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Lumbar Decompression and Interbody
Fusion Improves Gait Performance, Pain,
and Psychosocial Factors of Patients With
Degenerative Lumbar Spondylolisthesis
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Abstract

Study Design: Prospective cohort study.

Objective: Evaluate changes in gait, pain, and psychosocial factors among degenerative lumbar spondylolisthesis (DLS) patients
before and 3 months after surgical intervention.

Methods: Forty-four symptomatic DLS patients performed clinical gait analysis 1 week before surgery and 3 months after surgery.
Patients performed a series of over-ground gait trials at a self-selected speed. Twenty-two matched asymptomatic controls
underwent the same battery of tests. Three-dimensional motion tracking was used to analyze gait kinematics. Patient-reported
outcomes, gait range of motion, and spatiotemporal parameters compared before and after lumbar decompression with fusion.

Results: Surgical intervention resulted in significant improvements in walking speed (P ¼ .021), stride time (P ¼ .020), step time
(P ¼ .014), and single-support time (P ¼ .038). Significant improvements in joint range-of-motion were found for knee (P ¼ .002)
and hip flexion (P ¼ .006). Degenerative lumbar spondylolisthesis patients reported significant reductions in pain, disability, and
improved psychological perceptions for fear-avoidance of pain and motion (all P < .001).

Conclusions: Surgical treatment of DLS resulted in a faster, more efficient gait in addition to significant reductions in pain,
disability, and psychological fear associated with pain and motion. These beneficial changes that we identified early in the post-
operative period indicate that patients return to the quality of life they seek early on. Clinical gait analysis provides objective,
quantifiable measures of gait parameters that provide new insight into both the preoperative disability associated with DLS and
into the early postoperative function of patients during their rehabilitation.
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Introduction

Degenerative lumbar spondylolisthesis (DLS) is common in

individuals older than 50 years and occurs four times more

frequently in women (Figure 1).1,2 Symptoms of DLS often

present as singular instances or combinations of neurogenic

claudication, radicular pain, or mechanical low back pain.3-6

Typically DLS patients are assessed with patient-reported out-

come measures (PROMs) like the visual analogue scale (VAS)

for pain levels, the Oswestry Disability Index (ODI) for degree

of disability, and neurological examinations for qualitative eva-

luation of function.1,3,6 In order to better elucidate the modality

in which spinal pathology causes disability, impairment of

daily activities, and overall reduced quality of life, it is impor-

tant to measure and record objective data points in addition to

subjective metrics like PROMs.1,5-8 The validity of PROMs

1 Texas Back Institute, Plano, TX, USA

Corresponding Author:

Ram Haddas, Texas Back Institute, 6020 West Parker Road, Plano,

TX 75093, USA.

Email: rhaddas@texasback.com

Global Spine Journal
2021, Vol. 11(4) 472-479

ª The Author(s) 2020
Article reuse guidelines:

sagepub.com/journals-permissions
DOI: 10.1177/2192568220911044

journals.sagepub.com/home/gsj

Creative Commons Non Commercial No Derivs CC BY-NC-ND: This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial-NoDerivs 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/) which permits non-commercial use, reproduction and distribution of the
work as published without adaptation or alteration, without further permission provided the original work is attributed as specified on the SAGE and Open Access
pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0002-1273-5499
https://orcid.org/0000-0002-1273-5499
mailto:rhaddas@texasback.com
https://sagepub.com/journals-permissions
https://doi.org/10.1177/2192568220911044
http://journals.sagepub.com/home/gsj
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage


can be discontent by recall bias, inaccuracies in patient record-

ing, secondary gain motivation, or other psychologic

factors.3,4,9

As with many other musculoskeletal and neurologic disor-

ders, degenerative spine conditions can produce significant

changes in ambulation and gait.7,10,11 Walking limitations are

a hallmark of DLS.12 Anatomically, DLS is characterized by a

narrowing of the lumbar spinal canal or nerve root foramen.12

Symptoms of neurogenic claudication may include cold feet,

buttock and back pain, numbness or weakness in the leg(s),

altered gait, and “drop episodes,” wherein the patient unexpect-

edly falls while walking.12-14 Several studies have previously

investigated the effects of degenerative lumbar spondylolisth-

esis and stenosis and the effects of surgical decompression on

gait using a variety of gait evaluation techniques.10,11,15 The

findings of these studies showed positive effects of

decompression surgery on gait function among patients over

follow-up periods ranging from 6 to 12 months after treatment.

