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Abstract

Objective. The Patient-Specific Functional Scale (PSFS) is a patient-reported outcome measure used to assess functional
limitations. Recently, the PSFS 2.0 was proposed; this instrument includes an inverse numeric rating scale and an additional
list of activities that patients can choose. The aim of this study was to assess the test–retest reliability, measurement error,
responsiveness, and minimal important change of the PSFS 2.0 when used by patients with nonspecific neck pain.
Methods. Patients with nonspecific neck pain completed a numeric rating scale, the PSFS 2.0, and the Neck Disability Index
at baseline and again after 12 weeks. The Global Perceived Effect (GPE) was also collected at 12 weeks and used as an
anchor. Test–retest measurement was assessed by completion of a second PSFS 2.0 after 1 week. Measurement error was
calculated using a Bland–Altman plot. The receiver operating characteristic method with the anchor (GPE) functions as the
reference standard was used for calculating the minimal important change.
Results. One hundred patients were included, with 5 lost at follow-up. No floor and ceiling effects were reported. In the test–
retest analysis, the mean difference was 0.15 (4.70 at first test and 4.50 at second test). The ICC (mixed models) was 0.95,
indicating high agreement (95% CI = 0.92–0.97). For measurement error, the upper and lower limits of agreement were 0.95
and −1.25 points, respectively, with a smallest detectable change of 1.10. The minimal important change was determined to
be 2.67 points. The PSFS 2.0 showed satisfactory responsiveness, with an area under the curve of 0.82 (95% CI = 0.70–
0.93). There were substantial to high correlations between the change scores of the PSFS 2.0 and the Neck Disability Index
and GPE (0.60 and 0.52, respectively; P < .001).
Conclusion.The PSFS 2.0 is a reliable and responsive patient-reported outcome measure for use by patients with neck pain.
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2 Clinimetric Evaluation of the PSFS 2.0

Introduction

The Patient-Specific Functional Scale (PSFS)1 is a question-
naire widely used to subjectively assess “activity limita-
tions.”2,3 This patient-reported outcome measure (PROM)
was designed to provide a comparison of a patient’s activity
levels on specific functional tasks in comparison to before
their complaints started. A recent study assessed the construct
validity of the original PSFS and revealed that patients
with neck pain preferred an inverse way of answering the
questions then is traditionally used.4 Specifically, patients
preferred rating their responses using a numeric rating scale
(NRS)5 where 0 represents “no difficulty” and 10 represents
“impossible to perform the activity” which is opposite of the
original PSFS.6,7 Patients stated that this response option was
more “logical” and easier to answer.4 This led to developing
the PSFS 2.0 with an NRS along with a list of proposed activity
limitations should patients find it difficult to name 3 activities
themselves.8

Conflicting evidence remains regarding the psychometric
properties of the original PSFS when used for patients with
various neck pain disorders.8,9 A systematic review indicates
moderate evidence supporting high test–retest reliability for
the original PSFS among patients with cervical radiculopathy9

(based upon 1 study with a small sample size of 38 patients10).
However, a more recent study found evidence of poor relia-
bility (165 patients).11 It should be noted that most reliability
studies of the original PSFS were performed on small samples
(n = 31 and n = 38) of patients with neck pain.8,12 A study
assessing the minimal important difference of the original
PSFS in patients with neck pain reported that a change of
2.3 was both a “small change” and a “large change,” and
a change of 0.6 was a “medium change,” making it difficult
to interpret the results.13 One study in patients with cervical
radiculopathy reported adequate responsiveness of the orig-
inal PSFS.11 A recent systematic review on the psychometric
properties of the original PSFS concluded that this instrument
was valid, reliable, and responsive in populations with neck
dysfunction.9 However, this systematic review also reported
that “although the use of the (original) PSFS as an outcome
measure is increasing in physical therapist practice, there are
gaps in the research literature regarding its validity, reliability,
and responsiveness in many health conditions.”9

The PSFS 2.0 has been validated on patients with neck pain
and showed a high correlation with the Neck Disability Index
(NDI),10 similar to the original PSFS.8

The aim of this study was to assess the test–retest reliability
and measurement error of the PSFS 2.0 and to assess the
responsiveness and minimal important change in patents with
nonspecific neck pain.

