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Abstract

Background Prior studies of nonoperative treatment for
lumbosacral radiculopathy have identified potential pre-
dictors of treatment failure, defined by persistent pain,
persistent disability, lack of recovery, or subsequent sur-
gery. However, few predictors have been replicated, with
the exception of higher leg pain intensity, as a predictor of
subsequent surgery.
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Questions/purposes We asked two research questions: (1)
Does higher baseline leg pain intensity predict subsequent
lumbar surgery? (2) Can other previously identified “can-
didate” predictors of nonoperative treatment failure be
replicated?

Methods Between January 2008 and March 2009, 154
participants with acute lumbosacral radicular pain were
enrolled in a prospective database; 128 participants (83%)
received nonoperative treatment and 26 (17%) received
surgery over 2-year followup. Ninety-four nonoperative
participants (73%) responded to followup questionnaires.
We examined associations between previously identified
“candidate” predictors and treatment failure defined as (1)
subsequent surgery; (2) persistent leg pain on a visual
analog scale; (3) persistent disability on the Oswestry
Disability Index; or (4) participant-reported lack of
recovery over 2-year followup. Confounding variables
including sociodemographics, clinical factors, and imaging
characteristics were evaluated using an exploratory bivar-
iate analysis followed by a multivariate analysis.

Results  With the numbers available, higher baseline leg
pain intensity was not an independent predictor of sub-
sequent surgery (adjusted odds ratio [aOR], 1.22 per point
of baseline leg pain; 95% confidence interval [CI], 0.98—
1.53; p = 0.08). Prior low back pain (aOR, 4.79; 95% (I,
1.01-22.7; p = 0.05) and a positive straight leg raise test
(aOR, 4.38; 95% CI, 1.60-11.9; p = 0.004) predicted
subsequent surgery. Workers compensation claims pre-
dicted persistent leg pain (aOR, 9.04; 95% CI, 1.01-81;
p = 0.05) and disability (aOR, 5.99; 95% CI, 1.09-32.7,
p = 0.04). Female sex predicted persistent disability (aOR,
3.16; 95% CI, 1.03-9.69; p = 0.05) and perceived lack of
recovery (aOR, 2.44; 95% CI, 1.02-5.84; p = 0.05).
Conclusions Higher baseline leg pain intensity was not
confirmed as a predictor of subsequent surgery. However,
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the directionality of the association seen was consistent
with prior reports, suggesting Type II error as a possible
explanation; larger studies are needed to further examine
this relationship. Clinicians should be aware of potential
factors that may predict nonoperative treatment failure,
including prior low back pain or a positive straight leg raise
test as predictors of subsequent surgery, workers compen-
sation claims as predictors of persistent leg pain and
disability, and female sex as a predictor of persistent dis-
ability and lack of recovery.

Level of Evidence Level II, prognostic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Lumbar disc herniation (LDH) is a common cause of acute
lumbosacral radiculopathy or sciatica. Patient-reported
outcomes with nonoperative treatment for lumbosacral
radiculopathy are favorable for many individuals [25, 34,
35], but others fare poorly or may go on to decompression
surgery. Early identification of those individuals with
lumbosacral radiculopathy who are likely to fail nonoper-
ative treatment is therefore a worthwhile goal, because
these patients might be targeted for closer clinical obser-
vation and support.

Prior studies of nonoperative treatment for lumbosacral
radiculopathy have identified potential predictors of treat-
ment failure as defined by (1) subsequent surgery; (2) pain;
(3) disability; or (4) perceived lack of recovery [2—4, 11,
20-22, 25, 27-30]. These studies took appropriate mea-
sures to account for confounding through multivariate
analytic techniques. However, most of these studies
examined unselected lists of potential predictor variables,
identifying those variables found to be independently
associated with nonoperative treatment failure as factors
with likely prognostic value. This approach requires mul-
tiple statistical comparisons and raises the possibility that
identified predictors are simply false-positives without true
predictive value. Importantly, very few predictors have
been subsequently tested and replicated in a separate
cohort. A recent systematic review of prognostic factors for
failure of nonoperative treatment for lumbosacral radicu-
lopathy identified only a single factor (higher baseline leg
pain intensity) that was independently predictive of non-
operative treatment failure (as defined by subsequent
surgery) in at least two other samples [29]. This association
was seen in two high-quality studies of acute/subacute
lumbosacral radiculopathy with no studies showing con-
flicting results. Other potentially important predictor
variables identified in this review showed only limited
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evidence such as an association with treatment failure in
only a single study, conflicting evidence for an effect on
treatment failure (one study demonstrating an effect and
one or more studies demonstrating no effect), or limited to
strong evidence of no association [29]. These findings
highlight the need for studies whose primary aim is to
confirm whether previously identified predictors of non-
operative treatment failure can be successfully replicated.

