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ABSTRACT

BACKGROUND: The Pain Catastrophizing Scale (PCS), a widely used tool to assess catastrophizing related to spinal disorders, shows valid
psychometric properties in general but the minimal important change (MIC) is still not determined.

AIM: The aim of this study was to assess responsiveness and MIC of the PCS in individuals with chronic low back pain (LBP) undergoing
multidisciplinary rehabilitation.

DESIGN: Prospective observational study.

SETTING: The setting was outpatient rehabilitation hospital.

POPULATION: Two hundred and five patients with chronic LBP.

METHODS: Before and after an 8-week multidisciplinary rehabilitation program, 205 patients completed the Italian version of the PCS (PCS-I).
We calculated the PCS-I responsiveness by distribution-based methods (effect size [ES], standardized response mean [SRM], and minimum de-
tectable change [MDC]) and anchor-based methods [receiver operating characteristic (ROC) curves]. After the program, participants completed
a 7-point global perceived effect scale (GPE), based on which they were classified as “improved” vs. “stable.” ROC curves computed the best
cut-off level (taken as the MIC) between the two groups. ROC analysis was also performed on subgroups according to patients’ baseline PCS
scores.

RESULTS: ES, SRM and MDC were 0.71, 0.67 and 7.73, respectively. ROC analysis yielded an MIC of 8 points (95% confidence interval [CI]:
6-10; area under the curve [AUC]: 0.88). ROC analysis of the PCS subgroups confirmed an MIC of 8 points (95%CI: 6-10) for no/low catastro-
phizers (score <30, N.=159; AUC: 0.90) and indicated an MIC of 11 points (95%CI: 8-14) for catastrophizers (score >30, N.=33; AUC: 0.84).
CONCLUSIONS: The PCS-I showed good ability to detect patient-perceived clinical changes in chronic LBP postrehabilitation. The MIC val-
ues we determined provide a benchmark for assessing individual improvement in this clinical context.

CLINICAL REHABILITATION IMPACT: The present study calculated — in a sample of people with chronic LBP — the responsiveness and
MIC of the PCS. These values increase confidence in interpreting score changes, enhancing their meaningfulness for both research and clinical
contexts.

(Cite this article as: Monticone M, Portoghese I, Rocca B, Giordano A, Campagna M, Franchignoni F. Responsiveness and minimal important
change of the Pain Catastrophizing Scale in people with chronic low back pain undergoing multidisciplinary rehabilitation. Eur J Phys Rehabil Med
2022;58:68-75. DOI: 10.23736/S1973-9087.21.06729-0)
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Pain catastrophizing is the tendency to magnify or ex- with the severity of adverse pain-related reactions and can
aggerate the threat or gravity of actual or anticipated predict a poor long-term outcome.2 The Pain Catastroph-
painful experience.! This negative mental set is associated izing Scale (PCS) is widely used to assess pain-related
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catastrophic thinking.! The 13-item scale has three com-
ponents, i.e., magnification, rumination, and helplessness.
The scale has demonstrated good psychometric properties
such as internal consistency, reproducibility, and content
and construct validity.l: 3 Some responsiveness indices
have also been examined#4 5 to analyze the scale’s ability
to detect changes over time. In particular, effect size (ES)
and standardized responsive mean (SRM) were estimated
in patients with widespread musculoskeletal pain,® while
the minimum detectable change (MDC) was estimated
in patients with chronic low back pain (LBP),” LBP in
general,8 and fibromyalgia.® However, the minimal im-
portant change (MIC) — defined as the smallest change
that patients perceive to be significant and termed mini-
mal clinically important difference or minimal important
differences — has never been determined for the PCS in
people with LBP undergoing multidisciplinary rehabilita-
tion. This parameter is essential to understand the within-
person change over time during clinical care, to assess
the effectiveness of the intervention and guide clinical
decision-making. It is also essential for research purposes,
e.g., to investigate treatment effectiveness in clinical tri-
als, sample size estimates, and cost evaluations of given
interventions.4

The aim of this study was thus to determine the respon-
siveness and MIC of the PCS in patients with chronic LBP
undergoing multidisciplinary rehabilitation, triangulating
the results using both distribution-based and anchor-based
methods, in order to enhance confidence in interpreting the
change score in pain catastrophizing thoughts.4 5

Materials and methods
Participants

The participants were a convenience sample of outpatients
consecutively admitted to a Rehabilitation Unit and en-
rolled between January 2017 and December 2018.

