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Abstract:

Introduction: Mental well-being is essential for patient satisfaction. Therefore, a better understanding of the changes in
the mental well-being of patients following spinal surgery can be useful to surgeons. We compared the 2-year postoperative
change in the mental well-being of patients who underwent cervical and lumbar decompression surgery. Additionally, the
predictive factors for improvement in mental well-being associated with both methods were evaluated.

Methods: The patients who underwent spinal decompression surgery and were followed >2 years postoperatively were
enrolled (lumbar cohort: n=111, cervical cohort: n=121). The 36-item Short-Form Health Survey (SF-36) mental component
summary (MCS) was set as the mental well-being parameter, and the minimal clinically important difference (MCID) was
defined as 4.0. After adjusting the cervical and lumbar cohorts using propensity scores, the improvements in the MCS were
compared between the groups using a mixed-effect model. To identify predictors for improvements, the correlation between
the MCS changes and preoperative clinical scores was evaluated. Subsequently, multivariate linear regression was applied,
which included variables with p<0.10 in the former analysis as explanatory variables, and the change of MCS as the objec-
tive variable.

Results: There were no significant differences in the MCS improvement between the adjusted cervical and lumbar co-
horts; 47% and 49%, respectively, had MCS improvement score >MCIDs. However, predictors for the improvement were
different between the two cohorts: SF-36 Social functioning in cervical surgery and lower back pain and SF-36 Role physi-
cal in lumbar surgery.

Conclusions: Although there was no significant difference in the improvement in the mental well-being between patients
who underwent either cervical or lumbar decompression surgery, less than half of the patients in both groups achieved a
meaningful improvement. Preoperative back pain and personal activity were independent predictors in the lumbar cohort,
while social functioning was the only predictor in the cervical cohort.
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Introduction

In the past several decades, patient satisfaction ratings
have played an increasing role in managing reimbursement
as part of the ongoing pay-for-performance initiative, which
has resulted in the medical community placing a greater em-
phasis on patient satisfaction”. Among many factors, mental
well-being has been reported as one of the most important

factors for patient satisfaction”. Hence, understanding the
changes in mental well-being after spinal surgery could be
critical for spinal surgeons.

A statistical comparison between two groups can provide
beneficial information for the identification and understand-
ing of the characteristics of the two groups”. Although some
types of comparisons between patients with either cervical
or lumbar spinal stenosis can be unfair (because the cause
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and symptoms are different), mental well-being was a com-
mon factor regardless of cervical or lumbar disease. In addi-
tion, those two diseases are the top two major diseases in
our fields. Hence, a comparison of the improvement of men-
tal well-being between patients who underwent either cervi-
cal or lumbar surgery can be helpful to identify characteris-
tics of each disease with respect to the mental quality of life
(QOL).

Many factors could impact the improvement of mental
well-being after surgery, such as age, gender, the severity of
comorbidity, and preoperative status of mental well-being®*?.
Because of inherent limitations in observational datasets,
propensity score matching, which is a statistical procedure
enabling the selection of matched control groups using lo-
gistic regression analysis, was established to reduce the ef-
fects of potential confounding factors®”.

Therefore, this study aimed to compare the 2-year postop-
erative changes in mental well-being between cervical and
lumbar decompression surgeries after adjustments for basic
demographics, including age, gender, the severity of comor-
bidity, and preoperative status of mental well-being by pro-
pensity scores. We also determined the predictive factors for
the improvement of the mental well-being of patients in
both groups.

Materials and Methods

This was a retrospective cohort study. All study partici-
pants provided informed consent, and the study protocol was
approved by the Institutional Review Board of our institu-
tion.

Cervical cohort

A total of 121 patients were included in the cervical co-
hort (71 females, 50 males; mean age at surgery, 65.8+11.7
years). The inclusion criteria were as follows: patients who
underwent C3-C6 laminoplasty for cervical spondylotic
myelopathy between 2008 and 2013 and were followed up
for more than 2 years postoperatively. Patients were ex-
cluded if any of their preoperative or 2-year follow-up data
were missing, if they were diagnosed with depression or
schizophrenia prior, or if they had routinely taken medica-
tions for such mental disorders.