We therefore analyzed data from a prospective inception
cohort study of individuals with acute lumbosacral radic-
ulopathy attributed to LDH to replicate potential predictor
variables identified in previous studies. In contrast to prior
work, we considered only a highly selected list of candi-
date predictors in which at least one previous cohort study
had demonstrated a statistically significant and multivari-
ate-adjusted association with treatment failure. We asked
two research questions related to predictors of treatment
failure in nonoperative lumbar radiculopathy: (1) Does
higher initial leg pain intensity predict subsequent lumbar
surgery? (2) Can other previously identified candidate
predictors of nonoperative treatment failure be replicated in
our sample?

Materials and Methods

We identified studies examining predictors of failure of
nonoperative treatment for lumbosacral radiculopathy
(subsequent surgery, persistent pain, persistent disability,
and perceived lack of recovery) from the recent systematic
review by Verwoerd et al. [29]. We updated the search
methods from this review to include results up to
December 2013, yielding two additional studies meeting
the review inclusion criteria [11, 14]. Predictor variables
with statistically significant, multivariate-adjusted associ-
ations with failure of nonoperative treatment for
lumbosacral radiculopathy in at least one prior cohort
study were included as candidate predictors in this analysis
(Table 1 [2-4, 11, 12, 14, 17, 20, 21, 23, 27, 28, 30-32]).
Some variables with limited or conflicting evidence for an
association with treatment failure in prior studies were not
available in our data set, including educational attainment,
body mass index, speed of symptom onset, prior sciatica,
physical activity exposures, work characteristics, kinesio-
phobia, nerve impingement, and genetic polymorphisms
[29]. In contrast to the review by Verwoerd et al., in
which predictors of treatment failure defined by a com-
bination of two patient-reported outcomes were classified
as predictors of “recovery,” we instead classified these
predictors according to each of the constituent patient-
reported outcomes (for example, where sex was predictive
of treatment failure defined as persistent pain intensity and
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Table 1. Previously identified candidate predictors of failure of nonoperative treatment for lumbosacral radiculopathy and characteristics of the
studies in which they were identified*

Prognostic factor Clinical Country Duration of Followup Conflicting  Supporting
setting symptoms’ studies?™ studies?

Predictors of treatment failure defined as subsequent surgery

Initial leg pain intensity [30] Primary care  Netherlands Acute 6 months No Yes [20]
Initial disability [20] Specialty care Netherlands Subacute 1 year No No
Duration of symptoms [28] Specialty care France Acute 11-24 months  Yes [30] No
Prior low back pain [30] Primary care ~ Netherlands  Acute 6 months No No
Positive straight leg raise test (SLR) [28] Specialty care France Acute 11-24 months  Yes [20, 30]  Yes [31]*
Positive crossed SLR [30] Primary care ~ Netherlands Acute 6 months No No
Positive femoral stretch test [30] Primary care ~ Netherlands Acute 6 months No Yes [31]°
Predictors of treatment failure defined as persistent leg pain at followup
Initial leg pain intensity [11] Specialty care Norway Acute/chronic 1-2 years Yes [27] No
Initial back pain intensity [11] Specialty care Norway Acute/chronic 1-2 years No No
Female sex [12] Specialty care Denmark Acute/chronic 14 months Yes [17,27] No
Duration of symptoms [23] Specialty care United States Subacute/chronic 24 years Yes [11] No
Smoking [11] Specialty care Norway Acute/chronic 1-2 years Yes [17] No
Medical comorbidities [11] Specialty care Norway Acute/chronic 1-2 years No No
Workers compensation [3] Specialty care  United States Acute/chronic 4 years Yes [4] Yes [2]
Muscle weakness (any) [11] Specialty care Norway Acute/chronic 1-2 years No No
Herniation morphology [12]" Specialty care Denmark Acute/chronic 14 months No No
Predictors of treatment failure defined as persistent disability at followup

