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Abstract BACKGROUND CONTEXT: Surgery because of disc herniation or spinal stenosis results mostly
in large improvement in the short-term, but mild to moderate improvements for pain and disability
at long-term follow-up. Prehabilitation has been defined as augmenting functional capacity before
surgery, which may have beneficial effect on outcome after surgery.
PURPOSE: The aim was to study if presurgery physiotherapy improves function, pain, and health
in patients with degenerative lumbar spine disorder scheduled for surgery.
STUDY DESIGN: A single-blinded, two-arm, randomized controlled trial (RCT).
PATIENT SAMPLE: A total of 197 patients were consecutively included at a spine clinic. The
inclusion criteria were patients scheduled for surgery because of disc herniation, spinal stenosis, spon-
dylolisthesis, or degenerative disc disease (DDD), 25–80 years of age.
OUTCOME MEASURES: Primary outcome was Oswestry Disability Index (ODI). Secondary out-
comes were pain intensity, anxiety, depression, self-efficacy, fear avoidance, physical activity, and
treatment effect.
METHODS: Patients were randomized to either presurgery physiotherapy or standardized infor-
mation, with follow-up after the presurgery intervention as well as 3 and 12 months post surgery.
The study was funded by regional research funds for US$77,342. No conflict of interest is declared.
RESULTS: The presurgery physiotherapy group had better ODI, visual analog scale (VAS) back
pain, EuroQol-5D (EQ-5D), EQ-VAS, Fear Avoidance Belief Questionnaire-Physical Activity (FABQ-
PA), Self-Efficacy Scale (SES), and Hospital Anxiety and Depression Scale (HADS) depression
scores and activity level compared with the waiting-list group after the presurgery intervention.
The improvements were small, but larger than the study-specific minimal clinical important change
(MCIC) in VAS back and leg pain, EQ-5D, and FABQ-PA, and almost in line with MCIC in ODI
and Physical Component Summary (PCS) in the physiotherapy group. Post surgery, the only differ-
ence between the groups was higher activity level in the physiotherapy group compared with the
waiting-list group.
CONCLUSIONS: Presurgery physiotherapy decreases pain, risk of avoidance behavior, and wors-
ening of psychological well-being, and improves quality of life and physical activity levels before
surgery compared with waiting-list controls. These results were maintained only for activity levels
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post surgery. Still, presurgery selection, content, dosage of exercises, and importance of being active
in a presurgery physiotherapy intervention is of interest to study further to improve long-term
outcome. © 2017 Elsevier Inc. All rights reserved.
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Introduction

Spinal stenosis is the most common degenerative lumbar
spine disorder requiring surgery [1,2], followed by disc her-
niation, and to a smaller extent, spondylolisthesis and
degenerative disc disease [2]. Surgery for radiculopathy
because of disc herniation and spinal stenosis has been shown
to result in large improvements at 3-month follow-up, but mild
to moderate improvements for pain and disability at 5-year
follow-up [3,4]. Guideline recommendations are that non-
surgical interventions should be exhausted before decision-
making about surgery for spinal stenosis [5], disc herniation
[6], and spondylolisthesis [7]. However, only 10% of clini-
cal studies investigating the effect of surgery have information
about nonsurgical intervention before surgery for spinal ste-
nosis [8]. Prehabilitation has been defined as augmenting
functional capacity before surgery [9], which may have ben-
eficial effect on outcome after surgery [10]. Randomized
controlled trials (RCT) suggest that presurgery physiother-
apy, as well as pain education, improves outcomes in function
and health behavior in patients with radiculopathy [11,12].
Apart from these interventions, guidelines for chronic low back
pain (LBP) recommended use of tailor-made supervised ex-
ercise program and behavioral approach. A stratified presurgery
physiotherapy, tailor-made supervised exercise program, and
use of behavioral approaches possibly influencing biologi-
cal, psychological, and social components, has not previously
been evaluated in patients with degenerative spinal disorder
scheduled for surgery. The aim was to study if presurgery phys-
iotherapy improves function, pain, and health in patients with
degenerative lumbar spine disorder scheduled for surgery.

Methods

Study design

This is a single-blinded, two-arm, RCT. The primary end
point at 1-year follow-up is presented here together with
follow-up after presurgery intervention and at 3 months post
surgery. The trial received ethical approval from the Region-
al Ethics Committee (2012/167-31). The trial protocol has been
published on ClinicalTrials.gov (NCT02454400). We follow
the Consolidated Standards of Reporting Trials guidelines for
RCT.

