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Study Design: A prospective study in a hospital. 
Purpose: To investigate whether each disability based on the three sub-categories of the Roland-Morris disability questionnaire (RDQ) 
during hospitalization is associated with itself at 1 year postoperatively in patients with degenerative lumbar spinal stenosis (LSS). 
Overview of Literature: Although the total score of the RDQ represents whole pain-related disabilities or health-related quality of 
life, it is a shortcoming that multi-dimensional changes in disabilities are difficult to understand when only using the RDQ. 
Methods: Fifty-seven patients with LSS (men, 28; women, 29; 63.0±12.1 years) were included. Disabilities, pain intensity and depres-
sive feelings were assessed at preoperation, discharge and 1 year postoperatively. 
Results: The range of “mental and physical activities (MPA),” “functional movements on/around a bed (FM)” and “walking function 
(WF)” scores were 0 to 13 (median, 8), 0 to 6 (median, 6) and 0 to 4 (median, 3) at preoperation; 0 to 12 (median, 0), 0 to 6 (median, 
0), and 0 to 4 (median, 0) at discharge; and 0 to 8 (median, 0), 0 to 5 (median, 0), and 0 to 4 (median, 0) at 1 year postoperatively, 
respectively. The following significant multiple regression equations were obtained: MPA at 1 year postoperatively=0.56 (MPA at dis-
charge)-0.10 (depression at discharge)+0.90 (adjusted r 2=0.41), FM at 1 year postoperatively=0.35 (MPA at discharge)-0.06 (depression 
at discharge)+0.40 (adjusted r 2=0.45) and WF at 1 year postoperatively=0.59 (WF at discharge)-0.08 (depression at discharge)+0.63 
(adjusted r 2=0.29).
Conclusions: In our LSS population, each disability based on MPA and WF at discharge is associated with itself in the future. There-
fore, disabilities excluding functional movements are longitudinally independent.
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Introduction

Lumbar spinal stenosis (LSS) is a syndrome caused by 

the acquired or congenital stenotic state of the lumbar 
spinal canal, nerve root canal or intervertebral foramina. 
Arnoldi et al. [1] classified acquired LSS into six types: 
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degenerative, combined congenital and degenerative, 
spondylolisthetic/spondylitic, iatrogenic, post-traumatic 
and miscellaneous. Physical symptoms include low back 
pain, leg pain or numbness and paralysis of the leg. Con-
servative treatment is first selected; however, surgical 
treatment is applied when LSS symptoms progress.

The Roland-Morris disability questionnaire (RDQ) 
was developed to measure the degree of disability due 
to low back pain [2]. For the queries, Patrick et al. [3] 
then exchanged “because of my back” for “my back or leg 
pain” in order to include not only low back pain but neu-
ropathic leg pain as well. Nakamura et al. [4] translated 
the modified RDQ presented by Patrick et al. [3] into 
Japanese. Ever since the RDQ has been published, many 
researchers have conducted studies to improve its useful-
ness [5-7].

Although it is widely accepted that the total score of the 
RDQ represents whole pain-related disabilities [7-10] or 
health-related quality of life [3,11,12], it is a shortcoming 
that multi-dimensional changes in disabilities are dif-
ficult to understand by only using the RDQ. In addition, 
the Japanese Orthopaedic Association (JOA) and the 
Japanese Society for Spine Surgery and Related Research 
(JSSR) modified the JOA score for low back pain and 
named it the JOA Back Pain Evaluation Questionnaire 
(JOABPEQ) [13]. Unlike the JOA score, five sub-category 
scores of the JOABPEQ are never summed up because 
the JOA and the JSSR consider that the five sub-categories 
are independent, and therefore, adding up these scores is 
not meaningful. We attempted to categorize 24 items of 
the RDQ using a cluster analysis in preoperative patients 
with LSS and lumbar disc herniation. We then proposed 
three sub-categories, “mental and physical activities” 
(MPA), “functional movements on/around a bed” (FM) 
and “walking function” (WF) [14]. MPA consists of 
questions concerning the degree of activity (e.g., resting 
on a bed), activities of daily living (ADL) (e.g., chang-
ing clothes) and feelings and physiological desires (e.g., 
dependence on others and appetite); MPA display dif-
ficulties in performing social roles away from a bed. FM 
consists of movements not involving locomotion, such 
as postural changes and standing. Nagi [15] defined “dis-
abilities” as a limitation in the performance of socially de-
fined roles and tasks within a sociocultural and physical 
environment, and “functional limitations” as a limitation 
in performance at the level of the whole organism or per-
son. Based on the concept of Nagi [15], MPA is similar 
to disabilities, and FM and WF are generally covered by 

functional limitations. For example, although changing 
clothes while sitting on a bed and simply sitting quietly 
on a bed are the same or similar in appearance, the for-
mer is considered a “disability” because tidying up oneself 
is an important action for successfully performing social 
roles. However, “sitting quietly on a bed” is considered a 
“functional limitation” because sitting is posture mainte-
nance. Hence, it is required for longitudinal research to 
improve the validity for dividing the RDQ into three sub-
categories.