Initial disability [11] Specialty care Norway Acute/chronic 1-2 years No No
Initial back pain intensity [11] Specialty care Norway Acute/chronic 1-2 years No No
Female sex [12] Specialty care Denmark Acute/chronic 2 years No No
Duration of symptoms [23] Specialty care United States Subacute/ chronic 24 years No Yes [11]
Smoking [11] Specialty care Norway Acute/chronic 1-2 years No No
Medical comorbidities [11] Specialty care Norway Acute/chronic 1-2 years No No
Prior low back pain [11] Specialty care Norway Acute/chronic 2-4 years No No
Workers compensation [3] Specialty care United States Acute/chronic 4 years, Yes [4] Yes [2]
Herniation morphology [12]" Specialty care Denmark Acute/chronic 14 months No No
Abnormal tendon reflexes [11] Specialty care Norway Acute/chronic 1-2 years No No

Predictors of treatment failure defined as participant-reported lack of recovery at followup

Age [14] Specialty care  Netherlands Subacute 5 year Yes [21, 31] No
Female sex [21] Specialty care Netherlands Subacute 1 year Yes [31] No
Duration of symptoms [31] Primary care ~ Netherlands  Acute 3 months No No
Smoking [21] Specialty care Netherlands Subacute 1 year Yes [31] No
Workers compensation [3] Specialty care  United States Acute/chronic 5-10 years No No
Positive SLR [31] Primary care ~ Netherlands Acute 3 months Yes [21] No
Positive femoral stretch test [31] Primary care ~ Netherlands Acute 3 months No No
Foraminal herniation [33] Primary care ~ Netherlands Acute 3 months No No

* All associations between candidate predictors and outcomes refer to positive associations, except for those studies cited under Conflicting
studies; Tacute signifies duration of symptoms < 12 weeks, whereas subacute signifies duration of 6-12 weeks; ~Conflicting studies refers to
those in which no statistically significant association with an outcome was found or where a statistically significant association was found with a
negative association (in the opposite direction than expected); §subsequent surgery was also included in a composite outcome; disc extrusions
predicted lower pain intensity and disability; sequestrations and extrusions were collinear.

disability, we considered sex as a possible predictor of Inclusion criteria considered for study entry were a
persistent pain and a possible predictor of persistent  clinical presentation of lumbosacral radicular pain in a L2,
disability [31]). L3, L4, L5, or S1 dermatome; symptom duration < 12
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Eligible Individuals With
Lumbosacral Radicular
Pain (n =170)

;

Consented (n = 160)

!

Longitudinal Cohort
(n=154)

}

Nonoperative
Treatment Over 2-year
Followup (n = 128)

Nonconsented (n = 10)
* Missed (n=7)
* Refused (n = 3)

Excluded (n = 6)
* No MRI Obtained (n = 3)
* Etiology Not LDH (n = 3)

Operative Treatment Over
2-year Followup (n = 26)

Respondents at 2-
year Followup (n = 94)

Fig. 1 A flowchart of study participation is shown.

weeks; and age > 18 years. Exclusion criteria included
known pregnancy or severe and active medical or psychi-
atric comorbidities that would limit study participation;
infectious, inflammatory, or neoplastic causes of radicu-
lopathy; significant deformity or spondylolisthesis; and
prior lumbar spine surgery at the affected level. To be
retained in the prospective cohort, participants needed to
have an available MRI confirming LDH corresponding
with the clinical presentation. Further details of inclusion
and exclusion criteria are provided elsewhere [25].
Between January 2008 and March 2009, 170 individuals
met initial study criteria, of which 163 were approached to
participate in this observational study. Three individuals
declined to participate, and six did not have an available
MRI confirming LDH corresponding with the clinical
presentation, leaving 154 participants who met all study
criteria and consented to participate in this longitudinal
study (Fig. 1).

