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Executive Summary

This technology assessment was commissioned by the Washington State Health Technology
Assessment Program for use by the Health Technology Clinical Committee (HTCC). The HTCC
uses evidence, primarily as assessed in this report to determine whether health technologies are
safe, effective, and cost effective, and therefore should be covered by state programs that pay for
health care.

This report evaluates relevant published research describing use of lumbar fusion and
discography in patients with chronic low back pain and uncomplicated degenerative disc disease
(DDD). ECRI Institute’s technology assessment provides an independent, in-depth, formal
evaluation of the strength of evidence for the safety and efficacy of lumbar fusion for the
treatment of DDD associated with chronic low back pain. This report also evaluates the role of
discography prior to lumbar fusion in this patient population. It is based on systematic review of
the published, peer-reviewed scientific literature and methodological precepts described in
Appendix C.

The word “uncomplicated” in the title of this report is intended to exclude the following
conditions:

Radiculopathy

Functional neurologic deficits (motor weakness or EMG findings of radiculopathy)
Spondylolisthesis (>Grade 1)

Isthmic spondylolysis

Primary neurogenic claudication associated with stenosis

Fracture, tumor, infection, inflammatory disease

Degenerative disease associated with significant deformity

Therefore, the conclusions of this report are not necessarily applicable to patients with any of the
above conditions.

The degeneration of intervertebral discs is thought to be associated with altered biomechanics of
adjacent vertebrae, musculature, and connective tissue, and can be associated with back pain and
sciatica.(1) Discs are present between lower cervical (neck) vertebrae, thoracic (mid-back)
vertebrae, and low back (lumbar) vertebrae. Discs at any level can degenerate and cause pain,
but this most often occurs at cervical and lumbar levels, where there is the greatest amount of
mobility. Patients with DDD in the absence of chronic low back pain would not be considered
candidates for lumbar fusion.

The clinical presentation of low back pain may prompt the clinician to order diagnostic imaging.
Since disc degeneration is not associated with pain in all individuals, imaging alone cannot be
considered diagnostic. Both plain films and magnetic resonance imaging (MRI) may aid the
clinician in confirming their diagnosis. Typical findings suggestive of discogenic pain include
disc space collapse, endplate sclerosis, and vacuum disc phenomenon.(2) On a MRI, disc
dehydration, high intensity zones, and endplate edema may also be evident.(2) However, there is
currently no clear case definition for “discogenic back pain”.

Low back pain was the most common cause of disability in persons younger than 45 in the U.S.
in 2005.(3) It causes the most loss of productivity of any medical condition.(3) Only upper
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respiratory complaints cause people to miss more days of work annually.(3) In the United States,
an estimated range of 8-56% of the population (the reason for this variation is unclear, but may
be due to differences in diagnostic criteria or definition) experiences lower back pain every year,
and the lifetime incidence rate is reportedly between 65% and 80%.(4) 2.4 million people are
disabled because of low back pain, 1.2 million of them chronically.(3) Most patients improve
within weeks; only 5-10% of people with low back pain develop chronic back pain.(4,5)

Chronic low back pain with DDD is typically managed conservatively for at least six months
before surgery is considered. Rest is usually only recommended for the first couple days of
onset.(3) A variety of conservative treatments can be tried, including back education, cognitive
behavioral therapy, physical therapy, exercise, weight reduction, and alternative therapies
(e.g., chiropractic manipulation), medications, and epidural injections.(2,6)

When conservative treatments fail after at least six months, spinal fusion may be considered.
The goal of spinal fusion (also known as spinal arthrodesis) is to permanently immobilize the
spinal column vertebrae surrounding the disc(s) that is (are) diagnosed as causing discogenic low
back pain. Immobilizing the vertebrae is believed to reduce pain by limiting painful movement
that may occur as degenerated discs subside. Spinal fusion is also used to treat other painful
conditions, including spondylolisthesis (forward displacement of one of the lower lumbar
vertebrae over the vertebra below it or on the sacrum), trauma resulting in spinal nerve
compression, abnormal spinal curvatures (scoliosis or kyphosis), and vertebral instability caused
by infections or tumors. Vertebral instability refers to a range of motion in the vertebrae that is
greater than that of a normal range. Several surgical procedures may be used to achieve spinal
fusion in patients with discogenic low back pain. They differ by surgical approach and
instrumentation used. All methods may have advantages and disadvantages.

Approximately 300,000 people in the U.S. underwent lumbar spinal fusion surgery for any
indication in 2001;(7) over 122,000 lumbar fusions were performed for degenerative
conditions.(8) A retrospective cohort study of the Healthcare Cost and Utilization Project
(HCUP) Nationwide Inpatient Sample (NIS) from 1988 through 2001 indicated that rates of
lumbar fusion for degenerative conditions in the U.S. increased substantially during this period
(220% increase from 1990 to 2001). The increase accelerated after 1996 following FDA
approval of fusion cages; between 1996 and 2001, the number of lumbar fusions increased
113%, with the most rapid increase among patients of age 60 or above.(8)

A recent cross-sectional analysis of national Medicare data has revealed a substantial (close to
20-fold) range in regional rates of lumbar fusion (for any indication) among Medicare enrollees
in 2002 and 2003.(9) The wide variation observed in this study may be due to scientific
uncertainty regarding the evidence for lumbar fusion and a lack of consensus among surgeons on
patient selection criteria and indications for lumbar fusion. Despite such uncertainty, the rates of
lumbar fusion in the Medicare population increased nearly four-fold from 1992 to 2003.(9)The
variation in regional rates of lumbar fusion among non-Medicare enrollees is unknown.

The role of lumbar discography in selection of patients as surgical candidates is controversial.
Discography is a diagnostic procedure in which contrast material is injected into the nucleus
pulposus of a lumbar disc. The general intent is to determine whether the disc itself is the source
of pain (i.e., a diagnosis of discogenic pain). This diagnosis has been used to justify the need for
surgical intervention involving discectomy and lumbar fusion. Thus, discography may influence
important decisions about the appropriateness of surgical intervention.
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Discography yields two types of results: pain provocation (whether the patient’s typical pain was
reproduced by the injection), and morphology (whether the dye images an abnormal pattern in
the disc, often based on CT scan). Controversy exists about the relative importance of these two
test results. Some authors(3,10) assign much greater importance to pain provocation; for
example, Bogduk (1996)(10) stated that “the morphology of the disc as revealed by discography
is essentially irrelevant.” By contrast, Buenaventura et al. (2007) cited disc morphology as the
gold standard for discogenic pain, stating that “the imaging information is important since
treating an anatomically normal disc, irrespective of its ability to cause pain, seems
unethical.”(11) Walsh (1990) proposed that a discography result should only be considered
positive if the patient’s typical pain was reproduced and the morphology was abnormal.(12) The
extent of spread of the contrast material from the nucleus pulposus determines disc morphology.
The Dallas Discogram Description categorizes several levels of disruption of the disc annulus,
ranging from Grade 0 (normal) to Grade 5 (highest level of disruption).(13,14)

One major concern about discography is the rate of false positive results. Several authors have
found that among people with no previous pain, the discography result can be positive.(15-22)
Also, discography in lumbar discs has been reported to reproduce pain known to originate
elsewhere in the body.(23) Various solutions have been proposed for these phenomena, including
a more stringent definition of a positive test to require both typical pain provocation and
abnormal morphology (Walsh definition),(12) the requirement that adjacent discs test
negative,(24,25) and the avoidance of high pressure (>22 pounds per square inch).(16)

Carragee et al. (2006) found, however, that even when all of these conditions were met, the rate
of false positives was still 25%.(26) Many have suggested that the origin of many false positives
lies with the psychological status of some patients; a positive discography may be more likely in
patients with psychological comorbidities who are predisposed to report pain.(17-
20,22,23,27,28)

The analysis of evidence in this assessment is divided into two sections: Part I evaluates
evidence comparing outcomes of lumbar fusion and nonsurgical treatments, while Part II
evaluates evidence concerning the role of discography prior to lumbar fusion. We examined the
evidence in the context of six clinical questions (three for Part I and three for Part II). Our
strength of evidence ratings take into consideration not only the individual study quality for
relevant outcomes, but also the quantity, consistency, and robustness of the evidence, in addition
to the magnitude of observed effects. The instruments used to rate individual study quality
appear in Appendix C, along with our system for rating the strength of evidence.

Part | — Lumbar fusion surgery and nonsurgical treatments for chronic lumbar back pain

1) Does lumbar fusion surgery reduce pain and improve functional status/quality of life
more effectively than nonsurgical treatments?

2) What are the rates of adverse events (perioperative, long-term events, and reoperations)
for lumbar fusion surgery and nonsurgical treatments?

3) What patient characteristics (i.e., workers’ compensation population, patients with
chronic pain, psychological distress, and age-groups) are associated with differences in
the benefits and adverse events of lumbar fusion surgery?



Part 11 — Role of discography prior to lumbar fusion surgery

4) In patients being considered for lumbar fusion surgery, what is the reliability of
discography?
a. Test-retest reliability
b. Inter-reader reliability

5) In patients undergoing lumbar fusion surgery, do the results of pre-surgical discography
predict the degree of pain reduction or improvement in functional status/quality of life
after lumbar fusion surgery?

6) In patients being considered for lumbar fusion surgery, do patients who receive
discography that influences the treatment choice have better treatment outcomes than
patients who do not receive discography?

Part | - Lumbar fusion surgery and nonsurgical treatments for chronic lumbar back pain

Overall, 30 articles reporting on 27 studies were included to address the clinical questions in
Part I. Four randomized controlled trials (RCTs) that enrolled a total of 767 patients met the
inclusion criteria for Key Question 1, which required a comparison of lumbar fusion to non-
operative treatment in patients with DDD. These same RCTs also reported treatment
complications and therefore also met the inclusion criteria for Key Question 2. In addition to the
four RCTs described above, 23 studies with a total of 5,639 patients also met the inclusion
criteria for Key Question 2. These studies were either case series of lumbar fusion or controlled
studies (some randomized) that compared different lumbar fusion procedures. Data from one
separate publication of one RCT (also included in Key Question 1 and 2) that enrolled 294
patients met the inclusion criteria for Key Question 3.

The primary outcomes of interest addressing Key Question 1 are functional status measured by
the Oswestry Disability Index (ODI), back pain measured by a visual analog scale (VAS), and
quality of life measured by a previously validated instrument; the only instrument used to
measure quality of life in the available evidence base was the short-form (SF)-36 questionnaire.
The ODI is comprised of 10 questions on pain and pain-related disability in activities of daily life
and social participation. Each question has six response alternatives, and the overall score ranges
from 0 (no disability) to 100 (totally disabled or bedridden). The VAS for back pain is also
scored from 0 (no pain) to 100 (worst pain imaginable). A recent study calculated the minimal
clinically important difference for the ODI and VAS of back pain using linear regression analysis
of score change compared to pre-treatment scores. The authors determined that the minimal
clinically important difference for the ODI was 10, and for the VAS of back pain it was 18-
19.(29) Accordingly, we used a difference of 10 for the ODI and a difference of 20 for the VAS
as the minimal clinically important difference in our assessment of these outcomes (the FDA
required an ODI change of 15). Although other estimates for clinically important change in ODI
have ranged from 4 to 18.4 in other studies,(30-32) we consider the estimates in this study to be
the best empirical estimates of clinically important change in ODI and VAS (for further
discussion of the issues surrounding clinically important change thresholds, see Methods in the
main text). The SF-36 is scored from 0 (worst health state) to 100 (best health state); we used a
difference of 5 in the SF-36 as the minimal clinically important difference based on data from an
earlier study that investigated this issue.(33)



A quality rating (and strength of evidence rating) was applied only to studies comparing lumbar
fusion to non-operative therapy in Key Question 1. The remaining studies addressing Key
Question 2 were not used to address comparative event rates of fusion and non-operative care;
they were used only to provide additional data on adverse events and adverse event rates for
lumbar fusion. Due to variability in the way complications are reported among different studies,
lists of complications do not lend themselves to evidence ratings.

Our detailed assessments of the quality of the RCTs addressing Key Question 1 appear in
Table 13 of Appendix D. The average quality of the studies was moderate due to several
limitations, most notably lack of blinding of patients, providers, and outcome assessors (for the
majority of outcomes) in all studies. This could lead to biased interpretation or reporting of
outcomes, particularly of subjective outcomes; since placebo effects tend to be stronger with
more invasive interventions, lack of blinding may be more likely to create bias favoring better
outcomes with surgery. Two of the studies were further limited because more than 15% of
patients did not receive their assigned treatment, either because they crossed over to the
alternative treatment group or did not receive any of the trial treatments. Crossover to alternative
treatments would tend to diminish a between-group difference in treatment outcome if it exists.
Another potential limitation was differences between groups in additional treatments received
during the trials (most trials did not record this information).

The average age of patients in all four RCTs was about 40-45 years, and the average age of
patients in the additional 23 studies that addressed Key Question 2 ranged from 39 to 54 years,
which is representative of the age at which most patients with degenerative disease undergo
surgery in clinical practice. The proportion of patients receiving workers’ compensation varied
considerably (ranging from 21% to 94%) in the 12 studies that reported this information.
Although the types of fusion procedures varied among different studies, all studies used fusion
procedures that are currently employed in clinical practice.

Results and conclusions (Part I)

1. Does lumbar fusion surgery reduce pain and improve functional status/quality of life
more effectively than nonsurgical treatments?

ECRI Institute evidence assessments:

We did not find sufficient evidence that lumbar fusion surgery is more effective to a
clinically meaningful degree than nonsurgical treatments for any of the following patient
populations, comparisons and outcomes:

Fusion versus Intensive Exercise/Rehabilitation Plus CBT in Patients without Prior
Back Surgery

e Meta-analysis of postoperative changes in Oswestry disability scores from two
moderate quality RCTs (n = 413 patients) revealed no clinically meaningful
difference between fusion and intensive exercise/rehabilitation plus cognitive
behavioral therapy (CBT) in patients without prior back surgery (95% CI 0.2 to
7.5, a priori 10-point difference defined as clinically meaningful), although the
difference slightly favored fusion. Strength of evidence: Weak.

e The evidence was insufficient to determine whether lumbar fusion provides a
greater improvement in back pain (one moderate-quality RCT, n = 64 patients) or



quality of life (no acceptable evidence) compared to intensive
exercise/rehabilitation plus CBT in patients without prior back surgery.

Fusion versus Intensive Exercise/Rehabilitation Plus CBT in Patients with Prior Back
Surgery

e The evidence from one moderate-quality RCT (n = 60 patients) was insufficient to
determine the relative benefits of lumbar fusion compared to intensive
exercise/rehabilitation in patients with prior back surgery.

Fusion versus Non-intensive Physical Therapy in Patients without Prior Back Surgery

e The evidence from one moderate quality RCT (n = 294 patients) was insufficient
to determine the relative benefits of lumbar fusion compared to conventional
physical therapy in patients with or without prior back surgery.

The four trials that met our inclusion criteria for this question differed in potentially important
ways. Based upon independent assessment by two methodologists, we assumed that one
difference that was likely to create variation in the effect size among trials was the intensity of
non-operative therapy in the control groups. Three trials (Brox et al. 2003; Brox et al. 2006;
Fairbank et al. 2005) used more intensive exercise/rehabilitation with cognitive behavioral
strategies, while the remaining trial (Fritzell et al. 2001) used non-intensive physical therapy as
the main component of an unstructured nonsurgical treatment program. The more intensive
therapy seems more likely to benefit patients than the less intensive treatment (which patients
had undergone without improvement prior to enrollment). If the amount of patient benefit from
surgery is assumed to be the same in all studies, then one would expect a greater difference in
patient benefit between patients treated surgically and patients treated with conventional physical
therapy compared with patients treated surgically and patients treated with multidisciplinary and
intensive exercise/rehabilitation. This is important to our analysis because the mean difference
measures the difference between treatment and control groups. Therefore, the mean difference
would vary depending on the control selected, causing heterogeneity (differences) in study
findings. For this reason, the data from Fritzell et al. were not combined with data from the other
three trials.

Another factor that might create heterogeneity among effect sizes is whether the patients had
back surgery before enrolling in the studies in question. Patients with prior back surgery may be
less likely to benefit from further surgery than patients who have never had back surgery. One of
the three trials that used intensive exercise/rehabilitation (Brox et al. 2006) included only patients
who had undergone prior surgery for disc herniation (most likely discectomy or laminectomy,

as none of the patients had undergone prior lumbar fusion). The authors mentioned that

“the prognosis after a second operation is generally considered poor compared with the
prognosis in patients without previous surgery for disc herniation.”(34) Of the remaining two
trials, Brox et al. (2003) included no patients with prior back surgery, while Fairbank et al.
(2005) had a small proportion of patients (8%) who had undergone prior laminectomy. Based
upon the differences in the patient populations, we determined that the data from Brox et al.
(2006) should not be combined with data from the remaining two trials.

Although the control therapies and patient characteristics were similar in the trials by Brox et al.
(2003) and Fairbank et al. (2005), the two trials differed in the types of fusion performed and the
length of followup. Brox et al. (2003) exclusively used posterolateral fusion (PLF) with pedicle



screws, while Fairbank et al. (2005) used an unspecified variety of fusion procedures. Also,
Brox et al. reported treatment outcomes at one year of followup, while Fairbank et al. reported
treatment outcomes at two years of followup. However, we considered differences in the fusion
procedure and length of followup less likely to create heterogeneity in effect sizes than the other
factors described above. Therefore, we determined that combining the data from these two trials
was appropriate.

The four RCTs were therefore analyzed in three separate groups: fusion versus intensive
exercise/rehabilitation plus CBT — divided into patients without prior back surgery (Brox et al.
2003, Fairbank et al. 2005) and patients with prior back surgery (Brox et al. 2006) — and fusion
versus non-intensive physical therapy (Fritzell et al. 2006).

Fusion versus Intensive Exercise/Rehabilitation Plus CBT in Patients without Prior Back
Surgery

Two multicenter RCTs with a total of 413 patients compared intensive exercise/rehabilitation
with cognitive behavioral therapy to fusion in patients who had not undergone back surgery
before. Both studies reported the between-group difference in the pre-post change in ODI score
(see Brox et al. 2003 and Fairbank et al. 2005 in Table 17, Appendix D). Both studies also
reported the change scores adjusted for baseline values by analysis of covariance (ANCOVA);
this is the best method for adjusting for imbalances in patient characteristics.(35) Thus, our
analysis is based on the adjusted change scores.

As described above, these studies were considered suitable for a combined data analysis (meta-
analysis), so the change score data were combined in a random effects meta-analysis. As shown
in Figure 2, fusion led to a small but statistically significant increase in ODI change scores
compared to intensive exercise/rehabilitation plus CBT; however, the upper 95% confidence
limit (7.5) was below the minimum level that is considered clinically significant (ODI = 10).

We therefore conclude that changes in ODI scores did not show a clinically meaningful
difference between fusion and intensive exercise/rehabilitation plus CBT in patients without
prior back surgery, although the difference slightly favored fusion (95% CI 0.2 to 7.5). Because
the evidence base is of moderate quality and limited quantity, the strength of evidence supporting
this conclusion is weak.

Only one of these studies (Brox et al. 2003) evaluated VAS back pain (Table 18, Appendix D).
This study reported no statistically significant difference in change in VAS scores between
patients undergoing fusion and patients undergoing intensive exercise/rehabilitation plus CBT.
Because the 95% CI overlapped with zero and the boundary of minimum clinical significance,
the evidence is insufficient to allow a conclusion for this outcome.

Although one of these studies measured quality of life using the SF-36 instrument, this outcome
was excluded from analysis because <80% of patients completed the instrument.

Fusion versus Intensive Exercise/Rehabilitation Plus CBT in Patients with Prior Back
Surgery

One RCT (Brox et al. 2006) with 60 patients studied the efficacy of exercise/rehabilitation plus
cognitive behavioral therapy to fusion in patients who had previously undergone back surgery.
This study reported the between-group difference in the pre-post change in ODI score, after
statistically adjusting for baseline between-group differences in gender and treatment
expectations (see data in Table 17, Appendix D). However, the results were inconclusive because
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the 95% CI overlapped with zero (not statistically significant) as well as the boundary of clinical
significance (ODI = -10), meaning the true difference (if one exists) could favor either treatment.
Thus, the evidence is insufficient for a conclusion regarding the relative benefit of fusion versus

intensive exercise/rehabilitation plus CBT in patients with prior back surgery.

This same study reported no statistically significant difference in change in VAS scores between
patients undergoing fusion and patients undergoing intensive exercise/rehabilitation plus CBT
(Table 18, Appendix D). The results of a single moderate quality study are insufficient to allow a
conclusion for this outcome.

Fusion versus Non-intensive Physical Therapy in Patients without Prior Back Surgery

One RCT (Fritzell et al. 2001) with 294 patients addressed this comparison; however, a minority
of patients (18.7%, evenly distributed between groups) had prior discectomy. This study reported
ODI pre-post change scores for each comparison group (see data in Table 17, Appendix D).

A significantly larger improvement in ODI was observed in the fusion group compared to the
physical therapy group (11.6 vs 2.8, p = 0.015); group changers were included in the analysis of
difference (although not in their tabled data). However, although the difference in change is
statistically significant, the mean difference in change between groups (ODI = 8.8) is below the
level of clinical significance (ODI = 10). Because this is a single trial of moderate quality, the
evidence is insufficient to allow a conclusion for this comparison.

This same study reported a statistically significant difference in the change in VAS score
favoring fusion when compared to non-intensive physical therapy (Table 18, Appendix D).
However, the mean difference between groups (16.7) did not exceed the boundary of minimum
clinical significance for VAS back pain (difference = 20). Because this study did not include
group changers in their tabled data, we cannot be certain of the difference if group changers had
been included. In any event, because this is a single study of moderate quality without a large
effect (see Appendix C, Strength of Evidence Algorithm, Decision Point 10 for definition of
large effect), the evidence is inconclusive for this outcome.

2. What are the rates of adverse events (perioperative, long-term events, and reoperations)
for lumbar fusion surgery and nonsurgical treatments?

e Lumbar fusion leads to higher rates of both early and late adverse events
compared to non-intensive physical therapy or intensive exercise/rehabilitation
plus CBT.

e None of the four RCTs comparing fusion to non-intensive physical therapy or
intensive exercise/rehabilitation plus CBT reported any adverse events occurring
in patients who only received non-operative care. Most of the reported adverse
events for patients in the surgical group could not have occurred in patients who
did not undergo surgery (e.g., surgical complications).

e Categories of adverse events most frequently reported in fusion studies include
reoperation (18/27 studies), infection (14/27 studies), various device-related
complications (13/27 studies), neurologic complications (12/27 studies),
thrombosis (11/27 studies), bleeding/vascular complications (10/27 studies), and
dural injury (10/27 studies).
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e The ranges of rates of the most frequently reported complications in fusion studies
were: reoperation (0% to 46.1%), infection (0% to 9%), device-related
complications (0% to 17.8%), neurologic complications (0.7% to 25.8%),
thrombosis (0% to 4%), bleeding/vascular complications (0% to 12.8%), and
dural injury (0.5% to 29%).

All four RCTs with 767 patients that met our inclusion criteria for Key Question 1 compared
adverse event rates for lumbar fusion surgery and nonsurgical treatments. None of the trials
reported the rate of total adverse events (from intraoperative to last followup). Instead, they
generally divided complication rates by time of occurrence.

Two trials (Brox et al. 2003, Fritzell et al. 2001) separately reported “early” (usually meaning
perioperative) and “late” complications (which either occur at a later time or are persistent or
permanent). Fritzell et al. defined early as within the first two weeks post-treatment, while

Brox et al. did not report the cutoff time for early complications (although it likely did not
exceed one month). Another trial by Brox et al. (2006) appeared not to report all early
complications; the authors stated that “early complications included two wound infections
among the 23 operated patients”, but no other early complications are mentioned. Thus, we
cannot be certain that these were the only early complications. However, the authors stated that
no late complications occurred. The remaining trial (Fairbank et al. 2005) divided adverse events
into intraoperative (during surgery) and post-operative (any time after surgery) categories, which
is a somewhat different division than early and late. The only postoperative complications
mentioned were need for reoperation; we cannot be certain that there were no late complications
that did not require reoperation.

All trials calculated adverse event rates on a per protocol basis, meaning only patients who
actually received surgery were included in calculations of surgical adverse events. This is the
most conservative approach for analysis of adverse events; calculations on an intent-to-treat basis
would underestimate the surgical complication rate, as some patients assigned to surgery never
received it.

Overall Early Adverse Events

The results for overall early adverse events appear in Table 19, Appendix D. Despite variation in
types of fusion and nonsurgical therapies used in these studies, the four trials had one factor in
common; none of them identified any adverse event resulting from nonsurgical treatment
(intensive exercise/rehabilitation plus CBT in three trials, non-intensive physical therapy in one
trial). The three trials that reported overall intraoperative or early adverse event rates found
similar rates (range 12.7% to 18%) despite differences in the time period observed
(intraoperative to one month). The differences between early adverse events in the surgical
versus physical therapy groups was statistically significant in all three of these trials. The
reported early adverse events in the surgical groups included bleeding, thrombosis, wound
infection (deep and superficial), neurological (pain, sympathetic cord damage) complications,
device-related (problems with screws or implants) complications, reoperations for various
causes, and others (dural tears, peritoneal tears). A complete list of reported early complications
and their occurrence rates in these trials appears in Table 21, Appendix D (note: some
complications in this table may not be early; most studies did not report time cutoffs for the
complications). Most of these complications could not have occurred in the absence of surgery.
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Overall Late Adverse Events

Overall late adverse event rates showed more variation among studies, ranging from 0% to 7.4%
(Table 19, Appendix D). A number of factors might account for this variation. It could have
resulted from differences in the length of followup; the two trials with only one-year followup
reported no late events, while the two trials with two-year followup reported that 6.2% and 7.4%
of patients who underwent fusion had late events (in both trials, the difference in event rates
between surgical and nonsurgical patients was statistically significant). The size of the trials may
also have influenced these differences, as the two trials with one-year followup were also much
smaller than the other trials, and therefore less likely to detect less common adverse events.

A third factor is that the authors of these trials may have had different definitions of what
constitutes an adverse event. Reported late adverse events most frequently included reoperations
for various problems (mostly infections and pseudoarthroses) and continuing pain at the donor
site from bone graft harvesting. Specific causes of reoperations and other late complications and
their rates are listed in Table 22, Appendix D. Again, these events could not have occurred in the
absence of surgery.

We examined additional studies of lumbar fusion that lacked a non-operative control group to
determine whether these studies report adverse events not reported in the four RCTs described
above, and also to determine if the adverse event rates differed from those reported in the RCTs.
We selected studies with at least 100 patients total that received any type of lumbar fusion
procedure and met all of our other inclusion criteria.

Twenty-three studies with a total of 5,639 enrolled patients met our criteria for this question.
Fourteen of these studies were prospective studies; of these 14, six were randomized trials
comparing different fusion procedures (a comparison not addressed in this report). The
remaining studies were retrospective. Some studies focused only on specific adverse events such
as need for reoperation, while others reported all adverse events that occurred during the course
of the study. Only eight studies reported any type of overall adverse event rates (operative,
postoperative, total, etc.), and the studies varied considerably in the manner in which these
events were summarized (Table 20, Appendix D). Because a patient may experience more than
one adverse event, we could not calculate the percent of patients experiencing any adverse event
when studies only reported rates for specific adverse events. These studies also showed
considerable variation in the types of fusion procedures performed, which may contribute to
variation in the types of adverse events that occurred in different studies.

A concise summary of reported ranges of specific adverse event rates appears in Table 4. These
ranges combine data from the four RCTs described earlier with data from the 23 additional
studies. In this table, we do not attempt to separate early from late events, as several studies

did not report the specific time of occurrence for each event. Categories of adverse events most
frequently reported in fusion studies include reoperation (18/27 studies), infection (14/27
studies), neurologic complications (12/27 studies), thrombosis (11/27 studies), bleeding/vascular
complications (10/27 studies), and dural injury (10/27 studies). Death related to surgery was
relatively rare, occurring only in 4/27 studies with a maximum reported rate of 2% (we assumed
no deaths related to surgery occurred in the other 23 studies). Certain adverse events showed
substantial variation in reported rates: these include reoperation (0% to 46.1%), dural injury
(0.5% to 29%), neurologic complications (0.7% to 25.8%), and device-related complications (0%
to 17.8%). Reported rates in the four RCTs comparing fusion to non-operative care were either at
the low end (0% for death) or within the indicated ranges but below the maximum reported rate.
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An important issue with reoperation is whether the reoperation was due to problems related to
the initial surgery. Of the 17 studies that reported reoperations, 13 reported the specific causes
for reoperation. In these 13 studies, the percentage of reoperations that could be definitely
determined to be directly related to the initial surgery ranged from 61% to 100% (in five studies,
100% of reoperations were directly related to the initial surgery, and in three studies more than
90% of reoperations were directly related to the initial surgery). The possibility exists that some
reoperations that could not be definitely attributed to the initial surgery (e.g., reoperation at
another level) were nevertheless related to the initial surgery, so these estimates are conservative.

Complete information on the rates of all adverse events reported in these studies is summarized
in Tables 23 and 24, Appendix D.

3. What patient characteristics (i.e., workers’ compensation population, patients with
chronic pain, psychological distress, and age-groups) are associated with differences in
the benefits and adverse events of lumbar fusion surgery?

ECRI Institute Evidence Assessment:

e The evidence from one moderate-quality RCT (n = 294 patients) is insufficient to
determine what patient characteristics are associated with differences in the
benefits and adverse events of lumbar fusion surgery.

One RCT (Hagg et al. 2003) with 294 patients met the inclusion criteria for this question. This
was another publication derived from the Swedish Lumbar Spine Study originally described in
Fritzell et al. (2001). The efficacy and safety findings of Fritzell et al. were discussed under
Key Questions 1 and 2. In their subsequent publication, Hagg et al. presented data concerning
prognostic factors that were not included in Fritzell et al. Hagg et al. conducted a multivariate
analysis to identify factors that predicted various outcomes of treatment in the surgical and
nonsurgical (non-intensive physical therapy) patient groups. The main outcome measures in their
analysis included change of disability (measured as >50% reduction of the ODI score), patient
global assessment of treatment effect (improvement/no improvement), and work status at
followup. Stepwise, forward multiple logistic regression analyses were performed within each
treatment group, with the outcomes as dependent variables.

As shown in Table 25 (Appendix D), only one patient characteristic (neurotic personality)
showed a statistically significant association with change in disability in the surgical group;
patients with neurotic personalities were less likely to show improvement in the ODI score.
No patient characteristic was significantly associated with improvement in ODI score in the
nonsurgical group.

The study also identified patient characteristics significantly associated with the patient global
assessment (improved or not improved). In the surgical group, neurotic personality was again
associated with poor outcome (less likely to be improved), while disc height <50% was
significantly associated with improvement. In the nonsurgical group, one patient characteristic
(depressive symptoms) was significantly associated with poor outcome. No other factors were
significantly associated with patient global assessment in either group.

Certain patient characteristics were significantly associated with work status at followup in both
groups. Among surgical patients, older age and longer period of current sick leave were
significant predictors of not working at followup. Among nonsurgical patients, only longer
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period of current sick leave was significantly associated with not working at followup. No
positive predictors of working at followup were identified for either patient group.

The following variables did not show significant associations with any of the three outcomes at
followup: pain (multiple measures), clinical findings (multiple measures), sociodemographics
(disability pension, workers’ compensation, unemployment, heavy job, comorbidity, smoking,
prior surgery, gender, or marital status), other psychological measures (pain behavior,
personality disorders), or radiographic indicators.

Although not specifically stated in the text of the study, it appears that patients who changed
treatment groups after enrollment were not included in the analyses described above. The effect
this might have on the observed associations is unknown.

Although multicenter, this was a single study of moderate quality; furthermore, none of the
observed associations were large effects (see Appendix C, Strength of Evidence Algorithm,
Decision Point 10 for definition of large effect). Therefore, the evidence is insufficient to allow a
conclusion regarding patient characteristics associated with differences in the benefits and
adverse events of lumbar fusion surgery.

Part Il — Role of discography prior to lumbar fusion surgery
Overall, six studies were included to address the clinical questions in Part II.

Results and Conclusions — Part 11

4. In patients being considered for lumbar fusion surgery, what is the reliability of
discography?
a. Test-retest reliability
b. Inter-reader reliability

ECRI Institute Evidence Assessment:

e The evidence was insufficient to permit conclusions about the reliability of
discography for patients with chronic low back pain and uncomplicated lumbar
degenerative disc disease.

Two studies met the inclusion criteria for this Key Question'.(36,37) Agorastides (2002)(36)
reported data on both test-retest reliability and inter-rater reliability (133 discs in 72 patients),
whereas Milette (1999)(37) only reported data on inter-rater reliability (132 discs in 45 patients).

Both studies investigated at least one specific type of reliability: whether a given discogram is
judged to have the same morphology grade by the same reader at different times (i.e., test-retest)
or by different readers (i.e., inter-rater). Notably, neither study performed two discography
exams on the same disc to determine whether the results were consistent between discography
injections. Also, neither study investigated the reliability of patients’ reports of pain provocation
or similarity to their typical pain. These types of reliability represent additional potential sources
of variability in discography examinations that have not been assessed in patients with chronic
low back pain and uncomplicated lumbar degenerative disc disease.

! After finding only two studies, we removed the date requirement (that studies must have been published in 1990
or later), but when we examined earlier studies, none of them met the other inclusion criteria.
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We rated the quality of both studies as moderate (quality scores of 7.1 and 7.9). Both studies
used consecutive enrollment, reported data on all or almost all enrolled patients, and the
discograms were read without consultation of prior discograms or other clinical information
about the patient. However, both were retrospective studies that did not report the funding
source, and also the Agorastides study did not report whether patient inclusion/exclusion criteria
were applied consistently to all patients.

For test-retest reliability, the Agorastides study observed good reliability (values for kappa
ranging from 0.80 to 0.85 for the three raters),? but because it was a single moderate-quality
study at a single center, we deemed this evidence limited quantity to permit conclusions.

For inter-rater reliability, neither study observed large reliability (values for kappa ranging from
0.66 to 0.77), and neither study was multicenter. These factors, considered together with the
moderate quality and limited quantity, mean that the evidence base was insufficient to permit
conclusions.

5. In patients undergoing lumbar fusion surgery, do the results of pre-surgical discography
predict the degree of pain reduction or improvement in functional status/quality of life
after lumbar fusion surgery?

ECRI Institute Evidence Assessment:

e Because of low quality and heterogeneous results from three studies (n = 330
patients), the evidence was insufficient to permit conclusions about the use of
discography to predict fusion outcomes in patients with chronic low back pain and
uncomplicated lumbar degenerative disc disease.

This question involves a comparison in surgical outcomes between those who had a positive
discography before surgery and those who had a negative discography before surgery. Three
studies met the inclusion criteria.(39-41) Willems (2007)(39) included 82 patients, Gill
(1992)(40) included 53 patients, and Colhoun (1988)(41) included 195 patients.

Importantly, the three studies each used a different definition of a “positive” discography test:

e Willems (2007)(39) categorized two groups of patients based on typical pain provocation
in adjacent-disc(s): 1) patients whose adjacent lumbar disc(s) provoked typical pain on
discography (N = 22); and 2) patients whose adjacent lumbar disc(s) did not provoke
typical pain (or no pain) on discography (N = 60).

e Gill (1992)(40) categorized three groups of patients based on the morphology of the
suspected disc: 1) annular tear beyond the periphery (N = 20); 2) annular tear and contrast
extension to the periphery, but not beyond (N = 19); and 3) small annular tear that did not
extend to the periphery (N = 14).

e Colhoun (1988)(41) categorized four groups of patients based on both typical pain
provocation and morphology of the suspected disc: 1) typical pain provocation and
abnormal morphology (N = 137); no pain provocation and abnormal morphology
(N = 25); 3) neither pain provocation nor abnormal morphology (N = 6); and 4) total disc

2 Kappa measures chance-corrected agreement. 0 represents chance, and 1 represents perfect agreement. The
standard interpretation of kappa values is that Below 0.0 is Poor agreement; 0.00-0.20 is Slight agreement;
0.21-0.40 is Fair agreement; 0.41-0.60 is Moderate agreement; 0.61-0.80 is Substantial agreement; 0.81-1.00 is
Almost Perfect agreement.(38)
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resorption of contrast material thus morphology not assessable and pain provocation not
reported (N = 27).

Also, the three studies assessed different surgical outcomes:

Willems (2007)(39) reported mean VAS pain scores at followup as well as the percentage
of patients who experienced at least 30% pain relief (at a mean followup 6.7 years)

Gill (1992)(40) reported a composite outcome involving the percentage of patients
showing “improvement on functional testing and pain report”, which was based on

three items (Oswestry Pain Questionnaire, VAS, and pain drawing) (at a mean followup of
3 years)

Colhoun (1988)(41) reported a composite outcome involving the percentage of patients
who were considered a “success”, which was defined as meeting all three conditions:

1) complete relief or significant subjective improvement in symptoms; 2) resumption of
work and/or normal duties; 3) no intake of analgesics (at a mean followup 3.6 years).

Furthermore, the three studies reported qualitatively different results (the data appear in Table 36
of Appendix E):

Willems (2007)(39) found evidence of no statistical difference in VAS pain scores at
followup between the two groups, suggesting that discography results do not predict
surgical outcomes.

Gill (1992)(40) did not enroll enough patients to determine whether their data
demonstrated a difference or no difference, leaving open the question of whether
discography results predict surgical outcomes.

Colhoun (1988)(41) found evidence of a difference in success rates, suggesting that
discography results do predict surgical outcomes. Specifically, “success” was found to be
more likely among patients with positive pain provocation and abnormal morphology
(88%) than for other groups (52% to 85%).

We rated the quality of all three studies as low (with scores ranging from 4.1 to 4.3). All three
were retrospective, non-randomized, unblinded studies. Only one of the three studies (Willems)
reported baseline data to assess comparability of patient groups at baseline or attempted to
enhance comparability using statistical methods.

Given the low quality, the different definitions of a positive discography, the different outcomes
examined, and the qualitatively different results reported, we drew no conclusions about whether
discography results predict surgical outcomes.

6. In patients being considered for lumbar fusion surgery, do patients who receive

discography that influences the treatment choice have better treatment outcomes than
patients who do not receive discography?

ECRI Institute Evidence Assessment:

e No evidence of acceptable quality was available to address this question; thus,
the evidence was insufficient to permit conclusions about the influence of
discography on fusion outcomes in patients with chronic low back pain and
uncomplicated lumbar degenerative disc disease.



15

This question involves comparison of treatment outcomes between patients who had received
discography before treatment and patients who had not received discography before treatment.
Only one study met the inclusion criteria. Madan (2002)(42) retrospectively compared the
surgical outcomes of two groups of patients at a single center: 32 patients who were seen
between January 1998 and January 1999 and had a positive discography result; and

2) 41 patients who were seen prior to 1998 and had not received discography. All patients
underwent the same surgical procedure (instrumented PLIF with posterolateral fusion).

Our quality assessment indicated that the study was very low quality (score 3.4), therefore we
excluded the study from further consideration. The primary factors influencing this quality rating
were a retrospective, non-concurrent, non-randomized, unblinded design in which the groups
were not well-matched at baseline and authors had not attempted statistical methods that may
have enhanced group comparability. Due to the lack of evidence of sufficient quality, we drew
no conclusions about whether performing discography influences surgical outcomes.
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Introduction

Degenerative Disc Disease and Low Back Pain
Description of Healthy Discs

Intervertebral discs form resilient fibrocartilaginous joints between vertebral bodies of the spinal
column. These discs begin between the second and third cervical vertebrae and are present
through the end of the lumbar portion of the vertebral column.

