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Abstract

Purpose Patient-reported outcome measures (PROM) are

used to measure treatment efficacy in clinical trials. The

impact of the choice of a PROM and the cut-off values for

‘meaningful important differences’ (MID) on the study

results in patients with lumbar spinal stenosis (LSS) is

unclear.

Objective The objective is to study the consequences of

applying different PROMs and values for MID for pain and

disability on the proportions of patients with improvement.

Design Prospective multi-center cohort study.

Methods Proportions of patients with improvement using

established MID cut-off values were calculated and com-

pared for PROMs for pain and disability.

Results 466 patients with LSS completed a baseline and

6-month follow-up assessment and were analyzed. Treat-

ment modalities included surgery (65 %), epidural steroid

injections (15 %), or conservative care (20 %). The

prevalence of patients fulfilling the criteria for MID ranged

from 40 to 70 % across all outcome measures and cut-offs.

The agreement of the spinal stenosis outcome measure

(SSM) symptom subscale with other pain scales, and the

SSM function subscale with other function scales was fair

to moderate (Cohen’s j value between 0.24 and 0.5).

Disagreement in the assessment of MID (MID reported by

patients in one scale but not the other) was found in at least

one-third of the patients.

Conclusion The MID in outcome scores for this population

varied from 40 to 70 %, depending on the measure or cut-

off score used. Further, the disagreement between domain

specific measures indicates that differences between stud-

ies may be also related to the choice of an outcome mea-

sures. An international consensus on the use and reporting

of outcome measures in studies on lumbar spinal stenosis is

needed.

Keywords Spinal stenosis � Lumbar spinal stenosis �
Outcome measures � Patient-reported outcome measures

Introduction

Patients and physicians often have difficulties determining

the clinical relevance of a treatment effect quantified as a

patient-reported outcome measure (PROM). The clinical

relevance, for example, of a mean increase of five points in

quality of life after surgery on a scale from 0 to 100 is

difficult to interpret. To facilitate the interpretation of

PROM, the concept of ‘‘minimal clinically important dif-

ference’’ (MCID), also known as ‘‘minimal important dif-

ference’’ (MID), has been introduced [1]. The minimal

important difference refers to ‘‘the smallest amount of

benefit a patient can recognize and value’’ [1]. By applying

MID to the analysis of outcome data from a clinical trial,

the proportion of patients with an improvement—at least in

the magnitude of MID—can be calculated. Studies
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reporting the proportion of meaningfully improved patients

in the treatment group, compared to placebo or other

treatment, are valuable for informing patients about treat-

ment effects.

In patients with spinal lumbar stenosis, various outcome

measures are used to quantify treatment efficacy. For

example, the spinal stenosis measure (SSM) includes two

subscales, one to quantify pain and the other physical

function [2]. Other commonly used instruments to measure

outcomes in patients with lumber stenosis are: the numeric

rating scale (NRS), the Roland Morris questionnaire

(RMQ) [3], the Oswestry disability index (ODI) [4], the

Oxford spinal stenosis score [4], and the lumbar spinal

stenosis-specific symptom scale [5], and health measures

including the EuroQol [6]. One would expect that two

instruments that are valid to measure pain would be simi-

larly sensitive to change and a high agreement between the

proportions of patients with MID can be found for instru-

ments that measure the same domain. Today, there is

insufficient evidence available as to whether this is the

case. The reported proportion of patients with MID may

vary according to the outcome measure utilized. Further-

more, different methods are used to establish MID cut-off

values for a scale. The impact of various cut-off values—to

categorize patients with meaningful improvement (MID) or

no meaningful improvement—on study outcomes is

unclear. To date, there is no consensus on how to assess

and report treatment outcome in patients undergoing

treatment for lumbar spinal stenosis. Furthermore, it is

unclear whether the studies that use different outcome

measures can be compared.

The objective of this study was to assess the agreement

of domain specific outcome measures for pain and dis-

ability in patients undergoing treatment for lumbar spinal

stenosis. Further, we assessed the impact of different cut-

off values proposed for MID on the proportion of improved

patients treated for lumbar spinal stenosis.

Method

This research is part of a multi-center prospective cohort

study in Switzerland investigating the prognosis of patients

with lumbar spinal stenosis treated with or without surgery

[7]. The study was approved by the local ethical committee

and conducted in accordance with the Declaration of Hel-

sinki [8]. All patients received written and oral information

about the study and gave their written consent to participate.

Eligibility criteria and patients

Patients were recruited during consultations in the

Rheumatology and Spine Surgery Units in eight hospitals

located in the Cantons of Zurich and Lucerne, Switzerland.