Cervical decompression surgery

All patients underwent open-door laminoplasty from C3
to C6". The surgical indication and approach were decided
upon on a case-by-case basis by the treating physicians. The
day after the surgery, all patients were allowed to sit up with
a soft neck collar and to stand and walk. Removal of the
soft brace was allowed 1 week after surgery. All patients
were then encouraged to start range of motion and isometric
muscle strengthening exercises of the neck as early as possi-
ble.
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Lumbar cohort

A total of 111 patients were included in the lumbar co-
hort (34 females, 67 males; mean age at surgery, 67.3+10.8
years). The inclusion criteria were as follows: patients who
underwent single or multilevel microendoscopic posterior
decompression for lumbar spinal stenosis at our institution
between 2008 and 2013 and were followed up for more than
2 years postoperatively. Patients were excluded if any of
their preoperative or 2-year follow-up data were missing, or
if they were diagnosed with depression or schizophrenia
prior, or if they had routinely taken medications for such
mental disorders.

Lumbar decompression surgery

The patients who had neurogenic claudication or radicular
pain with associated neurological signs, had severe stenosis
on magnetic resonance imaging, did not have accompanied
anterior slippage greater than 25% and segmental kyphosis
in flexion greater than 5°, and did not show improvement
despite adequate conservative treatment for at least three
months were treated with minimum invasive posterior de-
compression with a microendoscope. Decompression surgery
was performed under general anesthesia and as previously
reported”. The day after surgery, all patients were encour-
aged to stand and walk.

Preoperative data

From the medical records, data regarding the patients’ age
at surgery, gender, height, weight, body mass index (BMI),
and The American Society of Anesthesiologists Physical
Status Classification System (ASA-PS), which indicates the
severity of comorbidities, were collected'.

Clinical evaluation

The cervical Japanese Orthopaedic Association (c-JOA)
and lumbar JOA scores were evaluated in patients in the
cervical and lumbar cohorts, respectively, preoperatively and
2 years postoperatively'"'”. Furthermore, the patient-oriented
questionnaire scores, the visual analog scale (VAS) for neck
and arm pain in the cervical cohort, VAS for lower back and
leg pain in the lumbar cohort, and the 36-item Short-Form
Health Survey (SF-36) were recorded preoperatively and 2
years postoperatively. The SF-36 is a 36-item scale that
measures eight domains of health status: physical function-
ing, physical role limitations (RP), bodily pain (BP), general
health perceptions (GH), energy/vitality (VT), social func-
tioning (SF), emotional role limitations (RE), and mental
health (MH). Each domain’s score was summarized into the
physical component summary and mental component sum-
mary (MCS), according to an algorithm proposed by a pre-

vious report'”.

Mental well-being parameter

In this study, we adopted the MCS score of the SF-36 as

the parameter of mental well-being'”. Based on previous evi-
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dence, the minimal clinically important difference (MCID)
of the MCS was defined as 4.0 in each cohort™'?.

Study design & statistical analysis

First, the age, gender ratio, average MCS score, and the
average ASA-PS were compared between the cervical and
lumbar cohorts using the chi-squared test for categorical
variables and the Mann-Whitney U test for continuous vari-
ables.

Secondly, to determine the characteristics of the improve-
ment of MCS after cervical and lumbar surgery, adjusted
cervical and lumbar cohorts were created using propensity
score matching. To estimate the propensity score, we fitted a
logistic regression model using the patient’s age, gender,
ASA-PS, and preoperative MCS score. The nearest-neighbor
matching procedure was used, with the restriction that the
matched propensities had to be within 0.01 units of each
other. To evaluate the characteristics of the backgrounds of
the two adjusted cohorts, the age, gender, ASA-PS, height,
weight, BMI, and each subdomain and the MCS of the pre-
operative SF-36 were compared between the adjusted cervi-
cal and lumbar cohorts using Mann-Whitney U test or chi-
squared test. Subsequently, the improvement of MCS was
compared between the adjusted cervical and lumbar cohorts
using a mixed-effect model, and the number of patients who
achieved an improvement greater than the MCID was com-
pared between two adjusted cohorts using the chi-squared
test.