These studies provide initial validation of gait analysis as a

useful tool for objectively measuring postoperative improve-

ments in gait among lumbar stenosis patients and for correla-

tion of gait measures to standard PROMs.

Consensus on treatment strategies for DLS has varied, how-

ever current literature indicates beneficial outcomes are often

associated with combined use of decompression and fusion.3,16

Current North American Spine Society (NASS) guidelines rec-

ommend surgical decompression with fusion for DLS given its

strong association with significant improvements in pain, dis-

ability, and functional ability.3 Furthermore, such surgeries are

found to produce changes in psychological factors, including

depression, anxiety, and fear avoidance.17,18 While the litera-

ture suggests that surgical treatment of degenerative lumbar

conditions improved gait function, there is currently a lack of

information regarding the effects of decompression and fusion

surgery specifically for DLS patient’s gait parameters. The

purpose of our study was to evaluate gait parameters changes

in DLS patients before and 3 months after surgical intervention

using three-dimensional (3D) kinematic gait analysis in addi-

tion to standard PROMs and psychosocial factors.

Methods

Institutional review board approval was obtained for a prospec-

tive cohort study. Patients were recruited among symptomatic

DLS patients who presented to our clinic and who were deemed

eligible for surgical intervention. Clinical evaluation of gait

was performed 1 week before (Pre) and 3 months (Post)

following surgical intervention (Figure 1).

Subjects

A total of 44 DLS patients and 22 matched asymptomatic con-

trols were enrolled in this study were enrolled in this study.

Table 1 provides a summary of DLS subject demographics and

surgical treatment approach. Patients were included in this

study if they were between the ages of 40 and 75 years, pre-

sented with symptomatic DLS, were deemed eligible for surgi-

cal intervention (DLS grade II or higher), and were able to

stand and walk without assistance.

Preparatory Procedures

During each clinical evaluation, patients first completed a

series of PROMs, including VAS for back and leg pain, the

ODI, and 3 psychological questionnaires: the Fear Avoidance

Beliefs Questionnaire (FABQ), the Tampa Scale for Kinesio-

phobia (TSK), and the Demoralization Scale (DS). Patients

were fitted with a set of full-body reflective markers for 3D

gait analysis (Figure 2).7

Figure 1. Example radiographs of degenerative lumbar spondylo-
listhesis (top images) and surgical treatment, including decompression,
lumbar interbody fusion, and posterior instrumentation (bottom
images).
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Gait Evaluation

For gait analysis, patients performed a series of 5 over-ground

walking trials at a self-selected speed. During each trial, a full

gait cycle from the middle of the trial was selected for anal-

ysis of spatiotemporal and joint range-of-motion (ROM) para-

meters. Spatiotemporal parameters included cadence, walking

speed, stride time, step time, single-support time, double-

support time, stride length, step length, and step width.7 Joint

ROM parameters included lumbar spine, pelvis, hip, knee,

and ankle in both the coronal and sagittal planes. Measure-

ments for the trunk ROM were made during the right stance

phase only of the analysis cycles. Joint ROM angles were

measured such that positive angles represent dorsiflexion,

flexion, pelvic ante-version, and right-sided flexion (Fig-

ure 3). The Gait Deviation Index (GDI) was also calculated

to serve as a composite measure of overall gait abnormality

and to provide a reference to healthy individuals.19 The aim of

GDI is to simplify complex gait cycle patterns and to quantify

global gait abnormality.19

The identical gait test was performed on matched asympto-

matic controls at a single time point.

Data Acquisition

Full-body kinematic and spatiotemporal data was collected at

100 Hz using a Vicon 3D motion capture system (Vicon,

Oxford, UK). Kinematic data was filtered with a fourth-order

Butterworth low-pass filter at a 6-Hz cutoff frequency. All

outcome measures were averaged across the 5 trials. Data pro-

cessing was done using Vicon Nexus and custom Matlab pro-

grams (The Math Works, Natick, MA, USA).

Statistical Methods

Repeated measurement analysis of variance was used to deter-

mine differences in spatiotemporal, joint ROM, and PROMs

data before and after surgical intervention. Statistical analyses

were conducted using SPSS, Version 23.0 (IBM Inc, Armonk,

NY).

