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Abstract

Study Design: Retrospective Cohort Study.

Objectives: This study aimed to determine how the surgeon-determined and patient-rated location of predominant pain
influences patient-rated outcomes at 1-year after posterior lumbar fusion in adult isthmic spondylolisthesis.

Methods: We retrospectively reviewed consecutive patients prospectively enrolled in the Canadian Spine Outcomes and
Research Network national registry between 2009 and 2017 that underwent posterior lumbar fusion for isthmic spondylo-
listhesis. Using longitudinal mixed-model repeated-measures analysis the change from baseline in patient-reported outcome
measures (PROMs) at 1 year after surgery was compared between surgeon-determined groups (back vs. radicular) and between
patient-rated pain groups (back, leg, and equal) derived from preoperative pain scores on the numerical rating scale (NRS).

Results: 83/252 (33%) patients had a surgeon-determined chief complaint of back pain, while 103 (41%) patients rated their back
pain as the predominant pain location, and 78 (31%) rated their back and leg pain to be equal. At baseline patients in the surgeon-
determined radicular group had worse NRS-leg pain than those in the back-pain group but equal NRS-back pain. At baseline
patients in the patient-rated equal pain group had similar back pain compared to the patient-rated back pain group and similar leg
pain compared to the patient-rated leg pain group. All PROMs improved post-operatively and were not different between the 2
groups at 1 year.

Conclusions: Our study found no difference in outcome, irrespective of whether a surgeon determines the patient’s primary
pain complaint back or radicular dominant, or the patient rates pain in one location greater than another.
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Introduction

Isthmic spondylolisthesis is a common source of pain and dis-

ability and is believed to affect 8% of the general population

being 2 times more common in males.1 Symptoms vary from

complaints of lower back pain, to complaints of radiating pain

to the legs/buttock region or a combination of both.1 Back or

buttock pain is by far the most frequent finding, occurring in

approximately 80% of the patients.2 Many cases of isthmic

spondylolisthesis respond well to non-operative treatment but

for those patients that fail conservative management with per-

sistent significant pain or neurological deficit, surgical decom-

pression and stabilization offers beneficial outcomes.3,4

For lumbar disc herniation, spinal stenosis and degenerative

spondylolisthesis, preoperative predominant leg pain over

back pain is associated with superior postoperative outcomes

in decompressive surgery.5-8 Therefore, surgeons generally

prefer to recommend surgical management when the predomi-

nant complaint is leg pain.9 In patients with isthmic spondylo-

listhesis, the inherent instability and secondary slip may be a

cause of low back pain that is more amenable to surgical treat-

ment. Whether surgical outcome varies according to the pre-

operative predominant pain location (back or leg) in patients

who undergo lumbar fusion for isthmic spondylolisthesis has

not been investigated. Understanding this relationship could

assist in establishing reasonable expectations of treatment, and

improve evidence-based surgical decision making.

Previous studies have relied on patient-rated methods of

scoring back pain and leg pain intensity to identify the location

of predominant pain; however, the patient’s ability to assess

their pain dominance using self-rating methods can be unreli-

able.10 Therefore, the aim of this study was to examine how

the surgeon-determined chief complaint as well as the patient-

rated predominant pain location, influence patient-rated

outcomes at 1 year after posterior lumbar fusion for isthmic

spondylolisthesis.

Materials and Methods

Study Design

This was a retrospective review of prospectively collected data

from consecutive patients enrolled in the Canadian Spine Out-

comes and Research Network (CSORN) national registry.

CSORN is comprised of Neurosurgical and Orthopaedic spine

surgeons across Canada and was created to answer research

questions and facilitate the implementation of best practices.

Details on the CSORN registry data set and data collection

have been described elsewhere.11

Study Population

The registry was queried (years 2009-2017) for consecutive

patients 18 years and older who underwent posterior interbody

fusion or posterolateral lumbar fusion for isthmic spondylolisth-

esis. Patients were excluded who did not have a surgeon-

determined chief complaint of back pain or radicular pain; a

completed pre-operative patient rated back and leg pain score;

had not attained a minimum of 1 year of follow-up; had asso-

ciated deformities (i.e. scoliosis); no data at any follow-up time

point; had undergone anterior fusions or previous lumbar

surgery.

Demographic and Patient-Rated Outcome Measures

Patient-reported outcome measures (PROMs) were collected at

baseline, and at 3 and 12 months post-operatively via a ques-

tionnaire. PROMs included the numeric rating scale for back

pain (NRS-B) and leg pain (NRS-L; ranging from 0 to 10 with

higher scores indicating worse pain), the Oswestry Disability

Index (ODI; ranging from 0 to 100 with higher scores indicat-

ing more severe disability), and the Short Form 12 Health

Survey physical component summary score (SF-12 PCS) and

mental component summary scores (SF-12 MCS), with higher

scores indicating a better quality of life. Post-operative satis-

faction was assessed using a 5-point scale: extremely dissatis-

fied, somewhat dissatisfied, neither satisfied nor dissatisfied,

somewhat satisfied, and extremely satisfied.

