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Can Lumbar Spine Radiographs

Accurately Determine Fusion in
Postoperative Patients?

Correlation of Routine Radiographs with a
- Second Surgical Look at Lumbar Fusions

Scott L. Blumenthal, MD, and Kevin Gill, MD

Fr_él_"n the Southwest Orthopedic Fstitute, Dallas, Texas,
'Acqept_ed for publication July 28,1992,
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The goal of spinal fusion is quite obvious: to obtain a
solid arthrodesis. Difficulties in determining that out-
come are emphasized in a recent publication by Brod-
sky.? They maintain that “Bosworth’s Dictum (the
only way to be sure of the status of fusion was to ex-
plore it) still holds.”?? Brodsky’s report correlates
preoperative studies including plain radiographs,
computed tomography, tomography, and bending ra-
diographs with surgical exploration of lumbar spine
tusions. Overall plain radiographs exhibited the
greatest accuracy in prediction of fusion ranging from
64 to 77%.

Although it is not universally agreed that plain ra-
diographs are the best predictors of arthrodesis they
are certainly the most widely used. In fact, many sci-
entific articles reporting outcomes of spinal fusion
have used this modality to report their fusion rate.
Radiographs relying on two-dimensional repre-
sentation of three-dimensional anatomy can be prob-
lematic at best for this purpose.

We undertook this study to correlate the postop-
erative radiologic studies to the intraoperative find-
ing of the presence or absence of arthrodesis.

B Materials and Methods

The population studied included 49 patients (17 women
and 32 men) with an age range of 22-54 years, who under-
wernt one- or two-level lumbar interbody fasions combined
with posterolateral fusions between 1988 and 1990. All pa--
tients were stabilized with the Long Beach System® (Wiltse
System). At an average of 9 months after surgery, elective
hardware removal was undertaken. The primary indication
for hardware removal was persistent lumbosacral discom-
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Figure 1. A, 38-year-old woman
after posterior iumbar interbody
fusion {PLIF) and posterclateral
fusion {PLF) of L5/81. This an-
teroposterior radiograph shows
solid PLF that was confirmed at
surgery. B, Lateral radiographil-
tustrating solid interbody fusion
at L5/81.

fort. In some cases the patient’s wish to have the instrumen-
tation removed was fear of metallic presence in their body,
An intraoperative assessment of arthrodesis was made by
two methods. The bony mass was explored bilaterally to
determine the presence or absence of a bridging bony man-
tle. In addition, a mechanical stress test of the motion seg-
ment was performed with a Kocher clamp and observation
of any motion was made and recorded,

Immediate preoperative anteroposterior and lateral ra-
diographs of these patients were gathered and encoded to
blind the observers to the identities of the patients. Fusion
assessment was then made by two spinal surgeons and two
experienced musculoskeletal radiologists. Figures 1-4 illus-
trate examples of each possible combination of observed
radiographs and fusions. Figure 1 illustrates an example in
which all observers noted that fusion appeared solid on ra-
diograph and surgery confirmed fusion. Figure 2 illustrates
an example in which none of the observers believed that fu-

Figure 2. A, 40-year-old man af-
ter posterior lumbar interbody
fusion and posterclateral fusian
at L5/81. This anteroposterior
radiagraph illustrates failure of
posteralateral fusion. B, Lateral
radiegraph demonstrating pseu-
darthrosis of the interbady bone
graft L5/S1.

sion was present and pseudarthrosis was confirmed at sur-
gery. Figure 3 illustrates an example in which all reviewers
thought pseudarthrosis was present, yet surgery confirmed
solid arthrodesis (false-negative). Figure 4 illustrates an ex-
ample in which three of four observers thought that fusion
was present and pseudarthrosis was confirmed at surgery
{false-positive). A second radiographic review was repeated
by all four observers at 3 months. Data were then recorded,
correlated, and evaluated by a statistician.

B Results

Results are presented based on correlations of the ra-
diographic findings and surgical assessment of fusion
(Table 1) Solid fusion is considered a positive finding
and pseudarthrosis a negative finding. Fusion was ob-
served in 44 of 49 patients or 90%. This was used as
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Figure 3. A 35-year-old man after anterior lumbar interbedy fusion and posterolateraf fusion
at L4/5 and L5/81, respectively. This anteroposterior radiograph appears to dlustrate pseu-
darthrosis of the posterolateral fusion mass, however, surgery confirmed solid fusion mass
in the posterolateral area. B, Lateral radiograph demonsirating possible pseudarthrosis of
the anterior lumbar interbody fusion £4/5 and L5/S1.

the gold standard in the agreement process of statis-
tics. On both the first and second ratings, this is an
obvious range of inter-rater consistencies for both the
first (67%—77%) and the second (57%-73%) ratings.
Moreover, there is a great degree of variability in sen-
sitivity and specificity rates among the raters. One
neuroradiologist had a false-positive rate of zero sug-
gesting a more critical definition of bony arthrodesis.

The range of intra-rater consistencies in assessing
the radiographs on two separate occasions is seen in
Table 2. Cohen’s Kappa is a chance corrected estimate
of agreement and reflects how much better than
chance the intra-rater consistency is. There is an ob-
vious range of intra-rater consistencies (71%-90%1),
however, all are within the fair to good range of
agreement beyond chance.

Table 1. Range of Consistencies Between Ratings of Radiographs and Actual Surgical Findings

Ratars
1 2 3 4
First rating
% consistency between rating and actual surgical finding 71 77 69 67
False-positive rate {%) 38 38 38 75
False-negative rate {%) 27 20 29 24
Sensitivity 0.73 0.81 0N 0.78
Specificity 0.83 0.63 0.83 0.25
Second rating
% consistency between rating and actual surgical finding 67 73 57 69
False-positive rate {%} 50 25 ] 75
_ False-negative rate (%) 29 27 51 22
SenSl-tl_Vl't\[ 0.71 0.73 0.49 0.78
Specificity 0.50 0.75 1.00 0.25

o Sensitivity refers_tn t‘he probability of raters judging “positive” when the case or criterion is truly positive, whereas specificity refers to the probability of raters judging “negative” whan
) t_he Case or criterion is truly negative.
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Figure 4. A, 40-year-ald man af-
ter posterior lumbar interbody

at L5/S1. This anteroposterior
radiograph illustrates possible
fusion of the posterior fusion
mass recorded by three of feur
observers, however surgery
confirmed pseudarthrosis. B,
Lateral radiograph illustrating
possible fusicn of allograft pos-
terior lumbar interbody fusion at
15/81.

B Discussion

In our series, the overall agreement between radio-
graphic assessment of fusion and actual surgical re-
sults was 69%. This number best correlates with
group I in Brodsky's series.? Their plain radiographic
correlation rate was 64%, the highest of all modali-

“ties used for fusion assessment.

It is recognized that plain radiographs judge the
structural integrity and do not realize the functional
integrity as do flexion—extension radiographs. In-
traoperatively both structural {direct observation)
and functional integrity (motion assessment) were re-
corded. Because all of the patients in this series were
stabilized with rigid internal fixation it is unlikely
that preoperative flexion-extension radiographs
would be of significant value in terms of judging the
functional integrity of the fusion mass. However, it is
yet to be determined whether the Wiltse system with
its fixed link-rod assembly will permit limited motion
capable of assessment with flexion—-extension radio-
graphs.

In painful lumbar degenerative disc disease, deter-
mination of the fusion status becomes important only
in patients with increasing deformity or symptoms.
The results of this and previous studies failed to indi-

Table 2. Range of Intrarater Consistencies in Rating of
Radiographs on Twe Separate Occasions: Three-Month

Interval

cate a high level of accuracy in the radiographic pre-
diction of fusion. We agree with Brodsky that routine
exploration of fusion is not recommended. However,

~in cases of persistent or increasing symptoms, explo-

ration to assess and perhaps treat problems with the
fusion construct may be indicated.

What can be gleaned from this study is that when
using static two-dimensional radiographs one can
predict the presence or absence of arthrodesis in
roughly two thirds of cases. Furthermeore, in one of
five cases the degree of fusion was underestimared. Tt
is recognized with increasing time that the process of re-
vascularization allows further mineralization of a fu-
sion and this may enhance the radiographic appearance
of a solid bony mass. Relative to this, both structural as
well as functional aspects of fusion become an impor-
tant consideration. More importantly this must be cor-
related with the patient’s clinical course to determine if
further treatment is advisable.
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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,*t Steven D. Glassman, MD,*t

and Philip Sailer, MD*t

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.
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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.' The addition of selective sag-
ittal reconstructions increased this correlation to 80%.>

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.

H 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.

CS&&right © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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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.? 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

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

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

Postoperative Diagnosis

Adjacent
Level Painful
Nonunion Degeneration Instrumentation Total

Preoperative Indication
for Surgery

Nonunion 25 7 2 34

Adjacent level 5 47 1 53
degeneration

Painful instrumentation 2 3 1 6

Total 32 57 4 93

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.*

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

Findings on Surgical Exploration

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

Findings on Surgical Exploration

Not
CT Scan Evaluation Fused Fused
Both gutters fused 68 2
One gutter fused 22 1
No gutter fused 4 29
Total 131 32

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).

H 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,’™” bending films,"-® stereophotogrammetry,®

Table 4. Likelihood Ratios for a Solid Fusion

Table 5. Positive Predictive Values for a Solid Fusion

Predictive Value for Solid Fusion

Rater Rater Rater Consensus
CT Scan Evaluation 1 (%) 2 (%) 3 (%) (%)
Both facets fused 77 n 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

radiograph polytomography,’® magnetic resonance im-
aging, and radionuclide imaging®® as diagnostic tools to
predict the status of a lumbar fusion. Various techniques
of computed axial tomography,"*° including 2-dimen-
sional multiplanar reformations or 3-dimensional recon-
structions'®!! and direct coronal CT scanning,'* have
been used to assess fusion status with varying success.
Larsen et al® reported that CT scans predicted the surgi-
cal result in 15 of 24 patients. Brodsky et al' 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,” 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 6. Likelihood Ratios for Nonunion

Likelihood Ratio for Solid Fusion

Likelihood Ratio for Nonunion

CT Scan Evaluation Rater 1 Rater 2 Rater 3 Consensus CT Scan Evaluation Rater 1 Rater 2 Rater 3 Consensus
Both facets fused 3.30 242 274 2.90 No facet fused 7.16 243 6.82 5.19
One facet fused 0.90 1.22 0.64 0.55 One facet fused 1.12 0.82 1.56 1.82
No facet fused 0.14 0.41 0.15 0.19 Both facets fused 0.30 0.41 0.36 0.34
Both gutters fused 5.46 5.78 8.31 8.31 No gutter fused 6.38 2.89 2.62 2.90
One gutter fused 5.13 1.21 0.94 5.37 One gutter fused 0.19 0.79 1.06 0.19
No gutter fused 0.38 0.35 0.38 0.35 Both gutters fused 0.18 0.04 0.12 0.12

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Table 7. Positive Predictive Values for Nonunion

Predictive Value for Nonunion

Rater Rater Rater Consensus
CT Scan Evaluation 1 (%) 2 (%) 3 (%) (%)
No facet fused 88 n 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 1 1

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

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

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

H 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.

