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Abstract

Purpose The purpose of this study was to evaluate the

application of the minimum clinically important difference

(MCID) concept to postoperative clinical results by using a

prospective cohort study in Chinese patients with cervical

spondylotic myelopathy (CSM).

Methods The sample consisted of 113 patients who

underwent surgical treatment for CSM in our hospital

between February 2008 and November 2012. The preop-

erative and 1-year postoperative modified Japanese

Orthopaedic Association (mJOA) scores, mJOA score

recovery rate, physical component summary (PCS) and

mental component summary (MCS) of the Short Form 36

were collected. The MCID of each outcome measurement

was calculated by four approaches including average

change, minimum detectable change, change difference

and receiver operating characteristic curve. The respon-

siveness of each measurement was then analyzed.

Results The patients presented a statistically significant

improvement (p\ 0.01) postoperatively in mJOA, PCS,

and MCS. The MCID calculated by four approaches varied

from 4.09 to 9.62 for the PCS, 3.11 to 7.41 for the MCS,

1.25 to 3.07 for mJOA score, and 31.37 to 44.02 % for

mJOA recovery rate. In addition, the improvement of the

mJOA score owned the highest responsiveness of the four

outcome measurements.

Conclusions The threshold value of the MCID was

determined by the choice of the assessment approach. In

addition, the recovery rate of the mJOA score appeared to

be the most valid and responsive measure of effectiveness

of surgery in CSM patients.

Keywords Cervical spondylotic myelopathy � Cervical
spine � Minimum clinically important difference � Modified

Japanese Orthopaedic Association score � Short Form 36

Introduction

Cervical spondylotic myelopathy (CSM) is one of the most

prevalent observed neurological disorders in the geriatric

population [1, 2]. In the past, evaluations of the postoper-

ative curative effects of the procedure were primarily based

on improvements in neurological dysfunction, such as that

defined by the modified Japanese Orthopaedic Association

(mJOA) score [3]. In recent years, more attention has

gradually been paid to the subjective feelings of patients

using, for example, the Short Form 36 (SF-36) of the

Medical Outcomes Study [4]. A comprehensive clinical

assessment should take both disease-specific evaluations

and general health evaluations into consideration.

The majority of studies that attempt to quantify the

efficacy of a therapeutic intervention report changes in

group means before and after treatment. However, group

means cannot be readily used in clinical practice to inter-

pret changes on an individual bias [5]. Therefore, the

concept of the ‘‘minimum clinically important difference’’

(MCID) has been presented as an alternative tool with

which to quantify clinically significant patient improve-

ments due to a therapeutic intervention. The MCID is

defined as the smallest change that is meaningful to
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patients and is considered the threshold needed to achieve

treatment efficacy [6]. A MCID value in a given study that

exceeds a threshold value indicates that a clinically sig-

nificant change was achieved, which may validate a ‘‘de-

cision to treat [7] ’’.

The purpose of this study was to calculate the MCID for

the SF-36 and mJOA score and to evaluate the respon-

siveness of each outcome measurements in CSM patients

who underwent surgery.

Methods

Patient sample

This prospective cohort study was approved by the Insti-

tutional Ethics Committee of our Hospital. The study was

performed in 141 consecutive patients with CSM treated by

the same group of spine surgeons in our hospital between

February 2008 and November 2012. The diagnosis of each

patient was made based on an integrative analysis of the

patient’s symptoms and physical and radiological exami-

nations, including preoperative cervical anteroposterior,

lateral, and flexion–extension radiographs and magnetic

resonance imaging (MRI) or computed tomography (CT)

scans. The diagnosis was either CSM or ossification of the

posterior longitudinal ligament (OPLL) patients with

myelopathy. All of the patients were refractory to conser-

vative treatment. Patients with trauma, infection, or serious

complications due to hypertension, coronary heart disease,

or diabetes, as well as patients who had these conditions

prior to surgery, regardless of whether the condition(s) was

under control, were excluded. Patients who did not com-

plete the outcome questionnaires prior to surgery or at the

1-year follow-up were also excluded. A total of 113

(80.1 %, 113/141) consecutive patients was enrolled. In

each case, the patient completed the questionnaires with the

assistance of the same specially trained medical personnel.

The follow-ups were scheduled at an outpatient clinic.

Outcome assessment

The SF-36 is a 36-item self-administered short-form health

status survey that was developed in the Medical Outcomes

Study. The SF-36 primarily evaluates a patient’s social and

physical function, general health, vitality, and body pain.

