
used digital calipers to assess the degree of motion and
angulation on lateral flexion-extension radiographs.
Both motion measurements and the presence of bridging
bone on radiographs were necessary before classifying a
patient as a fusion success. An important aspect of our
assessment technique is the absence of internal fixation.
Internal fixation can obscure the presence of bone; but
more importantly, it can limit motion seen on flexion-
extension films even in the setting of a pseudarthrosis.
Although we believe that the current method for nonin-
vasive assessment of the fusion is stringent compared
with most published studies where lumbar fusion has
been assessed, we acknowledge that no method, short of

Table 13. SF-36 Scores Over Time: Average Values of Mental Component Summary Scale

Base 6 Weeks 3 Months 6 Months 9 Months 12 Months 24 Months

Autograft 44.4 50.4 51.2 52.6 50.5 52.8 50.4
OP-1 47.5 50.4 55.1 57.1 56.6 56.6 55.6

Table 14. SF-36 Scores Over Time: Norms for Mental Component Summary Scale in Selected Age Groups

Age (yr) N Mean (SD) 25th Percentile 50th Percentile 75th Percentile

55–64 269 51.05 (9.69) 46.71 54.35 57.9
65–74 442 52.68 (9.29) 48.34 55.67 59.13
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surgical exploration, is completely accurate for deter-
mining the status of a posterolateral fusion.10 Eight pa-
tients (3 OP-1 Putty and 5 controls) in this study had
apparent bridging bone between the transverse processes
on anteroposterior radiographs but demonstrated �5°
or more sagittal plane motion and were classified as fu-
sion failures. Without surgical exploration, the true sta-
tus of their fusions cannot be absolutely determined.

Animal and human studies done to date have sug-
gested that BMPs used in clinically relevant doses are
safe. Multiple studies have failed to demonstrate either
systemic toxicity or tumor formation in response to these
substances.13–17,19–21 Even when rhOP-1 and a carrier
were intentionally placed inside the dog dural sac, Par-

amore et al found no spinal cord inflammation, cytotox-
icity, or tumorigenicity, although bone did form adjacent
to the spinal cord.19 Our study also supports the hypoth-
esis that the OP-1 Putty implant is safe for use in humans
undergoing decompression and fusion for degenerative
spondylolisthesis as no evidence of systemic toxicity, ec-
topic bone formation, or implant migration into the lam-
inectomy site was observed in this study.

There are several limitations to this study that should
be acknowledged. First, not all patients who volunteered
to participate in the study were available at the 24- or
36-month follow up. Thus, this study should be classified
as a pilot study with an incomplete ability to precisely
determine the true statistical differences between the two
treatment groups. With the availability of a larger sam-
ple size in the future, differences between the two groups
could emerge despite the fact that no statistical differ-
ences were seen in the present study. Although the sam-
ple size was small, this limitation is compensated for to
some degree by the inclusion of a single diagnosis and by
ensuring good homogeneity between the treatment
groups and surgical approaches. Another study limita-
tion is the fact that not all enrolled patients were avail-
able to provide complete data at the 24-month time
point. To compensate for this, 36-month data were
added to the efficacy analyses for those patients not avail-
able for their 24-month evaluation. In addition, by in-
cluding the worst-case analysis and assuming that all
patients unavailable at the 24- or 36-month time point
were clinical and radiographic failures, we have at-
tempted to quantify the impact of this limitation on the
study outcome. Another limitation is the absence of
blinding on the part of either the patients or surgeons to
the treatment group, which was not possible given the
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Figure 2. Oswestry scores. A, Radiographic success patients. B,
Radiographic failure patients. C, All patients.
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design of this surgical study. However, the assessment of
the fusion status was performed in a blinded fashion.
Also, patient self-assessment outcomes were assessed us-
ing previously validated outcomes instruments.

Conclusion

Although the degenerative spondylolisthesis patient pre-
sents a challenging environment in which to study arth-
rodesis, this pilot study suggests that OP-1 Putty per-
forms similarly to autograft bone when assessed
radiographically and clinically. Overall, a successful ra-
diographic fusion rate of 55% was achieved using OP-1
Putty, while the rate of bridging bone on the anteropos-
terior radiographs in this group was 75%. Clinically,
85% of the patients who underwent fusion using OP-1
Putty achieved a successful result from surgery (a 20%
improvement in their preoperative Oswestry score). No
signs of systemic toxicity, ectopic bone formation, or
migration of the implant into the laminectomy site were
observed in any patients in this study. The findings of this
pilot study are in agreement with other published reports
suggesting that BMPs have an acceptable safety profile
for spinal fusion. Although this study appears promising,
additional follow-up of these patients and further study
with larger numbers of patients are required before firm
conclusions can be reached as to the applicability of
OP-1 Putty as an autograft substitute in posterolateral
spinal arthrodesis.

Key Points

● OP-1 Putty was able to achieve osteoinduction,
leading to a radiographically solid fusion in the
absence of autogenous iliac crest bone graft in 55%
of patients at 24 and 36 months, compared with a
40% fusion rate in autograph patients. This com-
pares favorably with the historical fusion rates re-
ported for uninstrumented arthrodesis.
● No systemic toxicity, ectopic bone formation, re-
current stenosis, or other adverse events specifically
related to the use of the OP-1 Putty implant were
observed.
● A total of 85% of the patients who underwent
fusion using OP-1 Putty achieved a successful clin-
ical result from surgery, defined as a minimum of
20% improvement in their preoperative Oswestry
score.
● The rates of fusion and adverse events were sim-
ilar between the OP-1 group and autograph iliac
crest group (control), with complications seen in
both groups that were typical for age and
diagnosis.
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The Safety and Efficacy of OP-1 (rhBMP-7) as a
Replacement for Iliac Crest Autograft in Posterolateral
Lumbar Arthrodesis
A Long-term (�4 Years) Pivotal Study

Alexander R. Vaccaro, MD, PhD,* James P. Lawrence, MD, MBA,* Tushar Patel, MD,†
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Study Design. Randomized controlled trial comparing
OP-1 (rhBMP-7) with iliac crest autograft in patients with
symptomatic degenerative spondylolisthesis and spinal
stenosis treated with decompression and uninstrumented
posterolateral arthrodesis.

Objective. To determine the safety and the clinical and
radiographic efficacy of OP-1 (rhBMP-7) Putty as com-
pared with an iliac crest bone autograft control in unin-
strumented, single-level posterolateral spinal arthrodesis.

Summary of Background Data. Preclinical and prelim-
inary clinical data have demonstrated successful fusion
and clinical outcomes with the use of OP-1 Putty in pos-
terolateral spinal arthrodesis. No prior randomized con-
trolled trial with adequate study power has been per-
formed.

Methods. A total of 335 patients were randomized in
2:1 fashion to receive either OP-1 Putty or autograft in the
setting of an uninstrumented posterolateral arthrodesis
performed for degenerative spondylolisthesis and symp-
tomatic spinal stenosis. Patients were observed serially
with radiographs, clinical examinations, and appropriate
clinical indicators, including ODI, Short-Form 36, and vi-
sual analog scale scores. Serum samples were examined
at regular intervals to assess the presence of antibodies to
OP-1. The primary end point, Overall Success, was ana-
lyzed at 24 months. The study was extended to include
additional imaging data and long-term clinical follow-up
at 36� months. At the 36� month time point, CT scans
were obtained in addition to plain radiographs to evaluate
the presence and location of new bone formation. Modi-
fied Overall Success, including improvements in ODI, ab-
sence of retreatment, neurologic success, absence of

device-related serious adverse events, angulation and
translation success, and new bone formation by CT scan
(at 36� months), was then calculated using the 24-month
primary clinical endpoints, updated retreatment data, and
CT imaging and radiographic end points.

Results. OP-1 Putty was demonstrated to be statisti-
cally equivalent to autograft with respect to the primary
end point of modified overall success. The use of OP-1
Putty when compared to autograft was associated with
statistically lower intraoperative blood loss and shorter
operative times. Although patients in the OP-1 Putty
group demonstrated an early propensity for formation of
anti-OP-1 antibodies, this resolved completely in all pa-
tients with no clinical sequelae.

Conclusion. OP-1 Putty is a safe and effective alterna-
tive to autograft in the setting of uninstrumented postero-
lateral spinal arthrodesis performed for degenerative
spondylolisthesis and symptomatic spinal stenosis.

