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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 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 degeneration of intervertebral discs is associated with altered biomechanics of adjacent
vertebrae, musculature, and connective tissue, and 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 does not cause pain in all individuals, imaging alone cannot be
considered diagnostic. However, a clinical diagnosis of discogenic back pain can be confirmed
with radiological imaging. Both plain films and magnetic resonance imaging (MRI) can aid the
clinician in confirming their diagnosis. Typical findings 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) Discography has also been used to support a
diagnosis of discogenic back pain (see below for background on discography).

Low back pain has been called “the leading cause of pain and disability in adults in

North America.”(3) It was the most common cause of disability in persons younger than 45 in
the U.S. in 2005.(4) It causes the most loss of productivity of any medical condition.(4) Only
upper respiratory complaints cause people to miss more days of work annually.(4) 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%.(5)

2.4 million people are disabled because of low back pain, 1.2 million of them chronically.(4)
Most patients improve within weeks; only 5-10% of people with low back pain develop chronic
back pain.(5,6) Among U.S. physician office visits for low back pain, nonspecific backache
accounts for 57% (more than 17 million visits), degenerative changes account for 12.5%

(3.7 million visits), and herniated discs account for 11.1% (3.3 million visits).(7)

Low back pain 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.(4) A variety of

conservative treatments can be tried, including back education, cognitive behavioral therapy,
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physical therapy, exercise, weight reduction, and alternative therapies (e.g., chiropractic
manipulation), medications, and epidural injections.(2,8)

When conservative treatments fail after at least six months, spinal fusion may be considered.
Between 150,000 and 250,000 people in the U.S. undergo lumbar spinal fusion surgery annually
to treat discogenic back pain.(9) 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 (e.g., pinching of nerves or rubbing of bone on bone) 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. 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. Some fusion strategies may be particularly appropriate for certain patient populations.

All methods have advantages and disadvantages.

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.

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(4,10) 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
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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 I1
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
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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 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.(30)

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. 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.
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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:

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.

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.

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
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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™.(31) 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 13, 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.(32) 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 3, 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. This study reported no
statistically significant difference in change in VAS scores between patients undergoing fusion
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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, using
ANCOVA to adjust for baseline between-group differences in gender and treatment expectations
(see data in Table 13, Appendix D). The adjusted comparison showed a trend favoring a larger
change in ODI in the control group. 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.

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.
Although the 95% CI did not overlap with the boundary of minimum clinical significance, 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%) had prior discectomy. This study reported ODI pre-post change scores for
each comparison group (see data in Table 13, 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. 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, 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?
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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).

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.

The results for overall early adverse events appear in Table 15, 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
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(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 17, 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 event rates showed more variation among studies, ranging from 0% to 7.4%
(Table 15, 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 18, 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 16, 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
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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.

Complete information on the rates of all adverse events reported in these studies is summarized
in Tables 19 and 20, 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 was 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 21 (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.
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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.

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. 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 uncomplicated lumbar degenerative disc
disease.

Two studies met the inclusion criteria for this Key Question'.(33,34) Agorastides (2002)(33)
reported data on both test-retest reliability and inter-rater reliability (133 discs in 72 patients),
whereas Milette (1999)(34) 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

! 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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of variability in discography examinations that have not been assessed in patients with chronic
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 insufficient 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 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.(36-38) Willems (2007)(36) included 82 patients, Gill
(1992)(37) included 53 patients, and Colhoun (1988)(38) included 195 patients.

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

e Willems (2007)(36) 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)(37) 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).

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.(35)
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Colhoun (1988)(38) 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:

Willems (2007)(36) 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)(37) 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

3 years)

Colhoun (1988)(38) 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 33
of Appendix E):

Willems (2007)(36) 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)(37) 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)(38) 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:
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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 uncomplicated lumbar
degenerative disc disease.

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)(39) 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.(40)

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 associated with altered biomechanics of adjacent
vertebrae, musculature, and connective tissue, and 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 results when discs in the lumbar spine degenerate and cause 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 typically suffer from pain that is worsened
with bending, twisting, squatting, or stooping, and possibly accompanied by leg pain or
numbness(41), which may be relieved somewhat with a reclined position, such as with the legs
elevated.(2)

Diagnosis

The clinical presentation of discogenic back pain (described above) may prompt the clinician to
order diagnostic imaging. Imaging alone cannot be considered diagnostic, because disc
degeneration does not cause pain in all individuals. However, a clinical diagnosis of discogenic
back pain can be confirmed with radiological imaging. Both plain films and magnetic resonance
imaging (MRI) can aid the clinician in confirming their diagnosis. Typical findings include disc
space collapse, endplate sclerosis, and vacuum disc phenomenon.(2) On a MRI, disc
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dehydration, high intensity zones, and endplate edema may also be evident.(2) Discography has
also been used to support a diagnosis of discogenic back pain (see below for background on
discography).(42)