Inclusion criteria were: (1) age C50 years; (2) uni- or

bilateral neurogenic claudication (defined by pain in the

buttocks and/or lower extremities provoked by walking or

extended standing and relieved by rest and/or bending

forward); (3) verified spinal stenosis (central or lateral

verified by magnetic resonance imaging or computer

tomography); (4) anticipated life expectancy more than

1 year; (5) able to give informed consent; (6) available for

follow-up; and (7) able to complete questionnaires in

German. For the current study, all consecutive patients who

completed data at baseline and 6 months’ follow-up were

included.

Exclusion criteria were: the presence of red flags (e.g.,

cauda equina syndrome, infection), current vertebral frac-

ture, significant deformity ([15� lumbar scoliosis), or

clinically relevant peripheral arterial disease (confirmed by

a vascular specialist).

Procedure and measurements

All patients participating in the prospective cohort study

received a set of questionnaires after agreeing to participate

and signing the informed consent. They completed self-

reported baseline information about socio-demographic

characteristics, symptoms and returned the questionnaires

by mail. After inclusion in the study, the patients were

contacted by the study coordinator for a clinical exami-

nation, an interview on comorbidities and previous treat-

ments for lumbar spinal stenosis received within the

previous 6 months. The treatment received was at the

discretion of the treating physician. After 6 months a set of

questionnaires was sent for the follow-up evaluation and

returned by mail.

PROM for pain

The spinal stenosis measure (SSM) measure is a disease-

specific evaluation tool for patients with lumbar spinal

stenosis that assesses symptoms and physical function [2,

4]. The scale is also known as the spinal stenosis measure,

the Zurich Claudication questionnaire, or the Brigham

spinal stenosis questionnaire. It is a self-administered,

reliable, valid, and internally consistent questionnaire that

is responsive to clinical change and has been validated in

English [2, 4] and other languages [9–11]. The German

version has been shown to be reliable and valid with a

Cronbach’s alpha for the SSM Sy of 0.83, the SSM F 0.86,

and the SSM Sat. 0.87 [11]. The three subscales are the

SSM symptom scale (SSM Sy, seven items), the SSM

physical function scale (SSM F, five items), and the SSM

satisfaction scale (SSM Sat., six items). Each item is rated

on a Likert scale. The SSM Sy measures pain over the prior
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month including pain location, pain frequency, and neu-

rological disturbances on a scale from 1 (no) to 5 (very

severe symptoms) points.

The numeric rating scale (NRS) measures pain intensity

during the previous 7 days on a scale of 0 (no pain) to 10

(worst possible pain) [12, 13]. The question was framed as

follows: during the past 7 days on average, how strong was

your pain? How intensive was your back or leg pain during

walking and activity?

The feeling thermometer (range0–100) assesses the impact

of the current complaint over the previous 7 days. The ques-

tion is framed so that it is ambiguous whether pain or function

is being assessed [14]. It was, therefore, compared to scales

measuring pain, disability, and the SSM sum score.

PROM for disability

The SSM F subscale measures physical function during the

prior month in six items on a scale from 1 (yes, comfort-

ably) to 5 (no, could not perform). The item addresses

walking distance in different settings including walk for

pleasure, for shopping, and for getting around the house.

The physical function scale score was calculated from the

unweighted mean of all answered items with the possible

range of scores between 1 and 4.

The Roland Morris disability questionnaire (RMQ, range

0–24) was developed to assess functional disability in back

pain patients [15–17]. The RMQ is frequently used to assess

outcome in lumbar spinal stenosis studies [18, 19]. A limited

range of physical functions, including walking, bending

over, sitting, lying down, dressing, sleeping, self-care, and

daily activities are assessed and the RMQ correlates well

with measures of physical function [20]. The questionnaire

assesses disabilities because of the back problem, e.g.,

‘‘Because of the pain in my back, I lie down to rest more

often’’ or ‘‘I get dressed more slowly than usual because of

the pain in my back’’. The RMQ has been shown to be reli-

able and consistent in assessing back pain populations with a

high Cronbach’s alpha between 0.84 and 0.93 [20].

General PROM

We compared MID in both the SSM Sy and SSM F sub-

scale [2, 4] to MID in the feeling thermometer. The

questions posed by the feeling thermometer are framed in

such a way that it is open whether pain or function is being

assessed. We analyzed the agreement between the feeling

thermometer and a combination of the SSM F and SSM Sy.

Additional measures

The SSM Sat subscale measures satisfaction with the

operation, with pain relief, with the ability to walk and

perform everyday activities, and assesses neurological

improvement on a 1 (very satisfied) to 4 point scale (very

dissatisfied). We calculated the percentage of satisfied

patients for each SSM subscale. Stucki et al. [2] used the

SSM Stat subscale to derive the MID cut-off for the SSM

Sy and SSM F (described below). Patients were classified

as ‘‘satisfied’’ when they reported 1.0–2.0 points. Patients

with[2 points in the SSM Sat. subscale were considered

‘‘not satisfied’’.