The inclusion criteria were diagnosis of chronic non-
specific LBP (i.e., documented history of pain lasting >12
weeks without a recognizable, known specific pathologi-
cal source;!0: 1 good understanding of Italian; and age >18
years. Exclusion criteria were: 1) acute (<4 weeks) or sub-
acute (<12 weeks) non-specific LBP; 2) specific causes of
LBP (e.g. disc herniation, canal stenosis, spinal deformity,
fracture, spondylolisthesis, or infections), central/periph-
eral neurological signs confirmed by imaging (lumbar ra-
diographs and, in doubtful cases, computed tomography or
magnetic resonance imaging) and/or case history; system-
ic illness (including rheumatologic diseases); cognitive
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impairment (Mini-Mental State Examination Score <24);
recent myocardial infarction or cerebrovascular event;
previously prescribed physical or cognitive-behavioral
therapy; and 3) refusal or inability to adhere to the treat-
ment.

Patients’ sociodemographic and clinical characteristics
were collected regarding age, sex, Body Mass Index, pain
duration, pain intensity, disability, education level, occu-
pation, comorbidities, and marital status.

This research was part of an observational study ap-
proved by the Institutional Review Board of the local Hos-
pital (N. 5/16; date of approval: 05/04/2016). All patients
were informed about the research aims, questionnaires and
procedures, and gave their written consent to participate.
The study was conducted in accordance with the principles
set forth in the Helsinki Declaration.

Measures
Pain catastrophizing scale (PCS)

The Pain Catastrophizing Scale (PCS) evaluates cata-
strophic thinking in patients with musculoskeletal disor-
ders and is a 13-item self-report questionnaire.! 2 Patients
are asked to rate on a 5-point Likert scale, from 0 (never)
to 4 (always), the degree to which they have any of the
thoughts described in each item. The total score is the
sum of the scores for each item, and ranges from 0 to 52.
Higher scores reflect higher levels of catastrophic think-
ing. Studies have confirmed the PCS as a sufficiently uni-
dimensional measure to allow the calculation of a global
score,!2: 13 inasmuch as it taps a single latent construct
(general catastrophizing) characterized by three interre-
lated components,!4 namely “helplessness” (items N. 1-5
and 12), “rumination” (items 8-11), and “magnification”
(items 6-7 and 13).! We used the Italian cross-culturally
adapted and validated version of the PCS (PCS-I), which
has demonstrated satisfactory psychometric properties.!5

Global perceived effect

At the end of the treatment, patients self-rated the global
perceived effect (GPE) of the intervention regarding cata-
strophizing thoughts. The question (“Overall, how much
did the treatment you received help your catastrophizing
due to current LBP?”) had 7 response options ranging
from -3 (“much worse”) to +3 (“much better”).1¢ A vari-
ety of formats of this scale exists, with different anchors
and with variations in names, such as “Global Rating of
Change,” “Patient Global Impression of Change,” and
“Transition Ratings.”16
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Procedures

The outpatient program consisted of two 60-min indi-
vidual motor training sessions per week for 8 weeks. The
exercises aimed to improve postural control, to strengthen
and stabilize the back muscles, and to stretch major muscle
groups of the trunk and lower limbs. Patients received, in
addition, one 60-min cognitive-behavioral therapy session
per week for 8 weeks aimed at modifying their ‘fear of
movement’ beliefs, catastrophizing thoughts and over-re-
active illness behaviors, as well as providing information
and education on ergonomic principles.!?

Health personnel administered the questionnaires as
part of the pre-/postrehabilitation assessment and checked
them and returned any uncompleted part to participants for
completion, in order to minimize the rate of missing/mul-
tiple responses.

Mild analgesics (i.e., paracetamol) and non-steroidal
anti-inflammatory drugs (NSAIDs) were allowed during
the study, but not more than one tablet per day on demand
for more than 7 successive days. Their intake as well as
symptoms and patients’ needs were constantly monitored.