A disc is composed of two parts, the annulus fibrosus and the nucleus pulposus. The annulus
fibrosus is the outer portion of the disc, and is composed of concentric fibrous rings of collagen
fibers; it allows motion between the vertebral bodies and acts as a shock absorber. The annulus
fibrosus encircles the nucleus pulposus, which is the gelatinous center of the disc, composed of
radially arranged collagen and elastin fibers. The nucleus pulposus functions as an
incompressible ball bearing that allows the vertebral bodies to roll forward and backward.(43)

Discs are the “joints” of the spinal column, primarily playing a mechanical role by transmitting
forces resulting from body weight and activity. Their flexibility allows for multidirectional
movement of the spine.

Degenerative Disc Disease (DDD)

The degeneration of intervertebral discs is thought to be associated with altered biomechanics of
adjacent vertebrae, musculature, and connective tissue, and can be associated with back pain and
sciatica.(1) Discs are present between lower cervical (neck) vertebrae, thoracic (mid-back)
vertebrae, and low back (lumbar) vertebrae. Discs at any level can degenerate and cause pain, but
this most often occurs at cervical and lumbar levels, where there is the greatest amount of
mobility. However, degenerative disc disease (DDD) is not always associated with low back
pain. This report focuses on DDD associated with chronic low back pain, as patients with DDD
in the absence of chronic low back pain would not be considered candidates for lumbar fusion.

Low Back Pain Associated with DDD

Discogenic low back pain is believed to occur when discs in the lumbar spine degenerate and the
patient has experienced chronic low back pain. The pain may have a deep boring sensation, often
with a distribution to the upper thighs and buttocks.(2) Patients with discogenic low back pain
may suffer from pain that is worsened with bending, twisting, squatting, or stooping, and
possibly accompanied by leg pain or numbness(44), which may be relieved somewhat with a
reclined position, such as with the legs elevated.(2)

Diagnosis

The clinical presentation of chronic low back pain thought to be discogenic (described above)
may prompt the clinician to order diagnostic imaging. Imaging alone cannot be considered
diagnostic, because disc degeneration is not associated with pain in all individuals. Both plain
films and magnetic resonance imaging (MRI) may aid the clinician in their diagnosis. Typical
findings suggestive of discogenic pain include disc space collapse, endplate sclerosis, and
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vacuum disc phenomenon.(2) On a MRI, disc dehydration, high intensity zones, and endplate
edema may also be evident.(2)

Etiology of Low Back Pain Associated with DDD

Discogenic back pain is thought to be caused by degeneration of intervertebral disks and its
sequelae. However, according to Urban and Roberts, the etiology of disc degeneration is

“a difficult entity to study” because “its definition is vague, with diffuse parameters that are not
always easy to quantify.”(1) Other researchers have noted that DDD is a “nonspecific pathologic
diagnosis” that is “very poorly defined” in the literature.(45) There is currently no clear case
definition for discogenic back pain.

The disc nuclei distribute forces equally throughout the annulus, transmitting a greater portion of
loads to, and contributing to tears in, the annulus. Aging, decreased nutrition to the disc, genetic
predisposition, and trauma may all play a role in the degeneration of vertebral discs. Age-related
decreases in water content in the nucleus, along with changes in the structure of the collagen,
make the disc more rigid, contributing to tearing. As degeneration progresses, collagen continues
to break down, and larger tears form in the annulus. Material may fragment from these tears and
bulge from the disc causing a “herniation.”(44) Trauma may also contribute to herniation.
Although commonly thought to cause pain by impinging on spinal nerves, disc herniation is now
thought to possibly cause pain by activating an inflammatory cascade of irritating biochemical
processes.(1)

Some theorize that when disc degeneration is present, the spinal column becomes unstable
because the disc can no longer hold the vertebral bodies in their proper positions. However, this
“instability” is not measurable in traditional terms (e.g., mm of translation or degrees of angular
separation). Dysfunction may occur, which can lead to outer annular tears, separation of the
endplate, cartilage destruction, and facet synovial reaction.(6) Pain may be the result because
nearby paraspinal muscles, facet joint capsules, periosteum, intraspinal ligaments and tendons,
and sacroiliac joints are innervated with nociceptive fibers.(2) If the articular cartilage between
the discs erodes, it can also lead to damage of the joint and nearby ligaments.(1,44,46,47)

Epidemiology of Low Back Pain

Low back pain was the most common cause of disability in persons younger than 45 in the U.S.
in 2005.(3) It causes the most loss of productivity of any medical condition.(3) Only upper
respiratory complaints cause people to miss more days of work annually.(3)

In the United States, an estimated range of 8-56% of the population (the reason for this variation
is unclear, but may be due to differences in diagnostic criteria or definition) experiences lower
back pain every year, and the lifetime incidence rate is reportedly between 65% and 80%.(4)

2.4 million people are disabled because of low back pain, 1.2 million of them chronically.(3)
Most patients improve within weeks; only 5-10% of people with low back pain develop chronic
back pain.(4,5)

Natural History of Low Back Pain Associated with DDD

About 90% of patients with low back pain due to any etiology experience pain relief, regardless
of treatment, in about six weeks.(3)

Progressive loss of disc height and tension characterizes degenerative disc disease. For this
reason, patients may experience different signs and symptoms as their condition progresses.
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DDD at this point is typified by disc resorption, loss of disc height, and facet capsular laxity.
The “instability”” phase poses a higher likelihood of disc tears and herniation and an increased
risk of vertebral subluxations, and may result in continued back or leg pain.(6,48)

Continued loss of disc height and the resulting settling of the vertebrae together contributes to a
stiffer motion segment. Finally, the motion segment(s) begin to restabilize. Osteophyte formation
may alleviate the severity of back pain, but muscle tenderness, stiffness, reduced movement, and
scoliosis may remain.(6) This may result in less segmental backache, but is associated with an
increased potential for radicular pain resulting from stenosis (narrowing of the spinal canal) and
may speed degeneration in adjacent discs due to their relative hypermobility.(48)

Studies examining the natural history of discogenic back pain are scarce, and there is no
verifiable case definition of discogenic back pain. A retrospective study of 25 patients provides
some information on the natural course of the disorder.(49) This study examined patients who
had DDD associated with chronic low back pain confirmed with positive discography.

Six months of conservative treatment had failed to relieve their pain, and spinal surgery was their
next treatment option, but they refused the surgery. At an average of 4.9 years of followup,
improvements had occurred in 68% (17/25) of patients, no change in 8% (2/25), and worsening
in 24% (6/25). These results suggest that, in some patients, discogenic back pain improves
without surgery. One problem with interpreting these results, mentioned in an editorial by
Deyo,(50) is that patients who refuse surgery may be fundamentally different from patients who
would accept surgery: refusers may be more likely to improve without surgery. Deyo thus
commented that the study “cannot be taken to establish that natural history,” but that it still
motivates the need for additional research.(50) Although this is a flawed study (retrospective,
small size, possibly with sampling bias), it was the only one identified in our literature search
that examined the natural course of DDD. This issue has not yet been adequately addressed by
larger or better-quality studies.

Treatment of Low Back Pain Associated with DDD

Chronic low back pain with DDD is typically managed conservatively for at least six months
before surgery is considered. Rest is usually only recommended for the first couple days of
onset.(3) A variety of conservative treatments can be tried:(2,6)

e Back education: To relieve pain and improve function by adapting body mechanics for
everyday activities

e Cognitive behavioral therapy (CBT): To relieve pain by improving coping and adaptive
skills

e Physical therapy: To decrease inflammation and alleviate pain, and, once there is
sufficient improvement, to strengthen and stabilize the lumbar area of the back

e Exercise: To achieve lumbar stabilization, and to relax tense muscles

e Weight reduction: In overweight patients, to relieve mechanical pressure on discs and
surrounding structures

e Alternative therapies, such as chiropractic manipulation, acupuncture, therapeutic
massage: To relieve pain
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e Medications: To reduce inflammation (antiinflammatories), relax muscles (muscle
relaxants), and relieve pain (analgesics, antiinflammatories, muscle relaxants)

e Epidural injections: To reduce inflammation (steroids) and pain (steroids or morphine)

Spinal Fusion
Underlying Theory

When conservative treatments fail after at least six months, spinal fusion may be considered.

The goal of spinal fusion (also known as spinal arthrodesis) is to permanently immobilize the
spinal column vertebrae surrounding the disc(s) that is (are) diagnosed as causing discogenic low
back pain. Immobilizing the vertebrae is believed to reduce pain by limiting painful movement
that may occur as degenerated discs subside. Spinal fusion is also used to treat other painful
conditions, including spondylolisthesis (forward displacement of one of the lower lumbar
vertebrae over the vertebra below it or on the sacrum), trauma resulting in spinal nerve
compression, abnormal spinal curvatures (scoliosis or kyphosis), and vertebral instability caused
by infections or tumors. Vertebral instability refers to a range of motion in the vertebrae that is
greater than that of a normal range.

Basic Procedure

Several surgical procedures may be used to achieve spinal fusion in patients with DDD and
chronic low back pain. They differ by surgical approach and instrumentation used. All methods
may have advantages and disadvantages.

For any fusion procedure, surgeons may or may not elect to use instrumentation; however, the
majority of fusion cases receive some form of instrumentation today.(51) Many types are
commercially available, including pedicle and facet screws, rods, and cages. Cages are manmade
implants intended to stabilize the motion segments. Several types of cages are available, and they
can be divided into three groups: cylindrical threaded titanium interbody cages (tubes to be
implanted and packed with bone graft); cylindrical threaded cortical bone dowels (disc-shaped
dowels to be implanted in the center of the disc space); vertical interbody rings or boxes (which
are also implanted in the center of the disc space).(52) Premade femoral ring allograft implants,
which may be packed with allograft or demineralized bone matrix, as well as bone spacers, are
also commercially available.

Metal or polytheretherketone (PEEK) cages to be packed with autograft are in wide diffusion.
Disadvantages include subsidence and complication of radiological assessment. Titanium and
carbon fibre cages may more closely approximate bone.(53) BAK cages are stand-alone threaded
cages, but these have become unpopular in Europe due to instability with spinal extension
leading to pseudarthrosis and poor clinical outcomes.(53) Newer cages are typically made of
PEEK or metal and include locking screws and/or plates. These are suitable for patients with
end-stage degenerative disc disease and very rigid facet joints.(53)

Pedicle screw fixation with adjoining rods provides immediate immobilization, theoretically
improving the odds of successful fusion and enabling earlier mobilization of the patient.(54)
However, the use of pedicle screw fixation may be associated with an increase in vascular,
neurological, and soft tissue complications, and the metals may affect MRI.(53) Facet screw
fixation may be used instead when there are one or two levels to fuse, the facets are intact, and
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the disc segment of interest is collapsed.(53) Potential advantages over pedicle screws include
less soft tissue dissection, more space for bone graft, lower rate of neurological complications,
and substantially lower cost.(53)

Packing material is always used to stabilize the fusion by promoting new bone growth.
Autografts harvested from the patient’s own iliac crest are commonly used. Allografts, bone
harvested from another human, are also in use. Another type of packing material is
demineralized bone matrix (DBM). DBM contains osteoinductive proteins that improve new
bone formation by inducing the production of chondrocytes and new cartilage; the resulting
cartilage is resorbed and replace by bone.(55) If proven effective, DBM could reduce the reliance
on bone autografts, which are associated with short-term and long-term patient morbidity

(e.g., harvest site pain). The use of DBM is under study and not widely diffused.

There are five main types of fusion surgeries: posterolateral fusion, posterior lumbar interbody
lumbar fusion, transforaminal lumbar interbody fusion, anterior lumbar interbody fusion, and
circumferential fusion. These surgeries are discussed in the text to follow.

Posterolateral fusion (PLF)

Posterolateral fusion (PLF) involves a dorsal surgical approach that joins vertebrae by the space
just outside the spine. Bone is grafted onto decorticated laminae and spinous processes.(53) It is
the most commonly used method of spinal fusion.(56) Potential advantages of PLF include ease
of approach, low complication rates, and familiarity with the approach among spine surgeons.(2)
In addition, there is less soft tissue disruption, and theoretically, a lower chance of infection.(53)
Less bone graft may be needed for this type of fusion because the parts of the vertebrae that are
closest together are fused.(53) Instrumentation may or may not be used in PLF.

Drawbacks of PLF compared with interbody techniques include the mechanically
disadvantageous position for the bone graft, and the need to strip muscles to gain adequate
exposure of the area to be treated.(2) The rate of pseudarthrosis (unsuccessful fusion) may also
be higher compared with intertransverse fusion.(56) Also, discogenic pain may continue after
successful PLF, because small amounts of motion still occur in the pedicles.(56) PLF may not
enable a biomechanically ideal placement of the bone as interbody techniques (described in the
sections to follow).(2)

PLF may be most appropriate for older patients who cannot undergo interbody techniques due to
osteoporosis or medical comorbidity, for patients with three or more intervertebral discs
involved, or for whom translational instability is thought to be causing the back pain.(57)

Posterior lumbar interbody fusion (PLIF)

Interbody fusion techniques join adjacent vertebrae body-to-body, utilizing the disc space. In
posterior lumbar interbody fusion (PLIF), posterior fixation and the use of interbody grafts are
employed.(2)Interbody grafts are materials placed between the bodies of the vertebrae to provide
structural support and to facilitate fusion. If used, instrumentation helps to restore the dorsal
tension band and maintain lordosis.(2) Instrumentation, including cages and pedicle screws, is
commonly used with PLIF. PLIF is considered appropriate for patients who need concomitant
posterior decompression, and patients with spondylolisthesis with retained disc space height.(2)

Advantages of PLIF include improved maintenance of sagittal balance, opportunity for nerve
root decompression, and construction of an environment conducive to fusion.(53) Disadvantages
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of PLIF include manipulation of nerve roots, and limitation of the size of the interbody graft that
can be used.(2)

Transforaminal lumbar interbody fusion (TLIF)

Transforaminal lumbar interbody fusion (TLIF) is a variation of PLIF which involves a unilateral
(rather than bilateral) fusion.(2) The main advantages of TLIF are that little or no retraction of
the thecal sac is required to gain access to the interbody space, and that contralateral nerve roots
do not need to be exposed or manipulated.(2) TLIF is more appropriate for patients requiring
fusion at the upper lumbar spine, as anatomy at L5-S1 makes this approach more complicated,
though not impossible.(2)

Anterior lumbar interbody fusion (ALIF)

Anterior lumbar interbody fusion (ALIF) involves approaching the spine from the patient’s front
(supine side). Approaches include open transperitoneal (through the peritoneum) or
retroperitoneal (from behind the abdominal cavity) and mini-open or laparoscopic techniques,
with retroperitoneal being most commonly advocated.(56)

Advantages include avoiding paraspinal muscle dissection (as with PLF) or dissection with the
neural elements (such as with PLIF).(2) Furthermore, ALIF is thought by some experts to have a
lower failure rate than uninstrumented posterior fusion, as well as reducing the risk of canal
stenosis and reducing movement across the disc at the fused level.(53) Disadvantages include the
frequent need for an access surgeon in addition to the spine surgeon, because careful retraction of
great vessels, reliable identification of the midline, and avoidance of monopolar cautery around
the sympathetic plexus, are required.(2) Most complications associated with ALIF are associated
with the surgical approach.

ALIF is typically used in patients with collapsed disc space height, since greater distraction of
the disc space is required to maintain tension of the annular ligament to help stabilize the
spine.(2) It may be particularly useful for patients with abnormalities in the anterior or middle
column, after failed posterior surgical procedures, and when the motion segments of interest are
kyphotic.(56) Usually patients with only 1 or 2 levels needing surgery are selected, due to the
difficulties of accessing the spine anteriorly. ALIF is not appropriate for patients with substantial
translational deformity.(56)

Circumferential fusion

Circumferential, or three hundred sixty-degree fusion, is typically comprised of interbody plus
PLF. ALIF and PLF are the traditional combination. Circumferential results in high fusion
rates.(53) However, because this technique is more expensive, time-consuming, and risky for the
patient, it is usually not used for patients with discogenic back pain, but reserved for patients
with pseudarthrosis.(2)

Patient Indications/Contraindications
Indications

According to clinical practice guidelines (for more information and citations, refer to the
Clinical Practice Guidelines section of this report), the main indication for spinal fusion for
discogenic back pain is moderate to severe chronic back pain (lasting at least six months) that is
inadequately relieved by conservative treatment with degenerative disc disease confirmed by
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radiologic images. A discogram (described in Part IT) may or may not be considered, at the
surgeon’s discretion.

Contraindications

Absolute contraindications are conditions under which the treatment must never be administered.
One absolute contraindication to lumbar fusion was identified. Initial laminectomy/discectomy
related to unilateral compression of a lumbar nerve root was cited as an absolute contraindication
by The Washington State Department of Labor and Industries.(58) Some exclusion criteria in
studies in the evidence-based portion of this report include metabolic bone disease,
spondylolisthesis greater than grade I, multi-level degeneration, and significant endplate
sclerosis.

Relative contraindications are conditions under which additional consideration is required before
treatment is administered, because those conditions provide a less ideal situation for treatment
success. Relative contraindications to fusion include(6,58): smoking, morbid obesity, active
infection, multiple level degenerative disease, severe physical deconditioning, disability for

one year or longer prior to consideration of fusion, absence of evidence of functional recovery
following most recent spine surgery, and severe medical or psychological problems.
Psychological factors correlated with poor outcomes include: history of drug or alcohol abuse,
high degrees of somatization on clinical or psychological evaluation, presence of a personality
disorder or major psychiatric illness, and/or current evidence of a factitious disorder.(58)

Diffusion and Regional Variation in Rates of Lumbar Fusion

Approximately 300,000 people in the U.S. underwent lumbar spinal fusion surgery for any
indication in 2001;(7) over 122,000 lumbar fusions were performed for degenerative
conditions.(8) A retrospective cohort study of the Healthcare Cost and Utilization Project
(HCUP) Nationwide Inpatient Sample (NIS) from 1988 through 2001 indicated that rates of
lumbar fusion for degenerative conditions in the U.S. increased substantially during this period
(220% increase from 1990 to 2001). The increase accelerated after 1996 following FDA
approval of fusion cages; between 1996 and 2001, the number of lumbar fusions increased
113%, with the most rapid increase among patients of age 60 or above.(8)

A recent cross-sectional analysis of national Medicare data has revealed a substantial (close to
20-fold) range in regional rates of lumbar fusion (for any indication) among Medicare enrollees
in 2002 and 2003.(9) The wide variation observed in this study may be due to scientific
uncertainty regarding the evidence for lumbar fusion and a lack of consensus among surgeons on
patient selection criteria and indications for lumbar fusion. Despite such uncertainty, the rates of
lumbar fusion in the Medicare population increased nearly four-fold from 1992 to 2003.(9)

The variation in regional rates of lumbar fusion among non-Medicare enrollees is unknown.

Procedure Charges and Cost Considerations

We searched for reports on the cost or charge for lumbar fusion in the United States with

data not more than five years old. One cost report of the retail price of spinal fusion in the

United States was identified. According to the active Web site of a commercial carrier, the
average billed charge (retail price) for an inpatient spinal fusion surgery cost $62,982 (range of
25Mto 75™ percentile $42,447-$76,794). This does not reflect any payer negotiation. The average
amount of time spent in hospital was 3.0 days (range 1 to 4 days).(59)
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Discography Prior to Lumbar Fusion

Lumbar discography is a diagnostic procedure in which contrast material is injected into the
nucleus pulposus of a lumbar disc. The general intent is to determine whether the disc itself is the
source of pain (i.e., a diagnosis of discogenic pain). This diagnosis has been used to justify the
need for surgical intervention involving discectomy and lumbar fusion. Thus, discography may
influence important decisions about the appropriateness of surgical intervention.

This section provides background on numerous aspects of discography, including patient
indications, injection techniques, testing on adjacent discs, the types of discography results and
their interpretation, concerns about false positives, and the usage rates of discography.

Indications

Patient indications for discography prior to lumbar fusion are not well-defined in the literature.
A 2005 guideline published by the American Association of Neurological Surgeons (AANS)
recommended that “discography be reserved for use in patients with equivocal MR imaging
findings, especially at levels adjacent to clearly pathological levels.”(24) Guyer and Ohnmeiss
(2003), however, suggested additional indications prior to fusion surgery such as “further
evaluation of demonstrably abnormal discs to help assess the extent of abnormality” and
“assessment of discs before fusion to determine if discs within the proposed fusion segment are
symptomatic and to determine if discs adjacent to this segment are normal.”(60) A 2007
guideline from the American Society of Interventional Pain Physicians echoed these additional
indications, but also stated that “Generally, discography should be viewed as an invasive test to
be used to seek abnormalities when results from other tests are equivocal or inconsistent, in a
patient with symptoms severe enough to require further evaluation.”(61) For additional
information on indications for discography, refer to the section on Clinical Practice Guidelines
(within the Discussion section).

Basic Procedure

Some variability exists in how different practitioners perform discography injections. In an
attempt to reduce this variability, Sachs et al. (1989) provided detailed guidelines.(62) General
recommendations included placing the patient in the left decubitus position (lying on the left
side), a two-needle technique (i.e., one needle through the other) to avoid infection of the disc,
no transdural puncture, and CT scanning within seven hours, comprising 3-4 slices per disc at

5 mm thickness and 4 mm intervals. Specific needle recommendations for L3-4 or L4-5
discography included: one 3.5 inch 18-gauge guide needle, and one 6-inch 22-gauge insertion
needle. Specific needle recommendations for L5-S1 discography included: one 6-inch 18-gauge
guide needle, and one 8-inch 22-gauge insertion needle. Sachs (1989) also recommended use of a
full syringe with 3 cubic centimeters (cc) of contrast material and injection with maximal force at
a steady rate, but this recommendation has since changed to a recommendation of pressure-
controlled injection up to the point of pain with a maximum of 3cc of contrast material.(63,64)
Reitman et al. (2001)(65) emphasized the need to standardize patient positioning after observing
that different spinal positions resulted in different levels of strains and bulges in the annulus.

Some authors advocate that discography be performed not only in the suspected disc, but also in
discs adjacent to the suspected disc. One reason to test these “control” discs is that if they test
positive, this raises a suspicion that the positive test in the suspected disc was actually a false
positive (we discuss false positives in more detail below).(24,25) Another proposed justification
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for adjacent-disc discography concerns the eventual efficacy of fusion surgery. If adjacent discs

are abnormal but are not included in the levels undergoing fusion, the rigidity imposed by fusion
may accelerate disc degeneration in the adjacent levels above and below, thereby compromising
the efficacy of surgery.(39,60,66)

Discography yields two types of results: pain provocation (whether the patient’s typical pain was
reproduced by the injection), and morphology (whether the dye images an abnormal pattern in
the disc, often based on CT scan). Controversy exists about the relative importance of these
two test results. Some authors(3,10) assign much greater importance to pain provocation;

for example, Bogduk (1996)(10) stated that “the morphology of the disc as revealed by
discography is essentially irrelevant.” By contrast, Buenaventura et al. (2007) cited disc
morphology as the gold standard for discogenic pain, stating that “the imaging information is
important since treating an anatomically normal disc, irrespective of its ability to cause pain,
seems unethical.”(11) Walsh (1990) proposed that a discography result should only be
considered positive if the patient’s typical pain was reproduced and the morphology was
abnormal.(12)

The extent of spread of the contrast material from the nucleus pulposus determines disc
morphology. The Dallas Discogram Description categorizes several levels of disruption of the
disc annulus.(13,14) The first level (Grade 0) indicates normal morphology, when no contrast
material leaked into the annulus. Grade 1 disruption indicates that the contrast material leaked
into the annulus, but only within its inner third. Grade 2 disruption indicates that the contrast
material leaked into two-thirds of the annulus, whereas Grade 3 denotes leakage into the outer
one-third of the annulus. Grades 4 and 5 represent greater spread of the contrast material beyond
the annulus, around the circumference of the disc, and/or into the epidural space. These six
grades reflect the most recently proposed version of the Dallas Discogram Description.(14)

False Positive Rates: A Potential Concern

One major concern about discography is the rate of false positive results. Several authors have
found that among people with no previous pain, the discography result can be positive.(15-22)
Also, discography in lumbar discs has been reported to reproduce pain known to originate
elsewhere in the body.(23) Various solutions have been proposed for these phenomena,
including a more stringent definition of a positive test to require both typical pain provocation
and abnormal morphology (Walsh definition),(12) the requirement that adjacent discs test
negative,(24,25) and the avoidance of high pressure (>22 pounds per square inch).(16)
Carragee et al. (2006) found, however, that even when all of these conditions were met, the rate
of false positives was still 25%.(26) Many have suggested that the origin of many false positives
lies with the psychological status of some patients; a positive discography may be more likely
in patients with psychological comorbidities who are predisposed to report pain.(17-
20,22,23,27,28)

Diffusion

To estimate current usage of discography, Carrino et al. (2002) analyzed CPT-4 codes for spinal
injection procedures (including lumbar discography) in the U.S. Medicare population from 1993
to 1999.(67) They provided results separately for specialty categories (anesthesiology, surgery,
physiatry, radiology, and other). Across specialties, the number of lumbar discography
procedures increased from 4,520 in 1993, to 5,055 in 1996, to 8,605 in 1998, and finally to
11,323 in 1999. This represents an average annual increase of 16.6%, which is considerably
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larger than the 2.8% annual increase in the Medicare population over the same time period.

The annual increase was smallest for surgical specialty providers (5.2%) and largest for
anesthesiologists (41.1%) (these percentage increases were calculated by ECRI Institute based on
the data in Table 3 of the Carrino article).(67) By 1999, anesthesiology specialty providers
conducted 35% of Medicare lumbar discography procedures, as compared to 33% for radiology
and 21% for surgery.
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Methods

Key Questions and Outcomes Assessed

In this report, we address the following six Key Questions:

Part I — Lumbar fusion surgery and nonsurgical treatments for chronic lumbar back pain

1) Does lumbar fusion surgery reduce pain and improve functional status/quality of life
more effectively than nonsurgical treatments?

2) What are the rates of adverse events (perioperative, long-term events, and reoperations)
for lumbar fusion surgery and nonsurgical treatments?

3) What patient characteristics (i.e., workers’ compensation population, patients with
chronic pain, psychological distress, and age-groups) are associated with differences in
the benefits and adverse events of lumbar fusion surgery?

Part II — Role of discography prior to lumbar fusion surgery

1) In patients being considered for lumbar fusion surgery, what is the reliability of
discography?
a. Test-retest reliability
b. Inter-reader reliability

2) In patients undergoing lumbar fusion surgery, do the results of pre-surgical discography
predict the degree of pain reduction or improvement in functional status/quality of life
after lumbar fusion surgery?

3) In patients being considered for lumbar fusion surgery, do patients who receive
discography that influences the treatment choice have better treatment outcomes than
patients who do not receive discography?

The primary outcomes of interest addressing Key Question 1 are functional status measured by
the Oswestry Disability Index (ODI), back pain measured by a visual analog scale (VAS), and
quality of life measured by a previously validated instrument; the only instrument used to
measure quality of life in the available evidence base was the short-form (SF)-36 questionnaire.
The ODI is comprised of 10 questions on pain and pain-related disability in activities of daily life
and social participation. Each question has six response alternatives, and the overall score ranges
from 0 (no disability) to 100 (totally disabled or bedridden). The VAS for back pain is also
scored from 0 (no pain) to 100 (worst pain imaginable).

Some controversy exists regarding the minimal level of change in ODI scores from baseline to
post-treatment that is considered clinically important. Several studies have attempted to estimate
a threshold, but no two studies have agreed on the same number. Thresholds of clinically
important changes in ODI that have been variously suggested include 4, 5, 5.2, 10, 13, 15 (the
FDA'’s estimate), and 18.4.(29-32) A recent study calculated the minimal clinically important
difference for the ODI and VAS of back pain using linear regression analysis of score change
compared to pre-treatment scores. The authors determined that the minimal clinically important



27

difference for the ODI was 10, and for the VAS of back pain it was 18-19.(29) The authors also
determined the error in measurement for these outcomes.

We consider the estimates in this study to be the best empirical estimates of clinically important
change in ODI and VAS. Although the pre-post change in ODI is technically a different concept
than the between-group difference in ODI, we consider the two concepts similar enough that the
pre-post change can be used as a surrogate for the between-group difference. We view the
control group as a surrogate for the active-treatment group: what change would the surgical
patients have experienced if they had received non-surgical treatment? Taking this view, the
between-group difference at followup is therefore an unbiased estimate of the surgical group’s
change score after factoring out the non-surgical treatment effect. Thus, our use of 10 units on
Oswestry is, technically speaking, the change score at which the true impact of surgery is
considered clinically significant. Accordingly, we used a difference of 10 for the ODI and a
difference of 20 for the VAS as the minimal clinically important difference in our assessment of
these outcomes.

The SF-36 is scored from 0 (worst health state) to 100 (best health state); we used a difference of
5 in the SF-36 as the minimal clinically important difference based on data from an earlier study
that investigated this issue.(33)

For Key Question 2, any reported adverse events or complications are tabled. Key Question 3
does not involve an analysis of outcomes; instead, it requires an analysis of the relationship
between patient characteristics and positive or negative outcomes of treatment.

This report focuses on three specific questions about discography as it relates to lumbar fusion
surgery. Key Question 4 concerns reliability, comprising both test-retest reliability and inter-rater
reliability. Key Question 5 concerns whether discography results can usefully predict the
outcomes of spinal fusion surgery. This involves a comparison in surgical outcomes between
those who had a positive discography before surgery and those who had a negative discography
before surgery. Key Question 6 involves the clinical impact of discography: whether patients
who underwent discography before surgery have better fusion outcomes than those who did not
undergo discography. Both Key Questions 5 and 6 include the possibility that discography may
have value in excluding certain patients from receiving fusion (i.e., excluding those with a
negative discography).

All other questions about discography, such as the optimal method for performing or interpreting
discography, the correspondence between pain provocation and morphology, the correspondence
with other diagnostic procedures, or discography as it relates to other treatments, are outside the
scope of this report. Note that none of the key questions explicitly mention “diagnostic
accuracy”. This is because there is no independent gold-standard method for determining
whether a lumbar disc that tests positive on discography is in fact causing the patient’s low back
pain. Instead, Key Questions 5 and 6 address the more fundamental issues of whether
discography predicts or influences fusion outcomes.

Literature Searches

The clinical studies included in this technology assessment were identified using a multi-staged
study selection process, and were based on inclusion criteria that were determined a priori.

Use of a priori inclusion criteria reduces the risk of bias because the decision to include or
exclude each study is independent of the results of the study. In the first stage of the selection
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process, we performed a comprehensive literature search using broad criteria. In the second
stage, we retrieved all articles that appeared to meet the a priori inclusion criteria, based on their
published abstracts. In the final stage of the study selection, we reviewed the full text of each
retrieved article, assessed its quality, and verified whether or not it met the a priori inclusion
criteria.

One characteristic of a good technology assessment is a systematic and comprehensive search for
information. Such searches distinguish systematic reviews from traditional literature reviews.
Traditional literature reviews use a less rigorous approach to identifying and obtaining literature,
making it possible for a reviewer to include primarily articles that agree with a particular
perspective, and to ignore articles that do not. Our approach precludes this potential reviewer
bias because we obtained and included articles according to explicitly determined a priori
criteria.

Briefly, we searched 15 external and internal databases, including PubMed and Embase, for
relevant studies. In addition, we searched more than 1,600 journals and supplements maintained
in ECRI Institute’s collections to determine if they contained relevant information. We also
examined the bibliographies/reference lists from peer-reviewed and gray literature. (Gray
literature includes reports and studies produced by local government agencies, private
organizations, educational facilities, and corporations that do not appear in the peer-reviewed
literature.) A complete list of the databases searched and the search strategy used to identify
relevant studies are presented in Appendix A. The last search was conducted in August 2007.

Study Inclusion Criteria

Use of explicit inclusion criteria, decided upon before data have been extracted, is a vital tool in
preventing reviewer biases. Some of these a priori criteria are based on study design, and other
criteria ensure that the evidence is not derived from unusual patients or interventions and/or
outmoded technologies. Finally, we also developed criteria to ensure that we focused our
analysis on the outcomes that are of most interest to patients.

The inclusion criteria were:

1. Study must have reported on at least one of the outcomes that are the focus of this report.
Other outcomes are beyond the scope of this report.

2. Study must be published in English.
Moher et al. have demonstrated that exclusion of non-English language studies from
meta-analyses has little impact on the conclusions drawn.(68) Juni et al. found that non-
English studies typically were of lower methodological quality and that excluding them
had little effect on effect size estimates in the majority of meta-analyses they
examined.(69) Although we recognize that there may be situations in which exclusion of
non-English studies could lead to bias, we believe that it is insufficiently likely that we
cannot justify the time and cost of translations to identify studies of acceptable quality for
inclusion in our reviews.

3. Study must be published as a peer-reviewed full article. Meeting abstracts will not be
included.
Published meeting abstracts have not been peer-reviewed and often do not include
sufficient details about experimental methods to permit one to verify that the study was
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well designed.(70,71) In addition, it is not uncommon for abstracts that are published as
part of conference proceedings to describe studies that are never published as full
articles.(72-75)

4. Studies of efficacy must have enrolled 10 or more individuals per treatment arm. Cohort
studies (including case series) examined for adverse effects must have included at least
100 patients.

The results of case studies are typically more variable and less generalizable than those
of larger studies.

5. When several sequential reports from the same study center are available, only outcome
data from the largest and most recent report will be included. However, we will use
relevant data from earlier and smaller reports if the report presents pertinent data not
presented in the larger, more recent report.

6. Atleast 80% of treated patients must have contributed follow-up data to a given time
point. Data from time points with <80% followup will be excluded from analysis.
If >20% of patients are missing, the estimate of treatment effect may be inaccurate.

7. Patients had chronic (3+ months) of lumbar pain. At least 80% of the patients did not
have any of the following medical conditions:
e Radiculopathy

e Functional neurologic deficits (motor weakness or EMG findings of radiculopathy)
e Spondylolisthesis (>Grade 1)

e Isthmic spondylolysis

e Primary neurogenic claudication associated with stenosis

e Fracture, tumor, infection, inflammatory disease

e Degenerative disease associated with significant deformity

8. For Key Questions 1, 2, 3, and 5, if the study enrolled some patients who did not receive
lumbar fusion surgery, these patients must have comprised less than 20% of the enrolled
patients.

9. For Key Questions 1, 2, 3, 5, and 6, the specific lumbar fusion procedure must not have
been an outdated procedure.

10. Study design and publication date requirements:

a. Key Questions 1 and 3. Only randomized trials comparing lumbar fusion to a
nonsurgical approach, published in 1990 or later

b. Key Question 2. Studies that either met criteria for KQ1 or 3, OR non-RCTs of
lumbar fusion that enrolled at least 100 patients and were published in 1990 or later.
Adverse event data on nonoperative approaches will be sought from comparative
trials and from systematic reviews of nonoperative approaches.
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c. Key Question 4, test-retest reliability. Study must have reported data to determine the
test-retest reliability of discography by using the same patients at different timepoints.
Publication date 1990 or later.

d. Key Question 4, inter-rater reliability. Study must have reported data to determine the
inter-rater reliability of discography by employing different practitioners to apply
discography to the same patients. Publication date 1990 or later.

e. Key Question 5. Study must have reported data for two groups of patients (both of
which received lumbar fusion surgery): one group of patients who had had a positive
discography before lumbar fusion surgery, and another group of patients who had had
a negative discography before lumbar fusion surgery. No publication date restriction.

f. Key Question 6. Study must have reported data for two groups of patients: one group
of patients who had received discography before treatment that influenced the choice
of treatment (i.e., whether to perform lumbar fusion surgery; some may not have
received fusion surgery, or some may have received different variants of fusion
surgery), and another group of patients who had not received discography before
treatment (again, some may not have received fusion surgery, or some may have
received different variants of fusion surgery). Patient groups must have been well-
matched at baseline. No publication date restriction.

11. For consideration of outcome data pertaining to pain, quality of life, functional status,
the study must have used a previously validated instrument.

12. Specific criteria for systematic reviews of nonsurgical approaches in Key Question 2.
We restricted our evaluation of the safety profile of nonsurgical alternatives to lumbar
fusion to those reported in RCTs comparing surgical and nonsurgical therapies and
systematic reviews of nonsurgical therapies. Systematic reviews capture data from many
studies. The following inclusion criteria were applied to systematic reviews of
nonsurgical therapies for Key Question 2:

a) The review is published in 2000 to date of last search

b) The review is on treatments for DDD, with a dedicated section on potential harms of
nonsurgical approaches.

c) A comprehensive literature search was performed using at least two electronic
sources (e.g., Central, EMBASE, and MEDLINE).

d) Inclusion and exclusion criteria for study selection were provided.

The quality of included systematic reviews will be evaluated using a measurement
tool for assessment of multiple systematic reviews (AMSTAR).(76)

Note that non-randomized uncontrolled studies were allowed for Key Question 2 (adverse
events) but not Key Question 1 (efficacy of fusion). This is in part because the RCTs addressing
Key Question 1 were designed to evaluate efficacy rather than safety. Adverse events were
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reported as one of several secondary outcomes, but the procedures for capturing these events are
not generally reported. Also, two of the RCTs were relatively small and therefore unlikely to
capture rare adverse events. Larger non-randomized and/or uncontrolled studies may capture
events that did not occur in the RCTs. Furthermore, most adverse events reported in these studies
could only occur in patients undergoing surgery, which also lessens the need for a nonsurgical
control for adverse events.

In contrast, evaluation of efficacy requires RCTs due to the subjectivity of the outcomes (pain,
functional status, quality of life). This subjectivity makes these outcomes vulnerable to
measurement biases or regression to the mean (i.e., the patient’s improvement may be due to a
placebo effect or otherwise unrelated to the treatment). A parallel treatment group is necessary to
control for measurement biases to which subjective outcomes are vulnerable.

Evaluation of the Stability and Strength of the Body of Evidence

To evaluate the stability and strength of a body of literature, we used a formal rating system.(77)
This system employs decision points that collectively yield an overall category that describes
the strength of the evidence for a quantitative estimate and qualitative conclusion as strong,
moderate, weak, or unacceptably weak. The qualitative conclusion addresses the question,
“Does it work?” The quantitative estimate addresses the question, “How well does it work?”’
This distinction allows flexibility in ratings of different aspects of the evidence. For example,

an evidence base can be considered weak in terms of the precise quantitative estimate of effect
(e.g., if estimates vary widely among studies), but strong or moderate with respect to the
qualitative conclusion (e.g., if all studies nevertheless demonstrate the same direction of effect).

The system addresses five general aspects of the evidence: quality, quantity, consistency,
robustness, and magnitude of effect. Quality refers to the degree of potential bias in the design or
conduct of studies. Quantity refers to the number of studies and the number of enrolled patients.
Consistency addresses the degree of agreement among the results of available studies.
Robustness involves the constancy of conclusions in the face of minor hypothetical alterations in
the data. Magnitude of effect concerns the quantitative amount of benefit that patients experience
after treatment, and it is only considered in the qualitative section of the system. These concepts,
and the rules we used to incorporate the concepts in this report, are described more fully in
Appendix C.

Statistical Methods

Data calculation methods depended on type of data reported. We calculated individual study
effect sizes from dichotomous data using the odds ratio. If there were no events in one or both of
the study groups, the Peto odds ratio was used, as this method is appropriate for rare events in
studies with no substantial imbalance in the number of patients in each comparison group.(78)
Effect sizes for continuous data (e.g., change in ODI score) were calculated in the original metric
(the weighted mean difference in change scores).

Whenever relevant data from three or more studies were available and could be combined (and

assuming that the studies used similar enough clinical methods and patients that combining was
considered appropriate), we summarized the results in terms of the statistic selected above using
meta-analysis. In addition, in instances where the evidence base consisted of two studies and the
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median quality of the studies was moderate or high, we combined the studies in a meta-analysis
in an attempt to reach a qualitative (but not quantitative) conclusion.

Meta-analysis involves pooling data from different studies to obtain an estimate of the
average treatment effect. If a sufficient number of studies is available, it also provides a means
for formally identifying and exploring important differences among the results of different
studies (consistency). For a complete description of when studies can be combined in a meta-
analysis, see Appendix C under Strength of Evidence Algorithm.