Surgeon-Determined Chief Complaint

On initial clinical assessment form the surgeon indicated the

“chief complaint for which surgical intervention is required” by

selecting one of the following options: back pain, neck pain,

radiculopathy, myelopathy, neurogenic claudication, defor-

mity, or other. The surgeon determined the patient’s chief com-

plaint to be back dominant if the pain was localized into the

central lumbosacral region with potential referral into the but-

tocks but not into the leg. Radicular pain was defined as fol-

lowing primarily a lower leg dermatomal distribution.

Although radicular pain may include both back/buttock and leg

pain, the patient has predominant radicular pain as their chief

complaint if the pain followed a dermatomal distribution down

the leg. If both back pain and radicular pain was present the

surgeon had to choose the predominant symptom for which the

patient required surgery.

Patient-Rated Predominant Pain Location

The patient-rated predominant pain location was calculated by

subtracting the preoperative NRS-B score from the preopera-

tive NRS-L. The patient-rated back pain group had at least 2

points more back pain than leg pain on the NRS, and a patient-

rated leg predominant group had at least 2 points more leg pain

than back pain on the NRS.12 Patients that had a back and leg

pain score within 2 points were designated into a third group of

equal leg and back pain.

Statistical Analysis

Data analysis was performed using PASW Statistics version

24 (SPSS Inc., Chicago, IL, USA). Patients were subdivided
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into back pain or radicular pain groups. To compare baseline

characteristics and surgical parameters the Student’s t test or

1-way ANOVA was used for continuous parametric vari-

ables or the Mann-Whitney U test or Kruskal Wallis test was

used for continuous nonparametric variables. Comparisons

for categorical variables including satisfaction with treat-

ment were made using the Chi-square test or the Fisher’s

exact test.

For analysis of PROMs the change from baseline to the

3month and 1-year follow-up times were used. The main

effects of time and group and time x group interactions were

assessed using a mixed-effects model of longitudinal regres-

sion that included a random individual effect to account for the

correlation between repeated measures. Group and time

(3 months and 1 year) were included as fixed variables and

subject was included as a random variable. Confounding base-

line variables and variables associated with missing data at the

1-year time point were included if they were P < 0.05 or were

considered clinically relevant. Pairwise comparisons were per-

formed at the 1-year time point. Group in the aforementioned

model was either the surgeon-determined (back pain vs. radi-

cular pain) or patient-rated pain (leg pain vs. back pain vs.

equal back and leg pain). To adjust for the possible effect of

missing data a comparative analysis was performed using the

same mixed-model repeated measures analysis with a multiple

imputation procedure with 10 iterations assuming the data was

missing at random.

Surgeon-determined chief complaint was compared to

patient-rated predominant pain location using a dot plot, and

a subgroup analysis was conducted whereby patients who rated

their back and leg pain as equal at baseline were stratified by

surgeon-determined predominant pain location. The analysis

used the same mixed-models approach as described above.

Statistical significance was defined as P < 0.05.

Results

Study Population

414 patients met the inclusion criteria of which 162 were

excluded based on the exclusion criteria and 252 patients were

included in the final analysis (Figure 1). 83 (33%) had a

surgeon-determined chief complaint of back pain, while 103

(41%) had back pain as the patient-rated predominant pain

location (Table 1). 78 (31%) rated their back and leg pain to

be equal. The follow-up rate was 79% at the 3-month visit and

73% at the 12-month visit. Patients with missed visits at the

12-month follow-up visit were not different from the cohort

with complete data.

Patient Demographics and Baseline PROMs

Patient baseline demographic variables and PROMs are pre-

sented in Table 1. On average, the overall cohort was 49 + 12

years of age and tended to be overweight with a body mass

index of 28 + 6 Kg/m2. 135 were female (54%) and 111

patients (44%) were employed. 224 patients (89%) had Grade

I or II spondylolisthesis at L5-S1. Comparison of patients who

had a surgeon-determined chief complaint of back pain to radi-

cular pain revealed no between-group differences in any of the

baseline demographic variables (P< 0.05 for all comparisons).

Three-way comparison for the patient-rated predominant pain

162 Excluded

58 Surgeon determined chief 

complaint not identified

22 Anterior approach

13 Revision surgery

3 Decompression only

7 No pre-operative patient

determined back or leg pain

59 < 1-year post-operative

252 Included

83 Back Pain169 Radicular Pain 78 Equal Leg and 

Back Pain

71 Predominant 

Leg Pain

103 Predominant 

Back Pain

Assessed for eligibility

414 isthmic spondylolisthesis

Patient-Rated Pain 

Location (n=252)
Surgeon-Determined

Pain Location (n=252)

Two separate analysis of 252 

patients according to declared 

pain location

Figure 1. Patient inclusion flow diagram.
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location revealed the cohort of predominant leg pain tended to

be older (P ¼ 0.071), male (P ¼ 0.064), and more were

employed compared to the patient-rated back predominant or

equal back and leg pain groups.