Participants and setting

All patients were referred to a Spine Clinic at a Univer-
sity Hospital in Linköping, Sweden, and were consecutively
included between October 2012 to March 2015. The inclusion

criteria were patients aged 25–80 years scheduled for surgery
for degenerative lumbar spine disorder; presence of LBP or
leg pain because of disc herniation, spinal stenosis, spondy-
lolisthesis (grades 1–2), degenerative disc disease; diagnosis
confirmed by magnetic resonance imaging; pain level high
enough to indicate surgical intervention; and fluency in
Swedish. Exclusion criteria were patients who were in need
of acute surgery or resurgery on the same level; had severe
spinal pathology (such as osteoporosis or fusion >4 levels);
or other severe diagnoses.

Intervention

Waiting-list group
Patients received standardized information from an or-

thopedic surgeon about surgery, post surgery rehabilitation,
and advice to stay active.

Physiotherapy group
Patients received presurgery physiotherapy intervention

twice a week for 9 weeks. The program included:

(1) physiotherapy according to a treatment-based clas-
sification (TBC) [13]; (1) specific exercises and
mobilization, (2) motor control exercises, or (3)
traction.

(2) tailor-made general supervised exercise program.
(3) behavioral approach to reduce fear avoidance and in-

crease activity level.

Patients received the same standardized information as the
waiting-list group. The physiotherapy intervention was per-
formed at 1 of 11 physiotherapy clinics in the County Council.
For each patient, the physiotherapist followed a checklist with
content and progression planned for each treatment session,
manual techniques, and exercise was tailor-made. The
postsurgery rehabilitation was the same for both groups and
included feedback on posture and walking, a home exercise
program, and daily walking, which was followed up and pro-
gressed after 6 weeks. This, together with intervention for the
waiting-list group and the spinal surgery, followed clinical
routine [14]. Details about the intervention and TBC are de-
scribed in the study protocol [15].

Outcome

Questionnaire-based patient-reported outcome measures
(PROMs) were collected at baseline, after 9 weeks interven-
tion pre surgery, 3 months, and 1-year post surgery.
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Primary outcome measure
Function and activity limitation was measured by Oswestry

Disability Index (ODI) [16].

Secondary outcome measures
Pain was evaluated with visual analog scale (VAS) [17]

and pain duration. Health-related quality of life was mea-
sured with Short Form (SF)-36 [18] and EuroQol-5D (EQ-
5D) [19]. Anxiety and depression were measured with the
Hospital Anxiety and Depression Scale (HADS) [20], and self-
efficacy with the Self-Efficacy Scale (SES) [21]. Fear
avoidance was measured by Fear Avoidance Belief
Questionnaire-Physical Activity (FABQ-PA) [22]. Treat-
ment effect was measured by Patient Global Impression of
Change (PGIC) [23]. Physical activity level was measured
by a question with five answer options. Study protocol pro-
vides further information about the PROMs [15].

Sample size

Based on a Minimally Clinical Important Change (MCIC)
of 10% on the ODI [24], a standard deviation for the ODI=20,
a significance level of p=.05, a power of 80%, and an esti-
mated 64 patients were required in each of the intervention
groups.

Randomization

Block randomization was used. For each randomization
block, sealed opaque envelopes were prepared with a 1:1 ratio
of allocation to the two groups. After baseline measure-
ment, an independent physiotherapist informed the patient
about group allocation.

Blinding

The physiotherapists performing the physical examina-
tion were blinded to the randomization, whereas patients and
the treating physiotherapist were not.

Statistical methods

For between-group comparisons of demographic data, the
unpaired Student t test or Mann-Whitney U test for contin-
uous variables and the chi-square test for categorical variables
were used. Two-way analysis of covariance and repeated mea-
sures (covariates=age, gender, and diagnosis) were used for
comparison over time. Analysis of covariance was adjusted
for baseline values for each PROM. Cohen d effect sizes were
also calculated for changes in groups over time, whereas Cohen
d=0.20 is considered a small, d=0.50 is a medium, and d=0.80
to infinity is a large effect size [25]. For chi-square test with
4 degrees of freedom, Cramer V=0.05 is considered a small,
V=0.15 is a medium, and V=0.25 is a large effect size, in the
analysis of activity level in the two groups [25].

