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1. Abstract

[ Introduction]

Studies on QOL and physical function after surgery for lumbar spinal stenosis (LSS)

have been evaluated from two aspects: patient-reported outcome and objective physical

function. In recent years, JOABPEQ (JOA Back Pain Evaluation Questionnaire), which

is a lumbar spinal disease-specific quality of life scale developed in Japan, has been

used for patient-reported outcome. A walking function evaluation such as a treadmill

walking test and a free walking test have used to the objective physical function. On the

other hand, a study has been reported that uses a 6-minute walk distance (6WD), which

can be more easily evaluated. In particular, predicting the postoperative walking

function may be necessary in considering preoperative and postoperative intervention

strategies. In addition, investigating the postoperative course of QOL (JOABPEQ) and

physical function may be useful clinical information. However, there are no reports

examining the predictors of 6WD after LSS surgery. Thus, in this study, we examined

the course of postoperative QOL (JOABPEQ) and physical function, and we evaluated

the predictors of postoperative 6WD from objective variables and to clarify the

prediction equation of postoperative 6WD.



[Study]

<Purpose> This study aimed to clarify objective predictors of postoperative 6WD in
patients with LSS and to develop prediction equations.

<Materials and Methods> Seventy eight patients with LSS were consecutively included
and assessed preoperatively and 6-month postoperative (69.7 + 8.9 years, men (n=47),
fusion surgery (n=31)). As the primary outcome variable, we evaluated 6WD after 6-
month surgery. In developing the prediction equation, parameters for patient
characteristics, surgical related factors, patient reported outcomes, and physical function
were examined. Simple and multiple linear regression analyses were performed with
6WD at 6-month post operation as the dependent variable.

<Results> Results of multiple regression analysis, age (standardized partial regression
coefficient beta: p=-0.45), body weight (f=-0.20), surgery type (0: decompression or 1:
fusion, B=-0.32), operation segments (0: 1 segment or 1: >2 segments, =-0.28),
preoperative trunk extensor strength (f=0.26) and preoperative 6WD ($=0.31) were
associated with 6WD at 6-month. Total adjusted models explained 65% of the variance
(adjusted R?=0.65). Therefore, the proposed prediction equation is: postoperative 6WD
(m) = 5495 - 5.3xage (yrs) - 1.8xbody weight (kg) - 68.3xsurgery type (O:

decompression, 1: fusion) - 58.6xoperation segment (0: 1 segment, 1: >2 segment) +



3.5xtrunk extensor strength (kg) + 0.2xpreoperative 6 WD (m).

<Discussion> Younger age, lower body weight, one level operative segment,

decompression surgery, and better preoperative scores for trunk extensor strength and

6WD predicted better scores for 6-month postoperative 6WD. Preoperative body weight,

trunk extensor strength, and 6WD are changeable factors. Therefore, preoperative

reduction in body weight and increase of trunk extensor strength might be associated

with improved postoperative 6WD scores.

<Additional analysis>

The limitation of this study was that the follow-up period for outcomes was assessed

by 6 months after surgery. We examined prospectively investigate the postoperative

course of QOL (JOABPEQ) and physical function (6WD, trunk muscle strength) after

12 month LSS surgery.

<Materials and Methods> The subjects were 82 patients who underwent LSS surgery

(fusion surgery n = 41, decompression surgery n = 41). JOABPEQ, 6WD and trunk

muscle strength were evaluated before surgery, 6 months, and 12 months after surgery.

<Results> The postoperative JOABPEQ and 6WD significantly improved (p <0.01) in

both surgery type. However, there was no significant improvement at 12 months

postoperatively from 6 months postoperatively. Trunk muscle strength in patients with



fusion surgery did not improve at 6 and 12 months after surgery. On the other hand, the

trunk muscle strength in patients with decompression surgery improved after 6 months,

and continued until 12 months.