Finally, to identify the preoperative clinical scores that
could predict the MCS improvement after surgery, the Pear-
son product-moment correlation coefficients between the
change of MCS and preoperative clinical scores were calcu-
lated in each cohort as a univariate analysis. Subsequently, a
multivariate linear regression model was applied. Variables
with a significance of p<0.10 in the univariate analysis and
basic data, including age and gender, were included as ex-
planatory variables, and the change of MCS score was set as
the objective variable. The correlations between each vari-
able included in the multivariate analysis were evaluated be-
fore running the analysis using Pearson’s correlation coeffi-
cient or Spearman’s rank correlation coefficient. The combi-
nation for which correlation coefficient was >0.70 or <—0.70
were eliminated from the multivariate analysis. Standardized
partial regression coefficients () and p-values were calcu-
lated. All analyses were performed using SPSS software
(version 23; SPSS, Chicago, IL, USA). A value of p < 0.05
was considered statistically significant.

Results

Although there was no significant difference in the aver-
age age (p=0.334), there was a significant difference in the
ratio of females to males between the non-adjusted cervical
and lumbar cohorts (p<0.001). The distribution of ASA-PS
showed no significant difference between the non-adjusted
cervical and lumbar cohorts (p=0.059); 11 patients were
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Figure 1.

Summary of the grouping.

Grade 1, 100 patients were Grade 2, and 11 patients were
Grade 3 in the cervical cohort; meanwhile, 21 patients were
Grade 1, 81 patients were Grade 2, and 9 patients were
Grade 3 in the lumbar cohort. Additionally, there was no
significant difference in the average preoperative MCS score
between groups (41.8+13.7 in the cervical cohort and 43.9+
13.4 in the lumbar cohort, p=0.234).

Comparison of MCS improvement

As the result of the matching with propensity scores cal-
culated with age, gender, ASA-PS, and preoperative MCS
score, a total of 170 patients were enrolled into either the
adjusted cervical cohort group (n=85) or adjusted lumbar
cohort (n=85) for the following analysis (Fig. 1). There were
no significant differences between the two adjusted cohorts
in age (p=0.697), gender (p=1.000), average grades of ASA-
PS (p=0.731), and preoperative MCS score (p=0.856, Table
1). In addition, there were no significant differences in the
average height, weight, BMI, and each subdomain of the
preoperative SF-36 between the adjusted cervical and lum-
bar cohorts (Table 1). In the comparison of average MCS
improvement after surgery between the adjusted cervical and
lumbar cohorts, although both groups showed a significant
improvement 2 years postoperatively compared with the pre-
operative score (p<0.05, respectively), there were no signifi-
cant differences between the two adjusted groups (p=0.986,
Fig. 2). In terms of individual cases, no significant differ-
ence was observed in the number of patients who achieved a
greater improvement in MCS than in MCID; 40 patients
(47.1%) in the adjusted cervical cohort and 42 patients
(49.4%) in the adjusted lumbar cohort showed an improve-
ment in MCS greater than the MCID (p=0.878, Table 2).
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The preoperative clinical score related to the improvement
of MCS

In the cervical cohort, univariate analysis demonstrated
that there were significant correlations between MCS im-
provement and preoperative SF-36 RP (p=0.004), SF-36 VT

Table 1. Comparison Between Adjusted Cervical and Adjusted
Lumbar Cohort.
Adjusted cervical Adjusted lumbar p-val-
cohort cohort ue

