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Abstract The aim was to study if postoperative rehabil-

itation improves functional outcome in lumbar spinal

stenosis (LSS). Surgically treated LSS patients (n = 102)

were randomized to rehabilitation-group (A) and ‘‘standard

postoperative treatment’’—group (B). Intervention for

A-group started 3 months postoperatively, consisting of

once a week outpatient visits for 12 weeks (1.5 h per

visit; 1–6 patients per one physiotherapist). Physiotherapist

guided stretching and strengthening exercises. A-group

performed individually estimated exercises at those visits

with guiding and at home up to 24-month postoperative

follow-up. Physiotherapeutic guidance (12 times) was

repeated after 12 months, in order to update exercises and

motivate patients to keep training. For B-group, the

‘‘standard treatment’’ thus included normal postoperative

treatment, or no treatment/self-management. Outcome

measures were measured at the start and the end of the first

physiotherapeutic intervention (3 and 6 months postoper-

atively), and at 12- and 24-month postoperative follow-ups.

Oswestry Disability Index (ODI, 0–100%) was the main

outcome measure. The other outcome measures were back-

and leg pain separately (NRS-11); satisfaction (7-point

scale) and treadmill test (0–1,000 m; not at 6 month). The

intervention consisting of 12 ? 12 physiotherapeutic ses-

sions with further home exercises did not influence the

course ODI in the 24-month postoperative follow-up

(p = 0.95 for ODI; ‘‘as-rehabilitated’’ analysis). No influ-

ence on any other outcome measures was observed. After

LSS surgery, routinely performed outpatient rehabilitation

did not improve functional outcome compared to standard

treatment. In addition, it had no impact on the back and leg

pain, satisfaction and walking ability.
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Kyyhkylä Rehabilitation Center and Hospital/Hallinto,
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H. Kröger � V. Turunen

Department of Orthopaedics and Traumatology,

Kuopio University Hospital, Kuopio, Finland

H. Kröger
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Introduction

The surgical outcome in lumbar spinal stenosis (LSS) is

good to excellent in 64% of cases [40]. Postoperative

physiotherapy is often prescribed after LSS diagnosis [38],

and also after LSS surgery. Postoperative rehabilitation

(PR) has been reported to improve outcome after disc

surgery [26]. According to Mannion et al. [24], supervised

rehabilitation had no significant influence in pain and self-

rated disability as compared to no treatment/self-manage-

ment after decompressive lumbar surgery including disc

herniation and LSS patients. However, there are no earlier

studies of PR examining exclusively LSS patients. Our aim

was to study if supervised PR, including strengthening and

stretching exercises (Figs. 1–7 of supplementary material)

guided and done at 12?12 physiotherapeutic visits and

further at home, could improve the functional outcome

compared to standard treatment.

Materials and methods

Patients

The study subjects were 102 patients with clinically and

radiologically defined LSS [31–36]. Selection for surgery

(secondary level care) was made by the orthopaedist or

neurosurgeon between October 2001 and October 2004 in

the University Hospital. The inclusion criteria were: (1)

presence of back, buttock, and/or lower extremity pain, with

radiographic evidence (computed tomography, magnetic

resonance imaging (MRI), rhizography) of compression

of the cauda equina and/or exiting nerve roots due to

degenerative changes (ligamentum flavum, facet joints,

osteophytes and/or disc material) [21]. (2) The surgeon’s

judgement that the patient had clinically significant

degenerative LSS as the main diagnosis indicative for

operative treatment. A previous spine operation or

co-existing disc herniation was permitted. The exclusion

criteria included emergency or urgent spinal operation

precluding recruitment and protocol investigations; cogni-

tive impairment prohibiting completion of the question-

naires or other failures in co-operation; the presence

of metallic particles in the body contra-indicating the

MRI-investigation. The surgeons sent the information about

eligible patients to be operated to the Department of Physical

and Rehabilitation Medicine (DPRM), which organized the

study. The study flowchart is presented in Fig. 1.

