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ABSTRACT

Although decompression surgery for lumbar spinal canal stenosis (LSS) improves leg symptoms, low 
back pain (LBP), and disability, the factors related to the improvement of subjective disability have not 
been studied sufficiently. The purpose of the study was to clarify the relationship between subjective 
disability and objective physical function parameters. A total of 51 patients who underwent decompression 
were included and evaluated preoperatively and 6 and 12 months postoperatively. Patient-reported outcomes 
related to activity limitation due to LBP were evaluated using Roland–Morris disability questionnaire (RDQ) 
and VAS (Visual Analog Scale). Physical function was assessed using 6-min walk distance (6MWD) and 
trunk muscle strength. Univariate analysis and multivariable linear regression analysis were performed 
to identify significant factors for RDQ score change. The 6- and 12-month postoperative RDQ scores, 
VAS scores, and trunk extensor strength significantly improved relative to the preoperative values. In the 
univariate analysis, age, changes in VAS (LBP, leg pain, and numbness) scores, and change in 6MWD 
were associated with the RDQ score change (p < 0.05). Multivariable linear regression showed that 6MWD 
changes were significantly associated with RDQ score changes, explaining 41% of the variance in the 
RDQ score change. This study showed the change in 6MWD was significantly associated with the RDQ 
score change. Our results suggest that improving 6MWD may reduce disability in activities of daily living.
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INTRODUCTION

Lumbar spinal canal stenosis (LSS) is a disorder associated with symptoms such as low back 
pain (LBP), lower limb pain and numbness, intermittent claudication, and difficulties in activities 
of daily living.1 LSS affects nearly 3.6 million people aged > 40 years in Japan and has a 
prevalence rate of approximately 10% in Japanese people in their 70s.2 Surgery is the treatment 
of choice, whereas conservative therapy is ineffective, for severe LSS.3 Decompression surgery 
is common surgical intervention for LSS, and is performed to alleviate neural compression in 
patients without instability.1

Although decompression surgery improves symptoms (ie, LBP, leg symptoms, and disability), 
the factors related to the improvement of subjective disability have not been studied sufficiently.4 
Since LSS is caused by degenerative changes resulting from aging, not only nerve compression 
but also discogenic and myofascial back pain may occur. Thus, the Roland-Morris Disability 
Questionnaires (RDQ) score or Oswestry Disability Index (ODI), which are LBP-related disability 
indices, have been used to evaluate the postoperative outcomes of decompression surgery.4 The 
RDQ is composed of 24 items that assess whether commonly performed daily activities, such 
as standing, walking, dressing, and working, are disturbed by low back pain.5 The RDQ score 
is a clinical outcome that has been adopted as a nationwide standard on the basis of data from 
the general Japanese population (n = 2966).6,7

Trunk muscles play an important role in functional performance,8 and exercises for improving 
walking capacity and trunk muscle strength have been used in the physical therapy of patients 
after lumbar spinal surgery.9 The self-paced walking test (SPWT), treadmill walking test, and 
6-minute walk distance (6MWD) have been used for the objective evaluation of walking distance 
in patients with LSS.10-12 Moreover, only a few reports have examined the recovery of trunk 
muscle strength after surgery in patients with LSS.13,14

It remains unclear how changes in objective physical function parameters are related to changes 
in subjective disability after decompression surgery. It is important to have an understanding of 
this to set postoperative goals.

In this study, we investigated the subjective disability and physical functions such as walking 
ability and trunk muscle strength, as well as VAS (Visual Analog Scale) (LBP, leg pain, and leg 
numbness) of patients who underwent decompression surgery. The purpose of the study was to 
clarify the relationship between changes in subjective disability and changes in objective physical 
function parameters.