Total number 85 85
Age (years) 71 [60, 75] 68 [60, 74] 0.697*
Gender 1.000#
Female 35 34
Male 50 51
Height (cm) 158.0 [152.0, 165.8] 160.3 [154.2,167.3] 0.227*
Weight (kg) 60.5 [52.8, 69.5] 58.8[53.2,71.2] 0.409*
BMI 23.9[21.8,26.5] 24.0 [21.9, 26.0] 0.853*
ASA-PS (grades) 2.0[2.0,2.0] 2.0 [2.0,2.0] 0.731*
Preop SF-36
PF 40 [15, 60] 45 [25, 60] 0.495*
RP 31.3[6.3,56.3] 37.5[18.8, 56.3] 0.439*
BP 41 [22, 52] 31[22,41] 0.073*
GH 50 [32, 60] 45 [35, 62] 0.701*
VT 37.5[18.8,56.3] 43.8 [25, 62.5] 0.287*
SF 50 [25, 87.5] 50 [37.5, 62.5] 0.416*
RE 41.7 25, 75] 50 [25, 75] 0.602*
MH 55 [40, 70] 55[35,70] 0.618*
MCS 39.9[32.7, 53.8] 40.9[31.2,51.3] 0.856*

The continuous variables are represented by the median with 1" and 3™ quar-
tiles.

*Mann—Whitney U test, *Chi-squared test.

ASA-PS: American Society of Anesthesiologists Physical Status, BMI: body
mass index, BP: bodily pain, GH: general health perceptions, MCS: mental
component summary, MH: mental health, PF: physical functioning, RE: emo-
tional role limitations, RP: physical role limitations, SF-36: short form-36, SF:
social functioning, VT: energy/vitality.

65.0
—e— matched Cervical cohort
-&- matched Lumbar cohort
55.0
45.0
1
1
1
1
35.0 I
1
1
1
1
1
25.0

Preop
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(p<0.001), SF-36 SF (p<0.001), and SF-36 RE (p<0.001,
Table 3). However, there were no significant differences in
the preoperative c-JOA score and VAS scores. No combina-
tion included in the subsequent linear regression analysis in
both cervical and lumbar cohorts showed a strong correla-
tion. In the linear regression analysis adjusted with age and
gender, the SF-36 SF (p<0.001) and SF-36 RE (p=0.013)
were the significant variables relating to MCS improvement
independently (Table 3). In contrast, in the lumbar cohort,
the univariate analysis demonstrated that there were signifi-
cant correlations between MCS improvement and VAS of
low back pain (p=0.031) and six subdomains of SF-36 (BP:
p=0.025, GH: p=0.004, VT: p<0.001, SF: p=0.001, RE: p<
0.001, and MH: p<0.001, Table 4). In addition to these vari-
ables, the SF-36 RP was included in the subsequent multi-
variate linear regression analysis. No combination included
in the subsequent linear regression analysis in both cervical
and lumbar cohorts showed a strong correlation. In the re-
sults of the linear regression analysis, the VAS scores of low
back pain (p=0.044), SF-36 RP (p=0.043), and RE (p=
0.018) were demonstrated as the independent variables sig-
nificantly relating to MCS improvement in the lumbar co-
hort (Table 4).

Table 2. Comparison of Individual Mental Component Sum-
mary Improvement.

Adjusted Adjusted
cervical lumbar cohort  p-value
cohort (n=85) (n=85)
Improvement>MCID 40 (47.1%) 42 (49.4%) 0.878#
Improvement < MCID 45 (52.9%) 43 (50.6%)

MCID was defined as 4.0 points in the current study.
#Paired-t test.

MCID: minimal clinically important difference.

p=0.986
(Mixed effects model)

2y-Postop

Figure 2. A comparison of the mental component summary improvement.
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Table 3. The Correlation of Mental Component Summary Im-
provement and Preoperative Variables in the Cervical Cohort
(n=121).

dx.doi.org/10.22603/ss11.2021-0060

Table 4. The Correlation of Mental Component Summary Im-
provement and Preoperative Variables in the Lumbar Cohort
(n=111).