The patients received an account of the study during

their outpatient visit to the DPRM and provided informed

consent. The information of 119 eligible patients was sent

to the DPRM; 17 patients were excluded due to different

reasons [10], concluding 102 patients to final study

population (Fig. 1). MRI of the entire lumbar spine was

performed with a 1.5-T imager (Vision; Siemens Medical

Solutions, Erlangen, Germany) for study purposes. T1 and

T2-weighted magnetic resonance images were obtained

(T12–S1 sagittal images including parasagittal imaging of

all of the neural foramina bilaterally; transverse images

from the L1 to S1). The type of stenosis (1. central only 2.

lateral only 3. mixed) and dural sac area (mm2) of the most

affected level were determined once by one neuroradiolo-

gist without knowledge of the patients’ clinical symptoms.

The Ethics Committee of Kuopio University Hospital

approved the study design. Patients’ demographics, infor-

mation of type and severity of stenosis and excision rates of

co-existent disc herniation are presented in Table 1.

Randomization

In the presence of two authors, the two-block randomiza-

tion was performed to the rehabilitation group (A) and

‘‘standard treatment’’ group (B). Gender and age under/

over 60 were adjusted in randomization.

Surgical technique and normal postoperative ‘‘standard

treatment’’ for all patients

All the patients had open or microscopic decompression of

the affected level(s), i.e. laminotomy, hemilaminectomy or

laminectomy, with undercutting facetectomy. In seven

cases, additional disc excision was done. Nineteen patients

had additional fusion, two of them with instrumentation

(Table 1). All the patients received routine (not-study-

related) preoperative information at the hospital about

immediate postoperative mobilisation. They were advised

‘‘to stay active’’ with no restrictions in normal daily living.

Patients had routine operation-related control in the

orthopaedic or neurosurgical clinic at 2–3 months postop-

eratively. At this time point, the surgeon also confirmed

that there were no restrictions prohibiting rehabilitation.

Since there were no restrictions with other postoperative

treatment by the study protocol, the surgeons and also GP

could prescribe other possible treatments postoperatively if

needed (analgetics, physiotherapy etc.). If no specific need

for further treatments existed, then either no treatment or

self-management represented the only ‘‘standard treat-

ment’’ for patients in B-group.

Postoperative rehabilitation for A-group

The A-group had thus PR in addition to ‘‘standard treat-

ment’’. The more detailed description of PR is presented in

supplementary material. Three months postoperatively,

once a week supervised exercise training sessions (90 min

each, lasting 12 weeks) were started at the DPRM, in the
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university hospital. At the first and second visit, a phys-

iotherapist supervised the stretching and strengthening

exercises. Exercising continued at home and at the next

training sessions. In physiotherapeutic training session,

there were maximum six members of A-group per one

physiotherapist enabling individually estimated exercises.

On the 6th and 12th visits, the volume and/or type of

exercises, if needed, were progressively increased (or

decreased/modified if there were complaints of pain or

other symptoms) to optimize the effective training. This

12-week intervention was repeated at the one-year follow-

up in order to check the appropriateness of the home

exercises and to motivate patients to keep training. The

strengthening exercises were intended to maintain and

improve muscle strength and endurance of the hip and

thigh muscles, as well abdominal and back muscles. There

were minimum three different types of strengthening

exercises. The recommended frequency of these exercises

was at least 3–5 times a week. Each type of exercises was

performed 3 to 5 times a day, with repetition frequency of

60% of maximum.

The aim of the minimum of four different stretching

exercises was to increase stretchability and decrease mus-

cular tightness if they were present in hip flexor- and

hamstring muscles, as well as in the back muscles. The

recommended frequency was once a day. Each type of

Fig. 1 Flowchart of the study, A A-group, B B-group, A0 patients who

had acceptable C6/12 physiotherapy visits between 3 and 6 months:

they were included in ‘‘as-rehabilitated’’ analysis (A0 vs. B). Seven

patients refused (4 had health related reasons) to participate in 129

physiotherapy (3–6 months): they were included intention-to-treat

analysis (A vs. B). MO months; Start start of rehabilitation

intervention. Stages in study protocol are italicized in the right. Q
questionnaire; Tr treadmill test
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stretching lasted for 20–30 s [4, 29] and was repeated 3 to 5

times after a 5–10 min warm-up.

Four trained physiotherapists (personnel of DPRM)

were involved in supervising and monitoring the exercise

sessions, where each participant undertook their own

programmed sessions. Patients were verbally instructed on

how to perform the exercises, given pictures illustrating

the positions and an ‘‘exercise-diary’’ to improve their

motivation to perform the exercises at home. We pre-

sumed a minimum 6/12 visits (50%) in first 12-week

intervention as meaning that the patient had adopted an

effective home exercise program (A’-group = ‘‘as-reha-

bilitated group’’). We did not set minimum amounts but

only provided recommendations about minimum amounts

of stretching and strengthening exercises to be done at

home.

