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A B S T R A C T

Background context: The numeric pain rating scale (NPRS), Oswestry disability index (ODI) and the Roland- 
Morris disability questionnaire (RMDQ) are commonly used patient-reported outcome measures (PROMs) in 
patients with low back pain. However, there is a paucity of evidence supporting the reliability, validity, and 
responsiveness of these PROMs in patients with lumbar spinal stenosis (LSS) treated with conservative in
terventions including spinal manipulation, electrical dry needling, joint mobilization, and exercise.
Purpose: To establish the reliability, construct validity, responsiveness, minimal detectable change (MDC), and 
minimum clinically important difference (MCID) of the NPRS, ODI, and RMDQ in patients with LSS.
Study design/setting: Clinimetric analysis of a prior randomized clinical trial.
Patient sample: One hundred twenty-eight (n = 128) patients with LSS treated with outpatient physical therapy, 
including manual therapy, exercise and electrical dry needling.
Outcome measures: PROMs included the NPRS, ODI, RMDQ, and the global rating of change scale (GROC).
Methods: The MDC (90 % and 95 % confidence interval) and MCID was established for “improved” (GROC: +3 to 
+ 7) and “much-improved” (GROC: +5 to + 7) patients at 3-months follow-up. The intraclass correlation co
efficient (ICC2,1) was analyzed at 2 weeks, 6 weeks and 3-months. Pearson’s correlation (r) was also calculated.
Results: The NPRS (ICC2,1 = 0.55; [95 % CI: 0.19–0.79]) exhibited moderate reliability, while the ODI (ICC2,1 =

0.86; [95 % CI: 0.70–0.94]) and RMDQ (ICC2,1 = 85; [95 % CI: 0.64–0.94]) exhibited good reliability at the 3- 
month follow-up. All PROMs exhibited acceptable responsiveness (area under the curve range 0.73 to 0.92; p <
0.001) and strong construct validity (Pearsons r: range 0.51 to 0.72; p < 0.001). The MDC95 was 2.3 points for the 
NPRS, 8.5 points for the ODI, and 6.1 points for the RMDQ. The MCID exceeded measurement error in the “much 
improved” patients for the NPRS (2.8 points) and the ODI (8.5 points), but did not for the RMDQ (4.5 points).
Conclusions: All three PROMs demonstrated suitable clinimetric properties in patients with LSS. Based on this 
analysis, patients who are “much improved” should have at least a 2.8-point reduction on the NPRS, and an 8.5- 
point reduction on the ODI to be considered clinically meaningful, and to exceed the measurement error. The 
MCID of the RMDQ did not exceed measurement error in either improvement category.
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1. Introduction

The annual per population direct cost of LBP continues be a financial 
burden in both high income (~3.6 billion USD) and lower income 
countries (~$2.2 billion USD) [1,2]. The numeric pain rating scale 
(NPRS), Oswestry disability index (ODI) and the Roland-Morris 
disability questionnaire (RMDQ) are well established and commonly 
used patient-reported outcome measures (PROMs) in patients with low 
back pain (LBP) [3–6]. However, there are gaps in the evidence sup
porting the reliability, validity, and responsiveness of these PROMs in 
patients with specific sub-categories of LBP, such as lumbar spinal ste
nosis (LSS). To date, there is only one high-quality clinimetric analysis 
on patients with LSS after treatment with outpatient physical therapy/ 
conservative intervention. In 2012, Cleland et al. [7] reported the reli
ability (intraclass correlation coefficient) of the NPRS (0.49 to 0.52), 
ODI (0.84) and the minimum clinically important difference (MCID) of 
the NPRS (3.4 to 3.7) and ODI (5.5) in a small sample (n = 55) of patients 
with LSS. Since then, there have been no further analyses in this patient 
population following conservative interventions. Furthermore, 
comprehensive clinimetric data of the RMDQ has not yet been estab
lished in patients with LSS. Comparatively, the MCID of these PROMs 
have been examined in patients with lumbar disc herniation after 4 
weeks of physical therapy intervention (n = 92; MCID: ODI = 6.5 points; 
RMDQ = 5.5 points) [8], and at 7 days after a single conservative 
traditional Chinese medicine intervention (n = 329; MCID: NPRS = 1.7, 
ODI = 5.9, RMDQ = 1.7) [9]. With a relatively high prevalence (11 % to 
38 %) of clinically diagnosed LSS [10], acquiring recent clinimetric data 
on larger samples, updated treatment paradigms and longer follow-up 
time frames seems to be of paramount importance. Therefore, the pur
pose of this study was to examine the reliability, validity, responsiveness 
of the NPRS, ODI, and RMDQ in patients with LSS (n = 128) that were 
treated with conservative/non-surgical interventions.