Key words: spinal fusion, bone morphogenetic pro-
tein, spondylolisthesis. Spine 2008;33:2850–2862

Posterolateral spinal arthrodesis is commonly used for
the treatment of patients with symptomatic degenerative
spondylolisthesis unresponsive to nonoperative treat-
ment. However, failure of fusion remains a common
complication after surgery.1,2 In addition to the lack of
successful arthrodesis, donor site morbidity related to
the bone graft harvest continues to present a problem
affecting as many as 25% of patients after traditional
spinal fusion using autogenous iliac crest bone graft.3–6

Therefore, a plethora of bone graft extenders and alter-
natives have been developed in an attempt to improve the
rates of healing and avoid the complications of autograft
harvest.7,8 The discovery of osteogenic proteins by Urist
in the mid-1960s ushered in a new era of molecular bi-
ology in bone formation and healing.9 This family of
proteins has been subsequently named bone morphoge-
netic proteins (BMPs), and many members of this family
have been isolated and characterized. BMPs exert their
action by recruiting and stimulating pluripotent mesen-
chymal cells along an osteoblastic lineage resulting in the
formation of bone.10 Because of the powerful osteogenic
potential of these proteins, they have been studied with
considerable interest as a possible replacement or aug-
mentation for autograft bone in the setting of spinal fu-
sion. Several BMP preparations have been studied in pre-
clinical and clinical trials for spinal applications.11–16
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Osteogenic Protein-1 (OP-1), also called recombinant
human BMP-7 (rhBMP-7), is one such protein. OP-1 is a
member of the TGF-� superfamily, and, like other mem-
bers in this family, can induce the formation of bone
when implanted in ectopic locations. Implants contain-
ing OP-1 and collagen matrix have been shown to be
osteoinductive, osteoconductive, and to speed the rate of
bone healing and to improve the performance of au-
tograft in animals.17–20 The human OP-1 gene has been
cloned and introduced into a commercial cell line, facil-
itating the production of large quantities of recombinant
human OP-1 (rhOP-1). OP-1, with various carrier prep-
arations, has been studied in a number of animal models
of spinal fusion.12,13,21–23 The available human data in-
volving BMPs suggest that these molecules are associated
with a low risk of protein-related complications when
used to promote bone healing or spinal fusion. These
complications, although not recognized to date after the
administration of OP-1, can consist of hypersensitivity to
the administration of the protein, autoimmune reactions,
or loss of efficacy of the protein at the intended target
resulting from immune complex formation.

Several human pilot studies involving the use of OP-1
as both an adjunct to and a replacement for autograft in
posterolateral spinal fusion studies have been performed
to date. Fehlings and coworkers have reported that OP-1
can be used safely to achieve successful fusions in pa-
tients at higher risk for pseudarthrosis.24,25 Conditions
placing patients at higher risk over the general population
after lumbar arthrodesis include nicotine usage, previous
irradiation, administered chemotherapy, and continuous
postoperative use of nonsteroidal anti-inflammatories.
Vaccaro et al reported 1-year, 2-year, and minimum 4-year
results of a prospective randomized, controlled, multicenter
clinical pilot study comparing autograft versus OP-1 alone
in the setting of uninstrumented posterolateral arthrodesis
for degenerative spondylolisthesis.26–28 These results con-
sistently indicated the safety and efficacy of OP-1 and its
comparability with autograft. At each time point, the
groups treated with OP-1 demonstrated higher fusion rates,
higher rates of clinical success (20% increase in the Oswe-
stry scores), and no incidents of local or systemic toxicity,
ectopic bone formation, or other adverse events related to
the use of OP-1 Putty.

The purpose of this pivotal study was to establish the
clinical and radiographic noninferiority of OP-1 Putty as
a replacement for autograft bone when performing un-
instrumented posterolateral spinal arthrodesis in a ran-
domized controlled population of patients with symp-
tomatic lumbar spinal stenosis and degenerative
spondylolisthesis.

Materials and Methods

Study Design
This study was approved as an Investigational Device Excep-
tion study by the Food and Drug Administration and by the
institutional review boards of the participating institutions.
The design was a controlled, open-label (with blinded radio-

graphic assessment), randomized, prospective, multicenter trial
in which patients underwent single-level uninstrumented pos-
terolateral lumbar arthrodesis for degenerative spondylolisthe-
sis and spinal stenosis. The primary goal of the study was to
demonstrate the safety and efficacy of OP-1 Putty and to dem-
onstrate noninferiority versus the autograft control. The study
was performed at 24 centers. After obtaining informed con-
sent, patients were randomized to treatment with either OP-1
Putty or a control arm in which autogenous bone graft from the
iliac crest (autograft) was used. A total of 335 patients were
enrolled and randomized, of which 295 were treated. There
was an attrition of 40 patients from the “intent-to-treat” pop-
ulation; 20 patients from the autograft group either refused the
autograft part of the procedure or did not qualify after random-
ization based on the inclusion/exclusion criteria and 20 pa-
tients in the OP-1 group who were from the OP-1 Putty group
either voluntarily withdrew from the study or were disqualified
based on the inclusion/exclusion criteria. A total of 208 pa-
tients received OP-1 Putty and 87 received autograft. After
surgery, patients were evaluated clinically and radiographically
at 6 weeks, and at 3, 6, 9, 12, 24, and at a minimum of 36
months. Clinical assessments consisted of an evaluation of sub-
jective pain and function using the Oswestry Low Back Pain
Disability (ODI) questionnaire, the Visual Analog Scale (VAS),
neurologic evaluation, and functional outcome assessment via
completion of the Short-Form 36 (SF-36) outcomes survey.
Imaging consisted of anteroposterior (AP), lateral, and flexion-
extension radiographs. After the 24-month time point, patients
were recruited to participate in the 36� month assessment. At
the latest follow-up at 36� months, 202 of the original proto-
col patients (144 patients in the OP-1 Putty group and 58 pa-
tients in the autograft group) were evaluated with flexion-
extension radiographs and helical CT scans with multiplanar
reformatted imaging and three-dimensional (3-D) reconstruc-
tions. In addition, clinical assessments consisting of physical
examination, SF-36 forms, and ODI questionnaires were re-
peated. Updated retreatment and serious adverse events (SAE)
data were compiled through 36� months.

Fusion Materials
A single package of OP-1 Putty implant consists of 3.5 mg of
rhOP-1 formulated with 1 g of Type 1 bovine-derived collagen
and 230 mg of carboxymethylcellulose. This powdered mix-
ture was reconstituted at the time of surgery by the addition of
saline to achieve a final implant concentration of rhOP-1 pro-
tein of 0.875 mg/mL. One package of implant was used per
side, so that each patient received a total dose of 7 mg of
rhOP-1 protein. No autogenous bone was used for the fusion in
those patients randomized to receive the OP-1 Putty implants.
Patients who were randomized to the autograft group were
treated with corticocancellous bone harvested from the poste-
rior iliac crest. No local bone graft was used for the fusion
procedures. In both groups, the implanted fusion material was
placed between the decorticated transverse processes and on
the lateral border of the facets on both sides of the listhetic
segment (e.g., for a L4–L5 spondylolisthesis, the fusion mate-
rial was used to bridge the space between the decorticated L4
and L5 transverse processes).

Inclusion and Exclusion Criteria
All study patients had Grade I or II degenerative spondylolis-
thesis of the L3–L4, L4–L5, or L5–S1 segments with coexistent
spinal stenosis as confirmed by history, physical examination,
and imaging, including AP and lateral plain radiography, flex-
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ion-extension radiographs, and MRI or postmyelographic CT.
Clinically, the patients presented with symptoms of neurogenic
claudication. All the patients were skeletally mature, and none
had undergone previous lumbar surgery. All patients had failed
at least 6 months of nonoperative treatment, including physical
therapy, lumbar epidural injections, anti-inflammatory medi-
cations, and activity modifications for their spinal symptoms.
Exclusion criteria involved a spondylolisthesis of greater than
Grade II, nondegenerative spondylolisthesis of any grade, spi-
nal instability on flexion-extension radiographs measuring
�50% translation of the vertebral body or �20° of angular
motion, active spinal or systemic infection, systemic disease
precluding participation (e.g., neuropathy), current nicotine
use, a history of smoking, morbid obesity, or a known sensi-
tivity to collagen. Women of child-bearing potential who had
not had a hysterectomy were also excluded.

Randomization and Demographics
Patients were randomized in a 2:1 ratio to receive OP-1 Putty
or iliac crest autograft for the spinal arthrodesis aspect of the
procedure. Randomization was performed after enrollment but
before surgery using a computerized algorithm (SAS using the
PLAN procedure). Patients and physicians became aware of the
treatment assignment at the time of the randomization and
before surgery so the study was unblinded; however, radiographic
assessments of fusion and determination of neurologic success
were performed by independent assessors in a blinded manner.

Surgical and Postoperative Protocol
All patients received general anesthesia and prophylactic anti-
biotics. A posterior midline exposure was performed and car-
ried out to the tips of the transverse processes of the listhetic
segment. A bilateral laminectomy and bilateral medial facetec-
tomies were performed to decompress the neural elements. The
transverse processes of the levels cephalad and caudad to the
slip were decorticated to expose the marrow elements of
the bone. The lateral border of the facets and the pars interar-
ticularis were also decorticated. The fusion material (either 3.5
mg OP-1 Putty implant per side or half of the autograft bone
graft per side) was placed in the intertransverse region to bridge
the space between the decorticated transverse processes. Al-
though a standardized technique was used to harvest cortico-
cancellous bone from the posterior iliac crest, no formal
method for quantification of the volume of autograft bone was
used in the protocol. No irrigation was performed after place-
ment of the fusion material.

