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Abstract:
Introduction: Few articles have investigated patient satisfaction with laminoplasty in patients with cervical spondylotic

myelopathy (CSM) alone, excluding other diseases, such as ossification of the posterior longitudinal ligament. In this study,

we aimed to investigate patient satisfaction after double-door laminoplasty for CSM and determine the preoperative and

postoperative factors that affect patient satisfaction.

Methods: We retrospectively reviewed cases of laminoplasty for CSM. We measured sagittal imaging parameters (cervi-

cal lordosis [CL], C2-C7 cervical sagittal vertical axis [cSVA], and T1 slope [T1S]), Japanese Orthopaedic Association

(JOA) score, and patient-reported outcomes (PROs) such as the neck disability index (NDI) and visual analog scale (VAS)

preoperatively, 3 months postoperatively, and 1 year postoperatively. In addition, a multiple regression analysis was per-

formed to investigate factors affecting patient satisfaction.

Results: Ninety patients were included in the analysis. After surgery, CL decreased significantly (p<0.01), whereas cSVA

increased significantly (p<0.01). No significant differences were observed in the preoperative and postoperative T1S values

(p=0.61). The JOA, NDI, and VAS scores significantly improved postoperatively (p<0.01). The median patient satisfaction

was 85 (range, 12-100) at 1 year postoperatively and 80 (range, 25-100) at 3 months postoperatively. In the multiple regres-

sion analysis, lower-extremity sensory disorder in the JOA score at 1 year postoperatively (p<0.01) and VAS scores for neck

pain preoperatively and 1 year postoperatively (p=0.01 and p<0.01, respectively) were determined as factors affecting pa-

tient satisfaction.

Conclusions: Cervical laminoplasty is a useful and satisfactory surgical procedure to restore patient function. However,

patients with severe preoperative and postoperative neck pain and those with severe postoperative sensory disorders of the

lower extremities may be less satisfied with the procedure. It is important to keep these things in mind when treating pa-

tients.

Keywords:
cervical spondylotic myelopathy, Japanese Orthopaedic Association score, patient-reported outcomes, visual analog scale,

neck pain, patient satisfaction

Spine Surg Relat Res 2023; 7(5): 421-427

dx.doi.org/10.22603/ssrr.2023-0022

Introduction

Cervical laminoplasty is a well-established treatment for

myelopathies with relatively good results in terms of im-

proving neurological findings1) and symptoms and a high de-

gree of satisfaction even in cases of relatively mild preop-

erative myelopathy2). To the best of our knowledge, most

previous studies have included multiple diseases such as os-

sification of the posterior longitudinal ligament (OPLL) and

cervical disk herniation (CDH), and there are a few studies

investigating postoperative satisfaction and patient-reported

outcomes (PROs) in patients with cervical spondylotic

myelopathy (CSM) alone3,4).

In this study, we aim to examine postoperative patient sat-

isfaction with double-door laminoplasty for CSM and to

identify preoperative and postoperative factors affecting sat-
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Figure 1. Sagittal imaging parameters.

Cervical lordosis (CL): inclusion angle of the tangent 

between C2 and C7 inferior edges;

C2–C7 sagittal vertical axis (cSVA): distance be-

tween vertical axis of C2 sagittal plane and posterior 

superior edge of C7;

T1 slope (T1S): intersection angle between upper 

edge of T1 and horizontal line

isfaction using Japanese Orthopaedic Association (JOA)

scores and PROs, such as the neck disability index (NDI)

and visual analog scale (VAS).

Materials and Methods

1. Patient sample

This was a retrospective cohort study. Ninety patients who

underwent cervical laminoplasty for CSM at Kyoto Univer-

sity Hospital between October 2016 and December 2020

and were followed up for 1 year were included in this study.

Patients who underwent cervical laminoplasty for reasons

other than CSM, such as OPLL or CDH, were excluded. For

the survey, we referred to the medical records, imaging stud-

ies, and nursing records at the Kyoto University Hospital

and investigated age, sex, intervertebral space, surgeon who

operated on patients, intervertebral space with the greatest

stenosis, presence of intramedullary T2 high-intensity le-

sions on magnetic resonance imaging (MRI) postoperatively,

and incidence of postoperative C5 paralysis. The presence of

lumbar spinal disease was not evaluated preoperatively. This

research has been approved by the Institutional Review

Board of the authors’ affiliated institutions.