2. Methods

This study is a secondary analysis of a large multi-center randomized 
clinical trial that investigated the effects of two different standardized 
physical therapy interventions in patients with LSS [11]. Consecutive 
individuals with LSS (n = 128) were randomized to receive spinal 
manipulation, electrical dry needling and conventional physical therapy 
(joint mobilization and exercise) or conventional physical therapy alone 
[11]. The inclusion and exclusion criteria are described in detail in the 
previous trial. [11] For patients to be eligible, they had to be ≥ 50 years- 
old and meet the following criteria: (1) Symptoms of neurogenic clau
dication (pain in the buttock, thigh, or leg during ambulation that im
proves with rest) or radicular leg symptoms with associated neurological 
deficits on physical examination for at least 12 weeks and (2) confir
matory imaging (ie, magnetic resonance imaging, computed tomogra
phy, myelography, ultrasound, or radiographic images of either central 
[ie, spinal canal] or lateral [ie, foraminal] lumbar stenosis at one or 
more levels in the lumbar spine). The NPRS, ODI, and RMDQ were 
collected in all patients at baseline, 2 weeks, 6 weeks, and 3 months. 
Perceived recovery using the Global Rating of Change Scale (GROC) 
[12] was collected at all follow-up points. To investigate the clinimetric 
properties of the outcome measures, both groups completing the trial 
were collapsed into a single cohort using the 3-month follow-up time 
frame.

2.1. Outcome measures

The NPRS is an 11-point scale ranging from 0 (“no pain”) to 10 
(“worst pain imaginable”) [13]. It has been shown to be a valid and 
reliable instrument to assess pain intensity [14,15] and adequately al
lows specific responses [16] in spine pain patients. [17–21] In the cur
rent study, overall low back, buttock and leg pain intensity was assessed 
by the NPRS. Given the MCID has been shown to be 1.74 in patients with 

different chronic pain conditions, [14] a 2-point change or 30 % 
decrease in pain compared to baseline may be considered the MCID for 
chronic musculoskeletal pain [14,22].

The ODI is a 10-question standardized assessment test that is widely 
used to measure disability related to LBP [23]. In the current study, the 
raw score from 0 to 50 was used for data analysis. The test has been 
found to be both reliable and valid for patients with chronic LBP, 
[24,25] and it has an excellent test–retest reliability [26] with a 0.89 
intraclass correlation coefficient for patients with LSS [27]. The MCID 
on the ODI ranges from 4 to 10.5 [23,26,28–30].

The RMDQ is a 24-item self-report questionnaire of how LBP affects 
functional activities [31]. While the ODI is considered to have better re- 
test reliability and less error than the RMDQ, the RMDI is thought to 
have superior construct validity for measuring functional impairment 
[32]. Like the ODI, the RMDQ has been found to be both valid and 
reliable for measuring function in patients with chronic LBP [33]. In 
general, changes of at least 2–3 points on the RMDQ should be consid
ered the MCID [31]. However, other investigators suggest that a 30 % 
reduction in baseline score more accurately represents the MCID on the 
RMDQ [34,35].