B Key Points

e The kappa for interobserver agreement was
moderate for evaluating facet fusions (0.42) and
substantial for posterolateral fusions (0.62).

e 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.

e 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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Abstract BACKGROUND CONTEXT: Current imaging techniques used to evaluate fusion status after
a posterolateral fusion such as radiographs, computed axial tomography (CT) scans, and tomograms
are known to be inaccurate, with error rates estimated from 20% to 40%. Previous studies evaluated
CT scans using 2-4-mm thick slices with limited reconstructions.

PURPOSE: The purpose of this study is to determine the intraobserver and interobserver agree-
ment of plain radiographs and fine-cut (1-mm) CT scans with sagittal and coronal reconstructions
in evaluating fusion status after instrumented posterolateral fusions. The correlation between radio-
graphic evaluations and CT scan evaluations was also analyzed.

STUDY DESIGN/SETTING: Cross-sectional, blinded.

PATIENT SAMPLE: One-year radiographs and CT scans of 86 patients who had single-level
instrumented posterolateral fusions.

OUTCOME MEASURES: Fusion grades based on previously published criteria were
determined.

METHODS: Three spine surgeons graded the fusions of 86 patients who had single-level instru-
mented posterolateral fusions using 1-year postoperative flexion/extension lateral and anteroposte-
rior radiographs, and fine-cut CT scans with sagittal and coronal reconstructions. The technique
used to obtain the radiographs and the CT scans was the same in all cases. Two separate readings,
2 weceks apart, were done on each patient by each surgeon. The kappa coefficients for interobserver
and intraobserver variability were determined.

RESULTS: The intraobserver agreement using CT scans to assess fusion status was moderate for
both classification systems (Molinari=0.48, Glassman 0.47). The intraobserver agreement using X-
rays to assess fusion status was fair for the Molinari classification (kappa=0.37) and moderate for
the Glassman classification (kappa=0.43). The interobserver agreement using CT scans to assess
fusion status was moderate for both classification systems (Molinari=0.48, Glassman 0.48). The
interobserver agreement using X-rays to assess fusion status was fair for both classification systems
(Molinari=0.24, Glassman 0.26). Observers agreed most often when the fusion was assessed as
solid (Molinari k=0.61, Glassman k=0.63). The rating on the radiographs and CT scans agreed
only 46% to 59% of the time.

CONCLUSIONS: Fine-cut CT scans with reconstructions have a considerably greater degree of
interobserver and intraobserver agreement compared with flexion/extension and anteroposterior ra-
diographs. Observers agree most often when the fusion is assessed as solid. Fusion evaluation based
on radiographs agrees with CT scans only half the time. Future studies are needed to correlate the
findings on fine-cut CT scans with surgical exploration. © 2007 Elsevier Inc. All rights reserved.

Keywords: CT scan; Radiographs; Spine fusion; Reliability; Interobserver variability; Kappa coefficient
FDA device/drug status: not applicable. * Corresponding author. Leatherman Spine Center, 210 East Gray
Research supported by a Research Grant from Norton Healthcare, Inc. Street, Suite 900, Louisville, KY 40202. Tel.: (502) 584-7525; fax: (502)
584-6851.
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Introduction Table 1
Molinari grading system for fusion
Regarc.iless of the surgical techrpq.ue used to p erfot:m a.n 1 Definite Solid trabeculated transverse process and
arthrodesis, the problem of determining whether a fusion is facet fusion.
solid or not remains. Clinically, determining the presence 2 Probable Thick fusion mass on one side. Difficult to

of a solid fusion becomes particularly important in patients
who have undergone a lumbar fusion and have new or recur-
rent symptoms. Controversy regarding the overall efficacy of
spinal fusion in treating lumbar degenerative conditions also
highlights the need for a reliable and accurate noninvasive
method to determine the status of a spinal fusion.

Several diagnostic imaging techniques have been used to
assess the status of a spinal fusion. These include plain ra-
diographs [1-3], bending films [2,4], stereophotogrammetry
{5-8], X-ray polytomography [4,9], magnetic resonance im-
aging, and radionuclide imaging [2,6). Various techniques of
computed axial tomography (CT) [2,4,10], including two-
dimensional multiplanar reformations and three-dimen-
sional reconstructions [11,12], as well as direct coronal
CT scanning [13] have also been used.

Previous studies that used only axial CT scans may have
missed horizontal pseudoarthrosis [2,4]. Older CT scan
techniques using 2—4-mm-thick axial slices to generate
two-dimensional multiplanar reformations and three-di-
mensional reconstructions could have significantly limited
the resolution and diagnostic information available. Current
high-resolution CT scanners produce contiguous 1-mm-
thick axial sections with a I-mm table incrementation to
optimize spatial resolution and to enhance the quality of
computer-generated reformatted images. Contiguous axial
images and contiguous reformatted sagittal and coronal im-
ages 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.

The purpose of this study is to determine the intraobserver
and interobserver variability of plain radiographs and fine-cut
(1-mm) CT scans with sagittal and coronal reconstructions
in evaluating fusion status after a single-level instrumented
posterolateral fusion. The correlation between radiographic
evaluations and CT scan evaluations was also analyzed.

Methods

This was a cross-sectional, blinded study. One-year post-
operative flexion/extension lateral and anteroposterior ra-
diographs and fine-cut CT scans with sagittal and coronal
reconstructions in 86 patients who had single-level instru-
mented posterolateral fusions were evaluated. All patients
underwent a posterolateral fusion with titanium pedicle
screws and rods (CD Horizon; Medtronic Sofamor Danek,
Memphis, TN). The use of titanium minimizes artifacts cre-
ated by metallic implants when evaluating CT scans. The
fusion was done through a midline incision followed by
complete exposure of the transverse processes, facets, and
sacral ala when needed. These surfaces were decorticated,

visualize on other side

3 Probably not Suspected lucency or defect in the fusion mass.

4 Not fused Definite resorption of graft with fatigue of
instrumentation.
5 Unable to assess.

followed by an osteotomy of the facet joints and removal
of the joint cartilage. Graft was then packed onto the decor-
ticated surfaces.

The technique used to obtain the radiographs and the CT
scans was the same in all cases. ‘Anteroposterior radio-
graphs were taken in the standing position. Patients who
had a lumbosacral fusion had a Ferguson view taken. Flex-
ion and extension radiographs were taken in the lateral re-
cumbent position, with care taken to prevent rotation of the
patient or obliquity of the X-ray beam or radiographic
plate. Flexion and extension radiographs were evaluated,
even when motion across the fusion mass was not consid-
ered, to lessen radiation exposure, as these views were
the standard of care. CT scans were 1-mm-thick, continu-
ous, 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 was made as small as
possible but still encompassing the two vertebrae to include
both transverse processes. Window and level settings were
2000/350 on the GE scanners (General Electric, Fairfield,
CT) to optimize trabecular bone detail. All the films re-
viewed were hard copies and not computer-assisted filmless
digital images.

Three spine surgeons graded the fusions using two pre-
viously published grading systems: Molinari et al. [14]
(Table 1) and Glassman et al. [15] (Table 2). To facilitate
statistical analysis, the numeric grading for the Glassman
classification was reversed with 1 being solid fusion and
5 as no fusion. Presence of broken instrumentation, lu-
cencies around the screws, and motion across the fusion
mass were not considered in the evaluation of the images.
Rigid fixation, which was used in all the cases in this study,
could have prevented the motion normally associated with
nonunions [16]. Two separate readings, 2 weeks apart, were
done on each patient by each surgeon. The kappa coeffi-
cient for interobserver and intraobserver variability was

Table 2
Modified Glassman posterolateral fusion grading system*

- Solid bilateral fusion
Solid unilateral fusion
Partial bilateral fusion
Partial unilateral fusion
No fusion

L R

* The original grading system had 1 as No fusion and 5 as Solid bilat-
eral fusion. To simplify statistical analysis, the numerical assignment was
reversed.
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Table 3 Table 5
Consensus rating for radiographs Level of intraobserver agreement for each of the rating scales and
Molinari Glassman diagnostic techniques, overall and by observer
Rating Assessment 1 Assessment 2 Assessment 1 Assessment 2 CT scans X-rays
1 36 37 37 39 Observer Molinari Glassman Molinary Glassman
2 28 25 16 21 1 0.42 0.43 0.36 0.41
3 10 6 13 11 2 0.39 0.43 0.45 0.51
4 1 1 4 2 3 0.61 0.55 0.28 0.37
5 3 1 2 2 Overall 0.47 0.48 0.37 0.43
No consensus 8 16 14 11

determined. The strength of agreement was interpreted
based on the classification of Landis and Koch [17].

Five-by-five contingency tables were constructed to
present the agreement between the radiographic and CT
scan evaluations.

Results

Table 3 presents the consensus data for each of the rating
scales using radiographs for each assessment, and Table 4
presents the consensus data for each of the rating scales us-
ing CT scans. The consensus rating is defined as the agree-
ment of at least two raters. Note that there are several cases
in which no consensus could be reached. Table 5 summa-
rizes the level of intraobserver agreement for each of the
rating scales and diagnostic techniques, overall and by ob-
server. The values presented are kappa statistics. The intra-
observer agreement using CT scans to assess fusion status
was moderate for both classification systems (Moli-
nari=0.48, Glassman 0.47). The intraobserver agreement
using X-rays to assess fusion status was fair for the Moli-
nari classification (kappa=0.37) and moderate for the
Glassman classification (kappa=0.43).

Table 6 shows the interobserver agreement kappa statis-
tics for each of the rating scales and diagnostic techniques.
A kappa statistic was calculated for each of the possible rat-
ings on each scale (provided that the rating was given at
least once). The interobserver agreement using CT scans
to assess fusion status was moderate for both classification
systems (Molinari=0.48, Glassman 0.48). The interob-
server agreement using X-rays to assess fusion status was
fair for both classification systems (Molinari=0.24, Glass-
man 0.26).

The values presented are kappa statistics.

