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Abstract BACKGROUND CONTEXT: The clinical entity ‘‘discogenic back pain’’ remains controversial
at fundamental levels, including its pathophysiology, diagnostic criteria, and optimal treatment.
This is true despite availability of four randomized trials comparing the efficacy of surgical and
nonsurgical treatments. One trial showed benefit for lumbar fusion compared with unstructured
nonoperative care, and three others showed roughly similar results for lumbar surgery and struc-
tured rehabilitation.
PURPOSE: To compare outcomes of community-based surgical and nonsurgical treatments for
patients with chronic back pain attributed to degeneration at one or two lumbar disc levels.
DESIGN: Prospective observational cohort study.
PATIENT SAMPLE: Patients presenting with axial back pain to academic and private practice
orthopedic surgeons and neurosurgeons in a large metropolitan area.
OUTCOMEMEASURES: Roland-Morris back disability score (primary outcome), current rating
of overall pain severity on a numerical scale, back and leg pain bothersomeness measures, the phys-
ical function scale of the short-form 36 version 2 questionnaire, use of medications for pain, work
status, emergency department visits, hospitalizations, and further surgery.
METHODS: Patients receiving spine surgery within 6 months of enrollment were designated as
the ‘‘surgical treatment’’ group and the remainder as ‘‘nonsurgical treatment.’’ Outcomes were as-
sessed at 3, 6, 9, and 12 months after enrollment.
RESULTS: We enrolled 495 patients with discogenic back pain presenting for initial surgical con-
sultation in offices of 16 surgeons. Eighty-six patients (17%) had surgery within 6 months of en-
rollment. Surgery consisted of instrumented fusion (79%), disc replacement (12%), laminectomy,

FDA device/drug status: Approved (Instrumentation used with spinal
fusion surgery).

Author disclosures: SKM: Grant: NIH/NIAMS/NIA/AHRQ (I, Paid di-
rectly to institution/employer). RAD: Grant: NIH (F, Paid directly to insti-
tution/employer); Consulting: UptoDate (A); Board of Directors:
Foundation for informed Medical Decision Making (B); Scientific Advi-
sory Board: National Advisory Committee for the Robert Wood Johnson
Foundation Physician Faculty Scholars Program (B); Endowments: Kaiser
Permanente professorship in Evidence-Based Family Medicine (H, Paid
directly to institution/employer); Grants: NIH research grants (I, Paid di-
rectly to institution/employer). PJH: Grant: NIH NIAMS (I, Paid directly
to institution/employer). JAT: Nothing to disclose. BIM: Grant: NIAMS
(Partial salary support, Paid directly to institution/employer);Other: Stryker

Corporation (Partial salary support, Paid directly to institution/employer);
Consulting: University of Washington and University of Missouri—Kansas
City (D); Speaking and/or Teaching Arrangements: Ohio State University
(B); Research Support (Investigator Salary): National Bureau of Economic
Research (B); Grants: NIA, AHRQ (Partial salary support, Paid directly to in-
stitution/employer). BAC: Nothing to disclose.

The disclosure key can be found on the Table of Contents and at www.
TheSpineJournalOnline.com.

* Corresponding author. Department of Orthopaedics, Dartmouth-
Hitchcock Medical Center, Lebanon, NH 03756, USA. Tel.: (603) 653-
6090; fax: (603) 653-3581.

E-mail address: sohail.k.mirza@dartmouth.edu (S.K. Mirza)

1529-9430/$ - see front matter ! 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.spinee.2013.05.047

The Spine Journal - (2013) -

Delta:1_surname
Delta:1_surname
Delta:1_surname
http://www.thespinejournalonline.com/
http://www.thespinejournalonline.com/
mailto:sohail.k.mirza@dartmouth.edu
http://dx.doi.org/10.1016/j.spinee.2013.05.047
http://dx.doi.org/10.1016/j.spinee.2013.05.047
http://dx.doi.org/10.1016/j.spinee.2013.05.047
http://dx.doi.org/10.1016/j.spinee.2013.05.047
http://dx.doi.org/10.1016/j.spinee.2013.05.047


or discectomy (9%). Surgical patients reported more severe pain and physical disability at baseline
and were more likely to have had prior surgery. Adjusting for baseline differences among groups,
surgery showed a limited benefit over nonsurgical treatment of 5.4 points on the modified (23-point)
Roland disability questionnaire (primary outcome) 1 year after enrollment. Using a composite def-
inition of success incorporating 30% improvement in the Roland score, 30% improvement in pain,
no opioid pain medication use, and working (if relevant), the 1-year success rate was 33% for sur-
gery and 15% for nonsurgical treatment. The rate of reoperation was 11% in the surgical group; the
rate of surgery after treatment designation in the nonsurgical group was 6% at 12 months after
enrollment.
CONCLUSIONS: The surgical group showed greater improvement at 1 year compared with the
nonsurgical group, although the composite success rate for both treatment groups was only fair.
The results should be interpreted cautiously because outcomes are short term, and treatment was
not randomly assigned. Only 5% of nonsurgical patients received cognitive behavior therapy. Non-
surgical treatment that patients received was variable and mostly not compliant with major guide-
lines. ! 2013 Elsevier Inc. All rights reserved.
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Introduction