As the first step in meta-analysis, we tested the available data to determine whether the results of the
studies included in the meta-analysis differed from one another by more than that expected by chance
(heterogeneity testing) using the I? statistic (I* >50% indicates notable unexplained
inconsistency).(79) If study results did not substantially differ (i.e., the data were consistent), we
pooled the data in a random effects model to obtain a summary estimate.(80) If the results were
heterogeneous (I* >50%), or if fewer than 75% of the studies reported information to permit effect
size calculation, we did not attempt to obtain a quantitative estimate of effect. Instead, we consulted
the 95% confidence interval to determine whether the summary statistic indicated the general
direction of the effect.

If a meta-analysis included three or more studies, we then tested the quantitative and qualitative
robustness of our findings using sensitivity analyses as recommended by Olkin.(81) This
involved the removal and replacement of each study to determine whether any single study had a
substantial influence on the summary statistic. We also performed cumulative meta-analysis, the
systematic addition of each study, to determine the effect of adding studies sequentially on the
summary statistic. Studies were added in order of publication date (earliest to latest). Finally,

we re-calculated summary effects in a different metric (Hedges’ g in place of the odds ratio or
weighted mean difference) to see if this overturned the qualitative conclusions. We do not
perform sensitivity analyses on a meta-analysis of two studies because by our definition such a
meta-analysis is automatically not robust.
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Results for Efficacy and Safety of Spinal Fusion
(Key Questions 1 through 3)

Evidence Base

Our searches identified 482 citations. Of those, 239 were excluded at the abstract level because
they clearly did not meet our inclusion criteria for Key Questions 1 through 3. The remaining
243 citations that appeared to address Key Questions 1 through 3 were retrieved as full articles
for further assessment. Of those 243 articles, we determined that 30 articles reporting on 27
studies satisfied the inclusion criteria. This selection process is presented in Figure 1. The
included studies are listed in Table 1 and described below.

Included Studies

Four randomized controlled trials (RCTs) that enrolled a total of 767 patients met the inclusion
criteria for Key Question 1, which required a comparison of lumbar fusion to non-operative
treatment in patients with DDD. These same RCTs also reported treatment complications and
therefore also met the inclusion criteria for Key Question 2.

In addition to the four RCTs described above, 23 studies with a total of 5,639 patients also met
the inclusion criteria for Key Question 2. These studies were either case series of lumbar fusion
or controlled studies (some randomized) that compared different lumbar fusion procedures.

Data from one separate publication of one RCT (also included in Key Question 1 and 2) that
enrolled 294 patients met the inclusion criteria for Key Question 3.



Figure 1. Study Attrition Diagram

482 Citations identified by literature
searches

Abstracts
screened

239 Citations excluded

243 Full articles retrieved

Full articles
reviewed

213 Articles excluded*

- 112 enrolled >20% of patients who had excluded
condition(s)

- 44 enrolled < 100 patients

- 16 had no information on complications

- 13 did not perform fusion in all or most patients

- 12 did not describe the patients’ spinal disorders

- 7 were not clinical studies

- 4 had a patient population that overlapped with an
included study

- 4 had <80% followup

- 3 did not address any Key Question
- 1 case report
R Yy . . R *Some studies were excluded for more than one
30 Articles on 27 Studies met inclusion TR
criteria
A 4

- 4 for Key Question 1
- 27 for Key Question 2*
- 1 for Key Question 3

*4 studies addressed Key Questions 1 and 2

34



Table 1. Included Studies for Spinal Fusion (Key Questions 1-3)
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Study Study design | Interventions Number of patients | Followup
Studies comparing fusion to non-operative therapy ( Key Questions 1 and 2)
Brox et al. RCT Posterolateral fusion (PLF) with 29 (23 received 1 year
2006(34) pedicle screws + autologous bone graft surgery)
Cognitive intervention + 31 (29 received
intensive exercise/rehabilitation intervention)
(Note: all patients had undergone prior
surgery for disc herniation)
Fairbank et al. RCT Spinal fusion (unspecified) 176 (139 received 2 years
2005(82) surgery)
Intensive cognitive behavioral-based 173 (151 received
rehabilitation intervention)
Brox et al. RCT PLF with pedicle screws + autologous bone 37 (33 received 1 year
2003(83) graft + physical therapy surgery)
Cognitive intervention + 27 (25 received
intensive exercise/rehabilitation intervention)
Fritzell et al. RCT PLF with or without pedicle screws, or 222 (204 received 2 years
2001(84); circumferential (PLIF or ALIF) surgery)
Fritzell et al. Routine (non-intensive) physical therapy + 72 (65 received
2002(85) other non-operative therapies intervention)
Other studies addressing Key Question 2
Martin et al. Retrospective | Not specified 462 patients with 11 years
2007(86) cohort study herniated discs
515 patients with
degenerative disc
disease
Burkus et al. RCT rhBMP-2and MD-Il threaded cortical, bone 79 24 months
2005(87); dowel. Anterior lumbar interbody fusion
Burkus et al (ALIF), open, with transperitoneal or
2006(88) ' retroperitoneal approach
Autologous bone graft fusion, Anterior (ALIF), | 52
open
Sasso et al. Prospective Fusion with autograft, Anterior (ALIF), 208 2 years
2005(89) multicenter retroperitoneal or transperitoneal approach
case series
Bezer et al. RCT Unspecified instrumentation with autologous 59 2 years
2004(90) bone graft - traditional harvest,
Posterolatera approach (PLF)
Unspecified instrumentation with autologous 58

bone graft - interfascial harvest, PLF
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Study Study design | Interventions Number of patients | Followup
Scaduto et al. RCT Various instruments, mostly cylindrical 88 30 days
2003(91) threaded titanium non-tapered implants,
Anterior (ALIF)
Various instruments, mostly cylindrical 31
threaded titanium non-tapered implants,
Posterior (lumbar interbody fusion (PLIF)
Burkus et al. RCT Fusion with iliac crest autograft, 136 2 years
2002(92) Anterior (ALIF), retroperitoneal or
transperitoneal approach
Fusion with rhBMP-2, Anterior (ALIF), 143
retroperitoneal or transperitoneal approach
Christensen etal. | RCT PLF with titanium Cotrel-Dubousset 73 Mean:
2002(93) instrumentation 14 months
(1dayto
48 months)
McAfee et al. Prospective Anterior BAK instrumentation and fusion 50 2 years
2002(94) controlled (ALIF), complete discectomy through
study open retroperitoneal approach
Anterior BAK instrumentation and fusion 50
(ALIF), partial discectomy through miniopen or
laparascopic approach
Brantigan et al. Prospective Brantigan I/F Cage with Variable Pedicle 221 2 years
2000(95) case series Screw Placement System and Autologous
bone graft, Posterior approach (PLIF)
Slosar et al. Retrospective Instrumented circumferential fusion 141 Mean:
2000(96) case series 37.2 months
(Range: 24-
53 months)
Thalgott et al. Retrospective | Gasless endoscopic anterior lumbar interbody | 202 Perioperative
2000(97) case series fusion (ALIF) utilizing the B.E.R.G approach (duration not
reported)
Regan et al. Prospective BAK Cage, Anterior (ALIF), Open surgery, 305 Postoperative
1999(98) multicenter with Retroperitoneal Approach, Single-level
case series BAK Cage, Laparascopic surgery, with 240
transperitoneal approach, Single-level
Greenough etal. | Retrospective | Pedicle screw fixation using variable screw 135 12-36 months
1998(99) case series plate, Posterolateral approach (PLF)
Kuslich et al. Prospective Bagby and Kuslich (BAK) interbody fusion 947 2 years
1998(100); multicenter using the anterior retroperitoneal approach
Kuslich et al. case series (ALIF) or the posterior laminotomy (PLIF)
2000(101) approach
Malter et al. Retrospective | Not specified 207 patients with Cumulative to
1998(102) cohort study herniated discs 6 years
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Study Study design | Interventions Number of patients | Followup
Penta and Fraser | Retrospective | Fusion with iliac crest autograft, 125 At least
1997(103) case series Anterior approach (ALIF) 10 years
Ray et al. Prospective Ray Titanium Cage, Posterior approach 236 48 months
1997(104) multicenter (PLIF)
case series
Thomsen et al. RCT PLF with Cotrel-Dubousset instrumentation 64 5 years
1997(105); and autologous bone implant
Christensen et al.
2002(106)+
Christensen etal. | Retrospective | Anterior (ALIF) 132 5-13 years
1996(107) case series
Hall et al. Prospective Isola Spinal Implant System (staged anterior | 120 Operative
1996(108) multicenter and posterior as well as posterior approach
case series alone, but methods not well-described)
Greenough etal. | Retrospective | Anterior (ALIF) 151 Minimum
1994(109) case series 2 years,
(Range: 24-
82 months)

Gill and Retrospective | Wiltse Pedicle Screw Fixation System with 238 At least
Blumenthal case series autograft, Posterior (PLIF) lateral implantation 2 years
1993(110) from unilateral approach with lateral/bilateral

fusion
Markwalder and Prospective Fusion by various techniques, including 171 Mean:
Battaglia case series Magerl translaminar screw fixation technique 23.8 months
1993(111) and Louis plate fixation method
Study addressing Key Question 3
Hagg et al. RCT PLF with or without pedicle screws, or 222 (204 received 2 years
2003(112) circumferential (PLIF or ALIF) surgery)

Physical therapy + other non-operative 72 (65 received

therapies intervention)

1t A follow-up of Thomsen et al. 1997(105)
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Quality (Internal Validity)

The results of our analysis of the quality of the RCTs comparing lumbar fusion to non-operative
therapies are summarized in Table 2. We define quality as synonymous with internal validity
(the likelihood that a study is free from bias that could influence the observed clinical outcomes).
We based the quality ratings for these studies on the criteria and information presented in

Table 13 of Appendix D. The average quality of these studies was moderate.

Limitations of these studies included lack of blinding of patients, providers, and outcome
assessors (for the majority of outcomes) in all studies. This could lead to biased interpretation or
reporting of outcomes, particularly of subjective outcomes.

The studies of Fairbank et al. (2005) and Brox et al. (2006) were further limited because >15%
of the patients did not receive their assigned treatment. Some (but not all) of these patients
crossed over to receive the alternative treatment (surgery to no surgery or vice versa). Under
intent-to-treat principles, the data from patients who did not receive their assigned treatment is
still counted as part of the original group to which they were assigned; this partly confounds the
comparison of fusion to non-operative care, since some patients in both groups received the other
groups’ treatment. This was a particular problem in the Fairbank trial, where 28% of patients
assigned to the exercise/rehabilitation group had undergone back surgery by the end of the two
year follow-up period. Crossover to the non-assigned treatment tends to diminish a difference
between treatments if one exists. An “on-treatment” analysis (based only on the treatment
actually received) was not performed in these studies, and the data were not presented in a
manner that would allow an independent on-treatment analysis. Although neither type of analysis
is perfect, performing both types of analysis is advisable when crossovers occur.

The studies by Fritzell et al. (2001) and Brox et al. (2006) also showed substantial baseline
differences in at least one important patient characteristic (proportion of patients with
comorbidities or ratio of males/females) that could have influenced the observed effect of
treatment. However, Brox et al. (2006) compensated for this by performing statistical adjustment
of effect sizes based on differences in baseline patient characteristics (gender and treatment
expectations).

Another potential limitation that might have affected these studies was a between-group
difference in the proportion of patients receiving additional (ancillary) treatments. The only
study that reported this information (Fairbank et al. 2005) revealed a substantial between-group
difference in the number of patients receiving additional treatments (55% in surgical group
versus 39% in rehabilitation group). The predominant ancillary treatment also differed between
groups; it was physical therapy (34%) in the surgical group and surgery (25%) in the
rehabilitation group. The influence of such ancillary treatments on the observed effect of fusion
or non-operative therapy is uncertain. A small proportion (15%) of patients in this study
underwent flexible stabilization rather than fusion, while no patients in the other three studies
underwent flexible stabilization. Inclusion of these patients in the group undergoing fusion could
have influenced the observed treatment effect for this patient group.

An internal validity rating was applied only to studies comparing lumbar fusion to non-operative
therapy in Key Question 1. The remaining studies addressing Key Question 2 were not used to

address comparative event rates of fusion and non-operative care; they were used only to provide
additional data on adverse events and adverse event rates for lumbar fusion. Due to variability in
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the way complications are reported among different studies, lists of complications do not lend
themselves to evidence ratings.

Table 2. Internal Validity of Included Studies

Reference Year ECRI Quality Score (Rating)
RCTs addressing Key Question 1 - Efficacy Outcomes (ODI, VAS pain scores, QOL)

Brox et al.(34) 2006 7.0 (Moderate)

Fairbank et al.(82) 2005 6.4 (Moderate)

Brox et al.(83) 2003 7.5 (Moderate)

Fritzell et al.(84); Fritzell et al.(85) 2001 6.6 (Moderate)

Mean quality score for RCTs 6.9 (Moderate)

Generalizability

Although four European RCTs compared lumbar fusion to non-operative therapy, considerable
between-study variation was evident in the intensity of non-operative therapy and the types of
lumbar fusion used. In addition, there was variation among studies in the patient inclusion and
exclusion criteria, and the characteristics of the patients who were actually enrolled in these
studies.

At least three of the RCTs used a less stringent diagnostic criteria (DDD on plain radiograph)
than is often used in the U.S. to identify appropriate candidates for fusion. If stricter diagnostic
criteria had been applied, some of the patients might have been excluded from the RCTs. The
outcomes of fusion based on less stringent criteria may not be generalizable to the results of
fusion based on more rigorous and standardized indications.

The control treatment in one of the studies was substantially different from the other three
studies. Fritzell et al. used non-intensive physical therapy as the control treatment, while the
other three studies used more intensive rehabilitation as the control treatment. The control
treatment in Fritzell et al. might be expected to provide less of a benefit than an intensive
rehabilitation program, particularly since the patients in this study had not responded to these
same non-intensive conservative therapies prior to enrollment.(113) In contrast, the intensive
rehabilitation programs had not been provided to any patients prior to enrollment, which might
raise their expectations about improvement. In general, intensive rehabilitation therapy is not
readily available outside of clinical trials, so the comparison of fusion to intensive rehabilitation
may be less generalizable to actual clinical practice, particularly in the U.S. where such programs
have not been used in clinical trials of spinal fusion. However, certain pain centers in the U.S.
offer intensive multidisciplinary services (including physical therapy, psychological/behavioral
therapy, medical supervision and vocational counseling) provided daily in the outpatient setting
over a three- to four-week period.(114) This regimen might be somewhat comparable to the
intensive rehabilitation therapies offered in the European RCTs.

Fusion strategies also differed, in terms of both surgical approach and instrumentation used. The
two studies by Brox et al. exclusively used posterolateral fusion (PLF) with pedicle screws, but
the two remaining studies used a greater variety of fusion procedures. Fritzell et al. used PLF
with or without pedicle screws or circumferential fusion using two alternative approaches:
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posterior lumbar interbody fusion (PLIF) or anterior lumbar interbody fusion (ALIF). Fairbank et
al. used an unspecified variety of fusion procedures (essentially whatever the individual surgeons
decided to use). A small proportion (15%) of patients in this study underwent flexible
stabilization rather than fusion, while no patients in the other three studies underwent flexible
stabilization. As our report focuses on the efficacy and safety of lumbar fusion, patients
undergoing flexible stabilization are not representative of the target patient population. However,
the proportion of the population who were treated with flexible stabilization was small enough
that the study met our inclusion criteria.

Differences in individual study patient inclusion/exclusion criteria (listed in Table 12 of
Appendix D) resulted in differences in patient characteristics among these studies (shown in
Table 3, below). The 2003 study by Brox et al. excluded patients with prior back surgery, while
their 2006 study only enrolled patients who had undergone prior discectomy. Since the patient
population with degenerative disc disease undergoing lumbar fusion in clinical practice consists
of a mixture of patients with prior back surgery and patients who have never had surgery, neither
of the studies by Brox et al. is entirely generalizable to clinical practice. The other two RCTs
included a majority of patients with no prior surgery but did not exclude patients with prior
surgery: 18.7% of patients in the study by Fritzell et al. had prior discectomy, while 8% of
patients in the study by Fairbank et al. had prior laminectomy. The latter study also included a
small proportion (11%) of patients with spondylolisthesis of an unspecified grade. If all of these
patients were Grade 1 or less, they would all be representative of the patient population of
interest in this report. Any patients with a higher grade of spondylolisthesis are not generalizable
to the target patient population. The average age of patients in all four RCTs was about 40-

45 years, which is representative of the age at which a large proportion of patients with
degenerative disc disease undergo surgery in clinical practice.

The generalizability of the remaining 23 studies used to address Key Question 2 is dependent
mainly on the fusion procedures and the characteristics of the patient population within these
studies, as they did not include a non-operative control group. These studies varied substantially
in the types of fusion procedures employed; many studies used more than one type of fusion
procedure. However, considered as a group, these studies covered the range of fusion procedures
typically employed in clinical practice: anterior lumbar interbody fusion (11 studies), posterior
lumbar interbody fusion (5 studies), posterolateral fusion (4 studies), and combined
anterior/posterior (circumferential) fusion (4 studies). As noted, some studies used more than one
of these methods. Two studies did not describe the methods clearly enough to determine which
procedures were used. Fourteen studies reported the use of various types of instrumentation
(pedicle screws, cages, etc.). The average age of the patients in these studies ranged from 39 to
54 years, which is representative of the age at which most patients with degenerative disease
undergo surgery in clinical practice. The proportion of patients receiving workers’ compensation
varied considerably (ranging from 21% to 94%) in the 12 studies that reported this information.



Table 3. Characteristics of Patients in Included Studies for Key Question 1
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Key Question 1: Does lumbar fusion surgery reduce pain and
iImprove functional status/quality of life more effectively than
nonsurgical treatments?

ECRI Institute evidence assessments:

We did not find sufficient evidence that lumbar fusion surgery is more effective to a
clinically meaningful degree than nonsurgical treatments for any of the following patient
populations, comparisons and outcomes:

Fusion versus Intensive Exercise/Rehabilitation Plus CBT in Patients without Prior Back
Surgery

e Meta-analysis of postoperative changes in Oswestry disability scores from two
moderate-quality RCTs (n = 413 patients) revealed no clinically meaningful
difference between fusion and intensive exercise/rehabilitation plus cognitive
behavioral therapy (CBT) in patients without prior back surgery (95% CI 0.2 to 7.5,
a priori 10 point difference defined as clinically meaningful), although the difference
slightly favored fusion. Strength of evidence: Weak.

e The evidence was insufficient to determine whether lumbar fusion provides a
greater improvement in back pain (one moderate-quality RCT, n = 64 patients) or
quality of life (no acceptable evidence) compared to intensive exercise/rehabilitation
plus CBT in patients without prior back surgery.

Fusion versus Intensive Exercise/Rehabilitation Plus CBT in Patients with Prior Back
Surgery

e The evidence from one moderate-quality RCT (n = 60 patients) was insufficient to
determine the relative benefits of lumbar fusion compared to intensive
exercise/rehabilitation in patients with prior back surgery.

Fusion versus Non-intensive Physical Therapy in Patients without Prior Back Surgery

e The evidence from one moderate quality RCT (n = 294 patients) was insufficient to
determine the relative benefits of lumbar fusion compared to conventional physical
therapy in patients with or without prior back surgery.

As noted under Generalizability, the four trials that met our inclusion criteria for this question
differ in potentially important ways. Based upon independent assessment by two methodologists,
we assumed that one difference that was likely to create variation in the effect size among trials
was the intensity of non-operative therapy in the control groups. Three trials (Brox et al. 2003;
Brox et al. 2006; Fairbank et al. 2005) used more intensive exercise/rehabilitation with cognitive
behavioral strategies, while the remaining trial (Fritzell et al. 2001) used non-intensive physical
therapy as the main component of an unstructured nonsurgical treatment program. The more
intensive therapy seems more likely to benefit patients than the less intensive treatment (which
patients had undergone without improvement prior to enrollment). If the amount of patient
benefit from surgery is assumed to be the same in all studies, then one would expect a greater
difference in patient benefit between patients treated surgically and patients treated with
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conventional physical therapy compared with patients treated surgically and patients treated with
multidisciplinary and intensive exercise/rehabilitation. This is important to our analysis because
the mean difference measures the difference between treatment and control groups. Therefore,
the mean difference would vary depending on the control selected, causing heterogeneity
(differences) in study findings. For this reason, the data from Fritzell et al. were not combined
with data from the other three trials.

Another factor that might create heterogeneity among effect sizes is whether the patients had
back surgery before enrolling in the studies in question. Patients with prior back surgery may be
less likely to benefit from further surgery than patients who have never had back surgery. One of
the three trials that used intensive exercise/rehabilitation (Brox et al. 2006) included only patients
who had undergone prior surgery for disc herniation (most likely discectomy or laminectomy,

as none of the patients had undergone prior lumbar fusion). The authors mentioned that “the
prognosis after a second operation is generally considered poor compared with the prognosis in
patients without previous surgery for disc herniation”.(34) Of the remaining two trials, Brox et
al. (2003) included no patients with prior back surgery, while Fairbank et al. (2005) had a small
proportion of patients (8%) who had undergone prior laminectomy. Based upon the differences
in the patient populations, we determined that the data from Brox et al. (2006) should not be
combined with data from the remaining two trials.

Although the control therapies and patient characteristics were similar in the trials by Brox et al.
(2003) and Fairbank et al. (2005), the two trials differed in the types of fusion performed and the
length of followup. Brox et al. (2003) exclusively used posterolateral fusion (PLF) with pedicle
screws, while Fairbank et al. (2005) used an unspecified variety of fusion procedures. Also,
Brox et al. reported treatment outcomes at one year of followup, while Fairbank et al. reported
treatment outcomes at two years of followup. However, we considered differences in the fusion
procedure and length of followup less likely to create heterogeneity in effect sizes than the other
factors described above. Therefore, we determined that combining the data from these two trials
was appropriate.

The four RCTs were therefore analyzed in three separate groups: fusion versus intensive
exercise/rehabilitation plus CBT — divided into patients without prior back surgery (Brox et al.
2003, Fairbank et al. 2005) and patients with prior back surgery (Brox et al. 2006) — and fusion
versus non-intensive physical therapy (Fritzell et al. 2006).

The Oswestry Disability Index (ODI) was the primary outcome of interest for Key Question 1 in
this report; secondary outcomes were VAS back pain and quality of life.

Fusion versus Intensive Exercise/Rehabilitation Plus CBT in Patients without
Prior Back Surgery

Oswestry Disability Index (ODI)

Two multicenter RCTs with a total of 413 patients compared intensive exercise/rehabilitation
with cognitive behavioral therapy to fusion in patients who had not undergone back surgery
before. Both studies reported the baseline (pre-treatment) and one- or two-year followup (post-
treatment) ODI score; they also reported the between-group difference in the pre-post change in
ODI score (see Brox et al. 2003 and Fairbank et al. 2005 in Table 17, Appendix D). Both studies
also reported the change scores adjusted for baseline values by analysis of covariance
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(ANCOVA); this is the best method for adjusting for imbalances in patient characteristics.(35)
Thus, our analysis is based on the adjusted change scores.

As described above, these studies were considered suitable for a combined data analysis (meta-
analysis), so the change score data were combined in a random effects meta-analysis. As shown
in Figure 2, fusion led to a small but statistically significant increase in ODI change scores
compared to intensive exercise/rehabilitation plus CBT; however, the upper 95% confidence
limit (7.5) was below the minimum level that we considered clinically significant (ODI = 10)

as well as the FDA’s threshold of 15. We therefore conclude that changes in ODI scores did not
show a clinically meaningful difference between fusion and intensive exercise/rehabilitation plus
CBT in patients without prior back surgery, although the difference slightly favored fusion

(95% CI1 0.2 to 7.5). Because the evidence base is of moderate quality and limited quantity, the
strength of evidence supporting this conclusion is weak.

Figure 2. Meta-analysis of Difference in ODI Change Scores

Study name Statistics for each study Differencein
means and 95% CI

Difference Lower Upper

in means limit limit p-Value
Brox 2003 2.700 -6.805 12.205  0.570 | =—]
Fairbank 2005 4100 0.117 8.083 0.044
Summary NC 0.222 7.545 0.038

-10.00 -5.00 0.00 5.00 10.00

Favors Control Favors Fusion

NC — Not calculated.
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Visual Analog Scale (VAS) for Back Pain

One RCT (Brox et al. 2003) with 64 patients addressed this comparison (see Table 18,
Appendix D). This study reported no statistically significant difference in change in VAS scores
between patients undergoing fusion and patients undergoing intensive exercise/rehabilitation
plus CBT. Because the 95% CI overlapped with zero and the boundary of minimum clinical
significance, the evidence is insufficient to allow a conclusion for this outcome.

Quality of Life

One trial (Fairbank et al.) with 349 patients measured quality of life; this study used the SF-36
instrument. Because fewer than 80% of patients completed the instrument, this study was
excluded from analysis. Thus, no conclusion is possible regarding quality of life in patients
undergoing lumbar fusion versus non-operative treatment.

Fusion versus Intensive Exercise/Rehabilitation Plus CBT in Patients with
Prior Back Surgery

Oswestry Disability Index (ODI)

One RCT (Brox et al. 2006) with 60 patients studied the efficacy of exercise/rehabilitation plus
cognitive behavioral therapy to fusion in patients who had previously undergone back surgery.
This study reported the between-group difference in the pre-post change in ODI score, after
statistically adjusting for baseline between-group differences in gender and treatment
expectations (see data in Table 17, Appendix D). However, the results were inconclusive because
the 95% CI overlapped with zero (not statistically significant) as well as the boundary of clinical
significance (ODI = -10), meaning the true difference (if one exists) could favor either

treatment. Thus, the evidence is insufficient for a conclusion regarding the relative benefit of
fusion versus intensive exercise/rehabilitation plus CBT in patients with prior back surgery.

Visual Analog Scale (VAS) for Back Pain

One RCT (Brox et al. 2006) with 60 patients addressed this comparison (see Table 18,
Appendix D). This study reported no statistically significant difference in change in VAS scores
between patients undergoing fusion and patients undergoing intensive exercise/rehabilitation
plus CBT. The results of a single moderate quality study are insufficient to allow a conclusion
for this outcome.

Fusion versus Non-intensive Physical Therapy in Patients without Prior Back
Surgery

Oswestry Disability Index (ODI)

One RCT (Fritzell et al. 2001) with 294 patients compared the efficacy of fusion to conventional
physical therapy in patients who had not undergone previous back surgery; however, a minority
of patients (18.7%) had prior discectomy. This study reported ODI pre-post change scores for
each comparison group (see data in Table 17, Appendix D). A significantly larger improvement
in ODI was observed in the fusion group compared to the physical therapy group (11.6 vs. 2.8,

p =0.015). The authors did not include group changers in their tabled data, but group changers
were included in the analysis of difference. However, although the between-group difference in
change is statistically significant, the mean difference in change between groups (ODI = 8.8) is
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below the level of clinical significance (ODI = 10), as well as the FDA’s threshold of 15.
Because this is a single trial of moderate quality, the evidence is insufficient to allow a
conclusion for this comparison.

Visual Analog Scale (VAS) for Back Pain

One RCT (Fritzell et al. 2001) with 294 patients addressed this comparison (see Table 18,
Appendix D); a minority of patients (18.7%) had prior discectomy. This study reported a
statistically significant difference in the change in VAS score favoring fusion when compared to
non-intensive physical therapy. However, the mean difference between groups (16.7) did not
exceed the boundary of minimum clinical significance for VAS back pain (difference = 20).
Because this study did not include group changers in their tabled data, we cannot be certain of
the difference if group changers had been included. In any event, because this is a single study of
moderate quality without a large effect (see Appendix C, Strength of Evidence Algorithm,
Decision Point 10 for definition of large effect), the evidence is inconclusive for this outcome.
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Key Question 2: What are the rates of adverse events
(perioperative, long-term events, and reoperations) for lumbar
fusion surgery and nonsurgical treatments?

ECRI Institute evidence assessments:

e Lumbar fusion leads to higher rates of both early and late adverse events compared to
non-intensive physical therapy or intensive exercise/rehabilitation plus CBT.

¢ None of the four RCTs comparing fusion to non-intensive physical therapy or intensive
exercise/rehabilitation plus CBT reported any adverse events occurring in patients
who only received non-operative care. Most of the reported adverse events for patients
in the surgical group could not have occurred in patients who did not undergo surgery
(e.g., surgical complications).

e Categories of adverse events most frequently reported in fusion studies include
reoperation (18/27 studies), infection (14/27 studies), various device-related
complications (13/27 studies), neurologic complications (12/27 studies), thrombosis
(11/27 studies), bleeding/vascular complications (10/27 studies), and dural injury
(10/27 studies).

e The ranges of rates of the most frequently reported complications in fusion studies
were: reoperation (0% to 46.1%), infection (0% to 9%0), device-related complications
(0% to 17.8%), neurologic complications (0.7% to 25.8%), thrombosis (0% to 4%0),
bleeding/vascular complications (0% to 12.8%), and dural injury (0.5% to 29%).

Strength of evidence assessments were not performed for Key Question 2 because of variability
in the reporting of adverse events across different studies. If enough studies reported adverse
events in a consistent manner (as in prospective registries), one might be able to estimate rates of
adverse events. However, the current evidence base does not have the necessary consistency of
reporting. The most that can be stated is that certain adverse events occurred, most could only
have occurred with surgery, and that the reported rates for different events covered a certain
range.

Studies Comparing Lumbar Fusion to Nonsurgical Treatments

All four RCTs with 767 patients that met our inclusion criteria for Key Question 1 compared
adverse event rates for lumbar fusion surgery and nonsurgical treatments. None of the trials
reported the rate of total adverse events (from intraoperative to last followup). Instead, they
generally divided complication rates by time of occurrence.

Two trials (Brox et al. 2003, Fritzell et al. 2001) separately reported “early” (usually meaning
perioperative) and “late” complications (which either occur at a later time or are persistent or
permanent). Fritzell et al. defined early as within the first two weeks post-treatment, while
Brox et al. did not report the cutoff time for early complications (although it likely did not
exceed one month). Another trial by Brox et al. (2006) appeared not to report all early
complications; the authors stated that “early complications included two wound infections
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among the 23 operated patients”, but no other early complications are mentioned. Thus, we
cannot be certain that these were the only early complications. However, the authors stated that
no late complications occurred. The remaining trial (Fairbank et al. 2005) divided adverse events
into intraoperative (during surgery) and post-operative (any time after surgery) categories, which
is a somewhat different division than early and late. The only postoperative complications
mentioned were need for reoperation; we cannot be certain that there were no late complications
that did not require reoperation.

All trials calculated adverse event rates on a per protocol basis, meaning only patients who
actually received surgery were included in calculations of surgical adverse events. This is the
most conservative approach for analysis of adverse events; calculations on an intent-to-treat basis
would underestimate the surgical complication rate, as some patients assigned to surgery never
received it.

Overall Early Adverse Events

The results for overall early adverse events appear in Table 19, Appendix D. Despite variation in
types of fusion and nonsurgical therapies used in these studies, the four trials had one factor in
common; none of them identified any adverse event (early or late) resulting from nonsurgical
treatment (intensive exercise/rehabilitation plus CBT in three trials, non-intensive physical
therapy in one trial). The three trials that reported overall intraoperative or early adverse event
rates found similar rates (range 12.7% to 18%) despite differences in the time period observed
(intraoperative to one month). The differences between early adverse events in the surgical vs.
nonsurgical groups were statistically significant in all three of these trials. The reported early
adverse events in the surgical groups included bleeding, thrombosis, wound infection (deep and
superficial), neurological (pain, sympathetic cord damage) complications, device-related
(problems with screws or implants) complications, reoperations for various causes, and others
(dural tears, peritoneal tears). A complete list of reported early complications and their
occurrence rates in these trials appears in Table 21, Appendix D (note: some complications in
this table may not be early; most studies did not report time cutoffs for the complications). Most
of these complications could not have occurred in the absence of surgery.

Overall Late Adverse Events

Overall late adverse event rates showed more variation among studies, ranging from 0% to 7.4%
(Table 19, Appendix D). A number of factors might account for this variation. It could have
resulted from differences in the length of followup; the two trials with only one-year followup
reported no late events, while the two trials with two-year followup reported that 6.2% and 7.4%
of patients who underwent fusion had late events (in both trials, the difference in event rates
between surgical and nonsurgical patients was statistically significant). The size of the trials may
also have influenced these differences, as the two trials with one-year followup were also much
smaller than the other trials, and therefore less likely to detect less common adverse events.

A third factor is that the authors of these trials may have had different definitions of what
constitutes an adverse event. Reported late adverse events most frequently included reoperations
for various problems (mostly infections and pseudoarthroses) and continuing pain at the donor
site from bone graft harvesting. Specific causes of reoperations and other late complications and
their rates are listed in Table 22, Appendix D. Again, these events could not have occurred in the
absence of surgery.
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Adverse Events in Additional Studies of Lumbar Fusion

We examined additional studies of lumbar fusion that lacked a non-operative control group to
determine whether these studies report adverse events not reported in the four RCTs described
above, and also to determine if the adverse event rates differed from those reported in the RCTs.
We selected studies with at least 100 patients total that received any type of lumbar fusion
procedure and met all of our other inclusion criteria.

Twenty-three studies with a total of 5,639 enrolled patients met our criteria for this question.
Fourteen of these studies were prospective studies; of these 14, six were randomized trials
comparing different fusion procedures (a comparison not addressed in this report). The
remaining studies were retrospective. Some studies focused only on specific adverse events such
as need for reoperation, while others reported all adverse events that occurred during the course
of the study. Only eight studies reported any type of overall adverse event rates (operative,
postoperative, total, etc.), and the studies varied considerably in the manner in which these
events were summarized (Table 20, Appendix D). Because a patient may experience more than
one adverse event, we could not calculate the percent of patients experiencing any adverse event
when studies only reported rates for specific adverse events. These studies also showed
considerable variation in the types of fusion procedures performed, which may contribute to
variation in the types of adverse events that occurred in different studies.

A concise summary of reported ranges of specific adverse event rates appears in Table 4. These
ranges combine data from the four RCTs described earlier with data from the 23 additional
studies. In this table, we do not attempt to separate early from late events, as several studies

did not report the specific time of occurrence for each event. Categories of adverse events most
frequently reported in fusion studies include reoperation (18/27 studies), infection (14/27
studies), neurologic complications (12/27 studies), thrombosis (11/27 studies), bleeding/vascular
complications (10/27 studies), and dural injury (10/27 studies). Death related to surgery was
relatively rare, occurring only in 4/27 studies with a maximum reported rate of 2% (we assumed
no deaths related to surgery occurred in the other 23 studies). Certain adverse events showed
substantial variation in reported rates: these include reoperation (0% to 46.1%), dural injury
(0.5% to 29%), neurologic complications (0.7% to 25.8%), and device-related complications (0%
to 17.8%). Reported rates in the four RCTs comparing fusion to non-operative care were either at
the low end (0% for death) or within the indicated ranges but below the maximum reported rate.

An important issue with reoperation is whether the reoperation was due to problems related to
the initial surgery. Of the 17 studies that reported reoperations, 13 reported the specific causes
for reoperation. In these 13 studies, the percentage of reoperations that could be definitely
determined to be directly related to the initial surgery ranged from 61% to 100% (in five studies,
100% of reoperations were directly related to the initial surgery, and in three studies more than
90% of reoperations were directly related to the initial surgery). The possibility exists that some
reoperations that could not be definitely attributed to the initial surgery (e.g., reoperation at
another level) were nevertheless related to the initial surgery, so these estimates are conservative.

Complete information on the rates of all adverse events reported in these studies is summarized
in Table 23 and Table 24, Appendix D.
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Table 4. Adverse Events Reported in Two or More Studies

Range of reported
Adverse event No. of studies reporting event complication rates
Infection (deep or superficial) 14 (1 reported 0 events) 0% to 9%
Neurologic 12 (no study reported 0 events; other studies did not report neurologic events) 0.7% to 25.8%
Bleeding/vascular injury 10 (2 reported 0 events) 0% to 12.8%
Thrombosis 11 (1 reported 0 events) 0% to 4%
Dural injury 10 (no study reported 0 events; other studies did not report dural injuries) 0.5% to 29%
Hematoma 7 (no study reported 0 events; other studies did not report hematoma) 1% to 4%
Retrograde ejaculation 6 (no study reported 0 events; other studies did not report retrograde ejaculation)  0.7% to 6%
Device-related 13 (1 reported 0 events with a specific type of fusion) 0% to 17.8%
Reoperation 18 (1 reported 0 events) 0% to 46.1%
Death (surgically-related) 4 (the other 22 studies were assumed to have 0 surgically-related deaths) 0% to 2%

Safety Profile of Exercise/Physical Therapy and/or Cognitive Behavioral
Approaches

We searched four electronic sources (MEDLINE, PsycINFO, EMBASE, and CINAHL) and also
conducted a manual search for systematic reviews on nonoperative approaches to chronic low
back pain. Our searches identified four systematic reviews that met our inclusion criteria.(115-
118) However, only one of these reports included a section summarizing adverse events reported
in their included studies.

Liddell et al. (2004) conducted a systematic review of RCTs that evaluated various types of
exercise therapy for patients with chronic low back pain.(115) The review identified 54 relevant
RCTs, of which 16 trials (with 1,730 patients) met the authors’ criteria for inclusion in the
review (based on their evaluation of individual study quality as moderate or better and the
chronicity of symptoms in the study patient population). We assessed the quality of this report
using the AMSTAR instrument, a validated tool for measuring the quality of systematic
reviews.(76) We determined that the quality of this systematic review was moderate. The authors
reported that adverse effects were described in six of the 16 RCTs. One trial reported a coronary
occlusion and one reported a myocardial infarction, but both events were reported as being
unrelated to the treatment programs. Another trial reported an increase in back pain after the start
of treatment. The authors state that “it is difficult to establish from these results whether exercise
programs cause adverse effects with chronic low back pain patients”.(115) Based on these
limited findings, the evidence is insufficient to determine the safety profile of nonsurgical
interventions with an exercise/physical therapy component.
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Key Question 3: What patient characteristics (i.e., workers’
compensation population, patients with chronic pain,
psychological distress, and age-groups) are associated with
differences in the benefits and adverse events of lumbar fusion
surgery?

ECRI Institute evidence assessments:

® The evidence from one moderate-quality RCT (n = 294 patients) is insufficient to
determine what patient characteristics are associated with differences in the benefits
and adverse events of lumbar fusion surgery.

One RCT (Hagg et al. 2003) with 294 patients met the inclusion criteria for this question. This
was another publication derived from the Swedish Lumbar Spine Study originally described in
Fritzell et al. (2001). The efficacy and safety findings of Fritzell et al. were discussed under
Key Questions 1 and 2. In their subsequent publication, Hagg et al. presented data concerning
prognostic factors that were not included in Fritzell et al. Hagg et al. conducted a multivariate
analysis to identify factors that predicted various outcomes of treatment in the surgical and
nonsurgical (non-intensive physical therapy) patient groups. The main outcome measures in their
analysis included change of disability (measured as >50% reduction of the ODI score), patient
global assessment of treatment effect (improvement/no improvement), and work status at
followup. Stepwise, forward multiple logistic regression analyses were performed within each
treatment group, with the outcomes as dependent variables.

As shown in Table 25 (Appendix D), only one patient characteristic (neurotic personality)
showed a statistically significant association with change in disability in the surgical group;
patients with neurotic personalities (assessed by the Karolinska Scales of Personality) were less
likely to show improvement in the ODI score. No patient characteristic was significantly
associated with improvement in ODI score in the nonsurgical group.