Meaningful important difference

Two studies evaluated the values for MID in the SSM.

Stucki et al. [2] used an anchor-based approach using the

SSM Sat subscale. MID in the SSM Sy and SSM F were

based on the difference in mean change in the patients who

were satisfied (1.0–2.0 points on a 1.0–4.0 point scale) and

patients who were somewhat/not satisfied (SSM

Sat[2.0–4.0 points). MID derived with this approach was

Table 1 Baseline

characteristics
All Conservative Injection Surgery

n (%) 466 (100) 93 (20) 71 (15) 302 (65)

Gender: male/female 223/243 40/53 29/42 154/148

Age: median (IQR) 75 (67–80) 75 (69–81) 75 (67–80) 74 (67–79)

SSM Sy: median (IQR) 3.1 (2.7–3.6) 3.0 (2.4–3.8) 2.9 (2.6–3.5) 3.1 (2.7–3.6)

Neuroischemic: median (IQR) 2.5 (2.0–3.3) 2.5 (1.8–3.0) 2.5 (2.0–3.1) 2.75 (2.25–3.25)

Pain: median (IQR) 3.7 (3.3–4.3) 3.8 (3.0–4.3) 3.7 (3.3–4.3) 4.0 (3.3–4)

SSM F: median (IQR) 2.2 (1.8–2.8) 2.2 (1.8–3.2) 2.0 (1.5–2.6) 2.4 (1.8–2.8)

NRS: median (IQR) 7.0 (5.0–8.0) 6.0 (3.0–8.0) 6.0 (4.0–8.0) 7.0 (5.0–8.0)

RMQ: median (IQR) 13.0 (8.0–16.0) 10 (6–15) 11.0 (5.5–14.0) 14 (9–16)

FT: median (IQR) 65.0 (50.0–80.0) 50 (35–80) 58 (44–75) 70 (50–80)

SSM Sy Spinal Stenosis Measure subscale [range 1 (none)–5 (very severe)], SSM F SSM function subscale

(range 1–4), NRS numeric rating scale (range 0–10), RMQ Roland Morris Disability Questionnaire (range

0–24), FT feeling thermometer (range 0–100)
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in the SSM F 0.52 points and in the SSM Sy 0.48 points

[3]. Using a ROC where the curve nearest the upper left-

hand corner was used as cut-off value, Cleland et al. [3]

developed MID in the SSM F of 0.1 points and in the SSM

Sy of 0.36 points.

To demonstrate the impact of different MID on treat-

ment success, we report both MID values for SSM Sy and

SSM F. We also report results for an MID of 30 % change

corresponding to the proposed 30 % change for the RMQ,

NRS, and feeling thermometer. MID for the NRS, the

feeling thermometer, and the RMQ were based on the work

of Ostelo et al. [17]. We used the proposed 30 % change

for all three outcome parameters. Further, results were

reported for the absolute MID of 2 points in the NRS, 15

points in the feeling thermometer, and 5 points in the RMQ

[17].

Statistics

For continuous data, median and interquartile ranges are

given. Proportions of MID at 6 months’ follow-up were

calculated for all scales and compared between scales. To

quantify the magnitude of agreement between reported

MID for different scales, we used the kappa (j) statistic.

Table 2 Meaningful important differences (MID) for all scales

Scale (MID) Yes No

SSM Sy (0.48)a 266 (57) 200 (43)

SSM Sy (0.36)b 303 (65) 163 (35)

SSM Sy (30 %) 185 (40) 281 (60)

SSM F (0.52)a 232 (50) 234 (50)

SSM F (0.1)b 328 (70) 138 (30)

SSM F (30 %) 191 (41) 275 (59)

NRS (C2 points decrease; n = 449) 280 (63) 169 (37)

NRS (30 %) 259 (56) 207 (44)

FT (C15 points decrease; n = 449) 278 (62) 171 (38)

FT (30 %) 257 (55) 209 (45)

RMQ (C5 points; n = 417) 167 (40) 250 (60)

RMQ (30 %) 205 (44) 261 (56)

MID for the NRS, the feeling thermometer (FT) and RMQ according

to Ostelo et al. [17]

SSM scale Spinal Stenosis Measure, SSM Sy SSM symptom subscale,

SSM F SSM function subscale, MID meaningful important

differences
a MID SSM Sy and function subscale according to Stucki et al. [2]:

SSM F 0.52 points, SSM Sy 0.48 points
b MID according to Cleland et al. [3]: SSM F of 0.1 points, SSM Sy

0.36 points

Table 3 Agreement between MID in the SSM symptom subscale and in other pain measures

