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Abstract (299/300)

Study Design

Retrospective cohort study

Objective

To investigate changes in mental well-being after surgery for cervical spondylotic myelopathy (CSM) and

identify factors associated with improvement.

Summary of Background Data

Posterior cervical surgery with laminoplasty significantly improves myelopathy and physical function in

patients with CSM. However, its impact on mental well-being is unclear.

Methods

Patients who underwent laminoplasty for CSM and had >2 years of follow-up were reviewed (n=111).

The mental component summary (MCS) score was used as a measure of mental well-being. The trend in

MCS score change was evaluated using the Jonckheere-Terpstra trend test. Preoperative clinical scores

were compared between patients with improvements greater and less than the minimal clinically

important difference (MCID). Significant variables were included in a multinomial logistic regression

analysis and further validated in a receiver-operating characteristic (ROC) curve analysis. Additionally,

the results were confirmed in a long-term observation cohort of patients followed up for >5 years (n=46).

Results
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The improvement in the average MCS score (5.6) was greater than the MCID (4.0). The trend of

improvement was sustained for 2 years (p=0.002), but not for 5 years (p=0.130). In terms of individual

cases, 56 patients (50.5%) achieved MCS score improvement greater than the MCID. These patients

showed significantly lower preoperative MCS scores than those without meaningful improvement

(p<0.001). The preoperative “social functioning (SF)” score was independently associated with MCS

score improvement (p=0.001). ROC curve analysis validated the ability of preoperative SF to predict

MCS score improvement at 2 and 5 years postoperatively (area under the curve: 0.744, 0.893,

respectively).

Conclusion

Half of the patients achieved meaningful improvement in mental well-being. A lower preoperative SF

score was independently associated with improvement. These results may help identify patients who

could experience an improvement in mental well-being after surgery and develop novel approaches to

achieve further improvement.

Level of evidence: 111 (Prognosis: Cohort study)

Keywords:

laminoplasty; cervical spondylotic myelopathy; mental health; mental well-being; social functioning;
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minimum clinical important differences; posterior decompression,

Key points

- The mental well-being of patients with cervical spondylotic myelopathy is impaired, and, on average,

showed meaningful improvement after laminoplasty.

+ The trend towards improvement was sustained for 2 years, but not for 5 years.

+ In terms of individual cases, half of the patients achieved meaningful improvement.

+ A lower preoperative “social functioning” score, based on a cut-off value of 50, was an independent

predictor of significant improvement in mental well-being.

- These results suggest that cervical myelopathy may have the greatest detrimental effect on social

function among the numerous aspects of mental well-being.

Mini summary

The mental well-being of patients with cervical spondylotic myelopathy showed, on average, meaningful

improvement after laminoplasty, which was sustained for 2 years. In terms of individual cases, half of the

patients achieved meaningful improvement after laminoplasty. A lower preoperative “social functioning”

score was independently associated with improvement.
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Introduction

Cervical spondylotic myelopathy (CSM) is a degenerative spinal disorder that compresses the spinal

cord and leads to the deterioration of neurological function. Surgical decompression is the gold standard

procedure for preventing the progression of neurological deficits in patients with CSM?®. Among several

surgical techniques, laminoplasty is generally recognized as the most effective surgical option, with the

lowest risk of perioperative complications®®. The current treatment trends in the United States show that

laminoplasty is the third most commonly performed procedure®.

The aim of surgery for patients with CSM should be to improve myelopathy or prevent further

deterioration of the myelopathy and neurological symptoms. However, surgical satisfaction can

sometimes be independent from the quality and effectiveness of the surgery, as it is related to numerous

factors, including age, sex, education, lifestyle, expectations, psychological distress, and individual

values”°. Among these factors, mental health status or mental well-being has been reported as one of the

most important for patient satisfaction with overall care'. Patients with psychological distress report

significantly lower scores for overall satisfaction and satisfaction with their provider than do those

without psychological distress .

Therefore, understanding the mid- and long-term changes in mental well-being after cervical laminoplasty
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would be useful to physicians. Furthermore, identifying the preoperative predictors of improvement in
mental well-being can help surgeons to predict mental well-being changes, develop targeted postoperative
interventions, and provide better explanations of the changes that patients would experience after surgery,
which can result in higher patient satisfaction®2. Therefore, the aim of this study was to investigate the
change in mental well-being at 2 and 5 years after laminoplasty. Additionally, we set out to determine the

preoperative factors associated with an improvement in mental well-being.
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Methods

We performed a retrospective cohort study of patients who underwent laminoplasty for CSM. All study

participants provided informed consent, and the study protocol was approved by the Institutional Review

Board at our institution (No. 3170).