Methods

Design

This reliability and responsiveness study is part of a cohort
study, Cervical Range of Motion Measurements (CROMM-
study),4,14 including patients with nonspecific neck pain
treated in a physical therapist setting. The Medical Ethic
Center in Rotterdam approved the study (MEC-2018-129).
The study was registered in the Netherlands Trial Register
NTR7463. To ensure methodological rigor, the Guidelines for
Reporting Reliability and Agreement Studies guideline was
adhered to Kottner et al,15 as well as the relevant sections of
the Consensus-Based Standards for the Selection of Health

Measurement Instruments (COSMIN) reporting guideline
for studies on measurement properties.16 Informed written
consent was obtained from all patients. No funding was
received for this work.

Participants

Patients were recruited from a primary care physical therapist
clinic between July 2018 and January 2019. Patients with
nonspecific neck pain were eligible if they were more than
18 years old, adequately understood Dutch, and were classi-
fied as having grade I or II pain as described by the Neck Pain
Task Force.17 Patients were excluded in the presence of serious
pathology (such as infection, cancer, fracture, or rheumatoid
arthritis) and previous cervical surgery. A minimum number
of 100 patients were recruited for the assessment of construct
validity, and 10 of the 100 patients were recruited for the
assessment of content validity as done in previous studies.18,19

Baseline Measurement

All participants received an automated email questionnaire
that included demographic characteristics as well as the NRS,
PSFS 2.0, and NDI in this particular order. All forms were
available online, using Limesurvey, a free online survey tool.

Patients were informed about the purpose to test the test–
retest reliability of the questionnaire and that a second, follow-
up questionnaire would be sent in 1 week.

NRS

Neck pain in the past 24 hours was measured using an
NRS, where 0 represents “no pain” and 10 represents “the
worst pain possible.”20,21 The minimal detectable change
has been reported to be approximately 4 points.20,21 The
NRS seems to be the most appropriate measure to assess
the pain intensity22,23 and is recommend in clinical practical
guidelines for neck pain.24,25 We could not identify studies
examining the content validity, construct validity, reliability,
or responsiveness of the NRS for patients with neck pain.

NDI

The NDI is designed to measure “activity limitations” during
activities of daily living in patients with neck pain and was
derived from the Oswestry Disability Index for measuring
activity limitations in individuals with low back pai.26,27 The
10 items of the NDI have 6 response categories (range = 0–
5; total score range = 0–50).27 No floor or ceiling effects have
been detected.27–30 The content validity is poor.31 Hypothesis
testing has shown that the NDI has a positive correlation
with instruments measuring pain and/or physical functioning
(r = 0.53–0.70)27,29,32,33 and can detect differences in scores
between subgroups (eg, same work status vs altered work
status).29,34 There is moderate evidence for responsiveness of
the NDI (area under the curve [AUC] = 0.79; 95% CI = 0.68–
0.89) using the Global Rating of Change as a comparator.34

The NDI is recommended in English24,35 and in Dutch (as it
is reliable, valid, and responsive).36,37

PSFS 2.0

The PSFS 2.0 was designed as a functional outcome scale
to measure “activity limitations.”1The PSFS 2.0 is based on
the concept of generating a list of problems specific for each
patient instead of having patients check a general list of their
most commonly encountered problems. The PSFS 2.0 allows
each patient to nominate any activity that he or she may
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Thoomes et al 3

be having difficulty with. Patients were asked to identify 3
important activities they were unable to perform or were
having difficulty with because of their neck problem.4,6,8,25

An example list was provided to assist in either formulating
activities or checking if the mentioned activities were indeed
the most important ones. Patients were asked to score their
“activity limitations,” where 0 represents “no difficulty” and
10 represents “impossible to perform the activity.”4,6,7 An
average PSFS 2.0 score was calculated. Higher scores indicate
a higher level of activity limitation. The PSFS 2.0 has been
shown to have good content validity.4