<Discussion> It is clear that the postoperative course of QOL (JOABPEQ) and physical

function (6WD, trunk muscle strength in patients with decompression surgery) after

LSS surgery improved at 6 months postoperatively and will continue until 12 months.

On the other hand, the trunk muscle strength in patients with fusion surgery did not

improve. This information is considered to be useful information when intervening

before and after surgery.

[ Conclusions]

In the present study, we examined the predictors of postoperative 6WD from objective

variables and clarified the prediction equation of postoperative 6WD. It was suggested

that changeable predictive factors could contribute to improving postoperative results.

Additional analysis revealed that JOABPEQ and 6WD improved after LSS, but trunk

muscle strength in patients with fusion surgery did not improve. In Europe and the

United States, the usefulness of rehabilitation such as physical therapy and patient

education before and after surgery has been reported. In the future study, we would like

to clarify the effectiveness of physical therapy and rehabilitation for improving QOL
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and physical function after LSS surgery.
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34 =z

P
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3.6 K

Table 1 Patients characteristics (n=78)

Sex, n (%)
women 34(43.6)
men 44(56.4)
Age (yrs) 69.7(8.9)
Height (cm) 160.0(10.3)
Body weight (kg) 61.2(12.1)
BMI (kg/m2) 23.8(3.1)
Duration of symptoms (yrs) 1.6(2.2)
Comorbidity
No, n (%) 63(80.8)
Yes, n (%) 15(19.2)
Diabetes mellitus, n (%) 9(11.5)
Heart disease, n (%) 6(7.7)
Depression, n (%) 1(1.3)
Current smoker, n (%) 12(15.4)
Pharmacological treatment
No, n (%) 13(16.7)
Yes, n (%) 65(83.3)
Pregabalin, n (%) 47(60.3)
NSAIDs, n (%) 40(51.3)
Tramadol, n (%) 4(5.1)
Surgical related factors
Blood loss (mL) 159.8(196.8)
Operation time (minutes) 99.2(41.1)
Surgery, n (%)
fusion 31(39.7)
decompression 47(60.3)
Operation segments, n (%)
1 44(56.4)
> 34(43.6)

Minimum area of the dural sac (mm2)  36.2(34.2)

Data are expressed as mean(SD) or number of patients(%). Abbreviations: BMI; body mass
index, NSAIDs; non-steroidal anti-inflammatory drugs. Comorbidity was defined as treated
with medication.
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Table 2 Recovery of physical function and pain at baseline and at postoperative at 6-month

Preoperative Postoperative
at 6-month
mean (SD) mean (SD) P value effect size r

Patients reported outcome

RDQ 8.8(4.9) 2.1(3.2) <.001 0.7
Physical function

6WD (m) 275.0(157.2) 457.7(105.5) <.001 05

Gait time (sec) 264.3(119.3) 354.9(32) <.001 0.4

Trunk extensor strength (kg) 19.6(8) 23.2(7.5) <.01 0.2

Trunk flexor strength (kg) 14.9(5) 16.6(5) <.01 0.1
g\"’;\i,%"(ro”t‘ﬂ%;‘ess NRS during 5.8(2.7) 1.1(2.2) <.001 0.5
Pain or numbness VAS (0 to 100) (mm)

LBP 57.5(30.5) 22.8(21.9) <.001 0.5

Leg pain 66.8(27) 19.4(22.4) <.001 0.6

Leg numbness 59.7(32.5) 16.6(23.2) <.001 0.6

Abbreviations: RDQ; Roland-Morris Disability Questionnaire, 6WD; 6 minutes walking distance, NRS; Numerical Rating Scale, LBP; low back
pain. Cohen’s r was also used to evaluate the magnitude of the effect size, with r>0.1 to 0.3 = small effect size, 1>0.3 to 0.5 = medium effect size

and r>0.5 = large effect size.!
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Table 3 Correlation matrix between the postoperative 6WD at 6 month and the preoperative predictive variables in patients with LSS (n=78)