Postoperative Management
Each patient was fitted with a lumbosacral orthosis of choice
and instructed to wear the brace when out of bed for 3 months.
Early ambulation was encouraged on the first day after surgery.
Formal organized physical therapy emphasizing active exer-
cises was begun 6 to 8 weeks after surgery. Each patient was
scheduled for follow-up visits with their surgeon at 6-week,
and 3, 6, 9, 12, 24-month time points after surgery. At each
visit, a clinical neurologic and radiographic assessment was
performed, including AP, lateral and flexion-extension plain
radiographs (at the 3-month follow-up and later). Oswestry
Disability Index (ODI), and Medical Outcomes Study 36-Item
Short Form Health Survey (SF-36) were administered. VAS
scores were assessed at the 12 and 24-month visits. At 36�
months, all available patients were brought back for clinical
and radiographic reassessment. The criteria for recruitment of
patients to the 36� month group were that the patient had to

be alive and had not been previously categorized as a retreat-
ment failure earlier in the study. The repeat clinical assessments
included ODI assessments, VAS scores, neurologic testing, re-
treatment analysis (i.e., revision, removal, supplemental fixa-
tion, or reoperation) at the original treated level, and compila-
tion of SAEs.

Radiographic Assessments
AP and flexion-extension radiographs through 24 months were
interpreted by 2 radiologists blinded to the treatment group. A
third, blinded radiologist evaluated those radiographs in which
the 2 radiologists were in disagreement. Radiographs were
used for the identification of the treatment level, assessment for
bridging trabecular bone between the transverse processes, and
identification of angulation and translation. The presence of
new bone formation bridging across the transverse processes,
angulation �5°, and �3 mm of translation were all required to
meet the standard of radiographic fusion. The postoperative
flexion-extension radiographs were performed as part of the
assessment of radiographic fusion only. They were not per-
formed to allow a comparison with preoperative flexion-
extension values. Because the performed surgery involved a
decompressive laminectomy and partial medial facetectomy of
a degenerative spondylolisthesis, the postoperative condition
of the spine before the development of fusion was considered to
be unstable and, therefore, unsuitable for comparison with the
preoperative condition. At the 36� month interval, helical CT
scans and flexion-extension plain films were taken and assessed
using a prospective, multireviewer, blinded radiographic as-
sessment protocol designed to minimize bias. The CT scans
were performed using a standardized imaging algorithm and
protocol to assess the presence of new bone formation and the
presence of bridging bone across the transverse processes. The
CT scans were also used to determine the location of bone
formation (medial vs. lateral, in reference to the transverse
process and pars interarticularis). Medial bone formation was
determined to be across the pars interarticularis or the medial
one-third of the transverse process region, whereas lateral bone
formation was defined as bone formation extending across the
lateral two-thirds of the transverse process region. Both the
36� month CT scans and flexion-extension plain radiographs
were interpreted by 2 primary spine surgeon readers not asso-
ciated with the clinical trial and blinded to the treatment arm.
When the 2 primary readers did not agree, a third reader was
used to adjudicate the results and the majority assessment was
used.

Immunologic Assessments
Enzyme-linked immunosorbent assays (ELISA) were per-
formed to detect the presence of anti-OP-1 antibodies in all
samples. ELISA methods were validated to detect human anti-
human OP-1 antibodies with IgG, IgM, and IgE isotypes. The
ELISA cutoff point for this study was statistically based
and reflects a false positive rate of 5%, as recommended by
Mire-Sluis et al.29 Positive samples in screening ELISA were
considered potentially positive for anti-OP-1 antibodies and
tested in a validated confirmatory competition ELISA. Positive
samples in the competition ELISA were further evaluated in a
titer ELISA to quantify the level of anti-OP-1 antibodies in the
sample. The results of this assay are reported as a log titer,
which corresponds to the log of the lowest dilution of the sam-
ple that yields a positive result.

Samples found to be positive in the titer ELISA were further
analyzed to determine whether antibodies to OP-1 had the
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ability to neutralize its activity in vitro. Samples were initially
tested in a luciferase reporter-based primary neutralizing anti-
body assay (nab). The presence or absence of antibodies (both
anti-OP-1 antibodies and anti-OP-1 neutralizing antibodies)
was determined following blood draw and centrifugation using
ELISA analysis (Genetics Institute, Cambridge, MA). All pa-
tients who were antibody-positive at 24 months had repeat
serum samples obtained at the 36� month visit.

Primary Outcome Assessments

Safety and Adverse Outcome Reporting. The safety of the
investigational product was evaluated by comparing the nature
and frequency of adverse events in each of the 2 treatment
groups. Adverse events included all minor and major medical
events for which the patient sought medical attention regard-
less of the nature of the event or its severity. An adverse event
was defined as any clinically adverse sign, symptom, syndrome,
or illness that occurred or worsened during the operative or
postoperative period of the trial, regardless of causality. All
reoperations (revisions or supplemental fixations) over the
study period were recorded. Reoperations performed to pro-
mote fusion at the treated level were deemed failures. Labora-
tory testing for immunologic, hematologic, and biochemical
evaluation was performed before surgery (baseline), at 6
weeks, and at 3, 6, 12, and 24 months.

Primary End Points
The primary end points for the study were evaluated at 24 and
at 36� months. The primary end point at 24 months was de-
signed for FDA submission evaluating the safety and efficacy of
OP-1 Putty as a replacement for autologous iliac crest in the
setting of a posterolateral fusion for degenerative spondylolis-
thesis. Primary Overall Success at 24 months was defined as a
composite measure that required a 20% improvement in ODI,
absence of treatment-emergent SAEs related to the treatment
device, absence of a decrease in neurologic status (assessing
muscle strength, reflexes, sensation, and straight leg raise), and
radiographic fusion success. Radiographic fusion success was
also a composite measure, requiring the presence of bridging
bone as assessed on AP radiographs, angular motion �5°, and
translational movement �3 mm as assessed by flexion-
extension radiographs. The primary outcome assessment for
the study at 36� months, Modified Overall Success, was also
defined as a composite measure requiring success on each of the
following components: improvement of at least 20% in the
ODI from baseline, absence of treatment-emergent SAEs re-
lated to the treatment device, absence of a decrease in neuro-
logic status (assessing muscle strength, reflexes, sensation, and
straight leg raise) at 24 months, and presence of new bone
formation by CT scan, angulation of �5° and translational
movement of �3 mm on flexion/extension radiographs, and
absence of retreatment intended to promote fusion at 36�
months.

Data Analysis and Statistics
A power analysis performed before the initiation of the study
demonstrated, using an alpha level of 0.05 and a power of
80%, that 270 treated subjects (180 OP-1 Putty, 90 autograft)
were needed for the study. The number of treated patients in
this trial was based on hypothesized overall success rates of
53% for the OP-1 Putty group in comparison with 47% for the
autograft group based on data from a pilot study conducted on
a similar population of patients with a similar endpoint. The

maximum allowable difference between the treatment groups
that could be used to conclude that OP-1 Putty was not inferior
to autograft was variable.

Continuous variables were summarized using descriptive
statistics (mean, median, standard deviation, minimum, maxi-
mum). Categorical variables were summarized using frequen-
cies and percentages. Inferential tests were performed at the
5% level of significance.

The primary efficacy end points were the 24-month and the
36� month overall success rates. The 36� month rate of over-
all success included the 24-month overall success rate data with
radiographic and retreatment (need for revision surgery at the
index surgical level) data at 36� months for the intent-to-treat
population with missing data imputed using a multiple impu-
tation technique. The percentage of successes (and standard
error) was based on estimates of the treatment effect adjusted
for covariates in logistic regression and on variance estimates
obtained from multiple imputations. Secondary efficacy end
points included analyses of overall success stratified by center
size, age category, and gender.

For imputed modified overall success at 24 months (with
radiographic and retreatment data at 36� months), a one-
sided two-sample asymptotic test for noninferiority was used.
For both the primary efficacy analyses of success, the 95%
upper confidence bound was generated corresponding to the
difference in success rates (autograft minus OP-1 Putty) in the 2
treatment groups.

For adverse events, each SOC and each preferred term re-
ported by �5% of patients in either treatment arm were tested
for treatment differences using Fisher exact test. For neurologic
status, �2 or Fisher exact test was used to test the difference
between treatments groups and McNemar’s test was used to
test the shifts in status within treatment group.

Results

Demographic Information
Demographic and baseline data for the patients enrolled
in the study are presented in Table 1. Overall mean age at
baseline was 68 years (range 36–84 years). There were
no significant differences between the OP-1 and au-
tograft groups with respect to age, gender, weight,
height, level treated, preoperative ODI, preoperative
translation, or diagnosis.

At the 36� month assessment time point, 80%
(80.5%) of eligible patients (79.7% of autograft group
and 80.8% of the OP-1 Putty group) returned or had
died before study follow-up and were, therefore, ac-
counted for in the long-term evaluation. All key demo-
graphic characteristics and 24-month outcome variables
of the patients who participated in the long-term evalu-
ation compared to those eligible to participate were sim-
ilar and not statistically different (Table 2).

Surgical Indications and Prior Treatments
The indications for surgery are summarized in Tables 1
and 2. At baseline, all the patients carried a diagnosis of
degenerative lumbar spondylolisthesis with spinal steno-
sis. Of these 272 of 293 (92.8%) had Grade I spon-
dylolisthesis by the Meyerding classification,30 10 of 293
(3.4%) had Grade II, and 11 of 293 (3.8%) had spon-
dylolisthesis that could not be distinguished between
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Grade I and Grade II. Two hundred fifty-two of 293
(86.0%) patients had disease at the L4–L5 level, 31 of
293 (10.6%) patients had disease at the L3–L4 level, and
10 of 293 (3.4%) patients had disease at the L5–S1 level.