Data collected at different time points were analyzed ac-
cording to the intention-to-treat principle. Missing data in
PROMs, except for physical activity level and PGIC, were
replaced through multiple imputation, based on group data
from baseline and actual time point. Multiple imputation by
chained equations procedure named fully conditional spec-
ification method in SPSS Statistics (Version 23.0, IBM Corp,
Armonk, NY, USA) with 10 data sets was used [26]. Con-
straints were applied for each variable according to the range
of each scale. The mean of 10 imputation sets was used for
each of the PROMs. A sensitivity analysis comparing per pro-
tocol data with intention to treat data [27] showed no significant
differences. The study-specific MCIC was calculated by
minimal detectible change (MDC) and optimal cutoff point
(OCP) for PROMs with change within group after the
presurgery intervention [28]. MDC was calculated by
1 96 2. ∗ ∗SEM. Further, PGIC was dichotomized into “im-
proved” (=very much better, much better, or slightly better)
and “no change,” and was used for the sensitivity and speci-
ficity for the receiver operating characteristic curve. The OCP
was defined by the sensitivity and specificity to reach lowest
percentage of misclassified [28]. An area under the curve ≥0.70
depicts a satisfactory accuracy for the model [29]. Statisti-
cal analysis was performed using IBM SPSS Statistics version
23. The level of significance was set to .05.

Results

In total, 197 patients with degenerative lumbar spine dis-
order were included. The mean (standard deviation) age was
59 (12.5) years and 105 (53%) were women. Ninety-one pa-
tients (51%) had back pain for >2 years and 63 (35%) leg
pain for >2 years. In the last 12 months, 115 patients (58%)
had ≥1 visit at a physiotherapist or other caregiver, whereas
48 (42%) reported improvements, 52 (46%) unchanged, and
14 (12%) worsening. They were randomized to either the

Context
Whether preoperative PT for patients undergoing spinal
surgery makes an impact on surgical outcomes is an open
question.

Contribution
In this RCT, preop PT appeared to improve pain and func-
tion prior to surgery but made little impact on outcomes
following surgery one year out.

Implications
This is a study that provides a nidus for further investi-
gation. Is early rehab improved? Is surgery a “trump card”
providing definitive outcomes regardless of preop treat-
ments? Are costs of therapy worth it if there is little postop
improvement?
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physiotherapy group (n=99) or the waiting-list group (n=98)
(Fig. 1). There were no significant differences between the
groups in baseline characteristics, except in the Physical Com-
ponent Summary (PCS) (Table 1, 2). Neither were there
significant differences in type of surgery (having fusion pro-
cedure or not).

One hundred sixty-eight patients completed the question-
naire after the presurgery intervention. There were no
differences between the groups regarding the characteristics
of patients who dropped out, except for a larger proportion
of patients in the dropout group having disk herniation, n=13
(45%) versus n=27 (16%, p=.002).

On average, the patients in the physiotherapy group had
11 treatment sessions, with 43 (43%) not completing ≥12 treat-
ment session quota for optimal adherence to treatment (Fig. 1).
No adverse events were reported.

After the presurgery intervention (before surgery), the phys-
iotherapy group was significantly improved in ODI, VAS back
and leg pain, EQ-5D, EQ-VAS, and PCS compared with base-
line. The waiting-list group was significantly improved in VAS

leg pain and had deteriorated in HADS depression and SES.
Between-group comparison after the presurgery intervention
(before surgery) showed significant differences in ODI, VAS
back pain, EQ-5D, EQ-VAS, FABQ-PA, SES HADS depres-
sion, with advantage for the physiotherapy group. Both groups
were improved in these PROMs at the two postsurgery time
points, but without significant differences between the groups
(Table 3).

The changes in the physiotherapy group were larger than
the MDC in ODI, VAS back and leg, EQ-5D, EQ-VAS, SF36
PCS, and FABQ-PA, and larger than OCP in VAS back and
leg, EQ-5D, EQ-VAS, and FABQ-PA. The deterioration in
the waiting-list group was larger than the MDC in HADS de-
pression, smaller than MDC in SES, and both HADS
depression and SES were smaller than OCP. In four of the
PROMs in the physiotherapy group with significant improve-
ments after presurgery intervention, area under the curve was
≥0.7 for ODI, VAS leg pain, FABQ-PA, and PCS (Table 4).