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13
1 6mo 6WD 1
2 Preoperative 6WD 0.60* 1
3 Age -057* -0.40* 1
4 Height 0.51* 0.45* -047* 1
5 Body weight 0.34* 0.33* -0.44* 0.72* 1
6 Minimum area of the dural sac  0.43* 0.24* -0.29* 0.18 0.07 1
7 Duration of symptoms -0.13  -0.05 0.13 -0.15 -0.14 -0.10 1
8 LBP VAS 007 019 003 011 -009 -011 018 1
9 Leg numbness VAS 027 037 045 -0.09 -020 -0.26* 007  Qa44* 1
10 Leg pain VAS 0.26* -044* 011 -0.39* -0.38* -006 027 032 042* 1
11 Trunk flexor strength 0.43* 0.40* -027* 069* 072 032 021 07 -015 -0.43 1
12 Trunk extensor strength 0.36* 0.37* -023 067 065~ 020 006 003 023 -0.39* 0.81* 1
13 RDQ 013 -052* 016 -011 -016 -0.10 0.003 27 028+ 038 -020« 011 1

* P<.05, Abbreviations: 6WD; 6 minutes walking distance, LBP; Low Back Pain, VAS; Visual Analog Scale, RDQ; Roland-Morris Disability Questionnaire.
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Table 4 Preoperative predictors of postoperative 6-month 6WD.

Crude Estimates

Adjusted Estimates

B SE P value B SE P value VIF
Sex (0: women, 1:men) 0.35 0.11 <.01 2.9
Age (yrs) -0.61 0.09 <.001 -0.45 0.09 <.001 2.0
Height (cm) 0.53 0.10 <.001 5.1
Body weight (kg) 0.36 0.11 <.01 -0.20 0.10 <.05 3.5
Current smoking (0: No, 1:Yes) 0.23 0.12 0.04 1.3
Surgery type (0: decompression, 1: fusion) -0.33 0.11 <.01 -0.32 0.07 <.001 1.4
Operation segments (0:1, 1: >2) -0.37 0.11 <.001 -0.28 0.07 <.001 1.3
Minimum area of the dural sac (mm?) 0.43 0.11 <.001 1.7
LBP VAS (0 to 100) (mm) -0.10 0.12 0.42 1.4
Leg numbness VAS (0 to 100) (mm) -0.21 0.11 0.08 1.7
Leg pain VAS (0 to 100) (mm) -0.27 0.11 <.05 1.8
Preoperative 6WD (m) 0.61 0.09 <.001 0.31 0.08 <.001 1.6
Trunk flexor strength (kg) 0.44 0.10 <.001 4.8
Trunk extensor strength (kg) 0.40 0.11 <.001 0.26 0.11 <.05 3.8

Standardized partial regression coefficient beta (p), standard error (SE), and P value given for crude and adjusted estimates in the multiple
regression analyses. The total model explained 65% of variance at 6WD at 6-month follow up (adjusted R?= 0.65). Abbreviation: VIF;

variance inflation factor, LBP; Low Back Pain. Prediction equation is: postoperative 6WD (m) = 549.5 - 5.3xage (yrs)- 1.8xbody weight
(kg) - 68.3xsurgery type (0:decompression, 1:fusion) - 58.6xoperation segment (0:one segment, 1:>2 segments) + 3.5xtrunk extensor

strength (kg) + 0.2xpreoperative 6WD (m).
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Table 5 Comparison of previous study and the present study