Main and secondary outcome measures

The functional outcome was evaluated using Oswestry

Disability Index (ODI), which was the main outcome

measure. Four secondary clinical outcome measures based

on pain, satisfaction and objective walking ability were

also used. Outcome measures were evaluated at the start of

the intervention (3 months postoperatively) and at primary

end points (6-, 12- and 24-month postoperatively; treadmill

test was not done at 6 months).

ODI (0–100%) was measured by the validated Finnish

version, where 0% represents no disability and 100%

extreme debilitating disability [8, 9, 11].

Back pain at rest (during last week) and leg pain at

walking (during last week) were measured separately with a

numeric rating scale 0–10 (NRS-11) [6]. The questions

about pain were anchored on the left (0) with the phrase

‘‘No pain’’ and on the right (10) with the phrase ‘‘Intolerable

pain’’. Satisfaction for surgery was assessed using with a

seven category scale as follows: -3 = surgery was a total

failure, -2 = condition considerably worse -1 = condi-

tion slightly worse, 0 = no change, 1 = condition slightly

improved 2 = condition considerably improved 3 = totally

cured [32]. Physiotherapist supervised treadmill test. The

patient was asked to keep a straight upright position during

walking (a zero degree ramp). The starting speed was

0.67 m/s, for the first 10 min (400 m), then 1 m/s next

10 min (600 m); maximum result thus 1,000 m in 20 min.

If the patient was not able to start with a speed of 0.67 m/s,

another test with a starting speed of 0.5 m/s was applied.

The overall back and leg pain (at the moment, in the sitting

position during study physician visits) was recorded with a

Visual Analogue Scale (VAS 0-100 mm) at the start of the

intervention, in order to adjust overall pain [27].

Other descriptives measured preoperatively (Table 1).

The physiotherapist measured height and weight. Body

mass index was computed (kg/m2). The age was determined

at the time of the operation. Depression was assessed

with the Finnish version of the 21-item Beck Depression

Inventory (BDI), with scores ranging from 0 to 63 [5, 28].

The number of comorbidities was recorded with one mod-

ified item (item number 3) of the Work Ability Index (WAI)

questionnaire [39]; the self-reported number of current or

Table 1 Preoperative

demographics of study groups

and the total population

A0 patients who performed

acceptably at the 3–6 month

intervention, A total A-group,

B total B-group, BDI Beck

Depression Inventory

** p = 0.038 Mann–Whitney

U test between A0- and

B-groups. Other differences of

descriptives between groups are

non-significant

A0 (n = 43) A (n = 50) B (n = 52) All (range; SD)

Age (years at operation, mean) 63.8 62.8 62.3 62.5 (34–86; 11.1)

Female/male (n) 24/18 29/21 30/22 59/43

BMI (kg/m2) 28.7 29.0 29.9 29.5 (20.1–38.2; 4.0)

Type of stenosis (n)

Central and lateral 35 40 44 84

Lateral only 7 10 8 18

Dural sac area (mean; mm2)

the most stenotic level 64.7 67.5 69.7 68.6 (12–170; 33.9)

Previous lumbar operation (n) 2** 6 10** 16

Operation

Disc excision (any level) 2 2 5 7

L2–3 1 1

L3–4 1 1

L4–5 1 3 4

L5–S1 1 1 1

Fusion performed (n) 10 10 9 19

Comorbidity

BDI-21 (mean) 8.8 9.6 10.8 10.2 (1–36; 6.0)

Number of comorbidities 5.3 5.5 5.3 5.4 (0–14; 3.2)
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recurring diseases diagnosed by a physician (range 0–49).

The number of diseases was then recorded as a sum

score.

Back problem related preoperative conservative treat-

ment was also asked with a preoperative questionnaire, as

well as in postoperative follow-ups between 3- and

24-month follow-up as follows: number of physiotherapy

visits or guided gym/training (NPG) was recorded before

operation, and in follow-up, in order to describe the post-

operative not-study-related treatment in both study groups.