The GROC described by Jaeschke et al. [12] is a 15-point question
naire assessing the patients perceived recovery. This scale ranges from 
− 7 (a very great deal worse) to zero (about the same) to + 7 (a very great 
deal better). Intermittent descriptors of worsening or improving are 
assigned values from − 1 to − 6 and + 1 to + 6, respectively. The MCID 
for the GROC has not been specifically reported, however, scores of + 4 
and + 5 have typically been indicative of moderate changes in patient 
status [36]. The GROC has been used in previous studies that investi
gated the conservative treatment of LSS [7,37,38]. For LSS, ratings >+3 
and < -3 are indicative of an improvement and worsening of the pa
tient’s condition, respectively [7]. The GROC was collected at 2 weeks, 
6 weeks and 3 months following the initial treatment session.

2.2. Data analysis

Data analysis was performed using SPSS v30.0. We categorized pa
tients into 3 mutually exclusive groups at the 3-month follow-up based 
on their GROC scores. Those scoring between − 2 to + 2 were considered 
clinically ‘‘stable’’ (minimal to no change); those scoring + 3 to + 7 were 
considered clinically “improved” (at least somewhat better), and those 
scoring + 5 to + 7 were considered clinically “much improved” (at least 
a good deal better). Similar categorization has been used in previous 
clinimetric studies [15,39,40].

Reliability: Test-retest reliability was examined for the NPRS, ODI and 
RMDQ using “stable” patients. Intraclass correlation coefficient (ICC2,1) 
for the NPRS, ODI and RMDQ were calculated for the group of patients 
who were classified as being “stable” (GROC: − 2 to + 2, n = 22) by 
comparing scores at the initial examination with those at the 3-month 
follow-up. The ICC2,1 was calculated according to procedures 
described by Shrout and Fleiss [41,42]. Values < 0.50 indicate poor 
reliability, while values between 0.50 and 0.75, between 0.75 and 0.90, 
and > 0.90 denote moderate, good, and excellent agreement, respec
tively [42]. Reliability (ICC2,1) was also examined at the 2-week and 6- 
week follow-up, for comparative analysis.

Construct Validity: Construct validity of the NPRS, ODI, and RMDQ 
were examined by comparing the change in outcome scores for the 
‘‘stable’’, ‘‘improved”, and “much improved” groups using separate, 
two-way analyses of variance (ANOVA) for repeated measures at base
line and reevaluation. We hypothesized that ‘‘stable’’ patients in each 
group would have NPRS, ODI, and RMDQ intake scores that had very 
little change, whereas patients classified in the improved categories 
would demonstrate a significant change in values. This would be rep
resented by a significant group x time interaction. Pearson’s correlation 
(r) was also calculated to examine the linear association between the 
outcome measures and the criterion measure used for perceived 
improvement (GROC). Values between 0.30 and 0.49 indicate a 
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moderate correlation, while values between 0.50 and 1.0 indicate a 
strong correlation [43]. Further, secondary to a small sample, boot
strapping (1000 samples; 95 %CI) was also performed on the “stable” 
group (n = 22) at 3-months to examine the significance of correlations 
found between all outcomes and the GROC at 3 months.

Responsiveness: The responsiveness and interpretability of the NPRS, 
ODI and RMDQ were assessed using the clinically ‘‘stable”, and 
“improved” groups at the 3-month follow-up point. Receiver operator 
characteristic (ROC) curves [44,45] were constructed by plotting 
sensitivity values (true-positive rate) on the y axis and 1-specificity 
values (false-positive rate) on the x axis for each level of change score. 
Separate ROC curves were constructed for improved and much- 
improved groups for all three PROMs. The area under the curve (AUC) 
and the 95 % CI were obtained as a method for determining the ability of 
each measure to distinguish improved patients from stable patients in 
each category. An AUC of 0.50 indicates that the measure has no diag
nostic accuracy beyond chance, whereas a value of 1 suggests perfect 
accuracy [44,45].

