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8 SPORT Lumbar Intervertebral Disk Herniation and

Back Pain

Does Treatment, Location, or Morphology Matter?

Adam M. Pearson, MD, MS,* Emily A. Blood, MS,* John W. Frymoyer, MD,*
Harry Herkowitz, MD,T William A. Abdu, MD, MS,* Randy Woodward, MD ¥
Michael Longley, MD, Sanford E. Emery, MD,§ Jon D. Lurie, MD, MS,*

Tor D. Tosteson, ScD,* and James N. Weinstein, DO, MS*

Study Design. Diskectomy candidates with at least 6
weeks of sciatica and confirmatory imaging were enrolled
in a randomized or observational cohort.

Objective. This study sought to determine: (1) whether
diskectomy resulted in greater improvement in back pain
than nonoperative treatment, and (2) whether herniation
location and morphology affected back pain outcomes.

Summary of Background Data. Previous studies have
reported that lumbar diskectomy is less successful for
relief of back pain than leg pain and patients with central
disc herniations or protrusions have worse outcomes.

Methods. Patients underwent diskectomy or received
“usual” nonoperative care. Data from the randomized
cohort and observational cohort were combined in an
as-treated analysis. Low back pain was recorded on a 0 to
6 point scale, and changes in low back pain were com-
pared between the surgical and nonoperative treatment
groups. The effects of herniation location and morphol-
ogy on back pain outcomes were determined.

Results. The combined analysis included 1191 patients
with 775 undergoing surgery within 2 years, whereas 416
remained nonoperative. Overall, leg pain improved more
than back pain in both treatment groups. Back pain im-
proved in both surgical and nonoperative patients, but
surgical patients improved significantly more (treatment
effect favoring surgery —0.9 at 3 months, —0.5 at 2 years,
P < 0.001). Patients who underwent surgery were more
likely to report no back pain than nonoperative patients at
each follow-up period (28.0% vs. 12.0% at 3 months, P <
0.001, 25.5% vs. 17.6% at 2 years, P = 0.009). At baseline,
central herniations were associated with more severe
back pain than more lateral herniations (4.3 vs. 3.9, P =
0.012). Patients with central herniations and protrusions
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had a beneficial treatment effect from surgery similar to
the overall surgical group.

Conclusion. Diskectomy resulted in greater improve-
ment in back pain than nonoperative treatment, and this
difference was maintained at 2 years for all herniation
locations and morphologies.

Key words: disk herniation, back pain, surgery, non-
operative treatment, SPORT. Spine 2008;33:428-435

Intervertebral disc herniation (IDH) is the most common
cause of sciatica, and lumbar diskectomy successfully
relieves radicular pain in most patients.'~* However, it is
unclear whether the procedure reduces or relieves the
accompanying low back pain."? In Mixter and Barr’s
initial description of lumbar disc herniation and its sur-
gical treatment, it was suggested that diskectomy would
not relieve and, in fact, might worsen back pain second-
ary to “instability.”’ Barr advocated that lumbar fusion
accompany the procedure, an opinion that was common
for the next 30 years. Many clinical analyses have shown
significant improvement in back pain after diskec-
tomy,® ™ whereas others have found less predictable or
minimal improvement.'®~'* In addition, there is little in-
formation about the relief of low back pain in IDH pa-
tients treated nonoperatively. One study suggests nonop-
erative treatment is less effective than surgery.>'*!3

The relationship between back pain and disc hernia-
tion location (i.e., central, posterolateral, foraminal, or
far lateral) and morphology (i.e., protrusion, extrusion,
or sequestration) is also uncertain. Beatty reported satis-
factory clinical results in patients with central disc her-
niations treated with diskectomy,!’ whereas others
found patients with an intact anulus benefited less from
surgery than those with a ruptured anulus.!'®'® How-
ever, some suggest that outcomes are unrelated to herni-
ation appearance on magnetic resonance imaging
(MRI)."