Back pain associated with disc degeneration may be the
most controversial subject in spine care and perhaps the
one most in need of further clinical research. Because
chronic back pain is so disabling and so common [1,2],
a large population of vulnerable patients is yearning for
any promise of relief. These patients are attracted to an ex-
panding range of costly diagnostic and therapeutic interven-
tions [2,3]. They may be unaware of the controversy
surrounding many aspects of a diagnosis of ‘‘discogenic
back pain [4].’’ This diagnosis does not have well-
established criteria. It generally refers to back pain in pa-
tients without radicular symptoms and without structural
abnormalities other than lumbar disc degeneration. Profes-
sional societies provide some guidelines on this condition
[5–8], but no consensus exists on whether or how to follow
the recommendations [9–12]. It remains unclear, for exam-
ple, whether there is a localized peripheral generator of back
pain [13] (ie, the intervertebral disc), whether imaging stud-
ies such as magnetic resonance imaging (MRI) [14] or diag-
nostic tests such as discography [15] can distinguish painful
from nonpainful discs, or whether such a pain source can be
eliminated by nonsurgical treatment, excision, fusion, or ar-
tificial disc replacement.

Lack of consensus regarding the efficacy of lumbar spi-
nal fusion for discogenic back pain is particularly troubling
because four European randomized trials have compared
fusion with nonsurgical care [16–19]. Fusion showed
a small benefit for back disability compared with nonstan-
dardized nonsurgical care but roughly similar benefit com-
pared with intensive rehabilitation incorporating cognitive
behavior therapy [20]. The Food and Drug Administration
investigational device exemption artificial disc approval
studies showed disc replacement to have less than 60% suc-
cess rate for a composite outcome and even lower success
for the comparator lumbar fusion [21–23]. In the context
of rising use and costs of lumbar fusion [24,25], these

results have invited scrutiny from payers [26,27]. Indepen-
dent evidence reviews commissioned by the Centers for
Medicare and Medicaid Services Coverage and Advisory
Committee [28] and the Washington Healthcare Technol-
ogy Assessment Program [29] concluded that lumbar fusion
for degenerative disc disease lacked sufficient evidence of
efficacy and safety to justify unconditional coverage, and
private payers have reached similar conclusions for artificial
disc replacement [30]. In contrast, experienced surgeons
claim that ‘‘properly selected patients’’ have successful out-
comes with surgery, without specifying the selection criteria
[31].

The randomized trials were performed in countries with
nationalized health care. We considered the possibility that
patients in United States with discogenic back pain who re-
ceive surgery in a community-based practice setting may dif-
fer in important measurable characteristics from those who
do not receive surgery; they may also have different out-
comes. They may have different expectations, different ac-
cess to services, and different social support options. Also,
in a controlled trial, the strict eligibility criteria and standard-
ized interventions may not reflect real-world practice. An ob-
servational study to describe the demographics, baseline
features, and treatment use among US patients with disco-
genic back pain would add new and complementary infor-
mation to these trials. We designed an observational
prospective cohort study to address these hypotheses [32].
Our goals were to select patients presenting for initial surgi-
cal consultation for axial back pain associated with disc
degeneration, select those patients the treating surgeon iden-
tified as having discogenic back pain, identify baseline char-
acteristics associated with receiving surgery, and compare
outcomes of surgical versus nonsurgical treatment. In con-
trast with a controlled trial, we did not interfere with the di-
agnosis and care process; we simply did our best to record
what was done and how the patients’ pain and function
changed.
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Methods

Study design

We conducted a prospective cohort study of patients
with axial back pain seeking surgical consultation. The
detailed study protocol has been previously published
[32]. To obtain a representative sample of community
practice, we enrolled patients from five sites: a county
hospital, an academic medical center, and three commu-
nity hospitals. Orthopedic surgeons (n512) and neurosur-
geons (n54) participated. The study protocol was
approved by the institutional review boards of University
of Washington and participating community hospitals,
and all study participants provided written informed con-
sent. Study participants were followed for 12 months after
enrollment.

Patient selection

Our goal was to identify patients with discogenic back
pain consulting a surgeon for the first time to discuss sur-
gical treatment options. Because no established criteria
exist for this diagnosis, we relied on the judgment of the
treating surgeon regarding interpretation of the patient’s
clinical presentation and imaging studies. We required
that patients have low back pain as the primary symptom
and an MRI scan confirming disc degeneration at only one
or two lumbar discs. Enrollment criteria did not restrict
the MRI to be within any specific time interval. The diag-
nosis of discogenic back pain was established by the sur-
geon. Investigators reviewed the radiologist’s report to
confirm that no specific structural abnormalities were re-
ported by the radiologist and degeneration was limited
to one or two levels. Because discography remains contro-
versial [33], we did not require discography as an enroll-
ment criterion. We required symptom duration of at least 6
months, as surgeons rarely consider surgery for discogenic
pain of shorter duration. We did not ask whether the pain
varied during the duration interval (eg, pain everyday or
most days).