Main-group population (2-year cohort)

We reviewed 132 patients who underwent C3-C6 laminoplasty for CSM at our institution between 2008

and 2012, 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 (n=16) or there was an obvious history of mental

disease, such as depression (n=4) or schizophrenia (n=1), in their medical record. A total of 111 patients

were included in the final analysis (65 women, 46 men; mean age at surgery, 65.2 + 11.7 years).

Sub-group population (5-year cohort)

Among the 111 patients in the 2-year cohort, those with available preoperative 6-month, 1-year, 2-year, as

well as 5-year clinical follow-up data were further analyzed as part of the 5-year cohort. A total 46

patients were included in the 5-year cohort (30 women, 16 men; mean age at surgery, 64.2 + 9.6 years).

Surgical procedure
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All patients underwent open door laminoplasty®. The surgical indication and approach were decided upon

on a case-by-case basis by the treating physicians. Patients with severe dementia (Hasegawa's Dementia

Scale-Revised score <20 points**) were not indicated for surgical therapy. Hydroxyapatite spacers or

anchor screws were used at each level to fix the opened lamina®®. The day after 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 possible.

Clinical evaluation

The cervical Japanese Orthopaedic Association (cJOA) score, which is a physician-assessed scoring

system of the severity of myelopathy, was evaluated preoperatively and at 6 months, 1 year, and 2 years

postoperatively, and at 5 years if possible®. Patient-oriented questionnaire scores, including the visual

analog scale (VAS) for neck and arm pain and arm numbness, and the 36-item Short-Form Health Survey

(SF-36), were performed preoperatively and at 6 months, 1 year, and 2 years postoperatively, and at 5

years if possible. The SF-36 is a 36-item scale measuring 8 domains of health-related quality of life:

physical functioning (PF), physical role limitations (RP), bodily pain (BP), general health perceptions

(GH), energy/vitality (VT), social functioning (SF), emotional role limitations (RE), and mental health

(MH)Y. The domain scores were then summarized as the physical component summary (PCS) and mental
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component summary (MCS) scores, according to an algorithm proposed by a previous report?2,

Mental well-being parameter

We defined the MCS score of the SF-36 as the parameter of mental well-being in this study!®. The

average and standard deviation of the MCS score in healthy Japanese individuals between the ages of 60

and 65 years has been reported as 52.4+9.82°. The minimal clinically important difference (MCID) in the

MCS score was defined as an improvement of more than 4.0,

Study design & statistical analysis

Main analysis using the 2-year cohort

The change in the average of each clinical score from preoperatively to 2 years postoperatively was

evaluated using the paired t-test. The trend of MCS score improvement from preoperatively to 6 months,

1 year, and 2 years postoperatively was analyzed using the Jonckheere-Terpstra trend test. To evaluate

individual cases, patients were then divided into 2 groups according to their change in the MCS score,

with the MCID as the cut-off point. The no-change group included patients whose MCS score improved

by less than the MCID, while the improvement group included those with an improvement of more than

the MCID. The preoperative and 2-year postoperative MCS scores were compared between the two

groups using the Mann-Whitney U test. In addition, age, sex, and all components of the preoperative
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cJOA score (finger motion, upper extremity motion, lower extremity motion, upper extremity sensory,
trunk sensory, lower extremity sensory, bowel bladder dysfunction, and total score) and preoperative
SF-36 (PF, RP, BP, GH, VT, SF, RE, and MH) were compared between the two groups using the
Mann-Whitney U test or Chi-squared test, as appropriate. Variables with a p value <0.05 in the univariate
analysis were included in the subsequent multinomial logistic regression model as the explanatory
variables. The improvement group was set as the objective variable. Subsequently, continuous significant
factors in logistic regression analysis were separately analyzed using receiver operating characteristic
(ROC) curves to validate the results and investigate the cutoff values to predict failure to achieve the
MCID. The area under the ROC curve (AUC) and 95% confidential intervals (CIs) were calculated. An
AUC of 0.5 indicates chance performance; 0.5 to 0.6, bad predictive ability; 0.6 to 0.7, sufficient
predictive ability; 0.7 to 0.8, good predictive ability; and 0.8 to 1.0, excellent predictive ability?’. The
cutoff value was determined by measuring the distance from the top left corner of the ROC curve. In
addition, the change in the cJOA score and subdomains of the SF-36 at 2 years after surgery were

evaluated using the Mann-Whitney U test.

