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Abstract

Low back pain (LBP) is the most common cause of chronic pain. Numerous clinical scales
are available for evaluating pain, but their objective criteria in the management of LBP
patients remain unclear. This study aimed to determine an objective cutoff value for a
change in the Pain Intensity Numerical Rating Scale (API-NRS) three months after LBP
treatment. Its utility was compared with changes in six commonly used clinical scales in
LBP patients: Pain Disability Assessment Scale (PDAS), Pain Self-Efficacy Questionnaire
(PSEC), Pain Catastrophizing Scale (PCS), Athens Insomnia Scale (AIS), EuroQoL 5
Dimension (EQ5D), and Locomo 25. We included 161 LBP patients treated in two repre-
sentative pain management centers. Patients were partitioned into two groups based on
patient’s global impression of change (PGIC) three months after treatment: satisfied
(PGIC =1, 2) and unsatisfied (3—7). Multivariate logistic regression analysis was per-
formed to explore relevant scales in distinguishing the two groups. We found API-NRS to
be most closely associated with PGIC status regardless of pre-treatment pain intensity,
followed by AEQ5D, APDAS, APSEC, and APCS. The API-NRS cutoff value for distin-
guishing the PGIC status was determined by ROC analysis to be 1.3-1.8 depending on
pre-treatment PI-NRS, which was rounded up to API-NRS = 2 for general use. Spear-
man’s correlation coefficient revealed close relationships between API-NRS and the six
other clinical scales. Therefore, we determined cutoff values of these scales in distin-
guishing the status of API-NRS>2 vs. API-NRS<2 to be as follows: APDAS, 6.71;
APSEC, 6.48; APCS, 6.48; AAIS, 1.91; AEQ5D, 0.08; and ALocomo 25, 9.31. These can
be used as definitive indicator of therapeutic outcome in the management of chronic LBP
patients.
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Introduction

Chronic low back pain (CLBP) has a major impact on the patient’s quality of life. It causes
sleep interruption, fatigue, depressed mood, activity limitations, and restrictions in participa-
tion [1, 2]. However, pain is a unique experience that no other person can feel or perceive on
one’s behalf. In fact, even if a group of individuals receives the same stimuli or undergoes the
same intervention, the rating of pain reported by the patients differs greatly.

In the management of CLBP patients, pain intensity is most frequently measured on the
11-point Pain Intensity Numerical Rating Scale (PI-NRS), which ranges from no pain = 0 to
the worst possible pain = 10 [3-5]. As additional tools in evaluating the status of chronic pain,
many studies rely on patients’ self-administered answers to the questionnaires of various clini-
cal scales, such as health-related quality of life (QOL) questionnaires [6-7], the Pain Disability
Assessment Scale (PDAS), Hospital Anxiety and Depression Scale (HADS), Pain Catastrophiz-
ing Scale (PCS) [8], and the Athens Insomnia Scale (AIS), a sleep disorder scale [9-15].
Among these clinical scales, the PI-NRS is considered to be the most subjective one in that it
depends on the sensitivity to pain of each patient [16]. Therefore, although the PI-NRS itself
is not so reliable for the objective assessment of pain intensity, post-treatment change in the
PI-NRS (API-NRS) is generally considered useful in judging the effectiveness of a therapeutic
regimen [16]. However, an appropriate threshold (cutoff) value for API-NRS is not available
for clinical use in the field of CLBP management. It has to be based on the patient’s global
impression of change (PGIC) in pain intensity [17-19]. Besides, the utility of the cutoff value
should be evaluated based on whether it exceeds a minimally clinically important difference
(MCID), which can be defined based on the inherent variability of API-NRS. However, clinical
assessment of the utility of API-NRS specifically targeting CLBP patients has not been under-
taken yet [18-20]. In addition, previous papers have not revealed relationships between
API-NRS and changes in the other above-mentioned clinical scales in the management of
CLBP.

This study has four purposes: (1) to clarify the utility of API-NRS in reference to MCID
based on the inherent variability of API-NRS among patients with CLBP, (2) to predict a cutoff
value for API-NRS in distinguishing the status of PGIC: satisfied vs. non-satisfied, (3) to evalu-
ate correlations between API-NRS and post-treatment changes in other clinical scales, and (4)
to determine the threshold values of the other scales in distinguishing the status of API-NRS:
improved vs. non-improved. We systematically investigated these aspects of API-NRS to verify
its utility as a primary measure of pain relief by conducting multifaceted evaluations of CLBP
patients who visited two representative pain management centers in Japan.