Author ('\c/f;)n age gla%e%fts Outcome measures Related factors Adjusted R?
Katz IN et Questionnaire scales Self-rated health, Less cardiovascular
21 68.6 199 . ; ... comorbidity, Before walking ability, No 0.33
al. measuring walking ability . .
instrumented fusion, Income
Tomkins-Lan 65.8 49 Self-Paced Walking Test ODI, Self report balance problems, Post 0.38
e CCetal.” ' walking leg pain '
Age, Body weight, Surgery type (0:
The present 69.7 78 6WD decompression, 1: fusion), Operation 0.65

study segments (0:1, 1: >2), Preoperative 6WD,
Trunk extensor strength

Abbreviations: ODI; Oswestry Disability Index, 6WD; 6 minutes walking distance

38



Table 6 Additional analysis of patients characteristics (n=82)

All Fusion Surgery Decompression Surgery p values

Sex, N (%) 0.01

women 32 (39.0) 22 (53.7) 10 (24.4)

men 50 (61.0) 19 (46.3) 31 (75.6)
Age (yr), mean (SD) 68.8 (8.74) 69.76 (9.1) 67.80 (8.4) 0.2
BMI (kg/m2), mean (SD) 23.9 (2.99) 23.52 (3.2) 24.26 (2.8) 0.4
Radiographic parameter
Standing LL (°), mean (SD) 32.9(14.1) 32.2(15.7) 33.6 (12.5) 1
Flexion position LL (°), mean (SD) 14.3 (11.8) 14.7 (12.2) 14.0 (11.7) 0.9
Minimum area of the dural sac (mm2), mean (SD) 39.6 (33.79) 33.02 (39.0) 45.98 (26.8) 0.09
Surgery related parameter

Operation times (minutes), mean (SD) 104.3 (44.7)  134.55(38.1) 73.31 (25.7) <0.01

Blood loss (mL), mean (SD) 158.7 (185.7) 275.70 (197.6) 47.74 (71.3) <0.01
Number of operation segments, N (%) 0.8

1 44 (53.7) 23 (56.1) 21 (51.2)

2 27 (32.9) 16 (39.0) 11 (26.8)

3 9(11.0) 1(2.4) 8 (19.5)

4 2(24) 1(2.4) 1(2.4)
Number of operation segments, mean (SD) 1.62 (0.8) 1.51(0.7) 1.73(0.9) 0.2

Abbreviations: BMI; body mass index, LL; lumbar lordosis angle. Differences were tested for using Mann-Whitney test and

Fisher’ s exact test.

39



Table 7 Additional analysis of postoperative outcome in patients with fusion surgery

pre ope post ope 6M post ope 12M p values prevs6M prevs12M 6M vs 12M

JOABPEQ

Lumbar spine dysfunction  59.3 (49.9 to 68.6) 73.1 (66.8 to 79.3) 76.3 (69.8 to 82.8) 0.001 0.002 0.004 0.30

Pain-related disorders 46.2 (35.8 t0 56.6) 87.4 (80.6 t0 93.9) 87.4 (79.7 t0 95.0) <0.001 <0.001 <0.001 0.95

Social life disturbance 37.1(30.2t044.1) 70.3 (64.2 t0 76.5) 73.0 (66.9 to 79.1) <0.001 <0.001 <0.001 0.32

Gait disturbance 31.7 (23.9t0 39.4) 80.4 (73.2t0 87.5) 80.9 (73.8 t0 87.9) <0.001 <0.001 <0.001 0.83

Psychological disorders 47.0 (41.3 t0 52.6) 65.0 (60.1 to 69.9) 65.5 (59.5t0 71.5) <0.001 <0.001 <0.001 0.80
VAS (mm)

Low back pain 50.3 (40.7 to 59.8) 23.7 (16.9 to 30.5) 18.4 (12.3 t0 24.5) <0.001  <0.001 <0.001 0.13

Leg pain 68.4 (60.2 to 76.6) 22.9 (14.3 to 31.4) 22.7 (14.7 t0 30.8) <0.001  <0.001 <0.001 0.92