Two composite scores can be obtained, namely, a physical

composite summary (PCS) score and a mental composite

summary (MCS) score. These values were used in the

general health outcome assessments [8].

The modified Japanese Orthopaedic Association (mJOA)

score for cervical myelopathy [0 (lowest) to 17 points

(highest)] was recorded before surgery and at 1 year after

surgery. This score assesses neurological function based on

three categories: motor function in the upper and lower

limbs, sensory function in the upper and lower limbs, and

trunk and bladder function. The Hirabayashi recovery rates

were calculated using the formula established by Hirabaya-

shi: (postoperative JOA score - preoperative JOA score)/

(17 - preoperative JOA score) 9 100 (%). These values

were used for the disease-specific outcome evaluation [9].

Calculating approaches for MCID

There is no ‘‘gold standard’’ methodology for estimating

the MCID. The majority of methods fall within the fol-

lowing two categories, distribution-based methods and

anchor-based methods, including the following four

approaches [10]: (1) ‘‘mean change’’, an MCID value that

correlates with the average change in the patient cohort that

exhibits small variations [11]; (2) ‘‘change difference’’, the

difference in the average change score between responders

and nonresponders [12]; (3) ‘‘minimum detectable change’’

(MDC), the smallest value that is greater than the mea-

surement error within a 95 % confidence interval (CI) [13];

and (4) ‘‘receiver operating characteristic (ROC) curve’’, a

sensitivity- and specificity-based approach for the calcu-

lation of the MCID.

Anchors

The health transition item (HTI) of the SF-36 was used as

the anchor for derivations of anchor-based MCID calcu-

lations; the HTI is a well-studied anchor and has been used

extensively in many previous studies [10, 11]. The HTI

assesses how a patient feels at the time of the questionnaire

completion compared with 1 year previously. The HTI is

considered an appropriate independent anchor because it is

not used in the scoring of the MCS or PCS of the SF-36.

The responsiveness of the MCID of each outcome

measurement

When used in the arena of the MCID, sensitivity is defined

as the proportion of patients who report improvements

based on the external criterion and who have a patient-

reported outcome (PRO) score greater than the MCID

threshold value. Specificity is defined as the proportion of

patients who do not report improvements based on the

external criterion and who have a PRO score less than the

MCID threshold value. The ROC curve-derived MCID was

the change score with equal sensitivity and specificity. The

accuracy of the ROC curve is evaluated using the calcu-

lated area under the curve (AUC). AUC in the range of

0.90–1.00 are considered excellent, 0.80–0.90 are consid-

ered good, 0.60–0.80 are considered fair, and 0.50–0.60 are
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considered to indicate failure [14]. Thus, to evaluate the

responsiveness of the MCID of each outcome assessment,

we calculated AUC of the ROC curve and correlations

between responses to the anchor.

Statistical analysis

SPSS version 17.0 software (SPSS Inc., USA) was used for

the statistical analysis. The preoperative and 1-year post-

operative scores were compared using the Mann–Whitney

U test. Correlation coefficients were calculated to evaluate

the associations between the answers to the anchor question

and the outcome scores (Spearman coefficients). P values of

less than 0.05 were considered statistically significant.

Results

Patient group

A total of 141 consecutive patients completed the preop-

erative outcome measures. Of these patients, 113 (80.1 %,

113/141) completed all of the outcome measures 1 year

after surgery. The mean age of the patients at baseline was

57.6 ± 11.1 years. Of the patients, 39.8 % (45/113) were

female and 60.2 % (68/113) were male. The surgical

information of patients is shown in Table 1.

MCID threshold values for the outcome

measurements

All outcome measurements appeared a significant

improvement after surgery with 1-year follow-up

(Table 2). The comparison of different anchor- and distri-

bution-based approaches yielded a wide range of MCID

threshold values for each outcome measure (Table 3).

These values varied from 4.09 to 9.62 for the PCS, 3.11 to

7.41 for the MCS, 1.25 to 3.07 for the mJOA score, and

31.37 to 44.02 % for the recovery rate of the mJOA score.