Test–Retest Measurement

All patients received an automated follow-up email requesting
that they complete a second PSFS 2.0 and the General Per-
ceived Effect (GPE) scale 1 week after the first assessment.
If possible, reasons were recorded for not replying to the
retest measurement. The time interval of 1 week between
both measurements was chosen to minimize recall bias as
well as progression bias and is often considered appropriate.38

Patients received usual care during this time.25

GPE Scale

The GPE scale is a 7-point Likert scale asking if the patient’s
condition has improved or deteriorated since the start of treat-
ment (“Could you please state the amount of change concern-
ing your recovery compared to when you first started treat-
ment?”). This scale ranges from “worse than ever” to “com-
pletely recovered” (completely recovered, much improved,
slightly improved, no change, slightly worse, much worse, and
worse than ever). The GPE scale has been shown to have good
test–retest reliability and correlates well with changes in pain
and disability.39 Despite controversy about the role of global
rating items, the GPE scale has frequently been used as an
anchor in responsiveness studies.40–44

Follow-Up Measurement

All patients received an automated email including the NRS,
PSFS 2.0, NDI, and GPE scale 12 weeks after their baseline
measures. Within this period, the patient received physical
therapist treatment for 1 or more sessions; therapy sessions
were not standardized but were tailored to the individual.25

Analyses

All statistical analyses were performed with SPSS version
29 (SPSS Statistics for Windows version 29.0; IBM Corp,
Armonk, NY, USA). Handling of missing items on the NDI
was performed as previously described; if a patient did not
complete 1 or more questions, the average of all other items
was added to the completed items.45 All data were checked
for normality using a stem and leaf plot, Q–Q plot, and box
and whisker plot. Nonparametric tests were used if data were
not normally distributed. Descriptive statistics were used to
calculate frequencies and summarize the data. Results for con-
tinuous variables are presented as mean and SD or, if variables
were not normally distributed, as median and interquartile
range. Summaries for continuous variables are expressed as
mean and SD.

Floor and Ceiling Effects

Frequencies are presented as means and SDs for normally
distributed data or as medians and interquartile ranges when
the data were not normally distributed. If more than 15% of

the responders at baseline or at the follow-up after 12 weeks
achieved the highest or lowest possible scores on the PSFS
2.0, then we considered this result a sign of floor or ceiling
effects.46

Test–Retest

Patients with a stable GPE were included in this analysis
(ie, slightly improved, no change, or slightly worse on the
GPE), and differences were assessed between patients who
were included and those who were not included using a chi-
square test or t-test. We used the test–retest data to determine
whether or not there were systematic errors (although they
reduce the validity but affect the accuracy of the measurement
but do not affect the reliability [because they are always the
same]) by using an analysis of variance test. We presented
a Bland–Altman plot to visually illustrate systematic errors.
The ICC agreement was used in case of systematic errors;
otherwise, consistency was used to calculate the test–retest
reliability of the PSFS 2.0—that is, the extent to which the
same test results are obtained for repeated assessments when
no real change is expected in the intervening period (7 days).
The ICC can range from 0.00 (no stability/agreement) to 1.00
(perfect stability/agreement).47 An ICC of 0.70 is considered
to be acceptable.47,48

Measurement Error

The limits of agreement were calculated using a Bland–Altman
plot with the mean and SDs of the differences between 2 (test–
retest) measurements.49 The resulting graph is a scatterplot
xy, in which the y-axis shows the difference between the 2
paired measurements (A and B) and the x-axis represents the
average of these measures [(A + B)/2], so that the difference
of the 2 paired measurements is plotted against the mean of
the 2 measurements. It is recommended that 95% of the data
points lie within ±2 SDs of the mean difference. Addition-
ally, the smallest detectable change (SDC) was calculated as
1.96 × SDdifference

48 to assess the change beyond measurement
error. Ideally, the minimal important change should be higher
than the SDC.50

Minimal Important Change

The minimal important change is the smallest change in a
score within the construct being measured that patient’s per-
ceive as important. The minimal important change is a thresh-
old for a minimal within-person change over time above that
patients perceive themselves to be changed in an important
way. If all patients have their individual threshold of what they
consider a minimal important change, the minimal important
change can be conceptualized as the mean of these individual
thresholds.51,52 The minimal important change does not refer
to thresholds for changes that are considered more than
minimal (eg, a mean change in patients who reported to be
“much better” is not a minimal important change). Next, the
minimal important change is not a minimal detectable change
(MDC, also referred to as SDC). The MDC is the smallest
change in score than can be detected statistically with some
degree of certainty (eg, 95% or 90%), based on the standard
error of measurement or limits of agreement from a test–retest
reliability design.53