Leg numbness 67.5 (58.4 to 76.7) 23.0 (14.2 to 31.9) 27.7 (19.1 to 36.3) <0.001  <0.001 <0.001 0.16
Physical function
6WD (m) 258.9 (196.2t0 321.6) 418.8 (383.3t0454.2) 433.1 (403.2t0463.1) <0.001  <0.001 <0.001 0.45
Sﬁi?nzre”&wgess NRS 5.7 (44107.1) 1.1 (0.07 to 2.0) 04(03t012) 0001  0.003 0.003 0.30
Trunk extensor strength (kg) 19.0 (16.2t0 21.7) 21.3 (19.1to 23.6) 20.4 (18.31t0 22.1) 0.15 NA NA NA
Trunk flexor strength (kg) 14.9 (13.2t0 16.6) 15.1 (13.5t0 16.8) 15.3 (13.5t017.1) 0.84 NA NA NA

Values are mean (95% CI). Abbreviations: JOABPEQ); Japanese Orthopaedic Association Back Pain Evaluation Questionnaire, 6WD; 6 minutes walk
distance, NRS; numeriting rating scale, NA; not applicable. Differences between the groups tested by ANOVA, followed by bonferroni post hoc test for
continuous variables.
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Table 8 Additional analysis of postoperative outcome in patients with decompression surgery

pre ope post ope 6M post ope 12M p values prevs6M prevs12M 6Mvs 12M

JOABPEQ

Lumbar spine dysfunction ~ 69.0 (61.4 to 76.5) 85.1 (79.2 t0 91.0) 86.1 (80.4t0 91.7) <0.001 0.001 0.001 0.72

Pain-related disorders 56.1 (45.7 to 66.5) 87.0 (80.5 t0 93.5) 87.0 (78.810 94.2) <0.001 <0.001 <0.001 0.99

Social life disturbance 44.9 (37.0 t0 52.8) 78.9 (73.2 10 84.6) 77.8 (72.1t0 83.5) <0.001 <0.001 <0.001 0.67

Gait disturbance 36.7 (28.6 t0 44.8) 84.5 (77.4 10 91.6) 84.1 (76.6 t0 91.5) <0.001 <0.001 <0.001 0.87

Psychological disorders 54.9 (49.9 to 59.9) 70.4 (65.2 to 75.6) 69.7 (65.2 to 74.3) <0.001 <0.001 <0.001 0.72
VAS (mm)

Low back pain 54.6 (45.81063.4)  21.5(14.61t0 28.3) 21.0 (14.4 t0 27.5) <0.001 <0.001 <0.001 0.86

Leg pain 60.7 (52.21069.2)  15.7 (9.2 to 22.1) 17.4 (9.9 to 24.8) <0001  <0.001 <0.001 0.66

Leg numbness 61.3(51.1t071.5)  13.3(6.9t0 19.6) 21.2 (12.3t0 30.2) <0.001  <0.001 <0.001 0.01
Physical function
6WD (m) 291.0 (241.6 t0 340) 492.5 (463.7 t0 521.3) 496.3 (468.3t0524.3) <0.001  <0.001 <0.001 0.64
23:?n‘;r6”,\‘j|”\;\f’gess NRS 6.0 (5.1 106.9) 1.1 (0.2 10 2.0) 12 (0.4102.1) <0001  0.001 0.001 0.65
Trunk extensor strength (kg) 21.3 (18.7 t0 23.8) 25.4 (22.7 t0 28.0) 24.9 (22.4 t0 27.4) <0.001 0.001 0.002 0.50
Trunk flexor strength (kg) 16.4 (14.7 t0 18.0) 18.5 (16.9 to 20.2) 18.2 (16.7 t0 19.7) 0.005 0.01 0.02 0.51

Values are mean (95% CI). Abbreviations: JOABPEQ); Japanese Orthopaedic Association Back Pain Evaluation Questionnaire, 6WD; 6 minutes walk
distance, NRS; numeriting rating scale, NA; not applicable. Differences between the groups tested by ANOVA, followed by bonferroni post hoc test for
continuous vari ables.
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