Participant-reported information was collected at the
baseline clinic visit and by mailed questionnaires at
I-month, 3-month, 6-month, 1-year, and 2-year followup.
Participants reported on lumbar spine surgery performed
since the time of study recruitment at all followup time
points. To ensure accuracy with respect to ascertainment of
subsequent surgery, a medical record review was performed
at 2-year followup to capture any missing data related to
lumbar spine surgery; where necessary, participants were
contacted by telephone to determine their surgical status. Of
154 study participants, 26 (17%) received surgery, and 128
(83%) received nonoperative treatment only, over the 2-year
followup (Table 2). Of the 128 participants who received
nonoperative treatment, 94 (73%) responded to mailed fol-
lowup questionnaires including patient-reported outcomes
and were available for analysis 2 years later (Fig. 1). Forty-
two participants (46%) had persistent leg pain, 19 (20%) had
persistent disability, and 50 (53%) reported lack of recovery.
Respondents were not different from nonrespondents with
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Table 2. Characteristics of the study sample

Participant All Nonoperative
characteristics participants  participants
(n = 154) only
(n = 128)
Sociodemographics and medical history
Age (years) 52.9 (13.4) 53.7 (13.3)
Male sex 105 (68.2%) 83 (64.8%)
Duration of symptoms (weeks) 4.9 (3.0) 5.0 (3.1)
Prior low back pain history 116 (75.3%) 92 (71.9%)
Workers compensation 10 (6.5%) 10 (7.8%)
Cigarette smoking 30 (19.5%) 26 (20.3%)
Medical comorbidities*" " 2.8 (3.3) 2.8 (3.3)
Clinical factors at baseline
Visual analog scale leg pain* 7.0 2.4) 6.8 (2.5)
(0-10)
Visual analog scale back pain* 5.1 (3.3) 49 (3.2)
(0-10)
Oswestry Disability Index’ (0-100) 51 (21) 50 (20)
Positive straight leg raise 66 (42.9%) 47 (36.7%)
Positive crossed straight leg raise® 11 (7.1%) 7 (5.5%)
Positive femoral stretch test 33 (21.4%) 28 (21.9%)
Any muscle weakness 95 (61.7%) 81 (63.3%)
Any impaired reflexes 55 (35.7%) 45 (35.2%)
Herniation characteristics on MRI
Foraminal or extraforaminal 53 (34.4%) 48 (37.5%)
location
Herniation morphology
Extrusion 98 (63.6%) 82 (64.1%)
Sequestration 14 (9.1%) 11 (8.6%)

* Self-Acquired Comorbidity Questionnaire (total score) [13];
f4 participants with missing data; *1 participant with missing data;
%2 participants with missing data.

respect to sociodemographics and baseline clinical measures
(data not shown).

Baseline data were collected at the time of recruitment on
a range of sociodemographic and clinical factors, including
participant-reported sex, duration of acute radicular pain,
current or past significant cigarette smoking, having an
active workers compensation claim, and a history of sig-
nificant low back pain (LBP). Medical comorbidity burden
was measured using the Self-Administered Comorbidity
Questionnaire (SACQ) [13]. The SACQ produces a contin-
uous score reflecting comorbidity burden ranging from 0 (no
comorbidities) to 45 (highest comorbidity burden). Lumbar
spine MRI features were recorded by the recruiting physi-
cian according to their review of available images and
radiologist diagnostic impressions. Herniation morphology
was classified as protrusion, extrusion, or sequestration [10].
Herniation location was classified as central (central/para-
central/lateral recess location) or foraminal (foraminal/
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extraforaminal location) [10]. Straight leg raise (SLR) test-
ing, femoral stretch testing, crossed SLR testing, lower
extremity strength, and deep tendon reflex testing were
evaluated at the baseline clinical examination using stan-
dardized methods that have been described elsewhere [26].
All participants received education on the natural history of
new lumbosacral radiculopathy and were encouraged to
gradually normalize activities of daily living. Other treat-
ments varied depending on the individual and included oral
medications, physical therapy, and/or epidural corticosteroid
injections; some participants were referred for surgical
consultation in cases of poor response to treatment, pro-
gressive sensorimotor impairments, or by patient request.
The four measures representing treatment failure
included (1) subsequent surgery; (2) persistent leg pain; (3)
persistent disability; and (4) participant-reported lack of
recovery over 2-year followup. Leg and back pain intensity
were measured using a 0 to 10 visual analog scale (VAS)
[6] with higher scores representing more severe pain. The
VAS is a validated, reliable, and responsive scale that is
widely used in back pain research [8]. Back-related dis-
ability was measured using the Oswestry Disability Index
(ODI) [9]. The ODI has demonstrated validity and reli-
ability in prior back pain studies [9]. ODI scores range
from O to 100 with higher scores representing greater dis-
ability. Self-reported recovery was measured according to
satisfaction with the current status of back and leg symp-
toms using the question “If you were to spend the rest of
your life with your back or leg symptoms just the way they
have been in the last 24 hours, how would you feel?”
Responses included a seven-grade Likert scale ranging
from “delighted” (1) to “terrible” (7). Although there are
no widely accepted measures for global-perceived recov-
ery, we defined clinically relevant recovery as a score of
1 (delighted) or 2 (pleased) as has been recommended
previously [18]; all other scores constituted a lack of
recovery. For the patient-reported outcomes of leg pain,
disability, and lack of recovery, only data from the 1- and
2-year followup time points were used for this analysis.