On average, patients in the surgeon-determined radicular

pain group rated a higher baseline NRS-L score than those in

NRS-B (7.3 + 1.9 vs. 5.8 + 2.5; P < 0.001; Table 1). In

contrast, the intensity of back pain was not different between

the 2 groups (back group: 7.4 + 1.8; radicular group: 6.9 +
2.2, P ¼ 0.102; Table 1). Average NRS-B in the patient-rated

equal pain group was similar to the back pain group (7.7+ 1.4

vs. 7.8 + 1.9 respectively) but significantly greater than the

patient-rated leg pain group (5.4 + 2.2; p < 0.001). Likewise,

average NRS-L in the patient-rated back and leg pain equal

group was similar to the leg pain group (7.8 + 1.9 vs. 8.0 +
1.6) but significantly greater than the patient-rated back pain

group (5.3 + 1.9; p < 0.001). Baseline ODI, SF-12 PCS, and

SF-12 MCS scores did not differ between the surgeon-

determined groups, but significant differences existed between

the patient-rated pain groups (Table 1). ODI and SF-12 MCS

were significantly worse for the equal back and leg pain group

(ODI: 48.4 + 15.3; SF-12 MCS: 44.9 + 9.9) when compared

to the patient-rated leg pain group (ODI: 42.5 + 133; SF-12

MCS: 48.9 + 9.9).

A comparison of the surgical details and adverse events are

shown in Table 2. The majority of patients in both groups were

treated with an interbody fusion (84%). Operative and perio-

perative parameters including minimally invasive approach,

levels fused, ASA classification, blood loss, and length of stay

as well as Intraoperative, perioperative and postoperative

adverse events did not differ between surgeon-determined

groups or between patient-rated pain groups (P > 0.05 for all

comparisons; Table 2).

Comparison of the PROMs at 1 Year After Surgery

As shown in Figure 2 the patient-rated outcome measures for

both surgeon-determined pain groups and patient-rated pain

groups improved after surgery. At 1 year after surgery the mean

change in score for all PROMS did not differ between groups

for either the surgeon-determined chief complaint groups or

the patient-rated pain groups (Table 3). A sensitivity analysis

Table 1. Patient Baseline Demographic Characteristics.

Surgeon-determined Patient-rated

Parameter
Radicular pain
(n ¼ 169)

Back pain
(n ¼ 83) P Value

Leg
(n ¼ 71)

Back
(n ¼ 103)

Equal
(n ¼ 78) P Value

Age, mean + SD, years 49.6 + 11.8 48.0 + 13.6 0.331 51.6 + 11.2 47.2 + 12.6 49.3 + 13.0 0.071
Female, n (%) 89 (52.7) 46 (55.4) 0.689 32 (45.1) 64 (62.1) 39 (50.0) 0.064
Body mass index, mean + SD, kg/m2 28.6 + 6.9 27.3 + 5.5 0.110 28.4 + 5.3 27.7 + 6.2 28.8 + 5.8 0.409
Employed, n/total n (%) 79/166 (47.6) 32/83 (38.6) 0.223 43/71 (60.6) 39/101 (38.6) 29/77 (37.7) 0.006
Current smoker, n/total n (%) 56/168 (33.3) 30/83 (36.1) 0.674 20/71 (28.2) 38/103 (36.9) 28/77 (36.4) 0.441
Condition over 1 year, n/total n (%) 141/145 (97.2) 62/62 (100) 0.319 53/54 (98.1) 88/88 (100) 62/65 (95.4) 0.122
Does not exercise, n/total n (%) 74/165 (44.8) 40/83 (48.2) 0.686 32/71 (45.1) 43/101 (42.6) 39/76 (51.3) 0.505
Level involved, n (%)
L3-4 3 (1.8) 0 (0.0) 2 (2.8) 1 (1.0) 0 (0.0)
L4-5 27 (16.0) 8 (9.6) 10 (14.1) 11 (10.7) 14 (17.9)
L5-S1 or L6-S1 112 (66.3) 63 (75.9) 0.266 49 (69.0) 71 (68.9) 55 (70.5) 0.506
L3-L4-L5 1 (0.6) 0 (0.0) 1 (1.4) 0 (0.0) 0 (0.0)
L4-L5-S1 or L5-L6-S1 21 (12.4) 7 (8.4) 7 (9.9) 15 (14.6) 6 (7.7)

� 3 levels involved 5 (3.0) 5 (6.0) 2 (2.8) 5 (4.9) 3 (3.8)
Spondylolisthesis grade, n/total n (%)
Grade I 84/168 (50.0) 39/83 (47.0) 40/71 (56.3) 45/103 (43.7) 38/77 (49.4)
Grade II 71/168 (42.3) 30/83 (36.1) 0.126 23/71 (32.4) 48/103 (46.6) 30/77 (39.0) 0.482
Grade III 12/168 (7.1) 13/83 (15.7) 8/71 (11.3) 9/103 (8.7) 8/77 (10.4)
Grade IV 0/168 (0.0) 1/83 (1.2) 0/71 (0.0) 0/103 (0.0) 1/77 (1.3)
Spondyloptosis 1/168 (0.6) 0/83 (0.0) 0/71 (0.0) 1/103 (1.0) 0/77 (0.0)