Materials and methods

This was a cross-sectional study conducted within the usual clinical care of CLBP patients.
From among 585 chronic pain patients treated at two pain management centers in Aichi
Medical University and Yamaguchi University between 2010 and 2018, 161 patients with
CLBP were enrolled in this study after excluding 3 patients who dropped out or failed to
complete the questionnaires at the 3-month follow-up. The patients suffered from CLBP with
or without radiculopathy due to lumbar spinal stenosis, lumbar disc herniation, myofascial
issues, and other causes of pain (Fig 1).

The inclusion criteria in this study was the patients from 20 to 85 years with LBP which was
defined as experiencing pain, discomfort and stiffness in the lower back from the 12th rib to
the lumbar or lumbosacral area, including lower limb symptoms. Inclusion and exclusion cri-
teria are listed in Table 1. Patients’ demographic data at baseline are presented in Table 2. This
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Fig 1. Study flowchart of the study to show how to lead the MCID and the cutoff values. CLBP; Chronic low back
pain, PI-NRS; Pain Intensity Numerical Rating Scale, PDAS; Pain Disability Assessment Scale, HADS; The Hospital
Anxiety and Depression Scale, PCS; Pain Catastrophizing Scale, EQ5D; EuroQoL 5 Dimension, PSEC; Pain Self-
Efficacy Questionnaire, AIS; Athens Insomnia Scale.

https://doi.org/10.1371/journal.pone.0229228.9001

study was approved by the Institutional Review Boards of Yamaguchi University (H28-1351)
and in Aichi Medical School (No.12-067). All participants provided written informed consent.

1.1. Patient care

Therapeutic regimens for CLBP patients were provided based on the Pain Management Pro-
gram (PMP). PMPs are rehabilitation-based multidisciplinary programs for people with
chronic pain [22, 23]. They involve a group of clinicians, nurses, physiotherapists, and psychol-
ogists led by pain medicine specialists who collaborate in assisting patients to bring their pain
under control. The patients attended PMPs after several therapies had met with limited suc-
cess. The team of experienced health care professionals at each hospital worked closely with
the patients, and, in general, the PMPs were tailored to the individual patient’s clinical needs.
The team collaborated in the rehabilitation by providing exercise plans, pharmacotherapy,
psychotherapy, cognitive behavioral therapy, patient education, nerve blocks guided by ultra-
sound or X-ray, and radiofrequency nerve ablation to promote the relief of pain in the rehabili-
tation program [21].

Table 1. Inclusion and exclusion criteria for enrollment of patients with chronic LBP.

Inclusion criteria Exclusion criteria

Age 20-85 years Inability to understand and read the Japanese language, drug abuse,
dementia, or other reasons to suspect poor adherence to follow-up

Symptoms of LBP with or without
radiculopathy

Duration of LBP of at least 3 months
LBP, low back pain.

https://doi.org/10.1371/journal.pone.0229228.t001

PLOS ONE | https://doi.org/10.1371/journal.pone.0229228 March 3, 2020 3/16


https://doi.org/10.1371/journal.pone.0229228.g001
https://doi.org/10.1371/journal.pone.0229228.t001
https://doi.org/10.1371/journal.pone.0229228

PLOS ONE

Clinically significant changes in pain along the Pain Intensity Numerical Rating Scale

Table 2. Characteristics and baseline clinical profile of chronic low back pain patients with mild, moderate and severe pain before treatment.

Characteristic All patients
(n=161)

Age (yrs) (mean SD) 59 £ 16.0 (range
20-85)

Gender (Male/Female) 71/90

Duration of pain (months) | 75+16.0 (range

(mean SD) 3-660)

Previous lumbar spine 25

surgery

Baseline local PI-NRS (mean | 5.54 + 1.96
SD)

PDAS 27.5+£10.9
HADS (Anxiety) 8.28 + 3.86
HADS (Depression) 8.22+4.14
PCS 35.4+9.53
PCS (Rumination) 13+2.78
PCS (Magnification) 7.19 + 3.06
PCS (Helplessness) 15.2 +5.06
EQ-5D 0.548 £ 0.145
PSEQ 254 +133
Locomo 25 40.5 +20.3
Athens insomnia scale 8.74 £ 4.93

1<PI-NRS<4: Patients with mild |4<PI-NRS<6: Patients with 7<PI-NRS<10: Patients with severe
pain (n =29) moderate pain (n = 81) pain (n =51)