Table 1. Summary of Demographic and Prior Surgical Treatment Among Degenerative Lumbar Spondylolisthesis Patients Included in This
Study.

Subject Demographics (Mean + SD) Gender 25 females, 19 males

Age, y 60.0 + 12.3
Height, m 1.7 + 0.1
Weight, kg 81.3 + 16.2

Body mass index, kg/m2 29.0 + 5.0
Surgical Treatment Number of levels fused 1.71 + 0.92

Level of Spondylolisthesis No. of Patients Level of Fusion No. of Patients
L1-L2 1 L1-L2 1
L2-L3 2 L1-L4 1
L2-L4 2 L1-L5 1
L2-L5 1 L2-L3 2
L3-L4 3 L2-L4 1
L3-L5 6 L2-S1 1
L3-S1 2 L3-L4 3
L4-L5 11 L3-L5 4
L4-S1 6 L3-S1 3
L5-S1 10 L3-S2 1

L4-L5 11
L4-S1 6
L5-S1 9

Approach Posterior: 51.1%
Anterior-posterior: 40.0%

Lateral: 2.2%
Posterior-lateral: 6.6%

Diagnostic Stenosis 38 of 44
Radiculopathy 10 of 44

Neurogenic claudication 38 of 44
Cauda equina disorder 0 of 44
Listlhesis grade average 1.52

Listlhesis grade 1 54.54%
Listlhesis grade 2 38.63%
Listlhesis grade 3 6.81%

Previous surgical treatment 20 of 44
Decompression 11 of 44

Fusion 9 of 44
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Results

There were no statistically significant differences between the

surgical patients and healthy controls with regard to age (54.14

+ 9.17 years), height (1.71 + 0.07 m), weight (73.50 +
132.64 kg), and body mass index (25.00 + 3.42; all P > .050).

Spatiotemporal Parameters

Table 2 provides a summary of spatiotemporal gait parameter

results. DLS patients demonstrated slower walking speed

(P < .001), reduced cadence (P < .001), extended stride and

step time (P ¼ .001), longer single and double support time

(P < .013), shorter stride and step length (P ¼ .003), and wider

step width (P ¼ .027) in comparison with matched controls

(Table 2). Significant improvements were seen after surgery

in increased walking speed (P ¼ .021), reduced stride time

(P ¼ .020), reduced step time (left P ¼ .014, right P ¼
.037), and reduced single support time (left P ¼ .038). Notable

increases in mean cadence were also seen; however, they did

not reach significance (P ¼ .087). When we compared the

spatiotemporal parameters of postsurgical DLS patients with

controls, although most of the variables normalized after

surgery, it was still statistical differences between the groups

(P < .047; Table 2).

Joint Range of Motion

Joint ROM results are summarized in Table 3. DLS patients

had significantly greater ankle ROM (P < .046), less hip ROM

(P < .045), larger pelvic tilt ROM (P ¼ .006) in the sagittal

plane, and increased ankle (P < .002) and knee (P < .012) ROM

in the coronal plane during gait compared with controls

(Table 3). Moreover, compared with normal population with

normal gait performance (GDI of 100), our DLS study group

clearly exhibited a level of gait abnormality with average val-

ues around 88 (P < .001), which is over a standard deviation

below normal gait function.19 Significant changes in sagittal

joint ROM included increased knee flexion (right P ¼ .002)

and hip flexion (left P ¼ .006, right P ¼ .037). The relatively

unchanged postoperative GDI values may indicate that contin-

ual neuromuscular adaptation is necessary to achieve maximal

recovery beyond the early postoperative recovery period.

Ankle (P < .030) and pelvic (P < .001) ROM in the sagittal

plane, and ankle (P < .013) and knee (P < .005) in the coronal

plane, and GDI score (P < .001) were still different between

postsurgical DLS patients compared with controls (Table 3).

Patient-Reported Outcome Measures

Table 4 provides a summary of PROMs. Significant improve-

ments were found in reduced pain scores for VAS middle back,

low back, and leg and ODI (all P < .001). Psychological mea-

sures for fear avoidance (FABQ Physical Activity P < .001),

kinesiophobia (TSK P < .001), and demoralization (DS

P ¼ .040) all showed significant improvements as well.