In the present study, we aim to investigate whether 
each disability based on the above mentioned three sub-
categories of the RDQ at discharge, when immediate re-
covery due to surgery is achieved, are associated with the 
same disability at 1 year postoperatively in patients with 
degenerative LSS. We also wish to confirm that the three 
disabilities are independent regardless of the time course.

Materials and Methods

1. Study design

The present study was prospective in nature and was con-
ducted from July 2010 to June 2012 at Harunaso Hospital 
in Japan after gaining approval from the hospital ethics 
committee.

2. Participants

Patients included those who were diagnosed with LSS, 
which was considered a degenerative type by Arnoldi et 
al. [1], based on clinical and radiological findings and 
were admitted for surgery. Patients who had obvious 
motor and sensory dysfunction based on comorbidity 
or anamnesis before surgery, who had onset of other dis-
eases after discharge, or who could not fully understand 
the nature of our investigation were excluded. Written 
informed consent to participate in the present study was 
obtained from all participants after sufficient explanation 
of the study protocol.

Surgical indications included inadequate response to 
conservative treatment, rapid neurological deterioration 
and marked limitation of ADL. As a general rule, in pa-
tients who had low back pain derived from the facet(s) or 
whose sagittal and/or coronal alignment of the spine was 
poor, decompression with fixation using instrumentation 
was performed. Further, in cases whose alignment was 
good, only decompression was applied.
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3. Surgical procedure and postoperative treatment

1) Decompression with instrumentation
Laminectomy and bilateral hemifacetectomy, depending 
on the patient’s pathological state at the stenotic level, 
were performed through a midline posterior approach. 
Nearly complete discectomy was performed while a tra-
versing nerve root was protected by sliding a retractor. 
Two square-type or one boomerang-type interbody spac-
ers (PROSPACE Titanium or TSPACE Titanium, Aescu-
lap AG, Tuttlingen, Germany) were then inserted, and 
bone grafting using local bones was performed. Finally, 
instrumentation using pedicle screws and connecting 
rods (EXPEDIUM 5.5 Spine System, DePuy Spine Inc., 
Raynham, MA, USA) was performed. Compression was 
applied throughout the instrumentation in order to re-
store lordosis.

2) Only decompression
Central decompression was performed by medial lami-
notomy or laminectomy depending on the patient’s situ-
ation through a midline posterior approach. The facet(s) 
was preserved; however, foraminotomy was added, if 
necessary.

3) Postoperative treatment
Patients were permitted to sit and walk with a canvas 
corset after 2 or 3 days postoperatively and underwent 
postoperative physical therapy. When they could safely 
perform fundamental ADL, for example, walking and 
self-care, they were allowed to be discharged. After dis-
charge, they were requested to avoid activities with exces-
sive trunk motion in daily living.

4. Assessment

1) Disability
The RDQ translated into Japanese by Nakamura et al. [4] 
was used. Question nos. 1, 4, 6, 8, 9, 13, 15, 16, 18–22, 
and 24 were considered as “MPA”; nos. 2, 7, 10‒12, and 14 
were considered as “FM”; and nos. 3, 5, 17, and 23 were 
considered as “WF” [14].

2) Pain intensity
The intensity of low back pain and leg pain were mea-
sured by the 11-point numerical rating scale; 0 represent-
ed no pain and 10 was unbearable pain. 

3) Depressive feelings
The degree of depressive feelings was measured by a part 
of the Hospital Anxiety and Depression Scale (HADS) 
[16]. Scores of depressive feeling item range from 0 to 21 
points; higher scores represent severer depressive feel-
ings.

The RDQ was assessed at preoperation, discharge and 
follow-up (FU) at 1 year postoperatively; all other items 
were assessed at preoperation and discharge.

5. Analytical procedure

First, the fundamental statistics of all assessed items 
were calculated; then, the assessed items were compared 
among preoperation, discharge and FU at 1 year postop-
eratively with the Steel-Dwass test or Wilcoxon signed 
rank test. Second, a stepwise multiple regression analysis 
was performed. MPA, FM and WF scores at FU were 
used as dependent variables and scores of the other items 
at discharge were used as independent variables. All sta-
tistics were performed using the R ver. 2.8 (http://www.
r-project.org/). Values of p<0.05 were considered statisti-
cally significant.