Scale 1 (MID)/scale 2 (MID) Prevalence

MID scale 1 %

Yes/yes:

n (%)

Yes/no:

n (%)

No/yes:

n (%)

No/no:

n (%)

j

SSM Sy (0.48)/NRS (30 %) 57 205 (44) 61 (13) 54 (12) 146 (31) 0.5

SSM Sy (0.48)/NRS (C2 points decrease; n = 449)a 213 (47) 49 (11) 67 (15) 120 (27) 0.46

SSM Sy (0.48)/FT (30 %) 202 (43) 64 (14) 55 (12) 145 (31) 0.48

SSM Sy (0.48)/FT (C15 points decrease; n = 449)b 208 (46) 50 (11) 70 (16) 121 (27) 0.45

SSM Sy (0.48)/satisfied patients (n = 459)c 213 (47) 50 (11) 98 (21) 98 (21) 0.32

SSM Sy (0.36)/NRS (30 %) 65 216 (46) 87 (19) 43 (9) 120 (26) 0.42

SSM Sy (0.36)/NRS (C2 points decrease; n = 449)a 227 (51) 71 (16) 53 (12) 98 (22) 0.4

SSM Sy (0.36)/FT (30 %) 213 (46) 90 (19) 44 (9) 119 (26) 0.41

SSM Sy (0.36)/FT (C15 points decrease; n = 449)b 222 (49) 72 (16) 56 (13) 99 (22) 0.38

SSM Sy (0.36)/satisfied patients (n = 459)c 229 (50) 71 (15) 82 (18) 77 (17) 0.25

SSM Sy (30 %)/NRS (30 %) 40 164 (35) 21 (5) 95 (20) 186 (40) 0.51

SSM Sy (30 %)/NRS (C2 points decrease; n = 449)a 164 (36) 17 (4) 116 (26) 152 (34) 0.44

SSM Sy (30 %)/FT (30 %) 162 (35) 23 (5) 95 (20) 186 (40) 0.50

SSM Sy (30 %)/FT (C15 points decrease; n = 449)b 158 (35) 19 (4) 120 (27) 152 (34) 0.41

SSM Sy (30 %)/satisfied patients (n = 459)c 168 (37) 16 (3) 143 (31) 132 (29) 0.35

SSM scale Spinal Stenosis Measure, SSM Sy SSM symptom subscale, SSM F SSM function subscale, MID meaningful important differences, FT

feeling thermometer, NRS numeric rating scale
a NRS 17 patients excluded from the analysis because the baseline NRS was\2
b FT 17 patients excluded from the analysis because the baseline FT was\15 points)
c Satisfied patients defined according to the definition of Stucki et al. SSM satisfaction 1.0–2.0 points [2], not satisfied include all patients

reporting in the SSM satisfaction of[2.0 points (range 1–4 points)
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The j statistic indicates the proportion of agreement

beyond that expected by chance [21]. Agreement is: less

than chance (\0), slight (0.01–0.20), fair (0.21– 0.40),

moderate (0.41–0.60), substantial (0.61–0.80), or (almost)

perfect (0.81–1.00). High and low prevalence of positive

findings may influence the j value [22]. The influence of

the prevalence on the j values was low (correla-

tion = -0.39). The prevalence rates may influence the j
value [23]. Therefore, the influence of the prevalence on

the j values was assessed visually and using correlation

analysis. The correlation was low (r = -0.39), and there-

fore, did not require addition adjustment. This may be

because the observed prevalence was close to 50 % [23].

All analyses were conducted with the statistical software

R [24].

Ethics

This cohort study was conducted in compliance with all

international laws and regulations as well as any applicable

guidelines. The study was approved by the independent

Ethics Committee of the Canton Zurich (KEK-ZH-NR:

2010-0395/0).

Results

The LSOS is an ongoing observational cohort study in

patients with symptomatic lumbar spinal stenosis. For this

analysis, patients with a complete set of baseline and fol-

low-up questionnaire at 6 months were included. By

December 2014, 1315 patients were potentially eligible and

704 patients (100 %) agreed to participate in the study

(‘‘Appendix 1’’ study flow). For the current analysis, a full

set of questionnaires at baseline and 6-month follow-up

was available in 466 patients (66 %) and included in this

analysis. The reasons for non-inclusion were lost to follow-

up (48 patients, 7 %), not completed 6 months’ follow-up

(135 patients, 19 %), and incomplete questionnaires (55

patients, 8 %). During the 6-month treatment period, 302

patients (65 %) received surgical treatment, 71 patients

(15 %) had epidural steroid injections, and 93 patients

(20 %) received conservative care. Table 1 summarizes the

baseline characteristics of the study population. The med-

ian age was 75 years (IQR 67–80), and 52 % were women.