MCID: MCID, the smallest difference that patients perceive as bene
ficial, was calculated by identifying the point on the ROC curve nearest 
to the upper left-hand corner (maximizing sensitivity and specificity 
values), which is considered to be the best cutoff score for distinguishing 
“improved” and “much improved” patients [44–46]. Sensitivity and 
specificity values for the selected cutoff scores were also calculated.

MDC: The MDC, the amount of change that must be observed before 
the change can be considered to have exceeded measurement error, was 
calculated by determining the standard error of measurement (SEM) for 
the NPRS, ODI and RMDQ in the “stable” group (n = 13) [46]. The SEM 
was estimated using the formula SD*√ (1- reliability coefficient) where 
SD is the pooled standard deviation in the “stable” group. The SEM was 
multiplied by 1.96 to determine the 95 % CI (MDC95) [47]. This value 
was multiplied by the √ 2 to account for the errors taken with repeated 
measurements [47].

3. Results

One hundred twenty-eight patients met the inclusion and exclusion 
criteria, completed the study, and were included in data analysis. 
Baseline characteristics of the participants are reported in Table 1. The 
mean GROC score for all patients included in the analysis at the 3-month 
follow-up was + 4.4 (SD + 2.4). The mean GROC score for the “stable”, 
“improved” and “much-improved” groups was + 0.5 (SD 1.3), +5.3 (SD 
1.7), and + 6.1 (SD + 0.86), respectively. At the 3-month follow-up, 105 
(82 %) patients were classified as “improved”, 74 (58 %) were “much- 
improved”, and 22 (17 %) remained “stable”. There was a significant 
difference (p < 0.001) in mean change scores between “stable” vs. 
“improved” and “stable” vs. “much-improved” groups in all three 
PROMs at the 3-month follow-up (Table 2).

3.1. Reliability and MDC

The ICC2,1 and MDC90/95 values are reported in Table 3. At the 3- 

month follow-up, the NPRS (ICC 0.55, 95 %CI 0.19–0.79), had moder
ate reliability, while the ODI (ICC 0.86, 95 %CI 0.70–0.94), and RMDQ 
(ICC 0.85, 95 %CI 0.64–0.94), exhibited good reliability. The reliability 
at each follow-up point, for each PROM is noted in Table 3. The MDC90/ 

95 was 2.0/2.3 points for the NPRS, 7.2/8.5 points for the ODI, and 5.1/ 
6.1 points for the RMDQ (Table 3).

3.2. Responsiveness, MCID & construct validity

The NPRS, ODI and RMDQ demonstrated very good responsiveness 
in the “improved” group (AUC range 0.85 to 0.92; Table 3) and at least 
good responsiveness in the “much improved” group (AUC range 0.73 to 
0.83; Table 3). The MCID and the sensitivity/specificity associated with 
each cutoff score are also reported in Table 3. For the NPRS, the MCID 
was 1.3 points for the “improved” group and 2.8 points for the “much- 
improved” group. For the ODI, the MCID was a 5.5- and 8.5-point 
change for the “improved” and “much-improved” groups, respectively. 
For the RMDQ, the MCID was 3.5 points for the “improved” group and 
4.5 points for the “much-improved” group. All PROMs also exhibited 
acceptable construct validity at 3 months (Pearsons r: range 0.51 to 
0.72; p < 0.001; Table 4). Notably, the RMDQ had weaker correlations 
with the NPRS (Pearsons r = 0.51; 95 %CI 0.37 to 0.63) and GROC 
(Pearsons r = 0.51; 95 %CI 0.37 to 0.63). Finally, in support of using the 
small “stable” group for multiple analyses, bootstrapping supported 
significant correlations (Pearsons r: p < 0.005) between the NPRS/ 
GROC (95 %CI 0.14 to 0.82), ODI/GROC (95 %CI 0.01 to 0.81), RMDQ/ 
GROC (95 %CI 0.34 to 0.78) at 3 months.