Univariate Multivariate Univariate Multivariate
Explanatory (Pearson correlation (Liner regression Explanatory (Pearson correlation (Liner regression
variables coefficients) analysis) variables coefficients) analysis)
r p-value B p-value r p-value B p-value
c-JOA score -0.09 0.319 1-JOA score 0.11 0.304
VAS VAS
Neck pain —-0.09 0.428 Back pain -0.22 0.031 -0.20 0.044
Arm pain -0.16 0.145 Leg pain -0.14 0.171
SF-36 SF-36
PF -0.11 0.220 PF 0.10 0.316
RP -0.26 0.004 0.16 0.099 RP 0.16 0.099 -0.35 0.043
BP -0.21 0.204 BP 0.21 0.025 —-0.40 0.690
GH -0.13 0.167 GH 0.27 0.004 0.04 0.766
VT -0.35 <0.001 0.12 0.342 VT 0.33 <0.001 -0.08 0.686
SF -0.47 <0.001 -0.37 <0.001 SF 0.32 0.001 0.12 0.381
RE -0.42 <0.001 -0.32 0.013 RE 0.35 <0.001 0.48 0.018
MH -0.43 <0.001 -0.24 0.058 MH 0.42 <0.001 0.30 0.081

Linear regression was adjusted with age and gender. The value of R? was 0.33.
c-JOA score: cervical Japanese Orthopaedic Association score, BP: bodily
pain, GH: general health perceptions, MH: mental health, PF: physical func-
tioning, RE: emotional role limitations, RP: physical role limitations, SF-36:
Short form-36, SF: social functioning, VAS: visual analog scale, VT: energy/
vitality.

Discussion

The current study found that the MCS improvement
showed no significant difference between cervical and lum-
bar decompression surgery; approximately 50% of the pa-
tients could achieve meaningful MCS improvement. Further-
more, we demonstrated that the predictive factors for MCS
improvement were different between the lumbar and cervical
cohorts: SF-36 SF and SF-36 RE in cervical surgery and
lower back pain, SF-36 RP, and SF-36 RE in lumbar sur-
gery.

The aim of surgery, either cervical or lumbar, in patients
with spinal stenosis is to improve or prevent further deterio-
ration of neurological symptoms, pain, and/or numbness that
result in the improvement of physical health-related QOL.
However, such effort does not always result in the signifi-
cant improvement of mental health-related QOL". In ac-
cordance with the previous study, the current results demon-
strated that the improvement of mental well-being was inde-
pendent of the severity of preoperative neurological symp-
toms in both lumbar and cervical cohorts. However, the cur-
rent results also demonstrated that the mental health-related
QOL improved significantly, and there was a close resem-
blance in the improvement between cervical and lumbar de-
compression surgery. As postoperative mental well-being can
significantly impact the patient’s surgical satisfaction”, it is
critical to know the factors related to mental well-being.
This can establish interventions aimed at improving mental
well-being before or after spine surgery.
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Linear regression was adjusted with age and gender. The value of R? was 0.38.
1-JOA score: lumbar Japanese Orthopaedic Association score, BP: bodily pain,
GH: general health perceptions, MH: mental health, PF: physical functioning,
RE: emotional role limitations, RP: physical role limitations, SF-36: Short
form-36, SF: social functioning, VAS: visual analog scale, VT: energy/vitality.

Current results revealed that there were some predictive
factors for the improvement in mental well-being. One of
the predictors was common, whereas the rest were different
between cervical and lumbar surgery, thereby providing
clues that could be used to develop interventions to improve
a patient’s mental well-being. The common variable between
the two cohorts was SF-36 RE; however, the relations of RE
and mental well-being improvement were inconsistent be-
tween the lumbar and cervical cohorts. As SF-36 RE was
defined as “the limitations in usual role activities because of
emotional problems,” this result may reflect the emotional
nature of the patients that cannot be addressed by spinal sur-
geons. Although future studies are required to validate our
hypothesis, RE may not be considered the key for a novel
intervention to improve the mental well-being after surgery
for spinal surgeons.

Some interesting findings in the current study include the
differences in the predictive factors between the cervical and
lumbar cohorts. In the cervical cohort, the preoperative se-
verity of myelopathy and pain was not the significant pre-
dictive variable. Meanwhile, in the lumbar cohort, preopera-
tive back pain was a significant variable correlating with the
improvement in mental well-being. Previous reports identi-
fied a strong correlation between low back pain and poor
mental health™. Although lifestyle factors such as smoking,
obesity, and low levels of physical activity have been re-
ported to be associated with the occurrence of low back pain
episodes, clear mechanisms of the relationship between low
back pain and mental health have not been well estab-
lished™*. However, the current results suggest that focused
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intervention for lower back pain after surgery may improve
the mental well-being of patients who underwent lumbar de-
compression surgery.

