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Abstract

Study Design: Uncontrolled retrospective observational study.

Objectives: Surgery for patients with back pain and degenerative disc disease is controversial, and studies to date have yielded
conflicting results. We evaluated the effects of lumbar fusion surgery for patients with this indication in the Canadian Spine
Outcomes and Research Network (CSORN).

Methods:We analyzed data that were prospectively collected from consecutive patients at 11 centers between 2015 and 2019.
Our primary outcome was change in patient-reported back pain at 12 months of follow-up, and our secondary outcomes were
satisfaction, disability, health-related quality of life, and rates of adverse events.

Results: Among 84 patients, we observed a statistically significant improvement of back pain at 12 months that exceeded the
threshold of Minimum Clinically Important Difference (MCID) (mean change -3.7 points, SD 2.6, p < 0.001, MCID ¼ 1.2; 77%
achieved MCID), and 81% reported being “somewhat” or “extremely” satisfied. We also observed improvements of Oswestry
Disability Index (-17.3, SD 16.6), Short Form-12 Physical Component Summary (10.3, SD 9.6) and Short Form-12 Mental Com-
ponent Summary (3.1, SD 8.3); all p < 0.001). The overall rate of adverse events was 19%.

Conclusions: Among a highly selective group of patients undergoing lumbar fusion surgery for degenerative disc disease, most
experienced a clinically significant improvement of back pain as well as significant improvements of disability and health-related
quality of life, with high satisfaction at 1 year of follow-up. These findings suggest that surgery for this indication may provide some
benefit, and that further research is warranted.
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Introduction

Low back pain causes more global disability and socioeco-

nomic impact than any other condition, and the burden of low

back pain is increasing as populations age.1,2 Best available

evidence estimates a point prevalence of up to 20%, lifetime

incidence of up to 70%, and considerable direct and indirect

costs due to healthcare utilization and economic losses.3-5 Cur-

rent thinking characterizes low back pain according to a biop-

sychosocial framework, and the development of strategies to

diagnose and treat specific causes of low back pain is of urgent

importance to a broad group of patients, clinicians, researchers,

funding agencies, and policy-makers.6,7

Intervertebral discs are complex structures that allow multi-

planar spinal motion while transmitting large loads.8 They are

composed of hydrated proteoglycan and collagen-rich tissues,

and their osmotic pressure is an important contributor to their

structure and function. “Degenerative disc disease” refers to

consequences of aging, injury, or genetic predisposition that

lead to desiccation, collapse, and ultimately mechanical fail-

ure.9 Associations between this diagnosis and symptoms of

back pain remain controversial, but lumbar fusion surgery has

been proposed as a treatment option.10-13 Whereas clinical

trials to date have yielded conflicting results, further research

is warranted to optimally inform shared clinical decision-

making. Analyses of observational data from high-quality pro-

spective registries could offer insight about generalizable “real

world” outcomes.14,15

In this study, we aimed to determine the effects of lumbar

fusion surgery for patients with back pain and degenerative disc

disease from the Canadian Spine Outcomes and Research Net-

work (CSORN). Our primary objective was to evaluate

changes in patient-reported back pain at 12 months of

follow-up, and our secondary objectives were to evaluate

post-operative satisfaction, changes in disability and health-

related quality of life, and rates of adverse events.

Methods

We performed an uncontrolled retrospective observational

study using data that were prospectively collected from con-

secutive patients enrolled in the CSORN registry. CSORN is a

group of over 50 neurosurgical and orthopedic spine surgeons

from 18 tertiary care academic and nonacademic hospitals

across Canada.16-19 Teams of surgeons and local research coor-

dinators collected patient data at each site, which were then

tracked and audited by a national coordinator. We obtained

Clinical Research Ethics Board approval at each participating

site prior to enrolling patients, collecting data, and performing

this study. All patients provided written informed consent to

participate.