In the physiotherapy group, there was a larger amount that
reported higher physical activity after the presurgery

Assessed for eligibility (n = 242)

(n = 45)
In physiotherapy, exercising (n = 3)
Busy; work (n = 6)
Difficulties to travel (n = 12)
Health reasons (n = 3)
Economy (n = 2)
Reason unknown (n = 21)

Analysed (n = 99)

Loss of questionnaire (n = 19) Loss of questionnaire (n = 9)

Allocated to waiting-list group (n = 98)
Administrative loss in part of the PROMs (n = 5)

Analysed (n = 98)

Randomized (n = 197)

Allocated to physiotherapy group (n = 99)
Administrative loss in part of the PROMs (n = 9)
Received allocated intervention 1-18 sessions (n = 85)
Did not receive allocated intervention, 0 session 
(n = 14)
Received allocated intervention ≥ 12 sessions (n = 56)
Did not receive allocated intervention ≥ 12 sessions (n
= 43)

Loss of questionnaire (n = 8) Loss of questionnaire (n = 7)

Loss of questionnaire (n = 10) Loss of questionnaire (n = 4)

Fig. 1. Consolidated Standards of Reporting Trials (CONSORT) flowchart of the randomized controlled trial.
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intervention than in the waiting-list group (p<.001), with a
large Cramer V effect size of 0.391 [25]. The difference
between the groups remained at 1-year follow-up (p=.020),
with a large Cramer V effect size of 0.26 [25].

The physiotherapy group had a larger amount reporting
improvements than the waiting-list group in PGIC at the time
point after the presurgery intervention (before surgery)
(p<.001). In the physiotherapy group, 49% reported “im-
proved,” compared with 17% in the waiting-list-group. Thirteen
percent reported “worse” in the physiotherapy group com-
pared with 42% in the waiting-list group (Fig. 2). There were
no differences between the groups at 3-month and 1-year
follow-up.

Discussion

The study showed a more beneficial outcome in most
PROMs for the physiotherapy group compared with the
waiting-list group after presurgery intervention. At postsurgery
follow-ups, these differences had leveled out, except for a
maintenance of higher physical activity level in the physio-
therapy group 1 year post surgery. Most PROMs were
improved, with a small to moderate effect size in the phys-
iotherapy group, and two PROMs had deteriorations in the
waiting-list group before surgery. The statistically signifi-

cant improvements in ODI and VAS back and leg pain, EQ-
5D, EQ-VAS, PCS, and FABQ-PA in the physiotherapy group
after the presurgery intervention were small in relation to
MCIC reported in previous literature [24]. According to the
study-specific MCIC, the improvements in the physiothera-
py group were larger than MDC in ODI, VAS back and leg
pain, EQ-5D, EQ-VAS, SF-36 PCS, and FABQ-PA, and larger
than OCP in VAS back and leg pain, EQ-VAS, and FABQ-
PA, and almost in line with MCIC in ODI and PCS. This
illustrates that these small changes are of importance in this
patient group.

The physiotherapy group had improvements in FABQ-
PA, whereas the waiting-list group had deterioration in HADS
depression and SES, in both within- and between-group com-
parisons after the presurgery intervention. Commonly, the
waiting-list period is 2–5 months in Sweden, and it is there-
fore crucial to avoid deterioration, reduce fear, and support
being active during that time. Signs of depression is a pre-
dictor of lower function and dissatisfaction after surgery for
spinal stenosis [30,31], and FABQ-PA is a predictor of worse
outcome after surgery for disc herniation and spinal steno-
sis [32]. The level of FABQ-PA in this study was higher than
in a previous report for patients with acute and persistent LBP
[33], but the same level as in patients with spinal stenosis with
a mean age of 75 years, where FABQ-PA >16 was consid-
ered as high [34]. This indicates that fear avoidance beliefs,
depression, and self-efficacy are areas of interest to target in
presurgery interventions.

Table 1
Baseline characteristics for patients with degenerative lumbar disorder sched-
uled for surgery. Comparison between patients allocated to the physiotherapy-
and the waiting-list group

Physiotherapy
(n=99)

Waiting-list
(n=98) p-Value

Age, mean (SD) 58 (13.3) 61 (11.5) .082
Gender, women, n (%) 54 (54) 51 (52) .725
Cigarette smoker, n (%) 9 (10) 9 (10) .922
Prior spinal surgery, not for the

same segment, n (%)
.406

1 12 (13) 7 (8)
≥2 (number of surgeries 2–5) 7 (8) 6 (6)

Employment situation, n (%) .232
Currently working 37 (38) 27 (28)
Unemployed 2 (2) 0
Retired 37 (38) 45 (47)
Sick leave or retired because
of health problems

19 (19) 24 (24)

Physical activity last 12 mo, n (%) .163
Inactive 9 (9.4) 19 (19,6)
Mildly active 15 (15.6) 20 (20.6)
Walking 48 (50) 40 (41.2)
Moderately active 22 (22.9) 15 (15.5)
Very active 2 (2.1) 3 (3.1)

Diagnosis, n (%) .286
Spinal stenosis 59 (60) 70 (71)
Disc herniation 23 (23) 17 (17)
Spondylolisthesis 8 (8) 7 (7)
Degenerative disc disease 9 (9) 4 (4)

Pain duration back or leg pain
>1 y, n (%)

57 (64) 62 (67) .635

Bold text p<.05.
SD, standard deviation.