Research coordinators screened records of all patients
presenting with back pain at the participating sites. Coor-
dinators used a prespecified list of exclusion criteria. Pa-
tients could be excluded at screening, baseline interview,
or subsequent confirmation of enrollment criteria and con-
sent. We excluded patients with neurological deficit or
predominantly nerve root symptoms, motor deficits, ab-
normal electrodiagnostic studies (if performed), structural
spine deformity such as stenosis or spondylolisthesis
(OGrade 1), inflammatory disease, spinal malignancy, in-
stability on radiographs (if performed), pregnancy, other
specific causes for back pain, or severe comorbidity that
would contraindicate surgery. We also excluded patients
older than 65 years because of the high prevalence of mul-
tilevel disc degeneration and spinal stenosis in this age
group.

Definition of treatment groups

In this observational study, we did not specify the treat-
ments patients received. At each assessment, we asked pa-
tients about treatments they had received. We also recorded
treatments listed in their medical records. Patients who un-
derwent surgery within six calendar months after study en-
rollment date were designated as ‘‘surgical’’, and those who
did not were designated as ‘‘nonsurgical,’’ even if they had
surgery later in the study period. Patients could undergo
multiple treatments concurrently during the study period.
Any additional or concurrent nonoperative treatments re-
ceived by surgical patients during the initial 6 months after
enrollment were considered co-interventions.

Outcome measures

Our primary outcome was the modified Roland-Morris
back disability score as measured by the number of
‘‘yes’’ responses to 23 statements describing activity limita-
tions related to back pain [34]. Higher scores indicate
greater disability. A five-point or 30% reduction from base-
line score [35,36] is considered the minimal clinically im-
portant change in this score.

Secondary outcome measures included patient current
rating of overall pain severity on a numerical scale of
05‘‘no pain’’ to 105‘‘worst possible pain,’’ back and leg
pain bothersomeness measures [37–39], the physical func-
tion scale of the short-form 36 version 2 (SF-36v2) ques-
tionnaire [40], use of medications for pain, and work status.

We also examined success rate using a composite defini-
tion of success: 30% improvement from baseline in the Ro-
land score, 30% improvement from baseline in current pain
rating, no opioid medication use within the past 3 months,
and working (for patients for whom work was relevant, that
is, not retired, working in the home, or receiving disability
compensation before surgery).

Outcomes were assessed in person at baseline and by
telephone interviews or mailed questionnaires at 3, 6, 9,
and 12 months after enrollment. Interviewers were blinded
to the subject’s treatment group designation. Study partici-
pants were considered lost for a particular follow-up after
a minimum of 12 dispersed unsuccessful telephone interview
attempts and no response to 3 sequential mailings during the
follow-up time window.

Baseline measures

At baseline, we assessed a variety of patient character-
istics to describe the sample. These included patient socio-
demographic characteristics, history of symptoms and
treatments, work status, work disability compensation sta-
tus, and litigation [32]. We recorded medical comorbidity
using a questionnaire based on the Charlson comorbidity
index [41] and asked about smoking, alcohol, and drug
use [42]. Psychological measures included the symptom
checklist 90 depression and somatization scales [43], the
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SF-36v2, mental health scale, and the pain catastrophizing
scale [44]. Psychological measures were also administered
at follow-up during the first year of the study, but patient
complaints of questionnaire burden required us to modify
our protocol and collect these only at baseline.

Assessment of therapeutic safety

Because patients were recruited from multiple practices
in this community-based study, we chose to evaluate thera-
peutic safety primarily through information obtained by
patient interviews. We selected three adverse outcomes
common to both surgical and nonsurgical treatment groups:
emergency department visits, hospitalizations, and repeat
surgery in the surgical group and any surgery after the treat-
ment group designation period (first 6 months after enroll-
ment) for the nonsurgical group. These measures were
ascertained uniformly for both groups through patient in-
terviews. We reviewed operation reports and hospital
discharge summaries of the surgical patients. We also per-
formed detailed safety surveillance of surgical patients at
two hospitals [45], but we did not have sufficient study per-
sonnel for this type of direct hospitalization surveillance of
all study participants.

Statistical analysis

Our sample size calculations indicated that we needed
approximately 95 patients in each treatment arm to detect
a 3.0-point difference in the Roland score (primary out-
come), based on a standard deviation of 7.37 from the Maine
Lumbar Spine Study [38,46], two-sided alpha50.05, and
power50.80 [32]. Because observational analyses have
a strong potential for meaningful biases, we present confi-
dence levels and sensitivity analyses for observed differences
for clinically important baseline features and outcome
measures.

To compare the primary outcome (1-year modified Ro-
land score) in the two treatment groups, we used a linear
mixed-effects regression model with treatment status en-
tered as an independent variable. The model used available
information to account for missing data and patients lost to
follow-up. We included random effects to account for cor-
related measures collected on the same individuals over
time with unstructured covariance. Using bivariate and
multivariate logistic regression models, we examined the
associations between baseline characteristics and having
surgery to assess the risk of confounding in this non-
randomized study. We adjusted the linear mixed-effects
model for potentially confounding baseline factors that
were associated with receipt of surgery.