We used the receiver operating characteristic (ROC)
method, with the PSFS 2.0 as the diagnostic test and
the anchor (GPE) functions as the reference standard for
calculating the minimal important change. The anchor
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4 Clinimetric Evaluation of the PSFS 2.0

distinguishes patients considered recovered from patients
with “no important change.” The instrument’s sensitivity is
the proportion of patients who were considered recovered
according to the anchor that are correctly identified as such
by the PSFS 2.0. Specificity is the proportion of patients with
no important change that is correctly identified as such by
the PSFS 2.0. The minimal important change is defined as the
optimal ROC cutoff point, meaning the point on the ROC
curve nearest to the upper left corner.46

We used the GPE anchor and considered patients as recov-
ered when they answered that they were completely recov-
ered or much improved and as not importantly improved
when they answered slightly improved, no change, or slightly
worse.40,41,54

Responsiveness

Responsiveness was assessed using the area under the ROC
curve (AUC) and hypothesis testing. The GPE has a high level
of face validity and is considered to be a suitable criterion
to measure change.46 The AUC was calculated to assess
the ability of the PSFS 2.0 to discriminate between patients
who are considered improved and not importantly changed
according to the GPE, using a similar anchor as described in
the interpretability section.46 A benchmark that was previ-
ously used to establish that outcome measures are useful in
discriminating patients who were improved from those who
were not improved was set at an AUC of 0.70.48

Some have expressed concerns about the reliability and
validity of the GPE in measuring change.39,55 We also chose to
test specific hypotheses. Hypothesis testing for responsiveness
was based on the concept that the correlation between the
change score of related constructs (GPE and NDI) must be
moderate. Hypothesis testing was analyzed using the Pearson
correlation coefficient in case of a normal distribution of
the data; otherwise, a Spearman correlation coefficient was
used. Correlation coefficients between the PSFS 2.0 change
score and the change score of the NDI and the GPE were
expected to be above 0.50.46 Correlations were rated as
follows: r < 0.30 as low/insignificant, 0.30 ≤ r < 0.45 as mod-
erate. 0.45 ≤ r < 0.60 as substantial, and r ≥ 0.60 as high.56

Results

A total of 100 consecutive patients agreeing to participate
were included at baseline. Five patients were excluded from
those who were originally included in the study due to loss
to follow-up for the final analysis, and 19 participants were
unable to respond within 1 week for the test–retest analysis
due to personal time-constraint reasons. The mean age of the
patients was 52.6 (SD = 14.5) years, and 75% were female.
Demographic characteristics of the 100 included patients as
well as the 81 patients included in the test–retest analysis are
reported in Table 1.

Floor and Ceiling Effects

No floor and ceiling effects were reported at baseline in the
original group (n = 100; 3.0%) (Fig. 1) or the stable test–retest
group (n = 81; 8.6%) (Fig. 2).

As was to be expected, in the follow-up analysis after
12 weeks, there was a floor effect for the proportion of
patients who had completely recovered (n = 29; 30.5%) but
no ceiling effect (n = 1; 1.1%) (Suppl. Fig. S1).

Test–Retest

A total of 81 patients had data for the test–retest analysis as
they were considered to be stable. Patients who were selected
did not differ significantly in baseline characteristics from
patients who were not selected (Tab. 1). Analysis of variance
revealed a systematic difference between the first and second
measures. The mean difference was 0.15 (4.70 at first test
and 4.50 at second test). The ICC (mixed models) was 0.95,
indicating high agreement (95% CI = 0.92–0.97).

Measurement Error

The upper and lower limits of agreement were 0.95 and −1.25
points, respectively (Suppl. Fig. S2), with an SDC of 1.10.