Patient Sample

We included all patients who presented with primary symp-

toms of back-dominant pain, were diagnosed with degenerative

disc disease (single level or multi-level), and underwent lumbar

fusion surgery. We did not standardize any aspects of decision-

making with respect to patient selection, surgical indications,

or surgical techniques. The presence of back pain as a primary

symptom was determined by the treating fellowship-trained

spine surgeons based on their initial consultations with each

patient and recorded prospectively. Diagnoses of degenerative

disc disease were not standardized but were generally made on

the basis of magnetic resonance imaging findings that included

features such as loss of homogeneous disc structure, loss of

distinction between nucleus pulposus and annulus fibrosis,

altered disc signal intensity, and/or collapse of disc height.20

We excluded those with primary symptoms other than back

pain such as radiculopathy, neurogenic claudication, or defor-

mity; diagnoses of stenosis, spondylolisthesis, deformity, frac-

ture, disc herniation, tumor, infection, or inflammation; and

those who underwent procedures other than fusion, such as

lumbar disc arthroplasty or decompression alone. Absence of

deformity was defined in the CSORN registry as: no sagittal or

coronal imbalance and a lumbar coronal cobb angle of less than

20 degrees.

We also excluded patients who underwent lumbar fusion

with concurrent lumbar disc arthroplasty at adjacent levels.

We did not record the presence or absence of concurrent facet

arthropathy and thus did not exclude patients on this basis.

Data Sources

We used standardized case report forms to collect the following

pre-operative baseline characteristics: age, sex, body mass

index (BMI), living status (alone versus not alone), education

(post-secondary or greater), smoking status, presence of dis-

ability or insurance claims, number of comorbidities, daily

opioid use, and duration of symptoms. We also collected base-

line measures of disability with the Oswestry Disability Index

(ODI), general health-related quality of life with the Short

Form 12 (SF-12) Physical and Mental Component Summaries

(PCS and MCS), and depressive symptoms with the nine-item

Patient Health Questionnaire (PHQ-9).21-24 Our primary out-

come measure was change in patient-reported back pain from

pre-operative to 12-months post-operative according to a 11

item numeric pain rating scale (NPRS), where 0 represents

no pain and 10 represents worst imaginable pain. Secondary

outcomes included satisfaction, ODI, SF-12 PCS and MCS,

and adverse events. Adverse events were collected prospec-

tively using the Spinal Adverse Events Severity (SAVES) pro-

tocol.25-27 Imaging studies were not available for review or

analysis.

We also used standardized case report forms to collect the

following surgical and clinical data: number of lumbar levels

(i.e. disc spaces) operated on, concurrent discectomy or direct

posterior decompression, anterior versus posterior approaches,

interbody cages, fixation, bone grafting, operating room (OR)

time, blood loss, and length of stay. Anterior approaches

included trans- and retro-peritoneal procedures, including lat-

eral trans- or pre-psoas techniques. Posterior approaches
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included open midline, open paraspinal, and posterior mini-

mally invasive (MIS).

Statistical Analysis

We report discrete variables as counts or proportions, normally

distributed continuous variables as means with standard devia-

tions (SDs), and skewed continuous variables as medians with

interquartile ranges (IQRs). We used parametric tests for data

with normal distributions and nonparametric tests for data

without normal distributions.

We compared mean changes in patient-reported outcome

measures (PROMs) from baseline to 12-months with paired

samples’ t-tests, and we interpreted changes using Minimal

Clinically Important Differences (MCIDs). MCIDs are the

smallest treatment effects that informed patients are likely to

perceive as beneficial (or harmful) enough to justify changes in

their management.28 We implemented the following MCIDs,

which were established elsewhere in the literature: NPRS back

pain—1.2 points,22 ODI—12.8 points,22 SF12 PCS—3.3

points,29 SF12 MCS—3.8 points.29

We tested for associations between patient characteristics or

surgical techniques and achievement of the MCID for back

pain using conventional univariate and multiple binomial logis-

tic regression. Candidate variables were initially selected based

on established clinical relevance, and variables with univariate

p-values <0.2 were included in an adjusted model, from which

we report Odds Ratios (OR) with 95% Confidence Intervals

(CIs). We performed sensitivity analyses in which categorical

and continuous versions of variables were exchanged, study

site was controlled for, and alternative model building strate-

gies were tested (full model, backward elimination, and for-

ward selection). We removed or combined independent

variables that were highly correlated and measured similar

constructs. We evaluated model fit using the coefficient of

determination (adjusted R2).

All of our analyses were complete case analyses in which

patients with missing data were excluded and imputations were

not performed. All tests of significance were 2-tailed and

p-values <0.05 were considered statistically significant. We

used IBM SPSS (version 25.0.0.1, IBM Corp.) and Microsoft

Excel 2011 (Microsoft Corp.).