57 + 14.0 (range 32-79) 59 +16.3 (range 20-85) 59 +16.0 (range 26-85)
15/14 33/48 23/28

111£126 (range 3-480) 59+111 (range 3-660) 63+73.2 (range 3-294)
3 15 8

2.62+0.71 5.17 + 0.766 7.78 £ 0.93

19.7 £ 8.34 26.4 £9.24 331114

7.10 +3.58 8.28 +3.86 9.31 +4.05

7 +4.80 8.22+4.14 9.50 + 4.48

28.6 +8.19 35.4+9.53 39.2+7091

11.4 +2.69 12.9 £2.91 14.0 £ 2.09

5.58 +3.01 7.43 +3.04 7.72 +2.83

11.5 + 4.45 152 £5.03 17.4 £ 4.10

0.657 £ 0.116 0.571 £0.104 0.448 £ 0.154

314+ 124 27.8+12.7 179+ 114

243 +12.9 39.1+16.7 52.0£21.8

6.24 +3.71 7.82 +£4.29 11.6 £ 5.16

PI-NRS, Pain Intensity Numerical Rating Scale; PDAS, Pain Disability Assessment Scale; HADS, Hospital Anxiety and Depression Scale; PCS, Pain Catastrophizing
Scale; EQ-5D, EuroQoL 5 Dimension; PSEQ, Pain Self-Efficacy Questionnaire.

https://doi.org/10.1371/journal.pone.0229228.t002

1.2. Scales of multifaceted clinical assessment

For multifaceted clinical assessment of the patients’ conditions, we used the following seven
well-established scales:

Pain Disability Assessment Scale (PDAS): A scale for measuring lifestyle disabilities of
chronic pain patients. Higher scores (on a scale of 0 to 60 points) indicate greater degrees of
lifestyle disability [15].

The Hospital Anxiety and Depression Scale (HADS): A self-reported instrument used to
evaluate depression and anxiety in clinical research. The HADS has advantages over other
such assessments in that it is efficient in assessing both anxiety and depression. It is composed
of 14 questionnaire items and was originally developed for a general medical rather than psy-
chiatric field. Higher scores (0 to 21 points both for anxiety and depression) indicate greater
degrees of anxiety and depression [21].

Pain Catastrophizing Scale (PCS): Pain catastrophizing affects how individuals experience
pain. The PCS assesses catastrophizing (rumination, magnification, and helplessness) about
pain, with higher scores (0 to 52 points) indicating greater degrees of catastrophizing [14].

Pain Self-Efficacy Questionnaire (PSEQ): PSEQ is a 10-item questionnaire developed to
assess the confidence of patients with ongoing pain in performing daily activities while in pain.
The PSEQ is applicable to any type of persisting pain. It covers a range of functions, including
household chores, socializing, work, and coping with pain without medication. Scores can
range from 0 to 60, and higher scores indicate greater degrees of performing activities while in
pain [11].
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EuroQoL 5 Dimension (EQ-5D): The EQ-5D assesses (on a scale of 0 to 1.0) the outcome of
health-related aspects of QOL (mobility, self-care, usual activities, pain/discomfort, and anxi-
ety/depression). Zero indicates death and 1.0 indicates complete health [6-7].

Athens Insomnia Scale (AIS): This scale assesses the severity of insomnia using diagnostic
criteria set forth by the International Classification of Diseases (ICD-10). The eight-item ques-
tionnaire evaluates sleep onset, night and early-morning waking, sleep time, sleep quality,
frequency and duration of complaints, distress caused by the experience of insomnia, and
interference with daily functioning [13].

Locomo 25: This was developed as a screening tool for locomotive syndrome by a Japanese
orthopedic surgeon group in 2008. It consists of 25 questions aimed at musculoskeletal disor-
ders such as walking disability, difficulty in daily living, or suffering pain within the body.
Scores can range from 0 to 100, and higher scores indicate a greater degrees of performing
activities while in pain [10].

1.3. Data collection

The PI-NRS, PDAS, HADS, PCS, EQ-5D, PSEQ, Locomo 25, and AIS were administered to
161 patients with CLBP before and 3 months after treatment during 2010 through 2018.

1.4. Measurements

Before and 3 months after the therapy, a PI-NRS score reported on a scale of 0—10 was
obtained as an indicator of the average level of pain over the past 7 days [22]. For multi-faceted
assessments of the chronic LBP patients, the PDAS, HADS, PCS, PSEQ, and AIS were admin-
istered twice, once before and once after the therapy, together with PI-NRS. We also adminis-
tered the Locomo 25 and EQ-5D to assess physical functions (Fig 1).