Self-acting exercises were recorded also before the opera-

tion and in 6-, 12- and 24-month postoperative follow-ups

with question ‘‘Do you have had self-acting back exercises

(yes/no)?’’ The frequency of back exercise training (FBE)

was asked with questions ‘‘How often have you done the

exercises during the last 3 months?’’ (6-month question-

naire) and ‘‘How often have you done the exercises during

the last month?’’ (preoperative, 12- and 24-month ques-

tionnaires). Score was 0 = daily training, 1 = 3–5 times/

week, 2 = 1–2 times/week, 3 = less than once a week.

The patients who reported not having self-acting exercises

were coded as 4 = no back exercises.

Statistical analysis

Power calculation was carried out for main outcome

measure (ODI) only, to attain power at least equal to 0.80

at the 0.05 significance level (two-sided). A clinically

significant change (effect size) was considered to be 12

points. Postoperative standard deviation (SD) was esti-

mated to be 18 based on the earlier works [15–17]. Thus,

37 patients per group would be sufficient to detect a 12

point clinically significant difference in ODI. The final

population over 100 was chosen to ensure power even with

a 20% dropout rate.

The general linear regression model (GLM; repeated

measures; SPSS, Version 14.0.1) was used to compare the

differences between A- and B-groups 3–24 months post-

operatively. For each outcome measure, three separate

GLM models from the start of the intervention for each

three primary end points were created (3- to 6-month; 3-,

6-, 12-month and 3-, 6-, 12-, 24-month), to detect potential

effect of intervention in any primary end point. Three

covariates were used. The ODI and overall Visual Ana-

logue Scale (at the start of the intervention) as they con-

sidered being confounders [41, 42]. The cumulative FBE

from the start of the intervention to the 6- to 24-month

primary end points was taken into account (summing the

codes 0–4) to adjust the cumulated effect of self-acting

training during intervention. The missing data of FBE

(each 6- to 24-month questionnaire separately) were

replaced with the group mean before summing the score.

The analyses were performed ‘‘as-rehabilitated analy-

sis’’ (A0 vs. B-group) and also ‘‘intention-to-treat-analysis’’

(A vs. B-group).

Imputations of outcome measures for the first postsur-

gery assessment (3 months), the values were imputed by

using the patient’s preoperative value and assuming the

same % change from presurgery to postsurgery as obtained

in the whole group. At all other follow-ups, the last value

was carried forward [19, 24]. Missing data about satisfac-

tion at 3-month postoperatively were imputed using the

6-month value.

Results

The preoperative questionnaire indicated that a minimum

50% of the study population had physiotherapy or guided

gym/training related to back problem before the operation,

on average 14 times (Table 2). Furthermore, about 2/3

reported that they had undertaken self-acting exercises (any

source) and over 46% reported doing self-acting training

minimum 1–2 times/week preoperatively.

In A- and B-groups, all outcome measures significantly

(p \ 0.05) improved after the operation [31–36]. Figure 1

reveals that 7/50 patients in A-group were not able to

undertake the anticipated (6/12) physiotherapy visits

(3–6 months postoperatively), and there was one dropout

leaving 42 patients in the ‘‘as-rehabilitated-group’’ (A0-
group) for statistical analysis. A-group had significantly

more postoperative physiotherapy visits or guided gym/

training than B-group (22.10 vs. 9.17 times, respectively;

p \ 0.0001 t test). The frequency of self-acting exercises

was also significantly higher in A-group during 3- to

24-month follow-up (p = 0.028, Mann–Whitney U test). In

A0-group, the differences were even higher: 83.4% reported

at least 3 to 5 times a week training frequency in a 3- to

6-month period, compared to 42.3% in B-group. At

12-month follow-up, the same figures were 47.6% (A0) and

28.8% (B) (Table 3). Total loss was 4.9% (four died due to

not-study-related reasons; one drop-out).

The study intervention did not improve the outcome

compared to the standard treatment (Fig. 2; Table 4) in

any points at 6-, 12- and 24-month follow-ups according

ODI (p values were 0.74, 0.43 and 0.95 in ‘‘as-rehabili-

tated analyses’’, respectively). The course of ODI was

stable in the A0- (A) and in the B groups during the entire

follow-up. The secondary outcome measures exhibited

also stable courses (Table 4). Outcome measures appeared

to be worse in B-group after randomization, but the levels

were non-significant (p [ 0.08, t test and Mann–Whitney

U test depending on the distribution of the outcome

measure).
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Discussion

Main findings and methodological considerations

This is the first prospective study of PR with LSS patients

only. The result indicates that routinely performed active

physiotherapy with strengthening and stretching home

exercises do not improve functional outcome (ODI) as

compared with standard treatment.