Results

From the available CSORN database of patients with elective

thoracolumbar pathology and at least 12 months of follow-up,

we identified 108 who presented with primary symptoms of

back pain, were diagnosed with degenerative disc disease,

completed baseline PROMs, and underwent lumbar fusion sur-

gery (Figures 1 and 2). Of these, we excluded 24 (22%) because

of missing 12-month PROMs, which yielded a final study sam-

ple of 84 patients that were enrolled from 11 sites between

2015 and 2019.

Of note, the baseline demographics of those 24 patients

excluded for missing 12-month PROMS did not differ

substantially fromour final study sample (Appendix 1). Likewise,

22 of these excluded patients actually completed 3-month

PROMs, which demonstrated improvements in back pain and

disability that were statistically and clinically significant (back

painmean change (SD): -3.4 (2.9), p< 0.001,MCID¼ 1.2 points;

ODI mean change (SD): -16.0 (20.2), p < 0.001, MCID 12.8).

We report the baseline characteristics of our final study sam-

ple in Table 1, and their surgical data in Table 2. Mean age was

50.8 (SD 12.2), 48% were male, mean BMI was 27.8 (SD 5.3),

and 20% were current smokers. Most (79%) reported a pre-

operative symptom duration of greater than 2 years, and 41%
reported pre-operative daily opioid use. Mean pre-operative

back pain was 7.6 (SD 1.8) and mean pre-operative ODI was

48.2 (SD 14.1). Eighty-five percent of patients underwent 1- or

2-level fusions, and 68% underwent fusion alone (ie. without a

direct posterior decompression). Interbody cages were placed

from anterior approaches in 33 (39%) and posterior approaches

in 21 (25%), while 30 (36%) did not receive interbody cages at

all. Median operating time was 141 minutes (IQR 107 to 221),

blood loss was 200mL (IQR 100 to 500), and length of stay was

3 days (IQR 1 to 4).

At 12-months of follow-up, we observed a statistically sig-

nificant improvement in back pain across our sample that

exceeded the threshold of MCID (mean change (SD): -3.7

points (2.6), p < 0.001, MCID ¼ 1.2 points, Figure 3). Further,

the proportion of individual patients that experienced improve-

ments in back pain equal or greater than the MCID was 77%.

We also observed statistically significant improvements in the

secondary outcomes ODI and SF12 PCS and MCS, with pro-

portions meeting MCID that varied from 40 to 65% (Table 3).

Eighty-one percent of patients reported being either

“somewhat” (35%) or “extremely” (46%) satisfied; 77%
reported feeling overall “better” (27%) or “much better”

(50%); 79% reported that they would “probably” (23%) or

“definitely” (56%) choose to have surgery again; and 80%
reported that their experienced change in back pain met their

expectations “somewhat” (46%) or “completely” (33%).

In unadjusted analyses, we failed to identify statistically

significant associations between MCID for back pain and any

of age, sex, BMI, education, smoking status, disability or insur-

ance claims, number of comorbidities, daily opioid use, PHQ9

score, anterior versus posterior surgery, number of levels, or

use of interbody cages. After adjusting for potential confound-

ing, we also failed to confirm associations with living status or

duration of symptoms (Table 4). However, we identified a

significant independent association with pre-operative back

pain, whereby patients with worse pain were more likely to

achieve the MCID (OR 1.72, 95% CI 1.17 to 2.52, p < 0.01;

model fit: R2 ¼ 0.24). These findings were consistent across

sensitivity analyses in which categorical and continuous ver-

sions of variables were exchanged, study site was controlled

for, and alternative model building strategies were tested.

The overall rate of intra- and peri-operative adverse events

was 19%. Two patients required reoperations during their index

admission: one for evacuation of a symptomatic hematoma after

a posterior procedure, and one for excision of a symptomatic
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new disc herniation after a posterior procedure. Other adverse

events included: incidental durotomy in 6 patients; minor wound

problems not requiring re-operation in 4 patients (2 excessive

drainage, one superficial infection, one minor dehiscence); post-

operative ileus in 2 patients; unexpected blood loss greater than

2000mL in 1 patient during an anterior retroperitoneal proce-

dure; and a retained sponge requiring re-opening of an anterior

wound while under the index anesthetic in 1 patient. There were

no reoperations after discharge within 12 months of follow-up.