Discussion

The North American Spine Society (NASS) Evidence-Based

Clinical Guidelines for Multidisciplinary Spine Care guidelines

report that surgical decompression with fusion for the treatment

for DLS results in significant improvements in pain, disability,

functional ability, and walking confidence.3 At the 3-month

follow-up, our findings further illustrate an improved spatio-

temporal performance, chiefly in a faster and more efficient

gait cycle demonstrated by significant improvements in walk-

ing speed, stride time, step time, and single-support time. Sig-

nificant changes in joint ROM were found primarily for

increased sagittal hip and knee ROM. Increased knee and hip

flexion are often associated with a more stable, confident level

of gait function.7,20 When combined with the strong improve-

ments in reduced pain, reduced disability, and improved psy-

chological factors, the findings of our study indicate that

surgical decompression and fusion for DLS leads to improved

gait function as early as 3 months following surgical treatment.

The improved spatiotemporal performance among our DLS

patients is similar to those found in previous studies of patients

surgically treated for lumbar stenosis. Loske et al10 studied gait

Figure 2. Example of a patient performing an over-ground walking
trial for analysis of kinematic joint range-of-motion (ROM) and spa-
tiotemporal parameters while wearing a set of full-body reflective
markers for 3-dimensional motion tracking.
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and function of patients after surgical intervention for sympto-

matic lumbar spinal stenosis. Their study group consisted of 29

patients with lumbar spinal stenosis, 40% of which included

degenerative spondylolisthesis. They reported postoperative

improvements in walking function reflected in faster walking

speed, shorter strides, and higher cadence. Moreover, a step-

wise linear regression model revealed that a greater improve-

ment in the ODI score was associated with a greater increase in

stride length after surgical intervention at the 12-month follow-

up when compared with the preoperative baseline.10 Our

results show a similar relationship with a significantly

improved ODI score from 43 to 29 and mild improvement in

stride length at the 3-month follow-up. While we did see an

increase in mean stride length from Pre to Post, the difference

was not significant. This may be due to the difference of 9

months between our study and Loske et al’s 12-month

follow-up and suggests that improved pain and disability may

precede similar improvements in stride length. In a similar

study of stenosis patients, Suda et al15 also observed gait

improvements at a 7- to 8-month follow-up with a significant

increase in walking speed that was maintained at 12 months

after surgical intervention. In the present study, we found a

similar significant increase but at a much earlier follow-up.

The results of our study, along with those reported by Loske

et al10 and Suda et al,15 suggest that some spatiotemporal para-

meters improve relatively early in the postoperative period

Figure 3. Example plot of sagittal joint range-of-motion for lumbar spine, pelvis, hip, knee, and ankle from a full gait cycle of the right leg before
(red) and after (blue) degenerative lumbar spondylolisthesis (DLS) corrective surgery.
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while other measures, like joint ROM, may require a more

prolonged recovery to elicit significant changes. The findings

of our study did show significant improvements in hip and knee

ROM; however, these improvements were not consistent side

to side and were not reflected in addition changes in lower leg

kinematics. A “relearning” period may be necessary to reestab-

lish neuromuscular control and coordination to return to a more

balanced and normal level of gait function.

Previous studies have shown significant correlations

between fear avoidance and gait dysfunction in adult degen-

erative scoliosis.21,22 The findings of the present study indicate

that similar patterns are present among DLS patients treated

with spinal fusion. Furthermore, based on data from longer

follow-up studies such as Suda et al,15 it can be inferred that

early postoperative gait improvements can be maintained long

term. Thus, it seems appropriate to initiate postoperative

Table 2. Summary of Spatiotemporal Gait Parameters of Degenerative Lumbar Spondylolisthesis Patients 1 Month Before (Pre), and 3 Months
After (Post) Surgical Treatment.