In the statistical analysis, the focus was on identifying

the real impact of postoperative 3- to 24-month study

intervention compared to standard treatment. This was

done, first, by adjusting the real effect of the fulfilled self-

acting training (FBE). Secondly, the functional ability and

overall pain at the start of rehab-intervention were adjusted,

since both were potential factors influencing the training

capability. Finally, the data was analyzed in ‘‘as-rehabili-

tated analysis’’ according the fulfilled physiotherapy

Table 2 Preoperative

physiotherapy or guided gym/

training (NPG) and back

exercises

A0 (n = 42) A (n = 50) B (n = 52) All

Physiotherapy visits or guided gym/training related to back problem (%)

Yes (%) 61.9 56.0 44.3 50.0

No (%) 26.2 26.0 28.8 27.5

Not answered/missing 11.9 18.0 26.9 22.5

Back problem related NPG (mean (range)) 14.8 (0–200) 16.5 (0–200) 11.2 (0–100) 14 (0–200)

Self-acting back exercises, from any source

Yes (%) 69 66 67.3 66.7

Frequency of back exercise training

daily training 11.9% 12% 11.5% 11.8%

3–5 times/week 14.3% 12% 13.5% 12.7%

1–2 times/week 16.7% 18% 25.0% 21.6%

less than once a week 19.0% 18% 15.4% 16.7%

Not get/not done back exercises 26.2% 26.0% 23.1% 24.5%

Not answered/missing 11.9% 14.0% 11.5% 12.7%

Table 3 All postoperative

rehabilitation (physiotherapy

and/or self-acting exercises) in

treatment groups during

intervention (3- to 24-month

follow-up)

NPG number of physiotherapy

visits or guided gym/training,

FBE the frequency of back

exercise training

Intervention ? any other

treatments in A and A0-groups

‘‘Standard

treatment’’

A0 (n = 42) A (n = 50) B (n = 52) All

NPG during 3–24 month (mean) 28.10 22.89 9.17 17.07

FBE (mean summative score between 3–24 month) 5.19 5.21 5.71 5.47

Self-acting back exercise, from any source (yes, %) 100% 100% 88.5% 93.1%

FBE between 3 and 6 months

Daily training 54.8% 48.0% 23.1% 35.3%

3–5 times/week 28.6% 28.0% 19.2% 23.5%

1–2 times/week 11.9% 12.0% 26.9% 19.6%

Less than once a week/not answered 4.8% 12.0% 30.8% 21.6%

FBE at 12 month (mean during last month)

Daily training 21.4% 22.0% 17.3% 19.6%

3–5 times/week 26.2% 22.0% 11.5% 16.7%

1–2 times/week 35.7% 36.0% 28.8% 32.4%

Less than once a week/not answered 16.7% 20% 42.3% 31.4%

FBE at 24 month (mean during last month)

Daily training 4.8% 6% 7.7% 6.9%

3–5 times/week 14.3% 14% 13.5% 13.7%

1–2 times/week 40.5% 40% 32.7% 36.3%

Less than once a week/not answered 40.5% 38% 46.2% 43.1%
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study-related visits between 3 and 6 months (A0 vs.

B-group), in addition to comparing original the A- and

B-groups (intention-to-treat -analysis). The presented group

sizes and observed SD (18.5) enabled sufficient statistical

power.

The intervention

The scientific basis for intervention was thus ‘‘conventional

active physiotherapy’’, in order to improve muscle strength

and endurance, as well as stretchability, this being based on

a training program with individually estimated volume and,

if needed, quality of exercises. In the literature, the fre-

quency for undertaking stretching exercises in different

diseases and among older patients has varied from 2 to

7 days/week [2, 25]. We provided a daily recommendation

to ensure the best effect to increase flexibility, with suffi-

cient stretching time [3, 4, 29] and frequency [3, 13]. The

recommended minimum frequency for muscle strengthen-

ing exercises was 3–5 days/week. According to the ACSM/

AHA recommendations 2007, every adult should perform

activities that maintain or increase muscular strength and

endurance on a minimum of 2 days every week [12], this

also being the case for older adults [25].