The study also identified patient characteristics significantly associated with the patient global
assessment (improved or not improved). In the surgical group, neurotic personality was again
associated with poor outcome (less likely to be improved), while disc height <50% was
significantly associated with improvement. In the nonsurgical group, one patient characteristic
(depressive symptoms) was significantly associated with poor outcome. No other factors were
significantly associated with patient global assessment in either group.

Certain patient characteristics were significantly associated with work status at followup in
both groups. Among surgical patients, older age and longer period of current sick leave were
significant predictors of not working at followup. Among nonsurgical patients, only longer
period of current sick leave was significantly associated with not working at followup.

No positive predictors of working at followup were identified for either patient group.

The following variables did not show significant associations with any of the three outcomes at
followup: pain (multiple measures), clinical findings (multiple measures), sociodemographics
(disability pension, workers’ compensation, unemployment, heavy job, comorbidity, smoking,
prior surgery, gender, or marital status), other psychological measures (pain behavior,
personality disorders), or radiographic indicators.
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Although not specifically stated in the text of the study, it appears that patients who changed
treatment groups after enrollment were not included in the analyses described above. The effect
this might have on the observed associations is unknown.

Although multicenter, this was a single study of moderate quality; furthermore, none of the
observed associations was large effect (see Appendix C, Strength of Evidence Algorithm,
Decision Point 10 for definition of large effect). Therefore, the evidence is insufficient to allow a
conclusion regarding patient characteristics associated with differences in the benefits and
adverse events of lumbar fusion surgery.
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Results for Discography Prior to Lumbar Fusion
(Key Questions 4-6)

Evidence Base

Our searches identified 622 articles on the presurgical use of discography. We retrieved 60 of
these that appeared to be relevant based upon their abstracts for possible inclusion. Only six of
the articles met the inclusion criteria, and these are listed in Table 26 of Appendix E. The process
of article identification is depicted in Figure 3. Reasons for exclusion of the other 54 articles are
listed in Table 10 of Appendix B.



Figure 3. Study Attrition Diagram for Discography Key Questions 4-6

622 Citations identified by literature
searches

Abstracts
screened

562 Citations excluded

60 Full articles retrieved

Full articles
reviewed

54 Articles excluded
- 34 did not report data addressing a Key Question
- 6 enrolled a large percentage of patients who had
excluded condition(s)
- 4 investigated treatments other than fusion
- 4 were not research studies of discography
- 3 did not report kappa reliability statistics and
reported data on a small percentage of enrolled
patients
- 2 reported fewer than 10 observations
- 1 did not provide separate data on each group of
patients to address a Key Question

6 Articles on 6 Studies met inclusion
criteria

6 Discography Studies assessed:
- 2 for Key Question 4 on reliability
- 3 for Key Question 5 on predicting fusion outcomes

- 1 for Key Question 6 on influencing fusion outcomes
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Key Question 4: In patients being considered for lumbar fusion
surgery, what is the reliability of discography?

a. Test-retest reliability
b. Inter-reader reliability

ECRI Institute evidence assessments:

e The evidence was insufficient to permit conclusions about the reliability of discography
for patients with chronic low back pain and uncomplicated lumbar degenerative disc
disease.

All evidence tables pertaining to this Key Question appear in Appendix E in Table 26 through
Table 33. These tables provide general study characteristics, patient enrollment criteria, patient
characteristics, discography details, fusion details, study quality assessments, outcomes for test-
retest reliability, and outcomes for inter-rater reliability.

Two studies met the inclusion criteria for this Key Question®.(36,37) Agorastides (2002)(36)
reported data on both test-retest reliability and inter-rater reliability (133 discs in 72 patients),
whereas Milette (1999)(37) only reported data on inter-rater reliability (132 discs in 45 patients).

Both studies investigated at least one specific type of reliability: whether a given discogram is
judged to have the same morphology grade by the same reader at different times (i.e., test-retest)
or by different readers (i.e., inter-rater). Notably, neither study performed two discography
exams on the same disc to determine whether the results were consistent between discography
injections. Also, neither study investigated the reliability of patients’ reports of pain provocation
or similarity to their typical pain. These types of reliability represent additional potential sources
of variability in discography examinations that have not been assessed in patients with chronic
low back pain and uncomplicated lumbar degenerative disc disease.

We rated the quality of both studies as moderate (quality scores of 7.1 and 7.9). Both studies
used consecutive enrollment, reported data on all or almost all enrolled patients, and the
discograms were read without consultation of prior discograms or other clinical information
about the patient. However, both were retrospective studies that did not report the funding
source, and also the Agorastides study did not report whether patient inclusion/exclusion criteria
were applied consistently to all patients.

For test-retest reliability, the Agorastides study observed good reliability (values for kappa
ranging from 0.80 to 0.85 for the three raters),* but because it was a single moderate-quality
study at a single center, we deemed this evidence limited quantity to permit conclusions.

For inter-rater reliability, neither study observed large reliability (values for kappa ranging from
0.66 to 0.77), and neither study was multicenter. These factors, considered together with the
moderate quality and limited quantity, mean that the evidence base was insufficient to permit
conclusions.

? After finding only two studies, we removed the date requirement (that studies must have been published in 1990
or later), but when we examined earlier studies, none of them met the other inclusion criteria.

* Kappa measures chance-corrected agreement. 0 represents chance, and 1 represents perfect agreement. The
standard interpretation of kappa values is that Below 0.0 is Poor agreement; 0.00-0.20 is Slight agreement;
0.21-0.40 is Fair agreement; 0.41-0.60 is Moderate agreement; 0.61-0.80 is Substantial agreement; 0.81-1.00 is
Almost Perfect agreement.(38)
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Key Question 5: In patients undergoing lumbar fusion surgery, do
the results of pre-surgical discography predict the degree of pain
reduction or improvement in functional status/quality of life after
lumbar fusion surgery?

ECRI Institute evidence assessments:

e Because of low quality and heterogeneous results from three studies (n = 330 patients),
the evidence was insufficient to permit conclusions about the use of discography to
predict fusion outcomes in patients with chronic low back pain and uncomplicated
lumbar degenerative disc disease.

For this Key Question, tables of general study characteristics, patient enrollment criteria, patient
characteristics, discography details, fusion details appear in Appendix E in Table 26 through
Table 30. The study quality assessments and relevant outcomes appear in Table 34 through
Table 36.

This question involves a comparison in surgical outcomes between those who had a positive
discography before surgery and those who had a negative discography before surgery.
Three studies met the inclusion criteria.(39-41) Willems (2007)(39) included 82 patients,
Gill (1992)(40) included 53 patients, and Colhoun (1988)(41) included 195 patients.

Importantly, the three studies each used a different definition of a “positive” discography test:

e Willems (2007)(39) categorized two groups of patients based on typical pain provocation
in adjacent-disc(s): 1) patients whose adjacent lumbar disc(s) provoked typical pain on
discography (N = 22); and 2) patients whose adjacent lumbar disc(s) did not provoke
typical pain (or no pain) on discography (N = 60).

o Gill (1992)(40) categorized three groups of patients based on the morphology of the
suspected disc: 1) annular tear beyond the periphery (N = 20); 2) annular tear and contrast
extension to the periphery, but not beyond (N = 19); and 3) small annular tear that did not
extend to the periphery (N = 14).

e Colhoun (1988)(41) categorized four groups of patients based on both typical pain
provocation and morphology of the suspected disc:1) typical pain provocation and
abnormal morphology (N = 137); no pain provocation and abnormal morphology
(N = 25); 3) neither pain provocation nor abnormal morphology (N = 6); and 4) total disc
resorption of contrast material thus morphology not assessable and pain provocation not
reported (N = 27).

Also, the three studies assessed different surgical outcomes:

e Willems (2007)(39) reported mean VAS pain scores at followup as well as the percentage
of patients who experienced at least 30% pain relief (at a mean followup 6.7 years)

e Gill (1992)(40) reported a composite outcome involving the percentage of patients
showing “improvement on functional testing and pain report”, which was based on three
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items (Oswestry Pain Questionnaire, VAS, and pain drawing) (at a mean followup
3 years)

e Colhoun (1988)(41) reported a composite outcome involving the percentage of patients
who were considered a “success”, which was defined as meeting all three conditions:
1) complete relief or significant subjective improvement in symptoms; 2) resumption of
work and/or normal duties; 3) no intake of analgesics (at a mean followup 3.6 years).

Furthermore, the three studies reported qualitatively different results (the data appear in Table 36
of Appendix E):

e Willems (2007)(39) found evidence of no statistical difference in VAS pain scores
at followup between the two groups, suggesting that discography results do not predict
surgical outcomes.

e Gill (1992)(40) did not enroll enough patients to determine whether their data
demonstrated a difference or no difference, leaving open the question of whether
discography results predict surgical outcomes.

e Colhoun (1988)(41) found evidence of a difference in success rates, suggesting that
discography results do predict surgical outcomes. Specifically, “success” was found to be

more likely among patients with positive pain provocation and abnormal morphology
(88%) than for other groups (52% to 85%).

We rated the quality of all three studies as low (with scores ranging from 4.1 to 4.3). All three
were retrospective, non-randomized, unblinded studies. Only one of the three studies (Willems)
reported baseline data to assess comparability of patient groups at baseline or attempted to
enhance comparability using statistical methods.

Given the low quality, the different definitions of a positive discography, the different outcomes
examined, and the qualitatively different results reported, we drew no conclusions about whether
discography results predict surgical outcomes.
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Key Question 6: In patients being considered for lumbar fusion
surgery, do patients who receive discography that influences the
treatment choice have better treatment outcomes than patients
who do not receive discography?

ECRI Institute evidence assessments:

e No evidence of acceptable quality was available to address this question; thus, the
evidence was insufficient to permit conclusions about the influence of discography on
fusion outcomes in patients with chronic low back pain and uncomplicated lumbar
degenerative disc disease.

For this Key Question, tables of general study characteristics, patient enrollment criteria, patient
characteristics, discography details, fusion details appear in Appendix E in Table 26 through
Table 30. The study quality assessments and relevant outcomes tables appear in Table 37
through Table 39.

This question involves comparison of treatment outcomes between patients who had received
discography before treatment and patients who had not received discography before treatment.
Only one study met the inclusion criteria. Madan (2002)(42) retrospectively compared the
surgical outcomes of two groups of patients at a single center: 32 patients who were seen
between January 1998 and January 1999 and had a positive discography result; and

2) 41 patients who were seen prior to 1998 and had not received discography. All patients
underwent the same surgical procedure (instrumented PLIF with posterolateral fusion).

Our quality assessment indicated that the study was very low quality (score 3.4), therefore we
excluded the study from further consideration. The primary factors influencing this quality rating
were a retrospective, non-concurrent, non-randomized, unblinded design in which the groups
were not well-matched at baseline and authors had not attempted statistical methods that may
have enhanced group comparability. Due to the lack of evidence of sufficient quality, we drew
no conclusions about whether performing discography influences surgical outcomes.
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Discussion

General Considerations

In general, positive discography was not reported to be a required indication for surgery in
studies of fusion for chronic low back pain and uncomplicated lumbar degenerative disc disease.
Specifically, none of the four RCTs that we included for Key Questions 1-3 mentioned that they
required a positive discography as an inclusion criterion. Of the 23 additional studies included in
Key Question 2, only three studies even mentioned discography as an inclusion criterion: one
only used it when necessary, and two others required positive discography.

Previous Systematic Reviews

Our searches identified four published systematic reviews that evaluated outcomes of lumbar
fusion and one systematic review of discography for the diagnosis of uncomplicated lumbar
degenerative disc disease. These reviews are summarized below.

One recently-published systematic review evaluated the same four RCTs that compared lumbar
fusion to non-operative therapy (non-intensive physical therapy or CBT plus intensive
exercise/rehabilitation) and addressed Key Question 1 in the current report. Mirza and Deyo
(2007) presented a qualitative summary (no meta-analysis was performed) of the four trials.
They noted the same limitations and differences among the trials that we summarized under
Key Question 1. They concluded that “surgery may be more efficacious than unstructured
nonsurgical care for chronic back pain but may not be more efficacious than structured cognitive
behavior therapy. Methodological limitations of the randomized trials prevent firm
conclusions.”(30) This agrees with the conclusion of the present report in that no firm
conclusions were presented.

An earlier Cochrane review on the more general topic of surgery for degenerative lumbar
spondylosis included the two earlier RCTs (Fritzell et al. 2001; Brox et al. 2003) that compared
fusion to non-operative care. These were only a small part of a much larger review that also
addressed numerous comparisons of different surgical treatments. For fusion versus non-
operative care, the review stated that the two trials found conflicting results, one showing that
“fusion gave better clinical outcomes than conventional physical therapy, while the other showed
that fusion was no better than a modern exercise and rehabilitation program.” The authors’
statement that the findings of Fritzell et al. supported better clinical outcomes for fusion than
physical therapy was based solely on consideration of statistical significance in the between-
group difference in effect for certain outcomes. They did not assess whether the observed
differences in outcomes were clinically significant. Their only statement about complications
was for a comparison of instrumented to non-instrumented fusion, where they mentioned that
“there is other evidence that [instrumented fusion] may be associated with higher complication
rates.” The main conclusion of the review was that “there is still insufficient evidence on the
effectiveness of surgery on clinical outcomes to draw any firm conclusions. Further studies are
needed.”(113) Again, we are in agreement that firm conclusions are not possible with the current
evidence base.
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A recent systematic review on spinal fusion for degenerative disease was sponsored by the
Agency for Healthcare Research and Quality (AHRQ) Technology Assessment Program and
prepared by the Duke University Evidence-Based Practice Center (McCrory et al. 2006).(119)
This report (currently available only in draft form) was primarily focused on outcomes of lumbar
fusion in patients age 65 or older with DDD compared to nonsurgical management or other
surgical strategies. The report evaluated several of the same studies evaluated in our report,
including the four RCTs that directly compared lumbar fusion to nonsurgical therapies. The
tentative conclusions of the draft report were that the evidence does not conclusively
demonstrate short-term or long-term benefits compared with nonsurgical treatment for
degenerative disc disease, which is in agreement with the conclusions of our report.

Another systematic review (Fenton et al. 2007) focused specifically on assessing the adverse
outcomes of lumbar interbody fusion using stand-alone cage devices. The authors identified

30 eligible studies with 3,228 patients, and used meta-analytic methods to quantify heterogeneity
among seven pre-specified adverse events that they felt would be commonly reported (nonunion,
reoperation, major vessel injury, retrograde ejaculation, neurologic injury, dural injury, and
infection). They found substantial or marked heterogeneity among rates of nonunion,
reoperation, neurologic injury, and dural injury. Random effects meta-regression determined that
potential author conflict of interest was associated with significantly lower rates of nonunion.
Heterogeneity among other outcomes was not significantly associated with conflicts of interest
or other study characteristics.(120) This review focused on a specific type of fusion and the
studies evaluated in the review included patients with disorders that were beyond the scope of
our report. Performing a meta-analysis of adverse events is risky (even though the authors pre-
specified which events they would analyze) because of the likelihood of inconsistent reporting
among different studies. This is one possible explanation for the substantial heterogeneity in
reported adverse event rates that was not specifically associated with study characteristics.

One recent systematic review for the U.K. National Health Service Health Technology
Assessment (NHS HTA) Programme focused on the clinical effectiveness and cost-effectiveness
of bone morphogenetic protein (BMP) for the treatment of spinal fusions and healing of fractures
compared with current standards of care.(121) The authors identified seven RCTs comparing
BMP-2 to autogenous bone grafts for fusion in patients with single-level DDD. This was a
question not addressed in our current report, and it implicitly assumes that both fusion methods
are more effective than non-surgical treatment. They concluded that “the use of BMP-2 seems
more effective than autogenous bone graft in terms of radiographic spinal fusion among patients
with single-level DDD”. They also concluded that “there was limited evidence showing that
BMP is associated with greater improvement in clinical outcomes such as ODI score, SF-36
score, and back and leg pain. According to the results of economic evaluation, the use of BMP
for spinal fusion is unlikely to be cost-effective”.

We located one systematic review of discography in the diagnosis of uncomplicated lumbar
degenerative disc disease. Buenaventura et al. (2006)(11) reviewed 81 studies of discography:
69 of lumbar discography, 10 of cervical discography, and two of thoracic discography). The
review updated an earlier review by Shah et al. (2005).(122)The authors did not present specific
key questions, but concluded overall that “Evidence is strong for the diagnostic accuracy of
discography as an imaging tool.”’(11) The conclusion of the review addresses a question
(diagnostic accuracy) that was not addressed in our report, because there is no gold standard
against which to test discography.



61

Other Population-Based Studies

Six large population-based cohort studies that did not meet the inclusion criteria but otherwise
addressed one or more of Key Questions 2 and 3 may be worth noting. A retrospective study of
the Washington State Workers’ Compensation system administrative database evaluated data
from 1,950 patients who had undergone lumbar fusion between 1994 and 2001 (Maghout-Juratli
et al. 2006).(51) This study evaluated the risk of persistent disability, reoperation, and other
complications as well as predictors of disability and reoperation in patients with diagnoses of
radiculopathy, disc degeneration, disc herniation, spondylolisthesis, and spinal stenosis. The
study did not meet our inclusion criteria because >20% of patients had an excluded disorder. The
authors reported that 63.9% of patients were receiving work disability payments two years after
surgery, 11.8% of patients had some type of postoperative complication within three months
after surgery, and 22% of patients underwent reoperation within two years after surgery. The
rates for postoperative complications and reoperations are similar (or within the range) to those
reported in studies that met our inclusion criteria. Multivariate analyses identified several factors
significantly associated with worse postoperative disability (older age at fusion, presence of
psychologic comorbidity, attorney involvement, fusion of more than two vertebral levels, and
longer preoperative disability). Use of cages or instrumentation was significantly associated with
increased complication risk. Factors significantly associated with reoperation within two years
included undergoing discography and undergoing fusion at two or more levels. Two factors
significantly associated with lower reoperation risk included DDD and concurrent
decompression procedures.

An earlier study of the same Washington State database analyzed data from 388 patients who
underwent lumbar fusion during a one-year period from 1986-1987 (Franklin et al. 1994).(123)
Overall, 23% of lumbar fusion patients had a reoperation within two years of the index
procedure, a number that was in the range of rates reported in the studies that met our inclusion
criteria. Multiple logistic regression indicated that fusion with instrumentation was a statistically
significant predictor of reoperation. Similarly, multiple logistic regression identified several
baseline markers of severity that were significantly associated with work disability status at two
years following surgery, including older age at injury, greater time interval between injury to
index fusion, greater time on work disability prior to fusion, and greater number of levels fused
during index fusion.

A retrospective cohort study of the Workers’ Compensation Fund of Utah database evaluated the
relationship between biopsychosocial variables and medical/compensation costs for 203 patients
who had undergone lumbar fusion between 1990 and 1995 (DeBerard et al. 2003).(124) Multiple
regression identified several biological and social variables significantly related to higher total
costs, including male gender, older age, greater number of vertebral levels fused, lower levels of
education, and completed presurgical psychological evaluation.

A retrospective cohort study based on records of patients covered by the largest Belgian sickness
fund reported on factors related to a bad outcome (incapacity for work >1 year) among all

5,808 patients who underwent surgery for lumbar disc herniation between 1992 to 1994 (Donceel
and Du Bois, 1998).(125) The percentage of patients who underwent fusion was not reported,
but the authors did separately analyze factors that were associated with a bad outcome in this
subgroup. They identified unemployment, preoperative work incapacity >6 months, hospital stay
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>10 days, and age >30 years as significantly associated with work incapacity >1 year in patients
who had undergone lumbar fusion.

A retrospective cohort study from the Swedish National Register for Lumbar Spine Surgery
reported outcomes on 2,553 patients who underwent lumbar fusion in 1999 (Stromqvist et al.
2001).(126) However, this study mixed other types of spine surgery (discectomy,
decompression) with lumbar fusion. The authors did separately report early complications for
different types of surgery; early complication rates for different fusion procedures ranged from
8.1% to 13%, but the number of patients who underwent these procedures were not reported.
The range of rates reported here is somewhat lower than the range among studies that met our
inclusion criteria, although there is some overlap. The study did not meet our inclusion criteria
because >20% of patients had an excluded diagnosis.

A retrospective cohort study based on data from the Canadian Institute for Health Information
evaluated the rate of early complications and reoperation among 4,772 patients who underwent
back surgery in Ontario during a one-year interval from 1990 to 1991 (Hu et al. 1997).(127)

The authors reported the total rate as well as separate rates for different types of surgery; for
patients undergoing fusion (382 patients) or fusion plus decompression (639 patients), the early
complication rates were 22.8% and 15.3%, while the reoperation rates during four years of
followup were 9.2% and 10.2%, respectively. These rates were similar (or fell within the ranges)
to those reported in studies that met our inclusion criteria. The study did not meet our inclusion
criteria because >20% of patients had an excluded diagnosis.

Recent Randomized Trials Comparing Different Lumbar Fusion
Procedures

A recent systematic review on spinal fusion for degenerative disease was sponsored by the
Agency for Healthcare Research and Quality (AHRQ) Technology Assessment Program and
prepared by the Duke University Evidence-Based Practice Center (McCrory et al. 2006).(119)
This report (currently available only in draft form) addressed some questions not addressed in the
present report, including comparisons of outcomes for different lumbar fusion procedures. A few
RCTs comparing different fusion procedures have been published since the search cutoff date of
the AHRQ report. We summarize the relevant trials below.

Anterior Lumbar Interbody Fusion (ALIF)

The AHRQ draft report noted that according to a recent review, ALIF procedures accounted for
the lowest proportion of fusions performed in the 1980s and 1990s.(119) ALIF fusion rates
during that period, based on uncontrolled studies with 583 patients, were 86%. Fusion rates for
posterior approaches during the same period were 85% to 91%. The AHRQ draft report
summarized data from ten studies (six controlled) of ALIF for patients with DDD. None of the
studies included a nonsurgical or conservative management control group. The six controlled
trials compared either different variations of ALIF (four studies) or compared ALIF to posterior
approaches (two studies). Although the mean patient improvements in ODI after surgery
exceeded 15 points in every study that reported pre- and post-treatment ODI scores, one cannot
determine the extent of patient improvement that might have occurred in a nonsurgical control
group. Our searches identified no new studies comparing ALIF to the posterior approaches.
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Posterior Surgical Approaches for Lumbar Fusion

The AHRQ draft report noted that posterior fusions have been recommended for axial back pain
despite the potential for dorsal muscle damage during dissection. The report also cited the
conclusions of a Cochrane Review comparing Posterior Lumbar Fusion (PLF) to circumferential
(ALIF and PLF combined, or A/P) fusion. The review found no difference in fusion failure,
complications, or patient-judged improvements. Twenty-three reports of PLF, Posterior Lumbar
Interbody Fusion (PLIF), Transforaminal Lumbar Interbody Fusion (TLIF), and circumferential
fusion were examined in the AHRQ draft report.(119) Comparisons between surgical approaches
were reported in only two of these studies (one RCT and one retrospective study). The RCT
showed no differences in ODI response among PLF, PLF plus pedicle screw fixation, and PLIF,
but the retrospective study showed better improvement in the PLF and ALIF groups compared to
PLIF, TLIF, and circumferential fusion. However, baseline differences in patient characteristics
may have confounded these results.

Our searches identified two new RCTs of posterior lumbar fusion, one comparing
circumferential fusion to PLF with instrumentation, and one comparing three fusion methods
(PLF, PLIF, and PLF combined with PLIF). Each study measured pain and ODI.

Videbaek et al.(128) randomized patients with severe chronic low back pain due to localized
lumbar or lumbosacral segmental instability to PLF with instrumentation (n = 73) or
circumferential fusion (n = 73). More than 90% of the patients were available for long-term
followup at five to nine years. All outcome measures significantly favored circumferential fusion
at long-term followup (median ODI: PLF = 40, circumferential fusion = 28; median low back
pain, 0-10 scale: PLF = 6, circumferential fusion = 3). The authors suggest that the significant
difference in back pain score may be related to the anterior support provided by a circumferential
fusion, especially for patients with disc degeneration.

Kim et al.(129) randomized patients with disabling back pain due to spinal stenosis or
spondylolisthesis to three posterior surgical approaches (PLF = 62, PLIF = 57, combined PLF
and PLIF = 48). Pedicle screw instrumentations were performed in all patients. After three years,
all three groups showed significant reductions in low back pain (from approximately 7.4

at baseline to 2.2 after three years on a 0-10 scale). Each group also showed significant
improvements in ODI (from approximately 60 at baseline to 25 after three years). Fusion rates
were 92% for PLF, 95% for PLIF, and 96% for PLF+PLIF; the rates were not significantly
different. The authors concluded that PLIF alone (without PLF) had advantages of the
elimination of donor site pain (only local bone was used for fusion), shorter operating time, and
less blood loss.

Both of these studies support the use of bone grafts in the disc space to support the anterior spine
rather than bone grafting of the transfer processes in the posterior spine.

Augmentation

The AHRQ draft report refers to several studies that support the use of recombinant human bone
morphogenetic protein-2 (rhBMP-2) as an alternative to autograft bone to augment spinal fusion
and to one study that did not support the use of autologous growth factor (AGF) gel for
augmentation.(119) Our searches identified two new studies, one on each type of augmentation
for spinal fusion.



64

Dimar et al.(130) examined the use of rhBMP-2 in PLF with instrumentation. Patients with
symptomatic, single level lumbosacral degenerative disease were randomized to PLF and
instrumentation using autogenous iliac crest bone for grafting material (ICBG, n = 45

at two years) or PLF and instrumentation using rhBMP-2 in bovine collagen and
tricalcium/hydroxyapatite for grafting material (rhBMP-2, n = 53 at two years). The ODI scores
were similar in both groups at each of the time points measured over two years and showed
statistically significant improvement compared to preoperative scores. Solid fusions were
reported in 73% of the ICBG group and 91% of the rhBMP-2 group (p = 0.051). thBMP-2

may therefore provide a better alternative to autogenous ICBG for spinal fusion because it
eliminates iliac bone harvest and its associated morbidities while providing equal or better fusion
rates.

Jenis et al.(131) examined the use of AGF gel in circumferential (A/P) fusion). Patients with
chronic low back pain due to degenerative disc disease or spondylolisthesis were assigned to
A/P fusion using ICBG (autograft group, n = 22) or allograft combined with AGF gel

(AGF group, n = 15). Assignment to treatment was based on the availability of the equipment
necessary to prepare the AGF gel. The gel is prepared from each patient’s own blood by
concentrating the platelet portion using a proprietary system. At six months the fusion rate was
56% in both groups. By 24 months the fusion rates were 85% for the autograft group and 89%
for the AGF group. Improvements in pain and ODI were also similar between groups. This study
suggests that AGF combined with allograft bone may be a suitable substitute for [ICBG, however
the authors believe more research is needed to determine the optimal carriers and platelet
concentrations for this technology.

Ongoing Clinical Trials

We identified 14 relevant ongoing clinical trials of the United States National Institute of Health
clinical trials registry (www.clinicaltrials.gov). Most are randomized controlled trials (RCTs),
but a few observational studies are also registered. Ten are on a specific spinal implant device, or
devices, all financially sponsored by the manufacturer. The others are assessing fusion with
screws or rods that are not identified as being a particular brand. All 14 ongoing trials are
summarized in Table 5 below.



Table 5. Ongoing Clinical Trials
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Study Sponsor Design Purpose Start Date Expected | Indication
Five-year Follow-up of DePuy Spine | Observational | “To assess the clinical and radiographic March 2005 367 Participated in either training or
the CHARITE Artificial outcomes through 5-years following randomized arm of the
Disc Compared to treatment with CHARITE Artificial Disc vs. CHARITE Artificial Disc IDE
Anterior Lumbar the BAK Cage for treatment of degenerative (Investigational device
Interbody Fusion with disc disease at one level (L4-S1).” exemption) study, and still have
the BAK Cage the original implant from that
NCT00215332 study
Clinical Outcome Study | University of | Observational | “To prospectively measure pain, function, September 2004 | 70 Isthmic spondylolisthesis,
of the Triad Allograft for | Wisconsin, and patient satisfaction in 70 consecutive degenerative spondylolisthesis,
Posterior Lumbar NuVasive patients treated by lumbar fusion using the pseudoarthritis, severe
Fusion Triad allograft. Results of the Triad allograft foraminal stenosis, or prior
NCT 00205101 will be compared to those of other anterior failed discectomy with need for
lumbar interbody fusion (ALIF), TLIF or PLIF fusion at 1,2, or 3
transforaminal lumbar interbody fusion levels as determined by
(TLIF), and posterior lumbar interbody surgeon
fusion (PLIF).”
Dynamic Stabilization Applied Spine | Randomized “To assess whether the Stabilimax NZ is February 2007 480 Degenerative spinal stenosis of
for Lumbar Spinal Technologies | controlled trial | at least as safe and effective as the control lumbar spine with evidence of

Stenosis with
Stabilimax NZ Dynamic
Spine Stabilization
System

NCT 00479544

(RCT)

therapy of fusion in patients receiving
decompression surgery for the treatment of
clinically symptomatic spinal stenosis at one
or two contiguous vertebral levels from
L1s1.”

thecal sac and/or cauda equina
compression, erve root
impingement, hypertrophic
facets with canal
encroachments, with or without
spondylolisthesis up to grade 1
on radiographic image.
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Study Sponsor Design Purpose Start Date Expected | Indication
Evaluation of Exactech RCT “To compare Optecure as an autograft October 2005 150 Lumbar stenosis or
Radiographic and extender (treatment) to autograft alone spondylolisthesis with
Patient Outcomes (control_ in patients undergoing 1 or 2 level indication for lumbar fusion of 1
Following Lumbar fusion of the lumbar spine (one level is or 2 segments L2-S1
Spine Fusion Using defined as two adjacent vertebrae), L2 and
Demineralized Bone below.”
Matrix (DBM) Mixed
with Autograft
NCT00254852
Greenwich Lumbar Greenwich RCT “To determine the proper use of lower back | May 2002 75 Spinal stenosis with a grade |
Stenosis SLIP Study Hospital screws and rods (instrumentation) and spondylolisthesis
NCT00109213 bony fusiop in sgbjects With one level qf

degenerative spinal narrowing (stenosis)

compressing nerves to the legs with one

spinal bone slipping forward on another

(spondylolisthesis).”
Lumbar Interbody Medtronic RCT “To compare two fusion devices, which are | October 2004 210 Chronic low back pain with
Fusion Using the Bakken used in spinal surgery in order to promote evidence of degenerative
Telamon Peek Versus Research the fusion of two lumbar vertebrae.” changes at L4-L5 or L5-S1
the Telamon Hydrosorb | Center (spondylosis) on plain

Fusion Device
NCT 00095095

radiographs and/or CT scan,
and/or MRI with PLIF needed
at a single level as determined
by surgeon
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Study Sponsor Design Purpose Start Date Expected | Indication

Safety and Impliant, Ltd. | RCT “To determine whether the TOPS device will | September 2006 | 450 Moderate to severe lumbar

Effectiveness Study of effectively treat moderate to severe lumbar spinal stenosis at single level

the TOPS System, a stenosis.” between L3-L5, with

Total Posterior radiographic confirmation of

Arthroplasty Implant thecal sac and/or cauda equina

Designed to Alleviate compression, nerve root

Pain Resulting from impingement, hypertrophic

Moderate to Severe facets with canal

Lumbar Stenosis encroachment, at least 25%

NCT00405691 reduction in A/P dimension of
the central and/or lateral
foramen

Safety and Efficacy Regenerative, | RCT “To determine the safety and effectiveness | April 2006 400 Pain with objective evidence of

Study of Healos as a DePuy Spine of HEALOS compared with autograft using significant disc degeneration

Bone Replacement to the transforaminal lumbar interbody fusion at one or two adjacent lumbar

Treat Degenerative (TLIF) method).” level(s) from L2/L3 to L5/S1

Disc Disease

NCT 00316121

Spine Fusion Capital RCT “To relieve pain and/or increase stability in November 2006 | 50 One or two levels contiguous

Instrumented with BMP- | District Health painful or unstable spine joints. A patient involvement from L1-S1

2 vs. Uninstrumented Authority, may or may not receive rods and screws requiring fusion

with Infuse BMP-2 Canada with the use of bone graft materials to

Alone facilitation bone growth and a fusion thus

NCT 00405600 pn_eventing movement of the bones of the

spine.”

Spine Research with Capital Case series “To gather information on the effectiveness | July 2007 25 Clinical and radiologic history

Roentgen District Health of a new spine implant for patients who of spondylolisthesis, no greater

Stereophotogrammetric | Authority, require spinal fusion surgery.” than grade 1, spinal stenosis,

Analysis (Spine RSA) Canada degenerative disc disease

NCT00493558
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Study Sponsor Design Purpose Start Date Expected | Indication
Study of a Facet Facet RCT “To determine if the Anatomic Facet November 2006 | 300 Lateral, lateral recess and/or
Replacement to Treat Solutions, Replacement System is effective in the central canal stenosis
Spinal Stenosis Inc. tregtm_ent of spinal stgnosis. The primary Disc height at least half of
NCT 00401518 objective of the study is to evaluate the ither adjacent level
overall success rate of the Anatomic Facet . .
Replacement System in patients with spinal Spondylolisthesis must be
stenosis when compared to a posterior grade 1 or less
spinal fusion control.”
Surgical Treatment St. John's Observational | “To compare patients who underwent March 2007 50 Recurrent lumbar disc
Comparison for Health decompression/discectomy with pedicle herniation evident on
Recurrent Lumbar Disc | System, screw fusion to patients who received radiography with symptoms
Herniation Zimmer Spine decompression/discectomy without fusion.” including radicular leg pain the
NCT 00444405 improved after the first surgery
Sponylolisthesis or
spondylolisthesis with less than
3 mm of movement excluded
Total Facet Arthroplasty | Archus RCT “The clinical trial is intended to demonstrate | August 2005 450 Moderate to severe lumbar
System (TFAS) Clinical | Orthopedics restoration of stability and sagittal balance spinal stenosis L3-L4 or L4-L5
Trial Inc. to the spine.”

NCT 00418197

Spondylolisthesis at stenotic
level no greater than grade 1,
and no more than 3 lumbar
levels of degeneration total
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Study

Sponsor

Design

Purpose

Start Date

Expected

Indication

Study of Disc
Anesthesia for the
Preoperative Diagnosis
of Chronic Lower Back
Pain (SODA)

NCT 00443781

Kyphon

Observational

To document and compare diagnostic test
results and procedure safety in subjects
undergoing both Functional Anaesthetic
Discography™ (F.A.D.) and provocative
discography (PD).

August 2007

100

Chronic axial low back pain
without radicular pain for

>six months, not responding to
at least 3 months of
nonsurgical treatment

One or two discs at L5/S1,
L4/L5 or L3/L4 with abnormal
findings by MRI, including any
of the following: loss of disc
hydration, disc height, high
intensity zone (HIZ), Modic
changes at adjacent vertebral
endplates, or herniation without
nerve root compression

Pre-treatment ODI >40

Pre-treatment low back pain by
numerical rating scale (NRS)
score >4
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Clinical Practice Guidelines and Position Statements

We searched the National Guideline Clearinghouse™ (NGC) and conducted hand searches to
identify clinical practice guidelines and position statements on spinal fusion and discography for
patients with chronic discogenic back pain. Some guidelines addressed either fusion or
discography, and some addressed both.

On Fusion

Our searches of the National Guideline Clearinghouse identified 16 potentially relevant clinical
practice guidelines on lumbar fusion. Upon closer evaluation, five were subsequently excluded
from this section on fusion. One was excluded for not addressing lumbar fusion, another was
excluded for addressing acute back pain only, two were excluded for not addressing low back
pain due to degenerative disc disease, and one was not covered in this section because it is more
relevant to discography, and is included in that section.

In this section we discuss the 11 relevant guidelines. These include one clinical practice
guideline from the Work Loss Data Institute, published in 2006(132), one from the Washington
State Department of Labor and Industries published in 2002(58), one from the American College
of Occupational and Environmental Medicine published in 2004(133), and eight from the
American Association of Neurological Surgeons, all published in 2005.(134-141):

Imaging

Presurgical discography is discussed in the section on clinical practice guidelines on
discography, which follows this section on fusion.

The American Association of Neurological Surgeons issued a guideline regarding radiographic
assessment of fusion, stating(134):

e “Lateral flexion and extension radiography is recommended as an adjunct to determine
the presence of lumbar fusion postoperatively. The lack of motion between vertebrae, in
the absence of rigid instrumentation, is highly suggestive of successful fusion.”

e “Technetium-99 bone scanning is not recommended as a means to assess lumbar fusion.”

But in another guideline they reported, “the correlation between fusion status [and radiological
outcome] is not strong.”(135)

Recommending a Patient for Surgical Consultation

We identified one guideline recommending patients for surgical consultation. The American
College of Occupational and Environmental Medicine published a guideline(133) on low back
complaints with the recommendation that “surgical consultation is indicated for patients who
have:

e Severe and disabling lower leg symptoms in a distribution consistent with abnormalities
on imaging studies (radiculopathy), preferably with accompanying objective signs of
neural compromise
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e Activity limitations due to radiating leg pain for more than one month or extreme
progression of lower leg symptoms

e C(Clear clinical, imaging, and electrophysiological evidence of a lesion that has been shown
to benefit in both the short and long term from surgical repair

e Failure of conservative treatment to resolve disabling radicular symptoms.”

Indications for Lumbar Fusion

We identified two guidelines citing indications for lumbar fusion, one from the Work Loss Data
Institute, and one from the Washington State Department of Labor and Industries.

The Work Loss Data Institute listed the following indication for spinal fusions for patients with
chronic low back pain who had problems for at least six months, except in the presence of
fracture or dislocation:(132)

e “Neural arch defect — spondyloloytic spondylolisthesis, congenital unilateral neural arch
hyperplaseia

e Segmental instability — excessive motion, as in degenerative spondylolisthesis, surgically
induced segmental instability

¢ Primary mechanical back pain/functional spinal unit failure (in cases other than workers’
comp)

e Revision surgery for failed previous operation(s) if significant functional gains are
anticipated. Revision surgery for purposes of pain relief must be approached with
extreme caution due to the less than 50% success rate reported in medical literature

e Infection, tumor, or deformity of the lumbosacral spine that cause intractable pain,
neurological deficit, and/or functional disability”

The Washington State Department of Labor and Industries list the following indications for
lumbar fusion in their guideline:(58)

e “If conservative care has failed to relieve symptoms and the patient has had no prior
surgery, lumbar fusion should be considered only if the patient has one or more of the
following:

0 Mechanical (non-radicular) low back pain with instability

= [Instability of the lumbar segment is defined as at least 4mm of
anterior/posterior translation at L3-4 and L4-5, or Smm of translation at
L5-S1 or 11 degrees greater end plate angular change at a single level,
compared to an adjacent level. Adequate flexion/extension views should
be taken utilizing techniques that minimize the potential contribution of
hip motion to perceived lumbar flexion or extension”

0 “Spondylolisthesis with one or more of the following:

= Objective signs/symptoms of neurogenic claudication OR
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= Objective signs/symptoms of unilateral or bilateral radiculopathy, which
are corroborated by neurological examination and by MRI or CT (with or
without myelography) OR

= [Instability of the lumbar segment” (Defined above)

“If conservative care has failed to relieve symptoms and the patient has had a prior
laminectomy, discectomy, or other decompressive procedure at the same level, lumbar
fusion should be considered only if the patient has one or more of the following:

(0]

(0]

Mechanical (non-radicular) low back pain with instability [as defined above]
at the same or adjacent levels OR

Mechanical (non-radicular) low back pain with pseudospondylolisthesis,
rotational deformity, or other condition leading to a progressive (measurable)
deformity, OR

Objective signs/symptoms compatible with neurogenic claudication or lumbar
radiculopathy that is supported by MRI or CT (with or without myelography) and
by a detailed clinical neurological examination OR
Evidence from a post-laminectomy structural study of either

1. 100% loss of a facet surface area unilaterally, OR

2. 50% combined loss of facet surface area bilaterally”

“If conservative care has failed to relieve symptoms and the patient has had a prior fusion
at the same level, lumbar fusion should be considered only if the patient has one or more
of the following:

(0}

Pseudarthrosis with or without hardware failure, confirmed by objective evidence
of pseudarthrosis (e.g., abnormal thin slice CT scan)

Neurogenic claudication supported by either MRI, CT, or myelography

Lumbar radiculopathy supported by either MRI, CT, or myelography, or
supported by a detailed clinical neurological or neurosurgical examination”

“If conservative care has failed to relieve symptoms and the patient has had a prior fusion
at a level adjacent to the new one being considered, lumbar fusion should be considered
only if the patient meets the same criteria as described for patients with no history of
spine surgery” (above).
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Contraindications to Lumbar Fusion

We identified one guideline citing absolute contraindications to surgery, and three reporting
relative contraindications.