All patients had failed at least 6 months of nonoperative
treatment, including physical therapy, lumbar epidural
injections, anti-inflammatory medications, and activity
modifications for their spinal symptoms.

Table 1. Demographics and Baseline Characteristics (Modified ITT)

Parameter Statistic Mean OP-1 Putty Autograft P

Age (yrs)
Mean 68 68 69 0.129
Median 69 68 71
Std. Dev. 9.4 9.8 8.3

Sex
Male N (%) 97 (33.1) 71 (34.3) 26 (30.2) 0.501
Female N (%) 196 (66.9) 136 (65.7) 60 (69.8)

Level fused
L3–L4 n (%) 31 (10.6) 21 (10.1) 10 (11.6) 0.76
L4–L5 n (%) 252 (86.0) 178 (86.0) 74 (86.0)
L5–S1 n (%) 10 (3.4) 8 (3.9) 2 (2.3)

ODI N 293 207 86
Mean 48.8 48.8 48.8 0.998
Median 48 48.9 48
Std. Dev. 12.19 11.6 13.59

Angular motion (degrees) N 271 195 76
Mean 4.1 3.9 4.7 0.086
Median 3.1 2.8 4.2
Std. Dev. 3.36 3.4 3.2

Translational movement (mm) N 268 193 75
Mean 1.7 1.7 1.6 0.802
Median 1.4 1.4 1.1
Std. Dev. 1.45 1.44 1.49

Diagnosis of degenerative lumbar
spondylolisthesis with spinal stenosis

n (%) 293 (100.0) 207 (100.0) 86 (100.0) —

Grade 1 n (%) 272 (92.8) 193 (93.2) 79 (91.9)
Grade 2 n (%) 10 (3.4) 8 (3.9) 2 (2.3)
Unable to distinguish between Grade 1/2 n (%) 11 (3.8) 6 (2.9) 5 (5.8)

Table 2. Demographic and Baseline Characteristics for 36� Months Eligible Patients

Parameter Statistic

OP-1 Putty Autograft

24 mo 36� mo 24 mo 36� mo

Age (yrs) N 183 144 74 58
Mean 67.6 66.8 69.3 68.7
Median 69 67 71 70
Std. Dev. 9.54 9.25 8.72 8.66

Sex
Male N (%) 64 (35.0) 50 (34.7) 19 (25.7) 16 (27.6)
Female N (%) 119 (65.0) 94 (65.3) 55 (74.3) 42 (72.4)

Level fused
L3–L4 n (%) 19 (10.4) 17 (11.8) 10 (13.5) 9 (15.5)
L4–L5 n (%) 156 (85.2) 124 (86.1) 62 (83.8) 48 (82.8)
L5–S1 n (%) 8 (4.4) 3 (2.1) 2 (2.7) 1 (1.7)

ODI n 183 144 74 58
Mean 48.5 48.2 50.1 50.7
Median 48.9 48.9 48 48
Std. Dev. 11.11 10.74 13.48 12.47

Angular motion (degrees) n 174 138 66 51
Mean 4 4.1 4.7 4.3
Median 2.8 2.9 4.1 3.6
Std. Dev. 3.42 3.53 3.24 3.03

Translational movement (mm) n 171 136 65 51
Mean 1.7 1.8 1.6 1.5
Median 1.4 1.5 1 0.8
Std. Dev. 1.48 1.55 1.52 1.42

Diagnosis of degenerative lumbar
spondylolisthesis with spinal stenosis

n (%) 183 (100) 144 (100) 74 (100) 58 (100)

Grade 1 n (%) 169 (92.3) 135 (93.8) 68 (91.9) 54 (93.1)
Grade 2 n (%) 8 (4.4) 5 (3.5) 2 (2.7) 2 (3.4)
Unable to distinguish between Grade 1/2 n (%) 6 (3.3) 4 (2.8) 4 (5.4) 2 (3.4)

Prior overall success at 24 mo % 42.9 43.8 57.6 60
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Of the 202 patients available at 36� months, 169 of
183 (92.3%) had Grade I spondylolisthesis, 8 of 183
(4.4%) had Grade II spondylolisthesis, and 6 of 183
(3.3%) had spondylolisthesis that could not be distin-
guished between Grade I and Grade II. One hundred
fifty-six of 183 (85.2%) patients had disease at the
L4–L5 level, 19 of 183(10.4%) patients had disease at
the L3–L4 level, and 8 of 183 (4.4%) patients had disease
at the L5–S1 level.

36� Month Follow-up Evaluation
Of the 257 patients eligible for 36� month follow-up,
80.5% (202/257) were available. These consisted of 144
of the original 208 OP-1 patients (69%) and 58 of the
original 87 (67%) autograft patients. Of the 55 of 257
who did not have 36� month follow-up, 5 patients had
died, 23 refused to participate, 15 could not be located, 3
were unable to participate because of the unavailability
of the participating site, and 9 could not participate for
other reasons. Therefore, 80.5% (202/257) of the eligi-
ble patients (79.7% of the autograft group, and 80.8%
of the OP-1 Putty Group) at 24 months were accounted
for at the time of final follow-up (36� months). The
mean time to final follow-up was 4.4 years (range 3.68–
5.46, SD 0.4) for all enrolled patients, 4.38 years (range
3.68–5.42, SD 0.4) for the OP-1 Putty group, and 4.47
years (range 3.76–5.46, SD 0.4) for the autograft group.
There were no significant difference in times to follow-up
(P � 0.143). Although a small percentage of the total
eligible population was lost to follow-up at the 36�
month interval, the reasons for nonparticipation in 36�
month extension part of the study were equally distrib-
uted across the study groups.

Primary Outcome
The Overall Success outcome composite end point at 24
months revealed that statistical equivalence was not

achieved between the 2 groups at 24 months (38.7% for
the OP-1 Putty group and 49.4% for the Autograft
group, P � 0.33) (Table 3). Among the subcomponents
of Overall Success, there was a statistically significant
difference between the groups in terms of the presence of
bridging bone as assessed by plain radiographs (61.7%
for the OP-1 Putty group and 83.1% for the Autograft
group, P � 0.001). There were no other statistically sig-
nificant differences among the clinical or radiographic
subcomponents of Overall Success (Table 4).

The Modified Overall Success outcome end point at
36� months revealed no difference and statistical com-
parability between the 2 study groups (47.2% for the
OP-1 Putty group and 46.8% for the Autograft group,
P � 0.025) (Table 5). Furthermore, there were no statis-
tically significant differences among the subcomponents
of Modified Overall Success at 36� months (Table 6).

Imaging Findings
At 24 months, 73.3% of OP-1 subjects and 75.6% of
autograft subjects had � 5° of angular motion (P �
0.684) and at 36� months 69.3% of OP-1 subjects, and
68.4% of autograft subjects had �5° of angular motion
(P � 1.0). At 24 months, 87.7% of OP-1 subjects and
87.8% of autograft subjects had �3 mm translation (P �
0.978). At 36� months, 75.7% of OP-1 subjects and
75.4% of autograft subjects had �3 mm translation (P �
1.0). There were no statistical differences between the
study groups in terms of angular or translational motion
at either time point.

CT scans were obtained on 196 of 202 (97%) patients
available at 36� months: 143 from the OP-1 Putty group
and 53 from the autograft group. One hundred seven of
143 (74.8%) of the OP-1 Putty patients and 41 of 53
(77.4%) of the autograft patients had presence of new
bone on CT scan. The results were clinically comparable
and not statistically significantly different (P � 0.852).

Table 3. Overall Success at 24 Months (MITT)

Parameter OP-1 Putty Autograft P for Noninferiority

Overall success 38.7% 49.4% 0.33

Table 4. Subcomponents of Overall Success at
24 Months

Parameter
OP-1
Putty Autograft

P for
Difference

Components of overall radiographic
success

Presence of bridging bone by plain
film

61.7% 83.1% �0.001

Angulation �5° on flexion/extension
films

73.3% 75.6% 0.684

Translation �3 mm on flexion/
extension films

87.7% 87.8% 0.978

ODI success 74.5% 75.7% 0.839
Absence of retreatment 92.3% 88.6% 0.347
Absence of serious treatment-related

AEs
85.6% 84.7% 0.863

Neurological success 92.1% 84.1% 0.057

Table 5. Modified Overall Success at 36� Months

Parameter OP-1 Putty Autograft P for Noninferiority

Overall success 47.2% 46.8% 0.025

Table 6. Subcomponents of Modified Overall Success at
36� Months

Parameter OP-1 Putty Autograft P

Presence of Bone on CT Scan (36�
months)

74.8% 77.4% 0.852

Angulation �5° on flexion/extension
films (36� months)

69.3% 68.4% 1

Translation �3 mm on
flexion/extension films (36�
months)

75.7% 75.4% 1

ODI success (24 mo) 74.5% 75.7% 0.839
Absence of retreatment (36 mo) 87.0% 83.3% 0.529
Absence of serious treatment-

related adverse events (24 mo)
85.6% 84.7% 0.863

Neurologic success (24 mo) 92.1% 84.1% 0.057
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Analysis of the OP-1 Putty patients who had previously
been assigned as failures because of lack of bone forma-
tion (38 patients) based on the 24-month plain radio-
graphs and had undergone CT scans at 36� months
demonstrated that 27 of 38 (71%) exhibited bone for-
mation on CT scan. Furthermore, of these 27 patients
who did form bone, 22 of 27 (81.5%) were found to
have bone formation that was classified as medial, and 5
of 27 (18.5%) had bone formation that was classified as
lateral (Table 7).