There are results in patients with lumbar disorders

indicating that impaired abdominal muscle function in low

back pain can benefit from abdominal muscle training in

rehabilitation trials [18]. In addition, the benefits of phys-

iotherapy in conservative treatment of LSS have been

reported [23, 42, 43]. There was little evidence available

concerning the effect of abdominal muscle training in a

clinical setting when planning this study [14]. According to

Simotas 2001 [30] and clinical experience, LSS patients

have often a kyphotic posture, adopted to reduce the pincer

effect of lordosis. This may cause a secondary shortening

of the hip flexors. Hip flexor tightness (shortening) can

aggravate the condition by forcing the patient to effectively

increase lordosis. Lumbar hyperlordosis would increase the

symptoms of LSS [7]. Maintaining better posterior tilt with

Fig. 2 Mean values of Oswestry Disability Index during intervention

in treatment groups

Table 4 Outcome of

rehabilitation intervention

A0 patients who performed

acceptably at the 3–6 month

intervention (as-rehabilitated

analyses), A all A-group

(intention to treat analyses),

B standard treatment group,

mo month(s)

p values in General Linear

Models (repeated measures;

tests of within subjects effects,

Huynh–Feldt) between study

groups at 6-, 12- and 24 month

primary end points are italicized

Means of outcome measures of rehab-intervention

At baseline At primary end points

Postoperative stage 3 mo 6 mo 12 mo 24 mo

Oswestry (0–100%)

A0(SD) p (A0vs. B) 22.0 (15.3) 19.4 (15.8) 0.74 22.2 (17.9) 0.43 22.4 (18.3) 0.95

A (SD) p (A vs. B) 24.3 (15.9) 22.5 (17.8) 0.70 24.8 (19.1) 0.46 23.9 (19.1) 0.88

B (SD) 29.7 (20.5) 26.4 (19.1) 31.0 (20.1) 28.9 (19.6)

Back pain (0–10)

A0(SD) p (A0vs. B) 1.3 (1.7) 1.2 (1.7) 0.29 1.4 (1.7) 0.27 1.1 (1.8) 0.47

A (SD) p (A vs. B) 1.6 (1.9) 1.4 (1.8) 0.33 1.6 (2.0) 0.27 1.5 (2.1) 0.61

B (SD) 2.0 (2.6) 2.0 (2.6) 2.4 (2.6) 2.2 (2.5)

Leg pain (0–10)

A0(SD) p (A0vs. B) 2.4 (2.4) 2.1 (2.3) 0.10 2.6 (2.8) 0.30 2.6 (2.9) 0.43

A (SD) p (A vs. B) 2.7 (2.6) 2.4 (2.4) 0.11 2.8 (2.9) 0.26 2.8 (2.9) 0.69

B (SD) 3.2 (2.8) 3.5 (2.9) 3.5 (3.1) 3.8 (2.8)

Satisfaction [3–(-3)]

A0(SD) p (A0vs. B) 1.7 (0.9) 1.9 (1.0) 0.50 1.5 (1.0) 0.29 1.7 (1.1) 0.30

A (SD) p (A vs. B) 1.7 (0.9) 1.8 (1.0) 0.49 1.5 (1.1) 0.44 1.7 (1.0) 0.50

B (SD) 1.3 (1.2) 1.4 (1.0) 1.3 (1.4) 1.4 (1.1)

Treadmill (0–1,000 m)

A0(SD) p (A0vs. B) 758 (392) – 778 (372) 0.86 787 (354) 0.86

A (SD) p (A vs. B) 762 (381) – 759 (388) 0.70 782 (367) 0.58

B (SD) 718 (411) – 751 (390) 738 (375)
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better lumbopelvic muscular stabilisation has been claimed

to relieve the symptoms in LSS [30]. Thus, the stability of

lumbopelvic and abdominal muscles, as well as the flexi-

bility of hip flexors, hamstrings and lumbar paraspinals was

regarded as an important issue in the exercises, which were

provided here in the postoperative setting.

Our results are in line with the randomized controlled

trial by Mannion et al. [24] where a 12 week physiother-

apeutic intervention (2 9 30 min/week with home exer-

cises) did not lead to any differences between three groups

(1. Controls, 2. stabilization exercises and 3. mixed tech-

niques). Our intervention was more uniform, since our

preplanned exercises were supervised by the same trained

physiotherapists. Our intervention started 1 month later to

minimize possible operation-related problems. We inclu-

ded also patients with fusion. Posterolateral fusion has been

reported to be the most invasive procedure of the parasp-

inal muscles in various lumbar back surgery procedures.