Absolute Contraindications:

The Washington State Department of Labor and Industries (2004) cited the following as an
absolute contraindication for lumbar fusion(58):

e [Initial laminectomy/discectomy related to unilateral compression of a lumbar nerve root

Relative Contraindications:

The Washington State Department of Labor and Industries (2004) cited the following as relative
contraindications for lumbar fusion(58):

e Severe physical deconditioning
e Current smoking
e Multiple level degenerative disease of the lumbar spine

e Greater than 12 months of disability (time-loss compensation benefits) prior to
consideration of fusion

e No evidence of functional recovery (return to work) for at least six months following the
most recent spine surgery

e Psychosocial factors that are correlated with poor outcome, such as

0 History of drug or alcohol abuse

0 High degrees of somatization on clinical or psychological evaluation
0 Presence of a personality disorder or major psychiatric illness
0}

Current evidence of a factitious disorder

The American Association of Neurological Surgeons reviewed evidence on lumbar fusion for the
treatment of disc herniation and radiculopathy, and concluded: “There is insufficient evidence to
recommend a treatment guideline.”(140) However, they did comment that lumbar spinal fusion
is not recommended as a routine treatment following primary disc excision in patients with a
herniated lumbar disc causing radiculopathy, though it may be of use for patients with herniated
discs and evidence of preoperative lumbar spinal disability or deformity, for patients with
significant chronic axial low back pain and radiculopathy due to disc herniation, or for patients
with recurrent lumbar disc herniation.

For patients with low back complaints in general, the American College of Occupational and
Environmental Medicine (2005)(133) wrote that patients with co-morbidities including cardiac
or respiratory disease, diabetes, or mental illness, as poor candidates for back surgery in general.
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Fusion Materials and Methods

We identified three guidelines from the American Association of Neurological Surgeons in 2005
on the recommended types of fusion to be performed or the materials to use.

Regarding type of fusion, they issued the following guideline: “In the context of single-level
stand-alone ALIF or ALIF with posterior instrumentation, the addition of a PLF is not
recommended as it increases operating room time and blood loss without increasing the
likelihood of fusion or the functional outcome.”(136)

On the use of pedicle screw fixation as an adjunct to posterolateral fusion for low-back pain, they
formed the conclusion, “There is insufficient evidence to recommend a treatment
guideline.”(137)

They also evaluated the use of bone graft extenders and substitutes and concluded that there were
insufficient evidence to recommend a treatment guideline, but note that “Recombinant human
BMP-2 [bone morphogenic protein] in combination with HA [hydroxyapatite] and tricalcium
phosphate may be used in substitute for autograft bone in some cases of PLF.”(138)

Intraoperative Assessment of Fusion

We identified one guideline on intraoperative assessment of fusion. The American Association
of Neurological Surgeons reviewed the medical literature on the use of electrophysiological
monitoring intraoperatively with lumbar surgery and issued the guideline: “Use of intraoperative
SSEP [somatosensory evoked potential] or DSEP [dermatomal sensory evoked potential]
monitoring is recommended as an adjunct in those circumstances during instrumented lumbar
spinal fusion procedures in which the surgeon desires immediate intraoperative information
regarding the potential of a neurological injury,” although they acknowledge that there is a high
false-positive rate.

Postoperative Assessment of Fusion

We identified one guideline on the postoperative assessment of outcomes. The American
Association of Neurological Surgeons reviewed the medical literature but did not form a
guideline based upon their findings, stating: “There is insufficient evidence to recommend a
guideline for assessment of functional outcome following fusion for lumbar degenerative disc
disease.”(139) However, they did recommend the use of validated scales when assessing
functional outcomes.

Alternatives to Fusion

We identified one guideline on alternatives to fusion. The American Association of Neurological
Surgeons reviewed the medical literature on the use of brace therapy as an adjunct to or
substitute for lumbar fusion and issued the guideline, “The short-term use of a rigid lumbar
support (1-3 weeks) is recommended as a treatment for low-back pain of relatively short duration
(<6 months). The use of a lumbar brace for patients with chronic low-back pain is not
recommended because there is no pertinent medical evidence of any long-term benefit or
evidence that brace therapy is effective in the treatment of patients with chronic (>6 months)
low-back pain.”(141)
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On Discography

Our searches of the National Guideline Clearinghouse™ (NGC) yielded a total of nine guidelines
on the use of discography, and hand searches produced one additional guideline. Upon closer
examination, four guidelines were found not to be relevant to either discography or discogenic
back pain, and a fifth was superseded by a later guideline.

In this section we discuss the five remaining guidelines, one each from the American Society of
Interventional Pain Physicians(61) published in 2007, the Work Loss Data Institute, 2006(132);
the American Association of Neurological Surgeons, 2005(24), the Washington State
Department of Labor and Industries, 2002(58), and individuals Richard D. Guyer and

Donna D. Ohnmeiss from the Texas Back Institute, 2003.(60)

Imaging for Discogenic Back Pain

None of the guidelines recommend the use of discography as a stand-alone preoperative
diagnostic test. The Work Loss Data Institute does not recommend the use of discography at all.
The American Association of Neurological Surgeons, the American Society of Interventional
Pain Physicians, and Guyer and Ohnmeiss recommend the use of discography for patients with
equivocal or inconclusive MRI findings. The American Society of Interventional Pain Physicians
likewise states that discography could be used if diagnostic tests “such as MRI” provide
insufficient diagnostic information. Both Guyer and Ohnmeiss and the American Association of
Neurological Surgeons recommend magnetic resonance imaging (MRI) as the diagnostic test of
choice for patients with low back pain.

When Discography and MRI Disagree

If MRI is normal, the American Association of Neurological Surgeons recommends against
treatment, including surgical treatment, of the disc spaces. Even if discography is positive, in the
absence of “MR imaging evidence of disc degeneration”, they recommend that surgery not be
considered. Similarly, the Washington State Department of Labor and Industries does not
consider positive discography as a definitive indication for fusion.

Guyer and Ohnmeiss and the American Academy of Interventional Pain Physicians consider
discography appropriate when diagnostic tests (such as MRI) have “failed to reveal clear
confirmation of a suspected disc as the source of pain.” Similarly, the American Academy of
Neurological Surgeons recommended that “discography be reserved for use in patients with
equivocal MR imaging findings”.

Indications for Discography

Guyer and Ohnmeiss reviewed medical literature on the use of discography and provided
specific criteria for usage; they reported no search strategies or search dates in their publication.
The American Society of Interventional Pain Physicians released nearly identical
recommendations regarding indications for discography. They recommend the use of
discography in the following situations:

1. “Further evaluation of demonstrably abnormal discs to help assess the extent of
abnormality or correlation of the abnormality with the clinical symptoms. Such



76

symptoms may include recurrent pain from a previously operated disc and lateral disc
herniation.

Patients with persistent, severe symptoms in whom other diagnostic tests have failed to
reveal clear confirmation of a suspected disc as the source of pain

Assessment of patients who have failed to respond to surgical intervention to determine if
there is painful pseudarthrosis or a symptomatic disc in a posteriorly fused segment and
to help evaluate possible recurrent disc herniation.

Assessment of discs before fusion to determine if the discs within the proposed fusion
segment are symptomatic, and to determine if discs adjacent to this segment are normal

Assessment of candidates for minimally invasive surgical intervention to confirm a
contained disc herniation or to investigate dye distribution pattern before
chemonucleolysis or percutaneous procedures.”



77

Coverage Policies (CMS and Other Third Party Payers)
Spinal Fusion

Our searches revealed that CMS reimburses providers for various CPT codes related to lumbar
fusion (Table 6). Specific indications are not noted; presumably the procedures are covered when
considered medically necessary.

Table 6. CMS Coverage of Lumbar Fusion

National Unadjusted
Payment (from
CPT Physician Fee
Code | Category Description Schedule)
22533 | Lat Lumber Arthrodesis, lateral extracavitary technique, including minimal $1,564.79
Spine discectomy to prepate interspace (other than for decompression);
Fusion(142) lumbar
22558 | Lumbar Spine | Arthrodesis, anterior interbody technique, including minimal $1,442.38
Fusion(143) discectomy to prepate interspace (other than for decompression);
lumbar
22612 | Lumbar Spine | Arthrodesis, posterior or posterolateral technique, single level; $1,537.50
Fusion(144) lumbar (with or without lateral transverse technique)
22614 | Spine Fusion, | Arthrodesis, posterior or posterolateral technique, single level; $391.86
Extra each additional vertebral segment (list separately in addition to
Segment(145) | code for primary procedure)
22630 | Lumbar Spine | Arthrodesis, posterior interbody technique, including laminectomy $1,492.02
Fusion(146) and/or discectomy to prepare interspace (other than for
decompression), single interspace; lumbar
22830 | Exploration of | Exploration of spinal fusion $779.93
Spinal
Fusion(147)

Additional related CPT codes reimbursed by CMS include codes for Spine Fixation Devices
(22840, 22842, 22843, 22844, 22849),(148-152)Removal of Bone for Graft (20900,
20902),(153,154) Spinal Bone Autograft (20936, 20937, 20938),(155-157) and Spinal Bone
Allograft (20930 and 20931).(158,159)



Our searches of 12 Web sites of third party payers yielded three policies pertaining to spinal
fusion (Table 7). All three policies cover lumbar fusion for certain indications under certain
conditions.

Table 7. Third Party Payer Coverage of Lumbar Fusion
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Third Party
Payer Policy Conditions on coverage

Cigna(160) | Lumbar fusion | CIGNA HealthCare covers lumbar fusion (i.e., lumbar arthrodesis) with or without spinal

for spinal instrumentation, for multiple adjacent spinal segment levels, as medically necessary for
instability and ANY of the following conditions when there is an associated spinal instability:
d.egenera.h.ve o Acute spinal fracture with instability

disc conditions

e  Progressive neurological impairment

e Neural compression after spinal fracture

e  Epidural compression or vertebral destruction from tumor
e  Spinal tuberculosis

e  Pseudoarthrosis (i.e., nonunion of prior fusion)

e  Debridement of the spine for infection

o Spinal deformity (e.g., idiopathic scoliosis over 40°, progressive degenerative
scoliosis)

o Instability secondary to intraoperative excessive facet removal, associated
radical discectomy, removal of pars interarticularis or pars fracture

CIGNA HealthCare covers lumbar fusion (i.e., lumbar arthrodesis) with or without spinal
instrumentation, for up to two adjacent spinal segment levels, as medically necessary for
EITHER of the following indications:

e Chronic, presumably discogenic, low back pain, when BOTH of the following
conditions have been met:

> Unremitting pain and disability that has proved refractory to at least six
consecutive months of conservative medical management
(e.g., exercise, analgesics, physical therapy, spinal education,
activity/lifestyle modification, psychological assessment/treatment as a
contributor to chronic pain)

> Degenerative disc disease demonstrated on appropriate imaging
studies (i.e., computerized tomography [CT] scan, magnetic resonance
imaging [MRI], or discography) as the likely cause of pain

e  Spinal instability with persistent pain and disability, despite at least three
consecutive months of conservative medical management (e.g., exercise,
analgesics, physical therapy, activity/lifestyle modification, psychological
assessment/treatment as a contributor to chronic pain)

» Spondylolisthesis (e.g., degenerative, isthmic)
Recurrent spinal stenosis at the same segment

>

» Postlaminectomy instability

» Spinal stenosis with degenerative scoliosis
>

Adjacent segment degenerative disc disease post-lumbar fusion
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Third Party
Payer

Policy

Conditions on coverage

CIGNA HealthCare does not cover lumbar fusion for the management of EITHER of the
following conditions because they are not considered medically necessary:

o With initial primary laminectomy/discectomy for nerve root decompression
without documented instability

e  Multiple-level (i.e., >2 level) degenerative disc disease
CIGNA HealthCare does not cover EITHER of the following for any indication because
they are considered experimental, investigational or unproven:

o Anterior interbody fusion or implantation of intervertebral body fusion devices
using a laparoscopic approach

e  Dynamic spine stabilization device systems (e.g., Dynesys)

Regence
BS(161)

Lumbar Spine
Surgery

Spinal fusion may be considered medically necessary for conditions that will result in
mechanical instability of the spine, such as:

Chronic, severe and significantly disabling low back pain from degenerative disc disease
which has failed to respond to non-surgical measures, is of more than six months’ duration,
and fusion is recommended by the treating surgeon. Members who appear unlikely to
benefit from surgery for psychological/ motivational or other reasons may be poor
candidates for surgery. Member should be thoroughly educated regarding alternatives,
benefits and risks and demonstrate realistic expectations from surgery. Interbody fusions
for chronic and disabling low back pain may be indicated at either one or two contiguous
levels. Theoretically, these patients suffer from degenerative lumbar disc that creates
microinstability which causes the low back pain. If the micromotion is eliminated through
spine fusion, clinical symptoms may be reduced or eliminated. The surgical success
results have been mixed, 60 to 70 percent improved, which are comparable to the natural
history of improvement without surgery over the long term.

Disc herniation in patients with a large central disc herniation, where facet joint excision
exceeds 50% or more bilaterally or complete excision of one facet is performed. Patients
who are undergoing a subsequent surgery at the same disc segment that was operated on
before may also be candidates for a fusion.

(Additional inclusion criteria apply to other indications for fusion not covered in this report)

Regence
BS(162)

Trans-Sacral
Lumbar
Interbody
Fusion

Trans-sacral lumbar interbody fusion is considered investigational.

Tufts Health
Plan(163)

Spine
Procedure
Codes
Requiring Prior
Authorization

Tufts Health Plan requires prior authorization by the Clinical Review Department for the
following procedures when performed on an elective, non-emergency basis.

22533 Arthrodesis, lateral extracavitary technique, including minimal diskectomy to
prepare interspace (other than for decompression); lumbar

22558 Arthrodesis, anterior interbody technique, including minimal diskectomy to
prepare interspace (other than for decompression); lumbar

22612 Arthrodesis, posterior or posterolateral technique, single level; lumbar (with or
without lateral transverse technique)

22630 Arthrodesis, posterior interbody technique, including laminectomy and/or
diskectomy to prepare interspace (other than for decompression),
single interspace; lumbar

(The plan lists additional codes for spine procedures not covered in this report.)
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In addition, several payers have specific coverage policies for technologies used in certain spinal
fusion procedures. Certain bone morphogenetic proteins (BMPs) are covered for specific
indications related to spinal fusion by Cigna,(164)BlueCross BlueShield of Alabama,(165)
BlueCross BlueShield of North Carolina,(166) Horizon BlueCross BlueShield of New
Jersey,(167) BlueCross BlueShield of Tennessee,(168) and Premera Blue Cross.(169) Pedicle
screws for spinal fixation and intervertebral body fusion devices are covered for certain
indications related to spinal fusion by Aetna.(170) Coverage of these technologies for indications
related to spinal fusion implies coverage of the relevant spinal fusion procedures.

Discography

Our searches of the CMS Web site identified one document that mentioned discography. This
was a Local Coverage Determination (LCD ID number L22698) that became effective on
7/1/2007; the Contractor name was NHIC Corp. (Chico, CA), which covers southern California.
The LCD provided two reimbursement codes pertaining to lumbar discography:

e “INJECTION PROCEDURE FOR DISCOGRAPHY, EACH LEVEL; LUMBAR”
(62290)

e “DISCOGRAPHY, LUMBAR, RADIOLOGICAL SUPERVISION AND
INTERPRETATION” (72295)

The Medicare Physician Fee Payment History for code 62290 list transitional payments of
$152.58 and $336.82 for facilities and non-facilities, respectively. The “fully implemented”
payments are $163.37 and $347.61, respectively. For code 72295, the transitional payments are
$275.28 for both facilities and non-facilities (“fully implemented” payments of $278.16).

Our searches of 12 Web sites of third party payers yielded three policies pertaining to
discography (Table 8). All three policies cover discography under certain conditions (see table).



Table 8. Third Party Payer Coverage of Lumbar Discography

Lumbar

Third Party | discography

Payer covered? Conditions on coverage

Aetna(171) | Yes “Evaluation of disc pathology in persons with persistent, severe low back pain (LBP)
and abnormal interspaces on magnetic resonance imaging (MRI), where other
diagnostic tests have failed to reveal clear confirmation of a suspected disc as the
source of pain, and surgical intervention is being considered.”

Cigna(172) | Yes “For the diagnosis of discogenic pain that has failed conservative medical management
(in the absence of neurological emergency), for which complex imaging (i.e., MRl or
CT) is inconclusive or nondiagnostic, and for which invasive treatment is being
contemplated.”

Unicare(173) | Yes “Discography of the lumbar vertebrae is considered medically necessary for the

evaluation of low back pain with or without lower extremity pain when all of the
following are present:

1) Painis unrelenting and has consisted for an extended period of time
(at least 3 months)

2) Pain has not responded to conservative treatment measures (i.e., NSAIDs,
physical therapy, etc)

3) Noninvasive diagnostic studies have failed to provide sufficient diagnostic
information regarding the origin of pain

4)  There is no evidence of contraindications such as severe spinal stenosis
resulting in intraspinal obstruction, infection, or predominantly psychogenic
pain.

5) In addition to those listed above, at least one of the following indications
should be present:

a. A high index of suspicion for discogenic pain and the pain is severe
enough to consider surgical intervention

b. Failed back surgery patients to distinguish between painful
psuedoarthrosis or a symptomatic disc in a posteriorly fused
segment

c. Assessment of disc prior to spinal fusion to determine if the disc
within the proposed fusion segment is symptomatic and if the discs
adjacent to the surgical site are normal.”
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Conclusions

In this section, we summarize the six clinical questions and the conclusions we drew based on
the evidence (for more detailed descriptions of the evidence, please consult the Results section).

1.

Does lumbar fusion surgery reduce pain and improve functional status/quality of life more
effectively than nonsurgical treatments?

ECRI Institute evidence assessments:

We did not find sufficient evidence that lumbar fusion surgery is more effective to a
clinically meaningful degree than nonsurgical treatments for any of the following patient
populations, comparisons and outcomes:

Fusion versus Intensive Exercise/Rehabilitation Plus CBT in Patients without Prior Back
Surgery

e Meta-analysis of postoperative changes in Oswestry disability scores from two moderate-
quality RCTs (n = 413 patients) revealed no clinically meaningful difference between
fusion and intensive exercise/rehabilitation plus cognitive behavioral therapy (CBT) in
patients without prior back surgery (95% CI1 0.2 to 7.5, a priori 10 point difference
defined as clinically meaningful), although the difference slightly favored fusion.
Strength of evidence: Weak.

e The evidence was insufficient to determine whether lumbar fusion provides a greater
improvement in back pain (one moderate-quality RCT, n = 64 patients) or quality of life
(no acceptable evidence) compared to intensive exercise/rehabilitation plus CBT in
patients without prior back surgery.

Fusion versus Intensive Exercise/Rehabilitation Plus CBT in Patients with Prior Back
Surgery

e The evidence from one moderate-quality RCT (n = 60 patients) was insufficient to
determine the relative benefits of lumbar fusion compared to intensive
exercise/rehabilitation in patients with prior back surgery.

Fusion versus Non-intensive Physical Therapy in Patients without Prior Back Surgery

e The evidence from one moderate-quality RCT (n = 294 patients) was insufficient to
determine the relative benefits of lumbar fusion compared to conventional physical
therapy in patients with or without prior back surgery.

What are the rates of adverse events (perioperative, long-term events, and reoperations) for
lumbar fusion surgery and nonsurgical treatments?

ECRI Institute evidence assessments:

o Lumbar fusion leads to significantly higher rates of early adverse events compared to
non-intensive physical therapy or intensive exercise/rehabilitation plus CBT.
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e Lumbar fusion leads to significantly higher rates of late adverse events at two-year
followup compared to non-intensive physical therapy or intensive exercise/rehabilitation
plus CBT.

e None of the four RCTs comparing fusion to non-intensive physical therapy or intensive
exercise/rehabilitation plus CBT reported any adverse events occurring in patients who
only received non-operative care. Most of the reported adverse events could not have
occurred in patients who did not undergo surgery.

e Categories of adverse events most frequently reported in fusion studies include
reoperation (18/27 studies), infection (14/27 studies), various device-related
complications (13/27 studies), neurologic complications (12/27 studies), thrombosis
(11/27 studies), bleeding/vascular complications (10/27 studies), and dural injury
(10/27 studies).

e The ranges of rates of the most frequently reported complications in fusion studies were:
reoperation (0% to 46.1%), infection (0% to 9%), device-related complications (0% to
17.8%), neurologic complications (0.7% to 25.8%), thrombosis (0% to 4%),
bleeding/vascular complications (0% to 12.8%), and dural injury (0.5% to 29%).

3. What patient characteristics (i.e., workers’ compensation population, patients with chronic
pain, psychological distress, and age-groups) are associated with differences in the benefits
and adverse events of lumbar fusion surgery?

ECRI Institute evidence assessments:

e The evidence from one moderate-quality RCT (n = 294 patients) is insufficient to
determine what patient characteristics are associated with differences in the benefits and
adverse events of lumbar fusion surgery.

4. In patients being considered for lumbar fusion surgery, what is the reliability of discography?
a. Test-retest reliability
b. Inter-reader reliability

ECRI Institute evidence assessments:

e The evidence was insufficient to permit conclusions about the reliability of discography
for patients with chronic low back pain and uncomplicated lumbar degenerative disc
disease.

5. In patients undergoing lumbar fusion surgery, do the results of pre-surgical discography
predict the degree of pain reduction or improvement in functional status/quality of life after
lumbar fusion surgery?

e Because of low quality and heterogeneous results from three studies (n = 330 patients),
the evidence was insufficient to permit conclusions about the use of discography to
predict fusion outcomes in patients with chronic low back pain and uncomplicated
lumbar degenerative disc disease.
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6. In patients being considered for lumbar fusion surgery, do patients who receive discography
that influences the treatment choice have better treatment outcomes than patients who do not
receive discography?

e No evidence of reasonable quality was available to address this question; thus, the
evidence was insufficient to permit conclusions about the influence of discography on
fusion outcomes in patients with chronic low back pain and uncomplicated lumbar
degenerative disc disease.
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August 23, 2007

ECRI Institute

EMBASE (Excerpta Medica)

1980 through February 2, 2007

OovID

Health Technology Assessment Database
(HTA)

through 2007, Issue 3

http://www.thecochranelibrary.com

Healthcare Standards

1975 through August 2007

ECRI Institute

International Health Technology Through August 2007 ECRI Institute
Assessment (IHTA)

MEDLINE 1950 through February 2, 2007 ovID

PsycINFO 1967 through August 16, 2007 OvID

PubMed Searched July 31, 2007 http://pubmed.gov

(PreMEDLINE, Publisher)

U.K. National Health Service
Economic Evaluation Database
(NHS EED)

through 2007, Issue 1

http://www.thecochranelibrary.com

U.S. National Guideline Clearinghouse™
(NGC™)

through August 2007

http://www.ngc.qgov



http://www.thecochranelibrary.com/
http://www.thecochranelibrary.com/
http://www.thecochranelibrary.com/
http://www.thecochranelibrary.com/
http://www.thecochranelibrary.com/
http://pubmed.gov/
http://www.thecochranelibrary.com/
http://www.ngc.gov/
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Hand Searches of Journal and Nonjournal Literature

Journals and supplements maintained in ECRI’s collections were routinely reviewed. Nonjournal
publications and conference proceedings from professional organizations, private agencies, and
government agencies were also screened. Other mechanisms used to retrieve additional relevant
information included review of bibliographies/reference lists from peer-reviewed and gray
literature. (Gray literature consists of reports, studies, articles, and monographs produced by
federal and local government agencies, private organizations, educational facilities, consulting
firms, and corporations. These documents do not appear in the peer-reviewed journal literature.)

Detailed Search Strategies

The search strategies employed combinations of freetext keywords as well as controlled
vocabulary terms including (but not limited to) the following concepts. The strategy below is
presented in OVID syntax; the search was simultaneously conducted across EMBASE,
MEDLINE, and PsycINFO. A parallel strategy was used to search the databases comprising the
Cochrane Library.

Medical Subject Headings (MeSH), Emtree, PsycINFO and Keywords

Conventions:

OVID

$ = truncation character (wildcard)

exp = “explodes” controlled vocabulary term (e.g., expands search to all more specific
related terms in the vocabulary’s hierarchy)

.de. = limit controlled vocabulary heading

As. = floating subheading

hw. = limit to heading word

.md. = type of methodology (PsycINFO)

.mp. = combined search fields (default if no fields are specified)

pt. = publication Type

Al = limit to title

tw. = limit to title and abstract fields

PubMed

[mh] = MeSH heading

[majr] = MeSH heading designated as major topic

[pt] = Publication Type

[sb] = Subset of PubMed database (PreMedline, Systematic, OldMedline)

[sh] = MeSH subheading (qualifiers used in conjunction with MeSH headings)
[tiab] = keyword in title or abstract

[tw] Text word



Spinal Fusion - Topic-specific Search Terms

Bone Morphogenic Protein

Controlled Vocabulary Text Words

exp bone morphogenic proteins/ bone morphogenic protein2

exp bone morphogenic protein/ “INFUSE”

exp recombinant proteins morpohogen$
“Ne-OSTEO”
“OP-1”
rhBMP

Lumbar

Controlled Vocabulary Text Words

exp low back/ low back pain

exp lumbar vertebrae/ lumbar

exp lumbosacral region/ lumbar spine
lumbosacral

Spinal Fusion

Controlled Vocabulary Text Words

exp spinal fusion/ ALIF

exp spine fusion/ arthrodesis
cage$
fusion$
instrumentation
interbody
lumbar
PLIF

pedlicle screw
pedicl$ adj screw$
spinal

tapered
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CINAHL/EMBASE/MEDLINE/PsycINFO

English language, human

Set
Number | Concept Search statement
1 Spinal fusion | Exp spinal fusion or exp spine fusion or ((spinal or lumbar or
interbody or tapered) adj3 (cage$ or fusion$ or instrumentation or
arthrodesis) or pedicl$ adj screw$)) or (ALIF or PLIF)

2 Bone Exp bone morphogenic proteins/ or bone morphogenetic protien/ or
morphogenic | bone morphogenetic protein 2.de. or exp recombinant proteins/ or
protein (rhBMP adj 2 or hr adj bmp adj 2 or morphogen$ or “InFUSE” or

“OP-1" or “Ne-Osteo”

3 Combine sets | 1 or 2

4 Limit to 3 and (lumbar or lumbosacral or exp lumbar vertebrae/ or lumbar
lumbar vertebrae or lumbar spine or lumbosacral spine or exp lumbosacral

region/or low back pain/ or low back)

5 Limit by study | 4 and ((Randomized controlled trials or random allocation or double-
type blind method or single-blind method or placebos or cross-over studies

or crossover procedure or double blind procedure or single blind
procedure or placebo or latin square design or crossover design or
double-blind studies or single-blind studies or triple-blind studies or
random assignment or exp controlled study/ or exp clinical trial/ or
exp comparative study/ or cohort analysis or follow-up studies.de. or
intermethod comparison or parallel design or control group or
prospective study or retrospective study or case control study or
major clinical study or evaluation studies or follow-up studies).de. or
random$.hw. or randoms$.ti. or placebo$ or ((singl$ or doubl$ or tripl$
or trebl$) and (dummy or blind or sham)) or latin square or ISRTCN)

6 Limit by 5 not ((letter or editorial or news or comment or case reports or note
publication or conference paper).de. or (letter or editorial or news or comment or
type case reports).pt.)

7 Limit by 6, English, English language
language

8 Limit by 7, human, humans
population

9 Eliminate 8, remove duplicates
overlap

10 Adverse 9 and ((adverse effects or complications or side effect or
events contraindication).fs. or (harm$ or iatrogen$ or nosocom$ or hazard$

or safety or nnh) ti.ab. or (morbid$ or mortal$.).fs.mp. or (treatment
outcome or patient satisfaction or reoperation).de. or exp *pain/ or
exp postoperative complications/)




Discography - Topic-specific Search Terms

Controlled Vocabulary
Discography.de

Injection
Controlled Vocabulary
injection,spinal.de.

Controlled Vocabulary
intervertebral disk.de.

Controlled Vocabulary
exp low back/

exp lumbar vertebrae/
exp lumbosacral region/

Controlled Vocabulary

Controlled Vocabulary
observer variation.de

Discography
Text Words
discography
dis?ograph$
dis?ogram$

Text Words

Intervertebral Disc

Text Words

Lumbar

Text Words
low back pain
lumbar
lumbar spine
lumbosacral

Reliability
Text Words
reliab$ or
repeatab$
replicat$).

Validity
Text Words
intraobserver

intra-observer o

interobserver
inter-observer
interpret$ o
kappa
observer bias

observer variability

reader$

reader concordance.tw.
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CINAHL/EMBASE/MEDLINE/PsycINFO
English language, human

Set Number | Concept Search statement
1 Lumbar lumbar or lumbosacral or exp lumbar vertebrae/ or lumbar
vertebra/r lumbar spine or lumbosacral spine or exp lumbosacral
region/or low back pain/ or low back

2 Discography | Discography.de. or dis?ography$.mp. or dis?ogram$.mp.

3 Intervertebral | injections, spinal.de. and intervertebral disk.de
disk injection

4 Combine land 2 and 3
sets

5 Limit by 4 and ((Randomized controlled trials or random allocation or
study type double-blind method or single-blind method or placebos or cross-

over studies or crossover procedure or double blind procedure or
single blind procedure or placebo or latin square design or
crossover design or double-blind studies or single-blind studies
or triple-blind studies or random assignment or exp controlled
study/ or exp clinical trial/ or exp comparative study/ or cohort
analysis or follow-up studies.de. or intermethod comparison or
parallel design or control group or prospective study or
retrospective study or case control study or major clinical study
or evaluation studies or follow-up studies).de. or random$.hw. or
randoms$.ti. or placebo$ or ((singl$ or doubl$ or tripl$ or trebl$)
and (dummy or blind or sham)) or latin square or ISRTCN)

6 Limit by 5 not ((letter or editorial or news or comment or case reports or
publication note or conference paper).de. or (letter or editorial or news or
type comment or case reports).pt.)

7 Limit by 6, English, English language
language

8 Limit by 7, human, humans
population

9 Eliminate 8, remove duplicates
overlap

10 Validity 9 and ((intraobserver or intra-observer or interobserver or inter-

observer or interpret$ or kappa or observer bias or observer
variability or reader$ or reader concordance).tw. or observer
variation.de.)

11 Reliability 9 and (reliab$ or repeatab$ or replicat$).mp.
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Hand Searches of Journal and Nonjournal Literature

Journals and supplements maintained in ECRI’s collections were routinely reviewed. Nonjournal
publications and conference proceedings from professional organizations, private agencies, and
government agencies were also screened. Other mechanisms used to retrieve additional relevant
information included review of bibliographies/reference lists from peer-reviewed and gray
literature. (Gray literature consists of reports, studies, articles, and monographs produced by
federal and local government agencies, private organizations, educational facilities, consulting
firms, and corporations. These documents do not appear in the peer-reviewed journal literature.)



Appendix B. Excluded Studies

Table 9. Excluded Studies for Efficacy and Safety of Spinal Fusion
(Key Questions 1-3)
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Study

‘ Reason for exclusion

KQ1 and KQ2 (RCTs comparing spine surgery to nonsurgical therapy)

Peul et al. 2007(174)

Patients did not undergo fusion, patients had an excluded disorder

Weinstein et al. 2007(175)

Patients had spinal stenosis with neurogenic claudication

Moller and Hedlund 2001(176)

>20% patients had an excluded disorder

KQ2

Bentsen et al. 2007(177)

No information on complications

Glassman et al. 2007(178)

>20% of patients had excluded disorders, <100 patients in study

Mirovsky et al. 2007(179)

Spinal disorders not reported for most patients

Ronnberg et al. 2007(180)

No patients underwent fusion (other disc surgery was performed)

Sasso and Garrido 2007(181)

No information on complications

Sinikallio et al. 2007(182)

All patients had an excluded disorder

Andersen et al. 2006(183)

>20% patients had an excluded disorder

Anderson et al. 2006(184)

No information on complications

Anand et al. 2006(185)

Cannot determine if >20% of patients had an excluded disorder

Best and Sasso 2006(186)

<100 patients

Cakir et al. 2006(187)

<100 patients

Dimar et al. 2006(130)

<80% followup

Epstein 2006(188)

Excluded disorder

Fogel et al. 2006(189)

<100 patients

Glassman et al. 2006(190)

No information on complications or spinal disorders

Hsu et al. 2006(191)

>20% patients had an excluded disorder

Kim et al. 2006(192):

Kim et al. 2006(129)
(same study)

>20% patients had an excluded disorder

Kim et al. 2006(193)

<100 patients, >20% patients had an excluded disorder

Kim et al. 2006(129)

>20% patients had an excluded disorder

Maghout-Juratli et al. 2006(51)

>20% patients had an excluded disorder

Motosuneya et al. 2006(194)

<100 patients

Neen et al. 2006(195)

Spine disorders not described

Okuda et al. 2006(196)

>20% patients had an excluded disorder

Okuda et al. 2006(197);
Okuda et al. 2006(198)
(same study)

>20% patients had an excluded disorder

Pappou et al. 2006(199)

>20% patients had an excluded disorder

Raffo and Lauerman 2006(200)

>20% patients had an excluded disorder

Ringel et al. 2006(201)

>20% patients had an excluded disorder

Satoh et al. 2006(202)

Cannot determine if >20% patients had an excluded disorder
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Study

Reason for exclusion

Sengupta et al. 2006(203)

Excluded disorder, <100 patients

Compares rehabilitation programs after fusion. Does not address any Key Question.