Statistical Analysis

We used descriptive statistics to characterize the sample.
We screened for collinearity between predictor variables
using correlation matrices. We then conducted bivariate
and multivariate regression analyses for the association of
these predictor variables with each of the four measures
representing treatment failure (subsequent surgery, leg pain
intensity on the VAS, disability on the ODI, and partici-
pant-reported lack of recovery) as dependent variables. For
those dependent variables with continuous scores (VAS leg
pain and ODI disability), we assessed the relevant

statistical assumptions required for use of linear regression
and detected violations of linearity and normality of error
distributions. Therefore, VAS leg pain and ODI disability
were dichotomized. In the absence of widely accepted
criteria for defining absent/minimal sciatic pain, we
dichotomized VAS leg pain as absent (< 1) versus per-
sistent (> 1), a threshold applied previously [12]. ODI
disability scores were dichotomized at a cutoff point of 20,
which defines the lowest stratum of disability originally
proposed with the ODI [9] and has been used in prior
studies [5, 15, 16]. Associations of candidate predictor
variables with each dependent variable representing treat-
ment failure were first examined in bivariate logistic
regression models including one predictor at a time and
subsequently in multivariate logistic regression models
including multiple predictors simultaneously. Analyses for
the dependent variable of subsequent surgery included the
entire study sample, whereas analyses for the dependent
variables leg pain, disability, and perceived lack of
recovery were restricted to those participants receiving
nonoperative treatment over the entire 2-year followup.
Accounting for a commonly used rule of thumb requiring
10 events per predictor variable [19], we expected to have
limited statistical efficiency to adjust for all covariates
simultaneously in the multivariate models. Therefore, only
predictor variables with p values < 0.15 in the bivariate
models were included in the final multivariate models. We
defined statistical significance as a p value < 0.05. We
used the method of last value carried forward to account for
missing data. Sample size was determined according to
power calculations for a separate study unrelated to the
hypotheses of this ancillary study [25]. All analyses were
performed using SPSS software, Version 20.0.0 (IBM
Corporation, Armonk, NY, USA).

Results

With the numbers available, higher baseline leg pain
intensity was not associated with subsequent surgery
(adjusted odds ratio [aOR], 1.22 per VAS point; 95% ClI,
0.98-1.53; p = 0.08) after adjusting for prior LBP, a
positive SLR at baseline, and a positive crossed SLR at
baseline (Table 3). However, a history of prior LBP (aOR,
4.79; 95% CI, 1.01-22.7; p = 0.05) and a positive SLR at
baseline (aOR, 4.38; 95% CI, 1.60-11.9; p = 0.004) were
each independently associated with a greater odds of sub-
sequent surgery.

After controlling for medical comorbidities and disk
sequestrations, workers compensation claims were associ-
ated with persistent leg pain after 2 years of nonoperative
treatment (aOR, 9.04; 95% CI, 1.01-81; p = 0.05). After
adjustment for initial disability and duration of symptoms,
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Table 3. Associations between candidate predictors and nonoperative lumbosacral radiculopathy treatment failure at 2-year followup*