1.5 Patient’s global impression of change

To detect clinically relevant changes in the PGIC, the concept of the transition method was used
[17-19]. The transition questionnaire investigates current pain intensity compared to that before
treatment. The PGIC was administered at the time of the 3-month follow-up, and patients were
asked to score the change on the following scale: (1) much improved, (2) improved, (3) slightly
improved, (4) no change, (5) slightly worse, (6) worse, or (7) much worse.[5,14,28]

1.6. Statistical analyses for assessment of clinical utility of API-NRS and
changes in other clinical scales

1.6.1. MCID and cutoff value for API-NRS. The post-treatment change in PI-NRS, or
API-NRS, was calculated as (PI-NRS follow-up — PI-NRS baseline). We sought to predict the
MCID and cutoff value for API-NRS using the anchor-based approach by setting PGIC as the
anchor [23]. Therefore, we partitioned LBP patients into two groups based on post-treatment
PGIC score: Group 1: satisfied (PGIC = 1 or 2) vs. Group 2: not satisfied (PGIC = 3-7) as was
done in previous studies [19, 24-25]. The utility of API-NRS in distinguishing the two groups
were evaluated from satisfied (PGIC = 1 or 2) vs. not satisfied (PGIC = 3-7).

The effect ratio of observed between-group differences was defined as the difference in

averages of scale changes (AS) or API-NRS for Group 1 and Group 2, AS,, AS,,, divided by
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the average within-group variations of AS, or SD (AS), as shown in the formula:

ASGI — A_SGQ

Effect ratio = SD(AS)

Based on Cohen’s criteria [26], the MCID for API-NRS was defined as half of the average
inherent variability of API-NRS or 0.5xSD (API-NRS) [26-28].

Therefore, if API - NRS,;, — API - NRS,, > 0.5 x SD(API - NRS), we regarded API-NRS
as having clinical utility and proceeded to determine its cutoff value at which the sensitivity of
detecting satisfied cases is equal to the specificity of detecting non-satisfied cases. The magni-
tude of the clinical utility of API-NRS was expressed as an area under the curve (AUC) of a
receiver operating characteristic (ROC) curve.

These analyses were performed for three conditions according to the pre-treatment inten-
sity of pain judged by the PI-NRS: moderate pain (PI-NRS = 4-6), severe pain (7-10), and
moderate + severe pain (4-10). In performing the analyses, we excluded 29 LBP patients with
mild intensity of pain (PI-NRS = 1-3) because of their lack of sufficient relevance in the evalu-
ation of pain-based treatment effect.

1.6.2 Relationship between API-NRS and changes in PDAS, HADS, PCS, PSEQ, AIS,
Locomo 25, and EQ-5D. The reliability of API-NRS was evaluated in comparison with post-
treatment changes in the other clinical scales of APDAS, AHADS, APCS, APSEQ, AAIS,
ALocomo 25, and AEQ5D by use of Spearman correlation coefficients. The relative importance

of API-NRS as a marker of pain relief was also assessed by use of multivariate logistic regres-
sion analysis by setting the satisfied status of PGIC (scale value of 1 or 2) as a binary objective
variable and setting all other clinical scale changes as explanatory variables. We also investi-
gated the clinical implication of the API-NRS cutoff value in relation to changes in the other
clinical scales. For this objective, we partitioned CLBP patients at the cutoff value into two
groups and examined how well other clinical scales could distinguish the API-NRS status by
determining respective cutoff values and AUCs based on the ROC analysis.

Results

Patient characteristics and profiles of 12 clinical scales before and three months after treatment
are respectively presented in Tables 2 and 3, separated by mild, moderate, and severe pain
groups. The post-treatment levels of patient’s satisfaction by PGIC score are shown in Table 4
in relation to API-NRS.

2.1. Determination of cutoff values and MCID for post-treatment API-NRS

LBP patients were partitioned into two groups in reference to post-treatment PGIC: satisfied
(PGIC = 1-2) and non-satisfied (PGIC = 3-7) groups. The utility of the clinical scales in distin-
guishing the status of satisfaction by PGIC was explored by the use of multivariate logistic
regression analysis in three ways according to the pre-treatment level of pain by PI-NRS:
groups of patients with moderate, severe, and moderate + severe pain (Table 5). The final list
of clinical scales that were found significant in predicting PGIC satisfaction status as deter-
mined by the stepwise selection method are listed in each table.