Comparing the interobserver agreement using CT scans
to the agreement using X-rays, observers were more likely
to agree with respect to their ratings using the CT scan
rather than the X-rays. Further, the observers seem to agree
most when solid fusion was present. Pair-wise kappa coef-
ficients did not uncover a “‘disagreeable rater”, ie, a situa-
tion in which two raters are generally in agreement while
the third consistently disagreed with the two. Of note also
is that no rater used the Molinari grade “Unable to assess”
for the CT scan images. In contrast, 21 of 86 sets of radio-
graphs had at least one observer grade it as “Unable to
assess’”.

Table 7 summarizes the agreement between the radio-
graphic and CT scan evaluation based on Molinari’s classi-
fication. Cases in which no consensus could be reached for
either the radiographic rating or CT scan rating were not in-
cluded. Note that more than half of the cells are poorly pop-
ulated. Table 8 summarizes the agreement between the
radiographic and CT scan evaluation based on Glassman’s
classification. Again, more than half of the cells are poorly
populated.

Discussion

Several studies have evaluated different diagnostic imag-
ing techniques used to assess the status of a spinal fusion.
The simplest, cheapest, and still probably the most com-
monly used imaging technique is the plain anteroposterior
and lateral radiograph with or without bending films. Brod-
sky et al. [4], reporting on 175 patients who had posterolat-
eral fusion requiring revision, demonstrated 64%

Table 6
Level of interobserver agreement for each of the rating scales
and diagnostic techniques

Table 4
Consensus rating for CT scans
Molinari Glassman
Rating Assessment 1 Assessment 2 Assessment 1 Assessment 2
1 47 46 48 48
2 18 23 14 17
3 10 9 12 10
4 4 0 2 2
5 0 0 2 2
No consensus 7 8 8 7

CT scans X-rays
Grade Molinari Glassman Molinari Glassman
1 0.61 0.63 0.48 0.46
2 0.39 0.49 0.16 0.18
3 0.40 0.40 0.06 0.16
4 0.31 0.03 0.10 0.02
5 0.32 0.01 0.15
Overall 0.48 0.48 0.24 0.26

Note that a kappa statistic is calculated for each of the possible ratings
on each scale (provided that the rating was given at least once).
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5x5 Contingency table showing agreement between X-ray rating and CT scan rating using the Molinari classification*

CT scan rating

Assessment 1

Assessment 2

X-ray rating Definite Probable Probably not Not fused Unable to assess Definite Probable Probably not Not fused Unable to assess
Definite 25 6 2 0 0 24 10 2 0 0
Probable 11 4 5 1 0 12 7 3 0 0
Probably not 4 4 2 0 0 6 3 0 0 0
Not fused 0 0 0 0 0 0 0 0 0 0
Unable to assess 3 0 0 1 0 0 0 1 0 0
Totals 43 14 9 2 0 42 20 6 0 0

* Cases in which consensus was lacking wer excluded.

correlation between radiographs and surgical exploration in
determining the status of fusion. Blumenthal and Gill {1]
had four observers evaluate preoperative anteropostertor
and lateral radiographs of 49 patients and compared them
with findings on surgical exploration of the fusion and
removal of the instrumentation. The overall correlation
between radiographic and surgical findings was 69%, with
a false positive rate of 42% (range, 0-75%) and a false neg-
ative rate 29% (range, 20-51%). The kappa coefficient for
intraobserver agreement in the study by Blumenthal and
Gill ranged from fair to good agreement beyond chance
(kappa=0.42 to 0.72). This is similar to the present study
showing fair to moderate agreement. Kant et al. [3] re-
ported on a similar study with one observer and 75 patients
and demonstrated only a 68% correlation between the ra-
diographic and surgical findings. These three studies show
the lack of accuracy of plain radiographs in assessing the
status of the fusion.

After radiographs, CT scan is the next most frequently
ordered diagnostic imaging modality used to evaluate the
status of an osseous fusion. Brodsky et al. [4] reported
a 57% correlation between fusion assessment using 6-mm
axial slice CT scans and surgical exploration. Laasonen
and Soini [10], using 6-mm CT scan with selective sagittal
reconstructions, found an 80% correlation between findings
on the CT scan and surgical exploration. One might expect
to obtain a better correlation when CT scans are performed,
as this imaging technique should provide the greatest

Table 8

amount of information in assessing osseous anatomy and
the status of a bony fusion. However, both these studies
were retrospective and the CT scans were not done specif-
ically to assess the status of the spinal fusion. In these three
reports, the thickness of the axial sections could have lim-
ited the resolution and diagnostic information available in
these imaging studies, even when reformatting was
performed.

Our current study evaluated CT scans with contiguous
1-mm-thick axial sections with a 1-mm table incrementa-
tion, and reformatted sagittal and coronal images were
obtained. These CT scans were taken specifically to assess
the fusion healing. The intraobserver and interobserver
agreement (0.47-0.48) showed moderate agreement beyond
chance. Although the CT scans had a higher degree of
agreement in evaluating the fusion status compared with

- radiographs, it is still not substantial. The higher degree

of agreement is also reflected in the lower number of cases
in which there was a lack of consensus when CT scans were
rated compared with the number of cases lacking consensus
when radiographs were used. The kappa coefficient only
reaches a substantial degree of interobserver agreement
when definite fusion has occurred.

Pair-wise kappa coefficients showed that the three ob-
servers were generally in agreement. This may be due to
the similar training background of the raters. All the raters
were fellowship trained spine surgeons who have been in
practice for several years. Interestingly, none of the raters

5x5 Contingency table showing agreement between X-ray rating and CT scan rating using the Glassman classification*

CT scan rating

Assessment 1

Assessment 2

Solid Solid Partial Partial No Solid Solid Partial Partial No
X-ray Rating bilateral unilateral bilateral unilateral fusion bilateral unilateral bilateral unilateral fusion
Solid biliateral 26 7 2 0 0 29 5 2 0 0
Solid unilateral 10 2 2 3 0 12 8 1 0 0
Partial bilateral 7 1 4 0 1 3 3 3 0 1
Partial unilateral 1 1 2 0 0 0 0 1 1 0
No fusion 0 1 0 0 0 0 0 1 0 0
Totals 44 12 10 3 1 44 16 8 1 1

* Cases in which conserisus was lacking were excluded.
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graded ““Unable to assess” on the Molinari grading when
evaluating CT scans. The greater amount of information
gleaned from a CT scan with two-dimensional multiplane
reformatting compared with radiographs, as reported pre-
viously by Zinreich et al. [12], allows the rater to more
confidently grade the fusion.

The rating on the radiographs and CT scans agreed only
46% of the time in both assessments using the Molinari
classification, and 46% of the time during the first assess-
ment and 59% of the time in the second assessment using
the Glassman classification. Thus, fusion evaluation based
on radiographs cannot accurately predict the fusion evalua-
tion on CT scans.

Fine-cut CT scans with reconstructions have a consider-
ably greater degree of interobserver and intraobserver
agreement compared with anteroposterior and flexion-
extension radiographs. Observers agree most when definite
fusion has been achieved. This is problematic, as improved
radiographic techniques would be most clinically relevant
in cases where nonunion is suspected or fusion is uncertain.
Fusion evaluation based on radiographs agrees with CT
scans only half the time. To determine the accuracy of
current CT scan techniques in evaluating the status of a
fusion, a prospective study to correlate findings using cur-
rent CT scan techniques to surgical exploration needs to
be done.
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Abstract ror

Study Design. This prospective study analyzed the influence of Article Outline
transpedicular instrumented on the operative treatment of patients with
degenerative spondylolisthesis and spinal stenosis. e Abstract
e Materials and Methods
Objectives. To determine whether the addition of transpedicular e Results
instrumented improves the clinical outcome and fusion rate of patients o Discussion
undergoing posterolateral fusion after decompression for spinal stenosis
with concomitant degenerative spondylolisthesis. o References
e Citing Articles

Summary of Background Data. Decompression is often necessary in the
treatment of symptomatic patients who have degenerative Figures/Tables
spondylolisthesis and spinal stenosis. Results of recent studies

demonstrated that outcomes are significantly improved if posterolateral

arthrodesis is performed at the listhesed level. A meta-analysis of the e Figure 1
literature concluded that adjunctive spinal instrumentation for this e Table 1
procedure can enhance the fusion rate, although the effect on clinical e Table?2

outcome remains uncertain.

Methods. Seventy-six patients who had symptomatic spinal stenosis associated with degenerative lumbar spondylolisthesis were
prospectively studied. All patients underwent posterior decompression with concomitant posterolateral intertransverse process
arthrodesis. The patients were randomized to a segmental transpedicular instrumented or noninstrumented group.

Resuits. Sixty-seven patients were available for a 2-year follow-up. Clinical outcome was excellent or good in 76% of the patients in
whom instrumentation was placed and in 85% of those in whom no instrumentation was placed (P = 0.45). Successful arthrodesis
occurred in 82% of the instrumented cases versus 45% of the noninstrumented cases (P = 0.0015). Overall, successful fusion did not

http://www.spinejournal.com/pt/re/spine/fulltext.00007632-1997121 50-00003.htm;jsessionid=Fd2bFf5pd... 9/29/2006
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influence patient outcome (P = 0.435),

Conclusions. In patients undergoing single-level posterolateral fusion for degenerative spondylolisthesis with spinal stenosis, the use of
pedicle screws may lead to a higher fusion rate, but clinical outcome shows no improvement in pain in the back and lower limbs

Junghanns, 14 in 1931, was the first to describe degenerative lumbar spondylolisthesis. He defined the entity of lumbar vertebral
spondylolisthesis without a pars interarticularis defect as "pseudospondylolisthesis." Newman1g noted that listhesis of the vertebral
body with an intact neural arch was usually caused by degenerative arthritis of the lumbar facet joints. Since these early descriptions,
degenerative lumbar spondylolisthesis has been extensively studied, but operative management remains controversial. Surgical
options reported include decompression, 3,4 decompression and arthrodesis, 8,10 and decompression and arthrodesis with spinal
instrumentation. 28

In the past, the recommended surgical procedure for this condition was decompressive lumbar laminectomy alone. However, in 1991,
Herkowitz and Kurz10 published a randomized prospective study comparing the results of decompressive lumbar laminectomy alone
with lumbar laminectomy with posterolateral arthrodesis. Fifty patients were assigned alternatively to the two treatment groups and
were evaluated for a mean of 3 years after surgery. The results of this study indicated that those patients who had concomitant
arthrodesis had an statistically significant improvement in clinical outcome. Although pseudarthrosis was noted in nine patients (36%)
in the arthrodesis group, all patients in whom pseudarthrosis developed had a good or an excellent result.