The inclusion of covariates for the linear mixed model
using p!.05 for prediction of surgery may be too strong
and exclude some other factors that are indeed associated
with surgery, for which adjustment could impact estimates.
Therefore, as a sensitivity measure for the primary

outcome, we also performed an alternative analysis using
a stepwise selection logistic regression method that in-
cluded baseline variables for outcomes (Roland, SF-36
[eight domains], catastrophizing, depression, somatization,
helplessness and rumination, back and leg pain), patient
characteristics (gender, education, race, age, work status,
back pain duration, body mass index, comorbidity, smok-
ing, alcohol, marital status, disability, and lawyer help),
and resources (days cut down on activity, bed days, missed
work, prescriptions). We set the probability to remove at
O.20. The following variables remained in the model:
SF-36 vitality, social function, role physical, and general
health domains, leg weakness, work status, cut down on ac-
tivities, somatization, catastrophizing, helplessness, recruit-
ment site, symptom duration, and previous surgery.

The number of interventions received during the treat-
ment period was compared among groups using a trend test
(ptrend in Stata). Proportions for the categorical outcome
measures (safety and the composite definition of success)
were compared using logistic regression with adjustment
for covariates. All analyses were performed using Stata ver-
sion 11.0 (StataCorp LP, College Station, TX, USA). All
tests were two sided and p values !.05 were considered
to be significant.

Results

Study participants

Fig. 1 shows the study flow. We screened 7,344 patients
who had back pain and were referred to the study. Of these,
495 met the study inclusion criteria and agreed to partici-
pate. Reasons for exclusions are listed in Table 1. The most
frequent exclusions were for age greater than 65 years (922,
13.5%), presence of radiculopathy (848, 12.4%), problem
not related to lumbar spine (827, 12.1%), and prior fusion
(783, 11.4%). Our sample size target was 95 in each treat-
ment group, but after nearly 5 years of enrollment, only 86
(17%) of 495 study participants received surgery within 6
months of the enrollment date. Although more patients in
the surgical group would have been optimal, we stopped
further enrollment because of limits in our project funding.

Twelve-month post-enrollment interviews were com-
pleted in 70 (81%) surgical patients and 336 (82%) non-
surgical patients (Fig. 1). Patients lost at the 12-month
post-enrollment interview were significantly more likely
to have baseline characteristics generally associated with
worse outcomes: more prior surgery, more severe pain,
greater physical disability, and more worker’s compensa-
tion claims.

Baseline comparisons of surgical and nonsurgical
patients

Surgical and nonsurgical patients were similar in most of
the characteristics we measured at baseline, including

4 S.K. Mirza et al. / The Spine Journal - (2013) -



measures of psychological distress (Table 2). However, pa-
tient with prior lumbar decompression surgery, greater
baseline back and leg pain bothersomeness, and greater
back-related physical disability were more likely to receive
surgery in the next 6 months (Table 2). In the multivariate
model, after adjusting for other important baseline charac-
teristics, prior surgery, greater back-related physical dis-
ability, and being seen at a private practice site (as
compared with an academically affiliated hospital) were as-
sociated with receiving surgery. We also found a trend to-
ward a significantly lower chance of receiving surgery for
patients who were smokers and a trend toward receiving
surgery for patients with greater leg pain bothersomeness,
controlling for other factors (not shown).

Therewas awide range of scores on each baselinemeasure.
On average, study participants scored almost 1 standard devi-
ation below (ie, worse than) the general population mean on
the SF-36 mental health scale, showed moderate levels of de-
pressive symptoms, and reported multiple nonspecific physi-
cal symptoms. Mean pain-related catastrophizing scores
were similar to those reported among patients seen in outpa-
tient pain clinics [47,48].

Nature of the surgical treatments and co-interventions

Surgical treatment varied, consisting of instrumented
fusion in 68 patients (79% of the surgical patients), artifi-
cial disc replacement in 10 (12%), and laminectomy or
discectomy in 8 (9%). Enrollment criteria were confirmed
in these patients; we cannot explain the rationale for de-
compression surgery. Surgical patients also received mul-
tiple nonsurgical co-interventions during the first 6 months
after enrollment (Table 3). The number of nonoperative
treatments was greater in the surgical group than in the
nonsurgical group within the first 6 months (p5.001,
Table 3). Surgery was performed at a mean of 2.4 months
after enrollment.

Nature of nonsurgical treatments

Nonsurgical treatments received by patients during the
first 6 months of the study were similar to the treatments
patients reported receiving before enrollment, although
rates of use were lower (Table 3). A substantial minority
of patients (13%) reported receiving no treatment during

Fig. 1. Flow diagram of patient screening, eligibility, enrollment, and follow-up.
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the first 6 months after enrollment, the treatment designa-
tion period for the study.

Outcomes of surgical and nonsurgical treatment

The primary outcome, back-specific disability, showed
advantage for surgery (Fig. 2). Based on linear mixed
models adjusting for baseline measures associated with re-
ceipt of surgery and for loss to follow-up, patients who re-
ceived surgery in the first 6 months of the study, on average,
had Roland score that was 5.4 points (95% confidence in-
terval 3.9–6.9, p!.001) lower than those of patients in
the nonsurgical group at 1 year (6–12 months after surgery,
mean 9.6 months after surgery).