Minimal Important Change

Table 2 shows the frequency of change scores on the GPE,
and Figure 3 illustrates the anchor-based distribution of the
percentage change scores for the improved and unchanged
groups. The minimal important change was determined to be
2.67 and therefore higher than the SDC.

Responsiveness

Figure 4 presents the ROC curve generated for the PSFS 2.0
based on the GPE as an anchor. The PSFS 2.0 showed satis-
factory responsiveness, with an AUC of 0.82 (95% CI = 0.70–
0.93). There were substantial to high correlations between the
change scores of the PSFS 2.0 and the NDI and GPE (0.60 and
0.52, respectively; P < .001) and high correlations between the
GPE and the NDI (0.63; P < .001).

Discussion

This is the first study assessing the test–retest reliability,
measurement error, responsiveness, and minimal important
change of the PSFS 2.0 when used by patients with nonspecific
neck pain. The PSFS 2.0 is reliable, responsive, and shows
no sign of floor and ceiling effects. Additionally, the PSFS
2.0 showed substantial to high correlations with the change
score of the NDI, and the GPE in predicting improvement
in patient status versus no change. As the minimal important
change in our study is higher than the SDC, this implies that
the PSFS 2.0 is able to detect important change and distinguish
it from measurement error at an individual level on the basis of
single measurements in a patient population with neck pain.53

Additionally, the test–retest reliability results indicate that
patients with nonspecific neck pain will have similar scores
on the PSFS 2.0 with different administrations over time.

In clinical practice, PROMs are most often used to deter-
mine progress (outcomes) of individual patients.57 However,
the most common reason for not using PROMs is that they
can be too time consuming for patients to complete (43%)
and for clinicians to analyze, calculate, and score (30%).
Moreover, some PROMs are too difficult for patients to
complete independently (29.1%).57 Several researchers have
started to validate shortened or abbreviated versions of exist-
ing PROMs.58–62 The PSFS 2.0 is an example of a PROM
which is easy to complete, takes little time to complete, and is
simple for clinicians to analyze and interpret.

The PSFS 2.0 is considered similar to the original PSFS13

and is also focused on activity limitations, asking patients to
identify 3 important activities that they are unable to perform
or were having difficulty with because of their neck problem.
The PSFS 2.0, however, has an inverse scoring system from
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Table 1. Demographic Characteristics of the Included Patientsa

Characteristic Complete Cohort (N = 100)b Test–Retest Cohort (n = 81)b P

Sex assigned at birth, no. (%) men 25 (25.0) 18 (22.2) <.05
Age, y, mean (SD) 52.6 (14.5) 52.8 (14.5) <.01
Duration of neck pain, wk, median (IQR) 20.0 (8.0–100.0) 24.0 (10–178) <.05

Acute/subacute 45 (45.0) 33 (40.7) <.05
Chronic 55 (55.0) 48 (59.3) <.05

History of neck pain 79 (79.0) 63 (77.8) <.05
Ability to work despite neck pain

No, completely unable 1 (1.0) 1 (1.2) <.01
No, but I do not work at all 22 (22.0) 19 (23.5) <.05
Yes, it’s possible to perform my ordinary work activities 60 (60.0) 48 (59.3) <.05
Yes, but I have to adjust my work 17 (17.0) 13 (16.0) <.05

NDI baseline percentage score, mean (SD) 12.0 (6.1) 12.6 (6.0) <.01
Initial pain on NRS, mean (SD) 4.7 (2.4) 4.9 (2.3) <.01
PSFS 2.0 total score, median (IQR) 4.5 (3.3–6.0) 4.7 (3.3–6.3) <.01

aIQR = interquartile range; NDI = Neck Disability Index; NRS = numeric rating scale; PSFS = Patient-Specific Functional Scale. bData are reported as numbers
(percentages) of patients unless otherwise indicated.

Figure 1. Histogram of number of average scores on the Patient-Specific
Functional Scale 2.0 in the original group.

Figure 2. Histogram of number of average scores on the Patient-Specific
Functional Scale 2.0 in the retest group.

0 to 10, where 0 represents no difficulty and 10 represents
impossible to perform the activity. In addition, the PSFS 2.0
provides the patients with a list of examples to assist in either
formulating activities or checking if the mentioned activities
were indeed the most important ones.