For the analysis targeting the moderate and moderate + severe pain groups, API-NRS was
the leading predictor of satisfaction status with P values of 0.00064 and 0.0001, respectively.
Other significant predictors among the clinical scales were AEQ5D-Q2, AHADS-anxiety, and
AAIS in the analysis of the moderate pain group and AEQ5D-Q2, AHADS-anxiety, AHADS-
depr, and AAIS in the analysis of the moderate + severe pain group.
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Table 3. Clinical profile of patients with chronic low back pain 3 months after treatment.

3 months after treatment All patients 1<PI-NRS<4: Patients with mild | 4<PI-NRS<6: Patients with 7<PI-NRS<10: Patients with severe
(n=161) pain (n =29) moderate pain (n = 81) pain (n=51)

PI-NRS (mean SD) 4.15+£2.24 2.65+1.84 3.65+1.79 5.76 £2.19
PDAS 20.1 £11.6 15.7+£10.4 18.2+£10.2 25.8+11.8
HADS (Anxiety) 8.28 + 3.86 5.79 + 3.68 6+342 8.31+4.78
HADS (Depression) 6.68 £ 4.22 6.41 +4.67 8.22+4.14 8.35+4.45
PCS 2731123 23.1+12.3 26.3+12.2 31.3+11.0
PCS (Rumination) 10.5 £ 4.06 9.37 +4.22 10.4 £ 4.27 11.6 £3.19
PCS (Magnification) 5.52+£3.09 4.68 +3.29 5.25+2.96 6.49 £ 2.93
PCS (Helplessness) 11.1 +6.24 9.10 £ 6.26 10.6 £ 5.97 13.2£5.95
EQ-5D 0.647 £ 0.165 0.734 £ 0.151 0.664 £ 0.142 0.564 £ 0.165
PSEQ 33.6 +13.2 38.8+11.1 344+ 12.6 29.3+£13.7
Locomo 25 294 £19.5 19.7£17.4 26.0 £ 16.6 40.6 £19.7
Athens Insomnia Scale 6.30 £ 4.16 5.10 + 3.62 5.51 + 3.46 8.23 +4.75
Patient’s satisfaction (3-month | (n = 159) (n=28) (n =80) (n=51)
follow-up)

Much improved (1) 11 1 8 2

Improved (2) 40 9 22 9

Slightly improved (3) 52 10 28 14

No change (4) 43 5 18 20

Slightly worse (5) 9 3

Worse (6) 0

Much worse (7) 0 0

PI-NRS, Pain Intensity Numerical Rating Scale; PDAS, Pain Disability Assessment Scale; HADS, Hospital Anxiety and Depression Scale; PCS, Pain Catastrophizing
Scale; EQ-5D, EuroQoL 5 Dimension; PSEQ, Pain Self-Efficacy Questionnaire.

https://doi.org/10.1371/journal.pone.0229228.t003

Table 4. Relationship between API-NRS and patient’s satisfaction 3 months after treatment.

All patients 1<PI-NRS<4: Patients 4<PI-NRS<6: Patients 7<PI-NRS<10: Patients
(n=159) with mild pain (n = 28) with moderate pain with severe pain (n = 51)
(n =80)
Pre minus post- Average PI-NRS | Totals | Average PI-NRS change | Totals | Average PI-NRS change Totals | Average PI-NRS change Totals
treatment PI-NRS change (mean 159 (mean SD) 28 (mean SD) 80 (mean SD) 51
SD)
Patient’s satisfaction
(3-month follow-up)
Much improved (1) | 4.36 3.20 11 2 1 4+1.31 8 5+ 1.41 2
Improved (2) 2.71 £2.74 40 1.11 £1.36 9 2.23+£1.31 22 3.56 £2.92 9
Slightly improved 0.94 £2.62 52 0.1+1.37 10 1+2.07 28 1.79 £1.63 14
3)
No change (4) 0.02 £2.99 43 -2.4+£2.30 5 0.61 £1.54 18 14+ 1.73 20
Slightly worse (5) 1+£25 -0.67 £ 0.58 3 0.5 £0.58 21283
Worse (6) 1+1.41 0 1+1.41 4
Much worse (7) 0 0 0
PI-NRS, Pain Intensity Numerical Rating Scale.
https://doi.org/10.1371/journal.pone.0229228.t004
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Table 5. Multivariate analyses for the utility of clinical parameters in predicting the status of satisfaction by patient’s global impression of change.