Alternative analysis using a stepwise model suggested
a slightly greater improvement in the surgical group than
the original model, but this analysis was not as parsimoni-
ous, and lost some subjects because of missing baseline var-
iables. The Roland score for the surgical group at 12
months was 6.07 points lower (95% confidence interval
4.4–7.8) compared with the nonsurgical group (p!.001),
overlapping with the estimate from the original model.
However, the stepwise model included many more terms
and only 399 subjects because of missingness; the original
model included 495 subjects and fewer parameters. The sta-
tistical tests between surgery and nonsurgery were not oth-
erwise different, and the conclusions remain the same.

Secondary outcomes also showed advantage for surgery,
including overall pain intensity rating (Fig. 2), composite
measures of success (Table 4), and other physical and men-
tal health measures (Table 5). Patients showed variable
improvement on both the overall pain rating and Roland
back disability scales, but the surgical group had greater
improvement than the nonsurgical group at all potential
cut-off thresholds for defining success (Fig. 3). Using a
composite measure of success defined as 30% improvement
from baseline in the Roland score, 30% improvement from
baseline in pain rating, return to work for eligible workers,
and no opioid pain medication use, the 1-year post-
enrollment success rate was 33% in the surgery group
and 15% in the nonsurgical group (p!.001, Table 4). Some
patients did not improve: approximately 25% of nonsurgi-
cal and 15% of surgical patients reported worse function
and increased pain at 12 months after enrollment compared
with baseline (Fig. 3).

Patient-reported measures of safety

Between 6 and 12 months after enrollment, emergency
department visits occurred with similar frequency in the
two treatment groups: 5/76 (7%) of surgical patients and
41/366 (11%) nonsurgical patients (p5.23). Overnight hos-
pitalizations also occurred with similar frequency in both
groups: 1/76 (1%) surgical and 13/366 (4%) nonsurgical
(p5.31). Repeat surgery occurred in 8/76 (11%) of surgical
patients. Also, 22/366 (6%) of patients in the nonsurgical
group received surgery between 6 and 12 months after
enrollment.

Discussion

This community-based comparative effectiveness study
showed only fair outcomes for both surgical and nonsurgi-
cal treatments of discogenic back pain. Patients with
chronic back pain who seek surgical consultation and are
found to have discogenic back pain presented, on average,
with moderate levels of pain, physical disability, and psy-
chological distress. When assessed 12 months after enroll-
ment, patients who had surgery combined with nonsurgical

Table 1
Patients excluded after screening assessment (n56,849)*

Reason for exclusion n %

Signs or symptoms of disc herniation
Disc extrusion/protrusion/bulge 447 6.5
Pain radiating below knee 163 2.4
Lumbar radiculopathy 149 2.2
Leg pain more severe than back pain 78 1.1
Nerve root impingement 6 0.1
Abnormal electrodiagnostic test 5 0.1

Discogenic back pain not confirmed
Not confirmed with imaging 204 3.0
Not discogenic by surgeon assessment 115 1.7
Not referred by surgeon for study for other reasons 16 0.2

Primary problem not related to lumbar spine
Neck 827 12.1
Problem not back (hip, leg, ankle) 212 3.1
Thoracic spine 207 3.0
Sacral 28 0.4
Shoulder 10 0.1

Diagnosis other than discogenic back pain
Prior fusion 783 11.4
Fracture 378 5.5
Planned surgery not fusion or disc replacement 421 6.1
Scoliosis 239 3.5
Disc degeneration at more than two levels 223 3.3
Lumbar spinal stenosis 147 2.1
Lumbar spondylolisthesisO25% (Grade 1) 86 1.3
Previous multilevel laminectomy 22 0.3
Lesion or cyst 13 0.2
Malignancy or infection 15 0.2
Kyphosis 9 0.1
Developmental deformity 7 0.1
Spondylolysis 6 0.1
Neuropathy 1 !0.1
Instability on flexion-extension X-rays 1 !0.1

Other exclusions
AgeO65 y 922 13.5
Postoperative/wound management 627 9.2
Age!18 y 332 4.8
Did not speak English 77 1.1
Pain duration!6 mo 25 0.4
Medical comorbidity contraindicating surgery 14 0.2
Pregnancy 5 0.1
No phone 1 !0.1

* Patients could meet more than one exclusion criterion, but only one
is listed here, based on the exclusion criterion first detected during
screening.
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co-interventions showed modest but significantly greater
improvement in self-reported disability, back pain, generic
physical function, and composite success measures com-
pared with patients who had continuation of unstructured
nonsurgical care. Surgical patients also concurrently re-
ceived more intensive cotreatments than the nonsurgical
group. Although surgery combined with various additional
nonsurgical treatments showed advantage over nonsurgical
treatment alone, only one-third of surgical patients attained
a successful result defined by stringent criteria of clinically
important improvement in pain and function, no opioid
medication use, and return to work for eligible workers.
The rate of activity restriction and opioid use was signifi-
cantly greater in the surgical group along with greater use
of corsets and bed rest. Surgery did not reduce the frequency
of emergency room visits or overnight hospitalizations, and

11% of patients had repeat surgery within the first year
postoperatively.

Patients, on average, showed minimal improvement after
12 months of continued nonsurgical care as currently pro-
vided in the United States. Nonsurgical treatments that
the patients received varied widely, were used in an un-
structured manner, and mostly did not comply with conser-
vative care guidelines. For example, only 5% received
cognitive behavior therapy. Outcomes in the nonsurgical
group may have improved more if treatment had adhered
to recommendations from clinical practice guidelines [6].