Table 2
Mean (SD) of patient-reported outcome measures at baseline for patients
allocated to the physiotherapy and the waiting-list group

Physiotherapy
(n=99)

Waiting-list
(n=98)

p-ValueMean (SD) Mean (SD)

ODI 37.9 (12.8) 40.5 (12.6) .155
VAS back pain 56.0 (24.4) 59.7 (21.6) .264
VAS leg pain 65.3 (22.1) 64.0 (20.0) .670
EQ-5D 0.371 (0.3) 0.356 (0.3) .720
EQVAS 50.7 (18.3) 47.7 (20.5) .280
SF-36 PCS 29.7 (6.7) 27.2 (7.2) .012
SF-36 MCS 45.2 (12.9) 44.0 (13.1) .520
FABQ-PA 16.0 (5.8) 16.0 (5.2) .993
HADS anxiety 5.4 (4.0) 5.6 (3.8) .668
HADS depression 4.4 (3.5) 4.4 (3.0) .955
SES 134 (38.3) 127 (30.7) .142

SD, standard deviation; ODI, Oswestry Disability Index (0–100) (higher
score indicates higher disability); VAS, visual analog scale (0–100) (higher
score indicates higher pain intensity); EQ-5D, EuroQol (−0.594 to 1)
(higher score indicates better health); SF-36 PCS and MCS, Short Form-
36 health related quality of life Physical and Mental health Component
Summary scores (0–100) (higher score indicates better health); FABQ-PA,
Fear-Avoidance Beliefs Physical Activity (0–24) (higher score indicates more
signs of fear avoidance); HADS, Hospital Anxiety and Depression Scale (0–
21) (higher score indicates more signs of symptoms); SES, Self-Efficacy Scale
(0–200) (higher score indicates better self-efficacy).

Bold text p<.05.
Data with imputation.

1351Y. Lindbäck et al. / The Spine Journal 18 (2018) 1347–1355

Downloaded for Anonymous User (n/a) at University of Sydney from ClinicalKey.com.au by Elsevier on October 04, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.



At the 1-year follow-up in the current study, both groups
improved in the PROMs, without differences between the
groups except for physical activity level. A larger proportion
in the physiotherapy group had significantly higher physical
activity level, which might have been influenced by the

presurgery physiotherapy. In a future 2-year follow-up, we
will analyze if the difference in physical activity level remains
and if this influences recurrences of lumbar spine disorders.

Our study is one of few studies evaluating presurgery
intervention before spinal surgery. Nielsen et al. [12]

Table 3
Within- and between-group differences over time in patient-reported outcome measures between baseline and after presurgery intervention, 3 months, and
1-year post surgery

Physiotherapy (n=99) Waiting-list (n=98) Between group change (1–2)

Mean (SE)
change
from
baseline

Change from baseline
p-value (95% CI)

Effect
size†

Mean (SE)
change
from
baseline

Change from baseline
p-value (95% CI)

Effect
size†

|Mean
difference
(95% CI)* p-Value

ODI
After presurgery int −3.2 (1.1) .003 (−5.3 to −1.1) −0.3 −0.6 (1.1) .557 (−2.7 to 1.5) 0.0 −3.3 (−6.2 to −0.4) .027 .291
3 mo post surgery −10.6 (1.7) <.001 (−14.0 to −7.2) −1.0 −14.0 (1.7) <.001 (−17.4 to 10.6) −1.3 1.6 (−2.9 to 6.1) .495
1 y post surgery −15.0 (1.7) <.001 (−18.3 to −11.7) −1.4 −20.4 (1.7) <.001 (−23.7 to −17.1) −1.9 4.0 (−0.5 to 8.5) .080

VAS back pain
After presurgery int −7.9 (2.3) .001 (−12.4 to −3.4) −0.5 −3.4 (2.3) .135 (−7.9 to 1.1) −0.2 −6.0 (−11.8 to −0.3) .040 .295
1 y post surgery −24.5 (3.0) <.001 (−30.4 to −18.6) −1.5 −31.8 (3.0) <.001 (−37.8 to −25.9) −1.9 4.7 (−2.4 to 11.8) .195