Paraspinal muscle injury during lumbar back surgery may

be one of the most important factors that causes atrophy of

the muscles [37]. The aim to rehabilitate after lumbar

fusion is supported also by the finding that back muscle

strength and endurance has been reported decline after

lumbar fusion [22]. We believed that functional outcome

after decompression with fusion could be improved by

means of ‘‘conventional active physiotherapy’’ in the same

way as after decompression only. This is because the

intervention included training also for other muscles, i.e. it

was not restricted to the back muscles. LSS patients with

fusion have similar postoperative problems as tightness of

hip flexors and hamstring and/or muscle weaknesses as

patients with decompression only. The similar aspect in

inclusion was when we did not want to exclude patients

with isolated lateral stenosis, or patients who had additional

disc herniation. We wanted also ensure that surgeon could

feel free to undertake all the necessary procedures (fusion,

disc excision) according to preoperative findings in oper-

ation, i.e. we ensured that our study could not possibly

affect the ‘‘normal operative treatment of LSS’’.

The specific home exercises of intervention were per-

formed in the period 3–24 months postoperatively, which

was considered to be long enough to reveal any improve-

ment in the study groups, at any of 6- to 24-month follow-

ups. The 12 week physiotherapeutic intervention was

repeated at 12 months to motivate A-group to keep train-

ing, because in patients with chronic low back pain, an

active progressive treatment program was more successful

in the short term follow-up but the group difference in

lumbar endurance tended to decline at the 1-year follow-up

[20]. A0/A-group had clearly more guiding for self-training

during the intervention by trained physiotherapist, who had

also several years0 experience of treatment of postoperative

back patients in the university DPRM clinic. Based on the

remarkable greater amount of the NPG and the FBE in the

A0-group, the study intervention should indicate the change

in outcome measures at least in the first primary end point

if the intervention had had any effect. Here, A0/A-group

had had significantly more NPG and they had done

3 months intensively home exercises up to the 6 months

follow-up. The FBE diminished in A-group at the end of

the follow-up to the same level as noted in B-group,

indicating that the 12 times ‘‘booster’’ intervention had no

effect on frequency of the training and outcome at the end

of the follow-up.

According to the latest study, 59% of patients had been

prescribed physiotherapy after the LSS diagnosis by the

spine surgeon; according to the therapists, 87% of them had

been given flexibility-, 86% stabilization- and 83%

strengthening exercises [38]. Thus, it is likely that LSS

patients received supervised exercises in some course of

the disease, which is supported by findings in B-group

(67.3%) in preoperative phase (Table 3) but also in the

postoperative phase (88.5%; Table 2).

Limitations

Due to several shortcomings, our results need to be inter-

preted with caution. It should be noted that this study could

not determine whether our study intervention was better

than ‘‘no exercises’’ or ‘‘no physiotherapy or guided gym’’

because of substantial activity in the B-group. The effect of

the patients’ own activity on outcome in control group, or

the natural postoperative course of the disease was also

highlighted in the study of Mannion et al. [24].

The second weakness was that we permitted 10 of 102

patients to participate as controls without a true randomi-

zation. This decision was done after start of the study,

when a patient did not have the opportunity to participate

in the rehab-intervention if randomized to A-group, but he/

she could participate as a control. Some patients had a long

(even [100 km) distance to travel to DPRM, and some

patients had also limited transport opportunities. To avoid

potential drop-outs from rehab-intervention and to opti-

mize recruiting time which took still 3 years, we made the

compromise decision to allow totally ten patients to par-

ticipate as controls (since they fulfilled all the other

inclusion criteria of this study project). Thus, this was not a

true randomization study. When comparing, however, A0-
group (n = 42) for patients who were truly randomized in

B-group (n = 42), there were no significant differences

with ODI (6 month: p = 0.69; 12 month: p = 0.80;

24 month: p = 0.90).