The poor prognosis we observed for discogenic back
pain has policy implications. The nonsurgical patients in
our study provide somewhat of a natural history of disco-
genic back pain because they received minimal new therapy
after enrollment. In contrast with the commonly held view

Table 2
Baseline comparison of patients who received surgery within 6 months of enrollment and those who did not

Factor Level Nonsurgical (n5409) Surgical (n586) p Value among groups

Demographics
Sex, % Male 48 45 .67

Female 52 55
Education, % High school or less 27 25 .62

Some college 40 46
College degree 32 29

Race, % White 84 87 .45
Other 16 13

Age (y), mean (SD) 42.7 (9.3) 42.1 (8.7) .60
Work status, % Working full or part time 50 47 .06

On leave, unemployed 24 29
Homemaker, student, retired 9 15
Disabled 17 8

Clinical characteristics
Duration, % !12 mo 17 14 .67

1–5 y 47 52
5! y 35 34

Previous surgery, % Yes 21 36 .004
BMI, % !24.9 36 29 .51

25.9–29.9 36 41
30.0! 28 29

Comorbidity in Charlson index, % Any 36 41 .43
Smoker, % Yes 29 21 .12
Excessive alcohol/drug screen, % Positive* 12 13 .83

Setting
Enrollment site, % County medical center 37 26 .08

Academic affiliate 22 22
Private hospital affiliate 41 52

Baseline physical health measuresy

Roland score, mean (SD) 0–23 15.9 (5.4) 17.7 (4.2) .003
SF-36v2 physical function, mean (SD) Norm based (0–100) 32.9 (10.7) 28.8 (9.2) !.001
Overall pain rating, mean (SD) 0–10 6.1 (2.3) 6.5 (1.9) .10
Back pain bothersomeness, mean (SD) 1–5 4.0 (0.9) 4.4 (0.7) .03
Leg pain bothersomeness, mean (SD) 1–5 3.0 (1.4) 3.5 (1.3) .01

Baseline mental health measuresy

SF-36v2 mental health, mean (SD) Norm based (0–100) 42.2 (12.1) 42.2 (12.3) .96
Pain catastrophizing, mean (SD) Raw score (0–52) 23.2 (13.4) 25.3 (13.3) .20
SCL-90 somatization, mean (SD) Raw score (0–4) 1.2 (0.6) 1.1 (0.6) .80
SCL-90 depression, mean (SD) Raw score (0–4) 1.1 (0.9) 1.1 (0.9) .58

BMI, body mass index; SF-36v2, short-form 36 version 2; SD, standard deviation; SCL-90, symptom checklist 90.
* Positive alcohol/drug screen was ‘‘yes’’ to either of two questions: excessive use within the past year or desire to cut down.
y Higher scores indicate worse pain and function on all outcome measures except the SF-36 physical function and mental health scales, where higher

scores indicate better function.
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that nonspecific back pain has a benign course, those who
sought surgical consultation had marked pain and func-
tional limitations at enrollment and remained essentially
unchanged during 12 subsequent months of surveillance.

The fundamental concepts underlying the mechanism of
pain in these patients, the treatment options offered to them,
and policies governing these treatments need re-evaluation.
New diagnostic and surgical technologies are readily

Table 3
Therapeutic interventions reported at baseline and during the treatment designation period

Intervention

Baseline* Treatment periody

Nonsurgical group
(n5409), %

Surgical group
(n586), % p Value

Nonsurgical group
(n5409), %

Surgical group
(n586), % p Value

Surgery 21 36 !.001 0 100 NA
Exercise 80 85 .340 73 78 .37
Activity restriction 74 80 .322 66 88 !.001
Nonsteroidal anti-inflammatory medications 90 91 .695 65 47 .27
Opioid pain medications 80 88 .072 64 89 !.001
Physical therapy/occupational therapy 88 95 .073 52 56 .61
Bed rest 68 73 .317 52 66 .018
Massage 55 61 .319 33 28 .33
Brace or corset 42 46 .544 30 50 .001
Spinal injections 63 81 .002 29 26 .66
Pain program 17 29 .010 17 13 .34
Chiropractic care 45 52 .272 15 10 .23
Transcutaneous electrical nerve stimulation 25 32 .244 15 19 .39
Ultrasound 34 44 .082 12 20 .054
Acupuncture 21 27 .270 7 6 .74
Cognitive-behavioral therapy 5 8 .457 6 4 .48
Intradiscal electrothermal coagulation 8 11 .310 4 3 .57
Number of co-interventions: different nonsurgical

interventions received during the treatment
designation period only
0 13 8 .001
1–3 41 29
4–6 39 54
O6 7 9

NA, not applicable.
* Subjects were asked if they received the treatment at any time in the past before enrollment.
y The initial 6 months after enrollment was the time interval during which treatment group designation was determined. Those patients who received

surgery during that period comprised the surgical group. Values indicate any endorsement of that treatment at either the 3- or the 6-month post-
enrollment assessment.