Discussion

We performed an observational study to determine the effects

of lumbar fusion surgery for patients with back pain and degen-

erative disc disease from the Canadian Spine Outcomes and

Research Network (CSORN). We found that 77% of these

patients experienced an improvement of their back pain after

surgery that was statistically significant and clinically impor-

tant at 12 months of follow-up. After adjusting for potential

Primary symptom: 
“Back pain”

n=844

Primary pathology: 
“Degenerative Disc Disease”

n=213

Primary pathology:
Spondylolisthesis – 192

Stenosis – 98
Deformity – 94
Fracture - 69

Disc herniation – 53
Tumor – 26

Infection – 11
Inflammation – 3

Other – 85

Procedure: Lumbar Fusion
n=110 

Procedure:
Arthroplasty (including hybrid 

with adjacent fusion) - 98
Decompression without fusion - 2

Sacroiliac arthrodesis – 1
More than five levels – 2

Missing pre-op data: 
NPRS and ODI - 2

Eligible sample: 
n=108

Study cohort: 
n=84

Missing follow-up data
NPRS and ODI - 22

VAS and ODI - 2

Available CSORN sample:
n=5026

Primary symptom:
Radiculopathy – 2328

Neurogenic claudication – 1545
Myelopathy – 86
Deformity – 72
Neck pain – 4
Other – 147

Figure 1. Identification of the study cohort: 84 patients who underwent lumbar fusion surgery for back pain and degenerative disc disease.



1680 Global Spine Journal 12(8)

confounders, we failed to observe any important associations

between patient characteristics or surgical techniques and

achievement of the MCID for back pain except that patients

with worse pre-operative pain were more likely to achieve

MCID. We also found high patient-reported satisfaction, sta-

tistically significant improvements in disability and health-

related quality of life, and low rates of adverse events.

Strengths and Limitations

The major strength of this study is our use of the CSORN

platform to evaluate the outcomes of a controversial surgical

indication with “real world” data that are high-quality and

relatively generalizable. Our PROMs were collected prospec-

tively by teams of research coordinators such that they provide

accurate and reliable outcomes, and our strict inclusion and

exclusion criteria yielded a selected group of patients without

Figure 2. Illustrative cases: pre-operative magnetic resonance ima-
ging (MRI, T2 sagittal) and 12-month post-operative xrays of (a) a
36-year old female who presented with back pain and degenerative
disc disease at L5-S1, and (b) a 41-year old male who presented with
back pain and degenerative disc disease at L4-5 and L5-S1. Both
patients experienced improvement of their back pain that exceeded
the Minimum Clinically Important Difference.

Table 1. Baseline Characteristics of 84 Patients Who Underwent
Lumbar Fusion Surgery for Back Pain and Cegenerative Disc Disease.

Variable
Sample
(n ¼ 84)

Age: mean (SD) 50.8 (12.2)
Sex (males) 40 (48%)
Body Mass Index: mean (SD) 27.8 (5.3)
Living status (lives alone) 10 (12%)
Education (post-secondary or greater) 52 (61%)
Smoking status (current smoker) 17 (20%)
Current disability or insurance claims (yes) 35 (41%)
Number of comorbidities: mean (SD) 2.8 (1.8)
Pre-operative daily opiate use (yes) 35 (41%)
Pre-operative use of over-the-counter analgesics (yes) 38 (45%)
Pre-operative use of non-steroidal

anti-inflammatories (yes)
14 (17%)

Pre-operative use of muscle relaxants (yes) 21 (25%)
Pre-operative use of anti-depressants (yes) 17 (20%)
Pre-operative use of neuroleptic (yes) 17 (20%)
Duration of symptoms:

Less than 3 months 0 (0%)
3 to 6 months 1 (1%)
6 to 12 months 4 (5%)
1 to 2 years 12 (14%)
Greater than 2 years 67 (79%)

Pre-operative Patient-Reported Outcome Measures
Numerical Pain Rating Scale—back pain: mean (SD) 7.6 (1.8)
Oswestry Disability Index: mean (SD) 48.2 (14.1)
Short Form 12—Physical Component Summary 31.4 (8.7)
Short Form 12—Mental Component Summary 46.4 (7.9)
Patient Health Questionnaire 11.9 (5.8)

SD ¼ standard deviation.

Table 2. Surgical Characteristics of 84 Patients Who Underwent
Lumbar Fusion Surgery for Back Pain and Degenerative Disc Disease.