Recently, several surgeons1,22,28 have advocated the addition of spinal instrumentation in the operative management of patients with
degenerative spondylolisthesis and spinal stenosis. The theoretical advantage of instrumentation is postulated to be an increased
fusion rate, decreased rehabilitation time,g and, most importantly, an improved patient outcome. However, the indications for the use
of spinal instrumentation remain controversial.

To determine these indications, a randomized prospective study was performed, involving patients with degenerative
spondylolisthesis a single level associated with lumbar spinal stenosis. This study compared the results of decompression and
arthrodesis alone with those of decompression and arthrodesis combined with instrumentation at the level of the arthrodesis.

Materials and Methods tor

Sixty-eight consecutive patients, who agreed to participate in a clinical study approved by the Human Investigational Committee at
William Beaumont Hospital, Royal Oak, Michigan, are included in this report. All patients had a clinical diagnosis of degenerative
spondylolisthesis and spinal stenosis. Most patients (94%) complained of back pain, which usually was aggravated by activity and
relieved by rest. All patients had significant buttock and leg pain before the surgical procedure. The most common leg complaints
were due to neurogenic claudication. Typically, patients complained of pain, numbness, tingling, weakness, cramping, or burning,
beginning in the low back and buttocks and radiating into one or both legs after walking. All patients had undergone a trial of
nonoperative treatment for at least 3 months before surgery. Nonoperative treatment included physical therapy (passive modalities
and aerobic exercise) and nonsteroidal antiinflammatory drugs, if tolerated. Patients were recommended for surgery if they had failed
nonoperative treatment and continued to have significant pain and/or significant daily activity restrictions due to neurogenic
claudication or radicular pain.

All patients were noted on plain radiographs to have a single-level degenerative lumbar spondylolisthesis, and imaging studies
(computed tomographic myelogram and/or magnetic resonance imaging) demonstrated spinal stenosis at the level of the
spondylolisthesis. No patients had undergone prior lumbar spinal surgery.

The patients were assigned randomly to one of two treatment groups: Decompressive laminectomy and single level autogenous
bilateral lateral intertransverse process arthrodesis, or decompressive laminectomy and single level bilateral lateral autogenous
intertransverse process arthrodesis with transpedicular instrumentation. Randomization occurred at the time the decision was made to
proceed with surgical intervention, by the withdrawal of a card from an envelope which indicated either instrumentation or no
instrumentation. Randomization was performed by a medical assistant, not by the treating physician.

There were 55 women and 13 men. Seven men and 28 women had instrumentation placed, and 6 men and 27 women had an
arthrodesis performed without instrumentation. The ages of the patients who had instrumentation ranged from 53 to 86 years (mean,
69 years) and those of the patients who did not have instrumentation, from 52 to 80 years (mean, 66 years). In the entire study, 5
patients were 80 years of age or older (4 instrumentation, 1 noninstrumentation). Seven patients were smokers (four instrumentation,
three noninstrumentation).

The operation was performed at L4-L5 in 69 patients, at L3-L4 in 6 patients, and at L5-S1 in 1 patient. Informed, written consent was
obtained from each participant. Before the operation, plain radiographs of the lumbosacral spine (including anteroposterior, lateral, left
and right oblique, standing lateral, and standing flexion-extension lateral) were obtained for all patients and were repeated at the most
recent follow-up evaluation. Preoperative and follow-up radiographic films were analyzed to determine the amount of

http://www.spinejournal.com/pt/re/spine/fulltext.00007632-199712150-00003 .htm;jsessionid=Fd2bFf5pd... 9/29/2006
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spondylolisthesis, in millimeters, on the lateral radiographs; the amount of sagittal motion, in millimeters, on the flexion-extension

lateral radiographs;7,18,25 and the total amount of angular motion, in degrees, between the adjacent vertebral end plates at the
operative location seen on flexion-extension radiographs.

Arthrodesis was deemed successful if final follow-up radiographs demonstrated a continuity in the fusion mass between the cephalad
and caudad transverse processes. Pseudarthrosis was determined to be present if there was no continuity in the fusion mass or if
lateral flexion-extension radiographs demonstrated greater than 2° of angular motion between the adjacent end plates or greater than
2 mm of sagittal motion at the location of the spondylolisthesis. (Figure 1, A and C).

of the subluxation to 12 mm during flexion. C, Two-year postoperative anteroposterior

i e ; Figure 1. A, Two-year postoperative lateral extension radiograph demonstrating 8 mm of
Fﬂ W ? g subluxation at L4-L5. B, Two-year postoperative lateral radiograph demonstrating an increase
# L B B |

Et" radiograph demonstrating clefts (arrows) in the lateral fusion mass between L4 and L5.

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 arthrodesis was that
described by MacNab and Dall1g and by Wiltse2s for a single-level bilateral intertransverse process arthrodesis. The outer table of the
liac crest was exposed through the same skin incision that was used for the decompression and arthrodesis. Strips of cortical-
cancellous and cancellous bone were harvested from the outer and middle tables of the iliac crest and were placed across the
transverse processes,27,28 after decortication of the transverse processes with a bur or a rongeur.

Pedicle screws (VSP, Acromed, Cleveland, OH) were placed at the location of the spondylolisthesis, according to the method of West
et al.24 The point of insertion of the screw was at the junction of the middle of the transverse process and the superior facet. The
cortical bone at the starting point was perforated with a bur, and a pedicle probe was used to locate the transpedicular canal and to
create a channel through the pedicle into the vertebral body for subsequent placement of the screw. Under fluoroscopic visualization,
a tap was then directed into the pedicle, followed by screw placement. The width of the pedicle in the axial plane had been determined
before surgery. The largest screw that would fit within the pedicle was then inserted. Generally, the entry hole was tapped
approximately 1 mm less than the screw length to afford better bone purchase by the screw. After the four screws were placed, two
plates (Acromed) were bolted in position with lock nuts. Care was taken to assure that the plate did not extend proximally to the
cephalad screw, to avoid impingement on the unfused superior facet.

Before the operation, all patients rated pain in the back and lower limbs (including that in the buttocks) on a visual analog scale,
ranging from 0 (no pain) to 5 points (severe pain). Pain in the back was rated separately from that in the lower limbs. The scoring
procedure was repeated at the final follow-up examination.

The operative results were rated as excellent, good, fair, or poor, as previously described.10 The result was considered to be excellent
if the 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, necessitating occasional nonnarcotic 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 preoperative
condition; restriction of activities; and an occasional need for nonnarcotic medication. The patients who had a poor result had marked
discomfort in the back, lower limbs, or both, necessitating nonnarcotic and occasional narcotic medication. The patients in this
category noted no improvement compared with the preoperative condition and had significant restriction of activities.

All clinical and radiographic assessments were made by examiners other than the treating surgeons. Radiographs were independently
examined by two orthopedic surgeons. If the reported fusion status differed between the examiners, the radiographs were reexamined
and a consensus reached.

The clinical results of the operation and radiographic findings were analyzed with the use of Student's t test of independent samples,
Mann-Whitney test, sign test, and Fisher's exact test.

The same postoperative treatment was used for both groups of patients. Walking was permitted on the first postoperative day and
progressed during the first 4 to 6 weeks after surgery. Exercises on a stationary bike or in-water therapy began at 6 to 8 weeks, and
exercises for flexion of the spine and strengthening of the abdominal muscles were added at 10 to 12 weeks. No brace or corset was
used after surgery in either group. The duration of follow-up ranged from 2 to 3 years (mean follow-up, 28 months).

Results tor

All patients who were randomized to the instrumented group had four pedicle screws successfully implanted at the time of surgery.
There were no intraoperative findings that required withdrawal of a patient from the study, nor did any patient's random assignment

http://www.spinejournal.com/pt/re/spine/fulltext.00007632-199712150-00003 htm;jsessionid=Fd2bFf5pd... 9/29/2006
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change at the time of surgery.

Clinical outcome, assessed according to relief of pain and increase in activity, was excellent or good in 78% of the patients who had
instrumentation placed and in 85% of those patients who had no instrumentation placed. Statistical analysis revealed no significant
difference in the results between the two groups (Fisher's exact test with midpoint P correction, P = 0.45).

In the instrumented group, 80% of the patients rated preoperative leg pain at 4 or 5 (average, 4), and 74% rated back pain at4 or 5
(average, 4). At final follow-up, 64% rated leg pain at 0 or 1 (average, 1), and 58% rated back pain at 0 or 1 (average, 1). Statistical
analysis showed significant reduction in leg pain (P < 0.001) and in back pain (P < 0.001).

There was also a significant reduction of pain in the noninstrumented group. Before surgery, 89% of the patients rated leg pain at 4 or
5 (average, 4); at final follow-up, 75% rated leg pain at 0 or 1 (average, 1). Initial back pain in this group was rated at 4 or 5 by 65% of
the patients (average, 4); at final follow-up 53% reported pain at 0 or 1 (average, 2).

Successful arthrodesis occurred in 83% of the instrumented spines versus 45% of the noninstrumented ones, a statistically significant
result (P = 0.0015). However, successful fusion was not predictive of successful patient outcome (P = 0.435).

Before surgery, both groups averaged 3 mm of sagittal motion (range, 2-18 mm) and 9° of angular motion (range, 0-11°) on lateral
flexion and extension radiographs. The spondylolisthesis measured 8 mm in the instrumented group and 7 mm in the
noninstrumented group, as demonstrated by neutral standing preoperative lateral radiographs. After surgery, spondylolisthesis
decreased in the instrumented group to 6 mm, whereas sagittal and angular motion decreased to 1 mm and 1°, respectively. The
noninstrumented group had no change in spondylolisthesis at final follow-up, with sagittal and angular motion decreasing to 2 mm and
5°, respectively (Table 1).

Table 1. Data on the 68 Patients

The significant, continued angular motion in the noninstrumented group reflected the relatively high nonfusion rate. To determine
which, if any, variables contributed to pseudarthrosis, preoperative angular motion, spondylolisthesis, and sagittal motion were
analyzed and related to fusion outcome. Combining both groups of patients (instrumented and noninstrumented), preoperative
angulation averaged 8° in those patients who eventually had a successful fusion, compared with 11° in those in whom pseudarthrosis
developed (P = 0.066; Student's ¢ test of independent samples). Preoperative spondylolisthesis (P = 0.28) and sagittal motion (P =
0.18) were not statistically significant in fusion outcome (Table 2).