Fig. 2. Adjusted and unadjusted Roland disability (primary outcome) and back pain intensity at each follow-up time point measured from enrollment date.
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available in community practice, but comprehensive reha-
bilitation and cognitive behavior therapy are difficult to find
and frequently not covered by insurance programs.

We conducted an observational study to obtain a ‘‘real-
world’’ or pragmatic view of community-based practice
and outcomes for discogenic back pain. We acknowledge
that observational studies comparing treatment effective-
ness have many limitations; results should be interpreted
with caution. Despite statistical adjustments, unmeasured
confounding factors persist and bias observed associations.
The population chosen for this study was likely biased in
favor of surgery because it had already made the decision
to seek a surgical consultation. Only a small fraction of pa-
tients with back pain seeking surgical opinion were judged
by the treating surgeon to have discogenic back pain (ie,
chronic back pain, disc degeneration at only one or two
lumbar levels, and no other focal abnormalities).

In contrast with the standardization often imposed in ran-
domized trials, this study shows that under natural conditions,
patients with chronic back pain often mix multiple treatment
interventions concurrently. Surgical patients simultaneously
received multiple nonsurgical co-interventions. In fact, pa-
tients who underwent surgery received more nonoperative
treatments than did patients in the nonsurgical group. We en-
rolled patients after the studies by Fritzell et al. [19] and Brox
et al. [17] were published. During orientation of surgeons par-
ticipating in our study, we reviewed that data showing inten-
sive rehabilitation incorporating cognitive behavior therapy
were just as effective as surgery [20]. Despite availability of
this knowledge, the nonsurgical care received by patients in
our study remained haphazard.

Our study reports early short-term results. Follow-up for
surgical patients averaged 9.6 months postoperatively.
Lumbar arthrodesis procedures can require that duration
for healing, placebo effects may be particularly strong in
the early postoperative period [49], and the advantage for
surgery may diminish with time. Surgical advantage was
greatest at 1 year and diminished by 2 years in a Swedish
randomized trial comparing lumbar fusion to nonoperative
care [19]; outcomes for surgical and nonsurgical groups
were similar at 5-year follow-up [50]. A small Japanese
trial also showed early advantage for surgery [51].

Although it is widely accepted that back pain in some
patients may be caused by lumbar disc degeneration, the di-
agnosis of discogenic back pain lacks a firm biological ba-
sis and clear clinical description. It is uncertain whether the
structural and physiological intervertebral disc changes as-
sociated with aging alone can be distinctly separated from
changes that cause low back pain. Because disc degenera-
tion is almost ubiquitous beyond the age of 50 years and be-
cause back pain is very common, this ambiguity has
important clinical implications. Some physicians believe
that individual discs can be identified as sources of pain
in individual patients and infer that surgery to immobilize
or replace the disc will help eliminate back pain [52].
Others believe it is nearly impossible to identify specific
discs as a cause of pain in individual patients [52]. A Com-
bined Task Force of the North American Spine Society,
American Society of Spine Radiology, and American Soci-
ety of Neuroradiology for Nomenclature and Classification
of Lumbar Disc Pathology acknowledged the difficulty of
distinguishing disc degeneration from normal aging [53].

Efficacy cannot be proven by nonrandomized studies such
as ours [54]. We address group differences by reporting mul-
tiple comparisons of baseline measures, interventions, and
outcomes. However, confounding by unmeasured factors
may account for the associations observed between surgery
and outcomes. Surgical patients in our study also received
more intensive nonoperative co-interventions compared with
the nonsurgical cohort, none of whom received structured
state-of-the-art rehabilitation, and some received no treat-
ment. However, if patient preferences, the treating surgeon’s
patient selection biases, co-interventions, and other unmea-
sured factors associated with receiving surgery are consid-
ered as a bundled package (ie, ‘‘use effectiveness’’ [55]),
surgical patients had better—but still poor—outcomes com-
pared with continued unstructured nonsurgical care.

Our study shows that patients whom a spine surgeon la-
beled as having discogenic back pain have severe func-
tional limitations at baseline, have multiple comorbidities,
and receive multiple concurrent treatments in the course
of usual care. In contrast with the general perception that
patients with nonspecific back pain improve with minimal
treatment, we found these patients continue to have severe

Table 4
Success rates at 1 year after enrollment for various definitions of success

Criteria for success at 1 year Nonsurgical group (%) Surgical group (%) p Value*

30% improvement (from baseline) in pain intensity 35 71 !.001
30% improvement (from baseline) in Roland score 25 57 !.001
Working (among those for whom work is relevant)y 57 59 .92
No opioid pain medications in the past 3 mo 51 47 .51
30% improvement in pain intensity and 30% improvement in Roland 19 51 !.001
30% improvement in pain intensity, 30% improvement in Roland, and working at 12 monthsy 18 46 !.001
30% improvement in pain intensity, 30% improvement in Roland, working at 12 monthsy, and
no opioid pain medications in the past 3 mo

15 33 !.001

* p Values based on logistic regression controlling for age, sex, education, previous surgery, alcohol use, smoking, body mass index, race, work status,
Charlson comorbidity index, overall pain intensity, back pain bothersome, leg pain bothersome, symptom duration, and study recruitment site.

y Excluding those patients who at baseline reported being a student, homemaker, retired, or on permanent disability.
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pain and functional limitations. The degree of improvement
we observed in surgical patients was marginal despite in-
tensive concurrent treatments. These findings are relevant
to guiding policy and practice for this patient population
in the United States. Facilitating effective treatments based
on trustworthy clinical practice guidelines may yield large
benefits at the population level.