VAS leg pain
After presurgery int −10.5 (2.5) <.001 (−15.4 to −5.5) −0.5 −5.0 (2.5) .044 (−9.8 to −0.1) −0.2 −4.6 (−10.8 to 1.5) .140 .802
1 y post surgery −35.0 (3.3) <.001 (−41.5 to −28.5) −1.4 −36.5 (3.3) <.001 (−43.0 to −30.0) −1.4 2.9 (−5.4 to 11.2) .484

EQ-5D
After presurgery int 0.121 (0.0) <.001 (0.1 to 0.2) 0.4 0.054 (0.0) .058 (0.0 to 0.1) 0.2 0.078 (0.0 to 0.1) .027 .377
3 mo post surgery 0.267 (0.0) <.001 (0.2 to 0.3) 1.0 0.281 (0.0) <.001 (0.2 to 0.3) 1.0 0.004 (−0.1 to 0.1) .902
1 y post surgery 0.280 (0.0) <.001 (0.2 to 0.4) 1.0 0.329 (0.0) <.001 (0.3 to 0.4) 1.2 −0.030 (−0.1 to 0.0) .455

EQ-VAS
After presurgery int 5.4 (1.6) .001 (2.3 to 8.6) 0.3 1.8 (1.6) .253 (−1.3 to 5.0) 0.1 4.6 (0.4 to 8.8) .031 .312
3 mo post surgery 18.3 (2.2) <.001 (13.9 to 22.8) 0.9 19.6 (2.3) <.001 (15.2 to 24.1) 1.0 0.8 (−4.5 to 6.1) .769
1 y post surgery 16.8 (2.4) <.001 (12.1 to 21.5) 0.8 23.5 (2.4) <.001 (18.7 to 28.2) 1.2 −4.5 (−10.3 to 1.2) .121

SF-36 PCS
After presurgery int 2.4 (0.7) .001 (0.9 to 3.8) 0.3 1.6 (0.7) .028 (0.2 to 3.1) 0.2 −1.5 (−0.5 to 3.5) .129 .074
1 y post surgery 10.0 (1.2) <.001 (−12.4 to −7.6) 1.0 12.5 (1.3) <.001 (10.1 to 14.9) 1.2 −1.4 (−4.8 to 1.9) .404

SF-36 MCS
After presurgery int 0.9 (0.8) 0.253 (0.7 to 2.5) 0.1 1.1 (−0.8) .188 (−0.5 to 2.7) 0.1 0.3 (−1.7 to 2.4) .742 .494
1 y post surgery 3.9 (1.1) .001 (1.6 to 6.1) 0.3 6.6 (1.1) <.001 (4.4 to 8.9) 0.6 −1.6 (−4.0 to 0.8) .190

FABQ-PA
After presurgery int −2.5 (0.5) <.001 (−3.6 to −1.4) −0.4 −0.8 (0.6) .171 (−1.8 to 0.3) −0.1 −1.7 (−3.1 to −0.4) .014 .648
1 y post surgery −5.0 (0.8) <.001 (−6.5 to −3.5) −0.8 −5.7 (0.8) <.001 (−7.3 to −4.2) −0.9 0.7 (−1.2 to 2.6) .443

HADS anxiety .
After presurgery int −0.1 (0.2) 0.785 (0.6 to −0.4) 0.0 0.1 (0.2) .598 (−0.4 to 0.6) 0.0 −0.3 (−1.0 to 0.374) .383 .877
3 mo post surgery −0.9 (0.3) .005 (−1.6 to −0.3) −0.2 −1.7 (0.3) <.001 (−2.3 to 1.0) −0.5 0.6 (−0.2 to 1.4) .155
1 y post surgery −0.1 (0.4) 0.757 (−0.9 to 0.6) 0.0 −1.0 (0.4) .008 (−1.8 to 0.2) −0.2 0.7 (−0.3 to 1.7) .143

HADS depression
After presurgery int 0.0 (0.2) 0.975 (0.5 to −0.5) 0.0 1.0 (0.2) <.001‡ (0.6 to 1.5) 0.3‡ −1.0 (−1.7 to −0.4) .002 .539
3 mo post surgery −0.9 (0.3) .002 (−1.5 to 0.3) −0.3 −1.0 (0.3) .001 (−1.6 to 0.4) −0.3 0.064 (−0.7 to 0.8) .863
1 y post surgery −0.5 (0.4) 0.208 (−1.2 to 0.2) −0.1 −0.6 (0.4) .108 (−1.3 to 0.1) −0.2 0.1 (−0.8 to 1.0) .809