ODI, mean + SD, score§ 45.7 + 13.9 46.5 + 14.5 0.708 42.5 + 13.3 46.7 + 13.4 48.4 + 15.3 0.034
NRS-B, mean + SD, scorez 6.9 + 2.2 7.4 + 1.8 0.102 5.4 + 2.2 7.7 + 1.4 7.8 + 1.9 <0.001
NRS-L, mean + SD, scorez 7.3 + 1.9 5.8 + 2.5 <0.001 8.0 + 1.6 5.3 + 1.9 7.8 + 1.9 <0.001
SF-12 PCS, mean + SD, score 32.9 + 8.3 33.9 + 7.4 0.381 34.7 + 7.9 32.7 + 7.8 32.4 + 8.4 0.160
SF-12 MCS, mean + SD, score 47.1 + 8.7 46.6 + 8.7 0.618 48.9 + 7.9 47.3 + 8.0 44.9 + 9.9 0.018

Abbreviations: ODI ¼ Oswestry Disability Index; SF-12 PCS ¼ Short Form-12 general health survey physical component score; SF-12 MCS ¼ Short Form-12
general health survey mental component score; NRS-L¼ numerical rating scale leg pain; NRS-B¼ numerical rating scale back pain. Varying denominators indicate
missing data for patients in some categories. For body mass index, data was available for n ¼ 85 in the back-pain group and n ¼ 180 in the radicular pain group. z
NRS-L and NRS-B scores range from 0 to 10, with lower scores indicating less severe symptoms. § In the ODI, the range of scores is 1 to 100, with high scores
indicating worse disability and pain. { SF-12 MCS and SF-12 PCS mean summary scores, with lower scores indicating worse functioning.
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using multiple imputation confirmed no significant mean dif-

ferences with respect to all outcome measures (Supplementary

Table 1).

Satisfaction

Patient satisfaction with treatment at 1 year after surgery did

not differ between the patients with a surgeon-determined chief

complaint of back pain versus radicular pain or between the

patient-rated predominant pain location groups. The majority

of patients were satisfied with treatment at 1 year (Table 4).

Patient-Rated Equal back to Leg Pain Group Stratified by
Surgeon-Determined Chief Complaint at 1 Year After
Surgery

Figure 3 demonstrates that for only 18/78 (23%) patients who

rated their pain as equal back to leg pain, the surgeon-

determined chief complain was back dominant. The majority

of patients were in the surgeon-determined radicular pain group

whereas the minority of patient’s rated their predominant pain

location to be leg. Both baseline and mean improvement in

scores from baseline to 1-year was similar between group for

all PROMs (Table 5).

Table 2. Surgical Treatment, Complications and Events.

Surgeon-determined Patient-rated

Parameter
Radicular pain
(n ¼ 169)

Back pain
(n ¼ 83) P Value

Leg
(n ¼ 71)

Back
(n ¼ 103)

Equal
(n ¼ 78)

P
Value

Type of fusion, n (%)
Posterolateral fusion 23 (13.6) 19 (22.6) 0.073 9 (12.7) 23 (22.3) 10 (12.8) 0.134
Interbody fusion 146 (86.4) 64 (77.1) 62 (87.3) 80 (77.7) 68 (87.2)

Minimally invasive approach, n (%) 55 (32.5) 24 (28.9) 0.665 22 (31.0) 27 (26.2) 30 (38.5) 0.212
Number of operated levels, mean

(min –max)
2.2 (1-4) 2.2 (1-5) 0.614 2.2 (2-4) 2.3 (1-5) 2.2 (1-4) 0.373

Multiple-level fusion, n (%) 40 (23.7) 17 (20.5) 0.633 14 (19.7) 29 (28.2) 14 (17.9) 0.210
Level Fused, n (%)
L3-4 2 (1.2) 0 (0.0) 2 (2.8) 0 (0.) 0 (0.0)
L4-5 26 (15.4) 10 (12.0) 11 (15.5) 13 (12.6) 12 (15.4)
L5-S1 or L6-S1 101 (59.8) 56 (67.5) 0.284 44 (62.0) 61 (59.2) 52 (66.7) 0.247
L3-L4-L5 1 (0.6) 0 (0.0) 1 (1.4) 0 (0.0) 0 (0.0)
L4-L5-S1 or L5-L6-S1 34 (20.1) 1 (13.3) 12 (16.9) 22 (21.3) 11 (14.1)
� 2 levels fused 5 (3.0) 6 (7.2) 1 (1.4) 7 (6.8) 3 (3.8)

ASA classification, n (%)
1 27/146 (18.5) 15/64 (23.4) 11/56 (19.6) 20/89 (22.5) 11/65 (16.9)
2 87/146 (59.6) 34/64 (53.1) 0.369 37/56 (66.1) 48/89 (53.9) 36/65 (55.4) 0.433
3 32/146 (21.9) 14/64 (21.9) 8/56 (14.3) 21//89 (23.6) 17/65 (26.1)
4 0/146 (0.0) 1/64 (1.6) 0/56 (0.0) 0/89 (0.0) 1/65 (1.5)