MATERIALS AND METHODS

The research ethics committee of our institute approved this study (Asahi Hospital No. A-27, 
Nagoya University No. 16-519). All patients provided written or oral informed consent, and the 
study was conducted according to the principles of the Declaration of Helsinki. We conducted 
this retrospective, observational, cohort study at a single hospital. We excluded patients with 
severe osteoarthritis of the knees and hips, history of central nervous system disorder, vertebral 
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fracture, fusion surgery, nerve paralysis (≤ 2 in the manual muscle test), history of spinal 
surgery, and insufficient understanding of the questionnaire. The inclusion criteria were as fol-
lows: 1) severe neurogenic claudication characterized by leg pain and/or numbness; 2) available 
magnetic resonance imaging, computed tomography (CT) myelography, and radiologic findings; 
3) ineffective nonoperative therapy; and 4) decompression surgery performed to alleviate neural 
compression in patients without instability1. A total of 91 patients who underwent surgery for 
LSS between June 2013 and January 2019 were included in this study. Fifty-one of the 91 
patients who met our criteria completed our evaluation. Forty patients were excluded from for 
the following reasons: appointment cancellation (n=19), missing data at the 6-month follow-up 
(n=21). Table 1 shows the patients’ characteristics. The mean age at surgery of all patients was 
68.7 (standard deviation, 7.5) years. Comorbidity was defined as the presence of treatment with 
medication in nine patients (17.6%), as follows: seven patients (13.7%) with diabetes, one (2.0%) 
patient with cardiac disease, and one (2.0%) patient with depression. Nine patients (17.6%) 
had a smoking habit. Preoperative pain medication was provided to 40 patients (78.4%). The 
medications included pregabalin in 33 patients (64.7%) and nonsteroidal anti-inflammatory drugs 
in 23 patients (45.1%). The minimum area of the dural sac was measured using CT myelography 
(Alexion; Toshiba Medical Systems Corporation, Tochigi, Japan). The cross-sectional area of the 
dural sac was measured at each disc level from L1-2 to L5-S1.

Surgical procedure and rehabilitation management
Decompression surgery was performed using the open method. Decompression surgery was 

selected for patients without lumbar spine instability. In this surgery, the spinous process was 
split and the stenotic part of the lumbar spine was decompressed through a partial medial facetec-
tomy.15 Patients who underwent decompression surgery began rehabilitation on postoperative day 
3 and were discharged on postoperative day 5. The mean hospitalization duration in patients who 

Table 1 Patients’ characteristics (n = 51)

Sex, n (%)

Male 38 (74.5)

Age (years) 68.7 (7.5)

Height (cm) 163.8 (9.2)

Body weight (kg) 64.8 (10.6)

BMI (kg/m2) 24.1 (2.7)

Duration of symptoms (years) 1.6 (2.2)

Surgery-related factors

 Blood loss (mL) 45.4 (59.1)

 Operation time (min) 74.9 (27.1)

Operation segments, n (%)

 1 29 (56.9)

 ≥ 2 22 (43.1)

Minimum area of the dural sac (mm2) 41.8 (27.1)

Data are expressed as mean (standard deviation) or number of patients (%). 
BMI: body mass index
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underwent decompression surgery was 7 days. Patient started walking using a walker. Physical 
therapy of approximately 40 minutes per day was continued until discharge. The patients were 
encouraged to walk daily, avoid extreme bending of the trunk and lifting heavy items, perform 
light exercises (heel up, toe up, one-leg standing, half squat in the standing position, abdominal 
draw-in maneuver and pelvic lift in the supine position, and sit-ups in the supine position), and 
perform stretching (hip flexion and abduction, hamstring stretching, and calf stretching). The 
patients were encouraged to continue rehabilitation after discharge. A corset was not used in 
patients who underwent decompression surgery.

Patient-reported outcome to assess disability and Pain
Patients were asked to answer the RDQ (Table 2). The RDQ score ranges from 0–24 (24 

indicating the worst disability). The VAS (scores from 0 to 100, with 100 indicating the worst 
pain or numbness) was used to assess LBP, lower-extremity pain, and numbness.