4. Discussion

This study examined the clinimetric properties of three commonly 
used PROMs used in patients with LBP in a large sample of patients with 
LSS treated with conservative interventions. All outcome measures 
exhibited moderate to good reliability, appropriate construct validity, 
and acceptable responsiveness (Table 2-4). Overall, our analysis sug
gests that these commonly used PROMs of pain and disability have 
suitable clinimetric properties for use in patients with LSS (Table 2-4, 
Figs. 1-3).

4.1. Reliability

The NPRS (ICC2,1 0.55) demonstrated moderate reliability at the 3- 
month follow-up, while the ODI and RMDQ exhibited good reliability 
(ICC2,1: ODI 0.86, RMDQ 0.85) at the 3-month follow-up (Table 3). In 
comparison, Cleland et al. [7] reported moderate reliability of the NPRS 
for back/buttock region (ICC2,1 0.52), poor reliability for thigh/leg re
gion (ICC2,1 0.48), and good reliability for the ODI (ICC2,1 0.84) in a 
small sample of LSS patients at the 6-week follow-up. To date, the 

Table 1 
Baseline characteristics.

N = 128 
Mean (SD)

Gender: Male/Female 57 / 71
Age: yrs. 66.7 (±10.2)
Weight: kg 84.6 (±17.5)
Years with Symptoms 4.2 (±4.9)
Numeric Pain Rating Scale 5.9 (±1.9)
Oswestry − Total (0–50) 20.9 (±7.5)
Roland Morris Disability Questionnaire (0–24) 10.5 (±4.9)
Average Number of Treatment Visits 11.2 (±1.5)
Medication Intake: 1-2x per day (%) 53 (41.4)

Table 2 
Difference between change scores from baseline to 3-month follow-up on self- 
report outcomes.

Improved 
GROC (+3 to + 7) 
N = 105 
Mean (SD)

Stable 
GROC (− 2 to + 2) 
N = 22 
Mean (SD)

Mean 
Difference 
(95 % CI)

P

NPRS 3.53 (2.2) 0.45 (1.8) 3.08 (2.1; 4.1) P < 
0.0001

OSW 11.53 (6.7) 0.86 (4.2) 10.67 (7.7; 
13.6)

P < 
0.0001

RMDQ 6.49 (4.6) 1.27 (2.6) 5.22 (3.2; 7.2) P < 
0.0001

NPRS = numeric pain rating scale (0–10), ODI = oswestry disability index (total 
score 0–50), RMDQ = roland morris disability questionnaire (0–24), GROC =
global rating of change scale (− 7 to + 7), AUC = area under the curve, CI =
confidence interval.
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reliability of the RMDQ has not been established for patients with LSS 
treated with outpatient physical therapy. Interestingly, similar findings 
have been reported in patients with lumbar disc herniation following 
conservative intervention, showing good reliability for the ODI (ICC2,1 

= 0.87) and RMDQ (ICC2,1 = 0.86) at 7 days follow-up, with the 
exception of excellent reliability of the NPRS (ICC2,1 0.99) [9]. Our 
analysis across multiple follow-up time points may aid in the explana
tion of the discrepancy in the NPRS reliability reported in the afore
mentioned studies (Fig. 3). In the current sample, our results suggest 
that over longer periods of follow-up, the NPRS has progressive limita
tions in reliability (ICC2,1: 2 weeks = 0.77, 6 weeks = 0.66, 3 months =
0.55). This compromised reliability of pain rating scales at the 3-month 
follow-up seems to be consistent with clinimetric analyses of other 
musculoskeletal diagnoses [15,40,48] and prior recommendations for 
optimal ICC analysis at 2 week intervals [49]. Nonetheless, we propose 
that longer term analyses are essential to establish reliability of PROMs 
for use in mid and long term randomized clinical trials.

4.2. Responsiveness

The NPRS and ODI demonstrated very good responsiveness (AUC) in 
the “improved” (AUC: NPRS 0.85, ODI 0.92) and “much improved” 
(AUC: NPRS 0.83, ODI 0.83) groups (Table 3), while the RMDQ 
demonstrated very good responsiveness in the “improved” group (AUC 
0.85) and good responsiveness in the “much improved” group (AUC 
0.73). Cleland et al [7] reported much lower AUC values for the NPRS 

Table 3 
Clinimetric properties of patient reported outcomes for lumbar spinal stenosis: 3-month follow-up.