The responsiveness of the MCID of each outcome

measurement

To determine which outcome measure was the most valid

and responsive measure of therapeutic effectiveness in

CSM patients undergoing surgery, we used ROC curves to

Table 1 Demographics and

types of surgery
Age (years) Mean 57.6 Range 32–90

Gender Male = 45 (39.8 %) Female = 68 (60.2 %)

Treatment Posterior approach Laminoplasty 49 (43.4 %)

Anterior approach ACDF 47 (41.6 %)

Artificial disc replacement 11 (9.7 %)

ACCF 6 (5.3 %)

ACDF anterior cervical decompression and fusion, ACCF anterior cervical corpectomy and fusion

Table 2 Patient-reported

outcomes (SF-36 PCS, SF-36

MCS, mJOA score, recovery

rate of the mJOA score) at

baseline and 1 year after

surgery

Outcome score Preoperative scores, mean (SD) 1-year postoperative score, mean (SD) p values

SF-36 PCS 37.85 (6.58) 43.29 (7.27) \0.01

SF-36 MCS 39.53 (5.54) 43.65 (7.06) \0.01

mJOA 12.45 (2.51) 15.15 (1.50) \0.01

Recovery rate – 60.88 % (37.73 %) –

SF-36 PCS SF-36 physical component summary score, SF-36 MCS SF-36 mental component summary

score, mJOA score modified Japanese Orthopaedic Association score

Table 3 MCID threshold

values for PCS, MCS, mJOA

score, and recovery rate of the

mJOA score

MCID calculation method Outcome measure

PCS MCS mJOA score Recovery rate (%)

Average change 5.44 3.11 2.70 –

MDC (95 % CI) 5.16 3.43 2.08 31.37

Change difference 9.62 7.41 3.07 44.02

ROC curve derived 4.09 3.91 1.25 31.67

SF-36 PCS SF-36 physical component summary score, SF-36 MCS SF-36 mental component summary

score, mJOA score modified Japanese Orthopaedic Association score, MCID minimum clinically important

difference, MDC minimum detectable change, ROC curve receiver operating characteristic curve
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compare the four outcome measures (mJOA score, mJOA

score recovery rate, PCS, and MCS of SF-36) assessed in

our study. Besides, the association between the responses

to the anchor and the change in outcome measurements

was also calculated.

The AUC varied from 0.71 to 0.93, indicating that the

ROC curve exhibited suitable accuracy indiscriminating

between responders and nonresponders (Fig. 1). The

AUCs for the mJOA score, the mJOA score recovery

rate, PCS, and MCS were, 0.89, 0.93, 0.87, and 0.71,

respectively. The recovery rate appeared to be the most

accurate discriminator of meaningful effectiveness (AUC

of 0.93) and the most responsive to postoperative

improvement.

The greatest correlations were between the responses to

the anchor and the recovery rate of the mJOA score

(r = 0.796, p\ 0.01). The correlations were nearly iden-

tical between responses to the anchor and the mJOA score

(r = 0.537, p\ 0.01) and the PCS (r = 0.532, p\ 0.01),

whereas the correlation between the response to the anchor

and the MCS was r = 0.332 (p\ 0.01).

Discussion

There are literatures supporting the use of both a generic

and a disease-specific questionnaire because these ques-

tionnaires evaluate different, although complementary,

aspects of patient outcomes [15, 16]. A subjective outcome

questionnaire could be used to evaluate patient pain, dys-

function, and general health status; however, the specific

value of each score does not reflect actual clinical signifi-

cance and offers little assistance in guiding or assessing

clinical practices. Furthermore, the patients’ subjective

experiences could be quite different even when the patient-

reported outcome scores are the same, which could cause

difficulty in evaluating the efficacy of clinical treatment

with specific scores.

In this study, a disease-specific questionnaire, the

mJOA, and the recovery rate of the mJOA score were used

to evaluate patients’ neurological function improvements,

whereas the PCS and MCS in SF-36 were used to evaluate

general condition improvements. The changes in the mJOA

score, mJOA score improvement rate, MCID on PCS, and

Fig. 1 Receiver operating

characteristic (ROC) curves for

each outcome assessment. The

AUCs for the mJOA score, the

mJOA score recovery rate, PCS,

and MCS were, 0.89, 0.93, 0.87,

and 0.71, respectively. ROC

curve receiver operating

characteristic curve, AUC area

under the curve
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MCS of SF-36 were used to evaluate clinical significance.

The latter calculation facilitated the detection of the

smallest change in an outcome measure that reflects clin-

ically meaningful improvements in patients with CSM.

Clinical treatment was deemed significantly effective when

its score reached the MCID threshold value.