Exp. variables B SE(B) z P

M oderate pain (n = 80)
Sex -0.327 0.751 -0.436 0.66297
Age 0.031 0.023 1.332 0.18284
API-NRS 0.963 0.282 3.413 0.00064
AEQ5D_Q2 2.719 0.957 2.841 0.00449
AEQ5D_Q5 -1.551 0.837 -1.853 0.06389
AHADS_anxiety -0.506 0.177 -2.851 0.00436
AHADS_depr -0.203 0.125 -1.620 0.10521
AAIS 0.283 0.132 2.140 0.03237
Overall AUC = 0.927

Severe pain (n = 47)
Sex -2.264 1.353 -1.673 0.09436
Age 0.021 0.034 0.611 0.54101
API-NRS 0.595 0.256 2.330 0.01981
AEQ5D_Q1 5.602 2.199 2.548 0.01085
ALocom o 25 0.145 0.066 2.209 0.02716
Overall AUC = 0.929

Moderate + severe pain (n = 127)
Sex -0.640 0.526 -1.217 0.22344
Age 0.023 0.016 1.446 0.14819
API-NRS 0.636 0.163 3.894 0.00010
AEQ5D_Q2 1.638 0.552 2.970 0.00298
AEQ5D_Q3 -0.835 0.427 -1.954 0.05076
AHADS_anxiety -0.176 0.083 -2.127 0.03341
AHADS_depr -0.246 0.084 -2.915 0.00356
AAIS 0.154 0.077 1.996 0.04592
Overall AUC = 0.883

https://doi.org/10.1371/journal.pone.0229228.t005

In the analysis targeting the severe pretreatment pain group, API-NRS, AEQ5D-Q]1, and
ALocomo 25 showed nearly equal contribution in predicting a satisfactory status.

Post-treatment changes (A) in 8 major clinical scales were compared between the two

groups with and without satisfaction by PGIC. The degree of separation of the two groups by
each clinical scale was evaluated by ROC analyses (Fig 2). The AUC was highest by API-NRS
(AUC = 0.770), followed by AHADS-dep (AUC = 0.733), AEQ5D (AUC = 0.686), and
ALocomo 25 (AUC = 0.648).
The optimal cutoff value was estimated as the API-NRS value at which sensitivity and speci-
ficity are equal. For the moderate, severe, and moderate + severe pain groups, the cutoff values
for API-NRS were 1.3, 1.8, and 1.5, respectively (Fig 3). Because the PI-NRS takes an integer
value between 0 to 10, these cutoff values can be rounded up to 2 for practical use regardless of
the pre-treatment pain severity: i.e., when API-NRS >2, it is appropriate to consider that the
patients felt much improved or improved (PGIC of 1 or 2). However, the MCID based on the
inherent variability of API-NRS was 0.553 for the moderate pain group, 0.596 for the severe
pain group, and 0.512 for the moderate + severe pain group (Fig 3). It is notable that the cutoff
values shown above all exceeded the respective MCID values. As a whole, those MCID values
for API-NRS can be rounded up to 1 for practical use regardless of the pretreatment level of

pain.
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Fig 2. Receiver operating characteristic (ROC) analysis of 8 major clinical scales for their utility in distinguishing
the status of satisfaction based on the patient’s global impression of change (PGIC). Post-treatment changes in the
8 major clinical scales were compared between two groups, those with and without satisfaction by PGIC. The degrees
of separation of the two groups were evaluated by ROC analyses. The area under the curve is shown next to the name
of each clinical scale.

https://doi.org/10.1371/journal.pone.0229228.g002
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Fig 3. Minimal clinically important difference (MCID) and cutoff values for A Pain Intensity Numerical Rating
Scale (PI-NRS) according to the baseline severity of PI-NRS. API-NRS was partitioned into two groups by the level
of patient’s global impression of change (1-2 vs. 3-7). Optimal cutoff level was estimated as the API-NRS value at
which sensitivity and specificity were equal. This analysis was done in three ways by subgrouping patients according to
pre-treatment severity of PI-NRS: moderate, severe, and moderate + severe.

https://doi.org/10.1371/journal.pone.0229228.g003
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2.2. Relationship of API-NRS with changes in other clinical scales

2.2.1. Spearman’s correlation coefficients. To examine correlation among changes in the
clinical scales associated with improvement in pain, i.e., API-NRS and APDAS, AHADS (anxi-
ety and depression), APCS (rumination, magnification, and helplessness), APSEQ, AAIS,
ALocomo 25, and AEQ5D (Q1: pain/discomfort, Q2: anxiety/depression, Q3: mobility, Q4:
self-care, Q5: usual activities), Spearman’s correlation coefficients (rS) were computed as
shown in Table 6. By setting the effect size of rS = 0.30 as moderate and 0.50 as strong [6], |
rS|>0.3 is highlighted by bold font and |rS|>0.5 by orange background color in this table.