Evaluation of physical function
The 6-minute walk test (6MWT) was performed according to established guidelines.16 The 

6MWD has been shown to be useful for the evaluation for LSS.17,18 The strength of the trunk 
muscles was measured using a strain-gauge dynamometer (Mobie®; SAKAI Medical, Japan). The 

Table 2 Twenty-four questions in Roland Morris Disability Questionnaire (RDQ)

1. I stay at home most of the time because of my back.

2. I change position frequently to try and get my back comfortable.

3. I walk more slowly than usual because of my back.

4. Because of my back I am not doing any of the jobs that I usually do around the house.

5. Because of my back, I use a handrail to get upstairs.

6. Because of my back, I lie down to rest more often.

7. Because of my back, I have to hold on to something to get out of an easy chair.

8. Because of my back, I try to get other people to do things for me.

9. I get dressed more slowly then usual because of my back.

10. I only stand for short periods of time because of my back.

11. Because of my back, I try not to bend or kneel down.

12. I find it difficult to get out of a chair because of my back.

13. My back is painful almost all the time.

14. I find it difficult to turn over in bed because of my back.

15. My appetite is not very good because of my back pain.

16. I have trouble putting on my socks (or stockings) because of the pain in my back.

17. I only walk short distances because of my back.

18. I sleep less well because of my back.

19. Because of my back pain, I get dressed with help from someone else.

20. I sit down for most of the day because of my back.

21. I avoid heavy jobs around the house because of my back.

22. Because of my back pain, I am more irritable and bad tempered with people than usual.

23. Because of my back, I go upstairs more slowly than usual.

24. I stay in bed most of the time because of my back.
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isometric extension strength and isometric flexion strength of the trunk muscles were measured 
in the sitting position, and two maximal effort attempts were performed. The higher performance 
between the two attempts was selected for analysis. The flexibility of the trunk for LSS surgery 
was assessed using the finger-floor distance (FFD).19 By using a ruler, the FFD was measured 
as the distance from the fingertips to the table, with the patients standing at the edge of the 
table. In this test, the patients were asked to bend forward and reach toward the table. The 
results were categorized as “positive” when the fingertips passed the table and “negative” when 
the fingertips did not reach the table. The flexibility of hamstring was assessed using a straight 
leg raise (SLR) test. The test was passively performed, with the patients positioned supine with 
the hips and knees extended and the pelvis in a neutral position. The examiner passively raised 
the patients’ leg, kept the knee straight, and evaluated the angle.

Statistical analysis
For the recovery of the RDQ score and physical function parameters after surgery, one-way 

repeated-measure analysis of variance and post hoc Bonferroni test were used to compare each 
variable examined preoperatively and 6 and 12 months postoperatively. Univariate associa-
tions among patient characteristics, changes in VAS scores, physical function parameters, and 
RDQ score at 12 months postoperatively were evaluated using bivariate regression analyses. 
Multivariable linear regression analyses were performed for variables in univariate association 
analysis that showed a p < 0.05 correlation coefficient with the RDQ score change at 12 
months postoperatively. Statistical analyses were performed with EZR (Saitama Medical Center, 
Jichi Medical University), a graphical user interface for R (The R Foundation for Statistical 
Computing, version 2.13.0).20 Differences were considered statistically significant at p < 0.05. 
Multicollinearity was evaluated using the variance inflation factor (VIF). If the value of the VIF 
was < 10, multicollinearity was considered to be present.

RESULTS

Patient-reported outcome to assess disability
The 6- and 12-month postoperative RDQ significantly improved relative to the preoperative 

scores (Table 3). However, the 12-month postoperative scores did not significantly differ from 
those at 6 months.

Pain
The 6- and 12-month postoperative VAS (LBP, lower-extremity pain, and numbness) scores 

significantly improved relative to the preoperative scores (Table 3). However, the 12-month 
postoperative scores did not significantly differ from those at 6 months.

Physical function
The 6- and 12-month postoperative 6MWD significantly improved compared with the preop-

erative values (Table 3). However, the 12-month postoperative value did not significantly differ 
from that at 6 months.