2. Double-door laminoplasty

All surgeons and assistants were skilled spine surgeons,

and they used identical techniques. A median longitudinal

incision was made, the cervical laminae were exposed bilat-

erally to the medial side of the facet joints, and a diamond

bar was used to divide the central part of the laminae longi-

tudinally. Bilateral gutters were then made at the transitional

area between the facet joint and lamina, and the ligament

flava was detached from the dural canal to enlarge the spinal

canal5). Muscles attached to the spinous processes of C2 and

C7 are preserved as much as possible. Anchors were in-

serted bilaterally into the lateral masses and sutured to the

opened laminae. All patients wore a soft collar for 2 weeks

postoperatively.

3. Outcome measures and questionnaires

Three cervical sagittal imaging parameters in the middle

position were measured preoperatively, 3 months postopera-

tively, and 1 year postoperatively (Fig. 1). We measured cer-

vical lordosis (CL), which is the inclusion angle of the tan-

gent between C2 and C7 inferior edges; C2-C7 cervical sag-

ittal vertical axis (cSVA), which is the distance between the

vertical axis of the C2 sagittal plane and posterior superior

edge of C7; and the T1 slope (T1S), which is the intersec-

tion angle between the upper edge of T1 and the horizontal

line. Functional assessment of the patient was performed at

the same time.

We also investigated the JOA score6) and PROs (NDI,

VAS) based on the questionnaire. Patient satisfaction was

measured twice, that is, at 3 months and 1 year after sur-

gery, and patients completed a self-assessment using a 100-

point scale.

4. Statistical analysis

Sagittal imaging parameters were compared at three time

points as follows: preoperatively, 3 months postoperatively,

and 1 year postoperatively. Each parameter was determined

to be normally distributed because it did not reach signifi-

cance as per the Shapiro-Wilk test. Mauchly’s sphericity test

was also deemed insignificant, confirming the assumption of

sphericity; moreover, repeated-measures analysis of variance

was performed. When significant differences were detected,

multiple comparisons (corresponding t-test with Bonferroni

adjustment) were performed. The JOA scores and PROs

were similarly compared in groups at the three aforemen-

tioned time points (preoperative, 3 months postoperative,

and 1 year postoperative). As these variables were not nor-

mally distributed, Friedman test was performed. Multiple

comparisons were also performed in the same manner. Fi-

nally, to examine the factors affecting patient satisfaction, a

multiple regression analysis was performed. Age, sex, CL,

the most stenosed vertebra, functional impairment of the

lower extremity (lower extremity item of the JOA score),

and intensity of neck pain (VAS) were determined as ex-

planatory variables, which we considered clinically impor-

tant based on previous studies3,4).

All statistical analyses were performed using EZR (Sai-

tama Medical Center, Jichi Medical University, Saitama, Ja-

pan), a graphical user interface for R (R Foundation for Sta-

tistical Computing, Vienna, Austria). More precisely, it is a
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Table　1.　Characteristics of Study Population.

N=90

Age (year), mean (SD) 68.7

 (11.4)

Gender

Male 59

Female 31

Surgical Level (N) 

C3-7 38

C3-6 16

C4-7 9

C4-6 5

C5-7 5

C2-7 5

Others 12

Surgeon (N) 

Surgeon No.1 30

Surgeon No.2 27

Surgeon No.3 13

Surgeon No.4 11

Surgeon No.5 8

Surgeon No.6 1

The intervertebral space with the 

strongest stenosis (N) 

C3/4 31

C4/5 19

C5/6 26

C6/7 8

Others 6

Presence of T2 high lesion

Yes 51

No 39

Postoperative C5 palsy

Yes 6

No 84

SD standard deviation

Table　2.　Preoperative and Postoperative Changes in Sagittal Imaging Parameter, 

the Japanese Orthopaedic Association (JOA) Score and Patient Reported Outcome 

(PROs) [mean (SD) ].

Parameter
Preoperative 

assessment

Postoperative 

assessment 

(3 month) 

Postoperative 

assessment 

(1 year) 

p value

CL 12.8 (11.3) 9.9 (12.5) 11.6 (13.4) <0.01

cSVA 25.8 (11.8) 30.0 (12.5) 30.6 (12.3) <0.01

T1S 27.7 (8.9) 26.7 (8.9) 27.8 (9.5) 0.61

JOA 11.3 (2.8) 13.9 (1.9) 14.2 (2.0) <0.01

NDI 24.5 (18.7) 19.4 (15.5) 16.0 (14.8) <0.01

VAS

Neck 24.6 (24.3) 17.8 (21.0) 14.4 (19.1) <0.01

Upper Ex 32.4 (28.9) 25.1 (25.5) 20.7 (25.3) <0.01

Numbness 55.4 (26.7) 34.3 (26.5) 32.4 (26.7) <0.01

Satisfaction 78 (22.5) 85 (22.8) 

SD standard deviation; CL, cervical lordosis; cSVA, cervical sagittal vertical axis; T1S, T1 slope; 

JOA, Japanese Orthopaedic Association; NDI, Neck Disability Index; VAS, Visual Analog Scale

modified version of the R commander designed to add sta-

tistical functions frequently used in biostatistics7).