Results

A total of 57 LSS patients (men, 28; women, 29; 63.0±12.1 
[standard deviation] years) participated in the present 
study. Thirty-six patients (63.2%) had LSS with degenera-
tive spondylolisthesis, seven patients (12.3%) had degen-
erative local kyphosis and/or scoliosis and three patients 
(5.3%) had LSS with facet syndrome (some patients had 
overlapping conditions). Forty-four patients (77.2%) un-
derwent decompression with instrumentation and 13 pa-
tients (22.8%) underwent only decompression. The mean 
number of days among assessments was 31.3±21.5 from 
preoperation to discharge.

The fundamental statistics of all assessed items are 
summarized in Table 1. All assessed item, including 
MPA, FM, and WF scores of the RDQ at discharge, were 
significantly lower than those at preoperation (p<0.01). 
MPA, FM, and WF scores were not significantly different 
between discharge and at 1 year postoperatively.

A stepwise multiple regression analysis indicated that 
the FU-MPA score was significantly correlated with the 
discharge (Dis)-MPA score and Dis-depression score. The 
FU-FM score was correlated with the Dis-MPA score and 
Dis-depression score. The FU-WF score was correlated 
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with the Dis-WF score and Dis-depression score (Table 2). 
There were no independent variables of which variation 
inflation factors were >10.

Discussion

1. Characteristics of participants in the present study

In the present study, the median preoperative total score 
of the RDQ and low back and leg pain scores were 8 

Table 1. Fundamental statistics of all assessed items (n=57)

Items Preoperation Discharge Follow-up  
(1 year postoperatively)

Roland-Morris disability questionnaire

Total score (0−24 points)   8 (4.0) [0−22]   0 (1.5) [0−22]a)   0 (1.0) [0−17]b)

Mental and physical activities score (0−14 points)   3 (2.0) [0−13]   0 (0.5) [0−12]a) 0 (0.5) [0−8]b)

Functional movements on/around a bed score (0−6 points) 2 (1.5) [0−6] 0 (0.5) [0−6]a) 0 (0.0) [0−5]b)

Walking functions score (0−4 points) 3 (1.0) [0−4] 0 (0.5) [0−4]a) 0 (0.0) [0−4]b)

Low back pain (0−10 points)   5 (2.5) [0−10] 0 (1.0) [0−5]c) -

Leg pain (0−10 points)   5 (2.5) [0−10] 0 (0.5) [0−8]c) -

Depression domain score of hospital anxiety and depression scale 
(0−21 points)   8 (3.5) [0−20]   6 (2.0) [0−20]c) -

Scores mean median (quartile deviation) [range].
a)Significant differences with preoperation at p<0.01; b)Significant differences with discharge at p<0.01 (Steel-Dwass test); c)Significant differences 
with at preoperation at p<0.01 (Wilcoxon signed rank test).

Table 2. Coefficients of multiple regression equations for sub-category scores of the Roland-Morris disability questionnaire at 1 year postopera-
tively (n=57)

 Independent variables Dependent variables PRC t-value SPRC F-value Adjusted r 2

FU-MPA score 20.5a) 0.41

Dis-MPA score  0.56  6.40a)  0.68

Dis-depression score -0.10 -2.02b) -0.22

Constant: 0.90  2.62b)

FU-FM score 23.99a) 0.45

Dis-MPA score  0.35  6.92a)  0.71

Dis-depression score -0.06 -2.11b) -0.22

Constant: 0.40  2.01b)

FU-WF score 12.13a) 0.29

Dis-WF score  0.59  4.91a)  0.61

Dis-depression score -0.08 -2.32b) -0.29

Constant: 0.63  2.68b)

PRC, partial regression coefficient; SPRC, standardized partial regression coefficient; FU, follow-up; MPA, mental and physical activity; Dis, dis-
charge; FM, functional movement; WF, walking function.
a)p<0.01; b)p<0.05.
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(quartile deviation [QD], 4.0), 5 (QD, 2.5), and 5 (QD, 
2.5), respectively. The degree of disability would be lower 
although the intensities of low back and leg pain would 
be equivalent or slighter in our cohort compared with 
previous studies [17-19].

In our study, all assessed items significantly improved 
from preoperation to discharge. We considered that dis-
abilities and psychological problems improved according 
to a decrease in low back and leg pain due to LSS in the 
early postoperative period. Disabilities were not obvi-
ously improved from discharge to 1 year postoperatively.

2.   Longitudinal independence of the three sub-catego-
ries of the RDQ

F-values and t-values of all multiple regression equa-
tions were statistically significant. Adjusted r2 were not 
high, which suggested a complicated process where LSS 
patients who were liberated from severe pain by surgery 
readapted to daily living based on the respective values 
or attitudes after discharge. Therefore, it was unsurpris-
ing that disabilities at 1 year postoperatively could not 
be mostly explained by only two variables, MPA or WF 
and the depression score at discharge. The present study 
aimed to confirm whether the three sub-categories of the 
RDQ were longitudinally independent rather than to ob-
tain accurate prediction formulae for the sub-categories 
at 1 year postoperatively.