Access to patient-level data

The Center for Surgical Innovation at Dartmouth (CSI)
website (http://dartmouth-hitchcock.org/csi) will provide
de-identified study data to any researchers interested in
evaluating new hypotheses or confirming hypotheses within
this paper, or professors wishing to use the database for

classroom purposes. The website provides the data dictio-
nary for the study cohort, an accompanying document that
describes the data structure, and general guidelines regard-
ing how to request the data. The Methodology Core for the
Dartmouth/NIH NIAMS Multidisciplinary Clinical Re-
search Center for Musculoskeletal Diseases (MCRC) will
evaluate submitted applications and, when necessary, work
with the applicants to clarify the project aims. Upon ap-
proval, the MCRC will provide the applicant with a secure
data set that includes all of the variables the researchers and
the MCRC evaluation committee determine are necessary
and a data entry program in the statistical package (SAS,
STATA, SPSS, or R) selected by users. The CSI website
will track the number of applicant requests, projects that
have been summited, projects that have been approved,
the project title and involved researchers for approved

Table 5
Linear mixed models to estimate treatment effects on primary and secondary outcomes for subjects who received surgery compared with those who received
only nonsurgical treatment*

Outcome Time point (mo) Nonsurgical mean (95% CI) Surgical mean (95% CI) p Value

Physical health measures
Roland disability index 3 15.1 (14.6–15.5) 15.3 (14.3–16.3) .52

6 14.5 (14.0–15.0) 12.3 (11.2–13.4) !.001
9 14.4 (13.9–15.0) 9.6 (8.4–10.8) !.001
12 14.1 (13.5–14.8) 8.9 (7.5–10.3) !.001

Overall pain rating 3 5.0 (4.8–5.2) 5.1 (4.6–5.5) .43
6 5.3 (5.1–5.5) 3.8 (3.3–4.3) !.001
9 5.3 (5.1–5.6) 3.5 (2.9–4.0) !.001
12 5.2 (4.9–5.4) 3.4 (2.9–4.0) !.001

SF-36v2 physical function 3 34.6 (33.8–35.3) 35.0 (33.2–36.7) .38
6 35.0 (34.1–35.8) 37.5 (35.5–39.4) .005
9 34.9 (34.0–35.8) 43.8 (41.7–45.9) !.001
12 35.3 (34.3–36.3) 43.3 (40.9–45.6) !.001

Leg pain bothersomeness 3 2.8 (2.7–2.9) 2.6 (2.4–2.9) .24
6 2.7 (2.6–2.9) 1.7 (1.5–2.0) !.001
9 2.8 (2.6–2.9) 1.5 (1.2–1.8) !.001
12 2.7 (2.5–2.8) 2.0 (1.6–2.3) !.001

Back pain bothersomeness 3 3.8 (3.7–3.9) 3.5 (3.3–3.7) .052
6 3.6 (3.5–3.7) 2.9 (2.7–3.2) !.001
9 3.6 (3.5–3.8) 2.7 (2.4–2.9) !.001
12 3.4 (3.3–3.6) 2.8 (2.5–3.0) !.001

Mental health measures
SF-36v2 mental health 3 43.9 (42.8–45.1) 45.5 (43.1–47.9) .26

6 43.5 (42.3–44.7) 47.0 (44.4–49.6) .017
9 43.1 (41.8–44.3) 50.0 (47.2–52.8) !.001
12 43.8 (42.4–45.1) 49.1 (46.1–52.2) .002

Pain catastrophizing 3 21.2 (20.1–22.4) 18.8 (16.3–21.2) .087
6 20.7 (18.4–23.0) 11.5 (6.2–16.8) .002
9 20.5 (17.7–23.3) 9.6 (2.7–16.5) .004
12 20.1 (18.9–21.4) 12.1 (9.2–15.0) !.001

SCL-90 somatization 3 1.06 (1.00–1.12) 1.15 (1.02–1.29) .200
6 1.14 (1.01–1.27) 0.76 (0.45–1.07) .025
9 1.27 (1.10–1.44) 0.95 (0.50–1.40) .19
12 1.14 (0.89–1.39) 1.05 (0.44–1.65) .78

SCL-90 depression 3 1.01 (0.92–1.09) 0.85 (0.67–1.04) .13
6 1.00 (0.84–1.15) 0.81 (0.45–1.16) .32
9 1.26 (1.07–1.45) 0.70 (0.24–1.17) .029
12 1.10 (1.01–1.19) 0.70 (0.50–0.90) !.001

CI, confidence interval; SF-36v2, short-form 36 version 2; SCL-90, symptom checklist 90.
* Controlling for age, sex, education, previous surgery, alcohol use, smoking, body mass index, race, work status, Charlson comorbidity index, overall

pain intensity, back pain bothersome, leg pain bothersome, symptom duration, and study recruitment site.
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projects, and, once completed, a structured abstract of the
project.
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