Prognostic factor Bivariate associations Multivariate associations
Odds ratio (95% CI) p value Odds ratio (95% CI) p value
Predictors of treatment failure defined as subsequent surgery (n = 154; 26 participants underwent surgery)
Initial leg pain intensity (VAS) [30] 1.25 (1.02-1.53) 0.03 1.22 (0.98-1.53) 0.08
Initial disability (ODI) [20] 1.01 (0.99-1.03) 0.40 - -
Duration of symptoms (weeks) [28] 0.95 (0.82-1.10) 0.53 - -
Prior low back pain [30] 4.70 (1.06-20.9) 0.04 4.79 (1.01-22.7) 0.05
Straight leg raise test [28] 4.68 (1.83-12.0) 0.001 4.38 (1.60-11.9) 0.004
Crossed straight leg raise test [30] 3.09 (0.83-11.5) 0.09 1.25 (0.29-5.37) 0.77
Femoral stretch test [30] 0.85 (0.29-2.46) 0.77 - -
Predictors of treatment failure defined as persistent leg pain after nonoperative treatment’ (n = 92; 42 participants with persistent leg pain)
Initial leg pain intensity (VAS) [11] 1.07 (0.90-1.27) 0.43 - -
Initial back pain intensity (VAS) [11] 0.91 (0.79-1.04) 0.16 - -
Female sex [12] 0.92 (0.40-2.14) 0.85 - -
Duration of symptoms (weeks) [23] 0.95 (0.83-1.09) 0.45 - -
Smoking [11] 0.80(0.28-2.33) 0.68 - -
Medical comorbidities (SACQ) [11] 1.11 (0.97-1.27) 0.12 1.13 (0.98-1.30) 0.10
Workers compensation [3] 8.17 (0.94-71) 0.06 9.04 (1.01-81) 0.05
Muscle weakness (any) [11] 0.98 (0.43-2.26) 0.96 - -
Disc extrusion [12] 1.15 (0.48-2.76) 0.76 - -
Disc sequestration [12] 0.18 (0.02-1.55) 0.12 0.30 (0.03-2.73) 0.29
Predictors of treatment failure defined as persistent disability after nonoperative treatment™ (n = 94; 19 participants with persistent disability)
Initial disability (ODI) [11] 1.02 (1.00-1.05) 0.11 1.03 (0.99-1.06) 0.11
Initial back pain intensity (VAS) [11] 1.01 (0.85-1.19) 0.94 - -
Female sex [12] 3.64 (1.27-10.4) 0.02 3.16 (1.03-9.69) 0.05
Duration of symptoms (weeks) [23] 1.16 (0.99-1.35) 0.06 1.16 (0.98-1.37) 0.08
Smoking [11] 1.88 (0.57-6.18) 0.30 - -
Medical comorbidities (SACQ) [11] 1.09 (0.95-1.25) 0.24 - -
Prior low back pain [11] 0.67 (0.23-1.92) 0.45 - -
Workers compensation [3] 6.40 (1.29- 31.6) 0.02 5.99 (1.09-32.7) 0.04
Disc extrusion [12] 1.08 (0.37-3.19) 0.88 - -
Disc sequestration [12] NAY - -
Abnormal deep tendon reflex [11] 0.87 (0.30-2.56) 0.80 - -

Predictors of treatment failure defined as participant-reported lack of recovery after nonoperative treatment (n = 94; 44 participants with
recovery)

Age (per year) [14] 1.00 (0.98-1.03) 0.80 - -
Female sex [21] 2.20 (0.94-5.16) 0.07 2.44 (1.02-5.84) 0.05
Duration of symptoms (weeks) [31] 0.97 (0.85-1.11) 0.69 - -
Smoking [21] 2.46 (0.79-7.66) 0.12 2.84 (0.89-9.12) 0.08
Workers compensation [3] 2.33 (0.43-12.7) 0.33 - -
Straight leg raise test [31] 1.78 (0.74-4.25) 0.20 - -
Femoral stretch test [31] 1.58 (0.59-4.27) 0.37 - -
Herniation location [32] (foraminal) 1.73 (0.73-4.07) 0.21 - -

* All predictor variables with bivariate associations with p < 0.15 were included simultaneously in the multivariable models; statistically
significant p values (< 0.05) in bold; Tpain intensity > 1 on VAS [12]; *disabi]ity < 20 on ODI [9]; Sodds ratio not calculable as a result of all
participants with disc sequestrations reporting no/mild disability at followup; this association was not statistically significant when tested using
Fisher’s exact test (data not shown); CI = confidence interval; VAS = visual analog scale; ODI = Oswestry Disability Index; SACQ = Self-
Acquired Comorbidity Questionnaire [13].
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female sex (aOR, 3.16; 95% CI, 1.03-9.69; p = 0.05) and
workers compensation claims (aOR, 5.99; 95% CI, 1.09—
32.7; p = 0.04) were associated with persistent disability
after 2 years of nonoperative treatment. After adjustment

for cigarette smoking, female sex was associated with lack
of recovery (aOR, 2.44; 95% CI, 1.02-5.84; p = 0.05).