Spatiotemporal Parameter Units

Mean + SD P

Pre Post Control Pre-Post Pre-Control Post-Control

Cadence steps/min 96.39 + 13.2 100.87 + 11.11 108.95 + 8.31 .087 <.001** .003*
Walking speed m/s 0.86 + 0.16 0.93 + 0.14 1.04 + 0.12 .021* <.001** .002*
Stride time s 1.27 + 0.22 1.18 + 0.11 1.11 + 0.08 .020* .001* .004*
Left step time s 0.66 + 0.13 0.60 + 0.06 0.55 + 0.04 .014* .001* .001*
Right step time s 0.63 + 0.1 0.60 + 0.06 0.55 + 0.05 .037* .001* .003*
Left single support time s 0.46 + 0.06 0.43 + 0.05 0.40 + 0.03 .038* <.001** .003*
Right single support time s 0.46 + 0.09 0.44 + 0.05 0.40 + 0.03 .120 .001* .003*
Double support time s 0.36 + 0.11 0.33 + 0.08 0.30 + 0.08 .263 .013* .068
Stride length m 1.05 + 0.12 1.08 + 0.09 1.15 + 0.09 .126 .003* .089
Left step length m 0.52 + 0.05 0.53 + 0.05 0.56 + 0.05 .074 .001* .032*
Right step length m 0.54 + 0.06 0.55 + 0.04 0.56 + 0.03 .587 .177 .369
Step width m 0.17 + 0.04 0.17 + 0.04 0.15 + 0.03 .327 .027* .047*

*Indicates significance at P < .05.
**Indicates significance at P < .001.

Table 3. Summary of Joint Range-of-Motion (ROM) Results of Degenerative Lumbar Spondylolisthesis Patients 1 Month Before (Pre), and 3
Months After (Post) Surgical Treatment.a

Kinematic ROM

Mean + SD P

Pre Post Control Pre-Post Pre-Control Post-Control

Sagittal plane
Left ankle dorsiflexion 24.94 + 6.82 24.99 + 6.36 21.27 + 5.65 .860 .029* .012*
Right ankle dorsiflexion 25.47 + 7.85 25.95 + 7.3 21.60 + 4.95 .913 .046* .030*
Left knee flexion 29.74 + 8.02 30.67 + 7.23 33.29 + 9.87 .456 .082 .647
Right knee flexion 29.27 + 8.07 34.23 + 7.6 33.15 + 7.23 .002* .097 .224
Left hip flexion 34.42 + 3.7 35.98 + 3.6 37.37 + 3.98 .006* .045* .436
Right hip flexion 34.8 + 5.17 36.35 + 4.18 36.89 + 3.87 .037* .015* .427
Anterior pelvic tilt 3.41 + 1.19 3.54 + 0.88 2.65 + 0.51 .815 .006* <.001**
Lumbar Flexion 3.48 + 1.2 3.30 + 1.16 3.25 + 0.89 .369 .421 0.739

Coronal plane
Left ankle inversion 5.83 + 2.9 6.81 + 6.26 3.13 + 0.96 .268 .002* .007*
Right ankle inversion 5.37 + 3.19 6.34 + 5.23 3.24 + 1.21 .292 <.001** .013*
Left knee varus 13.53 + 8.84 13.62 + 6.53 7.68 + 2.75 .855 <.001** .005*
Right knee varus 13.80 + 8.17 13.44 + 8.95 8.09 + 6.19 .970 .012* <.001**
Left hip adduction 10.06 + 3.51 10.53 + 3.06 9.99 + 2.01 .484 .829 .788
Right hip adduction 9.83 + 3.07 10.23 + 3.27 10.38 + 2.22 .256 .692 .307
Pelvic obliquity 6.23 + 2.87 6.09 + 2.56 5.73 + 1.94 .792 .466 .608
Lateral lumbar bending 7.9 + 3.37 8.21 + 3.56 6.85 + 2.32 .834 .194 .124

Gait deviation index (GDI)
Left GDI 86.90 + 13.11 88.71 + 11.68 98.81 + 7.99 .657 <.001** <.001**
Right GDI 91.65 + 12.00 92.63 + 8.79 98.94 + 8.30 .951 <.001** <.001**

a ROM and GDI were calculated for the stance phase of each respective side. ROM for pelvis and spine are reported for the right stance phase.
*Indicates significance at P < .05.
**Indicates significance at P < .001.
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rehabilitation protocols that emphasize improving strength,

muscular endurance, neuromuscular control, and spinal stabi-

lization for patients that undergo surgical intervention for DLS.

It is evident that recovery of patients undergoing surgical man-

agement for symptomatic DLS follows a continuum that

involves an early improvement in pain that allows early par-

ticipation in functional rehabilitation programs aimed at

improving neuromuscular control and the resultant dysfunc-

tional gait patterns.