The trunk extensor strength and SLR range significantly improved at 6 and 12 months 
postoperatively compared with the preoperative levels (Table 3). In contrast, the trunk flexor 
strength did not significantly improve at 6 and 12 months postoperatively compared with the 
preoperative strength (Table 3).
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Table 3 Recovery of patient-reported outcomes and physical function parameters

Preoperative Postoperative 
6M

Postoperative 
12M p Value

Post hock analysis

Pre vs  
6M

Pre vs  
12M

6M vs 
12M

Patient-reported outcomes

RDQ score (points) 8.1 (5.0) 1.7 (2.4) 1.4 (2.2) < 0.001 < 0.001 < 0.001 0.8

VAS scores (mm)

LBP 54.4 (26.2) 22.6 (20.7) 18.5 (19.0) < 0.001 < 0.001 < 0.001 0.2

Leg pain 60.8 (26.2) 16.6 (20.8) 15.9 (22.1) < 0.001 < 0.001 < 0.001 1.0

Leg numbness 59.4 (30.2) 12.2 (17.3) 17.8 (24.5) < 0.001 < 0.001 < 0.001 0.2

Physical function

6MWD (m) 313.4 (151.8) 484.2 (83.0) 490.6 (77.9) < 0.001 < 0.001 < 0.001 0.5

Trunk extensor strength (kg) 21.2 (7.8) 24.9 (8.1) 24.8 (7.4) < 0.001 0.001 < 0.001 1.0

Trunk flexor strength (kg) 16.5 (4.9) 17.8 (4.6) 17.9 (4.7) 0.11 NA NA NA

FFD (mm) –49.9 (143.2) –43.1 (133.1) –39.1 (129.5) 0.65 NA NA NA

SLR (°) 70.1 (12.4) 73.2 (10.3) 73.8 (10.2) 0.04 0.01 0.003 0.2 

Values are presented as mean (standard deviation). 
6M: 6 months
12M: 12 months
RDQ: Roland-Morris Disability Questionnaire
LBP: low back pain 
6MWD: 6-min walk distance 
FFD: finger-floor distance
SLR: straight leg raise
NA: not applicable
Differences between groups were tested using analysis of variance, followed by Bonferroni post hoc test for continuous 
variables.

Table 4 Related factors of RDQ score change at 12 months

Crude estimates Adjusted estimates

b 95% CI p Value b 95% CI p Value VIF

Sex (0: female, 1: male) 1.2 –2.3 to 4.7 0.5

Age (years) 0.2 0.004 to 0.4 0.045 0.08 –0.1 to 0.3 0.4 1.2

BMI (kg/m2) –0.3 –0.8 to 0.3 0.2

Minimum area of the dural sac (mm2) 0.04 –0.02 to 0.09 0.2

Duration of symptoms (years) –1.6 –3.2 to 0.08 0.06

Change in LBP VAS score (0–100) (mm) 0.08 0.03 to 0.13 < 0.001 0.05 –0.002 to 0.1 0.06 1.3

Change in leg numbness VAS score (0–100) (mm) 0.07 0.04 to 0.12 < 0.001 0.02 –0.03 to 0.07 0.4 2.0

Change in leg pain VAS score (0–100) (mm) 0.07 0.03 to 0.12 0.002 0.02 –0.03 to 0.07 0.4 2.0

Change in 6MWD (m) 0.02 0.01 to 0.03 < 0.001 0.01 0.002 to 0.02 0.01 1.2

Change in trunk extensor strength (kg) –0.007 –0.3 to 0.3 0.9

Change in trunk flexor strength (kg) 0.18 –0.1 to 0.5 0.3

Change in FFD (mm) 0.08 –0.01 to 0.02 0.6

Change in SLR (°) 0.09 –0.09 to 0.16 0.6

Standardized partial regression coefficient beta (b), CI, and p value for crude and adjusted estimates in the multiple regres-
sion analyses are shown. The total model explained 42% of the variance in 6MWD at the 12-month follow-up (adjusted 
R2 = 0.42, p < 0.01). 
CI: confidence interval
VIF: variance inflation factor
VAS: Visual Analog Scale
LBP: low back pain
FFD: finger-floor distance
SLR: straight leg raise
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Univariate and multivariate analyses
Table 4 shows the results of univariate and multivariate analyses of the association between 

changes in VAS scores and physical function parameters and the RDQ score change at 12 
months. In the univariate analysis, age, changes in VAS (LBP, leg pain, and numbness) scores, 
and change in 6MWD were associated with the RDQ score change (p < 0.05). In the multivariate 
analysis, only the change in 6MWD was significantly associated with the RDQ score change 
(standardized partial regression coefficient beta [b], 0.01; 95% confidence interval, 0.002–0.02), 
explaining 42% of the variance in the RDQ score change (p < 0.01).