Operating time, min
mean + SD

213.3 + 68.1 209.9 + 78.9 0.757 206.9 + 71.6 214.2 + 74.0 214.4 + 67.7 0.820

Intraoperative blood loss, mL
mean + SD

417.1 + 357.1 397.1 + 374.9 0.690 435.6 + 344.8 420.8 + 397.2 374.7 + 331.7 0.568

Length of stay, mean + SD, days 3.8 + 2.2 4.2 + 2.1 0.243 3.8 + 2.0 4.0 + 1.9 4.0 + 2.7 0.830
Intraoperative AEy, n (%)
Dural Tear 7 (4.1) 8 (9.6) 0.095 4 (5.6) 6 (5.8) 5 (6.4) 0.978
Implant/instrument related 4 (2.4) 2 (2.4) 1.000 0 (0.0) 3 (2.9) 3 (3.8) 0.276
Revision intra-operative 2 (1.2) 2 (2.4) 0.600 0 (0.0) 1 (1.0) 3 (3.8) 0.139

Perioperative AEy, n (%)
Delirium 4 (2.4) 1 (1.2) 1.000 2 (2.8) 1 (1.0) 2 (2.6) 0.628
Revision 4 (2.4) 2 (2.4) 1.000 2 (2.8) 2 (1.9) 2 (2.6) 0.926
Neurological deterioration 2 (1.2) 2 (2.4) 0.600 1 (1.4) 2 (1.9) 1 (1.3) 0.931
Pain new onset 5 (3.0) 2 (2.4) 1.000 0 (0.0) 3 (2.9) 4 (5.1) 0.163
Urinary retention 6 (3.6) 1 (1.2) 0.431 4 (5.6) 1 (1.0) 2 (2.6) 0.182

Postoperative AE < 12 weeksy, n (%)
Implant/instrumentation related 2 (1.2) 0 (0.0) 1.000 1 (1.4) 1 (1.0) 0 (0.0) 0.605
Revision 2 (1.2) 0 (0.0) 1.000 1 (1.4) 0 (0.0) 1 (1.3) 0.496
Infection 4 (2.4) 1 (1.2) 1.000 1 (1.4) 2 (1.9) 2 (2.6) 0.879
Neurological deterioration 2 (1.2) 0 (0.0) 1.000 1 (1.4) 1 (1.0) 0 (0.0) 0.605
Pain new onset 2 (1.2) 0 (0.0) 1.000 1 (1.4) 1 (1.0) 0 (0.0) 0.605
Thromboembolic event 2 (1.2) 0 (0.0) 1.000 1 (1.4) 0 (0.0) 1 (1.3) 0.496
Urinary retention 0 (0.0) 1 (1.2) 0.329 1 (1.0) 0 (0.0) 0 (0.0) 0.278

Abbreviations: ASA ¼ American Society of Anaesthesiologists; AE ¼ adverse event; yonly adverse events with a incidence of � 1% are reported.
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Figure 2. Change in patient-rated outcome scores from baseline to 3 months and 1 year after surgery. Scores over time on the A) numeric
rating scale (NRS) for back-pain intensity; B) numeric rating scale for leg-pain intensity; C) Oswestry Disability Index (ODI); D) SF12 physical
component (PCS); and E) SF12 mental component (MCS). The error bars are 95% confidence intervals. The data are derived from a longitudinal
mixed-model repeated-measures analysis with adjustment baseline score, type of fusion (posterolateral or interbody), surgery at L5-S1, gender,
age, and employment status. P-values denote the main effect for group (surgeon-determined back pain vs. radicular pain and patient-rated back
pain, leg pain and equal pain groups). For ODI, NRS-leg pain and NRS-back pain a negative change in score indicates improvement and for PCS
and MCS a positive change in score indicates improvement.

Table 3. Change in Patient Health-Reported Outcomes Scores From Baseline to 1 Year After Surgery Stratified by the Surgeon-Determined
Predominant Pain Location and the Patient-Determined Predominant Pain Locationþ.

Surgeon-determined pain location Patient-rated pain location

Outcome
Radicular

Pain
Back
Pain

Mean difference
(95% CI)

Equal
Pain

Predominant
leg pain

Predominant
back pain

Mean difference (95% CI)