It is important to note the limitations of this study. As with

any gait study, the data collected will have large intersubject

variability. Additionally, we acknowledge the limitations asso-

ciated with kinematic modeling using the selected marker set,

including skin movement, errors in the anthropometric model,

system tracking errors, and data smoothing errors. We also

acknowledge the relatively short follow-up time, which likely

limits our ability to follow patients to their maximal clinical

recovery however the present study provides data at a new time

point not previously investigated for gait function. Last, a lim-

itation specific to DLS is the heterogeneity in surgical manage-

ment, further introducing variability in the study population.

Conclusion

Surgical treatment of patients with DLS produces improvement

in gait parameters, pain scores, psychosocial factors, and func-

tional outcome measures that significantly improves walking

tolerance. These beneficial changes that we identified early in

the postoperative period indicate that patients return to the

quality of life they seek early on. This study not only provided

a richer understanding of the gait pathology in lumbar spon-

dylolisthesis but uniquely showed that DLS patients enter the

gait cycle with abnormal spinal parameters and consequently

have altered lower extremity biomechanics. This data can be a

valuable contribution to further validate specific surgical

interventions and can also be utilized to monitor and adjust

rehabilitation protocols and for improved long-term evalua-

tion of patient progress. With utilization of modern techniques

in 3D gait analysis along with the incorporation of novel

parameters, spine surgeons can further improve the preopera-

tive assessment of disability, which can potentially help guide

surgical planning. Furthermore, once patients reach maximal,

long-term recovery, we can also gain a better understanding of

the surgical outcomes and the applicability of specific tech-

niques to the preoperative pathology identified.

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 iD

Ram Haddas, PhD https://orcid.org/0000-0002-1273-5499

Ethical Approval

The study was approved by the Western Institutional Review Board

for the Protection of Human Subjects (IRB#: 20152881).

References

1. Inui T, Murakami M, Nagao N, et al. Lumbar degenerative spon-

dylolisthesis: changes in surgical indications and comparison of

instrumented fusion with two surgical decompression procedures.

Spine (Phila Pa 1976). 2017;42:E15-E24.

2. Pearson AM, Lurie JD, Blood EA, et al. Spine patient outcomes

research trial: radiographic predictors of clinical outcomes after

operative or nonoperative treatment of degenerative spondylo-

listhesis. Spine (Phila Pa 1976). 2008;33:2759-2766.

3. Ahmad S, Hamad A, Bhalla A, Turner S, Balain B, Jaffray D. The

outcome of decompression alone for lumbar spinal stenosis with

degenerative spondylolisthesis. Eur Spine J. 2017;26:414-419.

4. Gottschalk MB, Premkumar A, Sweeney K, et al. Posterolateral

lumbar arthrodesis with and without interbody arthrodesis for L4-

L5 degenerative spondylolisthesis: a comparative value analysis.

Spine (Phila Pa 1976). 2015;40:917-925.

5. Kotani Y, Abumi K, Ito M, Sudo H, Abe Y, Minami A. Mid-term

clinical results of minimally invasive decompression and poster-

olateral fusion with percutaneous pedicle screws versus conven-

tional approach for degenerative spondylolisthesis with spinal

stenosis. Eur Spine J. 2012;21:1171-1177.

6. Kim S, Mortaz Hedjri S, Coyte PC, Rampersaud YR. Cost-utility

of lumbar decompression with or without fusion for patients with

symptomatic degenerative lumbar spondylolisthesis. Spine J.

2012;12:44-54.

7. Haddas R, Ju KL, Belanger T, Lieberman IH. The use of gait

analysis in the assessment of patients afflicted with spinal disor-

ders. Eur Spine J. 2018;27:1712-1723.

8. Jacobsen S, Sonne-Holm S, Rovsing H, Monrad H, Gebuhr P.

Degenerative lumbar spondylolisthesis: an epidemiological

Table 4. Summary of Patient-Reported Outcome Measures (PROMs)
of Degenerative Lumbar Spondylolisthesis Patients 1 Month Before
(Pre), and 3 Months After (Post) Surgical Treatment.