DISCUSSION

We examined the improvements in the RDQ score, VAS scores, and physical function pa-
rameters, and the association between the RDQ score change and physical function parameters 
in patients undergoing decompression surgery. The RDQ score, VAS (LBP, lower-extremity 
pain, and numbness) scores, 6MWD, and trunk extensor strength were improved at 6 months 
postoperatively; however, no further significant improvement was found at the 12-month follow-
up. Multivariate analysis showed that 6MWD change was associated with RDQ score change.

LSS is caused by age-related degeneration, which results in nerve compression along with 
discogenic and myofascial back pain. LBP may limit activities of daily living. Therefore, LBP and 
subjective disability scores (LBP related disability of daily living) are used to study postoperative 
outcomes of decompression surgery.4 A systematic review and meta-analysis of cohort studies 
reported that patients with LSS experienced substantial reductions in pain (LBP with or without 
leg pain) and disability (RDQ score or ODI) in the first 3 months after surgery.4 In this study, 
the mean changes at 6 months were 6.5 points for RDQ score, 32.4 points for LBP VAS score, 
44.6 points for leg pain VAS score and 47.2 points for leg numbness VAS score. An RDQ score 
change of 4–5 points is considered to have clinical value.21 The minimal clinically detectable 
change in the VAS score (0–10 rating scale) is considered to be 1.2 points for LBP and 1.6 
points for leg pain.22 Ono et al showed that out of 841 patients reporting LBP for one month, 
the prevalence of RDQ categories 1-5 and RDQ category 0 was 42.5% and 30.8%, respectively.6 
We found the prevalence of RDQ categories 1-5 and RDQ category 0 to be 37.3% and 51.0%, 
respectively, at 6 months after surgery. Therefore, our results suggest that decompression surgery 
adequately improves the RDQ and VAS scores during the first 6 months.

In the evaluation of physical function, 6MWD improved at 6 and 12 months postoperatively. 
Försth et al reported that the 6MWD in patients with LSS improved (from 309–331 m preop-
eratively) by 70–80 m at 2 years postoperatively.17 Additionally, Loske et al reported that the 
6MWD in patients with LSS improved (from 357 ± 107 m preoperatively) by 26 m between 10 
weeks and 12 months.23 The 6MWD in the present study has a mean of 484.2 m at 6 months 
and 490.6 m at 12 months, suggesting that decompression surgery adequately improves the 
6MWD during the first 6 months. However, the postoperative 6MWD did not improve to the 
level of healthy elderly patients: the 6MWD for 70-74-year-old individuals in Japan is reported 
to be 616.6 m for men and 575 m for women.24 The locomotive syndrome that is seen in elderly 
patients contributes to the reduced mobility in patients with LSS who commonly belong to this 
demographic.25 6MWT is helpful in clinical practice because it provides a quicker assessment of 
walking than the SPWT and treadmill walking test, which take up to 30 minutes.

In the present study, the postoperative trunk extensor strength significantly improved compared 
with the preoperative strength. Structural changes in the back muscles, such as multifidus muscle 
atrophy and fatty infiltration, were previously reported to occur in patients who underwent spine 
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fusion and decompression surgery.26 Hence, the recovery of strength in the trunk extensors, such 
as the multifidus muscle, is essential. Our findings are consistent with the result of the reported 
trunk extensor strength after fusion surgery.13,14,27 The results of the present study showed that 
decompression surgery, similarly to fusion surgery, improved the postoperative trunk extension 
strength. In addition, the trunk extension strength using the same measuring device was reported 
to be 22.5 kg on average for men and 17.5 kg on average for women in their 70s.28 The 
postoperative 6-month data in the present study showed an average of 26 kg for men and 18.2 
kg for women. Therefore, the data in this study can be described as recovering to the same level 
as healthy adults. In contrast, we found no improvements in postoperative trunk flexor strength 
in either group when compared to preoperative strength. One possible reason is that it is not 
difficult for LSS patients to use trunk flexors due to low local epidural pressure in forwarding 
flexion, and LSS symptoms are relieved by lumbar flexion (sitting).29 Moreover, trunk flexors 
are not damaged during surgery, which may explain the lack of change in trunk flexor strength 
in LSS patients.