Sub-group analysis using the 5-year cohort
The change in the average MCS score from preoperatively to 5 years postoperatively was evaluated using

the paired t-test. The trend of MCS score improvement from preoperatively to 6 months, 1 year, 2 years,

10
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and 5 years postoperatively was analyzed using the Jonckheere-Terpstra trend test. Subsequently, to
validate the results of the main analysis, the relevant variables that were identified in the main analysis
were submitted to a ROC curve analysis using the 5-year cohort data. The outcome of the ROC analysis
was failure to achieve the MCID. All analyses were performed using SPSS software (version 23; SPSS,

Chicago, IL). A p value <0.05 was considered statistically significant.
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Results

Main analysis

Change in overall averages

All components of the cJOA score, VAS, and SF-36 were significantly improved at 2 years

postoperatively compared to preoperative values (Table 1). The average preoperative MCS score (40.7)

was less than that reported by healthy controls (52.4). The MCS score changed from 40.7 preoperatively

to 46.3 at 2-years postoperatively, an improvement of 5.6, which was more than the MCID. There was a

significant trend in improvement from preoperatively to 6 months, 1 year, and 2 years postoperatively

(Figure 1, p=0.002).

Comparison between the no-change and improvement groups

Fifty-six patients (50.5%) were classified into the improvement group and 55 (49.5%) into the no-change

group. The preoperative MCS score was significantly lower in the improvement group than in the

no-change group (33.9 vs. 475, p <0.001). However, the 2-year postoperative MSC score was

significantly higher in the improvement group than in the no-change group (49.4 vs. 43.1, p=0.012).

There were no significant differences between the groups in terms of age and sex (Table 2). In the

univariate comparison of preoperative scores between the groups, there were no significant differences in

individual component and total cJOA scores. However, the preoperative SF-36 subdomains of VT, SF, RE,
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and MH were significantly higher in the no-change group than in the improvement group. In the

multinomial logistic regression analysis with the preoperative VT, SF, RE, and MH included as

explanatory variables, the preoperative SF was found to be an independent factor related to MCS score

improvement (p=0.001). Changes in cJOA scores after the surgery were not significantly different

between groups. In contrast, all subdomains of the SF-36 showed greater improvement in the

improvement group than in the no-change group (Table 3).

ROC curve analysis

The AUC for the preoperative SF score’s ability to predict MCS score improvement was 0.744, which

indicates good predictive ability (95% CI 0.652 to 0.836, p<0.001) (Figure 2). The optimal cutoff value of

the preoperative SF score for MCS score improvement prediction was 50 (sensitivity 71.2%, specificity

68.6%).

Sub-group analysis

Trend of average MSC score improvement

The MCS score significantly improved from 40.9 preoperatively to 45.5 at 5 years postoperatively

(p<0.001), with a difference of 4.6, which is more than the MCID. However, in the trend analysis, the

tendency of improvement from preoperatively to 6 months, 1 year, 2 years, and 5 years postoperatively

13
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failed to reach significance (Figure 3, p=0.130).

ROC curve analysis

Based on the results of the main analysis, we evaluated whether the preoperative SF score can predict

MCS score improvement at 5 years after the surgery. The ROC curve analysis revealed an AUC for the SF

score of 0.893, indicating an excellent predictive ability (95% CI 0.788 to 0.998, p<0.001, Figure 4). The

optimal cutoff value for the preoperative SF score was 50 (sensitivity 90.9%, specificity 75.0%).

14



Mental well-being after laminoplasty

Discussion

In the present study, we demonstrated that the MCS score, an indicator of mental well-being, was

significantly improved, on average, after laminoplasty. The trend of improvement was sustained for 2

years, but not for 5 years. In terms of individual cases, half of the patients experienced an improvement

that was greater than the MCID, while the remainder failed to achieve meaningful improvement. The

patients with meaningful improvement showed significantly lower preoperative MCS scores than those in

patients without meaningful improvement. A lower preoperative SF score, based on a cut-off value of 50,

was independently associated with an improvement in mental well-being at both 2 and 5 years

postoperatively.

A clear change in mental well-being after laminoplasty has not been concluded. In contrast to our findings,

a retrospective review of 90 patients by Kato et al. found no significant change in the SF-36 MCS score

after laminoplasty?®. One difference between this previous study and our study is the homogeneity of the

diagnosis; almost 40% of the patients in the study by Kato et al. were diagnosed with ossification of the

posterior longitudinal ligament (OPLL), while all patients in the present study were diagnosed with CSM.