Moderate to strong correlations were frequently observed among API-NRS and other
clinical scales (Table 6). Notably strong correlations of API-NRS were observed with APDAS,
APSEC, APCS, AAIS, AEQ5D, and ALocomo 25.

2.2.2. Clinical utilities of post-treatment changes in the clinical scales. We applied the
same method as was done for API-NRS to calculate MCIDs and cutoff values of APDAS,
APSEC, APCS, AAIS, AEQ5D, and ALocomo 25. The anchor for this analysis was the status of
API-NRS partitioned at its cutoff value: API-NRS>2 vs. API-NRS<2.

The MCID and cutoff value in predicting API-NRS>2 status were 4.67, 6.71 for APDAS
(score range: 0-60); 6.48, 6.48 for APSEC (0-60); 5.05, 6.71 (0-52) for APCS; 1.9, 1.64 for
AAIS (0-24); 0.08, 0.053 for AEQ5D (0-1.0); and 7.5, 9.31 for ALocomo 25 (0—100) (Fig 4).
These cutoff values exceeded the respective MCID except for AAIS and AEQ5D, indicating
that a change in their score above the cutoff value can be interpreted as clinically relevant.

The imbalance of the MCID and cutoff value observed for AAIS and AEQ5D were caused by
unequal scatter of values between the two groups resulting in unreliable cutoff values. There-
fore, their cutoff values were raised to the level of respective MCIDs to avoid false-positive
interpretation of their changes.

Discussion

It is most important to set the objective goal in clinical after CLBP treatment because it is diffi-
cult that we make the patients with completely no pain. The patients with CLBP commonly
have not only lumber dysfunction but also physical disability and psychosocial issues [1]. The
quantification of the outcome of CLBP treatment using some simple clinical scale is crucical
in the clinical management [12, 15]. To reveal the cutoff points and the MCID for API-NRS
based on PGIC in CLBP are the most simple and acceptable for the medical staff when we
quantify the treatment goal [17-25].

We comprehensibly evaluated the physical disability and psychosocial conditions in
patients with CLBP using self-administered multifaceted measures because these patients have
multidimensional musculoskeletal, social, mental and cognitive disorders, and other issues
[11-12,21, 29, 30]. However, we cannot tell how much of an improvement in each score can
be regarded as clinically meaningful [12]. The lack of objective cutoff values of improvement
in these clinical scales restricts proper interpretation of the scores when conducting research
into treatment outcomes in CLBP [12, 31].

At our pain management centers, we evaluate the intensity of pain in patients with CLBP
using the PI-NRS, PDAS, HADS, PCS, PSEQ, EQ-5D, AIS, and Locomo 25, which cover mul-
tifaceted issues [9, 15, 21, 32-33]. If these complex clinical scales can be interpreted in a unified
way, evaluation of a patient becomes less difficult and more objective, and current efforts of
the medical staff will be eased. In addition, the availability of objective cutoff values for these
clinical scales for use as treatment goals can widely expand the number of clinical facilities
capable of managing pain in CLBP patients.
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Fig 4. Associations of A Pain Intensity Numerical Rating Scale (PI-NRS) with post-treatment changes in 6 clinical
scales. Distributions of post-treatment changes in the 6 clinical scales were compared between two groups partitioned
at the cutoff value of API-NRS = 2.0. The degree of separation of the two groups is expressed as an area under curve
(AUC) by the receiver operating characteristic analysis and shown on top of each graph, together with the optimal
cutoff value for the distinction. The table on the right shows a list of the AUCs and standard error of the AUCs that
were determined for all clinical parameters by use of the same analysis described above.

https://doi.org/10.1371/journal.pone.0229228.g004

When both clinicians and investigators calculate cutoff values for these measures, we think
the patient’s perspective on the meaning of changes following treatment will become core out-
come measures [28, 34-36]. A commonly used method to determine thresholds for patient-
perceived meaningful change is to compare changes in pain scores with patients’ global ratings
of the magnitude of change [28, 37-38]. We thus focused on API-NRS as the most important
assessment anchoring treatment because the threshold of change in PI-NRS, i.e., API-NRS,
following treatment is generally considered to be quite useful for judging the effect of therapy,
and the threshold is the universal indicator of change in individual patients [3-4, 16, 39]. In
the present study, we sought to determine the cutoff points and the MCID for API-NRS based
on PGIC in CLBP [18]. We revealed that the MCID of API-NRS was 1 regardless of the level of
pre-treatment pain in CLBP patients, and this led to the determination of a treatment goal of 2
for API-NRS as the cutoff value in CLBP.