Variable Sample (n ¼ 84)

Number of levels: median (IQR) 1 (1 to 2)
1 51 (61%)
2 20 (24%)
3 7 (8%)
4 5 (6%)
5 1 (1%)

Decompression (i.e. direct)
Posterior midline 25 (30%)
Posterior minimally invasive 2 (2%)
None 57 (68%)

Discectomy
Anterior 33 (39%)
Posterior 27 (32%)
None 24 (29%)

Interbody cage
Anterior 33 (39%)
Posterior 21 (25%)
None 30 (36%)

Fixation
Anterior alone 26 (31%)
Posterior alone 51 (60%)
Anterior plus posterior 7 (8%)

Bone Graft
Autograft 49 (58%)
Allograft 23 (27%)
Bone Morphogenic Protein 32 (38%)
Other synthetic 24 (29%)

Operating time (mins): median (IQR) 141 (107 to 221)
Blood loss (mL): median (IQR) 200 (100 to 500)
Length of stay (days): median (IQR) 3 (1 to 4)

IQR ¼ interquartile range.
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competing pathology. Our study is also strengthened by our use

of MCIDs to aid interpretability, and our reporting of potential

harms via adverse event data. Although we excluded 24 other-

wise eligible patients due to incomplete follow-up, we demon-

strated that their baseline demographics and 3-month PROMs

did not differ substantially from those included. We required

12-months of follow-up because patient-reported changes in

back pain have been shown to plateau by this time-point.30

It should be clarified that our research question was posed

without any prior data exploration.We performed a retrospective

observational study using data that had been collected prospec-

tively, and we sought to only study patients with back pain and

degenerative disc disease (without disc herniation, other abnorm-

alities, or other symptoms). We defined our study eligibility cri-

teria and then applied our inclusion and exclusion criteria to

identify the eligible sample, and then performed the statistical

analyses. We did not analyze the entire CSORN registry or seek

to identify this group on the basis of having the best outcomes.

The major limitation of this study is that it is an uncontrolled

observational study. Invasive surgical interventions are known

to have substantial placebo effects, and well-designed trials are

essential to evaluate comparative effectiveness.31,32 Our data

do not inform about the effects of lumbar fusion on back pain in

comparison to non-operative treatment or other surgical inter-

ventions, nor do they inform about the natural history of degen-

erative disc disease without treatment. Likewise, we

acknowledge that our results inherently reflect a selection bias

among the patients and the participating surgeons because

patient selection, decision-making, and surgical techniques

were not standardized. It is entirely plausible that patients who

were not offered (or declined) surgery for their back pain and

degenerative disc disease (and thus not enrolled in CSORN)

could have a fundamentally different prognosis for improve-

ment in comparison to our sample.

Our study was also limited by lack of an imaging analysis,

because imaging studies are not a part of the current CSORN

registry platform. For example, it would have been helpful to

investigate whether particular changes in spinal alignment

parameters might have been associated with outcomes because

many parameters have been correlated with quality of life

already. Likewise, it would have also been helpful to evaluate

whether specific findings of degenerative disc disease, modic

changes, disc heights, disc angles or other features could aid

reproducible patient selection. Although we would hypothesize

that patients in our sample who were lacking lordosis pre-

operatively were most likely corrected, we do not have any

data to evaluate this possibility. Detailed imaging analyses are

an important future research priority for CSORN, and our

group is currently working on multi-center data management

strategies to enable this possibility.

(a)

(b)
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Pre-operative 12 months post-operative

Mean change:
-17.3 (SD 16.6)

P<0.001
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Mean change:
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Figure 3. Pre-operative and 12-month post-operative Numerical Pain
Rating Scale back pain (a) and Oswestry Disability Index (ODI) (b)
scores of 84 patients who underwent lumbar fusion surgery for back
pain and degenerative disc disease.

Table 3. Patient-Reported Outcome Measures of 84 Patients Who Underwent Lumbar Fusion Surgery for Back Pain and Degenerative Disc
Disease.