(
Soegaard et al. 2006(204)
Suda et al. 2006(205)

>20% patients had an excluded disorder

Swan et al. 2006(206)

>20% patients had an excluded disorder

Videbaek et al. 2006(128)

No information on complications

Villavicencio et al. 2006(207)

Cannot determine if >20% patients had an excluded disorder

Weinstein et al. 2006(208)

Excluded disorder, most patients did not undergo fusion

Yamashita et al. 2006(209)

Excluded disorder, most patients did not undergo fusion

Yi et al. 2006(210)

<100 patients

Aiki et al. 2005(211)

>20% patients had an excluded disorder

Atlas et al. 2005(212)

>20% patients had an excluded disorder, most patients did not undergo fusion

Bednar and Al-Tunaib 2005(213)

Spinal disorders not described

Blumenthal et al. 2005(214);
McAfee et al. 2005(215);
Geisler et al. 2004(216) (same
study)

<100 patients underwent fusion

Bostelmann and Benini 2005(217)

>20% of patients had excluded disorders, <100 patients in study

Burkus et al. 2005(87)

No information on complications

Burton 2005(218)

Case report

Chang et al. 2005(219)

Excluded disorder, most patients did not undergo fusion

Ekman et al. 2005(220)

>20% patients had an excluded disorder

Epstein 2005(221)

Commentary on primary study, no results presented(221)

Hsu et al. 2005(222)

<100 patients, excluded disorder

Inamasu and Gulot(223)

Review article

Jang and Lee 2005(224)

<100 patients

Kilincer et al. 2005(225)

>20% patients had an excluded disorder

Lamberg et al. 2005(226)

>20% patients had an excluded disorder

Lettice et al. 2005(227)

Spinal disorders not described

Lidar et al. 2005(228)

>20% patients had an excluded disorder

Matsudaira et al. 2005(229)

<100 patients

Moffett 2005(230)

Commentary on included study(82)

Potter et al. 2005(231)

>20% patients had an excluded disorder

Rampersaud et al. 2005(232)

<100 patients

Sasso et al. 2005(233)

Spinal disorders not described

Schuler et al. 2005(234)

No information on complications

Shabat et al. 2005(235)

Patients did not undergo fusion (laminectomy without fusion was performed)

Tulli et al. 2005(236)

<100 patients

Wenger et al. 2005(237)

>20% patients had an excluded disorder

Brau et al. 2004(238)

Spinal disorders not described, proportion of patients who underwent fusion not
reported

Burkus et al. 2004(239)

No information on complications, cannot determine if >20% patients had an excluded
disorder

Cammisa et al. 2004(240)

<80% followup
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Study

Reason for exclusion

Christensen et al. 2004(241)

Cannot determine if >20% patients had an excluded disorder

Gaetani et al. 2004(242)

No patients underwent fusion (other disc surgery was performed)

Ghiselli et al. 2004(243)

>20% patients had an excluded disorder

Greiner-Perth et al. 2004(244)

>20% patients had an excluded disorder

Kornblum et al. 2004(245)

Excluded disorder, <100 patients

Korovessis et al. 2004(246)

Excluded disorder, <100 patients

Lai et al. 2004(247)

Excluded disorder

Lai et al. 2004(248)

<100 patients, excluded disorder

Seal et al. 2004(249)

>20% had excluded disorder

Vaccaro et al. 2004(250)

<100 patients

Andersen et al. 2003(251)

Cannot determine if >20% patients had an excluded disorder

Beutler and Peppelman 2003(252)

No information on complications

Carreon et al. 2003(253)

>20% patients had an excluded disorder, <100 patients

Christensen et al. 2003(254)

Compares rehabilitation programs after fusion. Does not address any Key Question

DeBerard et al. 2003(124)

No information on complications

Gillet 2003(255)

Cannot determine if >20% patients had an excluded disorder

Glaser et al. 2003(256)

>20% patients had an excluded disorder

Glassman et al. 2003(257)

<100 patients

Hagg et al. 2003(29)

Relevant data reported in another publication(258)

Hagg et al. 2003(259)

No relevant outcomes

Hakkinen et al. 2003(260)

Cannot determine how many patients (if any) underwent fusion

Holt et al. 2003(261)

>20% patients had an excluded disorder

Ivanic et al. 2003(262)

Patients did not undergo fusion

Klara et al. 2003(263)

<100 patients

North American Spine Society
Board of Directors 2003(264)

Position statement, not a clinical study

Rainville et al. 2003(265)

No surgical outcomes

Sasso et al. 2003(266)

Repeats information from an included study(92)

Shah et al. 2003(267)

No information on complications, >20% patients had an excluded disorder

Wang et al. 2003(268)

<100 patients

Arai et al. 2002(269)

<100 patients

Balderston and Brummett
2002(270)

>20% had excluded disorders

Burkus et al. 2002(271)

<100 patients

DeBerard et al. 2002(272)

<80% followup for reported harms (reoperation)

DeBerard et al. 2002(273)

>20% patients had an excluded disorder

Du Toit and Viok 2002(274)

<80% followup, cannot determine if >20% of patients had an excluded disorder

Gehrchen et al. 2002(275);
Gehrchen et al. 2002(275) (same
study)

>20% patients had an excluded disorder

Hirunyachote and Adulkasem
2002(276)

<100 patients

Korsgaard et al. 2002(277)

No information on complications
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Study

Reason for exclusion

Linovitz et al. 2002(278)

>20% patients had an excluded disorder

Mayer and Weichert 2002(279)

>20% patients had an excluded disorder

Pradhan et al. 2002(280)

>20% patients had an excluded disorder

Vaccaro and Madigan 2002(281)

Not a clinical study, no results presented

Andersen et al. 2001(282)

Cannot determine if >20% patients had an excluded disorder

Atlas et al. 2001(283)

>20% patients had an excluded disorder

Bednar 2001(284)

>20% patients had an excluded disorder

Block et al. 2001(285)

No information on complications, <100 patients underwent fusion

Cook et al. 2001(286)

>20% patients had an excluded disorder

DeBerard et al. 2001(287)

>20% patients had an excluded disorder

Finkenberg et al. 2001(288)

>20% patients had an excluded disorder

Goldstein et al. 2001(289)

Patient population overlaps with patients in included study(289)

[zumi and Kumano 2001(290)

No information on complications, disorders not described

Janssen et al. 2001(291)

Cannot determine if >20% patients had an excluded disorder

Jolles et al. 2001(292)

>20% patients had an excluded disorder

Parisini et al. 2001(293)

<100 patients

Robertson and Wray 2001(294)

>20% patients had an excluded disorder

Stromqyist et al. 2001(126)

>20% patients had an excluded disorder, complications reported by procedure but not
by diagnosis

Wong et al. 2001(295)

>20% patients had an excluded disorder

Barbera 2000(296)

>20% patients had an excluded disorder

Barrick et al. 2000(297) <100 patients
Brara and Fessler 2000(298) <100 patients
Cornefjord et al. 2000(299) All patients had an excluded disorder
Hodges et al. 2000(300) <100 patients

Keskimaki et al. 2000(301)

Spinal disorders not described, most patients did not undergo fusion

Laine et al. 2000(302)

>20% patients had an excluded disorder

Matge and Leclercq 2000(303)

>20% patients had an excluded disorder

Moller and Hedlund 2000(304)

<100 patients, >20% patients had an excluded disorder

Mulholland 2000(305)

Spinal disorders not described, patient characteristics not described

Rodts et al. 2000(306)

<100 patients

Taylor et al. 2000(307)

>20% patients had an excluded disorder

Weinstein et al. 2000(308)

>20% patients had an excluded disorder

Cavagna et al. 1999(309)

>20% patients had an excluded disorder

Etebar and Cahill 1999(310)

Spinal disorders not described

Goodwin et al. 1999(311)

>20% patients had an excluded disorder

Hanakita et al. 1999(312)

Excluded disorder, most patients did not undergo fusion

Kim 1999(313)

>20% patients had an excluded disorder

Kucharzyk 1999(314)

>20% patients had an excluded disorder

Lonstein et al. 1999(315)

>20% patients had an excluded disorder

Okuyama et al. 1999(316)

>20% patients had an excluded disorder

Rompe et al. 1999(317)

Excluded disorder, most patients did not undergo fusion
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Study

Reason for exclusion

Snider et al. 1999(318)

>20% patients had an excluded disorder

Stambough 1999(319)

>20% patients had an excluded disorder

Brown et al. 1998(320)

>20% patients had an excluded disorder

Buttermann et al. 1998(321)

>20% patients had an excluded disorder

Christensen et al. 1998(322)

>20% patients had an excluded disorder

Donceel and Du Bois 1998(125)

No information on complications

Gertzbein et al. 1998(323)

<100 patients

Glassman et al. 1998(324)

<100 patients

Grub and Humke 1998(325)

>20% patients had an excluded disorder

Humke et al. 1998(326)

>20% patients had an excluded disorder

Ray 1998(327)

Duplicate publication of findings from an included study(327)

Andreshak et al. 1997(328)

>20% patients had an excluded disorder

Faraj and Webb 1997(329)

<100 patients, >20% patients had an excluded disorder

Frazier et al. 1997(330)

>20% patients had an excluded disorder

Hu et al. 1997(127)

>20% patients had an excluded disorder

Katz et al. 1997(331)

Excluded disorder

Pihlajamaki et al. 1997(332)

>20% patients had an excluded disorder

Shapiro and Snyder 1997(333)

Spinal disorders not described for most patients

Schwarzenbach et al. 1997(334)

<100 patients

Bailey et al. 1996(335)

>20% patients had an excluded disorder

Calderone et al. 1996(336)

Spinal disorders not described

Calderone et al. 1996(337)

<100 patients, spinal disorders not described

Fritsch et al. 1996(338)

Patients did not undergo fusion (other disc surgery was performed)

Gertzbein et al. 1996(339)

<100 patients, cannot determine if >20% patients had an excluded disorder

Glassman et al. 1996(340)

<100 patients

Glassman et al. 1996(340)

>20% patients had an excluded disorder

Hadjipavlou et al. 1996(341)

>20% patients had an excluded disorder

Hardy 1996(342)

Commentary on an excluded study(123)

Junge et al. 1996(343)

>20% patients had an excluded disorder, surgery not adequately described

Nachemson et al. 1996(344)

Not a clinical study, no results presented

O'Brien 1996(345)

Not a clinical study, no results presented

Pfeiffer et al. 1996(346)

>20% patients had an excluded disorder

Tiusanen et al. 1996(347)

>20% patients had an excluded disorder

Wood et al. 1996(348)

<100 patients

Bosacco et al. 1995(349)

<100 patients

Penta et al. 1995(350)

<100 patients, no relevant outcomes

Schwab et al. 1995(351)

>20% patients had an excluded disorder

Beguiristain et al. 1994(352)

>20% patients had an excluded disorder

Ciol et al. 1994(353)

>20% patients had an excluded disorder, not all patients underwent fusion

Franklin et al. 1994(123)

>20% patients had an excluded disorder

Laus et al. 1994(354)

>20% patients had an excluded disorder

Little and MacDonald 1994(355)

>20% patients had an excluded disorder
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Study

Reason for exclusion

Oldridge et al. 1994(356)

>20% patients had an excluded disorder

Ransom et al. 1994(357)

>20% patients had an excluded disorder

Yuan et al. 1994(358)

>20% patients had an excluded disorder

Bernard 1993(359)

<100 patients

Blumenthal and Gill 1993(360)

Cannot determine if >20% patients had an excluded disorder

Deyo et al. 1993(361)

>20% patients had an excluded disorder

Esses et al. 1993(362)

>20% patients had an excluded disorder

Nachemson 1993(363)

Not a clinical study, no results presented

Roy-Camille et al. 1993(364)

<100 patients

Van Akkerveeken 1993(365)

<100 patients

Willner 1993(366)

Not a clinical study, no results presented

Dhar and Porter 1992(367)

Most patients did not undergo fusion

Dickman et al. 1992(368)

>20% patients had an excluded disorder

Grubb and Lipscomb 1992(369)

Complications collected differently for each group

Zucherman et al. 1992(370)

>20% patients had an excluded disorder

Frennered et al. 1991(371)

>20% patients had an excluded disorder

North et al. 1991(372)

Most patients did not undergo fusion
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Table 10. Excluded Studies for Discography Prior to Lumbar Fusion
(Key Questions 4-6)

Study

Reason for Exclusion

Antti-Poika (1990)(373)

Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Block (1996)(27)

All patients had radiculopathy (an excluded condition)

Brodsky (1979)(374)

Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Buirski (1988)(375)

Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Carragee (1999)(23) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Carragee (2000)(376) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Carragee (2000)(20) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Carragee (2000)(19) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Carragee (2000)(17) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Carragee (2001)(28) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Carragee (2002)(18) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Carragee (2006)(25) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Carragee (2006)(26) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Carragee (2007)(377) Study did not report the reliability of discography, nor data on whether discography results predict

fusion outcomes, nor data on the impact of discography on fusion outcomes.

Collins 1990 p252
(1990)(378)

Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Collis (1962)(379)

Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Derby (1999)(63) Study did not report the results separately for patients who had undergone fusion but did not have
chemically sensitive discs on discography.

Derby (2005)(16) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Esses (1989)(380) Treatment was external fixation, not fusion

Feinberg (1964)(381) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Friedman (1955)(382) Study did not report the reliability of discography, nor data on whether discography results predict

fusion outcomes, nor data on the impact of discography on fusion outcomes.
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Study Reason for Exclusion

Gresham (1969)(383) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Hartman (1971)(384) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Holt (1968)(15) Patients did not have back pain

Jacobs (1975)(385) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Knox (1993)(386) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Kostuik (1979)(387) Scoliosis

Lee (1995)(388) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Maghout-Juratli 54% of patients had excluded medical conditions (e.g., radiculopathy, spondylolisthesis, spinal
stenosis), and the discography analysis combined their data with data from patients with include

(2006)(51) tenosis), and the discography analysi bined their data with data from patients with included
conditions

Min (1996)(389) Patients underwent discography prior to hemilaminectomy, not prior to fusion.

Moneta (1994)(390) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Murtagh (1992)(66) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Newman (1992)(391) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Ohnmeiss (1995)(22) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Parker (1996)(392) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Patrick (1973)(393) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Roberts (1972)(394) Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.

Sachs (1987)(13) Many patients had excluded medical conditions (e.g., radiculopathy), and their data were
combined with data from patients with included conditions

Sachs (1990)(395) Not a research study

Schechter (1991)(396) Study did not report the reliability of discography, nor data on whether discography results predict

fusion outcomes, nor data on the impact of discography on fusion outcomes.

Schellhas 1996 p79

Study did not report the reliability of discography, nor data on whether discography results predict

(1996)(14) fusion outcomes, nor data on the impact of discography on fusion outcomes.

Simmons (1975)(397) Treatment was discotomy, not fusion

Simmons (1988)(398) Not a research study

Smith (1998)(399) Study did not report the reliability of discography, nor data on whether discography results predict

fusion outcomes, nor data on the impact of discography on fusion outcomes.

Taveras (1967)(400)

Not a research study
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Study

Reason for Exclusion

Urasaki (1998)(401)

Patients were receiving steroid intradiscal therapy, and were not being considered for fusion
surgery.

Vanharanta (1987)(402)

Kappa statistic was not reported, and only 46/225 discs were included in pertinent analyses

Vanharanta (1988)(403)

Kappa statistic was not reported, and only 11/300 patients were included in pertinent analyses

Vanharanta (1989)(404)

Secondary publication of Vanharanta(403)

Walsh 1990 p1081
(1990)(12)

Study enrolled fewer than 10 patients with back pain

Weatherly (1986)(405)

Not a study of discography

Wetzel (1994)(406)

The group with noncontained contrast on morphology examination comprised fewer than 10
observations

Whitecloud (1987)(407)

Cervical not lumbar

Wilson (1969)(408)

Study did not report the reliability of discography, nor data on whether discography results predict
fusion outcomes, nor data on the impact of discography on fusion outcomes.
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Appendix C. Quality of Literature and
Evidence Strength

Study Quality Assessment

For all Key Questions except Key Question 4, we applied a 22-item quality assessment
instrument used to assess the quality of controlled studies (below). Each question is answered
with “Yes”, “No” or “NR” (not reported).

1. Were patients randomly assigned to the study’s groups?
2. Did the study use appropriate randomization methods?

3.  Was there concealment of group allocation?
4

For non-randomized trials, did the study employ any other methods to enhance group
comparability?

5.  Was the process of assigning patients to groups made independently from physician and
patient preference?

6. Did patients in different study groups have similar levels of performance on the outcome of
interest at the time they were assigned to groups?

7. Were the study groups comparable for all other important factors at the time they were
assigned to groups?

8. Did the study enroll all suitable patients or consecutive suitable patients within a time
period?

9. Was the comparison of interest prospectively planned?

10. If patients received ancillary treatments, was there a <5% difference between groups in the
proportion of patients receiving each specific ancillary treatment?

11. Were the two groups treated concurrently?

12. Was compliance with treatment >85% in both of the study’s groups?

13. Were patients blinded to the treatment they received?

14. Was the healthcare provider blinded to the groups to which the patients were assigned?

15. Were those who assessed the patient’s outcomes blinded to the group to which the patients
were assigned?

16. Was the integrity of blinding of patients, physicians or outcome raters tested and found to be
preserved?

17. Was the outcome measure of interest objective and was it objectively measured?
18. Was a standard instrument used to measure the outcome?

19. Was there <15% difference in the length of follow-up for the two groups?
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20. Did >85% of the patients complete the study?

21. Was there a <15% difference in completion rates in the study’s groups?

22. Was the funding for this study derived from a source that would not benefit financially from
results in a particular direction?

For Key Question 4, we assessed studies of the reliability of discography using the following 10
items:

Was the study prospective?

Were the patients enrolled consecutively?

Were the patient inclusion/exclusion criteria applied consistently to all patients?

Were data reported for at least 85% of enrolled patients?

Was the funding for this study derived from a source that does not have a financial interest in

its results?

6. Iftwo injections were performed on each patient, did patients receive the same instructions
for pain reporting during the two discography examinations being compared?

7. If two injections were performed on for each patient, did the same injector perform the two

discography examinations being compared?

Was discography interpreted without knowledge of other discography results in this patient?

9. Was discography interpreted without knowledge of other clinical information about this
patient?

10. TEST-RETEST RELIABILITY ONLY. Did the same person interpret the two discography

results?

MRS

™

We scored the quality for each outcome/timepoint by coding +1 for each Yes, -1 for each No,
and 0 for each NR. The numbers were added, and then we transformed the total so that the best
possible study would score 10 (i.e., all Yes’s), and the worst possible study would score 0

(i.e., all No’s). If the resulting combined score was <4, we considered the study Very Low
quality and excluded that data from further consideration (but the study may have been included
for other outcomes or other timepoints). If the score was >4 and <6, we categorized the quality as
Low; if the score was >6 or <8, we categorized quality as Moderate; if it was >8, we categorized
the quality as High. We then used these quality categories to proceed through the Strength of
Evidence system, described next.

Strength of Evidence System

In evaluating the stability and strength of a body of literature, we used the ECRI Institute
strength-of-evidence system.(77) This system employs decision points that collectively yield an
overall category that describes the strength of the evidence for a quantitative estimate and
qualitative conclusion as strong, moderate, weak, or unacceptably weak. The qualitative
conclusion addresses the question, “Does it work?”” The quantitative estimate addresses the
question, “How well does it work?” This distinction allows an evidence base to be considered
weak in terms of the quantitative estimate of effect (e.g., if estimates vary widely among studies)
but strong or moderate with respect to the qualitative conclusion (e.g., if all studies nevertheless
demonstrate the same direction of effect).

The system addresses five general aspects of the evidence: quality, quantity, consistency,
robustness, and magnitude of effect. Quality refers to the degree of potential bias in the design or
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conduct of studies. Quantity refers to the number of studies and the number of enrolled patients.
Consistency addresses the degree of agreement among the results of available studies.
Robustness involves the constancy of conclusions in the face of minor hypothetical alterations in
the data. Magnitude of effect concerns the quantitative amount of benefit (or harm) that patients
experience after treatment, and it is only considered in the qualitative section of the system.

The system outputs two ratings: a stability rating (which pertains to a quantitative conclusion)
and a strength rating (which pertains to a qualitative conclusion). Interpretations of the two types
of ratings appear in the table below.

Table 11. Interpretation of Different Categories of Strength of Evidence
Supporting Conclusion

Strength of
Evidence Interpretation

Qualitative Conclusion (Direction of Effect)

Strong Evidence Evidence supporting the qualitative conclusion is convincing. It is highly unlikely that new evidence will
lead to a change in this conclusion.

Moderate Evidence | Evidence supporting the qualitative conclusion is somewhat convincing. There is a small chance that
new evidence will overturn or strengthen our conclusion. ECRI Institute recommends regular
monitoring of the relevant literature at this time.

Weak Evidence Although some evidence exists to support the qualitative conclusion, this evidence is tentative and
perishable. There is a reasonable chance that new evidence will overturn or strengthen our
conclusions. ECRI Institute recommends frequent monitoring of the relevant literature at this time.

Insufficient Evidence | Although some evidence exists, this evidence is not of sufficient strength to warrant drawing an
evidence-based conclusion from it. ECRI Institute recommends frequent monitoring of the relevant
literature at this time.

Quantitative Conclusion (Magnitude of Effect)

High Stability The estimate of treatment effect included in the conclusion is stable. It is highly unlikely that the
magnitude of this estimate will change substantially as a result of the publication of new evidence.

Moderate Stability The estimate of treatment effect included in the conclusion is somewhat stable. There is a small
chance that the magnitude of this estimate will change substantially as a result of the publication of
new evidence. ECRI Institute recommends regular monitoring of the relevant literature at this time.

Low Stability The estimate of treatment effect included in the conclusion is likely to be unstable. There is a
reasonable chance that the magnitude of this estimate will change substantially as a result of the
publication of new evidence. ECRI Institute recommends frequent monitoring of the relevant literature
at this time.

Unstable Estimates of the treatment effect are too unstable to allow a quantitative conclusion to be drawn at this
time. ECRI Institute recommends frequent monitoring of the relevant literature.

To determine strength and stability ratings for Key Questions, we applied the ECRI Strength and
Stability of Evidence System.(77) The methods we used to resolve these decision points appear
below.
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Decision Point 1: Determine Quality of Individual Studies

For this decision point, we excluded any study that was determined to be of Very Low quality
(score <4, see previous section). The remaining studies constituted the evidence base for the rest
of the system.

Decision Point 2: Determine Quality of Evidence Base

We classified the overall quality of the evidence base by taking the median quality category of
the individual studies. We used the median because it is the appropriate measure of central
tendency to represent the “typical” quality category, and is less sensitive to outliers than the
mean. Depending on the overall quality categories for each outcome, we then followed the high,
moderate, or low quality branch of the system (as illustrated in Figure 4). If the median score fell
between two categories, we proceeded with the lower quality category. Because the quality was
determined separately for each outcome, a study that scored as moderate quality for one outcome
might score as low quality for another outcome.

Decision Point 3: Is Quantitative Estimate Possible?

The answer to Decision Point 3 depends upon the adequacy of reporting in available studies, as
well as the number of available studies in an evidence base.

We conducted quantitative analysis of a given outcome using meta-analysis when the data for
that outcome was reported in at least three studies in a statistically compatible manner. When this
was the case, we proceeded to Decision Point 4.

There are two possible scenarios for which we do not attempt to draw a quantitative conclusion,
but rather proceed directly to Decision Point 8 to attempt to form a qualitative conclusion.

If fewer than three studies are available, no quantitative estimate is warranted, regardless of
reporting. This is because heterogeneity cannot be adequately assessed if there are only one or
two studies. If three or more studies are available, but fewer than 75% of them permit
determination of the effect size and its dispersion (either by direct reporting from the trial or
calculations based on reported information) we do not attempt a quantitative estimate.

Decision Point 4: Are Data Quantitatively Consistent (Homogeneous)?
This decision point was used only if a quantitative estimate is possible in Decision Point 3.

Consistency refers to the extent to which the results of studies in an evidence base agree with
each other.(409) The more consistent the evidence, the more precise the summary estimate of
treatment effect derived from the evidence base. We measured quantitative consistency in an
evidence base using a meta-analytic test, Higgins and Thompson’s I” statistic.(79) We considered
the evidence base to be quantitatively consistent (not substantially heterogenous) when

I* <50%.(79)

When I? <50%, we combined the results from the studies to yield a meta-analytic summary
statistic. We then tested the robustness of this summary estimate in Decision Point 5. If it was
substantially heterogenous (I >50%), then we proceeded to Decision Point 6.
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Decision Point 5: Are Findings Stable (Quantitatively Robust)?

To be considered stable, or quantitatively robust, the summary estimate must have met all three
of the following conditions:

1) Sufficiently narrow confidence interval around the summary effect size. This is defined
as a total interval (from the lower bound of the 95% confidence interval to the upper
bound) that is not bigger than twice the level of clinical significance for that outcome
(clinical significance is defined in the text under Key Questions and Outcomes Assessed).

2) After removal and replacement of one study at a time, the summary effect size never
strays further than 1 unit of clinical significance away from the all-study effect size.

3) Cumulative robustness test by year, using the same criterion as for removal of one study
at a time.

If the summary estimate met all three of the above criteria, it was considered quantitatively
robust. If the summary estimate did not meet all three of these conditions, it was deemed not
quantitatively robust.

Decision Points 6 and 7: Exploration of Heterogeneity

Decision Points 6 and 7 are relevant only when one has, during a quantitative analysis, found that
the findings of the studies that comprise an evidence base are determined to be substantially
heterogeneous (see Decision Point 4).

Decision Point 6: Does Meta-regression Explain Heterogeneity?

In the case of substantial heterogeneity in an evidence base comprised of fewer than 5 studies,
we did not attempt to determine a quantitative estimate. Whenever this was the case, we
proceeded to Decision Point 8.

If we observed substantial heterogeneity in an evidence base comprised of at least 5 studies,
we attempted to explain the heterogeneity using meta-regression. We planned a priori to use the
following factors as predictor variables in meta-regression:

e The type of fusion procedure performed

e Whether the trial had a crossover rate (to non-assigned treatment) >15%.

o The actual percentage of patients with reported data to the timepoint of interest

e The overall quality category (high, moderate, low)
Meta-regression was considered to have explained the heterogeneity if the covariate was
statistically significant (p <0.05), and if the resulting I* was less than 50%.
Decision Point 7: Is Meta-regression Model Stable?
The purpose of Decision Point 7 is to test the stability of any quantitative findings that may
emanate from meta-regression analysis. We used the same robustness tests as in Decision Point 5.
Decision Point 8: Are Qualitative Findings Robust?

To be considered qualitatively robust, the conclusion must have met both of the following
conditions:

1) After removal of one study at a time, the qualitative conclusion was unchanged.
2) During cumulative robustness test by year, the qualitative conclusion was unchanged

If the analysis did not meet both of these conditions, it was deemed not qualitatively robust.
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Decision Point 9: Are Data Qualitatively Consistent?

This Decision Point is used only when two studies comprise the evidence base for an outcome
and meta-analysis is either not possible or inappropriate. We considered two-study evidence
bases qualitatively consistent if they met either of the following two criteria:

1) Both studies showed a statistically significant effect in the same direction; or
2) Neither study showed a statistically significant effect.

If the evidence base is of moderate or high quality, meta-analysis of two studies may be
performed in an attempt to reach a qualitative conclusion about the direction of effect (i.e., does
the treatment work?).

Decision Point 10: Is Magnitude of Treatment Effect Extremely Large?

When considering the strength of evidence supporting a qualitative conclusion based on only one
or two studies, magnitude of effect becomes very important. The larger the size of the summary
effect, the more confident one can be that new evidence will not overturn a general conclusion
that the treatment is beneficial.

In this Decision Point, the system divides the magnitude of effect into two categories: large and
not large. An effect size was judged to be large if it was >3 times greater than the minimum
effect size considered to be clinically significant.

Other parts of the system

Some parts of the system are not formally called “Decision Points”, and yet some decisions must
be made in order to apply them. These are described next.

Informative?

When there are only a small number of patients in an evidence base, statistical tests generally

do not perform well. Under such circumstances, statistics cannot determine whether a true
difference exists between treatments. This means that no clear conclusion can be drawn. For this
decision point, we determined whether the precision of an evidence base was sufficient to permit
a conclusion. Statistically significant results are potentially conclusive because they mean that a
treatment effect may exist. Statistically non-significant results are also potentially conclusive, but
only if they exclude the possibility that a clinically significant treatment effect exists.

When considering the summary effect size from a meta-analysis (or the effect size from a single
study), there are three ways in which the effect can be “informative”:

1) The summary effect size is statistically significantly different from 0. This would be
indicated whenever the confidence interval does not overlap 0.

2) The summary effect size is not statistically significantly different from 0, but the
confidence intervals are narrow enough to exclude the possibility that a clinically
significant difference exists (see below for definitions of clinical significance).

3) The summary effect size is not statistically significantly different from 0, but the
confidence intervals are narrow enough to exclude the possibility that a substantial
difference exists. This possibility is included to address situations when even a very small
effect can be considered “clinically significant” (e.g., a difference in mortality rates), but
the effect may not be “substantial”.



128

Multicenter Trial?

We defined a multicenter trial as one that meets the following two conditions: 1) >3 centers and
2) either >100 patients or at least 3 centers enrolled >20 patients percenter.



129

Figure 4. Entry into System
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Figure 5. High-Quality Arm
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Figure 6. Moderate-Quality Arm
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Appendix D. Evidence Tables for Spinal Fusion (Key Questions 1-3)

Table 12. Patient Selection Criteria of Included Studies (Randomized Trials Addressing Key Questions 1 and 2)

Study Inclusion Criteria Exclusion Criteria
Primary Diagnosis | Severity | Diagnostic Criteria Minimum Age Exclusion Criteria, Exclusion Criteria:
or Condition Duration of Back-Related Other Comorbidity
Condition
Brox et al. Chronic low back 230 on Degeneration of L4-L5 and/or 1 year 25-60 years | Spinal stenosis with Widespread myofascial
2006(34) pain and previous Oswestry | L5-S1 on plain radiograph reduced walking distance pain
surgery for disc disability and neurological signs Inflammatory disease
herniation index Recurrent disc herniation
Ongoing somatic or
Lateral recess stenosis psychiatric disease that
with clinical signs of excludes one or both
radiculopathy treatments
Previous spinal fracture Registered medical abuse
Previous lumbar fusion Reluctance to accept one
Generalized disc or both of the treatment
degeneration on plain regiments
X-ray examination
Fairbank etal. | Chronic low back Not Not reported 1 year 18-55 years | Previous surgical Co morbidities that could
2005(82) pain, with or without | reported stabilization of the spine complicate surgery,

referred pain, and
with or without
previous root
decompression or
discectomy

including infection,
inflammatory disease,
tumours, fractures

Psychiatric disease
Pregnancy
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Study Inclusion Criteria Exclusion Criteria
Primary Diagnosis | Severity | Diagnostic Criteria Minimum Age Exclusion Criteria, Exclusion Criteria:
or Condition Duration of Back-Related Other Comorbidity
Condition
Brox et al. Chronic low back =30 on Degeneration of L4-L5 and/or 1 year 25-60 years | Spinal stenosis with Widespread myofascial
2003(83) pain Oswestry | L5-S1 on plain radiograph reduced walking distance pain
disability and neurological signs Inflammatory disease
index Recurrent disc herniation Ongoing somatic or
Lateral recess stenosis psychiatric disease that
with clinical signs of excludes one or both
radiculopathy treatments
Previous spinal fracture Registered medical abuse
Previous spine surgery Reluctance to accept one
Generalized disc or bpth ?f the treatment
degeneration on plain regiments
X-ray examination
Fritzell et al. Chronic low back Severe; Degenerative changes at L4-L5 | 2 years;on | 25-65 Precious spine surgery Obvious ongoing
2001(84); pain with back pain >7/10on | and/or L5-S1 on plain sick leave except for successful psychiatric iliness
Fritzell et al worse than leg pain authors’ radiographs and/or CT and/or at least removal of a herniated disc | i1 painful and
2002(85); ' and no signs of nerve | disability | MRI 1 year more than 2 years before disabling arthritic hip joints
' root compression and | scale entering the study and with
Hagg et al. unsuccessful no persistent nerve root
2006(410) nonsurgical treatment symptoms
Specific radiologic findings,
such as spondylolisthesis,
new or old fractures,
infection, inflammatory
process, neoplasm, or
stenosis
Anamnestic signs of spinal
stenosis
CT Computed tomographic imaging.

MRI

Magnetic resonance imaging.
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Table 13. Patient Selection Criteria of Included Studies (Other Studies Addressing Key Question 2)

Study Inclusion Criteria Exclusion Criteria
Primary Diagnosis | Severity Diagnostic Minimum Age Exclusion Criteria, Exclusion Criteria:
or Condition Criteria Duration of Back-Related Other Comorbidity
Condition
Martin et al. Lumbar surgery for | Not reported ICD-9-CM None reported 220 years | Any record of lumbar Diagnosis of fracture,
2007(86) degenerative classification in surgery or procedure dislocation, infection,
disease, ICD-9-CM database code indicating repeat pregnancy
codes for disc spinal surgery within Individuals with cervical
degeneration, preceding 3 years and thoracic spinal
disc herniation, condition
spinal stenosis, and
spondylolisthesis
Burkus et al. Single-level lumbar | Disabling Not reported 6 months Not Spinal conditions other Obesity (>40% above
2006(88); degenerative disc reported than degenerative disc ideal weight)
Burkus et al. disease with up to disease Active bacterial infection
2005(87) Grade | . . Degenerative disc . .
spondyloll§the3|s, disease at disc space Medical condition
unresponsive to levels other than L4-L5 requiring medlca.tlon that
treatment could interfere with
or L5-81 . )
fusion (e.g., steroids or
Previous anterior nonsteroidal
arthrodesis at the antiinflammatory
involved level medication)
Sasso et al. Symptomatic Not reported Symptoms of 6 months 1910 None reported None reported
2005(89) degenerative disc intractable back 81 years

disease

and/or leg pain with
positive diagnostic
imaging findings
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Study

Inclusion Criteria

Exclusion Criteria

Primary Diagnosis
or Condition

Severity

Diagnostic
Criteria

Minimum
Duration of
Condition

Age

Exclusion Criteria, Exclusion Criteria:
Back-Related Other Comorbidity

Bezer et al.
2004(90)

Degenerative
disease of lumbar
spine treated with
spinal
decompression with
posterior fusion
using iliac bone graft
and instrumentation

Not reported

Not reported

Not reported

Not
reported

None reported None reported

Sasso et al.
2004(411)

Not reported

Not reported

Not reported

Not reported

Not
reported

None reported None reported

Scaduto et al.
2003(91)

Not reported
(Retrospective study
on all instrumented
lumbar interbody
fusions during a time
period)

Not reported

Not reported

Not reported

Not
reported

None reported None reported

Burkus et al.
2002(92)

Single-level
degenerative lumbar
disc disease with
disabling low back
and/or leg pain

Disabling

Not reported

Not reported

Not
reported

None reported None reported
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Study Inclusion Criteria Exclusion Criteria
Primary Diagnosis | Severity Diagnostic Minimum Age Exclusion Criteria, Exclusion Criteria:
or Condition Criteria Duration of Back-Related Other Comorbidity
Condition
Christensen etal. | Chronic low back Severe Not reported Not reported 20-65 Previous fusion Metabolic bone disease,
2002(93) pain and leg pain, years including previously

static or dynamic,
from lumbar or
lumbosacral
instability caused by
isthmic
spondylolisthesis
(grades 1 and 2)
primary
degeneration (with
no previous
surgery), secondary
or accelerating
degeneration after
decompressive

surgery

diagnosed osteoporosis
or osteoporosis
diagnosed at surgical
clinic by radiography
and bone mineral
density testing

One or more
comorbidities

Psychosocial instability

Previous retroperitoneal
surgery
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Study

Inclusion Criteria

Exclusion Criteria

Primary Diagnosis
or Condition

Severity

Diagnostic
Criteria

Minimum
Duration of
Condition

Age

Exclusion Criteria,
Back-Related

Exclusion Criteria:
Other Comorbidity

McAfee et al.
2002(94)

Internal disc
disruption,
postlaminectomy
syndrome, herniated
nucleus pulposus,
discogenic instability

Severe

Severe, disabling,
intractable back
pain; no previous
interbody
arthrodesis at the
target levels; an
absence of
degeneration at
adjacent
neighboring disc
spaces; and no
greater than
Meyerding Grade |
spondylolisthesis,
disabling back pain
for at least

12 months,
refractory to
nonoperative care;
substantial loss of
disc height and
mobility

At least 12 months

22-75
years

Disc space height of
more than 12 mm, prior
fusion at target level,
>Grade 1
spondylolisthesis

Not reported

Slosar et al.
2000(96)

Low back pain, with
or without radicular
pain

Severe

Not reported

6-12 months

Not
reported

None reported

None reported
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Study Inclusion Criteria Exclusion Criteria
Primary Diagnosis | Severity Diagnostic Minimum Age Exclusion Criteria, Exclusion Criteria:
or Condition Criteria Duration of Back-Related Other Comorbidity
Condition
Thalgott et al. Not reported Not reported Not reported Not reported Not None reported None reported
2000(97) (Retrospective study reported
of patients who had
ALIF 1 or 2 levels)
Kuslich et al. Degenerative disc Disabling Patient history, 6 months 21-65 Spondylolisthesis Active systemic or local
2000(101); disease at 1 or 2 physical exam, greater than Grade 1 infection
. contiguous levels of radiography, .
Tg;g((:?()%t)?l' the lumbar spine magnetic Ostoepenia
' with chronic low resonance, and Symptomatic vascular
FDA PMA back pain not when necessary, disease
P950002 responsive to discography Mali
conservative alignancy
treatment Gross obesity
Pregnancy
Brantigan et al. Degenerative disc Not reported Discogenic back 6 weeks 18-89 Spondyloptosis Significant osteoporosis
2000(95); disease or pain with Clinicallv sianificant or metabolic bone
herniation at one to degeneration of the ysig disease
FDA PMA . . : abnormalities at more
P90025 four spinal levels disc confirmed by than three level Past or present infection
from L2-S1 history and an fhree levels ofa (?is?: opr :S?ne ecto
For Brantigan et. al; radiographic i
g Y studies Past or present illicit

subgroup of patients
with at least one
failed discectomy
operation

drug use
Current alcohol use

Prisoners
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Study Inclusion Criteria Exclusion Criteria
Primary Diagnosis | Severity Diagnostic Minimum Age Exclusion Criteria, Exclusion Criteria:
or Condition Criteria Duration of Back-Related Other Comorbidity
Condition
Regan et al. Painful degenerative | Not reported Patient history of 6 months Not Grade I Active infection
1999(98) disc disease with or mechanical back reported spondylolisthesis or Metabolic bone disease
without herniation and leg pain with greater
magnetic Poor general health
resonance findings (e.g., cancer, significant
with disc space cardiac disease)
narrowing at 1 or 2 . .
contiguous levels bOb:sny ZT}?% of ideal
L4-L5 and L5-S1 ody weig
Pregnancy
Multiple complicating
psychosocial factors
Patients with history of
abdominal surgery that
potentially left significant
intraperitoneal scarring
were not included in
laparoscopic arm
Greenough et al. Not reported Not reported Not reported Not reported Not None reported None reported
1998(99) (Retrospective study reported
of consecutive
patients who

underwent lumbar
posterolateral fusion
with pedicle screw
fixation using the
variable screw plate)
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Study Inclusion Criteria Exclusion Criteria
Primary Diagnosis | Severity Diagnostic Minimum Age Exclusion Criteria, Exclusion Criteria:
or Condition Criteria Duration of Back-Related Other Comorbidity
Condition
Malter et al. Lumbar surgery for | Not reported ICD-9-CM None reported Not Patients with diagnoses | Patients with diagnoses
1998(102) degenerative classification in reported or surgical procedures or procedures indicative
disease, ICD-9-CM database related to the cervical or | of malignancy, spinal
codes for disc thoracic spine infection, spinal trauma,
degeneration, disc fracture, or inflammatory
herniation, spinal spondylitis
stenosis, and
possible instability
Penta and Fraser | Not reported Not reported For discogenic Not reported Not None reported None reported
1997(103) (Retrospective study back pain, reported
of consecutive abnormal
patients undergoing discography and

fusion)

concordant pain
reproduction at the
affected level(s)
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Study Inclusion Criteria Exclusion Criteria
Primary Diagnosis | Severity Diagnostic Minimum Age Exclusion Criteria, Exclusion Criteria:
or Condition Criteria Duration of Back-Related Other Comorbidity
Condition
Ray 1997(104); Symptomatic Severely disabling | Low back pain with | 1 year =18 years | Prior interbody fusion at | Concomitant conditions
. degenerative disc or without sciatical, target level(s) requiring steroids
ey 19380320 disease at 1 or 2 pain reproduction Degeneration of Systemic or terminal
FDA PMA levels from L2-S1 on discography, 9 oY
adjacent levels, whether | illness
P950019 annular ainful or not
degeneration, P Active drug abuse
herniation, loss of Spondylolisthesis above Active infect
disc height and/or Grade 1 clive Intection
osteophytes Need for fusion at 3 or Pregnancy
more levels
Anatomic abnormalities
of bone to be fused
Significant endplate
sclerosis at diseased
level
Cervical or thoracic
degenerative disc
disease
Thomsen et al. Chronic low back Severe Not reported Not reported 20-70 Previous fusion Comorbidity, not
1997(105); pain from years Metabolic bone disease | specified
Christensen et al. Zpogdylallsthdegls (e.g., osteoporosis) Psychosocial instability
2002(106) rades 1.and 2 or
primary or
secondary
degenerative

instability
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Study Inclusion Criteria Exclusion Criteria
Primary Diagnosis | Severity Diagnostic Minimum Age Exclusion Criteria, Exclusion Criteria:
or Condition Criteria Duration of Back-Related Other Comorbidity

Condition

Hall et al. Degenerative disc Not reported Increased surface | Not reported Not Absence of evidence of | None reported

1996(108) disease area of the reported | change of disc space on

vertebral endplates radiograph

by ridging or Stable motion segments
osteophyte Asymptomatic clinical
formation on status

radiograph, No stenosis of the canal
increased surface caused by degenerative
area of facet area process of disc

with change in

geometric

configuration,

scarring or

thickening of outer

layer of anulus

fibrosis,

ligamentum flavum,

or facet joint

capsule, instability

of motion segment

unit

Christensen etal. | Not reported Not reported Not reported Not reported Not None reported None reported

1996(107) (Retrospective study reported
of patients who
underwent anterior
lumbar

spondylodesis)
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Study Inclusion Criteria Exclusion Criteria
Primary Diagnosis | Severity Diagnostic Minimum Age Exclusion Criteria, Exclusion Criteria:
or Condition Criteria Duration of Back-Related Other Comorbidity

Condition

Greenough et al. Not reported Not reported Not reported Not reported Not None reported None reported

1994(412); (Retrospective study reported

Greenough et al. of patients who .