Results

1. Demographics

Patient background data are presented in Table 1. Data on

patient satisfaction 1 year after surgery were available for 90

patients, and their records were used for analysis. The mean

age of the patients was 68.7 years; 59 patients were male

and 31 were female. The greatest stenosis was most com-

monly observed at C3/C4 (n=31; 34.4%), and T2 high le-

sions on preoperative MRI were observed in 39 patients

(43.3%). Postoperative C5 paralysis was observed in 6 pa-

tients (6.7%); however the paralysis improved in all patients

during the follow-up period.

2. Cervical sagittal imaging parameters

Analysis of the cervical sagittal imaging parameters re-

vealed that the cervical vertebrae had moved in the direction

of the anterior thrust postoperatively, as shown in Table 2.

Repeated-measures analysis of variance demonstrated sig-

nificant differences between the preoperative and postopera-

tive CL and cSVA values (p<0.01 and p<0.01). Multiple

comparisons revealed a significant difference between the

preoperative and 3-month postoperative CL values (p<0.01).

It also revealed significant differences between the preopera-

tive period and 3 months and between the preoperative pe-

riod and 1 year in terms of cSVA values (p<0.01 and p<

0.01); repeated-measures analysis of variance for T1S

showed no significant changes (p=0.61).

The JOA, NDI, and VAS scores are presented in Table 2.

The Friedman test showed that surgery significantly im-

proved all functional assessment scores postoperatively (p<
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Table　3.　Multiple Regression Analysis between Satisfaction (3 Months) and Postop-
erative Parameters.

Variable
Unstandardized Coefficients

Standardized 
Coefficients p value

B (95% CI) Std.Error β

Intercept 98.77 

(55.41-142.14) 

21.67 0.000027

Age −0.63 

(−1.09- −0.16) 

0.23 −0.32 0.0094

Sex (Male) 3.44 

(−8.37-15.26) 

5.9 0.07 0.56

CL (3 months) 0.29 

(−0.19- 0.76) 

0.24 0.16 0.23

Intervertebral space with 
the strongest stenosis

 (C3/4 and others) 

−2.83 

(−14.73-9.08) 

5.95 −0.06 0.64

JOA SL (3 months) 10.64 

(−3.01-24.28) 

6.82 0.19 0.12

VAS Neck (3 months) −0.14 

(−0.41-0.14) 

0.14 −0.13 0.32

Note: R2=0.185 Adj. R2=0.101, F-statistics: 2.199, DF: 6 and 58, p value: 0.056, the coefficient of deter-

mination: 0.24

B, partial regression coefficient; β, standard regression coefficient, R2 coefficient of determination; CI, 

confidence interval; JOA, Japanese Orthopaedic Association; SL, sensory function in lower extremities; 

VAS, visual analog scale

0.01).

Significant differences in JOA scores were detected be-

tween all groups. Significant differences were detected be-

tween the NDI values preoperatively and at 1 year postop-

eratively and between those at 3 months and 1 year postop-

eratively (p<0.01 and p=0.02). Significant differences were

detected between the preoperative VAS neck pain scores and

those at 3 months postoperatively and between the preopera-

tive scores and those at 1 year postoperatively (p=0.03 and p

<0.01). Further, significant differences were noted between

the VAS scores for upper extremity pain preoperatively and

at 1 year postoperatively (p<0.01). Significant differences

were also detected between the VAS scores for numbness

preoperatively and at 3 months postoperatively and between

those preoperatively and at 1 year postoperatively (p<0.01

and p<0.01). The median patient satisfaction score at 3

months after surgery was 78 (range, 25-100; standard devia-

tion, 22.5), and that at 1 year after surgery was 85 (range,

12-100; standard deviation, 22.8), as shown in Table 2.