Table 2 summarizes the percentage of patients with MID

for each scale after 6 months. Depending on the cut-off

values used, the proportions of patients fulfilling the MID

criteria ranged in the different scales from 40 to 70 %. In the

SSM Sy scale, for example, the proportions of patients ful-

fillingMID criteria were highest for the cut-off value of 0.36

points (by Cleland et al. [3], 65 %) and decreased with the

cut-off of 0.48 (by Stucki et al. [2], 57 %), and the 30 %

(relative improvement) cut-off (40 %).When comparing the

RMQ and the SSMF,MID criteria in the SSMFwas fulfilled

depending on the cut-offs used in between 41 and 71 % and

in the RMQ, 40 and 44 %. Comparing the proportion of

patients fulfilling MID criteria based on absolute values to

MID cut-off criteria of 30 %, a lower proportion fulfilled

MID criteria across all scales. Out of 466 patients, between

39 % (cut-off by Stucki et al. [2]) and 56 % (cut-off by

Cleland [3]) reported MID in both the SSM Sy and SSM F

scale (a summary of the results for the SSM Sy and SSM F is

included in ‘‘Appendix 2’’).

The agreement between MID for scales assessing pain is

summarized in Table 3. The agreement between the pain

measures NRS and SSM Sy was moderate (j value

between 0.4 and 0.51). The proportion of patients with

MID reported in the SSM Sy and NRS ranged from 35 to

51 %. Disagreement in MID between the SSM Sy and NRS

was found in about one-third of patients (MID was reported

in one scale but not the other). Figure 1 depicts how often

the estimated results are consistent. The agreement

Fig. 1 Agreement between MIDs of scales assessing pain in patients

with lumbar spinal stenosis. Prevalence value indicates the proportion

of patients with MID in the SSM Sy scale; yes/yes and no/no represent

the proportion of agreement on a ‘‘true’’ status (MID and no MID).

No/yes and yes/no are subjects with a true positive or negative status

in one scale but not in the other and the ‘‘true’’ status is difficult to

determine
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between the feeling thermometer and the SSM Sy was

moderate according to the kappa values (j value between

0.38– 0.5). MID in the SSM Sy and feeling thermometer

was reported in 35 to 49 %. A disagreement in MID was

found in one-third of the patients (i.e., reported MID in

feeling thermometer but not in SSM Sy or vice versa).

The agreement between MID in the disability scales is

summarized in Table 4. The agreement between the SSM F

and the RMQ was fair to moderate (j values between 0.23

and 0.44). MID in both scales was reported in 27–38 %.

The disagreement in MID between the scales was found in

at least one-third of the patients. Figure 2 depicts how often

the estimated results are consistent. Similarly, the agree-

ment between the feeling thermometer and the SSM F was

fair to moderate (j values 0.3–0.4) and disagreement

between MID of the feeling thermometer and the SSM F

was found in at least one-third of the patients. The agree-

ment between the MID SSM F and satisfaction was fair (j
value between 0.24 and 0.33).

The agreement of scales that assess both pain and dis-

ability is given in Table 5. The agreement between the

feeling thermometer and a combination of SSM Sy and

SSM F was fair to moderate (j value between 0.34 and

0.45). MID in both scales were reported in 27–45 %, dis-

agreements between MID of the feeling thermometer and

the SSM in one-third of patients.

When using the external criteria satisfaction (SSM Sat.

1.0–2.0 points), the agreement with the SSM Sy, the SSM

F, and the SSM Sy ? F was fair to moderate (j values

between 0.25 and 0.35). For the SSM Sy, MID cut-off of

0.48 points, 32 % of the patients reported MID without

satisfaction or were satisfied without MID in the SSM Sy.

For the SSM F MID cut-off of 0.52 points, 37 % of the

patients reported MID without satisfaction or were satisfied

without MID in the SSM F. Forty percent of the patients

reported being satisfied without reporting MID in both

scales.

Discussion

In 466 patients treated for symptomatic lumbar spinal

stenosis, we demonstrated that the proportions of

improved patients after treatment varied considerably,

depending on the choice of the outcome measures and

MID cut-off values. The proportion of patients fulfilling

the criteria for a ‘minimal important difference’ ranged

for pain measures from 40 to 65 % and for disability

measures from 40 to 70 %. Disagreement (i.e., MID

reported by patients in one scale but not in the other and

vice versa) between pain scales was found in 25–31 %

and between disability scales in 27–39 %. The kappa

statistics for pain measures showed moderate agreement

(Cohen’s j value between 0.38 and 0.51) and for dis-

ability measures fair to moderate agreement (Cohen’s j
value between 0.24 and 0.44).