Several papers have reported cutoff values for chronic musculoskeletal pain [17, 39-40].
Salaffi et al. reported the MCID in chronic musculoskeletal pain intensity measured on a NRS
[40]. A change in the NRS score of —2.0 and a percent change score of —33.0% were best associ-
ated with the concept of “much better” improvement. Although the database used in their
report did not contain CLBP patients, they reported the important threshold score of 2 for
NRS change, which was the same as our cutoff value of 2.

In the measurement of pain relief in patients with trigeminal neuralgia, Sandhu et al.
reported that the MCIDs for the 3 domains of the Brief Pain Inventory-Facial were 57% and
28% improvement in pain intensity for the worst and average pain, respectively, 75% improve-
ment in interference with general activities of daily living, and 62% improvement in interfer-
ence with facial activities of daily living [39]. Another paper defined the MCID for grade I
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degenerative lumbar spondylolisthesis following lumbar surgery [41]. The MCID values were
1.6 points for NRS-back pain, 1.7 points for NRS-leg pain, 14.3 points for the Oswestry Dis-
ability Index, and 0.2 points for the EQ-5D. These previous papers reported similar scores for
cutoff values and MCIDs even if the target disease was different from that in the present study.
We thus think a API-NRS of 2 is the key threshold score in evaluating treatment outcome of
CLBP patients.

As a next step, the cutoff values and the MCID were also determined for APDAS, APSEC,
APCS, AAIS, AEQ5D, and ALocomo 25 based on API-NRS (API-NRS>2 or API-NRS<2) in
the present study. To our best knowledge, this is the first report to reveal a meaningful thresh-
old value for the treatment goal and the cutoff value for treatment effect for each of these
clinical scales. Only limited cutoff values were reported previously, and no reports showed the
meaningful threshold change for treatment. Yamashiro et al. reported that the cutoff value for
the PDAS was 10. A score of over 41 points in the PSEQ means the patient has high self-effi-
cacy, whereas that below 20 points indicates low self-efficacy [15]. Sullivan et al. reported that
the cutoff value in the PCS was 30 [14]. Four to five points in the AIS suggests a sleep disorder,
and over 6 points suggest the high possibility of a sleep disorder. Over 16 in the Locomo 25
indicates locomotive syndrome [10]. We established objective and meaningful threshold
scores for APDAS of 6.71, APSEC of 6.48, APCS of 6.71, AAIS of 1.9, AEQ5D of 0.08, and
ALocomo 25 of 9.31 in the treatment of CLBP patients.

From another point of view, when medical staff observe a API-NRS of >2 in patients after
treatment, we can interpret this to indicate that the CLBP patients have gotten well with satis-
faction and improvement in the multifaceted scores measuring life disabilities, patient confi-
dence with ongoing pain, pain catastrophizing, sleep disorder, QOL, and musculoskeletal
disorders.

In summary, as clinically significant threshold and treatment target in CLBP treatment, we
revealed a API-NRS of >2 and the threshold scores for APDAS of 6.71, APSEC of 6.48, APCS
of 6.71, AAIS of 1.9, AEQ5D of 0.08, and ALocomo 25 of 9.31. We propose those definitive tar-
get scores as directly correlating with PGIC for use all of the medical staff in the management
of CLBP patients.

A limitation of this study is that the score cannot be generalized to all CLBP patients
because the data were taken only from a short 3-month follow-up period and from CLBP
patients treated in only two pain management centers. Second, it is inevitable to have some
degree of inconsistencies between MCID score and cutoff values in some clinical scales like
AIS and EQ5D, although we derived MCID in the same way as in the previous reports possibly
due to insufficient number of cases enrolled. In the present study we adopted either the MCID
or the cutoff value with higher score as indicative of more clinical utility.

In conclusion, we revealed a new indicator in the evaluation of CLBP treatment. A
API-NRS value of 2 is the key score in CLBP treatment.
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