In a previous study on the PSFS 2.0, patients with neck
pain reported the PSFS 2.0 to be appropriate and easy to
understand and showed an explicit preference for the PSFS
2.0 version.4 They also indicated the inverse scoring system
made more sense to them. The above-mentioned study also

Table 2. Frequency of Change Scores on the Global Perceived Effect Scale

Rating Frequency (n) % Cumulative %

Completely recovered 29 30.5 30.5
Much improved 43 45.3 75.8
Slightly improved 14 14.7 90.5
No change 8 8.4 98.9
Slightly worse 0 0 98.9
Much worse 1 1.1 100
Worse than ever 0 0 100
Total 95 100

reported a substantial correlation between the PSFS 2.0 and
the NDI and a significant difference between known groups.
Based on the findings, the PSFS 2.0 possess adequate content
and construct validity and is deemed it to be acceptable for
patients with nonspecific neck pain.4

Although the original PSFS is applicable to all patients with
upper extremity5 and other musculoskeletal disorders,9 we
examined the measurement properties of the PSFS 2.0 specifi-
cally in patients with nonspecific neck pain. The measurement
properties of the PSFS 2.0 need to be examined in patients
with other musculoskeletal disorders before the scale could
be recommended for use in these populations.

The high ICC test–retest values in our study (0.95) are
comparable to those in previously performed studies of the
psychometric qualities of the original PSFS, with ICC values
ranging from 0.82 to 0.98.8,10,63,64 The measurement error of
0.95 to −1.25 is also in line with outcomes reported in a recent
systematic review on the measurement properties of the PSFS
standard error of measurement values of the PSFS were ≤ 1 for
most reported conditions, except for cervical radiculopathy,
where it was 1.5. The reported SDC values ranged from
1.5 points to approximately 3 points, but these were not
consistently lower than minimal important change values.65

They also reported the PSFS to be more responsive than the
NDI.10,65 The responsiveness determined in the current study
(0.82) is also comparable to the responsiveness reported for
patients with neck pain ranging from 0.71 to 0.99 in the
above-mentioned systematic review (7 studies, 650 partici-
pants). The minimal important change value determined in the
current study is comparable to a previously reported minimal
important change of 2.00.66
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6 Clinimetric Evaluation of the PSFS 2.0

Figure 3. Visual anchor-based distribution of minimal important change
(MIC) scores. Shown is the distribution of change scores on the
Patient-Specific Functional Scale (PSFS) 2.0 of patients who reported an
important improvement (n = 72) (left) compared with those who reported
no important change (n = 23) (right) on the anchor (Global Perceived
Effect scale). The left lower quadrant below the line represents the
misclassified patients who felt importantly improved but were not
classified as such by the PSFS 2.0 change score. The right upper
quadrant represents the patients who were misclassified as they
considered themselves not importantly improved but, according to their
PSFS 2.0 change score, were classified as importantly improved. The
blue horizontal line represents the minimal important change value.

Figure 4. Receiver operating characteristic (ROC) curve for the change
scores of the Patient-Specific Functional Scale 2.0. Diagonal segments
are produced by ties.

Methodological Considerations

The sample size (n = 100), with very little loss to follow-up
(n = 5) is one of the strengths of our study, as is the adherence
to both the COSMIN reporting guideline for studies on mea-
surement properties as well as the Guidelines for Reporting
Reliability and Agreement Studies to ensure methodological
rigor.

The set order in which participants received and answered
the questionnaires was due to limitations in the Limesurvey
software and this could be seen as a limitation. However,

we do not expect biased interaction, since participants were
first required to report their own individual top 3 activity
limitations in the PSFS 2.0. Only if they were unable to report
3 were they directed to the list of examples in the PSFS 2.0, and
only after completing the PSFS 2.0 in full were they exposed
to the 10 activities on the NDI.

Conclusion

The PSFS 2.0 is a reliable and responsive PROM in patients
with nonspecific neck pain. The minimal important change is
higher than the SDC, suggesting that the PSFS 2.0 can detect
important change and distinguish it from measurement error
at an individual level on the basis of single measurements in a
patient population with neck pain.
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