Table 4 Agreement between MID in the SSM function and MID in other disability measures

Scales (MID) Prevalence MID

scale 1 %

Yes/yes: n (%) Yes/no: n (%) No/yes: n (%) No/no: n (%) j

SSM F (0.52)/FT (30 %) 50 173 (37) 59 (13) 86 (18) 148 (32) 0.38

SSM F (0.52)/FT (C15 points; n = 449)a 183 (41) 42 (9) 95 (21) 129 (29) 0.39

SSM F (0.52)/RMQ (30 %) 146 (31) 86 (18) 59 (13) 175 (38) 0.38

SSM F (0.52)/RMQ (C5 points; n = 417) 125 (30) 92 (22) 42 (10) 158 (38) 0.36

SSM F (0.52)/satisfied patients (n = 459)b 185 (41) 47 (10) 126 (27) 101 (22) 0.24

SSM F (0.1)/FT (30 %) 70 215 (46) 113 (24) 42 (9) 96 (21) 0.31

SSM F (0.1)/FT (C15 points; n = 449)a 228 (51) 92 (20) 50 (11) 79 (18) 0.3

SSM F (0.1)/RMQ (30 %) 175 (38) 153 (33) 30 (6) 108 (23) 0.25

SSM F (0.1)/RMQ (C5 points; n = 417) 147 (35) 154 (37) 20 (5) 96 (23) 0.23

SSM F (0.1)/satisfied patients (n = 459)b 245 (55) 82 (18) 66 (14) 66 (14) 0.24

SSM F (30 %)/FT (30 %) 41 158 (34) 33 (7) 99 (21) 176 (38) 0.44

SSM F (30 %)/FT (C15 points; n = 449)a 162 (36) 22 (5) 116 (26) 149 (33) 0.41

SSM F (30 %)/RMQ (30 %) 134 (29) 57 (12) 71 (15) 204 (44) 0.44

SSM F (30 %)/RMQ: (C5 points; n = 417) 114 (27) 63 (15) 53 (13) 187 (45) 0.43

SSM F (30 %)/satisfied patients (n = 459)b 169 (37) 22 (5) 142 (31) 126 (27) 0.33

SSM F SSM function subscale, MID meaningful important differences, RMQ Roland Morris Questionnaire, FT feeling thermometer
a FT 17 patients excluded from the analysis because the baseline FT was\15 points)
b Satisfied patients defined according to the definition of Stucki et al. SSM Satisfaction 1.0–2.0 points [2], not satisfied include all patients

reporting in the SSM satisfaction of[2.0 points (range 1–4 points)
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Results compared to the literature

To the best of our knowledge, no study has addressed

the consequences of applying different patient-reported

outcome measures (PROMs) and cut-off values for MID

in patients with lumber spinal stenosis. PROMs are well

established for the assessment of pain and disability in

back pain-related disorders. Not all PROMs used in low

back pain patients reliably measure disability related to

spinal stenosis. Our study showed that the Roland Morris

questionnaire (RMQ) was less likely to detect MID in

spinal stenosis patients compared to the disease-specific

SSM. One explanation of this finding is that the RMQ

questions focus on the back pain which is not the pri-

mary complaint in many patients with lumbar spinal

stenosis. This finding highlights the importance of

validation studies in specific patient populations. Most

studies focus on the reliability and responsiveness of

different scales [3] and the establishment of minimal

important differences (MID). MID focuses on the

decrease of pain or disability in ‘‘the smallest amount of

benefit a patient can recognize and value’’ [1]. MID

values for a scale can be developed by various approa-

ches (e.g., anchor-based or sensitivity- and specificity-

based approach) and a broad variation in the resulting

MID cut-offs has been shown [25]. In addition, different

patient populations may respond differently. For exam-

ple, the SSM was developed for LSS patients undergoing

surgery [2]. The validation study of the SSM conducted

by Cleland et al. was done in patients mainly undergoing

conservative treatment [3]. Therefore, the differences of

the MID cut-off values may also be explained by the

different patient population under investigation. It is a

logical consequence that using lower MID cut-off cri-

teria results in a higher proportion of MID, and there-

fore, a higher success rate for an intervention. In an

effort to reach an international consensus in the inter-

pretation of changes in scores in low back pain, Ostelo

et al. proposed a 30 % improvement as a general guide

[17]. When applying the 30 % improvement to the cur-

rent study population instead of using absolute cut-off

scores, the success rates were lower for all measures.