Table 3, 4, 5 present the results of the multiple regression

analysis. Table 3 shows the results with the objective vari-

able set to patient satisfaction 3 months after surgery,

whereas Table 4 shows that of 1 year after surgery. As per

the multiple regression analysis performed for the parameter

values at 3 months, no significant differences were detected

in either of these values. On the contrary, although the coef-

ficient of determination was 0.24, which is not high, the re-

sults of the analysis of variance were significant, and two

factors were determined as influencing factors for patient

satisfaction after 1 year, that is, the value of lower limb sen-

sory impairment in the JOA score after 1 year and the VAS

of neck pain after 1 year. Although not included in the ta-

bles, a multiple regression analysis with the surgeon as an

explanatory variable was also performed. The results show

that there is no significant difference in terms of satisfaction

at 3 months and 1 year postoperatively, even if the surgeon

is different.

Finally, to examine whether postoperative satisfaction can

be predicted based on the preoperative parameters, multiple

regression analysis was performed using patient satisfaction

at 1 year as an objective variable and with age, sex, preop-

erative CL, the site of the greatest stenosis, preoperative

JOA lower-extremity sensory disturbance, and preoperative

VAS score for neck pain as the explanatory variables (Table

5). Although the coefficient of determination was low at

0.044, the results of the analysis of variance were deemed

significant, and the VAS score for preoperative neck pain

was found as a factor influencing patient satisfaction at 1

year.

Discussion

In this study, we collected data from 90 patients with

CSM; examined changes in sagittal imaging parameters and

functional assessment scores; measured postoperative satis-

faction at 3 months and 1 year postoperatively; evaluated the

JOA score, PROs, and sagittal imaging parameters; and ex-

amined the factors affecting satisfaction using preoperative

and postoperative factors. The current study has excluded

patients with OPLL and focused solely on patients with
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Table　4.　Multiple Regression Analysis between Satisfaction (1 Year) and Postopera-
tive Parameters.

Variable
Unstandardized Coefficients

Standardized 
Coefficients p value

B (95% CI) Std.Error β

Intercept 76.21 

(33.94-118.47) 

21.12 0.00064

Age −0.36 

(−0.8-0.07) 

0.22 −0.18 0.101

Sex (Male) 2.08 

(−8.46-12.62) 

5.27 0.04 0.691

CL (1 year) 0.36 

(−0.02-0.74) 

0.19 0.21 0.061

Intervertebral space with 
the greatest stenosis

 (C3/4 and others) 

−3.43 

(−13.61-6.75) 

5.09 −0.07 0.51

JOA SL (1 year) 17.34 

(4.74-29.95) 

6.3 0.28 0.0078

VAS Neck (1 year) −0.33 

(−0.57-0.09) 

0.12 −0.28 0.00701

Note: R2=0.31 Adj. R2=0.24, F-statistics: 4.49, DF: 6 and 59, p value: 0.000825

B, partial regression coefficient; β, standard regression coefficient, R2 coefficient of determination; CI, 

confidence interval; JOA, Japanese Orthopaedic Association; SL, sensory function in lower extremities; 

VAS, visual analog scale

Table　5.　Multiple Regression Analysis between Satisfaction (1 Year) and Preopera-
tive Parameters.

Variable
Unstandardized Coefficients

Standardized 
Coefficients p value

B (95% CI) Std.Error β

Intercept 110.14 

(71.38-148.9) 

19.43 0.000003

Age −0.42 

(−0.9- 0.06) 

0.24 −0.21 0.086

Sex (Male) 0.67 

(−10.64-11.97) 

5.67 0.01 0.91

CL (preoperative) −0.05 

(−0.57-0.47) 

0.26 −0.02 0.85

Intervertebral space with 
the strongest stenosis 

(C3/4 and others) 

−4.51 

(−15.51-6.49) 

5.51 −0.09 0.42

JOA SL (preoperative) 3.74 

(−6.7-14.18) 

5.23 0.09 0.48

VAS Neck (preopera-
tive) 

−0.27 

(−0.48-−0.05) 

0.11 −0.29 0.014

Note: R2=0.125 Adj. R2=0.506, F-statistics: 1.67, DF: 6 and 70, p value: 0.140, the coefficient of deter-

mination: 0.044

B, partial regression coefficient; β, standard regression coefficient, R2 coefficient of determination; CI, 

confidence interval; JOA, Japanese Orthopaedic Association; SL, sensory function in lower extremities; 

VAS, visual analog scale

CSM to standardize the patient background. Additionally,

the study’s outcome measure is not dichotomous with “satis-

factory” or “unsatisfactory” categories, but rather a continu-

ous variable with a maximum score of 100.