Discussion

The identification of prognostic factors for nonoperative
treatment failure is an important area in clinical research,
because patients presenting with such factors might be
targeted for closer observation or be directed earlier toward
more invasive treatment options such as surgery. However,
in situations in which a prognostic factor is identified
according to its predictive value in only a single study,
there is a possibility for false-positive results occurring as a
result of multiple statistical comparisons. Therefore, rep-
lication must be performed to validate factors as true
predictors of treatment failure. In this validation study of
previously identified prognostic factors in nonoperative
lumbosacral radiculopathy, we were unable to confirm an
association between higher initial leg pain intensity and
subsequent lumbar decompression surgery. Several other
candidate predictor variables were confirmed as predictors
of treatment failure, including prior LBP and positive SLR
as predictors of subsequent surgery, workers compensation
claims as a predictor of persistent leg pain and persistent
disability, and female sex as a predictor of persistent dis-
ability and lack of recovery. However, the majority of
previously identified prognostic factors did not show large-
magnitude associations with nonoperative treatment
failure.

There are some limitations to this study. First, our rel-
atively modest sample size may have resulted in
insufficient statistical power to detect some important
relationships between predictor variables and treatment
failure (ie, Type II error). This limitation was especially
relevant to our first research question, which examined
whether higher leg pain intensity was a predictor of sub-
sequent surgery, a relationship seen in two prior high-
quality longitudinal studies [20, 30]. Although we did not
find this relationship to be statistically significant, we
detected an effect of leg pain intensity on subsequent sur-
gery with a magnitude and directionality that was quite
consistent with that seen in these earlier studies. As an
example, in our study, a 2-point increase in baseline VAS
leg pain intensity corresponded to 1.5 times the odds of
subsequent surgery. In the earlier study by Peul et al., a
2-point increase VAS leg pain intensity was associated
with 1.7 times the odds of subsequent surgery [20]. Indeed,
our results are suggestive that an effect of baseline leg pain

intensity on subsequent surgery exists, although we failed
to confirm it. Future longitudinal studies may require large
sample sizes to replicate effects seen in prior studies.

Second, our study was not able to test all potential
predictor variables that had been identified in prior studies,
because we did not collect some of these variables. This
was the case for several factors, including the important
psychological factors of fear avoidance and kinesiophobia,
and important comorbidities such as obesity [24]. Third,
some predictors of possible importance were not tested in
our study because we limited statistical testing only to
those factors that had been previously identified in an
earlier study. An example of this is the presence of radic-
ulopathy-related motor or sensory deficits, which are
considered to be clinically important predictors of sub-
sequent surgery (because progression of neurologic deficits
in lumbosacral radiculopathy is itself an indication for
surgery) but have not been found to be predictors of
treatment failure in prior cohort studies examining this
relationship [20, 28, 30]. These prior studies (and ours as
well) did not differentiate minor from marked degrees of
motor or sensory loss, and this omission might explain the
null findings previously seen. As a result of these limita-
tions, future large-scale studies are still needed to identify
(and replicate) candidate predictor variables for nonoper-
ative treatment failure in lumbosacral radiculopathy. Such
studies may have a greater chance to replicate potential
predictors when conducted in samples with similar char-
acteristics to the original cohorts that identified the
predictors, especially with respect to important study fea-
tures such as the duration of radiculopathy-related
symptoms and the clinical setting. Because virtually all
previous studies have involved specialty care samples,
studies within primary care should be a priority for future
work.