Statistical analysis

We calculated two classical test theory indicators of re-
liability:1® 1) internal consistency, through Cronbach’s
a. Values >0.70 are recommended for group-level com-
parisons, and a minimum of 0.85-0.90 is advised for in-
dividual judgments; and 2) test/retest reliability of global
scores, through the Intraclass Correlation Coefficient, with
a “two-way mixed effects, single measurement model”
(ICC(,1)). This value is essential for the calculation of the
standard error of measurement (SEM).19

Based on the literature, we determined that a sample
size of 40 would provide adequate statistical power (ex-
pecting to obtain an ICC of 0.80-0.85, with a 95%CI of
0.15) for test-retest reliability of PCS total scores.20 Forty
participants — randomly selected from the total sample —
completed the questionnaire twice, within a 96-hour inter-
val, before the start of the rehabilitation program.

We used distribution-based methods to examine the fol-
lowing parameters:# 5

* the ES, calculated on the whole sample as the differ-
ence between the pre- and post-test scores divided by the
pretest standard deviation (SD). The ES was classified as
trivial (<0.2), small (0.2-0.39), moderate (0.4-0.7), or large
(>0.7);%1

» the SRM, representing the ratio between individual
change and the SD of that change. Values of 0.20, 0.50,
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and 0.80 respectively represent small, moderate, and large
changes;?2!
» the SEM, calculated as:!9 22

SEM = SD+\1-ICC2,1

where the ICC, |, value was taken from test-retest results;

 the MDC (the minimal amount of change that a score
must show to be greater than random fluctuations), calcu-
lated as:

MDC = SEM x z valuex~2

* Its 95% confidence level (MDCys) corresponds to a z
value of 1.96.18.23

As for anchor-based methods, we analyzed two param-
eters using the GPE score as an external criterion to deter-
mine whether changes in scores were clinically meaning-
ful.

First, according to the mean change approach, we cal-
culated the mean change of participants graded on the
GPE as: not/minimally improved (GPE=0 “unchanged,”
or GPE=1 “a little better”), moderately improved (GPE=2
“better”), or largely improved (GPE=3 “much better’’).22

Second, according to receiver operating characteris-
tic (ROC) curves,!® we divided the participants into two
groups as stable (GPE= 0 or 1) or improved (GPE= 2 or
3) and computed the distribution of the change in scores
on the PCS in both groups. We calculated the sensitivity
and specificity of each possible cutoff value of the change
score to distinguish between the two patient groups. For
all possible cutoff points, sensitivity was plotted against
1-specificity, to obtain an ROC curve. The point on the
ROC curve that is closest to the upper left corner of the fig-
ure was taken as the MIC. This point indicates the change
score that is associated with the least amount of misclas-
sification, i.e., the smallest sum of the percentages of false
positives (patients who have a change larger than the MIC
but reported themselves to be unchanged) and false nega-
tives (patients who have a change smaller than the MIC
but reported themselves to be importantly improved).19: 24
The cutoff score 95% confidence interval (CI) was esti-
mated using the bootstrap method (500 repetitions). We
also computed the area under the ROC curve (AUC), an
aggregate measure of performance across all possible clas-
sification thresholds. The AUC indicates the probability of
correctly identifying, in randomly selected pairs of sub-
jects who have and have not improved, the one who has
improved. The greater the AUC, the greater a measure’s
ability to distinguish those with vs. without a meaningful
improvement. As a rule, an AUC>0.70 indicates an ac-
ceptable discrimination and >0.80 a good one. In addition,
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ROC analysis was performed splitting the whole sample
into two subgroups based on their PCS-I baseline values,
and then separately examining the two different cutoffs
suggested by the literature for defining clinically relevant
levels of catastrophizing (which may warrant interven-
tion): respectively, total PCS score of 2424 or 30 points.2 25

To verify the validity of GPE value as a criterion, we ex-
amined its correlation with the pre-/post-treatment change
score in PCS-I, hypothesizing to find at least a nontrivial
correlation (>0.30-0.50) in all cases.5

Sample size (~200) was estimated in order to obtain an
adequate number of ‘events’ (patients improved according
to their GPE) for the ROC analysis, hypothesizing a 50%
improvement rate, an AUC around 0.90 and a half-width
of the CI on the AUC of about 0.05 (real AUC between
0.85 and 0.95).18

Data availability

The data associated with the paper are not publicly avail-
able but are available from the corresponding author on
reasonable request.