1994(109) ynderwent ar)terlor
interbody fusion)

Markwalder and Not reported Not reported Not reported Not reported Not None reported None reported

Battaglia (Retrospective study reported

1993(111) of patients who
underwent
instability-related
failed back surgery
syndrome)

Gill and Not reported Not reported Not reported Not reported Not None reported None reported

Blumenthal (Retrospective study reported

1993(110) of patients who
underwent spinal
fusion)
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Table 14. Characteristics of Patients in Included Studies (Randomized Trials Addressing Key Questions 1 and 2)
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Brox et al. Not 113 60 Chronic back 96 months | 0% 100% 43 years 52% | 65% Not Not
2006(34) reported pain after surgery | median (excluded) | (herniation median reported reported
for herniation, (interquartile surgery) (interquartile
with Range: range 35-
degeneration at | 36-150) 50)
L4-L5 and/or
L5-S1
Fairbank etal. | Not Not 349 Chronic low back | 8 years 0% 8% 12% 49% | 43% Not 13%
2005(82) reported | reported pain with or mean (excluded) | (laminectomy) | <30 years, reported
without referred (Range: 37%
pain. 11% had 1-35) 30-39 years,
spondylolisthesis. 35%
40-49 years,
15%
250 years
Brox et al. Not 121 64 Chronic back 10.8 years | 0% 0% 448 years | 44% | 44% 1% Not
2003(83) reported pain with mean (excluded) mean reported
degeneration at
L4-L5 and/or
L5-S1
Fritzell et al. Not 310 294 Chronic low back | 8.0 years 0% 18.7% 43 years 50% | 32.7% | 21% 61%
2001(84), reported pain with mean (excluded) | (discectomy) | mean
. degeneration at | (Range: (Range:
gggzz“'(gg)t al La-L5andior | 2-40 years) 25.64)

L5-S1 thought to
be causing the
back pain
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Table 15. Characteristics of Patients in Included Studies (Other Studies Addressing Key Question 2)
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Martin et al. NR NA 977 | Hemniated disc NR 0 0 ~ 51 ~48% | NR ~21% NR
2007(86) (462 patients), years (not
degenerative disc reported
(515 patients) separately
1,368 fusion patients for
with stenosis or subgroups
spondylolisthesis that met
did not meet our our
inclusion criteria inclusion
criteria)
Burkus et al. NR 131 | 131 Single-level >6 months 0 35.1% 42 39% | 32.8% | 30.5% 9.9%
2005(87); symptomatic
Burkus et al. degenerative disc
2006(88) disease,
spondylolisthesis
(grade <1)
Sasso et al. NR NR 208 | Degenerative disc Atleast 6 months | NR NR 42.3 (19 52.9% | NR NR NR
2005(89) disease to 81)
Bezer et al. NR 117 17 Degenerative disease NR NR NR 49.5 43.6% | NR NR NR
2004(90) of the lumbar spine
Sasso et al. NR 140 | 140 Degenerative disc Atleast 6 months | 0% 42.1% 41(18t0 | 45% | 30.7% | 38.6% NR
2004(411) disease, 64)
spondylolisthesis
(=Grade 1)
Scaduto et al. NR NA 119 | Painful degenerative NR NR 37.8% 45(20to | 43.7% | NR NR NR
2003(91) disc disease 70)
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Burkus et al. NR 279 | 279 | Degenerative lumbar 26 months NR 0 43 52.3% | 34.4% | 33.7% 14.3%
2002(92) disc disease
Christensen etal. | NR 148 | 148 Primary and secondary | <2 years (18.2%), | 0% 40.5% 455 (20 39.2% | NR NR NR
2002(93) degeneration, to 63)
isthmic >2 years (81.8%)
spondylolisthesis
(Grades 1 and 2)
McAfee et al. NR NA 100 Internal disc disruption, | Atleast 12 months | NR 27% had 47 (22t0 | 50% | 22% NR NR
2002(94) herniated nucleus prior 75)
pulposis, laminectomy
discogenic instability,
postlaminectomy
syndrome
Brantigan et al. NR NA 221 Recurrent disc disease | Mean: 8 years 27.1% 76.9% 44.3 (24 57.0% | 62% | 40% 22%
2000(95); (49.8%), to 77)
FDA PMA spondylolisthesis
P960025 (23.1%), failed fusion
(27.1%)
Slosar et al. NR NA 141 Painful degenerative Atleast6 months | NR, but17% | 69% 38.8 (21 53% | NR 55% NR
2000(96) discs (63.1%), had to 58)
spondylolisthesis pseudarthrosis
(10.6%), from prior
pseudarthrosis (17%), attempted
internal disc disruption fusion
(5.7%),

foraminal stenosis
(2.8%)
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Thalgott et al. NR NA 202 Internal disc disruption, | NR NR 50% 45(23t0 | 50% | NR NR NR
2000(97) failed laminectomy, 74)
spondylolisthesis,
degenerative disc
disease,
spinal stenosis,
severe disc herniation,
pseudarthrosis,
aseptic discitis
Regan et al. NR NA 540 Degenerative disc Mean: 64 months | 0 37.9% 40.6 50.8% | NR 51.5% NR
1999(98) disease (some also
had disc herniation or
spondylolisthesis)
Greenoughetal. | NR NA 135 | Discogenic/ mechanical | NR NR 11.1% 43(22to | 43.7% | NR 48.1% NR
1998(99) back pain, failed 79)
previous surgery,
spondylolysis/
spondylolisthesis
Kuslich et al. NR NA 947 | Degenerative disc Atleast 6 months | 5% 36% 415(19 54% | 26% | 57% NR
1998(100); disease, some with to 73)
Kuslich et al. additional disc
2000(101); herniation or
FDA PMA spondylolisthesis

P950002

(< Grade 1)




149

(7] (%) n > S
k= k= tQ S 5 2
g |g (2P £ £ = c| £3
c |€g| 8% - B ER - 5 |5 |§ S| %5
s %S _g s 2 @ r cwn c 9 c c c s c o
co| o i & c £ =) S = .8 Sw |22 85
so| 5E| 58S o ° 8 t 3 < t 3 b= EZ|ESG| EL
> 2 £ 28|25 < == 8256 s 2 S gx| 982 S®
2 ES|Es5| 5z g 5 E o8'g o9 S S | g2|egs58| g2
7] Zx | Z | Z S a an oo a o < o o | a=sSo| aid
Malter et al. NR NA 1041 | Herniated disc NR NR ~12% ~47 ~54 NR NR NR
1998(102) (207 patients),
degenerative disc
(265 patients)
569 fusion patients with
stenosis, possible
instability or
miscellaneous did not
meet our inclusion
criteria
Ray et al. NR NR 236 | Degenerated painful =1 year NR 45% 41.2 (18 62% | NR NR NR
1997(104); disc space, to 79)
Ray 1998(327); spondylolisthesis
FDA PMA <Grade 1
P950019
Penta and Fraser | NR NA 125 | Discogenic back pain NR 10.4% NR 48 (28to | 41.7% | NR 58.1% NR
1997(103) (78%), failed previous 73)
fusion (10.4%),
spondylolisthesis (6%)
Thomsen et al. NR 130 | 130 | Primary degenerative >2 years (78.5%), | 0 40.8% 44 (20to | 46.2% | 51.5% | NR NR
1997(105); instability (40.8%), 67)
Christensen et al. Secondary <2 years (20.8%)
2002(106) 1 degenerative instability

(31.5%), isthmic
spondylolisthesis
grades 1 and 2 (26.9%)
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Christensen etal. | NR NA 132 Disc Degeneration NR 0 45.8% Range: 15 | 41.7% | NR NR NR
1996(107) (52.5%), to 55
spondylolisthesis
(47.5%, mostly
Grade 1)
Hall et al. NR NA 120 | Degenerative disc NR 0 63% 54 (25t0 | 40.8% | 32% | NR NR
1996(108) disease 83)
Greenough etal. | NR NA 151 Discogenic or NR NR 23% 41(17t0 | 51% | NR 70.2% NR
1994(412); mechanical back pain 62)
Greenough et al. (65%), failed prior
1994(109) surgery (23%), motion
segment instability
(3%), spondylolysis or
spondylolisthesis (9%)
Gill and NR NA 238 Degenerative disc Mean: 1 year 1% NR 39((21to | 73.5% | 57.1% | 94.5% NR
Blumenthal disease (33%), 57)
1993(110) herniated degenerative
disc disease (40%),
postlaminectomy
syndrome (11%),
spondylolisthesis
(10%), recurrent
herniated disc (5%),
pseudarthrosis of prior
fusion (1%)
Markwalder and NR NA 171 Failed back surgery NR NR 100% NR NR NR NR NR
Battaglia syndrome (100%)
1993(111)

* A secondary publication on the male patients in both arms of Burkus et al. 2002(92)
t A follow-up of Thomsen et al. 1997(105)




Table 16. Study Quality Assessments — RCTs Addressing Key Question 1
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Efficacy outcomes (ODI and VAS back pain)

ECRI study quality scale - questions Brox 2006 Fairbank 2005 Brox 2003 Fritzell 2001
1. Were patients randomly assigned to groups? Yes Yes Yes Yes
2. Did the study employ appropriate randomization methods? Yes Yes Yes Yes
3. Was there concealment of allocation? Yes Yes Yes Yes
4. Were methods other than randomization used to make the groups comparable? Yes Yes Yes Yes
5. Were patients assigned to groups based on factors other than patient or physician Yes Yes Yes Yes
preference?
6. Were the characteristics of the patients in different groups comparable? Yes Yes Yes No
7. Did the patients in the different study groups have similar levels of performance on outcomes Yes Yes Yes Yes
at baseline?
8. Did study enroll all suitable or consecutive patients within a time period? Yes Yes Yes Yes
9. Was the study prospectively planned? Yes Yes Yes Yes
10. <5% difference between groups in the proportion of patients receiving ancillary treatments? NR No NR NR
11. Were all of the study’s groups concurrently treated? Yes Yes Yes Yes
12. Was compliance with treatment greater than or equal to 85% in both of the groups? No No Yes Yes
13. Were subjects blinded to treatment? No No No No
14. Was the treating physician blinded to group assignment? No No No No
15. Were the outcome assessors blinded to group assignment? No No No No
16. Was blinding of patients, physicians, or outcome raters tested and found to be preserved? No No No No
17. Was the outcome of interest objective? No No No No
18. Was the instrument used to measure the outcome standard? Yes Yes Yes Yes
19. Were the follow-up times in all of the study’s relevant groups approximately equal (difference Yes Yes Yes Yes
<15%)?
20. Did 85% or more of the patients complete the study? Yes No Yes Yes
21. Was there a less than 16% difference in completion rates in the study’s groups? Yes Yes Yes Yes
22. Was the study free from potential financial conflict of interest? Yes Yes Yes No
Quality score 7.0 6.4 7.5 6.6
Quality rating Moderate Moderate Moderate Moderate




Table 17. Data for Key Question 1 — Change in Oswestry Disability Index (ODI) Scores
Study Surgical Number of Number of Duration of | Number of | Oswestry Oswestry Difference in
procedure / Patients patients who | Followup Patients at | Disability Disability Change
nonsurgical Enrolled changed Follow up | Index (ODI)2 | Index (ODI)2 | Scoreb
therapy treatment at Baseline | at Followup
groups
(crossovers)
Brox et al. Posterolateral 29 (23 received 0 1 year 28 47 (9.4) 38.1(20.1) 9.7
2006(34) fusion (PLF) with surgery) (-21.7t0 1.7)
pedicle screws + =009
autologous bone p=v.
graft (adjusted for
Cognitive 31 (29 received | 2 29 451(91) | 323(19.1) | genderand
. X ) . treatment
intervention + intervention) expectations)
exercises
Fairbank etal. | Spinal fusion 176 (139 received | 7 2 years 138 46.5 (14.6) 34.0 (21.1) 4.1
2005(82) (unspecified) surgery) (0.1t0 8.1)
Intensive cognitive | 173 (151 received | 10 (butan 146 44.8 (14.8) 36.1 (20.6) p =0.045
behavioral-based intervention) additional 38 diusted
rehabilitation had surgery (@ wusteafor
after baseline
rehabiltation measures)
before the
2-year
followup)
Brox et al. PLF with 37 (33 received 0 1 year 35 42.0 (11.0) 26.4 (16.4) 2.7
2003(83) pedicle screws + surgery) (-6.81t0 12.2)
autologous bone _
graft + p=033
physical therapy (adjusted for
Cognitive 27 (25 received | 1 26 430(130) | 297 (19.6) ?rzgfrf];ﬁ?d
intervention + intervention) .
expectations)

exercises
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Study Surgical Number of Number of Duration of | Number of | Oswestry Oswestry Difference in
procedure / Patients patients who | Followup Patients at | Disability Disability Change
nonsurgical Enrolled changed Follow up | Index (ODI)2 | Index (ODI)2 | Scoreb
therapy treatment at Baseline | at Followup

groups
(crossovers)

Fritzell et al. PLF with or without | 222 (204 received | 18 2 years 201 47.3 (11.4) 35.7 (18.0) 8.8

2001(84); pedicle screws, or | surgery) 0=0.015

Fritzell et al circumferential '

2002(85) (PLIF or ALIF)

Physical therapy + | 72 (65 received 7 63 484 (11.9) 45.6 (16.1)
other non- intervention)

operative therapies

a0ODI score ranges from 0-100; higher scores mean greater disability

b Positive differences favor fusion; negative differences favor nonsurgical therapy

153



Table 18. Data for Key Question 1 — Change in VAS for Back Pain
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Number of
patients who
changed
treatment Number of | VAS Back VAS Back
Number of groups Duration of | Patients at | Pain? at Paina at Difference in
Study Surgical procedure / nonsurgical therapy | Patients Enrolled | (crossovers) | Followup Follow up | Baseline Followup Change®
Brox et al. Posterolateral fusion (PLF) with pedicle 29 (23 received 0 1 year 28 64.6 (15.4) 50.7 (27.3) 5.2
2006(34) screws + autologous bone graft surgery) (-18.01t07.6)
Cognitive intervention + exercises 31 (29 received 2 29 64.7 (11.1) 49.5 (20.0) p=042
intervention) (Adjusted for
gender)
Brox et al. PLF with transpedicular screws + 37 (33 received 0 1 year 35 62.1 (14.5) 39.4 (25.5) 8.6
2003(83) autologous bone graft + physical therapy surgery) (-3.0t0 20.1)
Cognitive intervention + exercises 27 (25 received 1 26 64.1 (13.7) 48.7 (24.0) p=0.14
intervention)
Fritzell et al. PLF with or without pedicle screws, or 222 (204 received 18 2 years 201 64.2 (14.3) 43.2 (25.2) 16.7
2001(84); circumferential (PLIF or ALIF) surgery)
Fritzell et al. Physical therapy + 72 (65 received 7 63 62.6 (14.3) 58.3(18.8) p =0.0002
2002(85) other non-operative therapies intervention)

aV/AS ranges from 0-100; higher scores mean greater disability
b Positive differences favor fusion; negative differences favor nonsurgical therapy
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Table 19. Overall Early and Late Adverse Event Rates Associated with Fusion (RCTs Addressing Key Questions 1

and 2)
Study Surgical procedure (type of fusion) and Number of Duration of Number | Overall early Overall late Overall total
control intervention Patients Follow- up of adverse event | adverse event | adverse event
Enrolled Patients | rate rate rate
at
Follow up
Brox et al. Posterolateral fusion (PLF) with pedicle screws + 29 (23 received Early: 23 NR 0 (0%) NR
2006(34) autologous bone graft surgery) 1 month?
Cognitive intervention + exercises 31 (29 received Late: 29 NR 0(0% NR
intervention) >1 month? to
1 year
Fairbank et al. Spinal fusion (unspecified) 176 (139 received | Intraoperative 149 Intraoperative: Postoperative: NR
2005(82) surgery) (includes | 19 (12.8%) 11 (7.9%)
10
crossover
patients)
Intensive cognitive behavioral-based rehabilitation 173 (151 received | Postoperative | 158 0 (0%) 0 (0%) NR
intervention) (1dayto (includes
2 years) 7 p=0.000004 | p=0.0005
crossover
patients)
Brox et al. PLF with pedicle screws + autologous bone graft + | 37 (33 received Early: 33 6 (18%) 0 (0%) NR
2003(83) physical therapy surgery) 1 month?
Cognitive intervention + exercises 27 (25 received Late: 25 0 (0%) 0 (0%) NR
intervention) >1 month? to p=003
1 year
Fritzell et al. PLF with or without pedicle screws, or 222 (204 received | Early: within 211 37 (17.5%) 13 (6.2%) NR
2001(84), circumferential (PLIF or ALIF) surgery) first 2 weeks (includes
Fritzell et al. 7
2002(85) crossover
patients)
Physical therapy + other non-operative therapy 72 (65 received Late: >2 weeks | 65 0 (0%) 0 (0%) NR
(varied) intervention) to 2 years p = 0.0003 p=0.04
NR  Not reported.
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Table 20. Overall Early and Late Adverse Event Rates Associated with Fusion (Other Studies Addressing
Key Question 2)

Study Surgical Number of Duration of Number of | Overall early Overall late Overall total Other
procedure Patients Follow- up Patients at | adverse event adverse event adverse event
(type of fusion) Enrolled Follow up rate rate rate

Martin et al. Not specified 462 patients with | 11 years 462 NR NR NR NR
2007(86) herniated discs

515 patients with 515 NR NR NR NR
degenerative disc
disease

Burkus et al. rhBMP-2 and 79 24 months 79 NR NR NR NR
2005(87); MD-II threaded
Burkus et al. cortical, bone
2006(88) dowel. Anterior
lumbar interbody
fusion (ALIF),
open, with
transperitoneal or
retroperitoneal
approach

Autologous bone 52 52 NR NR NR NR
graft fusion,
Anterior (ALIF),
open

Sasso et al. Fusion with 208 2 years 208 NR NR NR NR
2005(89) autograft, Anterior
lumbar interbody
fusion (ALIF),
retroperitoneal or
transperitoneal
approach
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Study Surgical Number of Duration of Number of | Overall early Overall late Overall total Other
procedure Patients Follow- up Patients at | adverse event adverse event adverse event
(type of fusion) Enrolled Follow up rate rate rate
Bezer etal. Unspecified 59 2 years 59 NR NR 12 (20%) Major: 4 (7%)
2004(90) instrumentation Minor: 8 (14%)
with autologous
bone graft -
traditional harvest,
Posterolateral
approach (PLF)
Unspecified 58 58 NR NR 5 (8.6%) Major: 1 (2%)
instrumentation Minor: 4 (7%)
with autologous
bone graft -
interfascial
harvest, PLF
Scaduto et al. Various 88 30 days 88 Intraoperative: NR Total (both NR
2003(91) instruments, 0(0%) procedures
mostly cylindrical Major combined)
threaded titanium postoperative: 26 (22%)
non- tapered 3 (3%)
implants, Anterior :
(ALIF) Minor
postoperative:
10 (11%)
Various 31 31 Intraoperative: NR NR
instruments, 9 (29%)
mostly cylindrical Mai
Y jor
threaded tltznlum postoperative:
ir;r?gl-atr?tze:’eosterior 8 events in
; tients (199
lumbar interbody 6 Ipa fents (19°%)
fusion (PLIF) Minor
postoperative:

1(3%)
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Study Surgical Number of Duration of Number of | Overall early Overall late Overall total Other

procedure Patients Follow- up Patients at | adverse event adverse event adverse event

(type of fusion) Enrolled Followup | rate rate rate
Burkus et al. Fusion with iliac 136 2 years 136 NR NR NR NR
2002(92) crest autograft,

Anterior (ALIF),

retroperitoneal or

transperitoneal

approach

Fusion with 143 132 NR NR NR NR

rhBMP-2,

Anterior (ALIF),

retroperitoneal or

transperitoneal

approach
Christensen etal. | Posterolateral 73 Mean: 73 NR NR NR NR
2002(93) fusion (PLF) with 14 months

titanium Cotrel- (Range: 1 day

Dubousset to 48 months)

instrumentation
Brantigan et al. Brantigan I/F Cage | 221 2 years 221 NR NR Device-related: NR
2000(95) with Variable 0 major,

Pedicle Screw 30 (14%) minor

Placement System .

and Autologous Not device-

bone graﬁ, related: .

Posterior approach 23 (10%) major,

(PLIF) 29 (13%) minor
Slosar et al. Instrumented 141 Mean: 133 NR NR 27 (20%) NR
2000(96) circumferential 37.2 months

fusion (Range:

24-53 months)
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Study

Surgical
procedure
(type of fusion)

Number of
Patients
Enrolled

Duration of
Follow- up

Number of
Patients at
Follow up

Overall early
adverse event
rate

Overall late
adverse event
rate

Overall total
adverse event
rate

Other

Thalgott et al.
2000(97)

Gasless
endoscopic
anterior lumbar
interbody fusion
utilizing the
B.E.R.G approach

202

Perioperative
(duration not
reported)

202

NR

NR

NR

NR

Regan et al.
1999(98)

BAK Cage,
Anterior (ALIF),
Open surgery, with
Retroperitoneal
Approach,
Single-level

305

BAK Cage,
Laparascopic
surgery, with
transperitoneal
Approach,
Single-level

240

Postoperative

305

NR

NR

NR

Major: 6 (2%)

Minor:
43 (14%)

215

NR

NR

NR

Major: 0

Minor: 41
(19.1%)

Greenough et al.

1998(99)

Pedicle screw
fixation using
variable screw
plate,
Posterolateral
approach (PLF)

135

12-36 months

135

NR

NR

NR

NR

Kuslich et al.
1998(100);

Kuslich et al.
2000(101)

Bagby and Kuslich
(BAK) interbody
fusion using the
anterior
retroperitoneal
approach (ALIF) or
the posterior
laminotomy (PLIF)
approach

947

2 years

947

Intraoperative:
78 (8.2%)

Postoperative:
90 (9.5%)

(Cannot
separate early
from late)

NR

Total major
complications
(2.0%)
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Study Surgical Number of Duration of Number of | Overall early Overall late Overall total Other

procedure Patients Follow- up Patients at | adverse event adverse event adverse event

(type of fusion) Enrolled Follow up rate rate rate
Malter et al. Not specified 207 patients with | Cumulativeto | 207 NR NR NR NR
1998(102) herniated discs 6 years
Penta and Fraser | Fusion with iliac 125 At least 103 NR NR 10% of patients | NR
1997(103) crest autograft, 10 years

Anterior approach

(ALIF)
Ray et al. Ray Titanium 236 48 months 211 NR NR NR NR
1997(104) Cage, Posterior

Approach (PLIF)
Thomsen et al. Posterolateral 64 5 years 64 NR NR NR NR
1997(105); fusion (PLF) with
Christensen etal. | Coirel-Dubousset
2002(106)+ instrumentation

and autologous

bone implant
Christensen etal. | Anterior (ALIF) 132 5-13 years 120 NR NR NR NR
1996(107)
Hall et al. Isola Spinal 120 Operative 120 Operative: Postoperative: NR NR
1996(108) Implant System 14 eventsin 12 | 37 eventsin 28

(staged anterior (10%) patients (23%)patients

and posterior as

well as posterior

approach alone,

but methods not

well-described)
Greenough et al. Anterior (ALIF) 151 Minimum 136 NR NR 30 events in NR
1994(109) 2 years, 26 patients

Range:

24-82 months




161

Study

Surgical
procedure
(type of fusion)

Number of
Patients
Enrolled

Duration of
Follow- up

Number of
Patients at
Follow up

Overall early
adverse event
rate

Overall late
adverse event
rate

Overall total
adverse event
rate

Other

Gill and
Blumen

thal

1993(110)

Wiltse Pedicle
Screw Fixation
System with
autograft,
Posterior (PLIF),
lateral implantation
from unilateral
approach with
lateral/bilateral
fusion

238

At least
2 years

238

NR

NR

NR

NR

Markwalder and

Battagli

a

1993(111)

Fusion by various
techniques,
including Magerl
translaminar screw
fixation technique
and Louis plate
fixation method

17

Mean:
23.8 months

163

NR

NR

NR

NR

T A follow-up of Thomsen et al. 1997(105)

NR

Not reported.
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Table 21. Individual Operative and Postoperative Adverse Events (RCTs Addressing Key Questions 1 and 2)

Associated
Surgical Number with
procedure Number of surgical
(type of fusion) of Duration of Patients Bleeding or approach or
and control Patients | Follow- up for | at vascular Neurological | graft Device-
Study intervention Enrolled | early events Follow up | complication | Infection | complication | harvest related Other
Brox et al. Posterolateral 29 (23 1 month? 23 NR Wound NR NR NR NR
2006(34) fusion (PLF) with received infection
pedicle screws + surgery) 2 (9%)
autologous bone
graft
Fairbank etal. | Spinal fusion 176 (139 | Intraoperative 139 Excessive NR NR Vascular Broken Dural tear
2005(82) (unspecified) received bleeding: injury: drain 5 (4%)
surgery) 3 (2%) 1(0.7%) 1(0.7%)
Bone fracture
Vascular Loss of Implant 1(0.7%)
injury: swab problems
1(0.7%) 1(0.7%) 5 (4%) Loss of
purchase of
Hemorrhage Peritoneal fixation;
1(0.7%) tear 3 (2%)
2 (1%)
Brox et al. PLF with 37 (33 Perioperative 33 Bleeding: Wound NR NR NR Dural tear
2003(83) pedicle screws + received 2 (6%) infection: 1(3%)
autologous bone surgery) 2 (6%)
graft + Venous
thrombosis:

physical therapy

1(3%)
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Associated
Surgical Number with
procedure Number of surgical
(type of fusion) of Duration of Patients Bleeding or approach or
and control Patients | Follow- up for | at vascular Neurological | graft Device-
Study intervention Enrolled | early events Follow up | complication | Infection | complication | harvest related Other
Fritzell et al. PLF with or 222 (204 | Within first 211 Major complications:
2001(84); without received 2 weeks
zggzze(gg)t al. 2ﬁgﬁ§gﬁﬁ’ or .| surgeny) Within first 211 Major. Deep New . NR Nerve root Aspiration-
(PLIF or ALIF) 2 weeks bleedings wound sensation of hit by sepsis-ARDS
during surgery | infections | nerve root pedicle 1(0.5%)
2 (1%) 3 (1.4%) pain, no re- screw, re- By
Thrombosis + (2 implant | operation operated uimonary
oulmonary related) | 6 (2.8%) 3 (1.4%) ﬁgngf/ )
embolus
1(0.5%)
Thrombosis
1(0.5%)
Heart failure +
Gl bleeding
1(0.5%)
Fritzell et al. PLF with or 222 (204 | Within first 211 Minor complications:
2001(84); without pedicle received 2 weeks
- SCrews, or surgery) .
Egézze(lil;g)t al. circumferential gv'th'nkf'rSt 211 Gastro- Reopera- | Sympathetic | Donor site Laterally Skin problem
(PLIF or ALIF) WeeKks intestinal tion: cord damage | pain placed during
bleeding Superficial | with 9 (4%) screw surgery
3 (1.4%) wound symptoms (1day to 2(1.0%) 2 (1%)
infection 2 (1%) 2 years)
Reoperation: 2 (1%) Dural tear
hematoma Pain in arm 1(0.5%)
at donor site after surgery .
2 (1.0%) 1(0.5%) Wing scapula
after surgery
1(0.5%)

NR  Not reported.
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Table 22. Reoperation and Late Events (RCTs Addressing Key Questions 1 and 2)

Surgical procedure Number of

(type of fusion) and Number of Duration of Patients at | Reoperation Other late
Study control intervention Patients Enrolled | Follow- up Follow up (total) Reoperation (specific causes) complication
Fairbank et al. Spinal fusion (unspecified) | 176 (139 received | 1 day to 139 11(7.9%) NR NR
2005(82) surgery) 24 months
Fritzell et al. PLF with or without pedicle | 222 (204 received | 1 day to 211 16 (7.6%) Major: Donor site pain
2001(84), screws, or circumferential surgery) 24 months ' 9 (4%)
Fritzell et al. (PLIF or ALIF) Nerve root hit by pedicle screw (early)
2002(85) 3 (1.4%)

Deep wound infections (early)
3 (2.4%)

Deep wound infections (late)
2(1.0%)

Patient operated on wrong level
(reoperated late)
1(0.5%)

Pseudoarthroses (late)
2(1.0%)

Minor:

Reoperation: hematoma at donor site

(early)
2 (1%)

Reoperation: Superficial wound
infection (early)
2 (1%)

Reoperation: late deep wound
infection
2(0.9%)

Reoperation: pseudarthrosis
2(0.9%)

NR

NR  Not reported.
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Table 23. Individual Operative and Postoperative Adverse Events (Other Studies Addressing Key Question 2)
Associated
with
Number surgical
Surgical of Number of | Bleeding or approach or
procedure Patients | Duration of Patients at | vascular Neurological | graft Device-
Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
Sasso et al. Fusion with 208 Length of 202 NR NR NR lliac crest NR NR
2005(89) autograft, Anterior hospital stay bone graft
lumbar interbody donor site
fusion (ALIF), pain
retroperitoneal or 200 (99%)
transperitoneal
approach
Bezer et al. Unspecified 59 <6 months 59 Major complications
2004(90) instrumentation
with autologous 0 0 0 0 0 0
bone graft - Minor complications
traditional
harvest, Serous NR Temporary Pain over NR NR
Posterolateral hematoma sensory loss | the donor
approach (PLF) 2 (4%) 4 (7%) site lasting
more than
one month

2 (4%)
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Associated
with
Number surgical
Surgical of Number of | Bleeding or approach or
procedure Patients | Duration of Patients at | vascular Neurological | graft Device-
Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
Bezer et al. Unspecified 58 <6 months 58 Major complications
2004(90) instrumentation
W|th auto|ogous 0 0 0 SaCFOi”aC 0 0
bone graft — penetration
interfascial 1(2%)
harvest, . -
Posterolateral Minor complications
approach (PLF) Serous NR NR Temporary | NR NR
hematoma sensory loss
1(2%) 2 (3%)
Pain over
the donor
site lasting
more than
one month

1(2%)
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Associated
with
Number surgical
Surgical of Number of | Bleeding or approach or
procedure Patients | Duration of Patients at | vascular Neurological | graft Device-
Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
Sasso et al. INTER FIX device | 77 2 years (early | 77 Vascular 0 14 (17.9%) Sacroiliac 0 Incisional
2004(411) with autogenous and late intraoperative pain 5 (6.4%)
iliac crest-derived events not 9 (11.5%) 7 (8.9%) .
bone, anterior noted Spinal event
approach (AL|F)’ separate|y) Vascular Retrograde 11 (141%)
single-level postoperative ejaculation Urolodical
i - 1(1.3%) 1(1.3%) rologica
interbody fusion 2 (2.6%)
Gastro-
intestinal
5 (6.4%)
Other
7(9.0%)
Back pain
4 (5.1%)
Respiratory
6 (7.7%)
Leg pain
2 (2.6%)
Trauma
1(1.3%)
Peritoneal
3 (3.8%)
Bone fracture

2 (2.6%)
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Associated
with
Number surgical
Surgical of Number of | Bleeding or approach or
procedure Patients | Duration of Patients at | vascular Neurological | graft Device-

Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
Femoral ring 2 years 62 Vascular 0 Neurological | groiliac Implant Death
allograft with intraoperative 16 (25.8%) pain breakage 1(1.6%)
autogenous liac 2(3.2%) 3 (4.8%) 5 (8.1%) .
crest-derived ' Back pain
bone, anterior Vascular Graft site Implant 14 (225%)
approach (ALIF), postoperative pain displacement/ o
Sing|e-|eve| 2 (32%) 1 (1 6%) |0036ning |nC|S|O|"La|
interbody fusion 6 (9.7%) 8 (12.9%)

thgggt?:r? Spinal event
4 (6.59

0 (0%) (6:5%)
Urological
2 (3.2%)
Gastro-
intestinal
5(8.1%)
Respiratory
1(1.6%)
Meningitis
1(1.6%)
Other pain
6 (9.7%)
Other

5 (8.1%)
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Associated
with
Number surgical
Surgical of Number of | Bleeding or approach or
procedure Patients | Duration of Patients at | vascular Neurological | graft Device-
Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
Scaduto et al. Various 88 30 days 88 Deep vein NR NR NR Radiculopathy | lleus
2003(91) instruments, thrombosis from bone 5 (6%)
mostly cylindrical 2 (3%) spike o
threaded titanium 1(1%) Readmission
non- tapered for pain,
implants, Anterior negative
approach (ALIF) workup
2 (3%)
Urinary
retention
1(1%)
Atelectasis
1(1%)
Transient
brachial
plexus palsy

1(1%)
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Associated
with
Number surgical
Surgical of Number of | Bleeding or approach or
procedure Patients | Duration of Patients at | vascular Neurological | graft Device-
Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
Scaduto et al. Various 31 30 days 31 Epidural NR NR NR Reoperation: | Durotomy
2003(91) instruments, hematoma radiculopathy | 9 (29%)
mostly cylindrical 1(3%) from cage
threaded titanium placement New
non- tapered 1(3%) weakness,
implants, negative
Posterior lumbar workup
interbody fusion 1(3%)
(PLIF) Persistent
cerebrospinal
fluid leak or
pseudomenin
gocele
5(16%)
Meningitis

1(3%)
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Associated
with
Number surgical
Surgical of Number of | Bleeding or approach or
procedure Patients | Duration of Patients at | vascular Neurological | graft Device-
Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
Burkus et al. Fusion with iliac 136 Intraoperative | 136 Intraoperative | NR NR Autograft: NR NR
2002(92) crest autograft, or vascular injuries to
Anterior (ALIF), perioperative events lateral
retroperitoneal or 5 (4%) femoral
transperitoneal . cutaneous
approach Deep vein nerve
thrombosis 3 (2%)
2 (2%)
Autograft
related:
Avulsion
fracture of
anterior
superior iliac
crest
2 (2%)
Autograft-
related:
infection
1(0.8%)
Autograft-
related:
hematoma
1(0.8%)
Burkus et al. Fusion with 143 Intraoperative | 132 Intraoperative | NR NR 0 NR NR
2002(92) rhBMP-2, vascular
Anterior (ALIF), events
retroperitoneal or 6 (5%)
transperitoneal

approach
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Associated
with
Number surgical

Surgical of Number of | Bleeding or approach or

procedure Patients | Duration of Patients at | vascular Neurological | graft Device-
Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
Burkus et al. Fusion with 146 males | 2 years 146 NR NR NR Retrograde | NR NR
2002(92) rhBMP-2 or ejaculation 6

autograft, (4%), 4 (3%)

Anterior (ALIF), permanent

retroperitoneal or

transperitoneal

approach
Christensen et al. | Posterolateral 73 Perioperative | 73 Hematoma Superficial NR NR Nerve root Dura lesion
2002(93) fusion (PLF) with 2 (2.8%) infection injury due to 1(1.4%)

titanium Cotrel- 1(1.4%) screw

Dubousset misplacement .

instrumentation 1(1.4%) Urinary tract

infection
3 (4.1%)

Circumferential 75 Perioperative | 75 Vascular injury | Deep NR NR Nerve root Urinary tract

fusion (anterior 4 (5.3%) infection injury due to infection

lumbar interbody 1(1.3%) screw 4 (5.3%)

fusion (ALIF) with Hematoma misplacement

Brantigan cage, 1(1.3%) 3 (4%)

using a

retroperitoneal

approach to the
lumbar discs +
posterolateral
fusion)
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Associated
with
Number surgical
Surgical of Number of | Bleeding or approach or
procedure Patients | Duration of Patients at | vascular Neurological | graft Device-
Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
Brantigan et al. Brantigan I/F 221 Intraoperative | 221 Major complications
2000(95) Cage with to several
Variable Pedicle days after Deepvenous | NR Increasing NR NR Death due to
Screw Placement surgery thrombosis motor deficit intraoperative
System and 2 (0.9%) after surgery complications
Autologous bone 3 (1%), (massive
graft, Posterior 1 permanent bleeding,
approach (PLIF) (0.5%) myocardial
infarction)
Reflex 2(0.9%)
sympathetic
dystrophy Myocardial
3 (1.4%) infarction
1(0.5%)
Minor complications
NR NR NR NR NR NR
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Associated
with
Number surgical
Surgical of Number of | Bleeding or approach or
procedure Patients | Duration of Patients at | vascular Neurological | graft Device-
Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
Slosar et al. Instrumented 141 Operative or 141 Death due to Superficial Transient Retrograde NR NR
2000(96) circumferential perioperative massive posterior motor ejaculation
fusion pulmonary infection weakness 1(0.7%)
embolism 4 (3%) 9 (7%)
1(0.7%) Anterior graft
Deep extrusion
lliac artery posterior 3 (2%)
thrombosis, infection
treated in 5 (4%)
recovery
without
permanent
effect
1(0.7%)
Deep vein
thrombosis
2 (2%)
Thalgott et al. Gasless 202 Operative or | 202 Deep vein NR Foot drop Conversion | NR NR
2000(97) endoscopic perioperative thrombosis 2 (1%) to open
anterior lumbar (duration not 1(0.7%) approach
interbody fusion reported) 34 (17%)
utilizing the Retrograde
B.ERG ejaculation
approach

1(0.7%)
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Associated
with
Number surgical
Surgical of Number of | Bleeding or approach or
procedure Patients | Duration of Patients at | vascular Neurological | graft Device-
Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
Regan et al. BAK Cage, 305 Perioperative | 305 Great vessel Infection Leg pain Retrograde | Implant lleus
1999(98) Anterior (ALIF), or (aortaorvena | 6(2%) 2(0.7%) ejaculation Migration 10 (3%)
Open surgery, postoperative cava) damage 7(2%) 4 (1%)
with (duration not 2(0.7%) Atelectasis/
Retroperitoneal reported) pneumonia
Approach, Pulmonary 2(0.7%)
Single-level embolism .
1(0.3%) Urologic
3 (1%)
Hematoma/
seroma Wound
3 (1%) dehiscence/
incisional
Great vessel hernia
damage (aorta 3 (1%)
or vena cava)
2(0.7%) Other, minor
3 (1%)
Pulmonary
embolism

1(0.3%)
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Associated
with
Number surgical
Surgical of Number of | Bleeding or approach or
procedure Patients | Duration of Patients at | vascular Neurological | graft Device-
Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
BAK Cage, 240 Perioperative | 215 Thrombosis/ Infection Leg pain Retrograde | Implant Conversion to
Laparascopic or thrombo- 3 (1.4%) 1(0.5%) ejaculation migration open
surgery, with postoperative phlebitis 11 (5.1%) 1(0.5%) procedure:
transperitoneal (duration not 1(0.5%) 25 (10.4%)
Approach, reported) .
Single-level Atelectasis/
pneumonia
2 (0.9%)
Disc
herniation
6 (2.8%)
Spondylosis
(fractures)
3 (1.4%)
Other
3 (1.4%)
Greenough etal. | Pedicle screw 135 Perioperative | 135 Deep vein Superficial Signs of NR Pedicle Urinary tract
1998(99) fixation using thrombosis wound nerve root fracture infection
variable screw 1 (1%) infection compression 1 (1%) secondary to
plate, 1(1%) 3 (2%) catheteriza-
Posterolateral Pulmonary tion
approach (PLF) embolism 13 (10%)
without evident
deep venous
thrombosis

1(1%)
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Associated
with
Number surgical
Surgical of Number of | Bleeding or approach or
procedure Patients | Duration of Patients at | vascular Neurological | graft Device-
Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
Kuslich et al. Bagby and 947 Intraoperative | 947 Vessel Superficial Neurologic Retrograde Implant Dural
1998(100); Kuslich (BAK) or damage, infection 26 (2.7%) ejaculation migration with | complications
Kuslich et al. interbody fusion postoperative bleeding 23 (2.4%) 11 (1.2%) reoperation 36 (3.8%)
2000(101) using the anterior to 2 months 11 (1.2%) . 11 (1.2%) _
retroperitonea| Fat|gue Ate|eCtaSIS,
approach (ALIF) Hematoma, fracture S1 pneumonia
or the posterior seroma 1(0.1%) 11(1.2%)
laminotomy 12 (1.3%) Urologic
(PLIF) approach Phlebitis, 9 (1.0%)
pulmonary
embolism lleus
5 (0.5%) 14 (1.5%)
Other (Gl
bleed, anemia)
11 (1.2%)
Penta and Fraser | Fusion with iliac 125 Duration not 103 Pulmonary Superficial Prolonged Urinary
1997(103) crest autograft, reported embolus wound donor site retention
Anterior approach infection pain 1(1%)
(ALIF) 4 (3.9%), 2 (2%) 2 (2%)
(including Superficial
1 deep vein Chest wound
thrombosis) infection dehiscence
1(1%) 1(1%)
Urinary tract
infection

2 (2%)
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Associated
with
Number surgical
Surgical of Number of | Bleeding or approach or
procedure Patients | Duration of Patients at | vascular Neurological | graft Device-
Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
Ray et al. Ray Titanium 236 Up to 6 weeks | 211 NR Superficial Foot NR NR Dural tear
1997(104) Cage, Posterior wound weakness 13 (6%)
Approach (PLIF) infection 24 (11%)
5(2%)
(2 did not
Deep wound | resolve within
infection 6 weeks)
2 (1%)
Thomsen et al. Posterolateral 110 Perioperative | 110 Minor complications (no major complications)
1997(105) and fusion (PLF) with to discharge
Christensen et al. Br \g’ithOUt tCotreI-
ubousse
2002(106) instrumentation
and autologous
bone implant
Thomsen et al. Posterolateral 64 Perioperative | 64 0 0 0 0 0 Dural tear
1997(105) fusion (PLF) with (no 1(2%)
Cotrel-Dubousset perioperative
instrumentation complications
and autologous in non-
bone implant instrumented
group)
With or without 110 Postoperative | 110 NR Superficial NR NR NR Urinary tract
Cotrel Dubousset to discharge wound infection
instrumentation infection 2(1.8%)
2 (1.8%)

Stress ulcus
2 (1.8%)
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Associated
with
Number surgical
Surgical of Number of | Bleeding or approach or
procedure Patients | Duration of Patients at | vascular Neurological | graft Device-
Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
Christensen et al. | Anterior (ALIF) 132 Postoperative | 120 Died from NR NR Retrograde NR NR
1996(107) (patients pulmonary ejaculation,
followed for embolism permanent
5-13 years) 2 (2%) “at least”
8 men (6%)
Hall et al. Isola Spinal 120 Operative 120 Excessive NR Paraplegia NR Split or Dural leak
1996(108) Implant System bleeding 1(1%) fractured 7 (6%)
(staged anterior 3 (3%) pedicle during
and posterior as . screw
well as posterior Aortic insertion
approach alone, thrombosis 2 (2%)
but methods not 1(1%)
well-described) Postoperative | 120 NR Superficial Neurologic NR Nerve root Adynamic
3(2.5%) 6 (5%) irritation by ilius
malpositioned | 4 (3.3%)
Deep: Reflex pedicle
4 (3.3%) (3 of | sympathetic screws Cardiac
4 occurred dystrophies 4 (3.3%) 4 (3.3%)
late) 2(1.7%)
Pulmonary
3(2.5%)
Other

7 (5.8%)
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Associated
with
Number surgical
Surgical of Number of | Bleeding or approach or
procedure Patients | Duration of Patients at | vascular Neurological | graft Device-
Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
Greenough etal. | Anterior interbody | 151 Minimum 136 Deep vein NR NR Persistent Knodt rod Urinary tract
1994(109) fusion (ALIF), 2 years, thrombosis symptoms fracture infection
retroperitoneal Range: 24-82 without from donor 2 (1%) secondary to
approach months pulmonary site catheteriza-
embolism 1(0.7%) tion
Deep vein Diskitis
thrombosis 1(0.7%)
with pulmonary
embolism
4 (3%)
Gill and Wiltse Pedicle 238 Time of latest | 238 Thrombo- Superficial Drop foot Retropulsion | Fractured Dural leak
Blumenthal Screw Fixation complication phlebitis wound 1(0.4%) of graft SCrews, 1(0.4%)
1993(110) System with not reported. 1(0.4%) infection 2 (1%) evident on .
autogratt, Most appear 13 (5%) New onset leg radiograph by | Acute urinary
Posterior (PLIF) early. pain asymptomatic | retention
lateral Deep wound | 6 (3%) 3 (1%) 1(0.4%)
implantation from infection
unilateral 4 (2%) Severe Loosening of
approach with postoperative SCrews
lateral/bilateral sciatica 26 (10%)
fusion requiring
surgical
exploration

1(0.4%)
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Associated
with
Number surgical
Surgical of Number of | Bleeding or approach or
procedure Patients | Duration of Patients at | vascular Neurological | graft Device-
Study (type of fusion) | Enrolled | Follow- up Follow up | complication | Infection complication | harvest related Other
Markwalder and Fusion by various | 171 Early 171 NR Infection after | Foot drop NR Correction of | NR
Battaglia techniques, reoperation 3 (1.8%) malpositioned
1993(111) including Mager! 1(0.6%) pedicle screw
translaminar 2 (1.2%)

screw fixation
technique and
Louis plate
fixation method

T A follow-up of Thomsen et al. 1997(105)
NR  Not reported.