Table 2. Factors Affecting Fusion Rate

There were no new peripheral (lower motor neuron) neurologic deficits after surgery in either group. No patients required early
hardware removal because of persistent radicular pain, and no postoperative infections developed. Of the eight patients with poor
results, five underwent further lumbar surgery at least 1 year after the index procedure. Two patients (one instrumented, one
noninstrumented) required decompressive lumbar laminectomy at a spinal location different from that of the original surgery. One
patient had hardware removed for persistent low back pain, and solid fusion was confirmed during the second surgery. One patient in
the noninstrumented group, with persistent low back pain and pseudarthrosis, had a second attempt at arthrodesis, this time with
instrumentation. In one patient (instrumented group) recurrent stenosis and pseudarthrosis developed, requiring a second
decompression, instrumentation, and arthrodesis. There was only one screw failure (S1) in an asymptomatic patient, with solid fusion
seen on radiographic film and an excellent clinical outcome.
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Seven original participants in the study could not be located or refused to return at the required 2-year follow-up (five instrumented,
two noninstrumented), and one patient died (cause unrelated to the surgical procedure) before the 2-year review. In that these
patients did not complete the study, their data are not included in this report.

Discussion ror

The majority of patients with spinal stenosis and degenerative spondylolisthesis respond to nonoperative treatment. For the patients in
whom this regimen fails to produce improvement, the goals of surgery are relief of pain and improvement in quality of life. Previously,
surgical management of this condition consisted of decompressive lumbar laminectomy alone.4 However, recent studies3,9,10,20 have
produced results substantiating the value of arthrodesis with decompressive laminectomy.

The critical issue regarding instrumentation after intertransverse process arthrodesis in this condition is not only whether the rate of
fusion will increase, but whether clinical outcome will also be improved. It is true that the purpose of arthrodesis is to obtain solid
fusion, but it is also true that a good clinical outcome can be achieved without solid bony fusion.10 Numerous studies2,23 have
outlined the difficulty in determining fusion status from radiographs, and methods for evaluating the fusion mass vary widely. The only
accurate method is visual inspection, which is usually not practical. In the current study, the fusion mass was evaluated as critically as
possible, using plain radiographs-hence, the low reported fusion rate, which is contrary to the high clinical success rate. The increased
cost and complication rate associated with spinal instrumentation should be weighed against the successful outcome demonstrated in
this report.

A recent meta-analysis17 of the published literature on degenerative spondylolisthesis included 889 patients from 25 publications.
Reported studies were classified into the following groups: posterior decompression without arthrodesis, posterior decompression with
arthrodesis but without instrumentation, and posterior decompression with arthrodesis and pedicle instrumentation.

Evaluation of the clinical results in the group undergoing decompression without arthrodesis revealed that 69%1,3,4.6,8,10,12,13,15,20,21
of patients had a satisfactory outcome. Progressive slipping after decompression was noted in most reports. Addition of arthrodesis to
the decompression increased the satisfactory outcome to 90%,1,8,10,15,20,28 and 86% achieved solid fusion (range, 30-100%).

In this meta-analysis, five studies were included that described decompression with intertransverse process arthrodesis and
instrumentation.1,5,11,23,28 There was no statistically significant difference in fusion rate (P = 0.08) between the group without
instrumentation and the group with pedicle screws. Although the fusion rate was higher with instrumentation (93% versus 86%) the
clinical outcome was better in the noninstrumented group (90% versus 86%).

The current series is the largest prospectively randomized study reporting on the use of pedicle screws for one diagnosis. Fusion rate
was markedly increased in the instrumented group; however, there was no statistically significant difference in clinical outcome
between the two groups. These conclusions are in agreement with those reported by other surgeons.1,28 Although pseudarthrosis
developed in 55% of the noninstrumented patients, the clinical resuit was excellent or good in 15 of these 18 patients (83%).
Radiographic fusion status did not affect clinical outcome. These results are in agreement with those obtained by Herkowitz and
Kurz10 and may be related to the development of a fibrous fusion that provides sufficient structural support to prevent progressive
spondylolisthesis.

In an attempt to identify those patients who were more likely to have pseudarthrosis, preoperative radiographic findings were
analyzed. The only variable that approached statistical significance was preoperative angular motion at the location of the
spondylolisthesis. In the 44 patients in whom successful fusion was achieved, the preoperative angulation averaged 8°, whereas
angulation in the 24 patients with nonfusion averaged 11° before surgery (P = 0.066).

Prior prospective studies evaluating the use of pedicle screws in patients with spinal stenosis and degenerative spondylolisthesis were
compared with the results reported here, Zdeblick2g reported on 124 patients undergoing lumbar or lumbosacral fusions for five
degenerative conditions. The patients were randomized to one of three groups: Group 1, posterolateral fusion, using autogenous bone
graft only; Group 2, autogenous posterolateral fusion, supplemented by a semirigid pedicle screw-plate fixation system; and Group 3,
posterolateral autogenous fusion with a rigid pedicle screw-rod fixation system. Overall, the rigid pedicle fixation group had a
significantly higher percentage of successful fusions (85%) than did the noninstrumented group (65%). Additionally, better clinical
results were seen in the instrumented group (95% excellent or good) compared with those in the noninstrumented group (71%
excellent or good).

A second study by Bridwell et al,1 reported on 44 patients with degenerative spondylolisthesis who underwent surgery, primarily for
spinal stenosis. Patients were classified into one of three groups: Group 1, no arthrodesis performed: Group 2, Posterolateral
arthrodesis without instrumentation: and Group 3, posterolateral arthrodesis with instrumentation. If excessive motion (more than 10°
of angular motion or 3 mm of translational motion) at the slip location was noted on preoperative radiograph, the patient was not
randomized but was automatically assigned to receive instrumentation. Results were an 87% fusion rate in the instrumented cases
versus a 30% rate in noninstrumented cases. Functional status was improved in 83% of those patients receiving instrumentation. In
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contrast with previous results, there was no significant difference in clinical outcome between Groups 1 and 2 (33% vs. 30%
successful clinical outcome, respectively). The 30% clinical success noted in the fused and noninstrumented group is markedly lower
than the 90% satisfactory outcome reported in the meta-analysis review of the literature. No explanation for this is apparent from the
study data presented.

In summary, the results of the current study demonstrate that transpedicular instrumentation improves the fusion rate, after
posterolateral fusion for patients with degenerative spondylolisthesis. However, clinical outcome assessed in terms of relief of pain
and increase in activity is unchanged whether or not instrumentation is used.
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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 = 1.5 to 34.2 = 3; p = 0.025) and mental health (from 43.7 = 2 to 47.5 = 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

multifunctional growth factors that belong to the

B ONE morphogenetic and osteogenetic proteins are
transforming growth factor—3 superfamily.® Al-

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; thOP-1 = recombinant human OP-1; SF-36 = 36-
Item Short Form Health Survey.
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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.>!! 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
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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.?>* Results from ani-
mal studies®!%!42! 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.'*!

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.>* The OPs promote osteoblast proliferation and induce
differentiation of progenitor cells into osteoblasts that form
bone.?® Upregulation of OP is observed at fracture sites dur-
ing the early stage of fracture repair.”® The bone formation—
inducing capacity of OPs has also been demonstrated in
both bone defect models and in vivo heterotopic sites.?
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.'*?* 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.!” 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 thOP-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 thOP-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-
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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.”!3

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 thOP-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.”” 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.'>* 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).'62420

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
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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 thOP-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 1346
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 = 2.5 com-
pared with 42.1 = 2.5, respectively; p = 0.94), the physi-
cal function domain score improved from 30 *= 2 to
35.3 £ 2.5 (p = 0.021), and the bodily pain domain score
increased from 31.9 = 1.4 to 39.7 = 2 (p = 0.0002). There
was also a trend toward an improvement in the physical
role domain score, from 31.5 £ 1.6 to 355 = 1.9 (p =
0.063). This trend contributed to an improvement in the
physical health summary score, from 28.7 = 1.5t0 34.2 =
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 = 1.7 to 44.7 £ 2.3 (p = 0.042), the
social function domain score significantly improved from
334 £ 22t041 = 2.3 (p =0.0001), and the emotional
role domain score significantly increased from 36.7 = 2.6
t042.3 = 2.6 (p =0.054). There was a trend toward a high-
er mental health domain score at the last postoperative
evaluation (46.8 = 2.2) in comparison with the baseline
mental health domain score (42.6 = 1.9; p = 0.084). This
trend contributed to a significant improvement in the men-
tal health summary score, from 43.7 = 2 to 47.5 * 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.
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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 0steoporosis 4

* The total number of patients exceeds 30 because many patients had
more than one risk factor.

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 % 3.2% compared with 39 = 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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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.

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
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(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 thOP-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 thOP-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. 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.

No patient in this series sustained neurological worsening. with thrombosis of the aorta, and the other with a pul-
There were two superficial wound infections that respond- monary thromboembolism) after their reoperation for revi-
ed to debridement and antibiotic administration. In addi- sion of instrumentation failure, and both responded to anti-
tion, two other patients had thromboembolic disease (one coagulation therapy.

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.
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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 thOP-1. Evidence for a solid fusion
without instrumentation-related problems was demonstrated on the
27-month follow-up radiographs (C and D).

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)."* The SF-36 is commonly used in
studies in the orthopedic literature, including in several ran-
domized controlled trials of spine surgery.! Although Rid-
dle and Stratford® suggested that the SF-36 tends to be less
sensitive to changes in specific orthopedic disorders such
as spine diseases, a large multicenter study*” 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 associates®
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 colleagues® also reported simi-
lar results in terms of SF-36 score improvement in both

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 5T, 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,
paraplegia at T-6 level, anxiety,
significant narcotic requirement, &
Charcot spine

ware
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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 = SEM 50.7 = 2.7 62.7 £ 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/m?)

mean = SEM 26.5 £ 1.2 234+ 1.3 0.15

* SEM = standard error of the mean.

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.*3 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.?!

Assessing the Degree of Disability

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

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 coworkers®
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.* showed that 18
(86%) of 21 patients who received an thOP-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-
leagues™® reported a 20-point reduction in the preoperative
ODI score in 17 (85%) of 20 patients receiving an thOP-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.?>%
Although the ODI score in the thOP-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.*

In another prospective randomized trial, Kanayama and
associates'” 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-

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



Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting

7.0 Bibliography and Selected References

Osteogenic protein-1 implant in spinal pseudarthrosis

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 = 3.2%) compared with
the baseline ODI scores in two other studies (41 and
36.1%).19%

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 coworkers'® 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 associates* demonstrated radiographi-
cally successful fusion in six (55%) of 11 patients under-
going single-level intertransverse fusion without in-
strumentation, using thOP-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-
ers* 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 thOP-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 associates'
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
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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."”? Study-
ing age-related changes in cartilage endogenous OP-1 of
normal adult individuals, Chubinskaya et al.® 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
thOP-1 putty implant.**- In addition, Vaccaro and col-
leagues®® showed that there were no significant differences
regarding complication rates between the thOP-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 thOP-1 on fusion. We hypothesize
that thOP-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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Biotech.