We presented that each disability based on MPA and 
WF of the RDQ as well as depressive feelings at discharge 
were independently associated with itself at 1 year post-
operatively. This result supported the notion that MPA 
and WF of the RDQ would be longitudinally indepen-
dent. However, the Dis-FM score was not associated with 
the FU-FM score against expectations, which could have 
been caused by differences in life style at the hospital and 
at home. Aged Japanese often prefer a “futon” (quilted 
Japanese-style mattress laid out on the floor); yet, oper-
ated LSS patients were requested to use a bed, not a “fu-
ton.” Therefore, these patients had to change their style 
to a Western life style in order to avoid surplus stress to 
the operated lumbar vertebrae during their hospital stay. 
Consequently, functional movements performed by LSS 
patients after discharge would tend to disagree with those 
performed while being hospitalized. The finding that FM 
at 1 year postoperatively was not significantly correlated 
with FM at discharge did not indicate that the sub-cate-

gory FM was not longitudinally independent due to dif-
ferences in the living environments of LSS patients at the 
hospital and at home. Therefore, a further comparison of 
FM for the time points, excluding the effect of differences 
in life style, are required to guarantee the validity of cat-
egorizing the RDQ into three sub-categories.

Moreover, the Dis-depression domain score of the 
HADS affected all three sub-categories at the FU. Depres-
sive feelings at discharge did not result in poorer, but 
better activities and functions at 1 year postoperatively. 
Sinikallio et al. [20] advocated that prior to an operation, 
depressive LSS patients were likely to have high subjec-
tive disability of everyday living and low life satisfaction. 
Considering these findings, we consider that LSS patients 
who had severe depressive feelings at discharge would feel 
more comfortable performing movements in daily liv-
ing without low back and/or leg pain compared to non-
depressive patients because depressive feelings improved 
after discharge. 

From the view point of clinical application, individu-
ally assessing the three disabilities, MPA, FM, and WF, is 
useful for providing effective and appropriate rehabilita-
tion as conservative or postoperative treatment for LSS 
patients. For example, patients who have decreased MPA 
may obtain more benefit from this rehabilitation pro-
gram, including a behavioral psychological standpoint as 
cognitive-behavioral therapy to improve patients’ activity 
level in the society. Those who have decreased FM or WF 
may benefit from this rehabilitation program, including 
advising how to change and maintain posture on a bed 
or how to walk without exacerbating the low back and/
or leg pain. Because we found that each disability based 
on MPA and WF at discharge was positively associated 
with itself at 1 year postoperatively, the physical therapy 
for these disabilities, as postoperative rehabilitation at the 
hospital, would directly and favorably affect the surgical 
outcome of LSS patients after discharge.

3. Study limitations and future prospects

This study focused on a small sample recruited from a 
single center in Japan. Thus, we restricted the number 
of variables that were used as dependent variables in the 
multiple regression analysis. The results from the present 
study should be interpreted with caution. In the future, 
larger sample sizes and multicenter studies should be 
required in order to obtain secure prediction formulae 
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for the three sub-categories of the RDQ at 1 year postop-
eratively using many dependent variables. A comparison 
between races or countries should also be performed 
because there are large differences in life style and belief 
based on religion, as indicated by Jones et al. [21] who 
demonstrated that there are racial differences in the cop-
ing strategies for chronic arthralgia.

Conclusions

We followed up pre- and postoperative scores of the three 
sub-categories, “MPA,” “FM,” and “WF” of the RDQ in 
order to investigate whether each disability based on 
these sub-categories was longitudinally independent in 
patients with degenerative LSS. We obtained the follow-
ing significant multiple regression equations: We think 
the following descriptions are better: MPA at 1 year 
postoperatively=0.56 (MPA at discharge)-0.10 (depres-
sion at discharge)+0.90 (adjusted r2=0.41), FM at 1 year 
postoperatively=0.35 (MPA at discharge)-0.06 (depression 
at discharge)+0.40 (adjusted r2=0.45) and WF at 1 year 
postoperatively=0.59 (WF at discharge)-0.08 (depression 
at discharge)+0.63 (adjusted r2=0.29). Each disability 
based on MPA and WF of the RDQ at discharge, when 
immediate postoperative recovery is acquired, is associ-
ated with itself at 1 year postoperatively. Therefore, dis-
abilities, excluding functional movements (e.g., rolling 
and standing up), would be longitudinally independent, 
regardless of the time course.
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