The differences of the predictor in the SF-36 subdomains
were also interesting. In the lumbar cohorts, preoperative
SF-36 RP, which was defined as limitations in usual role ac-
tivities because of physical health problems, was a signifi-
cant predictor. Meanwhile, in the cervical cohort, preopera-
tive SF-36 SF, which was defined as limitations in social ac-
tivities because of physical or emotional problems, was the
significant variable. Although both factors were parameters
of daily activity, this difference can indicate that the per-
sonal activity itself was the important factor in the lumbar
cohorts; however, a social relationship via a personal activity
was the key factor in the cervical cohort. Considering the
current results in our daily clinical setting, interventions for
personal activities, such as physical training, can be effective
for the improvement in the mental well-being of patients
who underwent lumbar decompression surgery. On the other
hand, interventions for rebuilding or creating new social re-
lationships can be effective for the improvement in the men-
tal well-being of patients who underwent cervical decom-
pression surgery.

Several limitations to the present study need to be ad-
dressed. First, its retrospective nature makes it difficult to
exclude bias, especially regarding the referral for a certain
surgical procedure, the surgical techniques utilized, and se-
lection bias. In addition, although we analyzed the MCS of
the SF-36 as the indicator of mental well-being, it should be
analyzed in a multifaceted manner, and the current result
should be validated by further studies that consider other as-
pects. Secondly, all the patients were treated with decom-
pression surgery without fusion. The patients treated with
another surgical method, such as anterior cervical discec-
tomy and fusion in the cervical spine and posterior lumbar
interbody fusion, should be evaluated. Especially, as preop-
erative lower back pain was the predictive factor for the im-
provement of the mental well-being of patients in the lum-
bar spine cohort, the current results may be tested in pa-
tients who underwent lumbar fusion surgery. Finally, the
study period, 2009-2013, was relatively old. However, we
believe that the current results may help physicians better
understand the postoperative changes in the mental well-
being of patients and may help develop other interventions
for further improvement of postoperative well-being.

In conclusion, although there was no significant difference
in the improvement of mental well-being between the pa-
tients who underwent cervical and lumbar decompression
surgery, less than 50% of the patients in both groups could
achieve a meaningful improvement in their mental well-
being. Preoperative back pain and personal activity were the
independent predictors in the patients who underwent lum-
bar decompression surgery; meanwhile, social relationship
was the only predictor in patients who underwent cervical
decompression surgery. These results can be clues to help
develop novel interventions to further improve the mental
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well-being of patients after spinal surgery.

Conflicts of Interest: The authors declare that there are
no relevant conflicts of interest.

Sources of Funding: No funds were received in support
of this work. No benefits in any form have been or will be
received from a commercial party related directly or indi-
rectly to the subject of this manuscript.

Author Contributions: All the authors participated in the
study design, writing, and preparing of the manuscript. All
authors have read, reviewed, and approved the article.

Ethical Approval: The study protocol was approved by
the Institutional Review Board of Osaka City University
(n0.3170).

Informed Consent: Informed consent was obtained from
all participants in this study.

Declaration: The submitted manuscript does not contain
any information about medical drugs.

References

1. Chow A, Mayer EK, Darzi AW, et al. Patient-reported outcome
measures: the importance of patient satisfaction in surgery. Sur-
gery. 2009;146(3):435-43.

2. Abtahi AM, Brodke DS, Lawrence BD, et al. Association between
patient-reported measures of psychological distress and patient sat-
isfaction scores after spine surgery. J Bone Joint Surg Am. 2015;
97(10):824-8.

3. Concato J, Lawler EV, Lew RA, et al. Observational methods in
comparative effectiveness research. Am J Med. 2010;123(12 Suppl
1):e16-23.

4. Roth T, Kammerlander C, Gosch M, et al. Outcome in geriatric
fracture patients and how it can be improved. Osteoporos Int.
2010;21(Suppl 4):S615-9.