Results

Of the 260 patients invited to participate, 7 did not meet
the inclusion criteria (specific causes of LBP, N.=2; sys-
temic illness, N.=3; cognitive impairment, N.=2), 35 re-
fused, and 13 were unable to adhere to the treatment (lo-
gistic problems, N.=8; economic difficulties, N.=2; per-
sonal problems, N.=3).

The final study population consisted of 205 patients
with a mean age of 51.1+11.4 years and a mean pain dura-
tion of 22.2+15.0 months. At baseline, average pain inten-
sity was 4.4+1.6 (on a 0-10 numerical rating scale) and the
average lumbar disability 25.7+6 (on the 0-100 Oswestry
Disability Index). The Body Mass Index was 25.4+4.8 kg/
m2. Table I shows additional clinical and socio-demo-
graphic characteristics of the patients. Table II describes
baseline and post-treatment scores of the PCS-I total scale
and three subscales (helplessness, rumination, and magni-
fication). The PCS-I scores did not significantly differ be-
tween males and females (baseline: 18.9+8.1 vs. 22.5+9.2;
post-treatment 14.4+10 vs. 16.2+10.4) or between younger
and older participants (split according to the median age
of the sample, 50 years; baseline: 19.7+8.8 vs. 22.5+8.9;
post-treatment 14.5+9.1 vs. 16.5+11.3).

Pain worsening was managed by means of symptom-
atic drugs: 29 subjects (14%) required paracetamol, and
25 subjects (12%) NSAIDs. No participant received more
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TABLE I.—Socio-demographic and clinical characteristics of the
study population (N.=205).

Variable N. %
Sex (male/female) 79/126 39/61
Marital status

Unmarried 47 23

Married 156 76

Not specified 2 1
Occupation

Employee 94 46

Self-employed 52 25

Housewife 28 14

Retired 28 14

Other 3 1
Education

Primary school 16 8

Middle school 48 23

High school 96 47

University 45 22
Smoking

Yes 56 27

No 149 73
Limb pain

Yes 53 26

No 152 74
Physical activity

Yes 67 33

No 138 67

TABLE Il.—Mean (SD) values of the PCS-I pre- vs. postrehabili-
tation for the total (N.=205) sample and for patients improved
(GPE= 2 or 3; N.=94) vs. stable (GPE= 0 or I; N.=98).

Pretreatment

Post-treatment

Mean SD Mean SD

PCS-1

Total 21.06 8.93 15.48 10.23

Improved 22.00 7.34 10.54 7.29

Stable 19.91 10.16 17.86 9.76
Helplessness subscale

Total 7.39 4.50 5.87 4.54

Improved 7.55 3.98 4.16 3.48

Stable 7.17 5.04 6.67 4.53
Rumination subscale

Total 7.95 3.07 5.05 3.56

Improved 8.30 2.44 3.90 2.70

Stable 7.48 3.50 6.21 333
Magnification subscale

Total 5.72 2.53 4.11 3.09

Improved 6.14 2.17 248 2.15

Stable 5.26 2.67 4.98 2.92

PCS-I: Pain Catastrophizing Scale, Italian version, SD: standard deviation.

than one tablet per day on demand for more than 7 succes-
sive days.

The values related to Cronbach’s alpha and test-retest
reliability (ICC, 1)) for PCS-I and its subscales are shown
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TaBLE lIl.—Distribution-based indices of responsiveness for PCS-I and its subscales (potential score range in brackets).

PCS-I (score: 0-52)

Helplessness (score: 0-24)

Rumination (score: 0-16) Magnification (score: 0-12)

Cronbach’s a 0.89 0.82

ICC o)y 0.903 0.877
Effect size (95%CI) 0.71 (0.50 - 0.91)

SRM (95%CT) 0.67 (0.51 - 0.83) 0.44 (0.29- 0.59)
SEM 2.79 1.58
MDC,s 7.73 438

0.37(0.17 - 0.57)

0.80
0.857
0.92 (0.70 - 1.13)
0.84 (0.69 -1.00)
1.16
3.23

0.70
0.859
0.71 (0.50 - 0.91)
0.50 (0.36 - 0.64)
0.95
2.64

PCS-I: Pain Catastrophizing Scale, Italian version; MIC: minimal important change; ROC: receiver operating characteristic; CI: confidence interval; SEM: standard
error of measurement; SRM: standardized response mean; MDCys: minimum detectable change (at 95% confidence interval).

in Table III, together with related distribution-based indi-
ces of responsiveness.