The third weakness was that after randomization at the

start of the intervention, the B-group had worse though not

statistically significant worse symptoms and functional

ability, and this situation lasted throughout the follow-up
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(Table 4). Referring Tables 1 and 3, the groups were bal-

anced in terms of many parameters. The only difference

was that in B-group there were more patients with previous

lumbar operation (PLO) than in A-group (10 vs. 2). Patient

with PLO had statistically significant worse disability and

satisfaction after surgery (data not shown).

Contrary, those ten patients who were admitted to

B-group without randomization had indeed less symptoms

and disability than others in B-group. This indicates that

bias in outcome measures between A- and B-groups should

be coincidental, and these ten not-truly randomized

patients in B-group did not explain the differences. Fur-

thermore, it should be noted that outcome measures and

PLO were not taken into account in the randomization.

This emphasizes the importance of the adjustment of

functional ability and pain at the start of the intervention in

comparing unbalanced study groups [42]. Nonetheless, the

most important point is that the courses of ODI (and also

secondary outcome measures) were stable during the fol-

low-up, indicating that intervention had no effect on their

course.

Our result cannot rule out the possibility that individual

physiotherapy for selected LSS patients, multidisciplinary

intervention, earlier start of intervention, in-patient or other

more specific rehabilitation intervention would be benefi-

cial postoperatively in LSS.

The strengths of this study

The study population had LSS as the main diagnosis. We

conducted both intention-to-treat- and ‘‘as-rehabilitated’’

analyses. The first physiotherapeutic guidance was 12

times (minimum 6 times) to adopt effective home exer-

cises. A-group received significantly more guidance about

the exercises at the university clinic with trained and

experienced therapists (Table 4). The self-acting exercises

were well performed during first year, especially during 3-

to 6-month postoperative period. This kind of quality of

physiotherapy and amount of training would be anticipated

to improve the outcome, if the intervention were to have

had any effect. The outcome measures were relevant, and

have been used in surgical studies of LSS [1, 23, 24, 42].

By used covariates, the effect of initial pain, disability and

accumulation of fulfilment of self-acting exercises on

outcome could be controlled. This study is in line with the

earlier literature [23], strengthening the concept that

‘‘treatment as usual’’ is sufficient postoperatively in LSS.

With increasing life expectancy, the incidence and preva-

lence of LSS will increase in aging population, meaning

increase also in rates of LSS surgery. To optimize resour-

ces and costs, postoperative physiotherapy should not be

prescribed routinely in LSS to improve functional outcome.

Conclusion

Routinely performed outpatient rehabilitation, consisting of

physiotherapy guidance with strengthening and stretching

muscle exercises at home, did not improve subjective

functional outcome during a postoperative two-year fol-

low-up compared to standard treatment. In addition, there

were no impact on pain, satisfaction and walking ability.
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Wong JR, Battié MC (2010) Physical therapy treatment options

for lumbar spinal stenosis. J Back Musculoskelet Rehabil

23:31–37

39. Tuomi K, Ilmarinen J, Jahkola A et al (1998) An approved ver-

sion of the Work Ability Index. Occupational health—series 19.

Finnish Institute of Occupational Health, Helsinki

40. Turner JA, Ersek M, Herron L, Deyo R (1992) Surgery for

lumbar spinal stenosis. Attempted meta-analysis of the literature.

Spine 17:1–8

41. Viljanen M, Malmivaara A, Uitti J et al (2003) Effectiveness of

dynamic muscle training, relaxation training, or ordinary activity

for chronic neck pain: randomised controlled trial. BMJ 327:475

42. Weinstein JN, Tosteson TD, Lurie JD et al (2010) Surgical versus

nonoperative treatment for lumbar spinal stenosis four-year

results of the spine patient outcomes research trial. Spine

35:1329–1338

43. Whitman JM, Flynn TW, Childs JD et al (2006) A comparison

between two physical therapy treatment programs for patients

with lumbar spinal stenosis: a randomized clinical trial. Spine

31:2541–2549

1340 Eur Spine J (2011) 20:1331–1340

123


	Postoperative rehabilitation does not improve functional outcome in lumbar spinal stenosis: a prospective study with 2-year postoperative follow-up
	Abstract
	Introduction
	Materials and methods
	Patients
	Randomization
	Surgical technique and normal postoperative ‘‘standard treatment’’ for all patients
	Postoperative rehabilitation for A-group
	Main and secondary outcome measures
	Statistical analysis

	Results
	Discussion
	Main findings and methodological considerations
	The intervention
	Limitations
	The strengths of this study

	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