AUC 
95 % CI 
Improved 
N = 105

MCID 
Sn; Sp 
Improved 
N = 105

AUC 
95 % CI 
Much Improved 
N = 74 

MCID 
Sn; Sp 
Much Improved 
N = 74

ICC2,1 

95 % CI 
Stable 
N = 22

SEM   MDC90   MDC95   

NPRS 0.85 
0.77; 0.93 

1.3 
0.84; 0.70

0.83 
0.76; 0.91

2.8 
0.80; 0.77

0.55 
0.19, 0.79

0.84  2.0 2.3 

ODI 0.92 
0.87; 0.97 

5.5 
0.81; 0.91

0.83 
0.76; 0.90

8.5 
0.74; 0.77

0.86 
0.70, 0.94

3.1 7.2 8.5 

RMDQ 0.85 
0.77; 0.94 

3.5 
0.78; 0.76

0.73 
0.64; 0.82

4.5 
0.68; 0.66

0.85 
0.64, 0.94

2.2 5.1 6.1

NPRS = numeric pain rating scale (0–10), ODI = Oswestry disability index (total score 0–50), RMDQ = Roland Morris disability questionnaire (0–24), improved =
global rating of change scale (+3 to + 7), much improved = global rating of change scale (+5 to + 7), stable = global rating of change scale (− 2 to + 2), AUC = area 
under the curve, CI = confidence interval, MCID = minimum clinically important difference, Sn = sensitivity, Sp = specificity, ICC2,1 = intraclass correlation coef
ficient, SEM = standard error of measure, MDC = minimal detectable change (90 % and 95 % confidence interval).

Table 4 
Pearson’s Correlation Coefficient (r): 3 months follow-up.

Outcome Measures ODI  
r (95 % CI)

RMDQ 
r (95 % CI)

GROC

NPRS 0.64 (0.52; 0.73) 
P<0.001

0.51 (0.37; 0.63) 
P<0.001

0.62 (0.50; 0.72) 
P<0.001

ODI ——— 0.72 (0.63; 0.78) 
P<0.001

0.67 (0.56; 0.76) 
P<0.001

RMDQ ——— ——— 0.51 (0.37; 0.63) 
P<0.001

NPRS=numeric pain rating scale (0-10), ODI=Oswestry disability index (total 
score 0-50), RMDQ= Roland-Morris disability questionnaire (0-24), GROC=
global rating of change scale (-7 to +7).

Fig. 1. Receiver Operating Curve: Improved Patients.

Fig. 2. Receiver Operating Curve: Much-Improved Patients.
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(back/buttock, AUC 0.67; thigh/leg, AUC 0.65) with a much smaller 
sample (n = 35) of “improved” patients“ compared to the current study 
(n = 105). To date, this is the first study to examine the responsiveness of 
the RMDQ in patients with LSS treated conservatively with outpatient 
physical therapy. The RMDQ has been reported to have a comparable 
responsiveness in post-surgical decompression patients with LSS (AUC 
0.82) [50], and a wider range of responsiveness in patients with lumbar 
disc herniation (AUC range: 0.66 to 0.87) [8,9]. However, short term 
follow-up [9], the use of a non-validated global perceived effect scale 
[9,50,51] and a non-conservative treatment approach (surgery) [50] 
should be noted in those analyses. Overall, the NPRS, ODI and RMDQ 
demonstrate suitable responsiveness for their clinical application in 
patients with LSS.