Etiology of Low Back Pain Associated with DDD

Discogenic back pain is 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.(43)

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.”(41) 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)

When disc degeneration is present, the spinal column becomes unstable because the disc can

no longer hold the vertebral bodies in their proper positions. Dysfunction results, which can lead
to outer annular tears, separation of the endplate, cartilage destruction, and facet synovial
reaction.(8) 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.(1,41,44,45)

Epidemiology of Low Back Pain

Low back pain has been called “the leading cause of pain and disability in adults in North
America.”(3) It was the most common cause of disability in persons younger than 45 in the U.S.
in 2005.(4) It causes the most loss of productivity of any medical condition.(4) Only upper
respiratory complaints cause people to miss more days of work annually.(4)

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%.(5)

2.4 million people are disabled because of low back pain, 1.2 million of them chronically.(4)
Most patients improve within weeks; only 5-10% of people with low back pain develop chronic
back pain.(5,6)

Among U.S. physician office visits for low back pain, nonspecific backache accounts for 57%
(more than 17 million visits), degenerative changes account for 12.5% (3.7 million visits), and
herniated discs account for 11.1% (3.3 million visits).(7)
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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.(4)

Progressive loss of disc height and tension characterizes degenerative disc disease. For this
reason, patients typically experience different signs and symptoms as their condition progresses.
Following the painful dysfunction phase (described above), progressive degeneration may lead to
an instability phase. This 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.(3,8)

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.(8) 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.(3)

Studies examining the natural history of discogenic back pain are scarce. A retrospective study
of 25 patients provides some information on the natural course of the disorder.(46) This study
examined patients who had discogenic 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,(47) 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.(47) 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

Discogenic back pain 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.(4) A variety
of conservative treatments can be tried:(2,8)

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.
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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

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

When conservative treatments fail after at least six months, spinal fusion may be considered.
Between 150,000 and 250,000 people in the U.S. undergo lumbar spinal fusion surgery annually
to treat discogenic back pain.(9)

Underlying Theory

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
(e.g., pinching of nerves or rubbing of bone on bone) 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.

Basic Procedure

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. Some fusion strategies
may be particularly appropriate for certain patient populations. All methods have advantages and
disadvantages.

For any fusion procedure, surgeons may or may not elect to use instrumentation. 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).(48)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.(49) 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.(49) Newer cages are typically made of
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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.(49)

Pedicle screw fixation with adjoining rods provides immediate immobilization, theoretically
improving the odds of successful fusion and enabling earlier mobilization of the patient.(50)
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 MRI1.(49) Facet screw
fixation may be used instead when there are one or two levels to fuse, the facets are intact, and
the disc segment of interest is collapsed.(49) Potential advantages over pedicle screws include
less soft tissue dissection, more space for bone graft, lower rate of neurological complications,
and substantially lower cost.(49)

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.(51) 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.(49) It is
the most commonly used method of spinal fusion.(52) 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.(49)
Less bone graft may be needed for this type of fusion because the parts of the vertebrae that are
closest together are fused.(49) 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.(52) Also, discogenic pain may continue after
successful PLF, because small amounts of motion still occur in the pedicles.(52) 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.(53)

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
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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.(49) Disadvantages
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.(52)

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.(49) 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.(52) 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.(52)

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.(49) 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)
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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
radiologic images. A discogram (described in Part II) 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.(54) 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(8,54): 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.(54)

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).(55)

One benefit-cost ratio using the Centers for Medicare and Medicaid Services (CMS)
reimbursement rate from 2005 (which ranged from $9,900-11,300) was identified. Cost estimates
were calculated for a minimal clinically important improvement in quality of life measured by
the SF-36 Physical Component Score (a difference of 5.42 was considered clinically important).
In this study, the cost per benefit achieved, in terms of quality of life, of lumbar fusion was
comparable to that seen with knee and hip replacement.(56)
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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.”(57) 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.”(58) 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.(59) 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, use of a full syringe with 3 cubic centimeters of contrast material,
injection with maximal force at a steady rate, 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. Reitman et al. (2001)(60)
emphasized the need to standardize patient positioning after observing that different spinal
positions resulted in different levels of strains and bulges in the annulus. Guyer and Ohnmeiss
(2003)(57) recommended the use of a water-soluble radiopaque contrast.

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
for adjacent-disc discography concerns the eventual efficacy of fusion surgery. If adjacent discs
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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.(36,57,61)

Discog