Multivariate analysis showed that the factor associated with the RDQ score change was the 
change in 6MWD. Improvement in walking and activities of daily living disability occurs in the 
first few months after surgery is a result of pain relief from nerve decompression and improve-
ment in neurogenic intermittent claudication.30 The RDQ score is a patient-reported outcome 
that evaluates whether commonly performed activities of daily living, such as standing, walking, 
dressing, and working, are impaired due to low back pain. Physical activity level has been 
reported to be an important factor for 6MWD.31 Therefore, it is thought that the improvement in 
walking from the early postoperative period improved the physical activities of daily living, and 
as a result, the subjective disability (RDQ) score also improved at 12 months after surgery. The 
results show that improvement in objective parameters of functional disability (6MWD) explain 
the improvement in the subjective disability (RDQ score). Therefore, 6MWD can be used as an 
objective goal to assess the postoperative outcomes of decompression surgery for LSS.

This study had several limitations. First, the present study had a short-term follow-up of ap-
proximately 12 months. Previous studies in cohorts similar to ours have examined outcomes at 2 
years after LSS surgery.32 However, several studies in Japan have reported that significant recovery 
in patient-reported outcomes was expected to occur between 6 and 12 months postoperatively.15,33 
Second, no gold standard exists for assessing trunk muscle strength, although a previous study 
reported assessing postoperative trunk muscle strength using an isometric method with the patients 
in the standing position.13 However, because the standing position increases leg pain in patients 
with LSS,29 we used the isometric method with the patients in the sitting position to minimize 
pain. Third, because there are questions about walking (No. 3, 5, 17, 23) among the 24 questions 
in the RDQ, it is a potential confounder for the 6MWD. Therefore, it is necessary to clarify 
the percentage of improvement in questions No. 3, 5, 17, and 23. Then, we need to examine 
the relationship between the percentage improvement in the questions about walking and the 
change in 6MWD.  However, we have no records of the responses to each question item, only 
the total scores. Therefore, further research is needed. Furthermore, the quantitative amount of 
postoperative rehabilitation is unclear. Finally, since this is not an interventional study with a 
comparison group, we cannot comment on causality. Future research is needed to determine the 
impact of these factors on the postoperative course.

CONCLUSION

This study showed the change in 6MWD was significantly associated with the RDQ score 
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change. Our results suggest that improving 6MWD may lead to reduced disability in activities 
of daily living.

ACKNOWLEDGMENTS

We thank our coworkers from our respective institutions and all study participants. We thank 
T. Hayashi (Seijoh University) and R. Fujita (Seijoh University) for technical support of the 
statical analysis.

A CONFLICT OF INTEREST

The authors have no conflicts of interest to declare.

REFERENCES

 1 Postacchini F. Management of lumbar spinal stenosis. J Bone Joint Surg Br. 1996;78(1):154–164. 
doi:10.1136/bmj.h6234.

 2 Yabuki S, Fukumori N, Takegami M, et al. Prevalence of lumbar spinal stenosis, using the diagnostic 
support tool, and correlated factors in Japan: a population-based study. J Orthop Sci. 2013;18(6):893–900. 
doi:10.1007/s00776-013-0455-5.

 3 Zaina F, Tomkins-Lane C, Carragee E, Negrini S. Surgical versus nonsurgical treatment for lumbar spinal 
stenosis. Spine (Phila Pa 1976). 2016;41(14):E857-E868. doi:10.1002/14651858.CD010264.pub2.

 4 Fritsch CG, Ferreira ML, Maher CG, et al. The clinical course of pain and disability following surgery for 
spinal stenosis: a systematic review and meta-analysis of cohort studies. Eur Spine J. 2017;26(2):324–335. 
doi:10.1007/s00586-016-4668-0.