PROMs

Mean + SD

PPre Post

VAS middle back 4.88 + 2.8 1.7 + 2.32 <.001**
VAS low back 5.1 + 3.67 1.76 + 1.64 <.001**
VAS leg 5.31 + 3.21 1.66 + 2.18 <.001**
ODI 42.54 + 11.62 28.5 + 13.71 <.001**
FABQ physical activity 17.53 + 5.46 14.03 + 5.99 <.001**
FABQ work 14.47 + 11.2 12.41 + 10.61 .227
TSK 42.26 + 7.12 35.44 + 7.66 <.001**
DS 17.56 + 11.87 14.29 + 16.01 .040*

Abbreviations: VAS, visual analogue scale; ODI, Oswestry Disability Index;
FABQ, Fear Avoidance Beliefs Questionnaire; TSK, Tampa Scale for Kinesio-
phobia; DS, Demoralization Scale.
*Indicates significance at P < .05.
**Indicates significance at P < .001.

478 Global Spine Journal 11(4)

https://orcid.org/0000-0002-1273-5499
https://orcid.org/0000-0002-1273-5499
https://orcid.org/0000-0002-1273-5499


perspective: the Copenhagen Osteoarthritis Study. Spine (Phila

Pa 1976). 2007;32:120-125.

9. Alvin MD, Lubelski D, Abdullah KG, Whitmore RG, Benzel EC,

Mroz TE. Cost-utility analysis of instrumented fusion versus

decompression alone for grade I L4-L5 spondylolisthesis at

1-year follow-up: a pilot study. Clin Spine Surg. 2016;29:

E80-E86.

10. Loske S, Nuesch C, Byrnes KS, et al. Decompression surgery

improves gait quality in patients with symptomatic lumbar spinal

stenosis. Spine J. 2018;18:2195-2204.

11. Papadakis NC, Christakis DG, Tzagarakis GN, et al. Gait varia-

bility measurements in lumbar spinal stenosis patients: part B.

preoperative versus postoperative gait variability. Physiol Meas.

2009;30:1187-1195.

12. Conway J, Tomkins CC, Haig AJ. Walking assessment in people

with lumbar spinal stenosis: capacity, performance, and self-

report measures. Spine J. 2011;11:816-823.

13. Kalichman L, Hunter DJ. Diagnosis and conservative manage-

ment of degenerative lumbar spondylolisthesis. Eur Spine J.

2008;17:327-335.

14. Koreckij TD, Fischgrund JS. Degenerative spondylolisthesis.

J Spinal Disord Tech. 2015;28:236-241.

15. Suda Y, Saitou M, Shibasaki K, Yamazaki N, Chiba K, Toyama

Y. Gait analysis of patients with neurogenic intermittent claudi-

cation. Spine (Phila Pa 1976). 2002;27:2509-2513.

16. Weinstein JN, Lurie JD, Tosteson TD, et al. Surgical versus non-

surgical treatment for lumbar degenerative spondylolisthesis.

N Engl J Med. 2007;356:2257-2570.

17. Block AR, Gatchel RJ, Deardorff WW, Guyer RD. The Psychol-

ogy of Spine Surgery. Washington, DC: American Psychological

Association; 2003.

18. Block AR, Ben-Porath YS. MMPI-2-RF (Minnesota Multiphasic

Personality Inventory-2-Restructured Form) User’s Guide for

the Spine Surgery and Spinal Cord Stimulator Candidate Inter-

pretive Reports. Minneapolis, MN: University of Minnesota

Press; 2018.

19. Schwartz MH, Rozumalski A. The Gait Deviation Index: a new

comprehensive index of gait pathology. Gait Posture. 2008;28:

351-357.

20. Malone A, Meldrum D, Bolger C. Three-dimensional gait analy-

sis outcomes at 1 year following decompressive surgery for cer-

vical spondylotic myelopathy. Eur Spine J. 2015;24:48-56.

21. Haddas R, Lieberman IH, Block A. The relationship between

fear-avoidance and neuromuscular measures of function in

patients with adult degenerative scoliosis. Spine (Phila Pa

1976). 2018;43:E1412-E1421.

22. Haddas R, Lieberman IH, Block A. The relationship between

fear-avoidance and objective biomechanical measures of function

in patients with adult degenerative scoliosis. Spine (Phila Pa

1976). 2018;43:647-653.

Haddas et al 479



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