Although stability of the fusion was not different be-
tween the treatment groups, the presence of bridging
bone across the intertransverse process region was dis-
similar in the 36� month CT data. Bridging bone was
detected in 56% of patients in the OP-1 Putty group and
83% (P � 0.001) of patients in the autograft group.
Detection of bridging bone was more difficult medially as
shown by a higher disagreement rate between the read-
ers’ assessment of bridging bone with OP-1 Putty (29%)
compared with autograft (8%) (P � 0.0124).

Device-Related Serious Adverse Events and
Retreatment Failures

Table 8 presents the success rate based on the absence of
treatment-related SAEs categorized as related to the de-
vice. At 24 months, the OP-1 Putty group exhibited a
higher proportion of patients free from treatment-related
SAEs than did the autograft group (85.6% for OP-1
Putty and 84.7% for autograft, P � 0.863). At 36�
months the OP-1 Putty group again experienced a higher
proportion of patients free from treatment-related SAEs
(79.5% for OP-1 Putty and 73.5% for autograft, P �
0.387). These differences did not reach statistical signif-
icance.

Retreatment Failures
The OP-1 Putty group demonstrated a higher proportion
of patients who were free from retreatment failures at 24

months (179/194 patients, or 92.3% for OP-1 Putty and
62/70 patients, or 88.6% for autograft, P � 0.347) and
at 36� months (141/162 patients, or 87.0% for OP-1
Putty and 55/66 patients, or 83.3% for autograft, P �
0.529). These values were statistically not different.

There were 32 total retreatments (i.e., failures for the
absence of retreatment criteria): 21 in the OP-1 Putty
group (17 reported at 24 months and 4 reported at 24–
36� months) and 11 in the autograft group (10 reported
at 24 months and 1 reported at 24 –36� months).
Retreatments occurring over time for both treatment
groups are illustrated in Table 9. In both treatment
groups, the majority of retreatment events occurred in
the interval between the immediate postoperative period
and the 24-month interval, with the balance of events
occurring by the 48-month interval, and no events occur-
ring at or after the 60-month interval.

At the 24-month follow-up point, 21 of 257 (8.2%) of
the OP-1 Putty patients and 11 of 87 (13%) of the au-
tograft patients had undergone further surgery to pro-
mote fusion at the index level. At the time of latest fol-
low-up (�36 months), an additional 3 of 144 (2.1%)
OP-1 Putty patients and 3 of 58 (5.2%) autograft pa-
tients had undergone further surgery for retreatment fail-
ure. These rates were not statistically different (P �
0.242).

Secondary Outcomes

Oswestry Disability Index. Tables 10 and 11 present the
success rates for the study groups at 24 and 36� months
as measured by a 20% improvement in the ODI. At 24
months, 74.5% of OP-1 subjects and 75.7% of autograft
subjects had a �20% improvement from baseline in
ODI. At 36� months, 68.6% of OP-1 subjects and
77.3% of autograft subjects had a �20% improvement
from baseline in ODI. There were no statistical differ-
ences between the groups at either time point (P � 0.839
at 24 months, P � 0.201 at 36� months). The mean
percent improvements from baseline 24 months (54.0%
for OP-1 Putty and 54.5% for autograft) and 36�
months (52.0% for OP-1 Putty and 54.4% for autograft)
were similar and not statistically different between treat-
ment groups.

Because the 20% ODI improvement from baseline is
an arbitrary cut point for determining clinical improve-
ment, additional analyses were conducted to compare
the proportions of patients in each treatment group
achieving more robust levels of improvement that should
be more clinically meaningful to both physicians and
patients. The number of patients in each treatment group
achieving improvements over baseline of 100%, �80%,
�50%, �30%, and �20% at both 24 months and 36�
months was evaluated (Figure 1). These results indicate
that although the OP-1 Putty group had slightly lower
proportions of patients who achieved ODI success in the
�20% and �30% improvement in ODI categories (dif-
ferences not statistically significant), the OP-1 Putty
group had higher proportions of patients achieving

Table 7. Presence of Bone Assessed via CT Scan for
Patients Without Bone Formation via Plain Films at 24
Months (mITT)

Presence of Bone Assessed via CT Scan OP-1 Putty Autograft

Present 27/38 (71.0%) 5/6 (83.3%)
Present medial 22/27 (81.5%) 3/5 (60.0%)
Present lateral/transverse 5/27 (18.5%) 2/5 (40.0%)
Absent 11/38 (29.0%) 1/6 (16.7%)

Table 8. Success Rates by Absence of Treatment-
Related Serious Adverse Events (SAEs) at 24 and
36� Months

Time
Point

OP-1 Putty Autograft

P
No.

Patient
No. (%)

Successes
No.

Patient
No. (%)

Successes

24 mo 194 166 (85.6) 72 61 (84.7) 0.863
36� mo 166 132 (79.5) 68 50 (73.5) 0.387
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�50%, �80%, and 100% improvements at both the 24
month and 36� month intervals (differences not statisti-
cally significant).

Neurologic Success
The patient was considered an overall neurologic success
in the absence of a decrease in neurologic status unless
attributable to a concurrent medical condition or to the
surgical procedure. Patients in the OP-1 Putty group had
a higher neurologic success rate at 24 months (92.1% for
OP-1 Putty and 84.1% for autograft, P � 0.057), al-
though this difference was not statistically significant.
Neurologic success was similar for both groups at 36�
months, and the difference between treatment groups
was not statistically significant (84.4% for OP-1 Putty
and 80.0% for autograft, P � 0.54).

Visual Analog Scale and Short-Form 36
Patients in both the OP-1 Putty and Autograft Groups
had significant decreases in pain over time noted on VAS
at 24 months and at 36 months. There were no signifi-
cant differences between the 2 groups in terms of VAS
scores. By 6 weeks, patients in both groups demonstrated
statistically significant improvements over baselines in
SF-36 scores. There were no significant differences be-
tween group SF-36 scores at any point in the study (Fig-
ure 2).

Donor Site Pain After Autograft Harvest
VASs assessments of donor site pain in the autograft
population demonstrated that at 12 months, 32 of 72
(44%) of autograft patients reported pain at the donor
site, at 24 months 25 of 55 (45%) patients reported pain,
and at 36 months 18 of 52 (35%) reported persistent
mild/moderate pain. Donor site pain was persistent and
decreased slowly over time, reported as a 2.1 on the VAS
(scale of 1–10, 10 being most severe) at 6 weeks, 1.6 at
12 months, 1.2 at 24 months, and 1.1 at 36 months.

Surgery and Hospitalization Data
Mean operative time for the OP-1 Putty group was sig-
nificantly shorter than the autograft group (144 minutes
for the OP-1 Putty group and 164 minutes for the au-
tograft group, P � 0.006). Mean operative blood loss
was also significantly lower for the OP-1 Putty group

than the autograft group (309 cc vs. 471 cc, P �
0.00004). There were no differences in the mean length
of stay after surgery (P � 0.529).

Immunologic Results
Serum samples for OP-1 antibody testing for the study
were performed immediately after surgery, and at 6
weeks, 3, 6, 12, and 24 months from 293 patients. One
patient in the OP-1 group had died just after surgery and
1 patient in the autograft group had no postbaseline visit.
In the 36� month group, serum samples were analyzed
at the time of latest follow-up for patients who had been
positive for anti-OP-1 antibodies at the 24-month fol-
low-up visit and for patients who had not completed the
24-month follow-up visit but had been antibody positive
at their last recorded visit. There were 54 patients who
underwent this testing (49 patients from the OP-1 Putty
group, 5 from the autograft group) at 36� months.

93.7% of patients receiving OP-1 Putty were anti-
body-positive at any time point versus 20.9% of the pa-
tients receiving autograft. In the OP-1 Putty group,
25.6% of patients became positive for anti-OP-1 neutral-
izing antibodies versus 1.2% of the autograft patients.
The peak presence of neutralizing antibodies was ob-
served between 6 weeks and 3 months. However, at both
24 and 36� months no patients had neutralizing anti-
bodies present.

Neutralizing Activity Status and Clinical Outcomes
No significant associations were observed between neu-
tralizing activity status, clinical success, and safety pa-
rameters. Overall success of patients with neutralizing
activity (36.4%) was not statistically different from the
overall success of patients without detectable neutraliz-
ing activity (38.2%). When the overall success end point
was broken down into the individual components of ra-
diographic success, ODI success and absence of retreat-
ment, no associations between clinical success and neu-
tralizing activity were seen. Furthermore, there was no
evidence of an increase in AEs, SAES, or immunologically-
related AEs or SAEs at any time point in the neutralizing
positive patients versus the neutralizing negative patients in
the study.