 5 Roland M, Fairbank J. The Roland-Morris disability questionnaire and the Oswestry disability questionnaire. 
Spine (Phila Pa 1976). 2000;25(24):3115-3124. doi:10.1097/00007632-200012150-00006.

 6 Ono R, Yamazaki S, Takegami M, et al. Patient-reported disability in the general Japanese population 
was associated with medical care visits for low back pain, regardless of pain intensity. J Orthop Sci. 
2015;20(4):742–749. doi:10.1007/s00776-015-0719-3.

 7 Suzukamo Y, Fukuhara S, Kikuchi S, et al. Validation of the Japanese version of the Roland-Morris Dis-
ability Questionnaire. J Orthop Sci. 2003;8(4):543-548. doi:10.1007/s00776-003-0679-x.

 8 Granacher U, Gollhofer A, Hortobágyi T, Kressig RW, Muehlbauer T. The importance of trunk muscle 
strength for balance, functional performance, and fall prevention in seniors: a systematic review. Sports 
Med. 2013;43(7):627–641. doi:10.1007/s40279-013-0041-1.

 9 Tomkins CC, Dimoff KH, Forman HS, et al. Physical therapy treatment options for lumbar spinal stenosis. 
J Back Musculoskelet Rehabil. 2010;23(1):31–37. doi:10.3233/BMR-2010-0245.

10 Aalto TJ, Malmivaara A, Kovacs F, et al. Preoperative predictors for postoperative clinical outcome in 
lumbar spinal stenosis: systematic review. Spine (Phila Pa 1976). 2006;31(18):E648-E663. doi:10.1097/01.
brs.0000231727.88477.da.

11 Rainville J, Childs LA, Peña EB, et al. Quantification of walking ability in subjects with neurogenic 
claudication from lumbar spinal stenosis - A comparative study. Spine J. 2012;12(2):101–109. doi:10.1016/j.
spinee.2011.12.006.

12 Suzuki W, Mamizuka N, Imoo Y. Evaluation and Validity Verification of the Japanese Version of Zurich 
Claudication Questionnaire and Six-minute Walking Test for Lumbar Spinal Canal Stenosis[In Japanese]. J 
Spine Res.  2013;4(1):63–67.

13 Tarnanen S, Neva MH, Kautiainen H, et al. The early changes in trunk muscle strength and disability 
following lumbar spine fusion. Disabil Rehabil. 2013;35(2):134–139. doi:10.3109/09638288.2012.690496.

14 Lee CS, Kang KC, Chung SS, Park WH, Shin WJ, Seo YG. How does back muscle strength change after 
posterior lumbar interbody fusion? J Neurosurg Spine. 2017;26(2):163–170. doi:10.3171/2016.7.SPINE151132.

15 Kawakami M, Nakao SI, Fukui D, Kadosaka Y, Matsuoka T, Yamada H. Modified marmot operation 
versus spinous process transverse cutting laminectomy for lumbar spinal stenosis. Spine (Phila Pa 1976). 



Nagoya J. Med. Sci. 84. 570–579, 2022 doi:10.18999/nagjms.84.3.570579

RDQ and physical function after LSS surgery

2013;38(23):E1461-E1468. doi:10.1097/BRS.0b013e31829ff4ae.
16 ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories. ATS statement: 

guidelines for the six-minute walk test. Am J Respir Crit Care Med. 2002;166(1):111–117. doi: 10.1164/
ajrccm.166.1.at1102. 

17 Försth P, Ólafsson G, Carlsson T, et al. A Randomized, Controlled trial of fusion surgery for lumbar spinal 
stenosis. N Engl J Med. 2016;374(15):1413–1423. doi:10.1056/NEJMoa1513721.

18 Takenaka H, Sugiura H, Kamiya M, et al. Predictors of walking ability after surgery for lumbar spinal 
canal stenosis: a prospective study. Spine J. 2019;19(11):1824–1831. doi:10.1016/j.spinee.2019.07.002.

19 Stief F, Meurer A, Wienand J, Rauschmann M, Rickert M. Has a Mono- or Bisegmental Lumbar Spinal Fu-
sion Surgery an Influence on Self-Assessed Quality of Life, Trunk Range of Motion, and Gait Performance? 
Spine (Phila Pa 1976). 2015;40(11):E618-E626. doi:10.1097/BRS.0000000000000885.