Based on the dichotomization of the GPE score, 94 par-
ticipants (46%) were classified as improved (GPE= 2 or
3) and 98 (48%) as stable (GPE= 0 or 1). The remaining
13 participants (6%) showed a worsened clinical condi-
tion according to their GPE (-1 or -2) and were excluded
from further analyses. The correlation of the score change
of the PCS-I with the GPE was rs=0.74, while that with
baseline and final PCS-I score was rs=0.32 and rs=0.55,
respectively.

As for anchor-based methods, the mean PCS-I score
changes according to the GPE levels were as follows:
0.2 points and 4 points in those who rated no or minimal
improvement, respectively; 9.8 points in those who rated
moderate improvement (GPE=2 “better”), and 14.4 points
in those who rated large improvement (GPE=3 “much bet-
ter”).

ROC analysis of the PCS-I revealed an AUC of 0.88
(95% C.1. 0.83-0.93) showing a good capacity to discrimi-
nate between improved and stable patients (Figure 1). The
best cut-off point (i.e., MIC) was 8 (95%CI: 6-10), which
had 81.9% sensitivity, 81.6% specificity, and a classifica-
tion accuracy of 81.8%.

The ROC analysis on the two sample subgroups based
on baseline PCS-I scores gave the following results. In
the subgroup with PCS-I score <30 (N.=159; people with
no/low catastrophizing thoughts) AUC was 0.90 (95%CTI:
0.85-0.95), and the best cutoff was 8 points of change
(95%CI: 6-10). In the subgroup with clinically significant
catastrophizing the best cutoff was 11 points of change
(95%CI: 8-14), with an AUC of 0.89 (95%CI 0.81-0.97)
for individuals with PCS-I1 >24 (N.=72) and 0.84 (95%CTI:
0.71-0.98) for those with PCS-1>30 (N.=33).

Discussion

To our knowledge, this is the first study to examine the
MIC of the PCS in Italian people with chronic LBP un-

72 EUROPEAN JOURNAL OF PHYSICAL AND REHABILITATION MEDICINE

Sensitivity

0.00 T T T 1

0.00 0.25 0.50 0.75 1.00
1-Specificity

Figure 1.—Receiver-operating-characteristic curves of the Pain Cata-
strophizing Scale, showing its overall accuracy in identifying a mean-
ingful improvement (reduction) in pain catastrophizing, according to the
Global Perceived Effect (GPE) at post-treatment (GPE 0 and 1 vs. GPE
2 and 3). For the cutoff point of 8, sensitivity was 81.9%, specificity
81.6%, and accuracy 81.8%.

dergoing multidisciplinary rehabilitation. The MIC is a
key parameter in both clinical practice and research, e.g.,
when monitoring clinical status of individual subjects.?2 A
logical way to determine MIC is to compare and interpret
the information conveyed by multiple reference standards,
calculated on the same sample according to distribution-
and anchor-based methods.4 5

We used distribution-based methods to examine some
statistical group-level characteristics of scores. The ES
and SRM showed moderate to large responsiveness of the
PCS-I to the rehabilitation program. The size of the effect
is in line with the average PCS change reported in a recent
meta-analysis exploring multimodal interventions.26 The
effect of our treatment was large in the rumination and, to
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a lesser extent, in the magnification subscales, while it was
limited for the helplessness component. The few studies
examining the differential relationships between the indi-
vidual components/subscales of pain catastrophizing and
pain outcomes have yielded heterogeneous findings.27.28

The MDCy;s in our study was 7.73 points; just a bit lower
than the corresponding values reported in previous studies
for PCS (analyzing different populations in different con-
texts), which mainly ranged from 8.8 to 10.45 points.?-% 15

As for anchor-based methods, the quite good correlation
found between changes in PCS-I score and GPE assess-
ment indicated that participants adequately estimated their
change in catastrophizing thoughts during the treatment
period. As expected, the mean PCS-I change scores in-
creased as the GPE score increased. ROC analysis showed
a good ability of PCS-I change to correctly classify subjects
who considered themselves as improved or not (Figure 1,
2): a baseline to follow-up change of at least 8 points (95%
CI: 6-10) represented the optimal cutoff value, identifying
a clinically important change for our sample. It represents
a variation of about 15% of the maximum possible score.