Table 9. Retreatment Failures by Time Interval (Safety Population)

Treatment Group Operative (�28 d) 24 mo (28–1035 d) 36 mo (1036–1401 d) 48 mo (1402–1766 d) 60 mo (1767–2131 d) �60 mo (�2131 d) Totals

OP-1 Putty 0 17 3 1 0 0 21
Autograft 0 10 0 1 0 0 11

Table 10. ODI Scores at 24 Months

Time Point

OP-1 Putty Autograft

95% Upper Confidence Bound (%) PNo. Patients No. (%) Successes No. Patients No. (%) Successes

24 mo 192 143 (74.5) 70 53 (75.7) 11.2 0.839
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Discussion

This study was a randomized controlled trial comparing
2 similar groups of patients with degenerative spon-
dylolisthesis and spinal stenosis. The study population
was reflective of the general population with degenera-
tive spondylolisthesis, given the relatively higher number
of women (approximately 2/3) and the mean age of 68
(range 36–84). The preoperative status of the patients in
the respective study groups was similar, with no differ-
ences between groups in terms of demographic charac-
teristics, disease status, the involved segment, motion or
instability at the involved level, clinical status based on
the ODI, previous treatments, or worker’s compensation
status.

This pivotal study was originally designed to report
on patient outcomes as part of the 24-month random-
ized, prospective, multicenter trial conducted under an
Investigational Device Exemption Study as permitted by
the US FDA. In the original 24-month investigational
study, patients in the OP-1 Putty group achieved clinical
and functional radiographic improvements comparable
to the autograft group measured along a composite mea-
sure of clinical success. Although there were no statistical
differences between the OP-1 Putty group and the au-
tograft group in terms of overall success by these com-
posite end points, there was a statistical difference be-
tween the groups in terms of the presence of bridging
bone on plain radiography. As assessed by plain films,

the OP-1 Putty group demonstrated a significantly lower
percentage of patients with presence of bridging trabec-
ular bone. There were no differences seen in angulation
or translation on flexion-extension films suggestive of a
true difference in the fusion mass. A long-term follow-up
was performed to see if clinical and radiographic results
were maintained over time and to see if patients who
seemed to demonstrate radiographic success at 2 years
maintained success as reported in other clinical IDE fu-
sion studies.31 One interesting finding in this study was
the presence of bone formation in the OP-1 Putty fusion
group medially along the transverse processes and along
the lateral border of the facet joints on the 9-month and
36� month CT scans. These results suggest that plain
films may be less than reliable in assessing fusion or bone
formation with the present physical formulation of OP-1
Putty, as they are less sensitive when compared with CT
in assessing bone formation along the lateral border of
the facet joints.

The finding of bone formation medial to the trans-
verse processes was unexpected, because it had been as-
sumed that OP-1 Putty-directed new bone formation
would occur as it does for autograft, laterally along the
transverse processes. A probable explanation lies in the
differences in the physical properties of the graft materi-
als studied: OP-1 Putty is a compressible, moldable ma-
terial (putty that does not harden), whereas autograft is
not malleable (has a noncompressible physical struc-
ture). During the spinal fusion procedure used in the
clinical study, the surgeon retracts the paraspinal mus-
cles to lay down the OP-1 Putty or autograft material
(Figures 3A, B). When the retractors are removed and the
muscles are released, the OP-1 Putty product may be
compressed medially (Figure 3C), leading to medialized
bone formation not easily detected by plain radiographs.
On plain radiographs, the medial location of the OP-1
putty may be obscured by the lateral border of the ver-

Figure 1. Proportions of patients
with percentage improvements
in ODI at 36� months.

Table 11. ODI Scores at 36� Months (mITT Population)

Time
Point/Population

OP-1 Putty Autograft

No.
Patients

No. (%)
Successes

No.
Patients

No. (%)
Successes P

36� mo 159 109 (68.6) 66 51 (77.3) 0.201
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tebral body, hypertrophied facet joints, and overlying
bowel gas (Figure 4A), but may be better illustrated with
the usage of CT scanning (Figure 4B). A similar phenom-
enon was reported by Boden and coworkers during a
study of posterolateral intertransverse process fusion us-
ing a compressible collagen carrier and rhBMP-2 in a
primate model.32

Therefore, to adequately investigate whether patients
in the OP-1 Putty group experienced fusion rates com-
parable to autograft, a radiographic assessment tool
more sensitive than the plain films used at 24 months was
needed. As a result, prospective collection of additional
radiographic and clinical data was conducted on all
available study patients at the longer term follow-up in-
terval of 36� months. Patients received CT scans to as-
sess for the presence of bone and repeat flexion/extension
films to allow measurement of angulation and transla-
tion at the same time point. All key clinical outcome
measures collected in the original study were also col-
lected at the 36� month interval.

Eighty-seven percent of the originally randomized
295 patients were eligible for review at 24 months. Of
the 257 patients eligible for 36� month follow-up, 202
of 257 (80%) were available. Patients who returned for
follow-up at 36� months did not differ significantly
from the original population with regard to demograph-
ics, baseline disease characteristics, or key outcome vari-
ables at 24 months. The mean time to final follow-up for
all enrolled patients was 4.4 years and there was no sig-
nificant difference in times to follow-up between treat-
ment groups.

At 36� months, OP-1 Putty demonstrated statistical
comparability to autograft with regard to the primary
endpoint (Modified Overall Success), and each of the
individual subcomponents. Although the 24-month ra-
diographic data did not show comparability of OP-1
Putty and autograph in terms of rates of new bone for-
mation by plain radiograph despite comparable results
for angulation and translation, the 36� month imaging
data found no difference between groups in terms of the
presence of bone on CT (74.8% for OP-1 Putty and
77.4% for autograft, P � 0.85). There are several possi-
ble reasons for these differences in findings. First, the
original readers may have underestimated the presence
of bone as they were not aware of the medial reposition-
ing of OP-1 Putty. Second, CT scanning represents a
more sensitive imaging modality for bone formation
given the increase in spatial resolution. Finally, the CT
scan data demonstrate that the OP-1 Putty group formed
bone in a more medial location with greater frequency
(Figures 5A, B).

Because of the medial fusion mass when OP-1 Putty is
used, CT assessment of fusion may not accurately reflect
the degree of bridging bone. Although some patients in
the OP-1 Putty arm did show bridging bone between the
transverse processes, the majority of the bone formation
was more medial. CT imaging of the spine has improved
greatly over the last decade with advancements in image
acquisition. However, the radiologist must review an in-
creased number of slices and images and visualize a com-
plex 3-D model. Bone seen in the area of the transverse
process most likely represents graft because degenerative

Figure 2. VAS scores at 24 and
36� months.

Figure 3. Implantation of OP-1
Putty and the paraspinal muscula-
ture. A, Axial illustration demon-
strating retraction of paraspinal
muscles and placement of OP-1
Putty across the decorticated trans-
verse processes. B, Coronal view
demonstrating OP-1 Putty place-
ment across the intranverse region.
C, After paraspinal muscle release,
OP-1 Putty is compressed medial to
the transverse processes.
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changes in the spine are not seen in that area. If the same
amount of bone is seen more medially near the facet, it
could easily be misinterpreted as an osteophyte rather
than bone being generated from biologic material placed
medially. Because bone that has formed medial to the
transverse processes is more difficult to assess for bridg-
ing, one could easily underestimate the degree of fusion
with OP-1 compared to autograft across transverse pro-
cesses. A future prospect may lie in the use of multiplanar
reformatted images and the ability to generate 3-D mod-
els (Figures 6A and 6), which may serve to provide more
usable information on bony fusion.

With regard to fusion outcomes, it is interesting to
compare bone formation rates in the 50% to 70% range
relative to previously published studies on bone morpho-
genetic factors with claimed fusion success rates of 95%
to 100%. This comparison highlights the strength of a
prospective randomized study evaluating fusion success
in an unstable (spondylolisthesis) degenerative model in
the absence of instrumentation or an opaque carrier,
which may be confused with new bone formation. In the
seminal paper by Fischgrund et al on fusion success in the
presence or absence of instrumentation, the authors
noted a fusion success of only 45% in the absence of
instrumentation.1 Clearly, without confounding vari-
ables such as instrumentation or carriers that contain
calcium or hydroxyapatite, fusion rates in degenerative
disorders are expected to be in the 40% to 70% success
rate range, depending on patient characteristics. This

further supports the premise that OP-1 Putty in the
stated dosage and with its compressible carrier is an ad-
equate replacement for autologous iliac crest bone graft
in fusion for degenerative spondylolisthesis. With use of
instrumentation, the current gold standard for treat-
ment, higher rates of fusion and overall success would be
anticipated. All patients in this study were considered to
be “unstable” before fusion because of the destabiliza-
tion occurring secondary to the laminectomy and partial
facetectomy. When evaluating the final radiographs, the
absence of motion on flexion and extension views may be
because of bone formation from either OP-1 Putty, au-
tograft, or a stable fibrous nonunion. It is assumed that
successful fusion occurs when there is sufficient bone for-
mation to confer stability to the spine (by meeting the
stringent translation and angulation criteria for success-
ful fusion). This argument would be invalid if instrumen-
tation had been placedbecause of the presence of hard-
ware restricting motion.