The decrease was most pronounced for the SSM Sy and

SSM F subscales. In the SSM F subscale, the proportion

of patients reporting MID dropped from 70 % (cut-off

0.1 point) to 40 % (cut-off of 30 %). Clinical registries

offer the advantage that participating centers collect the

same core set of measures. For example, analyses based

on the international Spine Tango Registry or the

National Swedish Register for Spine Surgery (Swespine)

includes data on patients undergoing surgery for LSS

from many different centers [26, 27]. Though registries

permit comparisons on MID scores, different registries

do not use uniform outcome measures. The Spine Tango

Registry uses the self-reported Core Outcome Measure

Index (COMI) questionnaire whereas the National

Swedish Registry uses the Oswestry disability index,

both validated PROMs in LSS patients [3, 27].

Further, one-third of the patients reported an MID in one

domain specific scale but not in the other scale. In scales

assessing the same domain (e.g., pain), convergent validity

is assumed, and therefore, the efficacies of studies that use

different measures are compared by clinicians and in meta-

analyses. While we recently reported a high correlation

between the change scores in the SSM Sy and the NRS

(correlation coefficient 0.64), the correlation between the

Fig. 2 Agreement between MID of scales assessing disability in

patients with lumbar spinal stenosis. Prevalence value indicates the

proportion of patients with MID in the SSM F scale; yes/yes and no/

no represent the proportion of agreement on a ‘‘true’’ status (MID and

no MID). No/yes and yes/no are subjects with a true positive or

negative status in one scale but not in the other and the ‘‘true’’ status

is difficult to determine
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SSM F and RMQ was lower (correlation coefficient 0.39)

[27]. The sensitivity and specificity (ROC analysis) for an

external criterion of clinical change showed a higher

responsiveness for the SSM Sy plus SSM F (AUC 0.832)

than for the RMQ (AUC 0.631) [27].

The nature of the disease leads to a different presenta-

tion of patients with lumbar spinal stenosis compared to

patients with low back pain. While the symptom back pain

is less prominent, symptoms including neuroischemic pain

and disability during walking are frequent. Therefore, it is

possible to assume that general back pain measures may

not be sensitive to these complaints and underestimate the

disability in spinal stenosis patients. It may, therefore, be

hypothesized that studies with RMQ as a primary outcome

report less favorable results than studies that use the SSM

function scale. For example, Friedli et al. found in a study

on the efficacy of epidural steroid injections in lumbar

spinal stenosis a proportion fulfilling the MID criteria of

30 % decrease in the RMQ in 37.3 and 31.6 % [18], which

was comparable to our study. Had another scale been used

(e.g., the SSM) the efficacy may have been higher. In a

recent meta-analysis on treatment efficacy of surgery in

lumbar spinal stenosis, 17 studies were pooled that reported

disability on six different outcome scales [28]. According

to our findings, it is questionable that all of these study

results are comparable.

Reporting the efficacies of interventions in a mode that

clinicians and researchers alike can understand is important.

To establish clinical guidance on the use of effective inter-

ventions in patients with LSS the results of clinical studies

need to be reported so that the results can be compared. For

low back pain, an international collaboration achieved a

consensus on a core set of recommended measures for future

research in an effort to improve the quality of prospective

studies [29]. No consensus on which outcome data to collect

and report is available for studies on lumbar spinal stenosis.

Different PROMs are used in spinal stenosis studies and

many are derived from back pain research [28] but may not

be sensitive to the complaints in this population. There is a

need for a consensus in definitions not only in PROMs but

also in disease-specific definitions [30].

Strength and limitations

The strength of this study was that a broad variety of

patients with symptomatic lumbar spinal stenosis were

included in this analysis. Great care was taken to ensure

high quality data collection and handling. Up-to-date

methods were used for the analysis.

The main limitation of this study is that only two dis-

ability measures were available for the analysis. Therefore,

the study results cannot be extrapolated to other PROMs

Table 5 Agreement between MID in the SSM symptom and function and the generic feeling thermometer

Scale 1 (MID)/scale 2 (MID) Prevalence

MID scale 1

%

Yes/yes:

n (%)

Yes/no:

n (%)

No/yes:

n (%)

No/no:

n (%)

j

SSM Sy (0.48) ? SSM F (0.52)/FT (30 %) 39 154 (33) 28 (6) 103 (22) 181 (39) 0.45

SSM Sy (0.48) ? SSM F (0.52)/FT (C15 points (n = 449)a 159 (35) 18 (4) 119 (27) 153 (34) 0.42

SSM Sy (0.48) ? SSM F (0.52)/satisfied patients (n = 459)b 158 (34) 24 (5) 153 (33) 124 (28) 0.28

SSM Sy (0.36) ? SSM F (0.1)/FT (30 %) 56 194 (42) 66 (14) 63 (14) 143 (30) 0.44

SSM Sy (0.36) ? SSM F (0.1)/FT: MID C15 points

(n = 449)a
200 (45) 53 (12) 78 (17) 118 (26) 0.4

SSM Sy (0.36) ? SSM F (0.1)/satisfied patients (n = 459)b 204 (44) 55 (12) 107 (23) 93 (20) 0.26