The appropriateness of the proposed MIC value (or
small range of values inside the CIs) was confirmed by
triangulating our results: the MIC showed a good clas-
sification accuracy, was higher that the MDC,y; value (a
distribution-based parameter) and was consistent with the
results related to the ‘mean change approach’ (an anchor-
based group-level parameter).5 22,29

PCS score change

Subjects

CEEN Sl

Figure 2.—Distribution of Pain Catastrophizing Scale changes in sig-
nificantly improved (Global Perceived Effect [GPE] = 2 “better” or 3
“much better” — on the right) and not significantly improved patients
(GPE = 0 “unchanged” or 1 “a little better” — on the left). In our sample
(N.=205), at the optimal receiver operating characteristic cut-off of 8
points (horizontal dashed line, representing the selected value for Mini-
mal Important Change), the sensitivity was 81.9% and specificity 81.6%.
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When two subgroups of participants were separately ex-
amined according to baseline PCS-I score,30 people with-
out significant catastrophizing (or less severe dysfunction)
at baseline needed to have the same improvement as the
overall group (8 points) in order to perceive the treatment
as helpful. Instead, for the so-called “catastrophizers” an
11-point MIC value (95%CI: 8-14) was required. This
finding is logical because subjects with higher PCS scores
have the opportunity to reduce more their catastrophic
thoughts. On the other hand, it is reasonable that people
without significant catastrophizing have a different per-
ception of improvement than catastrophizers, and it is still
debated whether they could benefit from any reduction in
their pain-catastrophizing level.2¢

These MIC values, that for catastrophizers, represent a
preliminary step for better assessing risk-factor targeted
programs aimed at reducing pain catastrophizing in indi-
viduals or minimizing the negative impact of pain cata-
strophizing on pain outcomes.24 31 Overall, our results may
be useful in studies examining the conceptual model of
pain catastrophizing and its interaction with other psycho-
social factors related to pain experience and coping.32-34
As for the relationship between PCS scores and basic de-
mographic characteristics, our findings are in line with a
recent meta-analysis:35 in both studies, PCS scores were
unrelated to age and sex.

If one wants to compare in a meaningful way the out-
come of different types of clinical interventions in this
field, it is crucial to have established cutoffs to interpret
different levels of pain-related catastrophic thinking.3¢

Limitations of the study

The main limitations of this study are represented by the
fact that further research needs to examine: 1) whether
different interventions for catastrophizing reduction are
appropriate and result in overall better patient health out-
comes, and which interventions may be the most effec-
tive;27.32-34,36 and 2) the content validity of the PCS items,
also in comparison with other pain catastrophizing mea-
sures.37

Some caution in interpreting and generalizing our re-
sults is necessary, particularly when interpreting change
at the individual level. First, our MIC values were based
on a convenience sample of individuals who experienced
a positive outcome after rehabilitation treatment; it would
be good to obtain estimates of change in individuals whose
outcome deteriorated, as well as in other contexts, e.g.,
samples undergoing different interventions or with dif-
ferent clinical characteristics. Likewise, it is possible that
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different methodological and statistical approaches could
lead to different results.5 Second, some intrinsic weakness-
es of GPE should be considered, e.g., the patient’s ability
to selectively report the effect of the intervention related
to catastrophic thoughts may be influenced by addition-
al factors (such as change in disability, quality of life,
etc.).16:38,39 Lastly, in the ROC analysis of the subgroup of
catastrophizers the sample size was small and thus the CI
of the MIC was quite large: therefore, this finding needs to
be confirmed in a larger sample.

Conclusions

In conclusion, our findings show that the PCS is a respon-
sive measure in Italian individuals with chronic LBP un-
dergoing multidisciplinary rehabilitation. We recommend
these MIC estimates for use as a preliminary and “context-
specific” reference point when assessing improvement or
planning clinical studies on similar samples, paying atten-
tion to the baseline level of catastrophizing and clinical
characteristics of the population under investigation.
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