Outcome

Before surgery After lumbar fusion surgery at 12 months of follow-up

n Mean (SD) n Mean (SD) Change (SD) p-value MCID % achieved MCID

NPRS back pain 84 7.6 (1.8) 84 3.9 (2.6) -3.7 (2.6) <0.001 1.222 77%
ODI 84 48.2 (14.1) 84 30.9 (20.7) -17.3 (16.6) <0.001 12.822 61%
SF12 PCS 84 31.4 (8.7) 84 41.6 (10.7) 10.3 (9.6) <0.001 3.329 65%
SF12 MCS 84 46.4 (7.9) 84 49.5 (8.5) 3.1 (8.3) <0.001 3.829 40%

NPRS¼Numerical Pain Rating Scale; ODI¼Oswestry Disability Index; SF12¼ Short Form 12; PCS¼ Physical Component Summary; MCS¼Mental Component
Summary; SD ¼ standard deviation; MCID ¼ Minimum Clinically Important Difference.
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Another important limitation of this study is our relatively

small sample size. However, it is worth noting that only 2% of

enrolled CSORN registry patients with elective thoracolum-

bar pathology and at least 12 months of follow-up met our

eligibility criteria, which suggests that our multicenter regis-

try study design was optimal to maximize the sample size as

much as possible. We interpret this finding as evidence to

support that surgery for back pain in patients with degenera-

tive disc disease seems to be very uncommon among partici-

pating Canadian surgeons. This could relate to national

practice patterns and actual differences in per capita utiliza-

tion of elective spine surgery for this indication compared to

other settings, but it is also plausible that underreporting or

selective enrolment could play a role. In a population-level

study of administrative data, Cram et al reported significantly

lower utilization of spine surgery per capita among patients in

Ontario, Canada versus New York State, United States, with

almost all of the difference being driven by elective fusion

procedures.33 Potential explanations for this finding include

differences in the values and preferences of surgeons and

patients involved in shared clinical decision-making, or dif-

ferences in health care funding, insurance coverage, and other

economic incentives.34

Our study has limited ability to make inferences about spe-

cific surgical techniques. The standardized case report forms

were not developed to clearly identify less invasive “anterior”

procedures, such as direct lateral and oblique lumbar interbody

fusions, nor did they reliably differentiate between open mid-

line, paramedian, and minimally invasive posterior proce-

dures.28 Although one might suggest that the 26 patients

(31%) who underwent anterior fixation alone most likely had

supine retroperitoneal anterior lumbar interbody fusions

(ALIF), our dataset did not include detailed operative reports,

device records, or complete radiographic series for confirma-

tion. Further studies that include this information along with

long-term follow-up are imperative to inform about reopera-

tions for pseudarthrosis, implant failure, and adjacent segment

deterioration. Our adjusted analysis failed to suggest an effect

attributable to the use of interbody devices in this population.

Although our observed 19% rate of adverse events may

seem high in comparison to prior literature, we note that it is

actually similar to other studies of patients with lumbar degen-

erative pathology in which adverse event data have been pro-

spectively collected using the SAVES protocol. For example,

in a prospective cohort study of 92 patients with lumbar degen-

erative spondylolisthesis from an academic quaternary care

spine center, Kelly et al found that at least 1 adverse event

occurred in 34.8% of patients, with dural tears and post-

operative urinary tract infections being most common.35 More

recently, Ayling et al reported a 21.6% rate of major or minor

adverse events among 3556 consecutive CSORN patients from

18 tertiary care centers across Canada and found that major

adverse events were associated with worse functional outcomes

and lower satisfaction.36

Table 4. Unadjusted and Adjusted Associations of Patient or Surgical Characteristics and Achievement of the Minimal Clinically Important
Difference for Back Pain Improvement Among 84 Patients Who Underwent Lumbar Fusion Surgery for Back Pain and Degenerative Disc
Disease.

Variable

Unadjusted univariable associations
Adjusted multiple binomial regression

Model fit: R2 ¼ 0.24

OR 95% CI p-value OR 95% CI p-value

Age 0.98 0.94-1.02 0.39 - - -
Sex 1.33 0.48-3.74 0.59 - - -
Body Mass Index 1.02 0.92-1.31 0.72 - - -
Living status 0.38 0.10-1.53 0.17 0.38 0.83-1.78 0.22
Education 0.69 0.23-2.05 0.51 - - -
Smoking status 1.46 0.37-5.75 0.59 - - -
Claims 0.56 0.20 –1.58 0.27 - - -
Comorbidities 0.84 0.64-1.11 0.22 - - -
Daily opiate use 1.30 0.45-3.72 0.63 - - -
Duration of symptoms 0.90 0.79-1.03 0.14 0.83 0.70-0.99 0.37
Anterior vs posterior 0.55 0.15-2.05 0.37 - - -
Direct decompression 0.76 0.26-2.22 0.62 - - -
Number of levels 0.76 0.46-1.25 0.28 - - -
Interbody cage 1.00 0.51-1.93 0.99 - - -
PHQ9 score 1.00 0.91-1.09 0.94 - - -
NPRS back pain* 1.33 1.07-1.96 0.02 1.72 1.17-2.52 <0.01
ODI score* 0.97 0.93-1.00 0.08 - - -
Study site 0.98 0.91-1.06 0.66 - - -