SSM Sy (30 %) ? SSM F (30 %)/FT (30 %) 29 125 (27) 10 (2) 132 (28) 199 (43) 0.42

SSM Sy (30 %) ? SSM F (30 %)/FT: MID C15 points

(n = 449)a
123 (27) 7 (1) 155 (35) 164 (37) 0.34

SSM Sy (30 %) ? SSM F (30 %)/satisfied patients

(n = 459)b
129 (28) 6 (1) 182 (40) 142 (31) 0.29

SSM Sy SSM symptom subscale, SSM F SSM function subscale, MID meaningful important differences, RMQ Roland Morris Questionnaire, FT

feeling thermometer
a 17 patients excluded because of baseline values of less than\15 points in the feeling thermometer (FT)
b Satisfied patients defined according to the definition of Stucki et al. SSM satisfaction 1.0–2.0 points [2], not satisfied include all patients

reporting in the SSM satisfaction of[2.0 points (range 1–4 points)
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including the frequently used Oswestry disability index.

However, it is reasonable to expect wide variations on MID

proportions when different cut-off values are used. There-

fore, researchers and clinicians should engage in a dis-

cussion on patient relevant outcome measures, including

cut-off values for meaningful improvement, and a con-

sensus on reporting outcome measure will greatly improve

comparability of study results.

Implications for research

Future research in patients with lumbar spinal stenosis

should report minimal important changes in PROMs for

different cut-off values until an international consensus on

the use of outcome measures andMID criteria is achieved. It

should be further noted that MID does not measure deterio-

ration and only a few studies have addressed the potential for

deterioration [31]. Further research should also address the

potential for deterioration despite a treatment.

Implications for clinical practice

In patients with lumbar spinal stenosis, their expectations and

preferences have to be taken into account in choosing treat-

ment. Detailed information on the benefits and harms of dif-

ferent treatments may influence and solidify patients’ opinion

of their treatment choice [32, 33]. Depending on the selected

MID-value to estimate treatment efficacy of surgery, epidural

steroid injections, or conservative treatment, information on

efficacy varies considerably. This uncertainty about treatment

efficacy should be reflected in informing patients about their

options. The variation between outcomemeasures reported in

this study may explain to certain extent conflicting informa-

tion about the treatment efficacy described in lumbar spinal

stenosis studies. However, the arguments surgeons put for-

ward for a specific choice of surgical treatment are not well

explained [30]. It is, therefore, difficult to inform patients

about the expected treatment efficacy.

Conclusion

The MID in outcome scores for this population varied from

40 to 70 %, depending on the measure or cut-off score

used. Further, the disagreement between domain specific

measures indicates that differences between studies may be

also related to the choice of an outcome measures. An

international consensus on the use and reporting of out-

come measures in studies on lumbar spinal stenosis is

needed.
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Appendix 2

See Table 6.

Potentially eligible patients between 
12/2010 and 12/2014 

n= 1315

Patients included in the study between 
12/2010 and 12/2014 

n= 704 (100%)

Patients with completed 6-months 
follow-up and full set of questionnare 
included in this study 

n= 466 (66%)

Patients not agreeing to participate or did not 
meet the eligibility criteria

n=  610

Reasons for non-inclusion

Lost to follow-up: n= 48 (7%)

No 6 months follow-up yet: n= 135 (19%)

Incomplete questionnaires: n= 55 (8%)

Fig. 3 Study flow

Table 6 Meaningful important

difference (MID) for the SSM

subscales

Scale 1 (MID)/scale 2 (MID) Prevalence MID scale 1 % Yes/yes Yes/no No/yes No/no

SSM Sy (0.48)/SSM F (0.52) 57 182 (39) 84 (18) 50 (11) 150 (32)

SSM Sy (0.48)/SSM F (0.1) 231 (50) 35 (7) 97 (21) 103 (22)

SSM Sy (0.48)/satisfieda 213 (46) 50 (11) 98 (21) 98 (21)

SSM Sy (0.36)/SSM F (0.52) 65 197 (42) 106 (24) 35 (7) 128 (27)

SSM Sy (0.36)/SSM F (0.1) 260 (56) 43 (9) 68 (15) 95 (20)

SSM Sy (0.36)/satisfieda 229 (50) 71 (15) 82 (18) 77 (17)

SSM Scale Spinal Stenosis Measure, SSM Sy SSM symptom subscale, SSM F SSM function subscale, MID

meaningful important difference
a Satisfied patients defined according to the definition of Stucki et al. SSM satisfaction 1.0–2.0 points [2],

not satisfied include all patients reporting in the SSM satisfaction of[2.0 points (range 1–4 points)
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