Leg vs. back Leg vs. equal Back vs. equal

ODI �22.3 + 1.9 �25.4 + 2.6 3.1 (�2.2, 8.4) �22.0 + 2.7 �24.3 + 2.7 �23.7 + 2.4 �0.6 (�8.1, 6.9) �2.3 (�10.1, 5.6) �1.7 (�9.0, 5.6)
NRS-L �3.9 + 0.3 �4.5 + 0.4 0.6 (�0.3, 1.4) �4.2 + 0.4 �4.2 + 0.4 �3.9 + 0.4 �0.4 (�1.6, 1.0) �0.06 (�1.3, 1.2) 0.3 (�0.9, 1.6)
NRS-B �3.8 + 0.3 �3.5 + 0.3 0.5 (�0.2, 1.2) �3.4 + 0.4 �3.2 + 0.4 �3.8 + 0.3 0.6 (�0.5, 1.7) 0.2 (�0.9, 1.4) �0.4 (�1.4, 0.6)
SF12-PCS 11.3 + 1.0 12.4 + 1.3 �1.1 (�3.8, 1.6) 12.7 + 1.3 11.1 + 1.4 11.4 + 1.2 �0.3 (�4.1, 3.6) �1.6 (�5,6, 2.3) �1.3 (�5.0, 2.4)
SF12-MCS 3.9 + 0.9 6.0 + 1.1 �2.0 (�4.3, 0.2) 4.1 + 1.1 3.6 + 1.2 5.7 + 1.0 �2.1 (�5.3, 1.1) �0.5 (�3.8, 2.9) 1.6 (�1.6, 4.7)

Abbreviations: CI ¼ confidence interval; ODI ¼ Oswestry Disability Index; SF-12 PCS ¼ Short Form-12 general health survey physical component score; SF-12
MCS¼ Short Form-12 general health survey mental component score; NRS-L ¼ numerical rating scale leg pain; NRS-B ¼ numerical rating scale back pain. Values
are mean change in score + standard error of the mean and are derived from a mixed-model repeated-measures analysis. For ODI and NRS-L and NRS-B a
negative change in score indicates improvement and for SF12-PCS and SF12-MCS a positive change in score indicates improvement. þValues have been adjusted
for baseline score, type of fusion (posterolateral or interbody), surgery at L5-S1, gender, age, and employment status.
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Discussion

Our study found no difference in PROMs (NRS-B, NRS-L,

ODI, SF-12 PCS and SF-12 MCS), irrespective of whether a

surgeon considers the patient’s primary pain complaint back

dominant or radicular dominant or the patient rates pain

greater in one location over the other. This is an important

finding as it is contrary to the conventional opinion that back

pain dominant patients have a lesser degree of improvement

and are less satisfied post-operatively versus leg pain domi-

nant patients.5-7 The Spine Tango registry reported that higher

baseline back pain relative to leg pain was associated with a

poorer overall outcome at 1 year after decompression for

lumbar disc herniation.7 Similar findings were found for lum-

bar degenerative spinal stenosis.6 A Swedish Spine Register

study reported that predominant back pain was associated

with inferior pain, quality of life and function.5 The Spine

Patient Outcomes Research Trial for surgically treated degen-

erative spondylolisthesis showed a greater improvement in

patients with predominant leg pain compared with back pain

and intermediate levels of improvement in those with equal

back and leg pain.8 We speculate that our study for isthmic

spondylolisthesis differs from this literature because the

inherent instability and secondary slip may be a cause of low

back pain that is more amenable to surgical treatment such as

a lumbar fusion procedure. However, other differences in

demographics, such as average age which was relatively

lower than the cohorts in the above mentioned studies, may

define a population difference apart from differing pathology,

as a potential explanation for our result compared to the pre-

vious studies.5-8

Our study differentiated patients into back or radicular pain

groups based on the surgeon-determined chief complaint

which is unique from previous studies that differentiate sub-

jects based on the patient-rated back and leg pain scores.5-8

Although the surgeon-determined chief complaint represents

the surgeon’s inherent bias, it is advantageous in that it allows

the differentiation of patients that have similar back and leg

pain scores, or have predominant buttock pain which is diffi-

cult for a patient to differentiate. A surgeon’s opinion of the

Table 4. Level of Satisfaction With Treatment at 1 Year After Surgery.

Surgeon-determined Patient-rated

Outcome
Radicular pain

N ¼ 124
Back pain
N ¼ 58 P value

Leg
N ¼ 53

Back
N ¼ 73

Equal
N ¼ 56 P value

n (%) n (%) n (%) n (%) n (%)
Extremely satisfied 79 (63.7) 36 (62.1) 33 (2.3) 44 (60.3) 38 (67.9)
Somewhat satisfied 21 (16.9) 12 (20.7) 10 (8.9) 14 (19.2) 9 (16.1)
Neither 6 (4.8) 5 (8.6) 0.655 4 (7.5) 5 (6.8) 2 (3.6) 0.850
Somewhat dissatisfied 13 (10.5) 4 (6.9) 4 (7.5) 9 (12.3) 4 (7.1)
Extremely dissatisfied 5 (4.0) 1 (1.7) 2 (3.8) 1 (1.4) 3 (5.4)