Patients receiving OP-1 Putty as part of the arthrode-
sis surgery had significantly lower blood loss at the time
of surgery and lower operative times. Although these
numbers did not result in a lower rate of treatment-
related serious adverse events, the decreased operative
time, decreased exposure to anesthesia, and expected
lower transfusion requirements are potential benefit to
this elderly surgical population in terms of an expected
quicker recovery and lower rate of transfusion-related
complications, in addition to providing a possible eco-

Figure 4. AP radiograph (A) taken
at 24 months compared to axial CT
(B) scan in a patient after receiving
OP-1 Putty. While the radiograph (A)
fails to illustrate bridging bone be-
tween the transverse processes, ax-
ial CT scan (B) demonstrates pro-
fuse bone formation more medially.
The obtained plain radiograph was
interpreted by blinded observers as
having no bone formation at 24
months.

Figure 5. Axial CT (A) and coro-
nal multiplanar reformatted im-
age (B). Axial CT and multiplanar
reformatted coronal images
demonstrate a solid fusion mass
in a patient receiving OP-1 Putty.
Note the medial positioning of
the fusion mass (white arrows).
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nomic benefit to the hospital and/or provider system.
Finally, the autograft patients were found to experience
mild/moderate donor site pain in 35% of cases at 36�
months, demonstrating that the pain associated with au-
tograft harvest can be both significant and of lasting du-
ration.

There were no significant differences in the occurrence
rates of serious adverse events related to device between
the study groups at either 24 or 36� months in the study.
There were also no complications or adverse events di-
rectly attributable to the OP-1 Putty. Testing for anti-
OP-1 antibodies and anti-OP-1 neutralizing antibodies
demonstrated transient occurrences between the 6-week
and 3-month periods. However, by 24 and 36� months,
no patients had neutralizing antibodies present. It seems
based on the data that the formation of anti-OP-1 anti-
bodies does not have any clinically significant effects on
either safety or efficacy. Most importantly, the presence
of neutralizing antibodies was not correlated with any
safety concerns or clinical outcomes.

In terms of the key variable, revision surgery to pro-
mote fusion, the overall rates were low in both treatment
groups considering the challenging surgical model and
the OP-1 group and autograft group showed no signifi-
cant differences over the course of the study period. At
the 36-month follow-up point, 21 of 257 (8.2%) of the
OP-1 Putty patients and 11 of 87 (13%) of the autograft
patients had undergone further surgery to promote fu-
sion at the index level. At the time of latest follow-up at
a mean of over 4 years after the original surgery, only an
additional 3 of 144 (2.2%) OP-1 Putty patients and 3 of
58 (5.2%) autograft patients had undergone further sur-
gery for retreatment failure.

Conclusion

OP-1 Putty has been designed as an alternative to au-
tograft harvest in posterolateral spinal fusion. In multi-
ple preclinical and early clinical models, OP-1 has pro-
duced fusion success results equivalent or superior to
that of autograft. Based on this large prospective ran-
domized controlled trial of uninstrumented posterolat-
eral arthrodesis performed for degenerative spondylolis-
thesis and spinal stenosis, OP-1 Putty is a safe and
effective alternative to autograft that results in equivalent
overall success outcomes, shorter operative times, and

lower intraoperative blood loss, while avoiding the mor-
bidity associated with autograft harvest.

Key Points

● OP-1 Putty is a safe and effective alternative to
autograft in uninstrumented posterolateral fusion
performed for degenerative spondylolisthesis and
spinal stenosis.
● At 36� months, OP-1 Putty resulted in equiva-
lent outcomes in terms of overall success and all
clinical and radiographic endpoints.
● The OP-1 Putty group had significantly lower
blood loss during surgery and significantly shorter
operative times.
● Although antibodies to OP-1 did develop, they
resolved in all patients without clinical sequelae.
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Recommendations

Standards. Static lumbar radiographs are not recom-
mended as a stand-alone means to assess fusion status fol-
lowing lumbar arthrodesis surgery. 

Guidelines. 1) Lateral flexion and extension radiogra-
phy is recommended as an adjunct to determine the pres-
ence of lumbar fusion postoperatively. The lack of motion
between vertebrae, in the absence of rigid instrumenta-
tion, is highly suggestive of successful fusion. 2) Tech-
netium-99 bone scanning is not recommended as a means
to assess lumbar fusion. 

Options. Several radiographic techniques, including sta-
tic radiography, lateral flexion–extension radiography, and/
or CT scanning, often in combination, are recommended
as assessment modality options for the noninvasive evalu-
ation of symptomatic patients in whom failed lumbar fu-
sion is suspected. 

Rationale

Lumbar fusion is performed in patients with pain due to
lumbar degenerative disease. An outcome measure fre-
quently cited in studies evaluating lumbar fusion tech-
niques is the “radiographic fusion rate;” however, radio-

graphic fusion is not consistently defined throughout the
literature. The purpose of this review is to examine the lit-
erature regarding the ability of various diagnostic tech-
niques to assess fusion status after lumbar fusion is per-
formed to treat degenerative disease. 

Search Criteria

A computerized search of the database of the National
Library of Medicine between 1966 and July 2003 was con-
ducted using the search terms “lumbar spine fusion assess-
ment,” “lumbar spine pseudoarthrosis,” or “lumbar spine
fusion outcome.” The search was restricted to references in
the English language involving humans. This yielded a to-
tal of 1076 references. The titles and abstracts of each of
these references were reviewed. Only papers concerned
with the assessment of fusion status following arthrodesis
procedures for degenerative lumbar disease were included.
Additional articles were obtained from the bibliographies
of the selected articles. Forty-five references were identi-
fied that provided either direct or supporting evidence rele-
vant to the radiographic assessment of lumbar fusion status.
Reports involving Class III or better medical evidence are
listed in Table 1. Supportive data are provided by addition-
al references listed in the bibliography.

Scientific Foundation

Open surgical exploration is the only method that al-
lows direct inspection of fusion integrity. This procedure
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is considered the gold standard of lumbar fusion assess-
ment.6,7 It is, therefore, an appropriate benchmark to use in
establishing the accuracy and predictive value of noninva-
sive radiolographic studies for the assessment of fusion
status following attempted lumbar fusion surgery. 

Plain Radiographs (static)

Anteroposterior and lateral radiographs can demon-
strate a continuous bone mass between adjacent vertebral
segments following lumbar fusion. Because of their rela-
tively low cost, widespread availability, and long history
as a means of assessing fusion, plain spinal radiography
remains a common method of assessment of lumbar fu-
sion;6 however, the limitations of static plain radiography
as a reliable test for determining the presence or absence
of a solid fusion have been well documented. Brodsky, 
et al.,3 reported a 64% correlation between preoperative
plain radiographs and surgical exploration in a retrospec-
tive study of 214 lumbar fusion exploration procedures in
patients who had undergone prior posterolateral fusion.
Plain radiography had an 89% sensitivity and 60% speci-
ficity for predicting solid fusion. Radiographs interpreted
as demonstrating fusion had a PPV of 76%. Those predict-
ing pseudarthrosis had an NPV of 78%. These data indicate
a 0.18 likelihood ratio for a false-positive result (chance of
a pseudarthrosis discovered at exploration when radiogra-
phy indicates fusion), and a 2.25 likelihood ratio for a neg-
ative test result (chance of a fusion discovered at explo-
ration when the radiography suggests pseudarthrosis).3 The
medical evidence provided by this review is considered
Class II for the use of plain lumbar radiography compared
with open surgical exploration to assess fusion because of
the authors’ selection bias for open exploration.

Similarly, in a retrospective study of 75 patients, Kant and
coworkers11 found a positive correlation between static radi-
ography and surgical exploration of lumbar fusion in 68% of
their patients (sensitivity 85%, specificity 62%, PPV 76%,
and NPV 54%). The likelihood ratio for a positive result was
0.81, and the likelihood ratio for a negative result was 2.24.
Finally, in a study of 49 patients treated with posterolateral
and posterior interbody fusion with internal fixation, Blu-
menthal and Gill1 compared findings on anteroposterior and
lateral radiographs (interpreted by two surgeons and two ra-
diologists) with surgical exploration of the fusion mass at the
time of reoperation for hardware removal. They reported a
69% agreement between the radiographic diagnosis and sur-
gical findings. The accuracy among the four physicians in-
terpreting the radiographs ranged from 57 to 77% (false-pos-
itive rate 42%, false-negative rate 29%). These authors
concluded that plain radiography has limited accuracy and
validity for the assessment of lumbar fusion. Furthermore,
they noted significant intra- and interobserver variation, indi-
cating a lack of reliability (k 0.4–0.7). Their study provides
Class I medical evidence indicating that static radiography is
only accurate in determining fusion status in roughly two
thirds of cases. Therefore, static anteroposterior and lateral
radiographs are not recommended as a stand-alone assess-
ment of the presence of an arthrodesis after lumbar fusion
surgery for degenerative disease.