Although many prior studies have examined multivari-
ate-adjusted predictors of treatment failure in lumbosacral
radiculopathy, few have examined side by side these four
different definitions representing nonoperative treatment
failure (subsequent surgery, persistent leg pain, persistent
disability, and lack of recovery). No single factor emerged
as a predictor of all or most of these definitions for treat-
ment failure. This is likely attributable in part to important
qualitative differences between these definitions. In par-
ticular, treatment failure defined as “subsequent surgery”
is quite different from treatment failure defined by patient-
reported outcome scores such as leg pain intensity, dis-
ability, and perceived recovery; the former depends not
only on the clinical course of symptom improvement, but
also on the complex decision of whether a patient is suit-
able for decompression surgery. This decision involves not
only the impression of the patient regarding their radicu-
lopathy status, but also the impression of the spine surgeon.
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This decision therefore has the potential to be strongly
influenced by factors wholly unrelated to the biology of
radiculopathy recovery such as patient perceptions of
lumbar decompression and idiosyncratic surgical practice
patterns that are specific to geographic regions and clinical
settings [7]. Our study confirmed the earlier finding of
Vroomen et al. that a history of prior LBP episodes is a
strong predictor of subsequent surgery [30]. Vroomen et al.
proposed that for patients with a history of LBP, devel-
oping new lower extremity radicular pain might be
perceived as a disconcerting indication of deterioration and
incline the patient toward a more aggressive treatment
approach. This is a credible explanation, but an alternative
might be that any degree of preexisting pain could lead a
patient to pursue options that are perceived as having a
greater chance of definitively resolving pain and preventing
future episodes. It seems unlikely however that a history of
LBP would prompt a surgeon to view a patient as a better
surgical candidate given that lumbar decompression sur-
gery for symptomatic lumbosacral radiculopathy resulting
from LDH is generally viewed as producing more reliable
improvements for leg pain than for LBP [1]. In contrast, the
association we detected of a positive SLR test with a higher
odds of subsequent surgery seems less likely to be driven
by patient-related factors (because a positive SLR test has
no intrinsic meaning to patients) and more likely to be
driven by surgeon-related factors (because a positive SLR
might indicate a more clearly defined or “classic” radicu-
lopathy to the surgeon). Variability in surgeons’ views
regarding the clinical use of the SLR might explain the
conflicting results seen in different samples regarding the
SLR as a predictor of subsequent surgery [20, 28, 30].
Even among patient-reported outcome scores in non-
operative lumbosacral radiculopathy (pain, disability, and
recovery), prognostic factors appear to vary depending on
the outcome score. Of the five factors we examined that
had previously been identified as predictors of more than
one patient-reported outcome (sex, duration of symptoms,
smoking, medical comorbidities, and workers compensa-
tion), only sex and workers compensation claims were
independently predictive of more than one patient-reported
outcome score in our analysis. Female sex was predictive
of persistent disability and lack of perceived recovery after
2 years of nonoperative treatment. The lack of an associ-
ation between sex and persistent leg pain in our study
suggests against sex-specific differences in pain as an
explanation for why females have greater disability and
less perceived recovery. On the other hand, the strong
association of workers compensation claims with persistent
leg pain suggests pain as one likely reason why patients
with workers compensation claims are much more likely to
have persistent disability after 2 years of nonoperative
treatment. Taken together, these results are a reminder of
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the complexities involved when examining disability and
perceived recovery as patient-reported outcome scores;
these constructs involve much more than pain intensity
alone and are strongly influenced by an individual’s
expectations and beliefs regarding pain and function as
well as other factors.

It is of note that the largest magnitude effects seen in our
study (OR > 5.0) were for the association of workers
compensation claims with persistent leg pain and disability.
Although patient-reported outcomes are often perceived to
be poor in workers compensation patients, in the specific
context of lumbosacral radiculopathy, prior findings have
been mixed: workers compensation claims showed asso-
ciations with persistent leg pain and disability in the Maine
Lumbar Spine Study (MLSS), but no such associations
were seen in the Spine Patient Outcomes Research Trial
(SPORT) [2—4]. Future studies of the effects of workers
compensation claims in lumbosacral radiculopathy are
needed; because existing compensation systems vary in
different countries, studies conducted in the United States
will be most useful for replication of the results seen in the
MLSS and SPORT.

In summary, this study failed to confirm the results of
earlier work demonstrating an association between higher
initial leg pain intensity and subsequent lumbar decom-
pression surgery. However, the magnitude and
directionality of the effect seen were consistent with the
results of earlier work and do not rule out the possibility
that such a relationship exists. Other previously identified
prognostic factors were successfully replicated for the
association of prior LBP or positive SLR with subsequent
surgery, the association of workers compensation claims
with persistent leg pain and disability, and the association
of female sex with persistent disability and perceived lack
of recovery. Clinicians should be aware of these baseline
factors that may predict individuals who are more likely to
experience nonoperative treatment failure and who may be
candidates for closer clinical observation or support.
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