Acknowledgment

We gratefully acknowledge the contribution of Dr. David

Salonen.

10.

11.

12.

13.

14.

15.

16.

References

. Beaton DE, Schemitsch E: Measures of health-related quality of

life and physical function. Clin Orthop Relat Res 413:90-105,
2003

. Carlisle E, Fischgrund JS: Bone morphogenetic proteins for

spinal fusion. Spine J 5 (6 Suppl):240S-249S, 2005

. Celeste AJ, lannazzi JA, Taylor RC, Hewick RM, Rosen V,

Wang EA, et al: Identification of transforming growth factor beta
family members present in bone-inductive protein purified from
bovine bone. Proc Natl Acad Sci U S A 87:9843-9847, 1990

. Chen D, Zhao M, Mundy GR: Bone morphogenetic proteins.

Growth Factors 22:233-241, 2004

. Chou J, Harvey BK, Chang CF, Shen H, Morales M, Wang Y:

Neuroregenerative effects of BMP7 after stroke in rats. J Neurol
Sci 240:21-29, 2006

. Chubinskaya S, Kumar B, Merrihew C, Heretis K, Rueger DC,

Kuettner KE: Age-related changes in cartilage endogenous
osteogenic protein-1 (OP-1). Biochim Biophys Acta 1588:
126-134, 2002

. Cook SD, Baffes GC, Wolfe MW, Sampath TK, Rueger DC,

Whitecloud TS III: The effect of recombinant human osteogenic
protein-1 on healing of large segmental bone defects. J Bone
Joint Surg Am 76:827-838, 1994

. Cook SD, Dalton JE, Tan EH, Whitecloud TS III, Rueger DC: In

vivo evaluation of recombinant human osteogenic protein (thOP-
1) implants as a bone graft substitute for spinal fusions. Spine
19:1655-1663, 1994

. Cook SD, Wolfe MW, Salkeld SL, Rueger DC: Effect of recom-

binant human osteogenic protein-1 on healing of segmental
defects in non-human primates. J Bone Joint Surg Am 77:
734-750, 1995

Cunningham BW, Shimamoto N, Sefter JC, Dmitriev AE, Or-
begoso CM, McCarthy EF, et al: Osseointegration of autograft
versus osteogenic protein-1 in posterolateral spinal arthrodesis:
emphasis on the comparative mechanisms of bone induction.
Spine J 2:11-24, 2002

Ducy P, Karsenty G: The family of bone morphogenetic proteins.
Kidney Int 57:2207-2214, 2000

Fairbank JC, Couper J, Davies JB, O’Brien JP: The Oswestry low
back pain disability questionnaire. Physiotherapy 66:271-273,
1980

Geesink RG, Hoefnagels NH, Bulstra SK: Osteogenic activity of
OP-1 bone morphogenetic protein (BMP-7) in a human fibular
defect. J Bone Joint Surg Br 81:710-718, 1999

Grauer JN, Patel TC, Erulkar JS, Troiano NW, Panjabi MM,
Friedlaender GE: 2000 Young Investigator Research Award win-
ner. Evaluation of OP-1 as a graft substitute for intertransverse
process lumbar fusion. Spine 26:127-133, 2001

Grauer JN, Vaccaro AR, Kato M, Kwon BK, Beiner JM, Patel
TC, et al: Development of a New Zealand white rabbit model of
spinal pseudarthrosis repair and evaluation of the potential role of
OP-1 to overcome pseudarthrosis. Spine 29:1405-1412, 2004
Higg O, Fritzell P, Nordwall A: The clinical importance of
changes in outcome scores after treatment for chronic low back
pain. Eur Spine J 12:12-20, 2003

494

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

J. C. Furlan et al.

Hak DJ, Makino T, Niikura T, Hazelwood SJ, Curtiss S, Reddi
AH: Recombinant human BMP-7 effectively prevents non-union
in both young and old rats. J Orthop Res 24:11-20, 2006
Johnsson R, Stromqvist B, Aspenberg P: Randomized radiostere-
ometric study comparing osteogenic protein-1 (BMP-7) and
autograft bone in human noninstrumented posterolateral lumbar
fusion: 2002 Volvo Award in clinical studies. Spine 27:
2654-2661, 2002

Kanayama M, Hashimoto T, Shigenobu K, Yamane S, Bauer
TW, Togawa D: A prospective randomized study of posterolat-
eral lumbar fusion using osteogenic protein-1 (OP-1) versus local
autograft with ceramic bone substitute: emphasis of surgical ex-
ploration and histologic assessment. Spine 31:1067-1074, 2006
Li T, Surendran K, Zawaideh MA, Mathew S, Hruska KA: Bone
morphogenetic protein 7: a novel treatment for chronic renal and
bone disease. Curr Opin Nephrol Hypertens 13:417-422,
2004

Magin MN, Delling G: Improved lumbar vertebral interbody fu-
sion using thOP-1: a comparison of autogenous bone graft,
bovine hydroxylapatite (Bio-Oss), and BMP-7 (thOP-1) in
sheep. Spine 26:469-478, 2001

Maric I, Poljak L, Zoricic S, Bobinac D, Bosukonda D, Sampath
KT, et al: Bone morphogenetic protein-7 reduces the severity of
colon tissue damage and accelerates the healing of inflammatory
bowel disease in rats. J Cell Physiol 196:258-264, 2003
Moazzaz P, Gupta MC, Gilotra MM, Gilotra MN, Maitra S,
Theerajunyaporn T, et al: Estrogen-dependent actions of bone
morphogenetic protein-7 on spine fusion in rats. Spine 30:
1706-1711, 2005

Mofidi A, Sedhom M, O’Shea K, Moore D, Fogarty E, Dowling
F: Usefulness of functional outcome questionnaires in primary
screening of spinal disease. J Spinal Disord Tech 16:66-70,
2003

Patel TC, Erulkar JS, Grauer JN, Troiano NW, Panjabi MM,
Friedlaender GE: Osteogenic protein-1 overcomes the inhibitory
effect of nicotine on posterolateral lumbar fusion. Spine 26:
1656-1661, 2001

Patrick DL, Deyo RA, Atlas SJ, Singer DE, Chapin A, Keller RB:
Assessing health-related quality of life in patients with sciatica.
Spine 20:1899-1909, 1995

Rampersaud YR, Moro ER, Neary MA, White K, Lewis SJ,
Massicotte EM, et al: Intraoperative adverse events and related
postoperative complications in spine surgery: implications for
enhancing patient safety founded on evidence-based protocols.
Spine 31:1503-1510, 2006

Reddi AH: Role of morphogenetic proteins in skeletal tissue engi-
neering and regeneration. Nat Biotechnol 16:247-252, 1998
Riddle DL, Stratford PW: Use of generic versus region-specific
functional status measures on patients with cervical spine disor-
ders. Phys Ther 78:951-963, 1998

Ripamonti U: Bone induction by recombinant human osteogenic
protein-1 (hOP-1, BMP-7) in the primate Papio ursinus with
expression of mRNA of gene products of the TGF-beta super-
family. J Cell Mol Med 9:911-928, 2005

Slover J, Abdu WA, Hanscom B, Weinstein JN: The impact of
comorbidities on the change in short-form 36 and oswestry
scores following lumbar spine surgery. Spine 31:1974-1980,
2006

Urist MR: Bone: formation by autoinduction. Science 150:
893-899, 1965

Vaccaro AR, Anderson DG, Patel T, Fischgrund J, Truumees E,
Herkowitz HN, et al: Comparison of OP-1 Putty (thBMP-7) to
iliac crest autograft for posterolateral lumbar arthrodesis: a mini-
mum 2-year follow-up pilot study. Spine 30:2709-2716, 2005
Vaccaro AR, Anderson DG, Toth CA: Recombinant human os-
teogenic protein-1 (bone morphogenetic protein-7) as an osteoin-
ductive agent in spinal fusion. Spine 27 (1 Suppl):S59-S65,
2002

Vaccaro AR, Patel T, Fischgrund J, Anderson DG, Truumees E,

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



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

Osteogenic protein-1 implant in spinal pseudarthrosis

Herkowitz H, et al: A pilot safety and efficacy study of OP-1 40. Yang S, Zhong C, Frenkel B, Reddi AH, Roy-Burman P: Diverse
putty (thBMP-7) as an adjunct to iliac crest autograft in postero- biological effect and Smad signaling of bone morphogenetic pro-
lateral lumbar fusions. Eur Spine J 12:495-500, 2003 tein 7 in prostate tumor cells. Cancer Res 65:5769-5777, 2005

36. Vaccaro AR, Patel T, Fischgrund J, Anderson DG, Truumees E,
Herkowitz HN, et al: A pilot study evaluating the safety and effi- E—
cacy of OP-1 Putty (thBMP-7) as a replacement for iliac crest Manuscript submitted May 9, 2007.

autograft in posterolateral lumbar arthrodesis for degenerative Accepted July 17, 2007.
spondylolisthesis. Spine 29:1885-1892, 2004 This work was supported by funds from the Lawson Fellow in
37. Walsh TL, Hanscom B, Lurie JD, Weinstein JN: Is a condition- Neurology from The Toronto General & Western Hospital Foun-
specific instrument for patients with low back pain/leg symptoms dation (J.C.F.), the Henry A. Beatty Scholarship (J.C.F.), the Krembil
really necessary? The responsiveness of the Oswestry Disability Chair in Neural Repair and Regeneration (M.G.F.), and Stryker
Index, MODEMS, and the SF-36. Spine 28:607-615, 2003 Biotech (M.G.F.).
38. Ware JE Jr: Conceptualizing and measuring generic health out- Address correspondence to: Michael G. Fehlings, M.D., Ph.D.,
comes. Cancer 67 (3 Suppl):774-779, 1991 Division of Neurosurgery, Department of Surgery, Toronto Western
39. Ware JE Jr, Kosinski M: SF-36 Physical and Mental Health Hospital, University of Toronto, 399 Bathurst Street, 4W449,
Summary Scales: A Manual for Users of Version 1, ed 2. Toronto, Ontario MST 2S8, Canada. email: Michael Fehlings@
Lincoln, RI: QualityMetric Incorporated, 2001 uhn.on.ca.