10.008.006.004.002.00.00-2 .00-4 .00-6 .00-8 .00-10.00

Back Pain

Radiculopathy

Surgeon-determined
chief complaint

Patient LP score minus BP score Leg painBack pain
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Figure 3. Simple dot plot showing the distribution of surgeon-determined back pain (solid circle) and surgeon-determined radicular pain (open
circle) versus patient-rated NRS-leg pain score (LP) minus patient-rated NRS-back pain score (BP).
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dominant pain location is founded on patho-anatomy and an

understanding of potential pain generators and pain referral

patterns. Consideration to the etiology of a patient’s pain is

essential every time a surgeon determines the treatment

options. Our opinion that NRS pain scores are less effective

at differentiating radicular pain from back pain is illustrated

by the group with equal back and leg pain. Importantly, in this

study patients were not asked to specifically differentiate their

pain dominant location. Agreement between the patients’ and

surgeons’ declared location of predominant pain has previ-

ously been shown when patients are forced to select only one

pain location (back or leg) as being more troublesome than

the other.13

Both surgeon-determined cohorts were similar in baseline

demographics and function. While, the patient-rated leg pain

predominant group tended to be older and male, and have

significantly better ODI and MCS compared to the patient-

rated back predominant or equal back and leg pain groups. As

expected, the surgeon-determined radicular pain cohort had a

greater degree of baseline NRS-leg pain than did the surgeon-

determined back pain cohort. However, both surgeon-

determined cohorts had similar mean scores of baseline

NRS-back pain and the surgeon-determined back pain group

had similar severity of NRS-back and NRS-leg pain. This

suggests that disproportionately more leg pain was most

influential to the surgeon in determining the chief complaint

of radicular pain while significant back pain, irrespective of

the amount of associated leg pain, prompted a surgeon to

focus on back pain as the chief-complaint. The majority of

patients in our study were in the surgeon-determined radicu-

lar pain group whereas the minority of patient’s rated their

predominant pain location to be leg. This further suggests

that patients and surgeons often consider the pain problem

differently. The discrepancy might be due to surgeon selec-

tion bias that patients complaining of radicular pain are pre-

dictive of successful outcome following fusion surgery. This

may also illustrate the difference in how a patient and sur-

geon attributes buttock pain to either back or radicular in

origin. For the large group of patients that rated their back

and leg pain as equal, we performed a post-hoc analysis stra-

tifying this cohort by surgeon-determined chief complaint.

Sixty of 78 in this group were designated to have surgeon-

determined radicular pain. The baseline and improvement

from baseline to 1-year PROMs were similar between sub-

groups as well. Importantly, for all analyses performed,

PROMs substantially improved following surgery. This find-

ing complements previous studies demonstrating post-

operative improvement in PROMs.14-16

Strengths of the study include: the large sample size, pro-

spectively collected PROMs, multi-centered nature of the

study improves generalizability, and the patient groups were

defined by the surgeon-determined chief complaint that mir-

rors the surgeon’s considerations when determining and edu-

cating surgical candidates. Limitations to this study include

potential selection bias of the participating surgeons’ discre-

tion in determining surgical candidacy, chief complaint, and

the surgical technique for fusion. Our study was not designed

to account for the surgical fusion technique, such as MIS,

which could have a variable impact on PROMs, however,

there was no difference between groups for the use of MIS

or an inter-body device (Table 2). Furthermore, other impor-

tant clinical characteristics such as myotomal weakness or

dermatomal sensation change that may influence the sur-

geon’s decision-making process were not accounted for in our

methodology. It should be recognized that very few patients in

this cohort had isolated back pain; most had some component

of leg pain (Figure 3). The follow-up rate of 73% at 12 months

is another study limitation; however, replacing the missing

data with multiple imputation confirmed our observed

findings.

In conclusion, the study demonstrated similar improvement

in PROMs at 1-year for both the back pain and radicular pain

dominant cohorts following posterior lumbar fusion for

patients with isthmic spondylolisthesis. This finding was irre-

spective of whether a surgeon determines the patient’s primary

pain complaint back or radicular dominant, or the patient rates

pain in one location greater than another.

Table 5. Subgroup Analysis: Comparison of Patients Who Rated Their Back and Leg Pain as “Equal” Prior to Surgery Stratified by Surgeon-
Determined Predominant Pain Location.

Baseline Change score from baseline to 1 year

Outcome
Back pain
N ¼ 18

Radicular pain
N ¼ 60 P value

Back pain
N ¼ 10

Radicular pain
N ¼ 46

Mean difference
(95% CI) P value

ODI 51.1 + 16.1 47.5 + 15.1 0.388 �18.2 + 6.6 �18.1 + 4.1 0.1 (�12.1, 12.3) 0.988
NRS-L 7.6 + 2.5 7.9 + 1.7 0.548 �4.0 + 1.0 �4.1 + 0.6 �0.1 (�2.0, 1.8) 0.895
NRS-B 7.6 + 2.5 7.9 + 1.7 0.548 �2.1 + 0.9 �3.5 + 0.6 �1.3 (�3.1, 0.4) 0.118
SF-12 PCS 32.5 + 7.8 32.4 + 8.6 0.973 8.4 + 2.8 11.4 + 1.7 3.0 (�2.5, 8.5) 0.287
SF-12 MCS 42.1 + 10.0 45.7 + 9.8 0.200 2.9 + 3.1 5.4 + 2.0 2.6 (�3.3, 8.4) 0.387