OR ¼ odds ratio; CI ¼ confidence interval; PHQ9 ¼ Patient Health Questionnaire 9; NPRS ¼ Numerical Pain Rating Scale; ODI ¼ Oswestry Disability Index.
*Pre-operative ODI score was omitted from the final multiple binomial regression model because it was highly colinear with pre-operative NPRS back pain score
(Pearson Correlation Coefficient 0.41, p < 0.001).
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Our study could also be limited by confounding due to vari-

able use of effective co-interventions, either pre-operatively or

post-operatively. Although we collected data about the use of

opiate and non-opiate analgesic medications pre-operatively, we

did not collect data about the use of analgesic medications post-

operatively and we did not collect data about the use of non-

pharmacological non-surgical interventions such as physical

therapy at any time point. If, for example, patients only under-

went physical therapy after surgery, one might consider that at

least some of their symptomatic improvement could be due to

the physical therapy alone rather than surgery. However, 93% of

patients had a pre-operative symptom duration of at least 1 year

(and 79% greater than 2 years), which suggests that most

patients would have likely exhausted a reasonable course of

conservative management in the Canadian public health care

system prior to undergoing surgery.

Relation to Previous Literature

There exists a large and growing body of literature reporting on

the outcomes of lumbar fusion surgery. However, surgery for

patients with primary symptoms of back pain and diagnoses of

degenerative disc disease without instability, deformity, or ste-

nosis remains controversial.10,37 Population-based studies have

consistently shown increasing fusion utilization despite limited

evidence of effectiveness, which has appropriately led to crit-

icism.13,38-42 Our study makes an important pragmatic contri-

bution to this field by documenting outcomes from a

collaborative group of surgeons in a unique universal health-

care environment.43

In a recent systematic review and meta-analysis, Yavin

et al reported statistically significant improvements of back

pain and disability attributed to lumbar fusion among patients

with chronic low back pain from 5 randomized controlled

trials.10 None of these trials were blinded, and some were at

risk of bias due to suboptimal allocation concealment, cross-

overs, and losses to follow-up. In one of the largest trials,

Fritzell et al randomized 294 patients to either lumbar fusion

performed according to the preferences of the treating sur-

geons or an outpatient program of physiotherapy. MCIDs

were not implemented, but patients in the surgical group

experienced statistically significantly greater improvements

in back pain that were maintained at 24 months of follow-

up.12 In contrast, Fairbank et al observed only a marginal

difference in favor of surgery for ODI score in their trial of

349 patients, and concluded that surgery was not more bene-

ficial than intensive rehabilitation.11 Although often quoted as

evidence against surgery, poor availability of intensive cog-

nitive behavioral therapy rehabilitation programs such as was

used in that trial limits generalizability.

Notwithstanding differences in reporting, patients in our

study appeared to have similar baseline characteristics and dis-

ability to those in the above trials, but slightly worse pre-op

back pain (mean 7.6, SD 1.8 versus mean 6.4, SD 1.4 in Fritzell

et al, adjusted for a 10-point scale; not reported in Fairbank

et al). The effect sizes observed among surgical patients were

greater in our study for both back pain (-3.7 versus -2.1 in

Fritzell et al) and ODI (-17.3 versus -11.6 in Fritzell et al and

-12.5 in Fairbank et al).