J. Neurosurg: Spine / Volume 7 / November, 2007 495



Stryker Biotech Briefing for 31 March 2009 Advisory Committee Meeting

7.0 Bibliography and Selected References

428 Proceedings of the NASS 23rd Annual Meeting / The Spine Journal 8 (2008) 15-191S

FDA DEVICE/DRUG STATUS: INFUSE: This abstract does not discuss
or include any applicable devices or drugs.

doi:10.1016/j.spinee.2008.06.096

80. Osteogenic Differentiation of Adipose Derived Stromal Cells
Induction of Spinal Fusion in a Rodent Model

Jun Zou, MD, MSI, Huilin Yang, MD, PhD', Dechun Geng, BS’,
Xuesong Zhu, MS', Ling Liu, MD, MS’, Masashi Miyazaki, MD, PhD?,
Jeffrey Wang, MD, MSci’; 'The First Affiliated Hospital of Soochow
University, Suzhou, China; 2University of California, Los Angeles, Santa
Monica, CA, USA

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: (n=8) rats were implanted with 1x107 ADSCs (P2)+col-
lagen sponge and Group II: (n=8) rats were implanted with collagen
sponge only. Group III, IV: (each group, n=8) 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., MD', Anton Dmitriev, MS¢?, Mario J. Cardoso, MD?,
Jolynn Raymond, DVMj, Christen Christensen, DVMj, Melvin Helgeson,
MD’, Timothy Kuklo, MD*, K. Daniel Riew, MD’; 'Walter Reed Army
Medical Center, Washington, DC, USA; 2Washingmn, 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: Itis 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
(n=17) Icc of saline placebo; Group II (n=17) 10mcg/kg/d of teriparatide;
Group III (n=17) 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%) (p=0.033).
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 (p=0.031). Radiographi-
cally, there was a strong trend towards teriparatide being superior to the cal-
citonin group (85.7% versus 56.3%, respectively; p=0.07). 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: 2.14+0.7) (p=0.118).
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, MD', Dean Falb, PhD?, Bryan Cunningham, MSEE,

Allen Piercez, Mary E.P. Goad, DVM2, Denis Schrier, PhDZ; 'Boston Spine
Group, Boston, MA, USA; *Hopkinton, MA, USA; *Towson, 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 (thBMP-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 L4LS5, 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
4:15-5:15 PM
Concurrent Session 2: Cervical

83. Comparison of Three Methods of ADCF Using Rigid Plates
Dynamic Compression Plates and Cages

Kyung-Soo Suk, MD], Ki-Tack Kim], Jung-Hee Lee], Sang-Hun Lee, MD],
Jin-Soo Kim?, Chan-Wan Park?; 'Department 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; n=31); group 2 (dynamization plate;
n=29); and group 3 (cage; n=36).

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, MD', Andrew Cappuccino, MD?, John DeVine, MD’,
John Regan, MD4, Frank Phillips, MD5; 1Towson, MD, USA; 2Bu_]j‘alo, NY,
USA; *Tacoma, WA, USA; *Beverly Hills, CA, USA; °Chicago, 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
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valuation of Lumbar Spine Fusion

Plain Radiographs Versus Direct Surgical
Exploration and Observation

Andrew P. Kant, MD,* Wayne J. Daum, MD,T S. Michael Dean, MD,*

and Tatsuo Uchida, MST

Producing a solid spinal fusion is often the goal of spinal
surgical procedures. Radiographic fusion is not rou-
tinely associated with clinical success, or conversely, the
radiographic failure of bony fusion is not uniformly
associated with clinical failure. Postoperative failure,
manifested by persistent or recurrent pain, may occur in
30-40% of patients.”"* Pseudarthrosis is thought to be

a cause of a significant number of these clinical fail-
ures.* 114 Determining the presence of arthrodesis at
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. tive study was to compare the accuracy of radiographic ob-

all spinal levels approached has been problematic (Fig-
ures 1A, B} It is even more difficult to evaluate the
occurrence of solid spinal fusion in the presence of spi-
nal instrumentation (Figures 24, B).

Various imaging techniques have been evaluated.
Plain films, accompanied by flexion and extension
bending views, are commeonly used.'*~'® Digitized or
stereophotogrammetric analysis of vertebral motion
segments,’®*® plain tomography,* and computerized to-
mography with its various permutations>!112 also have
been examined. Plain and SPECT scintigraphy have been
used to examine for pseudarthrosis.'” However, to the
best of our knowledge, only two studies have compared
imaging modalities with the most objective standard of
direct observation and manipulation of the spinal fusion
mass.? The present retrospective study was undertaken
to evaluate the accuracy of x-ray interpretation com-
pared with intraoperative observation of the fusion
mass in the presence of spinal instrumentation.

The senior author (APK) removed hardware at ap-
proximately 1 year after fusion for all of the patients
reported in this study. This gave us the opportumity to
compare the accuracy of plain radiograph and direct -
observation interpretation in a series of patients who -
had undergone fusion with instrumentation. :

2 Methods e
Over 300 lumbar spine arthrodesis procedures, using spinal
instrumentation, have been performed by the s_eni_()r__ziutho ;
The patients reviewed in this study include 75 who had hard-
ware removal between 1 month and 212 weeks. One patient,
who had hardware removal at T month, was eliminated from
the study and is not included in the figures. Five other patients " =
had hardware removed and the fusion explored before 10’

months. . N B _
We want to emphasize that the purpose of this retrospec-

servation with that of direct intraoperative observation of the
fusion mass, not to examine solely for the occurrence of fu-
sion. In all cases, the patients had some persistent back pain.
The median time of hardware removal was 52 weeks, with an
average of 51 weeks. The principal spinal instrumentation
system used was the VSP Steffee instrumentation system. The
Luque instrumentation system was used in four patients. For
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Figure 1. {A) Anteroposterior
view of lumbar spine. Obvigus
pseudarthrosis- at L4-L5. Appar-
ent sclid fusion at £3-14. How-
ever, direct observation at sur-
gery indicated pseudarthrosis at
L4-L5 and at L3-14. (B} Lateral
view of lumbar spine, Spon-
dylolisthesis at L4-15. Occur-
rence of fusion is difficult to de-
termine.

three thoracolumbar fractures, Moe Harrington Rod systems
were used.

In all cases, posterolateral fusion was performed. This in-
cluded complete exposure of the transverse process, lateral
wall of the facet, and sacral ala where appropriate. All of these
“surfaces were decorticated. In addition, osteotomy of the facet

Figure 2. {A) Anteroposterior
view of lumbar spine. Apparent
solid fusion at L4-15 and L5-S1.
At the time of hardware removal
and surgical exploration, a
pseudarthrosis at L4-L5 was
found. (B) Lateral view of lumbar
spine. Posterior lumbar interbody
fusion was attempted at L4-L5,
Interbody fusion is not saolid.

joints, with removal of articular cartilage, was performed at
the level to be fused. In 37 patients, posterior interbody fusion
also was performed. The posterior lumbar interbody fusion in
these patients was performed with cancellous bone chips. In an
additional six patients, posterior lumbar interbody fusion with
allografr was performed as a sole procedure without postero-
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lateral Bone. Besides the six patients in whom posterior lum-
bar interbody fusion was used, allograft was used in the pos-
terolateral position in an additional two patients. No anterior
fumbar interbody fusions were performed in this study.

All patients were given the option of having the hardware
removed. The hardware generally was not removed until at
least 10 months from the time of surgery. However, in one
patient, the hardware was removed at 1 month because of
persistent radicular symptoms believed to be related to screw
placement, Obviously, fusion would not be solid in T month.
Therefore, this patient was climinated from the study. Hard-
ware removal was suggested for those patients who had per-
sistent back pain, persistent radicular symptoms, suggestion of
pseudarthrosis on radiographs, or infection, There was one
case of infection, necessitating hardware removal. However,
the plate was not removed until 1 year after surgical interven-
tion. Therefore, this patient remained in this study.

Direct surgical exploration and observation of the fusion
mass was performed on 126 vertebral levels in 75 patients at

the time of hardware removal. Direct surgical exploration of

the fusion mass was carried out by removing the hardware and
removing all soft tissue over the fusion mass. An eninvolved
orthopedic surgeon viewed the last set of plain radiographs
(five views) before the hardware removal procedure in these
patients. The last set of radiographs was performed between 1
and 4 weeks before hardware removal. In most cases, an
anteroposterior Ferguson view was included.

The observer’s impression of the solidity of the fusion at
each individual level was recorded. Radiographic determina-
tion of fusion is mostly subjective. However, a fusion was
considered solid radiographically only when sofid bone could
be visualized from one transverse process to the other trans-
verse process or when oblique views revealed obliteration and
fusion of the facet joint. This interpretation was compared
with the results of direct surgical observation of the solidity of
the fusion mass at each level in every patient.

At the time of surgery, solid fusion was indicated only if
both of the following criteria were met.

1. No motion. Solidity of the fusion was determined by
several different intraoperative methods.
A. A rowel clip was placed on the intact spinous process.
Attempts were made to move the segment. Towel clips
were used to distract and torque and compress the fusion
mass. If motion was seen, a pseudarthrosis was diag-
nosed.
B. If the canal was opened, an instrument was placed in
the disc space. The instrument was manipulated to sep-
arate the verrebtal segments. If there was motion from
one vertebral segment to another, a pseudarthrosis was
diagnosed.
C. Direct pressure was placed on the fusion mass and
facet with a large punch. If motion was seen, a pseudar-
throsis was diagnosed.
D. Large 10-inch long punches were placed in each screw
hole. Distraction, compression, and torque were applied
along these large lever arms. Any motion indicated a
pseudarthrosis.
If motion was seen from any of these four methods, careful
exploration of the fusion mass always revealed the presence
of a synovial or fibrous pseudarthrosis.

Table 1. Summary of Direct Observation

Procedures Not Fused Fused

Performed
Level (No.) No. Percent Na. Pergent
Above L3 8 3 315 5 62.5
i3-14 11 4 36.4 7 63.6
L4-LE g1 23 37.7 38 62.3
L5531 46 9 19.6 37 80.4*
Total 126 39 30.9 a7 £9.1

* The rate of fusion at this level is statistically higher than that at other lavels
{F < 0.05}, according to the chi-squared test.

2. Direct surgical exploration and observation of the fusion
mass. The fusion mass was thoroughly explored. All soft
tissue was removed from the area of the fusion mass. The
facet joint was explored. The intertransverse process area
also was explored. For an arthrodesis to be determined as
solid, a solid mass of bone without interruption had to be
visualized from ala to transverse process, or there had to be
total obliteration of the facet joint with overgrowth of bone
" to both sides.