The aims of this study were to analyze the SPORT
IDH cohort to (1) determine the severity of low back
pain in diskectomy candidates, (2) determine whether
diskectomy results in greater improvement in low back
pain than nonoperative treatment, and (3) determine
whether disc herniation location and morphology affect
back pain outcomes.
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B Materials and Methods
Study Design

SPORT consisted of a randomized controlled trial with a con-
current observational cohort (OC) study conducted in 11 states
at 13 institutions with multidisciplinary spine practices.'® The
IDH study was designed to assess changes in the SF-36 bodily
pain and physical function scales and the Oswestry Disability
Index (ODI) as the primary outcomes. A number of secondary
outcomes, including changes in back and leg pain, were also
evaluated. The human subject committees at each participating
institution approved a standardized protocol for the study.

Patient Population

Patients were considered for inclusion in the study if they were
over 18 years old, had radicular pain with a positive nerve root
tension sign or neurologic deficit, a confirmatory imaging study
demonstrating IDH corresponding to their symptoms, and
presence of symptoms for at least 6 weeks. Exclusion criteria
included cauda equina syndrome, malignancy, significant de-
formity, prior back surgery and other established contraindi-
cations to elective surgery.'®

Study Interventions

Surgery consisted of a standard open diskectomy with exami-
nation and decompression of the involved nerve root.!*2° Sur-
geons were encouraged to use loupe magnification or a micro-
scope. The nonoperative treatment group received “usual
care,” recommended to include at least physical therapy, edu-
cation and counseling with home exercise instruction, and non-
steroidal anti-inflammatory drugs if tolerated. Physicians were
instructed to individualize nonoperative treatment and explore
a wide range of nonoperative options.'®

Study Measures

Patients completed a questionnaire at baseline, 3 months, 1
year, and 2 years asking them to rate the bothersomeness of
their low back pain in the past week on a 0 (not bothersome) to
6 (extremely bothersome) point Likert-type scale. In addition,
low back pain frequency over the past week was also reported
on a similar 0 (not at all) to 6 (always) point scale. Leg pain
bothersomeness and frequency were recorded on similar scales.
These outcome measures were based specifically on the Maine
Lumbar Spine Study (MLSS) to allow direct comparison of the
2 studies.?

Imaging Studies

Imaging studies included MRI in 97% of the patients and com-
puted tomography scan in the remaining 3%. Radiographic
assessment was performed by the treating physician at the time
of initial evaluation. Herniation location was classified as cen-
tral, posterolateral, foraminal, or far lateral (Figure 1).2! If a
herniation traversed multiple zones, it was classified according
to the zone that contained the majority of the herniation. The
central zone included the area between the medial borders of
the facets, the posterolateral zone extended from the medial
border of the facet to the medial border of the pedicle, the
foraminal zone was bounded by the borders of the pedicle, and
the far lateral zone was lateral to the lateral border of the
pedicle. Herniation morphology was classified as a protrusion,
extrusion, or sequestration (Figure 2).?' Protrusions were de-
fined as being widest at their base in all planes, extrusions as
having a portion wider than their base in any plane, and se-
questrations as disc material no longer in continuity with the
disc.

Foraminal Zone

Posterolateral Zone

Figure 1. Schematic displaying herniation location zones. In this
study, posterolateral, foraminal, and far lateral herniations were
combined as “lateral” herniations. Adapted from Spine 2006;26:
E93-E113.

Statistical Considerations
SPORT was designed with both a randomized cohort (RC) and
an OC. In the first 2 years of follow-up in the randomized trial,
40% of patients assigned to surgery did not have surgery, and
45% of patients assigned to nonoperative treatment did have
surgery.* Given this rate of protocol nonadherence and the
consistency of the findings berween the RC and the OC,?? the
data were combined in an as-treated analysis in this study.
Combining the data was appropriate given that there were no
significant differences in baseline low back pain bothersome-
ness scores or the treatment effect of surgery on low back pain
between the RC and OC.

Differences in baseline characteristics were compared be-
tween the surgery and nonoperative groups using the y* test for
categorical data and a ¢ test for continuous data. For baseline
comparisons, any patient who underwent surgery within 2
years of study enrollment was classified in the surgery group,
and the remainder were classified as nonoperative. The baseline
back to leg pain index was defined as follows:

Back to Leg Pain Index
= Back Pain Score/(Back Pain Score

+ Leg Pain Score)

Statistical significance was defined as a P-value less than 0.05.
All hypothesis tests were 2-sided.