20 Kanda Y. Investigation of the freely available easy-to-use software “EZR” for medical statistics. Bone 
Marrow Transplant. 2013;48(3):452–458. doi:10.1038/bmt.2012.244.

21 Deyo RA, Battie M, Beurskens A, et al. Outcome measures for low back pain research. A proposal for 
standardized use. Spine (Phila Pa 1976). 1998;23(18):2003–2013. doi:10.1097/00007632-199809150-00018.

22 Copay AG, Glassman SD, Subach BR, Berven S, Schuler TC, Carreon LY. Minimum clinically important 
difference in lumbar spine surgery patients: a choice of methods using the Oswestry Disability Index, 
Medical Outcomes Study questionnaire Short Form 36, and Pain Scales. Spine J. 2008;8(6):968–974. 
doi:10.1016/j.spinee.2007.11.006.

23 Loske S, Nüesch C, Byrnes KS, et al. Decompression surgery improves gait quality in patients with 
symptomatic lumbar spinal stenosis. Spine J. 2018;18(12):2195–2204. doi:10.1016/j.spinee.2018.04.016.

24 Japan Sports Agency. Summary and Report on the Results of the Physical Fitness and Athletic Performance 
Survey for 2019 [in Japanese]. https://www.mext.go.jp/sports/b_menu/toukei/chousa04/tairyoku/kekka/k_de-
tail/1421920_00001.htm. Accessed July 31, 2021.

25 Fujita N. Lumbar Spinal canal stenosis from the perspective of locomotive syndrome and metabolic 
syndrome: A narrative review. Spine Surg Relat Res. 2020;5(2):61–67. doi:10.22603/ssrr.2020-0112.

26 Suwa H, Hanakita J, Ohshita N, Gotoh K,  Matsuoka N,  Morizane A. Postoperative changes in paraspinal 
muscle thickness after various lumbar back surgery procedures. Neurol Med Chir (Tokyo). 2000;40(3): 
151–154; discussion 154–155. doi: 10.2176/nmc.40.151.

27 Ilves OE, Neva MH, Häkkinen K, et al. Trunk Muscle Strength After Lumbar Spine Fusion: A 12-Month 
Follow-up. Neurospine. 2019;16(2):332–338. doi:10.14245/ns.1836136.068.

28 SAKAI Medical. Mobie Project [in Japanese]. http://www.mobie-project.net/. Accessed May 27, 2018.
29 Takahashi K, Miyazaki T, Takino T, Matsui T,  Tomita K. Epidural pressure measurements: Relationship 

between epidural pressure and posture in patients with lumbar spinal stenosis. Spine (Phila Pa 1976). 
1995;20(6):650–653. doi:10.1097/00007632-199503150-00003.

30 Takenaka H, Sugiura H, Nishihama K, et al. The Course of Patient Reported Outcome and Physical Function 
after Surgery with LSS [in Japanese]. Phys Ther Jpn. 2020;47(4):337–346. doi: 10.15063/rigaku.11731.

31 Steffens D, Beckenkamp PR, Hancock M, Paiva DN, Alison JA, Menna-Barreto SS. Activity level predicts 
6-minute walk distance in healthy older females: an observational study. Physiotherapy. 2013;99(1):21–26. 
doi:10.1016/j.physio.2011.11.004.

32 Kanbara S, Urasaki T, Tomita H, et al. Surgical outcomes of decompressive laminoplasty with spinous 
process osteotomy to treat lumbar spinal stenosis. Nagoya J Med Sci. 2018;80(1):1–9. doi:10.18999/
nagjms.80.1.1.

33 Makino T, Kaito T, Fujiwara H, et al. Risk Factors for Poor Patient-Reported Quality of Life Outcomes 
After Posterior Lumbar Interbody Fusion: An Analysis of 2-Year Follow-up. Spine (Phila Pa 1976). 
2017;42(19):1502-1510. doi:10.1097/BRS.0000000000002137.

References End