After cervical laminoplasty, the CL decreased at 3

months, increased again, and then returned to baseline at 1

year. The cSVA increased due to surgery and remained high

at 1 year. This result may indicate that the neck pain drops

due to loss of extension muscle strength8) and that the neck

is pulled slightly ahead postoperatively, thus compensating
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for the lordosis of the upper cervical vertebrae. It has al-

ready been reported that laminoplasty changes the parame-

ters of the cervical spine. Smaller preoperative extension ca-

pacity and larger T1 slope have been shown to result in

greater postoperative lordosis reduction9).

All JOA scores and PROs improved significantly after

surgery. Patient satisfaction at 3 months and 1 year after sur-

gery was also good, with scores of 80-85 out of 100. Ac-

cording to a previous report from Japan that investigated pa-

tient satisfaction with cervical laminoplasty, including other

diseases such as OPLL and CDH, there was a significant

postoperative improvement in JOA scores and PROs, and

81.9%-71% patients answered that they were “satisfied”

with the surgery3,4). We thus believe that this study demon-

strates that good surgical outcomes and high satisfaction can

be achieved even when the survey is limited to patients with

CSM.

Multiple regression analysis revealed that postoperative

lower-extremity disorder, postoperative neck pain, and pre-

operative neck pain were factors that can decrease patient

satisfaction at 1 year postoperatively. In this study, postop-

erative kyphosis of the cervical spine and the stenosis site

were determined to have no significant effect on postopera-

tive satisfaction.

According to Ohya et al.4), patients with poor recovery of

lower-extremity function after surgery may have lower satis-

faction. Although it has been reported that axial pain caused

by surgery affects patients’ quality of life10), it is important

to note that this study showed that preoperative neck pain

also significantly affected postoperative satisfaction. Preop-

erative neck pain evaluation is considered to include several

factors such as disc11), muscles12), intervertebral joints, and

posterior rami13); in this study, since all patients had CSM, it

is thus reasonable to assume that cervical spondylotic

changes had some influence on preoperative neck pain. It

would be important to consider that neck pain may lead to

reduced surgical satisfaction when treating patients.

Several reports have compared the results of cervical

laminoplasty and surgery with fusion; two meta-analyses

have compared their postoperative VAS scores14,15). One study

compared laminoplasty with laminectomy and fusion for

multilevel cervical compressive myelopathy and found no

significant difference in the postoperative VAS scores be-

tween the two groups14). Another study has compared poste-

rior decompression and fusion (PDF) and laminoplasty in

patients with OPLL; therefore, the patient population was

different from that in the current study. Interestingly, in that

study, the PDF group had a higher postoperative VAS

scores15). They reported that PDF might have caused more

postoperative axial pain because it caused more damage to

the posterior spinal structures.

In patients with CSM who had severe preoperative neck

pain, it remains controversial whether surgery with fusion is

superior to laminoplasty in terms of patient satisfaction and

postoperative neck pain. Future studies are expected to elu-

cidate this issue.

This study has several limitations. First, this study did not

assess the patients’ mental state; according to Oshima et al.,

patients with severe neck pain after laminoplasty had a sig-

nificantly lower postoperative mental state. These patients

also tended to have severe preoperative neck pain and a

lower mental state16). Past research suggests that pain and de-

pression are highly intertwined, and thus, can exacerbate

physical and psychological symptoms17). Mental state may

influence the degree of neck pain.

The presence or absence of preoperative opioids or other

analgesic medications, as well as their volume, was not in-

vestigated in this study; however, considering that none of

these patients underwent fusion surgery before laminoplasty,

cervical pain may have been less critical than the other

symptoms in most patients.

Second, it should be noted that sagittal alignment was

measured only in the sitting position, whereas T1S values

differed between the sitting and standing positions. Although

sagittal alignment was not identified as a factor significantly

affecting satisfaction in this study, previous studies have re-

ported that sagittal parameters may affect postoperative

function and quality of life18,19).

Third, we did not exclude diseases such as lumbar dis-

eases and blood circulation disorders. Such diseases may af-

fect the diseases that cause lower-extremity sensory disor-

ders, in addition to cervical myelopathy.

Finally, there is the issue of follow-up rate and duration

of follow-up. Although this study was conducted with a 1-

year follow-up, ideally, 2-year or longer follow-up would be

desirable to evaluate long-term outcomes. Therefore, we are

planning a longer-term study.

Conclusion

Laminoplasty is a satisfactory surgical procedure that is

useful in restoring patient function. However, patients with

severe preoperative and postoperative neck pain and those

with severe postoperative sensory disorders of the lower ex-

tremities may be less satisfied with this procedure. Thus, it

is important to keep these things in mind when treating pa-

tients.
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