Other studies from CSORN have demonstrated varying

effects of lumbar spine surgery on back pain. In a comparative

analysis of decompression alone versus decompression plus

fusion among 306 patients with neurogenic claudication sec-

ondary to lumbar stenosis without spondylolisthesis or defor-

mity, Thomas et al failed to identify a significant benefit

attributable to fusion at 24 months despite overall improve-

ments that met MCID.19 This finding is not surprising because

a related study by Srinivas et al found that decompression

alone was associated with achievement of the MCID for back

pain in 74% of patients.18 Similar to our study, adjusted anal-

yses showed that patients with higher pre-operative back pain

scores were more likely to experience benefit. It is possible

that these results reflect ceiling and floor effects of the

NPRS scale, or that they relate to differences in expectations

for improvement. Decompression (in addition to fusion) was

not associated with a significant independent effect in our

regression analysis. Finally, Ailon et al compared CSORN

patients treated surgically for degenerative spondylolisthesis

to those from the Spine Patient Outcomes Research Trial

(SPORT) and found no significant differences between

cohorts in pre-operative or 12-month back pain scores, which

supports that CSORN patients are likely similar to those

elsewhere.43

Lumbar fusion can be provided via many different surgical

techniques, but current literature does not clearly support

superiority of any one technique over the others. Phan et al

reviewed 12 observational studies that compared ALIF to

transforaminal lumbar interbody fusion (TLIF) for various

indications, and reported a trade-off of increased vascular inju-

ries in the ALIF group versus increased incidental durotomies

in the TLIF group.44 Pain scores, ODI scores, rates of fusion,

OR time, and blood loss were similar between groups, but most

studies were small and retrospective, which limits confidence

in overall pooled effect estimates. Studies of MIS versus open

TLIF have also yielded similar patient-reported outcomes, but

with less blood loss and shorter lengths of stay with MIS tech-

niques.45 Other surgical options for degenerative disc disease

in the lumbar spine include Lateral Lumbar Interbody Fusion

(LLIF) and Lumbar Disc Arthroplasty.46,47

Implications

Low back pain is known to result from diverse underlying

anatomical and biopsychosocial pathology, and the develop-

ment of strategies to manage patients with specific diagnoses

is an important public health priority.1,2,6 Our results suggest

that some patients with primary symptoms of back pain and a

diagnosis of degenerative disc disease might benefit substan-

tially from lumbar fusion surgery, but caution is warranted.

Surgeons, patients, and other evidence users must recognize

the uncontrolled nature of our observations, consider our find-

ings in context with the totality of the literature, and integrate
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values and preferences through a process of shared decision-

making.48,49 We suggest that those considering this indication

should perform a thorough clinical evaluation, exhaust a rea-

sonable course of non-operative management, and participate

in a frank discussion of the various risks, uncertain benefits,

and non-operative alternatives.

Further research is warranted to address several important

questions. First, the relationships between findings of degenera-

tive disc disease and presentations of pain or disability deserve

further investigation. Some studies have shown increased rates

of disc degeneration among patients with back pain, but others

have documented high proportions in asymptomatic con-

trols.50,51 There is a major knowledge gap in understanding

whether differences in severity or patterns of disc degeneration

could contribute this problem, and current research exploring

novel advanced imaging, molecular biomarkers, and psycholo-

gical factors may prove helpful in refining patient selection.52-54

Second, surgical techniques and innovative biological therapies

are rapidly evolving. Although randomization controlled trials of

novel surgical and other non-pharmacological therapies are chal-

lenging to design and conduct, rigorous methodology is possible

and paramount to avoid spurious or misleading conclusions.31,55

Finally, evidence alone is never enough: decisions about elective

spine surgery invariably require attention to individual patients’

values and preferences, and further study of how these factors

influence decision-making could optimize outcomes for patients

and surgeons alike.48,56-59

Conclusions

Among a highly selective group of patients undergoing lumbar

fusion surgery for degenerative disc disease, most experienced

a clinically important improvement of back pain as well as

significant improvements of disability and health-related qual-

ity of life, with high satisfaction and low rates of adverse

events. These findings suggest that surgery for this indication

may provide some benefit. Caution and further research are

warranted when considering application to clinical practice

because this was an uncontrolled study and patient selection

was not standardized.

Appendix A

Baseline Characteristics of 24 Patients Who Underwent Lumbar
Fusion Surgery for Back Pain and Degenerative Disc Disease, but
Were Excluded From the Study Cohort due to Incomplete Follow-Up.

Twenty-two of these patients (92%) completed 3-month

patient-reported outcome measures, which demonstrated

improvements in back pain and disability that were statistically

and clinically significant (Numerical Pain Rating Scale for

back pain mean change [SD]: �3A (2.9), P < .001, MCID ¼
1.2; ODI score mean change [SD]: �16.0 (20.2), P < .001,

MCID ¼ 12.8).
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