SES .236
After presurgery int 1.7 (2.4) 0.470 (−2.9 to 6.3) 0.0 −5.7 (2.4) .016‡ (−10.4 to 1.0) −0.2‡ 8.7 (2.2 to 15.2) .009
3 mo post surgery 14.8 (3.5) <.001 (7.9 to 21.8) 0.4 24.3 (3.6) <.001 (17.2 to 31.2) 0.7 −6.0 (−15.1 to 3.2) .200
1 y post surgery 19.1 (3.4) <.001 (12.3 to 25.8) 0.5 28.4 (3.4) <.001 (21.6 to 35.1) 0.8 −6.9 (−16.2 to 2.3) .140

Int, intervention; SD, standard deviation; CI, confidence interval, ODI, Oswestry Disability Index (0–100) (higher score indicates higher disability); VAS,
visual analog scale (0–100) (higher score indicates higher pain intensity); EQ-5D, EuroQol (−0.594 to 1) (higher score indicates better health); SF-36 PCS
and MCS, Short Form-36 health-related quality of life Physical and Mental health Component Summary scores (0–100) (higher score indicates better health);
FABQ-PA, Fear-Avoidance Beliefs Physical Activity (0–24) (higher score indicates more signs of fear-avoidance); HADS, Hospital Anxiety and Depression
Scale (0–21) (higher score indicates more signs of symptoms); SES, Self-Efficacy Scale (0–200) (higher score indicates better self-efficacy)

. Data with imputation.Age, gender, and diagnosis (disc herniation and degenerative disc disease or spinal stenosis and spondylolisthesis) were used as
covariates.

Bold text p<.05.
* Adjusted for score at baseline.
† Cohen d.
‡ Deterioration.
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reported that 28 patients who received 2 months of daily
exercise program at home pre surgery, intense post surgery
physiotherapy together with optimized analgesic treatment
pre and post surgery improved in function pre surgery and
shortened the hospital stay compared with a control group.
In our study, a supervised exercise program was performed
twice a week at a physiotherapy clinic to augment adher-
ence, improve self-efficacy, and reduce fear avoidance behavior
by providing feedback from a physiotherapist. Louw et al.
[11] evaluated an intervention with neuroscience education
compared with a control group. The intervention group
reported that they were better prepared, that surgery had
met their expectations to a higher extent, and they used less
health care, both at the 1-year [11] and 3-year follow-up
[35]. Considering these results, further evaluating compo-
nents targeting the patients’ understanding of expected
outcomes, knowledge about pain mechanism, exercises, being
active, and psychological factors seems to be of interest.
Compared with the current study, both these two studies
had more homogenous study populations including only

patients with radicular pain [11,12], whereas our study
included also patients with predominantly LBP. Further-
more, the previous study population had a mean duration of
symptoms of just more than 90 days, and patients with
other chronic pain syndromes, spinal stenosis, and age >65
years were excluded [11]. In our study, more than half of
the patients had LBP for >2 years and 35% leg pain for >2
years. Both long duration of symptoms [36] and more LBP
in relation to leg pain have shown to be predictors of infe-
rior outcome post surgery in patients with disc herniation
[37] and spinal stenosis [38].

Other reasons to lack of larger effects in function, pain,
and health in our study might be that the presurgery inter-
vention was not intense enough or may not have had enough
treatment sessions to improve health behavior and the de-
conditioning that a long duration of pain may cause. Earlier
implementation of our physiotherapy intervention might give
better outcomes, as recommended for LBP in general [39].
Notable is that only 115 patients (58%) reported ≥1 visit at
a physiotherapist for the last 12 months and less than 50%

Table 4
The significant mean changes in PROMs after the presurgery intervention in comparison with minimal detectible change and optimal cutoff point of minimal
clinical important change

Physiotherapy (n=99)

Mean (SE) change from baseline MDC OCP (Sens; Spec) AUC (p-Value)