This potentially suggests that mental well-being can improve after laminoplasty for patients with CSM,

but not for patients with OPLL.

15
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Our results showed that only half of the patients experienced a meaningful improvement in their mental

well-being after surgery. In addition, these patients exhibited significantly lower MCS scores before

surgery. These findings suggest that cervical myelopathy might negatively affect the mental well-being of

almost half of all patients with CSM (50.5% in current results). However, neither the preoperative

severity of myelopathy nor the improvement in myelopathy, as evaluated by cJOA scores, had an impact

on MCS score improvement. This suggests that the cJOA scores cannot indicate the effect of myelopathy

on mental well-being; thus, it behooves physicians to consider other indicators of patient mental

well-being after surgery for CSM.

Our multivariate analysis showed that the SF domain of the SF-36 was independently associated with

MCS score improvement, despite the fact that MH and RE have the greatest and second-greatest influence,

respectively, on the MCS score, based on the defined formula?#?. This result was validated in the

sub-cohort with more than 5 years of follow-up after surgery. The SF domain, which refers to “social

functioning”, is defined as the “individual’s interactions with their environment and the ability to fulfill

their role within such environments as work, social activities, and relationships with partners and

family”2425, The current study revealed that patients with CSM with a preoperative SF score <50 have

significantly greater improvement in their MCS score after laminoplasty than do patients with a

preoperative SF score >50. This suggests that cervical myelopathy may have the greatest detrimental

16
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effect on social functioning among the numerous factors related to mental well-being (Figure 5). Since

mental well-being is one of key factors for satisfaction with treatment!?, it is crucial for physicians and

patients to understand the influence of myelopathy, not only on the physical function of the upper and

lower extremities, but also on social functioning. In addition, our results may suggest that adopting a

different approach to this issue may lead to further improvements in the quality of life and patient

satisfaction after surgery.

Several limitations of the present study need to be addressed. First, its retrospective nature rendered it

difficult to definitively exclude not only inappropriate cases, but also potential biases, especially in regard

to the referral of certain surgical procedures, the particular surgical techniques utilized, and a selection

bias in the 5-year cohort. Second, although we analyzed the MCS score of the SF-36 as an indicator of

mental well-being, mental health status should be analyzed in a multifaceted manner, and there may be

other scores or questionnaires that are more suitable than the SF-36 MCS score as an assessment of

psychological functioning. In addition, the value of the MCID can be affected by the calculation method,

the anchor in anchor-based methods, and the patient cohort. Hence, the current results should be validated

in further studies that take additional aspects into account. Finally, all of the patients were treated with

laminoplasty. Other surgical methods, including posterior decompression and fusion, and anterior cervical

discectomy and fusion, should be validated. However, the present study is the first to elucidate the
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predictors of an improvement in mental well-being after surgery and propound how myelopathy affects

the patient’s mental well-being.

Conclusion

The mental well-being of patients with CSM is impaired and, on average, improves after

laminoplasty. The trend of improvement was sustained for 2 years, but not for 5 years. In terms of

individual cases, half of the patients achieved an improvement that was greater than the MCID. A lower

preoperative SF score, based on a cut-off value of 50, was an independent predictor of a significant

improvement in the MCS score. The present results demonstrate the influence of CSM and subsequent

surgical treatment on mental well-being. Recognizing this influence can aid patients with CSM and

physicians in better understanding the potential for postoperative changes in mental well-being, and may

help to develop other interventions for further improvement.
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Table1l Changes of average score (n=111)

Preoperative 2-year postoperative p-value
cJOA score (points)
Finger motion 21+1.0 30+1.1 <0.001%
U/E motion -0.4£0.5 -0.1£0.3 <0.001%
L/E motion 18+1.1 25+1.1 <0.001%
U/E sensory 09+05 14+0.4 <0.001%
Trunk sensory 1.7+05 1.9+0.2 <0.001%
L/E sensory 1.3£0.6 1.7+0.3 <0.001%
BBD 22+1.0 26+0.7 <0.001%
Total point 9.8+3.2 13.3+£25 <0.001%
VAS (mm)
neck pain 242 £27.8 12.1 £20.7 <0.001%
arm pain 354+328 17.2 +26.8 <0.001#
arm numbness 55.5+29.8 35.7+29.9 <0.001*
SF-36
PF 42.3+304 58.7 £ 29.6 <0.001*
RP 35.0+31.0 57.8+32.1 <0.001%
BP 36.5+23.7 53.9+247 <0.001%
GH 458 +18.5 49.4+18.8 0.023
VT 36.6 £23.4 51.6 £23.5 <0.001*
SF 52.7+31.7 67.5%+27.0 <0.001*
RE 441 +33.3 61.9 + 33.0 <0.001%
MH 52.6 £25.3 63.3+22.8 <0.001*
PCS 24.0 £135 33.6+14.2 <0.001%
MCS 40.7+£13.4 46.3+12.2 <0.001%