Table 24. Reoperation and Late Events (Other Studies Addressing Key Question 2)

Number of
Surgical procedure | Number of Duration of Patients at Reoperation (any | Reoperation Other late or
Study (type of fusion) Patients Enrolled | Follow- up Follow up cause) (specific causes) | permanent events
Martin et al. Not specified 462 patients with Cumulative to 462 58 (13%) NR NR
2007(86) herniated discs 2 years
Cumulative to 462 77 (17%) NR NR
4 years
Cumulative to 462 89 (19%) NR NR
6 years
Cumulative to 462 101 (22%) NR NR
8 years
Cumulative to 462 107 (23%) NR NR
10 years
Cumulative to 462 115 (25%) NR NR
11 years
Martin et al. Not specified 515 patients with Cumulative to 515 51 (10%) NR NR
2007(86) degenerative disc | 2 years
disease .
Cumulative to 515 66 (13%) NR NR
4 years
Cumulative to 515 76 (15%) NR NR
6 years
Cumulative to 515 83 (16%) NR NR
8 years
Cumulative to 515 92 (18%) NR NR
10 years
Cumulative to 515 105 (23%) NR NR

11 years
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Number of
Surgical procedure | Number of Duration of Patients at Reoperation (any | Reoperation Other late or
Study (type of fusion) Patients Enrolled | Follow- up Follow up cause) (specific causes) | permanent events
Burkus et al. rhBMP-2and MD-l| 79 “More than 79 2(2.5%) Supplemental NR
2005(87); threaded cortical, 24 months” posterior fixation
Burkus et al bone dowel. Anterior 2 (2.5%)
2006(88) ' lumbar interbody
fusion (ALIF), open,
with transperitoneal
or retroperitoneal
approach
Burkus et al. Autologous bone 52 24 months 52 Reoperation: To remove NR
2005(87); graft fusion, residual disc
Burkus et al. Anterior (ALIF), open material
2006(88) 1(2%)
Supplemental
posterior fixation
8 (15.4%)
Sasso et al. Fusion with 208 6 weeks 199 NR NR lliac crest bone graft
2005(89) autograft, postoperative donor site pain
Anterior (ALIF), 165 (83%)
retroperitoneal or .
transperitoneal 3 months . 199 NR NR 114 (57%)
approach postoperative
6 months 192 NR NR 79 (41%)
postoperative
1 year 168 NR NR 55 (33%)

postoperative
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Number of

Surgical procedure | Number of Duration of Patients at Reoperation (any | Reoperation Other late or
Study (type of fusion) Patients Enrolled | Follow- up Follow up cause) (specific causes) | permanent events
Bezer etal. Unspecified 59 2 years 59 0 0 Pain over the donor
2004(90) instrumentation with site lasting more than

autologous bone 1 year

graft — traditional 3 (5%)

harvest,

Posterolateral Residual numbness

approach (PLF) over donor site

1(2%)

Unspecified 58 2 years 58 0 0 NR

instrumentation with

autologous bone

graft -

interfascial harvest,

Posterolateral

approach (PLF)
Burkus et al. Fusion with iliac 136 2 years 124 NR NR Autograft-related:
2002(92) crest autograft, Pain at donor site

Anterior (ALIF), 24 months after

retroperitoneal or surgery

transperitoneal 44 (32%)

approach

Fusion with 143 2 years 132 NR NR NR

rhBMP-2,

Anterior (ALIF),

retroperitoneal or

transperitoneal

approach
Burkus et al. Fusion with rhBMP-2 | 146 males 2 years 146 NR NR Permanent retrograde
2002(92) or autograft, ejaculation

Anterior (ALIF), 4 (3%)

retroperitoneal or

transperitoneal

approach
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Study

Surgical procedure
(type of fusion)

Number of
Patients Enrolled

Duration of
Follow- up

Number of
Patients at
Follow up

Reoperation (any
cause)

Reoperation
(specific causes)

Other late or
permanent events

Christensen et al.

2002(93)

Posterolateral fusion
(PLF) with titanium
Cotrel-Dubousset
instrumentation

73

Mean:

14 months
(1day to
48 months)

73

16 (22%)

NR

NR

Circumferential
fusion (anterior
lumbar interbody
fusion (ALIF) with
Brantigan cage,
using a
retroperitoneal
approach to the
lumbar discs +
posterolateral fusion)

75

Mean:

14 months
(1day to
48 months)

75

5 (7%)

NR

NR

McAfee et al.
2002(94)

Anterior BAK
instrumentation and
fusion (ALIF),
complete discectomy
through open
retroperitoneal
approach

50

2 years

50

0%

0%

NR

Anterior BAK
instrumentation and
fusion (ALIF), partial
discectomy through
miniopen
retroperitoneal
approach, miniopen
laporotomy, or
laparascopically

50

2 years

50

8 (16%)

Pseudarthroses
7 (14%)

Early postop cage
displacement
1(2%)

NR
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Number of
Surgical procedure | Number of Duration of Patients at Reoperation (any | Reoperation Other late or
Study (type of fusion) Patients Enrolled | Follow- up Follow up cause) (specific causes) | permanent events
Brantigan et al. Brantigan I/F Cage | 221 102 (46.1%) To treat deep Death due to
2000(95) with Variable Pedicle infections apparently unrelated
Screw Placement 8 (3.6%) cause

System and
Autologous bone
graft, Posterior
approach (PLIF)

Broken screw
requiring hardware
removal

6 (3%)

Elective removal of
pedicle screws
and VSP plates

78 (35%)

Repair of dural
tears
6 (3%)

Removal of broken
drains
3 (1.4%)

Subsequent
surgical treatment
of new disc level
7 (3%)

2 (0.9%)

Death due to suicide
2(0.9)

Permanent motor
deficit
1(0.5%)

Broken screws
13 (5.9%)
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Number of
Surgical procedure | Number of Duration of Patients at Reoperation (any | Reoperation Other late or
Study (type of fusion) Patients Enrolled | Follow- up Follow up cause) (specific causes) | permanent events
Regan et al. BAK Cage, 305 6 months 305 7 (2%) Implant migration
1999(98) Anterior (ALIF), requiring
Open surgery, reoperation
with Retroperitoneal 3 (1%)

Approach,
Single-level

Revision of implant
3 (1%)

Removal of
implant
2(0.7%)

Bone graft
augmentation
1(0.3%)

Additional
stabilization
1(0.3%)
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Number of
Surgical procedure | Number of Duration of Patients at Reoperation (any | Reoperation Other late or
Study (type of fusion) Patients Enrolled | Follow- up Follow up cause) (specific causes) | permanent events

Greenough et al. Pedicle screw 135 To 36 months 127 23 (18%) Nonunion Permanent weakness
1998(99) fixation using 4 (3.1%) of knee extension
variable screw plate, . . due to screw
posterolateral Fusion at different | misplacement

approach (PLF level 1(0.8%
pp (PLF) 2 (1.6%) (0.8%)

Surgical
exploration
1(0.8%)

Lateral
decompression
3 (2.4%)

Plates removed for
persistent
symptoms
11(8.7%)

Further surgery at
other centers
2 (1.6%)

Rhizolysis of
adjacent facet joint
1(0.8%)
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Number of
Surgical procedure | Number of Duration of Patients at Reoperation (any | Reoperation Other late or
Study (type of fusion) Patients Enrolled | Follow- up Follow up cause) (specific causes) | permanent events
Kuslich et al. Bagby and Kuslich 947 To 24 months 947 Total: Implant migration | NR
1998(100); (BAK) interbody 69 (7.3%) with reoperation
fusion using the 11(1.29
FDA PMA anterior g Total device- ( A))
P950002(41 3) retroperitonea| related: Additional
approach (AL”:) or 42 (44%) stabilization
the posterior . 26 (2.7%)
laminotomy (PLIF) Device-related 5
approach within first Add|t|ona| level
100 days: fusion
14 (1.5%) 9 (1.0%)
Leg pain
9 (1.0%)

Dura-related
6 (0.6%)

Implant reposition
4 (0.4%)

Other
decompression
2(0.2%)

Anterior ligament
penetration
1(0.1%)

Fractured sacrum
1(0.1%)
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Number of
Surgical procedure | Number of Duration of Patients at Reoperation (any | Reoperation Other late or
Study (type of fusion) Patients Enrolled | Follow- up Follow up cause) (specific causes) | permanent events
Malter et al. Not specified 207 patients with Cumulative to 207 19 (9.2%) NR NR
1998(102) herniated discs 2 years
Cumulative to 207 28 (13.5%) NR NR
4 years
Cumulative to 207 34 (16.4%) NR NR
6 years
265 patients with Cumulative to 265 35 (13.2%) NR NR
degenerative disc 2 years
disease i
Cumulative to 265 48 (18.1%) NR NR
4 years
Cumulative to 265 66 (24.9%) NR NR
6 years
Ray et al. Ray Titanium Cage, | 236 48 months 211 3 (1%) Adjustment of Long-term foot
1997(104) Posterior Approach (within first anterior-posterior | weakness
(PLIF) 2 weeks) depth of 2 (1.0%)
penetration

3 (1%)
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Number of
Surgical procedure | Number of Duration of Patients at Reoperation (any | Reoperation Other late or
Study (type of fusion) Patients Enrolled | Follow- up Follow up cause) (specific causes) | permanent events
Thomsen et al. Posterolateral fusion | 64 5 years 64 Cumulative Deep wound NR
1997(105); (PLF) with Cotrel- reoperation rate to | infections requiring
- Dubousset 5 years reoperation
hrist t al.
ghristensen et a instrumentation and 16 (3%) 2 (3%)
2002(106)
autologous bone
implant Removal of
implant, with or
without additional
surgical procedure
at time of surgery
14 (2%)
Waiting list
3 (0.5%)
Fusion
1(2%)
Christensen et al. Posterolateral fusion | 66 5 years 62 Cumulative Fusion NR
2002(106) 1 (PLF) with no reoperation rate 7 (11%)
instrumentation and to 5 years .
autologous bone 9 (15%) Decompression
implant 1(2%)
Waiting list
1(2%)
Christensen et al. Anterior (ALIF) 132 5-13 years 120 NR NR Retrograde
1996(107) ejaculation,
permanent

“at least” 8 men (6%)
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Number of
Surgical procedure | Number of Duration of Patients at Reoperation (any | Reoperation Other late or
Study (type of fusion) Patients Enrolled | Follow- up Follow up cause) (specific causes) | permanent events
Hall et al. 1996(108) | Isola Spinal Implant | 120 Operative 120 35 events in 31 Device-related for | NR
System (staged (26%)patients nerve root
anterior and impingement by
posterior as well as SCrews
posterior approach 4 (4%)
alone, but methods Loose or broken
not well-described) implants
asymptomatic
4 (4%)
Local pain;

relieved by implant
removal

2 (2%)

Elective removal of
implants for
possible implant-
related pain

10 (10%)

Infection

4 (4%)
Pseudarthrosis
5 (5%)

Neurological
problem deemed
not related to
implant

2 (2%)

Wound infection

2 (2%)

Wound hematoma
1 (1%)

Embolectomy
1(1%)
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Study

Surgical procedure
(type of fusion)

Number of
Patients Enrolled

Duration of
Follow- up

Number of
Patients at
Follow up

Reoperation (any
cause)

Reoperation
(specific causes)

Other late or
permanent events

Greenough et al.
1994(109)

Anterior (ALIF)

151

Minimum

2 years,
Range:

24-82 months

136

24 (17.6%)

Nonunion
12 (8.8%)

Removal of
distraction rods
due to breakage or
persistent
symptoms

5 (4%)

Further operation
at different level
6 (4.4%)

Further surgery for
nonunion at other
center

1(0.7%)

NR

Gill and Blumenthal
1993(110)

Wiltse Pedicle Screw
Fixation System

with autograft,
Posterior (PLIF)
lateral implantation
from unilateral
approach with
lateral/bilateral
fusion

238

At least 2 years

238

72 (30%)

Severe
postoperative
sciatica requiring
surgical
exploration
1(0.4%)

Hardware removal
72 (30%)

Infection after
reoperation
1
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Number of
Surgical procedure | Number of Duration of Patients at Reoperation (any | Reoperation Other late or
Study (type of fusion) Patients Enrolled | Follow- up Follow up cause) (specific causes) | permanent events
Markwalder and Fusion by various 171 Mean: 163 29 Removal of
Battaglia 1993(111) | techniques, including 23.8 months osteosynthetic
Magerl translaminar material with
screw fixation loosening implants
technique and Louis causing pain
plate fixation method 18
Correction of
malpositioned
pedicle screw
2

Fusion of adjacent
motion segments
because of
reactive overload
9

Pseudoarthrosis
formation

3 (overlaps with
other surgeries)

T A follow-up of Thomsen et al. 1997(105)

NR  Not reported.
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Table 25. Data for Key Question 3 — Patient Characteristics Associated with Positive or Negative Outcomes of
Lumbar Fusion
Number of Duration Number of | Factors correlating with
Surgical procedure/ Patients of Patients at | outcomes (multiple logistic | Regression Odds ratio?
Study nonsurgical therapy Enrolled Followup | Follow up regression) coefficient (B) | (95% CI)
Outcome:
Change of disability (ODI)
Hagg et al. PLF with or without pedicle 222 (204 received | 2 years 201 Neurotic personality (KSP) -0.096 0.91(0.87 t0 0.95)
2003(112) screws, or circumferential surgery)
(part of an (PLIF or ALIF)
earlier study by | Physical therapy + 72 (65received | 2 years 63 None identified
;88219” etal. other non-operative therapies | therapy)
) Outcome:
Patient global assessment
(improved/not improved)
PLF with or without pedicle 222 (204 received | 2 years 201 Neurotic personality (KSP) -0.052 0.95(0.92 t0 0.98)
screws, or circumferential surgery) Disc height <50% 0.787 2.20 (1.14 10 4.24)
(PLIF or ALIF)
Physical therapy + 72 (65 received 2 years 63 Depressive symptoms (ZDS) 0.074 1.08 (1.02 to 1.14)
other non-operative therapies | therapy)
Outcome:
Work status at followup
(working/not working)
PLF with or without pedicle 222 (204 received | 2 years 201 Age (years) -0.05 0.95(0.91100.99)
screws, or circumferential surgery) Current sick leave (months) | -0.036 0.96 (0.94 to 0.99)
(PLIF or ALIF)
Physical therapy + 72 (65 received 2 years 63 Current sick leave (months) -0.505 0.96 (0.92 t0 0.99)
other non-operative therapies | therapy)

aAn odds ratio <1 means that a factor (e.g., neurotic personality) was associated with a poor outcome; an odds ratio >1 means that a factor was associated with improvement in an outcome.

KSP Karolinska Scales of Personality.
oDl Oswestry Disability Index.
ZDS Zung Depression Scale.
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Appendix E. Evidence Tables for Discography (Key Questions 4-6)

Table 26. General Characteristics of Studies Addressing KQ4, KQ5, and KQ6

Number of | Number of disc levels
Study Dates of enroliment | Location patients studies with discography
Studies addressing Key Question 4 (reliability)
Agorastides (2002)(36) | 5/1995 to 10/1997 Queen’s Medical Centre, Nottingham, United Kingdom 72 133
Milette (1999)(37) Not reported Hospital Saint-Luc, Montreal, Quebec, Canada 45 132
Studies addressing Key Question 5 (prediction of fusion results)
Willems (2007)(39) 4/1990 to 10/1999 Nijmegen, The Netherlands 82 1642
Gill (1992)(40) Not reported Southwest Orthopaedics Institute, Dallas, Texas 53 53
Colhoun (1988)(41) Not reported The Robert Jones and Agnes Hunt Orthopaedic Hospital, Oswestry, England 195 5850
Studies addressing Key Question 6 impact on fusion results)
Madan (2002)(42) 1997-1999 Southampton University Hospital, New York, NY 73 96¢

2 Willems (2007) reported that each patient “generally” received discography on the two discs adjacent to the suspect disc, and the number 164 corresponds to exactly two discs
per patient with reported fusion data.
b Colhoun (1988) reported that all patients had “at least” two levels studied, “the majority” had three levels, and “occasionally” at four levels. The number 585 corresponds to three levels in

all 195 patients.

¢ Madan only performed discography in 32 of 73 patients; these 32 patients all received discography at three lumbar levels, which corresponds to a total of 96 discs.




Table 27. Inclusion and Exclusion Criteria for Studies Addressing KQ4, KQ5, and KQ6
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Study

Inclusion Criteria

Exclusion Criteria

Studies addressing Key Question 4 (reliability)

Agorastides (2002)(36)

Chronic back pain being considered for spinal fusion and
underwent discography

None reported

Milette (1999)(37)

Underwent both lumbar discography and lumbar magnetic
resonance imaging

Previous lumbar disc surgery, spondylolysis, spondylolisthesis, delays of
more than 12 months between discography and magnetic resonance
imaging, incomplete imaging files.

Studies addressing Key Question 5 (prediction of fusion results)

Willems (2007)(39)

Suffered from incapacitating low back pain for at least one year,
and the indication for lumbar fusion remained uncertain after
routine diagnostic tests,

Objective neurologic deficit

Gill (1992)(40)

History of trauma, as described by Crock

None reported

Colhoun (1988)(41)

Persistent low back pain, failed to respond to conservative
treatment, two years of follow-up

Previous back surgery

Studies addressing Key Question 6 (impact on fusion results)

Madan (2002)(42)

Received lumbar fusion surgery between 1997 and 1999.

Between 1/1998 and 1/1999, all patients had to undergo screening
with provocative discography, and these were indicated for surgery
only if pain was partially or wholly reproduced during discography.
The other group of patients had not undergone discography and
received the same form of surgery.

None reported




Table 28. Patient Characteristics in Studies Addressing KQ4, KQ5, and KQ6

198

Previous
Age spinal
Study N (range) | % male | Conditions Duration of condition | surgery Other previous treatment
Studies addressing Key Question 4 (reliability)
Agorastides (2002)(36) | 72 41 69% Low back pain being considered “Chronic”; mean 0% Not reported
(23-69) | (49/71)2 | for spinal fusion duration not reported
Milette (1999)(37) 45 38 69% Low back pain without Average 5 years 0% Not reported
(22-64) | (31/45) spondylolisthesis or spondlyosis
Studies addressing Key Question 5 (prediction of fusion results)
Willems (2007)(39) 82 40b 32% “Incapacitating” low back pain, More than one year 67% Not reported
(63/197)® | with no objective neurologic motor
deficit, and being considered for
lumbar fusion surgery
Gill (1992)(40) 53 34 68% Low back pain with internal disc Average 0.9 years Not reported | All patients had previous
(21-50) | (36/53) disruption unsuccessful conservative
treatment
Colhoun (1988)(41) 195 39 51% Low back pain “Persistent”; mean 0% All patients had previous
(17-70) | (99/195) duration not reported unsuccessful conservative
treatment
Studies addressing Key Question 6 (impact on fusion results)
Madan (2002)(42) 73 41 59% Low back pain Not reported Not reported | All patients had previous
(15-68) | (43/73) unsuccessful conservative

treatment

2|n the Agorastides study, the male-female distribution was reported based on 71 patients
b In the Willems study, the age and male-female distribution were reported on a large set of patients (N = 197) that included some patients who did not receive surgery.
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Table 29. Discography Details in Studies Addressing Key Question KQ4, KQ5, and KQ6

(2 7
S @
§ § s Patient Control disc(s) examined by Specific lumbar levels
Study = x © | positioning discography examined How results were interpreted
Studies addressing Key Question 4 (reliability)
Agorastides (2002)(36) | 1 3a No Prone Where possible, one level below or | L2-3: 6 discs; Adams classification(414)
above the degenerative disc was L3-4: 30 discs;
injected L4-5: 58 discs;
L5-S1: 39 discs
Milette (1999)(37) 1 2 No Prone NR L2-3: 7 discs; Original Dallas Discogram
L3-4: 42 discs; Description(13)
L4-5: 42 discs;
L5-S1: 41 discs
Studies addressing Key Question 5 (prediction of fusion results)
Willems (2007)(39) >1 NR NR Left lateral All patients had at least one disc NR Adams classification(414)
decubitus examined by discography that was
adjacent to the suspected disc
Gill (1992)(40) NR NR NR NR NR L5-S1 in all patients Discography results were categorized as
type I, I or lIl. Type | was “indicating a
small annular tear that did not extend to
the periphery”. Type Il constituted
“annular tear and contrast extension to
the periphery”. Type Il constituted
“annular tear to the periphery and
beyond to the epidural space”.
Colhoun (1988)(41) NR NR NR NR Adjacent discs did receive “Lumbar discography Discography was interpreted according

discography in some patients, but
this was not referred to as a control
discography.

was attempted in all
patients at L4-5 and L5-
S1levels, at L3-4 in the
majority of patients and
occasionally at L2-3"

to two factors: whether it reproduced
typical pain, and whether morphology
was abnormal. The study did not report
additional details.
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2 | o
S [
k-4 g &~ Patient Control disc(s) examined by Specific lumbar levels
Study = @ © | positioning discography examined How results were interpreted
Studies addressing Key Question 6 (impact on fusion results)
Madan (2002)(42) >1 NR NR NR NR The three lower lumbar | Patients who received discography

levels in all patients,
and additional levels in
“some” patients (actual
number not reported)

received fusion only if “their discogenic
pain was partially or wholly reproduced
during discography”.

a Agorastides was the only study that reported test-rest reliability; the time between discographies was three weeks. The study by Millete only reported inter-rater reliability.

NR Not reported.




Table 30. Lumbar Fusion Details in Studies Addressing Key Question KQ4, KQ5, and KQ6
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Study Procedure(s) Additional Details Length of follow-up after surgery
Studies addressing Key Question 4 (reliability)

Agorastides NA NA NA

(2002)(36)

Milette NA NA NA

(1999)(37)

Studies addressing Key Question 5 (prediction of fusion results)

Willems 58 patients received instrumented posterolateral intertransverse | No other details provided Mean follow-up 6.7 years

(2007)(39) process fusion, and 24 patients received ALIF (Range: 1.3t0 12)

Gill Modified Crock ALIF The approach was anterior retroperitoneal in all Mean follow-up 3 years

(1992)(40) patients. Allograft in 48 patients, autogenous iliac | (Range: 2.0 to 5.3 years)
crestin 5 patients.

Colhoun Some ALIF, some PLIF (numbers not reported) No other details provided Mean follow-up 3.6 years

(1988)(41) (Range: 2 to 10)

Studies addressing Key Question 6 (impact on fusion results)

Madan Instrumented PLIF with posterolateral fusion Midline subperiosteal approach. Autologous iliac | Mean follow-up 2.6 years
(2002)(42) creast cancellous bone was used. Instrumentation | (Range: 2 to 4.2)
included pedicle screws and Isola rods.
ALl Anterior lumbar interbody fusion.
NA Not applicable because the study did not report fusion outcomes; the study was included only for reliability analysis.

PLIF Posterior lumbar interbody fusion.




Table 31. Quality Assessment of Studies of the Reliability of Discography (Key Question 4)

Study ltem1 | Iltem2 |Iltem3 | Iltem4 |Iltem5 |Item6 |(Iltem7 |Iltem8 |Iltem9 | ltem10 | Score (quality category)
Studies addressing Key Question 4 for test-retest reliability
Agorastides No Yes NR Yes NR NA NA Yes Yes Yes 7.5 (Moderate)
(2002)(36)
Studies addressing Key Question 4 for inter-rater reliability
Agorastides No Yes NR Yes NR NA NA Yes Yes NA 7.1 (Moderate)
(2002)(36)
Milette No Yes Yes Yes NR NA NA Yes Yes NA 7.9 (Moderate)
(1999)(37)

NA Not applicable.

NR

The quality items for Key Question 4 were:

Not reported.

Was the study prospective?
Were the patients enrolled consecutively?

Were the patient inclusion/exclusion criteria applied consistently to all patients?

Were data reported for at least 85% of enrolled patients?
Was the funding for this study derived from a source that does not have a financial interest in its results?

If two injections were performed on each patient, did patients receive the same instructions for pain reporting during the two discography examinations being compared?

If two injections were performed on each patient, did the same injector perform the two discography examinations being compared?

Was discography interpreted without knowledge of other discography results in this patient?

Was discography interpreted without knowledge of other clinical information about this patient?
10) TEST-RETEST RELIABILITY ONLY. Did the same person interpret the two discography results?

See Appendix C for details on how we scored the quality assessments.
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Table 32. Outcome Data for Test-Retest Reliability of Discography (Key Question 4)

Test-retest kappa (95% Cl)2

Number of
Study discs Rater 1 Rater 2 Rater 3 Notes
Agorastides (2002)(36) | 133 0.80 0.85 0.80 Of the 41 total disagreements (10% of 399 ratings),

(95%Cl: 0.71 to 0.89)

(95%Cl: 0.7 to 0.93)

(95%Cl: 0.7 t0 0.9)

39 were one-grade disagreements, 1 was a two-grade
disagreement, and 1 was a three-grade disagreement.b

NOTE: These data apply to the test-retest reliability of interpreting a single discogram at different times. Each rater viewed a single discogram at two different times (three weeks apart),
and asked to judge the Adams morphology grade (1, 2, 3, 4 or 5). This was repeated for each of 133 discograms.
2 Kappa measures chance-corrected agreement. 0 represents chance, and 1 represents perfect agreement. The standard interpretation of kappa values is that Below 0.0 is Poor agreement;
0.00-0.20 is Slight agreement; 0.21-0.40 is Fair agreement; 0.41-0.60 is Moderate agreement; 0.61-0.80 is Substantial agreement; 0.81-1.00 is Almost Perfect agreement.(38) The 95% Cl
around each kappa was calculated by ECRI based on the reported standard errors.
b The Adams classificaton of discograms contains five levels:(414) Level 1 is “No signs of degeneration. Soft white amorphous nucleus’; Level 2 is “Mature disc with nucleus starting to
coalescse into fibrous lumps”; Level 3 is “Degenerated disc with fissures and clefts in the nucleus and inner annulus”; Level 4 is “Degenerated disc with radial fissure leading to the outer
edge of the annulus”; Level 5 is “Disc has a complete radial fissure hat allows injected fluid to escape. Can be in any state of degeneration”.



Table 33. Outcome Data for Inter-Rater Reliability of Discography (Key Question 4)
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Inter-rater reliability kappa (95% Cl)2

Number Rater 1 & Rater 1 & Rater 2 &
Study ofdiscs | System Overall Rater 2 Rater 3 Rater 3 Notes
Agorastides (2002)(36) | 133 Adams classification 0.77 0.70 0.79 0.82 Of the 25 total disagreements
(0.66 to 0.87) (0.59t0 0.81) (0.69 to 0.89) (0.73t00.91) | (19% of 133 discograms),
23 were one-grade
disagreements, 1 was a two-
grade disagreement, and 1 was a
three-grade disagreement.
Milette (1999)(37) 132 DDD classification 0.67 NA NA NA
of annular (0.55t0 0.78)
degeneration
Milette (1999)(37) 132 DDD classification 0.66 NA NA NA “Most interobserver
of annular (0.56 t0 0.76) disagreement occurred in the
disruption differentiation between Stages 0

and 1 disruption: one reader
interpreted as normal 15 of 20
discs (75%) showing Stage 1
disruption according to the other
reader.”

NOTE: These data apply to the inter-rater reliability of viewing a discogram and gradings its morphology.

aKappa measures chance-corrected agreement. 0 represents chance, and 1 represents perfect agreement. The standard interpretation of kappa values is that Below 0.0 is Poor agreement;
0.00-0.20 is Slight agreement; 0.21-0.40 is Fair agreement; 0.41-0.60 is Moderate agreement; 0.61-0.80 is Substantial agreement; 0.81-1.00 is Almost Perfect agreement.(38) The 95% Cl
around each kappa was calculated by ECRI based on the reported standard errors.

NA  Not applicable because the Milette study only had two raters.

DDD  Original Dallas Discogram Description. This classification method considers separately two aspects of the discogram: degeneration and disruption. For degeneration, 0 indicates no
change, 1 indicates Local (<10% degeneration), 2 indicates Partial (10-50% degeneration), and 3 indicates total (>50% degeneration). For disruption, 0 indicates none, 1 indicates

disruption into inner annulus, 2 indicates disruption into outer annulus, and 3 indicates disruption beyond outer annulus.(13)




Table 34. Quality Assessment of Studies on Discography to Predict Fusion Outcomes (Key Question 5)

Quality item Willems (2007)(39) Gill (1992)(40) Colhoun (1988)(41)
Item 1 No No No
ltem 2 No No No
ltem 3 No No No
ltem 4 Yes No No
ltem 5 Yes Yes Yes
ltem 6 Yes Yes Yes
ltem 7 No NR NR
ltem 8 NR NR NR
ltem 9 No No Yes
Item 10 NR Yes NR
ltem 11 NR NR NR
ltem 12 Yes Yes Yes
ltem 13 No No No
ltem 14 No No No
Item 15 No No No
Item 16 No No No
ltem 17 No No No
ltem 18 NR Yes No
Item 19 Yes NR NR
ltem 20 Yes Yes Yes
ltem 21 Yes Yes Yes
ltem 22 NR NR NR
Quality score and category 4.3 (Low) 4.3 (Low) 4.1 (Low)

The 22 quality items for Key Question 5 and 6 are listed in Appendix C , along with details on how we scored the quality assessments.
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Table 35. Baseline Group Comparability in Studies Addressing Key Question 5

POSITIVE: NEGATIVE:
Discography Discography
provoked pain on did not provoke pain
adjacent disc(s) on adjacent disc(s) Well-matched
*Willems (2007)(39) (N=22) (N =60) at baseline?
Mean age (SD) 39 39 Yes
(SD: 8.5) (SD: 7.8)
Percentage male 38% 43% Yes
(6/16) (18/42)
Degenerative disc disease 18% 33% No
(4122) (20/60)
Spondylolysis/Spondylolisthesis? 9% 5% Yes
(2122) (3/60)
Prior spine surgery 73% 62% Yes
(16/22) (37/60)
Mean baseline VAS pain score (SD)° 72 75 Yes
(SD: 19) (SD: 15)
Mean baseline Oswestry disability score NR NR NR

*NOTE: Only the Willems study is listed because that was the only one of the three studies for this question that reported comparative patient characteristics before surgery.
aThe percentage of patients with either spondylolysis or spondylolisthesis was low enough (6%) that the study still met inclusion criteria

206

b The VAS scores as reported in Table 3 of the article were erroneous because their ranges went above 100, which is nonsensical. Therefore, ECRI Institute estimated these scores based

on Figures 1 and 2 by assuming that the pain scores of patients in a given category (e.g., VAS 21-40) were at the midpoint of the category (e.g., 30.5).

ALIF Anterior lumbar interbody fusion.
DDD Degenerative Disc Disease.

NR Not reported.
SD Standard deviation.



Table 36. Outcome Data for Discography to Predict Fusion Outcomes (Key Question 5)
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Discography interpretation based ONLY on pain provocation

NEGATIVE:
POSITIVE: Discography
Discography did not provoke

Mean length of provoked pain on painon Between group

follow-up in years adjacent disc(s) adjacent disc(s) | difference Statistically Statistically
Willems (2007)(39) (range) (N=22) (N =60) (95% Cl) different? equivalent?®
VAS pain score at follow-up 6.7 (1.3t012) 51 52 1.1 No Yes
(95% Cl)a (39 to 64) (45 to 60) (-13.6 to +15.8)
Percentage of patients with 6.7 (1.3t0 12) 45.5% 45.0% 0.5% No No
at least 30% pain relief (10/22) (27/60) (-24% to +25%)

Mean length of POSITIVE PAIN NEGATIVE PAIN | Between group
ECRI Institute re-analysis of follow-up in years PROVOCATION PROVOCATION | difference Statistically Statistically
Colhoun (1988)(41) (range) (N=137) (N =58) (95% CI) different? equivalent?®
Percentage of patients with 3.6 (2t0 10) 88% 67% 21% Yes No
“Success™ (121/137) (39/58) (+9% to +33%)
Discography interpretation based ONLY on morphology

TYPE Il RESULT: TYPE Il RESULT: TYPE | RESULT:
Annular tear Annular tear and Small annular tear that
beyond the contrast extension to the did not extend to the
periphery periphery, but not beyond periphery Chi square Statistically Statistically
Gill (1992)(40) (N=20) (N=19) (N=14) test resultd different? equivalent?®
Percentage of patients showing 75% 74% 50% X2(2) = 2.81; No No
“improvement on functional (15/20) (14/19) (7114) p=0.24
testing and pain report”
POSITIVE NEGATIVE Between group

ECRI Institute re-analysis of MORPHOLOGY MORPHOLOGY difference Chi square Statistically Statistically
Colhoun (1988)(41) (N=162) (N=6) (95% ClI) test resultd different? equivalent?b
Percentage of patients with 83% 50% 33% X2(1)=4.12; Yes No
“Success’ (134/162) (3/6) (+1% to +64%) p=0.042
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Discography interpretation based on both pain provocation AND morphology
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£5 i £5358 py % Chi square test | Statistically Statistically
Colhoun (1988)(41) a E Za FEw L =z c resultd different? equivalent?®
Percentage of patients with 88% 52% 85% 50% X%(3) = 23.35; Yes No
“Success™ (121/137) (13/25) (23/27) (3/6) p = 0.000034

a The VAS scores as reported in Table 3 of the Willems article were erroneous because their ranges went above 100, which is nonsensical because the maximum VAS score is
100. Therefore, ECRI Institute estimated VAS scores based on Figures 1A and gB by assuming that the pain scores of patients in a given category (e.g., VAS 21-40) were at
the midpoint of the category (e.g., 30.5).

b Equivalence was defined as statistically significantly less than the minimum clinically significant difference. For VAS pain scores, this was defined as 20 points. For the
difference in the percentage of patients with 30% pain relief, this was defined as 15%.(39)

¢ “Success” was defined as meeting all three of the following conditions: 1) Complete relief or significant subjective improvement in symptoms; 2) Resumption of work and/or
normal duties; 3) No intake of analgesics.

d Chi square test performed by ECRI Institute

Cl Confidence interval.



Table 37. Quality Assessment of Studies on Discography to Impact Fusion Outcomes (Key Question 6)

Quality item Madan (2002)(42)
Item 1 No
ltem 2 No
ltem 3 No
ltem 4 No
ltem 5 Yes
ltem 6 NR
ltem 7 No
ltem 8 Yes
ltem 9 No
Item 10 NR
ltem 11 No
ltem 12 Yes
ltem 13 No
ltem 14 No
Item 15 No
ltem 16 No
ltem 17 No
ltem 18 Yes
Item 19 No
ltem 20 Yes
ltem 21 Yes
ltem 22 NR
Quality score and category 3.4 (Very Low)

The 22 quality items for Key Question 5 and 6 are listed in Appendix C, along with details on how we scored the quality assessments.
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Table 38. Baseline Group Comparability in Studies Addressing Key Question 6

Received discography Did not receive discography
prior to fusion prior to fusion
Madan et al. (2002)(42) (N=32) (N=41) Well-matched at baseline?
Mean age (range) 421 40.8 Yes
(30-47) (15-68)
Percentage male 50% 66% No
(16/32) (27/41)
Duration of condition NR NR NR
Percentage with degenerative disc disease NR NR NR
MRI grade 2 disc changes 13% % Yes
(4132) (3/41)
MRI grade 3 disc changes 44% 21% No
(14/32) (11/41)
MRI grade 4 disc changes 44% 66% No
(14/32) (27141)
Prior spine surgery NR NR NR
Mean baseline VAS pain score (SD)b NR NR NR
Mean baseline Oswestry disability score NR NR NR

NR Not reported
SD Standard deviation
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Table 39. Outcome Data for the Impact of Discography on Fusion Outcomes (Key Question 6)

211

Received Did not receive
discography discography
prior to fusion prior to fusion Statistical test result, or between Statistically | Statistically
Madan et al. (2002)(42) (N=32) (N=41) group difference (95% Cl) different? equivalent?
Mean Oswestry disability score (range) 34.17 34.15 Not computable, because authors only | No NR
(4-94) (0-86) reported that p >0.05.
Percentage with Oswestry score <20 63% 59%
(20/32) (24/41)
Percentage with Oswestry score 20 to 40 19% 17%
(6/32) (7/141)
X2 (3)=1.642; p=0.65 No NR
Percentage with Oswestry score 40 to 60 19% 20%
(6/32) (8/41)
Percentage with Oswestry score >60 0% 5%
(0/32) (2/41)
Percentage with Oswestry score <40 81% 76% 6% No No
(26/32) (31/41) (-13% to +25%)
Psychologic Score (range)? 215 15 Not computable, because authors only | No NR
(7-36) (7-22) reported p >0.05.
VAS pain rating (range) 4.25 4.4 Not computable, because authors only | No NR
(1-9) (0-10) reported p >0.05.
Core set (range)® 23.75 25.2 Not computable, because authors only | No NR
(10-48) (10-48) reported p >0.05.

NOTE: The mean length of follow-up in this study was 2.6 years (range 2 to 4.2)

a The Psychologic Score was the sum of the Zung Depression Scale and the Modified Somatic Perception Questionnaire.
b The Core set involved seven questions about surgical outcome. The score ranges from 7 (indicating the best possible outcome) to 50 (indicating the worse possible outcome).
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