ODI 3.2 (1.1) 2.9 3.3 (0.62; 0.70) 0.72 (<.001)
VAS back 7.9 (2.3) 6.3 7.0 (0.70; 0.56) 0.68 (<.001)
VAS leg 10.5 (2.5) 6.8 7.8 (0.72; 0.64) 0.75 (<.001)
EQ-5D −0.121 (0.0) 0.08 0.07 (0.62; 0.55) 0.59 (0.066)
EQ-VAS −5.5 (1.6) 4.4 4.5 (0.64; 0.52) 0.65 (<.001)
SF-36 PCS 2.4 (0.7) 2.0 2.7 (0.70; 0.68) 0.76 (<.001)
FABQ-PA 2.5 (0.5) 1.5 1.9 (0.65; 0.61) 0.70 (<.001)

Waiting-list (n=98)

Mean (SE) change from baseline MDC OCP (Sens; Spec) AUC (p-Value)

HADS depression −1.0 (0.2) 0.67 −1.5 (0.71; 0.49) 0.61 (.037)
SES 5.7 (2.4) 6.6 −7.5 (0.72; 0.60) 0.68 (.001)

SE, standard error; MDC, minimal detectable change; OCP, optimal cutoff point; Sens, sensitivity; Spec, specificity; AUC, area under the curve.

Fig. 2. Patient Global Impression of Change after presurgery intervention for the physiotherapy group (n=99) and the waiting-list group (n=98) (original
data).
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reported improvement. If patients already had exhausted the
nonsurgical interventions or had experienced only a few treat-
ment sessions with physiotherapy with limited effect, that may
have influenced their motivation and expectation on out-
comes of the presurgery physiotherapy.

Instead of presurgery intervention, physiotherapy has been
compared with surgery in patients with spinal stenosis, showing
similar effects at 2-year follow-up [40]. The physiotherapy
included an exercise program with conditioning exercises,
tailor-made strengthening, and mobility exercises, during 6
weeks at a physiotherapy clinic. Exercise program and ed-
ucation is commonly the first-line intervention for patients
with hip and knee arthritis [41], and has also been sug-
gested before arthroscopic subacromial decompression [42].
In a similar way, an exercise program might serve as a
presurgery selection for patients with degenerative lumbar dis-
orders [40].

Considering predictors for outcome in spinal surgery,
many have recommended presurgery screening of psycho-
social factors and use of psychosocially focused intervention
[30,32,43]. In addition, recently, routine use of screening
tools for and treatment of depression during waiting-list
time were recommended in a systematic review [44]. To
our knowledge, these recommendations have not been studied
yet. To reduce the risk of deteriorations during the waiting-
list time and inferior outcome post surgery in the heterogeneous
group, a presurgery selection could determine need for in-
dividualized additional treatment in conjunction to surgery.
The presurgery intervention with education and home exer-
cises [11,12] have shown to be sufficient for the homogenous
groups studied. A presurgery selection and tailor-made in-
tervention with psychological support [44], analgesic treatments
[12], and more specific exercise programs as for spinal
stenosis [40] and TBC might be useful for those with known
risk factors.

When interpreting our results, methodological strengths
and limitations need to be considered. The population
awaiting surgery is heterogeneous, and use of physiothera-
py is suggested to be based on tailored approaches. This is
fulfilled by the use of TBC and tailoring the exercises
for each patient’s need. Eleven physiotherapy clinics
delivered the presurgery physiotherapy; to strengthen coher-
ent administration between clinics, physiotherapists attended
an introduction, practice of the concept, and had experience
of treating these patients. Still some variations may have
appeared.

The current study used imputation, and the sensitivity anal-
ysis supported use of the imputed dataset; a reasonable power
was kept. The advantage of using imputed data is that all pa-
tients included in the study remain in the analysis, even when
some data are missing [27].

Our study is representative of Swedish context where pa-
tients are similar in terms of presurgery PROMs to those
registered in the national database SWESPINE [2]. Results
of our study may also be generalizable to other western world
context.

The use of an MCIC [28] for the specific conditions of
this study can be seen as a strength, but the study-specific
analysis revealed smaller changes than those suggested in non-
specific LBP and postsurgical studies [24]. Smaller presurgery
changes in this particular patient group with persistent pain
might be of importance during the time on waiting-list.

Conclusion

The presurgery physiotherapy including TBC physiother-
apy, tailor-made exercise program, and a behavioral approach
decrease pain, risk of avoidance behavior, and worsening of
psychological well-being, and improves quality of life and
activity level in patients with degenerative lumbar spine dis-
order during the 2–3 months on waiting list before surgery.
The improvements were small. There were no differences at
the 1-year postsurgery follow-up, except for a higher activ-
ity level in the physiotherapy group. This might be beneficial
to avoid recurrences in the long-term perspective. The
presurgery physiotherapy was well tolerated and without
adverse events.
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