4.3. MDC & MCID

In the current analysis, the MCID of the NPRS for the “improved” 
group (1.3 points) is consistent with findings reported by Cleland et al 
[7] (NPRS: back/buttock 1.3 points, thigh/leg 1.5 points) in “improved” 
patients with LSS. However, the MCID did not exceed measurement 
error (MDC90/95) in the “improved” group (Table 3). [7] Nevertheless, in 
the current study, the MCID in patients that were “much improved” (2.8 
points) exceeded measurement error (MDC90 2.0 points MDC95 2.3 
points). Regarding the MCID of the ODI, the cut-scores did not exceed 
measurement error in the “improved” group in the Cleland et al study 
(MDC90 13.1 points; MCID 5.0 points) or the current study (MCID 5.5 
points; MDC90 7.2 points). In the current study, like the NPRS, the MCID 
of patients in the “much improved” group (8.5 points) exceeded mea
surement error at both the 90 % and 95 % confidence intervals (MDC90 
7.2 points, MDC95 8.5 points). Nevertheless, for the RMDQ, the MCID in 
both the “improved” (3.5 points) and “much” improved groups (4.5 
points) did not exceed measurement error (MDC90 5.1 points, MDC95 6.1 
points). The MCID of the RMDQ should be interpreted with caution in 
this patient population, and further research is warranted.

In the present analysis, choosing a more robust anchor/level of 
improvement, i.e., − “much-improved” (GROC: +5 to + 7), ensured the 
MCID values exceeded and are technically free from random measure
ment error. [52,53] Similar findings have been reported in other 
musculoskeletal diagnoses and their associated PROMs. [15,40,48] 
Standardized statistical methodology as well as a more comprehensive 
analysis (i.e., multiple improvement categories) may be essential to 
avoid an over/under estimation, and misinterpretation of these clini
metric measures in the research and clinical setting. Furthermore, as 

highly advanced/skilled interventions demonstrate greater efficacy, the 
change scores for the MCID should proportionally increase. [52–54].

4.4. Study strengths & limitations

The strengths of this study include: 1) comparative analysis of ICC2,1 
at multiple follow-up time frames, and 2) comparative analysis of 
multiple anchor-based improvement categories for future clinical/ 
research applications. The are also several limitations that need to be 
outlined in this secondary analysis. First, the NPRS included “overall low 
back, buttock and leg pain” instead of individual NPRS ratings for each 
region. This raises a potential inconsistency, as the ODI does not spe
cifically capture leg pain-related disability and the RMDQ partially re
flects lower-extremity symptoms. Such inconsistency may have led to 
the reduced reliability of the NPRS or weaker criterion validity when 
comparing NPRS with GROC. Second, although our analyses (Pearson’s 
r and bootstrapping) confirmed significant correlation between all 
PROMs and the GROC at 3 months, in a small “stable” group, performing 
subgroup analyses based on an external criterion like the GROC may 
potentially introduce selection bias and external validity issues. 
Furthermore, selection bias may arise due to the specific inclusion/ 
exclusion criteria and participant characteristics in the original trial, 
possibly limiting generalizability. In light of these potential issues, 
future research using independent external datasets is warranted. 
Finally, the MCID of the RMDQ should be interpreted with caution, as 
the values for both “improved” and “much improved” patients did not 
exceed measurement error.

5. Conclusion

The NPRS, ODI and RMDQ demonstrated statistically acceptable 
reliability, construct validity, and responsiveness. The ODI had the most 
consistent reliability at each follow-up point. Clinicians and researchers 
should expect a 2.8-point change on the NPRS and an 8.5-point change 
on the ODI in the “much improved” patients to be considered clinically 
meaningful. The MCID exceeded measurement error (MDC90/95) in both 
the NPRS and ODI when selecting a more robust level of improvement 
(“much improved”) on the GROC. The MCID of the RMDQ did not 
exceed measurement error in either improvement category. In light of 
the potential limitations of selection bias and external validity in a 
secondary analysis, the results of this study should be interpreted with 
caution.

Fig. 3. Comparison of reliability (ICC2,1) at different follow-up time points. Reliability = ICC2,1 (95 % confidence interval), NPRS = numeric pain rating scale, ODI =
Oswestry disability index, RMDQ = Roland Morris disability questionnaire.
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