Three previous studies compared different MCID cal-

culation methods in patients with cervical disorders. Car-

reon [5] described MCID values in a heterogeneous

population undergoing both anterior and posterior cervical

spine fusion; however, that study did not include the MCS

of the SF-36. Parker [17] assessed anchor-based approa-

ches in patients with cervical radiculopathy undergoing

ACDF; however, there was only a 3-months follow-up.

More recently, Auffinger [7] described the MCID of ACDF

based on a long-term follow-up of only 30 patients. To the

best of our knowledge, there are no previous studies that

determined the MCID, neurological function, and patients’

subjective evaluations with a relatively long follow-up

period.

MCID threshold is manifested as an interval value for

different choice of MCID calculation method leads to

different result; however, there is no consensus regarding

the best method. Several previous studies, such as Copay

[18] and Parker’s [19] research, suggested use of the MDC

as the optimal method for determining the MCID threshold

in patients undergoing spine surgeries.

To evaluate which assessment is the most valid and

responsive measure of the therapeutic effectiveness of

CSM, we calculated the ROC curve and correlations

between responses to the anchor. The ROC curve attempts

to identify the threshold for a PRO score while maintaining

the greatest sensitivity and specificity possible and attempts

to quantify personal bias. The area under the ROC curve

corresponding to the feasibility of using the change in the

PCS score to predict improvement was 0.87. This value

could be interpreted as follows: if one takes two individuals

at random, namely, one with and without improvements

according to the global effectiveness rating, the probability

is 87 % that the first individual would have a higher change

score than the second individual. Similarly, the AUCs of

the MCS, mJOA score, and ROC curve of the mJOA score

improvement rate were 0.71, 0.89, and 0.93, respectively,

indicating that the largest variation in neurological function

corresponded to the mJOA score improvement. The cor-

relation coefficient between the mJOA score improvement

and HTI score reached 0.796 (r = 0.796, p\ 0.01), which

is larger than the correlation coefficient between HTI and

the PCS (r = 0.532, p\ 0.01), MCS (r = 0.332,

p\ 0.01), and mJOA (r = 0.537, p\ 0.01). The mJOA

score improvement rate is the measure that appeared to be

the most accurate indicator of meaningful effectiveness

(AUC of 0.93) and most responsive to postoperative

improvement (r = 0.796, p\ 0.01).

The large value of the AUC of the mJOA improvement

rate and the strong correlation between the mJOA

improvement rate and the HTI suggest that the patients’

neurological function was improved together with their

health status 1 year after the surgery. Patients with CSM

pay more attention to their neurological functional

improvement than their physiological function and mental

state. In this study, it appeared that Chinese patients were

generally keen on discussing the improvement of previous

symptoms due to CSM during subsequent visits. In addi-

tion, pathogenic factors and the natural course of CSM add

complexity and unpredictability to the postoperative out-

comes. Surgical treatment for spinal disorders is aimed at

improving symptoms, quality of life, work ability, and

social activity [20]. We could not ignore patients’ mental

health even though the correlation coefficient between the

MCS and HTI was low (r = 0.332, p\ 0.01). The result

that the improvement in the MCS was less than that of the

PCS indicates that patients’ mental health may play a more

important role than expected. A large-scale study is needed

to further investigate the postoperative long-term mental

health states of patients with CSM.

There are several limitations to this study. First, the

patients were not subdivided into subgroups according to

surgical method because of the limited number of cases.

For example, the prevalence of OPLL ranged from 0.4 to

3.0 % in Asian countries, and OPLL patients with

myelopathy might be a special group of CSM patients [21].

Further studies are still needed to be carried out. Second,

the MCID values are specific to the populations studied and

maybe different in other populations depending on their

specific characteristics, such as gender and work status.

Finally, the anchor utilized in this study is not compre-

hensive because other anchors, such as the surgeon rating

and visual analogue scale (VAS) score, were not included.

Further multicenter studies with larger datasets and perhaps

longer follow-up times are encouraged to examine whether

the MCIDs differ in different indications and subgroups of

surgically operated patients.

Conclusion

All outcome assessments for CSM patients improved sig-

nificantly 1-year after surgery. The threshold value of the

MCID for the surgical treatment of patients with CSM was

determined to a great extent by the choice of the assess-

ment method. In addition, the recovery rate of the mJOA

score appeared to be the most valid and responsive measure

of effectiveness in CSM patients undergoing surgery.
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