& Statistical Methods

Fusion rates at four different vertebral levels (L5-S1,
L4--LS, L3-L4, and those above L3) were compared
using the chi-squared test and a method for partitioning
total chi-squared results into subgroups for isolating
sources of significant differences.®

Kappa statistics were computed to measure agree-
ment between two raters or two rating methods (direct
observation versus radiographic interpretation) of fu-
sion. The magnitude of the Kappa statistic was inter-
preted as follows.”

0.75 < Kappa < 1.00: excellent agreement beyond
chance.

0.40 < Kappa < 0.75: fair to good agreement be-
yond chance.

Kappa << 0.40: poor agreement.
& Resuits

The results of our study of 126 levels in 75 patients are
summarized in Tables 1 and 2. According to direct
observation, 87 of 126 levels were fused, representing
an overall fusion rate of 69%. Thirty-nine levels were
not fused at the time of direct observation. There were
46 attempted fusions ar L5-S1, 61 at L4-15, 11 at
L3-L4, and eight above the L3-L4 level. The numbers
of actual fusions, which were confirmed by direct ob-
servation at the time of hardware removal, were 37 at
L5-S1, for a fusion rate of 80%; 38 at L4-LS, for a
fusion rate of 62%; seven at L3—L.4, for a 64% fusion
rate; and five above the L3-L4 level, for a 63% fusion
rate. The fusion rate at L5-81 was significantly greater
than at the other levels (Table 1).

Agreement between direct observation and radio-
graphic interpretation was fair at L3-14 and L5-51
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Table 2. Summary of Agreement and Disagreement

Disagresment

Agreement
PG, Rl Not Fused DO, R, Fused 00 Nat Fused, Rl Fused DO Fused, Rl Not Fusad-

Kappa
Level Total No. Percent No. Percent Na. Percent No. Percent Statistig
Above L3 3 1 125 4 50.0 2 25.0 1 12.5 014
L3-14 1 2 182 7 63.6 2 : 18.2 ] 0.0 0.56
1415 81 & 9.8 29 415 17 214 9 14.8 0.03
L5-81 45 6 13.0 34 738 3 €5 3 8.5 0.59
Overalf 126 15 na 14 58.7 L 19.1 13 10.3 8.25

DO = direct observation. Rl = radiographic interpretation.

(Kappa statistic = 0.56 and 0.59, respectively). In con-
trast, the agreement was poor above L3 and very poor at
L4-LS5 (Kappa statistic = 0.14 and 0.02, respectively).
Overall agreement was poor, indicated by a Kappa sta-
tistic of .26 with a 95% confidence interval of 0.07—
0.44 (Table 2).

B Discussion

The most significant finding of this study was the re-
markably poor correlation between the interpretation of
the plain radiographs and the actual fusion status of the
spine, as determined by direct observation, regardless of
the time interval from instrumentation to exploration.
This study confirms the findings of Blumenthal and Gill?
and Brodsky et al,> who reported series of comparable
size to the one reported here. Of particular concern are
those cases in which the radiographs were interpreted as
indicating a solid fusion, but were really pseudarthrosis
(Table 2). The satme posterolateral procedure was car-
ried out at each level, but all levels did not fuse with the
same frequency. The most common level approached in
the study was L4—LS. In our study, 61 procedures were
performed at this level. Our study indicates that this
level is the most difficult to fuse and the most difficuit
level to interpret using radiographs.

Studies are frequently presented that report clinical
outcomes of spinal fusions based on radiographic eval-
uation. Many authors have reported series with high
percentages of solid arthrodesis. However, some of
these reports have indicated that patients with solid
fusions do not have clinical improvement compared
with patients who have pseadarthroses.®*'® Our study
suggests that these series may be flawed when they de-
pend on radiographic analysis only to verify fusion.

There has been a significant increase in spinal sur-
gery. Lumbar arthrodesis has become a much more
frequently performed procedure during the last 10 years
compared with the preceding decade. The procedure is
expensive, not only in the actual dollars and cents of
hospitalization, medications, physical therapy, and phy-
sician fees, but in time lost from work and activities by
the patient. Several series have presented patient out-

nnnnnn

£
comes based on radiographic interpretation. Several of

these series include the use of instrumentation and elec-
trical stimulation.”!® The use of metal implants reduces
the value of flexion and extension views, Other studies
have not shown a substantially improved rate of
pseudarthrosis detection using modalities such as to-
mography, computed tomography, and scintigraphy.
No imaging study has been shown to be uniformly
effective in determining pseudarthrosis.

This study demonstrates that using plain radiographs
alone to determine the solidity of spinal fusion can be
misleading. When a patient presents with persistent
back pain (versus radicular pain) after a lumbar arthro-

- desis, pseudarthrosis may be the cause of that pain

despite apparent radiographic evidence of fusion. As a
result of these observations, we are more inclined to
re-explore patients who have persistent back symptoms
and whose results are clinical failures, even if the radio-
graphic appearance of the fosion mass is solid in the
presence of spinal instrumentation. This re-exploration
is undertaken only after nonmechanical causes of pain
are evaluated and ruled out.
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Degenerative Lumbar Spondylolisthesis With

A Prospective Long-Term Study Comparing Fusion

and Pseudarthrosis

Martin B. Kornblum, MD,* Jeffrey S. Fischgrund, MD,t Harry N. Herkowitz, MD,t
David A. Abraham, MD,t 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-
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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." Earlier descriptions contrasted this
condition from those caused by a pars interarticularis
defect. Junghanns introduced the term “pseudo-
spondylolisthesis” in 1930.* 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.”? Wiltse et al established a widely accepted classi-
fication of spondylolisthesis based on etiology.* 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.’ ' Herkowitz and Kurz, in 1991, performed a pro-
spective, randomized study comparing decompression
alone with decompression and bilateral posterolateral
arthrodesis.'! 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.'*~'¢
Instrumentation has been recommended to increase the
fusion rate, decrease the rehabilitation time, and improve
patient outcome.!” However, based on the results of
short to intermediate range studies, fusion status does
not affect clinical outcome.'*'® A fibrous union appears
to provide sufficient stabilization and to provide pain
relief of the back and lower extremities.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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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.'® 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%).'®

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.

B 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.''-'® 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-

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°.

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.'® 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 Dall'® and by

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Figure 2. Two-year postoperative anteroposterior radiograph
demonstrating clefts (arrows) in the lateral fusion mass between
L4 and L5.

Wiltse et al*® 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.'®?! Decortication of the transverse processes with a burr or
rongeur was performed before placement of bone graft.'®

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.'"'8
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 activities'® (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 ¢ test or the paired test. Pearson corre-
lation coefficient and the asymptotic error were calculated as
needed.

Table 1. Clinical and Radiographic Data

Solid Fusion Pseudarthrosis
(N =22 (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)

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.'® 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.** 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).

H 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
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Table 2. Spinal Stenosis Questionnaire?

Solid Fusion [no. (%)] Pseudarthrosis [no. (%)]
|. 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 | feel my balance is off, or that | am not sure-footed 7(32) 9(36)
Yes, often | feel my balance is off, or that | am not sure-footed 1(4) 5(20)
1. 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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Table 2. Continued

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

IIl. Satisfaction Scale
How satisfied are you with:

The overall results of your operation?
Very satisfied
Somewhat satisfied
Somewhat dissatisfied
Very dissatisfied

Relief of pain following the operation?
Very satisfied
Somewhat satisfied
Somewhat dissatisfied
Very dissatisfied

Your ability to walk following the operation?
Very satisfied
Somewhat satisfied
Somewhat dissatisfied
Very dissatisfied

Your ability to do housework, yardwork or job following the operation?
Very satisfied
Somewhat satisfied
Somewhat dissatisfied
Very dissatisfied

Your strength in the thighs legs and feet?
Very satisfied
Somewhat satisfied
Somewhat dissatisfied
Very dissatisfied

Your balance or steadiness on your feet?
Very satisfied
Somewhat satisfied
Somewhat dissatisfied
Very dissatisfied

16 (73) 12 (50)
4{1;3) 4{1)7)
0(0 2(8

2(9) 6 (25)
14 (64) 12 (50)
5:2)3) 3{12}
1(4 5(21
2(9) 4(17)
14 (64) 13 (52)
5{2)3) 5{20;
1(4 3(12
2(9) 4(16)
13 (62) 10 (40)
3(14) 5(20)
3(14) 2(8)
2(10) 8(32)
13 (59) 9(36)
4(18) 8(32)
4(18) 4(16)
1(5) 4(16)
14 (64) 12 (48)
5:2)3) 6§2;1)
1(4 2(8

2(9) 5(20)

* Statistically significant better scores in the solid fusion group.

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 ¢ 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.
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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.

H 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.’>!'~13-232* In addition,
there is justification from the literature to promote the
use of spinal instrumentation as a means to increase the
fusion rate.'?716-18:25 At the same time, good to excellent
clinical outcomes have been demonstrated independent
of the radiographic fusion status.'® The long-term status
and the implications of a pseudarthrosis and its associa-
tion vis-a-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.'® 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.'* 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% wvs. 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.'* 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.'® 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." 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.'? 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 1983.
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).

H 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.

H Key Points

e Patients with spinal stenosis and degenerative
spondylolisthesis benefitted from a solid
arthrodesis.

e Patients who had a pseudarthrosis had an infe-
rior long-term outcome.

e These results differ from previous shorter-term
studies.
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B 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." 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 al* addressed the question of whether the arthrodesis
should be augmented with instrumentation, and found
that patients receiving noninstrumented arthrodesis ex-
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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 analyses® 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.?

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,” 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.

References

1. Herkowitz HN, Kurz LT. Degenerative lumbar spondylolisthesis with spinal
stenosis: a prospective study comparing decompression with decompression
and intertransverse process arthrodesis. | Bone Joint Surg Am. 1991;73:802-
808.

2. Fischgrund JS, et al. 1997 Volvo Award winner in clinical studies. Degenera-
tive lumbar spondylolisthesis with spinal stenosis: a prospective, randomized
study comparing decompressive laminectomy and arthrodesis with and with-
out spinal instrumentation. Spine. 1997;22:2807-2812.

3. Kuntz KM, et al. Cost-effectiveness of fusion with and without instrumenta-
tion for patients with degenerative spondylolisthesis and spinal stenosis.
Spine. 2000;25:1132-1139.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



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

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 259%, 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 of autogenous 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 of several 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: Weikel and Habal 1977; Guha and
Poole 1983), but little detailed information is available
about donor site pain. Laurie et al (1984) reported such
chronic pain in 109 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-
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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 17 to 62 years who had had an
anterior spinal fusion for low back pain.

Of these,