Values are mean change in score + standard error of the mean and are derived from a mixed-model repeated-measures analysis. ODI ¼ Oswestry Disability
Index; SF-12 PCS¼ Short Form-12 general health survey physical component score; SF-12 MCS¼ Short Form-12 general health survey mental component score;
NRS-L¼ numerical rating scale leg pain; NRS-B ¼ numerical rating scale back pain. For ODI and NRS-L and NRS-B a negative change in score indicates
improvement and for SF-12 PCS and SF-12 MCS a positive change in score indicates improvement. þValues have been adjusted for baseline score, type of fusion
(posterolateral or interbody), lumbosacral level involvement, gender, age, and employment status.
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Abbreviations

CSORN ¼ Canadian Spine Outcome and Research Network; ODI ¼
Oswestry Disability Index; PROMs ¼ patient-reported outcome mea-

sures; NRS ¼ numerical rating scale; SF-12 PCS ¼ Short Form-12

Health Survey physical component score; SF-12 MCS ¼ Short

Form-12 Health Survey mental component score.

Acknowledgments

We are grateful to all the individuals who participated in CSORN.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

ORCID iDs

Jennifer Urquhart, PhD https://orcid.org/0000-0002-9393-814X

Greg McIntosh, MSc https://orcid.org/0000-0002-0268-6523

Supplemental Material

Supplemental material for this article is available online.

References

1. Ganju A. Isthmic spondylolisthesis. Neurosurg Focus. 2002;13:E1.

2. Boxall D, Bradford DS, Winter RB, Moe JH. Management of

severe spondylolisthesis in children and adolescents. J Bone Joint

Surg Am. 1979;61(4):479-495.

3. Moller H, Hedlund R. Surgery versus conservative management

in adult isthmic spondylolisthesis—a prospective randomized

study: part 1. Spine (Phila Pa 1976). 2000;25(13):1711-1715.

4. Jones TR, Rao RD. Adult isthmic spondylolisthesis. J Am Acad

Orthop Surg. 2009;17(10):609-617.

5. Sigmundsson FG, Jonsson B, Stromqvist B. Preoperative pain

pattern predicts surgical outcome more than type of surgery in

patients with central spinal stenosis without concomitant spondy-

lolisthesis: a register study of 9051 patients. Spine (Phila Pa

1976). 2014;39(3):E199-210.

6. Kleinstuck FS, Grob D, Lattig F, et al. The influence of preopera-

tive back pain on the outcome of lumbar decompression surgery.

Spine (Phila Pa 1976). 2009;34(11):1198-1203.

7. Kleinstueck FS, Fekete T, Jeszenszky D, et al. The outcome of

decompression surgery for lumbar herniated disc is influenced by

the level of concomitant preoperative low back pain. Eur Spine J.

2011;20(7):1166-1173.

8. Pearson A, Blood E, Lurie J, et al. Predominant leg pain is asso-

ciated with better surgical outcomes in degenerative spondylo-

listhesis and spinal stenosis: results from the Spine Patient

Outcomes Research Trial (SPORT). Spine (Phila Pa 1976).

2011;36(3):219-229.

9. Chou R, Baisden J, Carragee EJ, Resnick DK, Shaffer WO, Loe-

ser JD. Surgery for low back pain: a review of the evidence for an

American Pain Society Clinical Practice Guideline. Spine (Phila

Pa 1976). 2009;34(10):1094-1109.

10. Wai EK, Howse K, Pollock JW, Dornan H, Vexler L, Dagenais S.

The reliability of determining “leg dominant pain”. Spine J. 2009;

9(6):447-453.

11. Ayling OGS, Ailon T, McIntosh G, et al. Clinical outcomes

research in spine surgery: what are appropriate follow-up times?

J Neurosurg Spine. 2018;30(3):397-404.

12. Chung AS, Copay AG, Olmscheid N, et al. Minimum clinically

important difference: current trends in the spine literature. Spine

(Phila Pa 1976). 2017;42(14):1096-1105.

13. Mannion AF, Mutter UM, Fekete TF, et al. Validity of a single-

item measure to assess leg or back pain as the predominant symp-

tom in patients with degenerative disorders of the lumbar spine.

Eur Spine J. 2014;23(4):882-887.

14. Musluman AM, Yilmaz A, Cansever T, et al. Posterior lumbar

interbody fusion versus posterolateral fusion with instrumenta-

tion in the treatment of low-grade isthmic spondylolisthesis:

midterm clinical outcomes. J Neurosurg Spine. 2011;14(4):

488-496.

15. Farrokhi MR, Rahmanian A, Masoudi MS. Posterolateral versus

posterior interbody fusion in isthmic spondylolisthesis. J Neuro-

trauma. 2012;29(8):1567-1573.

16. Lee GW, Lee SM, Ahn MW, Kim HJ, Yeom JS. Comparison of

posterolateral lumbar fusion and posterior lumbar interbody

fusion for patients younger than 60 years with isthmic spondylo-

listhesis. Spine (Phila Pa 1976). 2014;39(24):E1475-E1480.