Flexion–Extension Radiography

In 1948 Cleveland, et al.,6 advocated the use of dynam-

ic lumbar spinal radiography rather than static radiography,
for the diagnosis of pseudarthrosis following attempted
lumbar fusion surgery. Other authors have also suggested
that lateral lumbar flexion–extension radiography allows
for appropriate assessment of fusion status.4 There has been
disagreement, however, on the number of allowable de-
grees of motion at the treated (fused) levels for determining
the presence or absence of successful bone fusion.16

Brodsky, et al.,3 compared the findings of lumbar flex-
ion–extension radiography to surgical exploration in a
series of 175 patients who underwent reoperation for var-
ious indications following instrumented and noninstru-
mented lumbar fusion. They found a 62% correlation be-
tween preoperative flexion–extension radiography and
intraoperative findings at exploration (specificity 37%,
sensitivity 96%, PPV 70%, and NPV 86%). Their study
provides Class II medical evidence that the absence of
motion on flexion–extension x-ray films is highly sugges-
tive of a solid fusion. The occurrence of some degree of
motion at the treated levels, however, does not necessari-
ly indicate a pseudarthrosis. 

Computerized Tomography Scanning

Since the introduction of CT scanning in the 1970s, this
modality has been used to assess lumbar fusion. Early stud-
ies involved axial sequences alone. Brodsky, et al.,3 used 
6-mm axial slice CT scans and demonstrated a 57% corre-
lation between fusion assessment based on these scans 
compared with direct surgical exploration in a series of 214
operations on 175 patients. Computerized tomography
scanning had a sensitivity of 63%, specificity of 86%, PPV
of 72%, and an NPV of 81%. Laasonen and Soini12 con-
ducted a retrospective review of 20 patients who underwent
CT scanning prior to surgical exploration and found an
approximate 80% correlation between the CT study–based
diagnosis of fusion and intraoperative diagnosis of fusion.
Since the publication of these earlier studies, CT imaging
technology has advanced. The use of thin-section axial se-
quences, improved resolution, and multiplanar imaging ca-
pability has enhanced the ability of CT scanning to assess
lumbar fusion status. There have been no studies compar-
ing these more advanced CT scanning capabilities with
direct surgical exploration. Lang and colleagues14 found
that the addition of thin-slice and multiplanar CT scanning
resulted in a higher rate of detection of pseudarthrosis com-
pared with plain radiography. Similarly, Chafetz, et al.,5
demonstrated that direct coronal CT scanning may be more
sensitive than two-dimensional reconstructed coronal CT
images for the detection of pseudarthrosis. Zinreich and col-
leagues21 reported that three-dimensional CT reconstruction
may be more sensitive than two-dimensional CT recon-
struction for the detection of pseudarthrosis. Siambanes and
Mather20 demonstrated that multiplanar CT imaging detect-
ed pseudarthrosis in patients who had undergone posterior
lumbar interbody fusion compared with plain radiography
that had suggested a solid fusion. Santos and colleagues18

examined 32 patients who underwent anterior lumbar inter-
body fusion with carbon fiber cages. Plain static radiographs
were interpreted to demonstrate fusion at 86% of the as-
sessed levels. Flexion–extension lumbar radiography sug-
gested fusion rates ranging from 74 to 96% in this same
group of patients, depending on the method used to analyze

D. K. Resnick, et al.
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the x-ray films. The addition of thin-section helical CT
scanning reduced the radiographic fusion rate to 65%. The
authors concluded that CT scanning is more sensitive than
static or flexion–extension lumbar radiography for the de-
tection of pseudarthrosis. Shah, et al.,19 reached a similar
conclusion in their study of 155 patients who underwent
posterior lumbar interbody fusion procedures. They found
that CT scanning was more sensitive for the detection of
abnormalities than plain radiography. These papers are
considered to provide Class III medical evidence on the
utility of CT scanning for the diagnosis of pseudarthrosis
following attempted lumbar fusion.

Technetium-99m Bone Scan

Technetium-99m bone scanning has also been used to
assess the integrity of fusion following lumbar arthrodesis
surgery. Bohnsack, et al.,2 performed a retrospective study
of 42 patients who underwent lumbar fusion and internal
fixation. They obtained 99mTc bone scans before reoperation
for hardware removal. This modality suggested pseudarth-
rosis in five patients (12%). Pseudarthrosis was found in-
traoperatively in four patients (10%). In two of these four
patients pseudarthrosis was predicted based on the 99mTc
scanning. The accuracy of 99mTc bone scanning was 88%,
its sensitivity was 50%, its specificity was 93%, its PPV
was 40%, and its NPV was 95%. This Class II medical evi-
dence suggests that 99mTc bone scanning is not sufficiently
reliable to diagnose pseudarthrosis following a lumbar ar-
throdesis procedure.2

Roentgen Stereophotogrammetric Analysis

Roentgen stereophotogrammetric analysis is a tech-
nique that uses radiopaque 0.8-mm tantalum markers im-
planted into each vertebral level incorporated in the fusion
at the time of surgery. The details of the technique have
been described elsewhere.10 Postoperatively, the patient
undergoes computerized radiographic assessment in
which two 40˚ angled roentgen tubes are used. Evaluation
is performed with the patient in different positions (for
example, supine and upright) to detect movement. The
technique assesses the amount of movement between the
fused vertebral bodies in multiple planes. The amount of
allowable movement that determines fusion compared
with nonunion, however, is not well defined. This modal-
ity has been evaluated in patients at several centers. In a
study of 11 patients treated with lumbar fusion, Johnsson
and colleagues10 compared the results of RSA with those
of plain radiography at several postoperative time points.
In eight patients in whom plain radiography demonstrated
successful fusion, RSA revealed a progressive decrease in
intervertebral movement over time with achievement of
“rigid fusion” within 3 to 12 months. In a follow-up study,
Johnsson, et al.,9 conducted RSA in 12 lumbar fusion 
patients at multiple postoperative time points. Again,
comparative plain radiographs were used and fusion was
considered present in all patients. The authors found that
in six patients in whom fusion was considered present ne-
gligible movement was observed after 1 month postoper-
atively, whereas in others in whom fusion eventually
occurred gradual reduction in intervertebral movement
was demonstrated over time. The fact that negligible
movement was noted so soon after surgery, when fusion

presumably has not yet occurred, is an interesting obser-
vation. Pape and associates17 undertook RSA in 10 pa-
tients following lumbar arthrodesis. Based on RSA crite-
ria, fusion was thought to be present in all patients. This
finding was confirmed with open surgical exploration in
all cases. Although this report supports the accuracy of
RSA, because fusion was present in all patients it is not
possible to calculate the sensitivity, specificity, PPV, and
NPV of RSA compared with exploration from their data.17

Other Techniques

Polytomography has been used to assess lumbar fusion
status in the pre–CT scanning era, but it has been rarely
used since the widespread introduction of CT scanning in
the 1970s. In their retrospective study of 214 lumbar
fusion exploration procedures in patients who had under-
gone posterolateral fusion, Brodsky, et al.,3 found only 
a 59% correlation of fusion status between preoperative
polytomographs and intraoperative findings (sensitivity
65%, specificity 84%, PPV 79%, and NPV 73%). This
single study provides Class II medical evidence that poly-
tomography cannot be reliably used to determine the pres-
ence of solid osseous arthrodesis following lumbar fusion
procedures for degenerative disease. 

The use of magnetic resonance imaging to assess for
pseudarthrosis following lumbar fusion has been explored
by several authors. Lang, et al.,13 maintained that magnet-
ic resonance imaging added unique information in cases
involving lumbar fusion procedures. To date, the impor-
tance of this information remains unclear. A single report
of the use of ultrasonography to evaluate fusion status was
also reviewed.8 Although the results of this study are pro-
mising, the ultrasonography technique has not been rigor-
ously evaluated.

Summary

The assessment of fusion status with static plain radio-
graphy is accurate in approximately two thirds of patients
treated with lumbar fusion when the radiographic results
are compared with surgical exploration findings. There-
fore, static plain radiography is not recommended as a
stand-alone modality following lumbar fusion procedures.
The addition of lateral flexion–extension radiography may
improve accuracy because the lack of motion between
fused lumbar segments on lateral views is highly sugges-
tive of a solid fusion. Some degree of motion between
segments may be present even when the spine has fused.
The amount of motion allowable across fused segments is
not clear, and the role of internal fixation in limiting
motion has also not been adequately addressed. The addi-
tion of multiplanar CT scanning results in the detection of
pseudarthrosis in some patients in whom fusion has been
deemed successful based on plain radiographic criteria.
Therefore, CT scanning may be more accurate in the
determination of fusion status than plain radiography;
however, a rigorous comparison of modern CT scanning
and surgical exploration has not been performed. It ap-
pears that RSA is exquisitely sensitive for the detection of
motion between vertebral bodies, and the loss of motion
between treated vertebral segments does appear to indi-
cate the presence of fusion. The modality, however, is in-
vasive and not widely available. Furthermore, the only
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comparison of RSA with surgical exploration provided
only Class III medical evidence supporting the accuracy
of RSA. It is recommended that multiple modalities be
used for the noninvasive evaluation of symptomatic pa-
tients with suspected fusion failure because no radio-
graphic gold standard exists. 

Key Issues for Further Investigation

Modern CT scanning appears to have superior sensitiv-
ity compared with plain radiography for the detection of
pseudarthrosis. A prospective study of CT scanning find-
ings prior to surgical exploration for instrumentation re-
moval would provide Class I evidence regarding the ac-
curacy of the former compared with the gold standard of
surgical exploration. If preoperative flexion–extension 
radiography is also used, then the influence of internal fix-
ation on the accuracy of flexion–extension radiography
could also be addressed. 
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