#: Paired-t test

cJOA: cervical Japanese Orthopaedic Association. VAS: visual analog scale, SF: Short form, PF: physical functioning,
RP: physical role limitations, BP: bodily pain, GH: general health perceptions, VT: energy/vitality, SF: social functioning,
RE: emotional role limitations, MH: mental health, PCS: physical component summary,

MCS: mental component summary



Table2 Preoperative factor relating with MCS improvement by more than the MCID

Univariate analysis Multivariate analysis
No-change Improvement
group group p-value aOR p-value
(n=55) (n=56)
Age 66.0+11.1 64.6+12.3 0.557*#
Gender (female) 33 32 0.848 "
Preop cJOA score
Total score 9.743.2 9.9+3.2 0.775 %
Finger motion 2.0+0.9 2.2+1.0 0.257#
U/E motion -0.4+0.5 -0.4+0.5 0.853 #
L/E motion 1.9+1.0 1.8+1.2 0.540 #
U/E sensory 0.9+0.4 0.9+0.5 0.490 #
Trunk sensory 1.7+0.5 1.7+0.5 0.853#
L/E sensory 1.3+0.5 1.3+0.6 0.792#
BBD 2.3+1.0 2.2+1.0 0.605 *
Preop SF-36
PF 43.2+28.6 41.4+£32.0 0.748 #
RP 39.2+30.3 30.9+31.1 0.161*%
BP 40.7£22.5 32.3124.0 0.065#
GH 47.4+16.0 44.3£20.6 0.383 %
VT 42.4+24.1 30.9+21.2 0.010# 1.03 0.069
SF 66.1+28.2 39.5£29.4 <0.001 # 0.97 0.001
RE 55.6+32.4 32.7+30.1 <0.001 # 0.98 0.071
MH 61.1+21.7 44.2+25.7 <0.001 # 0.98 0.076

#Mann-Whitney U test, " Chi-squared test. Preop: Preoperative, cJOA: cervical Japanese Orthopaedic Association, U/E:

upper extremity, L/E: lower extremity, BBD: bowel bladder disfunction, SF: Short form, PF: physical functioning, RP:

physical role limitations, BP: bodily pain, GH: general health perceptions, VT: energy/vitality, SF: social functioning,

RE: emotional role limitations, MH: mental health



Table3 Change of each score after surgery

No-change group Improvement group
(n=55) (n=56) prvalue
Change of cJOA score 3.3£2.9 3.6+£2.9 0.551%
Change of SF-36 score
PF 11.0+24.9 21.7429.1 0.041 #
RP 14.3+26.8 31.0£35.0 0.006 *
BP 7.7+21.0 27.1+27.2 <0.001*
GH -0.8+14.1 17.4+7.9 0.005 #
VT 4.2+16.8 25.6+£20.4 <0.001%
SF -7.0+28.8 36.2+30.6 <0.001*
RE -0.9+£29.7 36.3+33.1 <0.001#
MH -2.4+14.2 23.5+21.5 <0.001#

#Mann-Whitney U test, " Chi-squared test. Preop: Preoperative, cJOA: cervical Japanese Orthopaedic Association, U/E:

upper extremity, L/E: lower extremity, BBD: bowel bladder disfunction, SF: Short form, PF: physical functioning, RP:

physical role limitations, BP: bodily pain, GH: general health perceptions, VT: energy/vitality, SF: social functioning,

RE: emotional role limitations, MH: mental health



Figure legends

Figurel Trend of MCS score improvement during 2-year postoperatively (n=111)
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Figure2 ROC curve analysis of SF to predict the MCS score improvement > MCID at 2-year (n=111)
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Figure3 Change of MCS score at 5-year postoperatively (n=43)
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Figure 4 ROC curve analysis of SF to predict the MCS score improvement > MCID at 5-year (n=43)
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Figure5 The schema of the suggested relationship between mental well-being and myelopathy
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