5. Mmopelwa T, Ayhan S, Yuksel S, et al. Analysis of factors affect-
ing baseline SF-36 mental component summary in adult spinal de-
formity and its impact on surgical outcomes. Acta Orthop Trauma-
tol Turc. 2018;52(3):179-84.

6. Rubin DB. Propensity score methods. Am J Ophthalmol. 2010;149
(1):7-9.

7. Rubin DB. The design versus the analysis of observational studies
for causal effects: parallels with the design of randomized trials.
Stat Med. 2007;26(1):20-36.

8. Hirabayashi K, Watanabe K, Wakano K, et al. Expansive open-
door laminoplasty for cervical spinal stenotic myelopathy. Spine
(Phila Pa 1976). 1983;8(7):693-9.

9. Minamide A, Yoshida M, Simpson AK, et al. Minimally invasive
spinal decompression for degenerative lumbar spondylolisthesis
and stenosis maintains stability and may avoid the need for fusion.
Bone Joint J. 2018;100-B(4):499-506.

10. Whitmore RG, Stephen JH, Vernick C, et al. ASA grade and
Charlson comorbidity index of spinal surgery patients: correlation
with complications and societal costs. Spine J. 2014;14(1):31-8.

11. Japanese Orthopaedic Association. Scoring system for cervical
myelopathy. J Jpn Orthop Assoc. 1994;68:490-530.

15



Spine Surg Relat Res 2022; 6(1): 10-16

12.

13.

14.

15.

16.

17.

16

Fujiwara A, Kobayashi N, Saiki K, et al. Association of the Japa-
nese Orthopaedic Association score with the Oswestry disability
index, Roland-Morris disability questionnaire, and short-form 36.
Spine (Phila Pa 1976). 2003;28(14):1601-7.

Fukuhara S, Bito S, Green J, et al. Translation, adaptation, and
validation of the SF-36 health survey for use in Japan. J Clin Epi-
demiol. 1998;51(11):1037-44.

Carreon LY, Djurasovic M, Dimar JR, 2nd, et al. Can the anxiety
domain of EQ-5D and mental health items from SF-36 help pre-
dict outcomes after surgery for lumbar degenerative disorders? J
Neurosurg Spine. 2016;25(3):352-6.

Badhiwala JH, Witiw CD, Nassiri F, et al. Minimum clinically im-
portant difference in SF-36 scores for use in degenerative cervical
myelopathy. Spine (Phila Pa 1976). 2018;43(21):E1260-6.

Gum JL, Glassman SD, Carreon LY. Clinically important deterio-
ration in patients undergoing lumbar spine surgery: a choice of
evaluation methods using the Oswestry disability index, 36-item
short form health survey, and pain scales: clinical article. J Neuro-
surg Spine. 2013;19(5):564-8.

Gornet MF, Copay AG, Sorensen KM, et al. Assessment of health-
related quality of life in spine treatment: conversion from SF-36 to

18.

19.

20.

21.

22.

dx.doi.org/10.22603/ss11.2021-0060

VR-12. Spine J. 2018;18(7):1292-7.

Tamai K, Suzuki A, Terai H, et al. Improvement in patient mental
well-being after surgery for cervical spondylotic myelopathy.
Spine (Phila Pa 1976). 2020;45(10):E568-75.

Hartvigsen J, Hancock MJ, Kongsted A, et al. What low back pain
is and why we need to pay attention. Lancet. 2018;391(10137):
2356-67.

Shiri R, Karppinen J, Leino-Arjas P, et al. The association be-
tween smoking and low back pain: a meta-analysis. Am J Med.
2010;123(1):87 e7-35.

Shiri R, Karppinen J, Leino-Arjas P, et al. The association be-
tween obesity and low back pain: a meta-analysis. Am J Epide-
miol. 2010;171(2):135-54.

Shiri R, Falah-Hassani K. Does leisure time physical activity pro-
tect against low back pain? Systematic review and meta-analysis
of 36 prospective cohort studies. Br J Sports Med. 2017;51(19):
1410-8.

Spine Surgery and Related Research is an Open Access journal distributed under
the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License. To view the details of this license, please visit (https:/creativeco

mmons.org/licenses/by-nc-nd/4.0/).