The primary analyses compared change in low back pain
bothersomeness and frequency from baseline between the sur-
gery and nonoperative groups at 3 months, 1 year, and 2 years.
The treatment effect of surgery was defined as:

Treatment Efect = Change in Low Back Paing,gery

— Change in Low Back Pain,gnperative

Because lower back pain scores described better outcomes, neg-
ative change scores indicated improvement. Under this defini-
tion, a negative treatment effect indicated that surgery was
more effective than nonoperative treatment. In these analyses,
the treatment indicator (surgery or nonoperative) was assigned
according to the actual treatment received at each time point.
For patients who underwent surgery more than 3 months after
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Protrusion

Figure 2. Schematic demonstrat-
ing herniation morphologies. In
this study, extrusions and se-
questrations were comhined as
“extrusions/sequestrations.”
Adapted from Spine 2006;26:E93—
13.

enrollment, all changes from baseline before surgery were in-
cluded in the estimates of the effect of nonoperative treatment.
After surgery, follow-up times were measured from the date of
surgery. To adjust for potential confounding, baseline vari-
ables associated with missing data or treatment received (age,
gender, medical center, race, marital status, smoking status,
body mass index, work status, health insurance status, com-
pensation, joint problems, migraines, neurologic deficit, base-
line back pain score, baseline satisfaction with symptoms, self-
rated health trend, and herniation level, location, and
morphology) were included as adjusting covariates in longitu-
dinal regression models.** Because the back pain outcomes
were not normally distributed, generalized estimating equa-
tions were used for the analysis of the outcomes over time (SAS,
SAS Institute Inc., Cary, NC). At each time point, adjusted
mean scores were estimated and differences between the treat-
ment arms were compared using a Wald test. The proportion of
patients reporting zero back pain bothersomeness or frequency
was compared between the surgery and nonoperative groups
using generalized estimating equations.

Subgroup analyses were performed to evaluate back pain
outcomes based on herniation location and morphology. Be-
cause of the small number of patients with foraminal and far
lateral herniations, the location categories were combined to
form 2 groups: central and lateral. The latter included postero-
lateral, foraminal, and far lateral lesions. Similarly, herniation
morphology was dichotomized to a protrusion and extrusion/
sequestration group because of the small number of patients
with sequestrations. Analysis of the treatment effect of surgery
within each subgroup was performed as described above with
the exception that the data were not adjusted for the covariate
that defined the subgroup (i.e., herniation location, or mor-
phology). To determine whether the treatment effect of surgery
varied with location or morphology, a z-test was performed to
compare the estimated overall treatment effects between each
location and morphology model.

To investigate the relative magnitude of the effects of sur-
gery on back pain and leg pain, the difference between the
change from baseline in back pain and leg pain was modeled

Extrusion Sequestration

using a longitudinal regression model. Wald y? tests were used
to test for differences between back and leg pain and also dif-
ferences between the treatment arms.

M Results

Overall, 1244 lumbar IDH patients were enrolled out of
1991 eligible for enrollment (747 declined to participate,
Figure 3). Ninety-six percent (1191) of patients provided
follow-up data at least once and were included in the
analysis. Data were available for between 80% (at 2
years) and 87% (at 3 months) of surgery patients and for
between 79% (2 years) and 87% (3 months) of nonop-
erative patients at each of the designated follow-up
times. Of the patients included in the analysis, 775 un-
derwent surgery within the first 2 years, and 416 received
nonoperative treatment exclusively.

Patient Characteristics
Overall, the study population had a mean age of 41.8
years, with the majorities being white males and working
full time (Table 1). Seventeen percent had applied for or
were receiving disability compensation. At baseline, the
surgery group was approximately 3 years younger, less
likely to be working full time, and more likely to be
receiving disability compensation. They had SF-36, ODI
and Sciatica Index scores indicative of more severe dis-
ease and reported more bothersome back pain. The base-
line back to leg pain index scores were not significantly
different between the 2 groups.

The subgroup analysis for herniation location demon-
strated that 131 (11%) patients had central herniations.
These patients were younger, had more bothersome back
pain, and higher baseline back to leg pain index scores
than those with more lateral herniations (Table 1). The
proportion of patients undergoing surgery (62%) was
not different for the central and lateral herniation sub-






