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Abstract

Objectives: A prospective cohort study to evaluate and compare the responsiveness of the Persian
version of the neck disability index (NDI), neck pain & disability scale (NPDS), neck outcome score
(NOOS), and to determine the minimal clinically important difference (MCID) and minimal detectable
change (MDC). To date, no studies have made a direct comparison between the responsiveness of the
Persian version of NPDS, NDI, and NOOS questionnaires.

Methods: At the end of the study, 55 patients with chronic non-specific neck pain completed the NPDS, NDI, and
NOOS questionnaires at the beginning and end of three weeks of physiotherapy treatment. Additionally, patients
completed the global rating of change scale to differentiate between improved and unimproved patients. Comparison
of responsiveness was performed using anchor-based methods (receiver operating characteristic (ROC) curve and
correlation analysis). MCID and MDC were assessed to investigate relevant changes for each questionnaire.

Results: ROC curves analysis showed areas under the curves of 0.70, 0.64, and 0.43 to 0.63 for the NPDS, NDI,
and NOOS subscales, respectively. The correlation coefficients between the global rating of the change scale and
the change scores of the NPDS and NDI were 0.38 (P<0.01) and 0.30 (P<0.05), respectively. There were no
significant correlations between NOOS subscales and global rating of change score (r=0.001- 0.21, P>0.05). The
MCID for the NPDS, NDI, and NOOS subscales were 28.09 (score 0-100), 7.5 (score 0-50), and 13.75 to 28.64
(score 0-100), respectively. The MDCs were found to be in the following order: 47.1 points for NPDS, 36.1 for NDI,
and 23.5 to 39.7 for NOOS subscales.

Conclusion: The Persian NPDS seems more responsive than the NDI and NOOS questionnaires. The level of
clinically meaningful change in NDI, NPDS, and NOOS questionnaires is in the range of measurement error.

Level of evidence: IV
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Introduction
‘ hronic neck pain is a common musculoskeletal

problem worldwide, with an estimated incidence of

19%. 1 Chronic non-specific neck pain is defined as
pain that lasts more than three months and is provoked by
neck movements or sustained neck posture without any
specific underlying pathology. » 2 chronic neck pain can
lead to disability, restriction of daily physical activities,
long-term absence from work, and dependence on others.
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3 Therefore, it is essential to objectively determine the
severity of patients' pain, disability, quality of life, and
treatment outcomes. Disability assessment questionnaires
are useful tools for evaluating daily activities and social
participation. # These questionnaires assess outcomes that
have a significant impact on personal and social aspects of
life, including pain relief, attendance at work, and daily
performance. >
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Having an accurate outcome measure that is adequately
responsive is crucial for determining the effects of
treatment and changes in health status. ¢ Poor
responsiveness of questionnaires can result in increased
false-negative  and/or  false-positive  results. 7
Responsiveness refers to the ability of a tool to assess
changes in disease severity over time that have clinical
significance. 8 Responsiveness can be evaluated through
internal methods, which describe the ability of a measure
to detect change over time, or external methods, which
define the relationship between a change in a measure and
a change in a reference measure. ? External responsiveness
values, such as receiver operating characteristic (ROC)
curves and correlation analysis, are more attractive than
internal responsiveness. They are frequently used in
studies because they provide generalizable results that can
be compared between studies. 10

Assessing the minimal detectable change (MDC) and
minimal clinically important difference (MCID) is crucial
for understanding changes in questionnaire scores. 11
Evaluating MDC and MCID helps clinicians and researchers
define a cut-off to distinguish measurement change from
error and identify the change that patients find beneficial.
11

There are currently three Persian questionnaires available
for assessing neck pain: the neck outcome score (NOOS),
neck disability index (NDI), and neck pain and disability
scale (NPDS). These questionnaires are used in clinics and
randomized controlled trials. However, limited data are
available on the responsiveness of the Persian versions of
NDI and NPDS questionnaires, and the responsiveness of
the Persian version of the NOOS has not yet been assessed.
Limited data are available for the Persian versions of NDI
and NPDS questionnaires. 12 Furthermore, the available
studies with NDI and NPDS questionnaires have not been
conducted on similar populations, which makes it difficult
to compare results. Hence, it is crucial to evaluate the
questionnaires in the same sample of patients, at the same
time, with similar methods to ensure maximum
responsiveness. * Therefore, this study aims to evaluate the
responsiveness of the three Persian questionnaires and
determine which questionnaire is most suitable for
measuring chronic non-specific neck pain in a patient
sample. Additionally, this study aims to investigate the
MCID and MDC in each questionnaire.

Materials and Methods
Study population and sampling

Patients who had been diagnosed with chronic non-
specific neck pain by general practitioners or orthopedic
surgeons were recruited from the physiotherapy clinic at
Ghaem Hospital. Eligible patients were Persian-speaking
individuals between the ages of 18 and 65 with a history of
neck pain lasting for at least three months. Patients with
cognitive disorders, a history of neurological, rheumatologic,
cardiovascular, or respiratory problems, a history of heart
attack or uncontrolled diabetes, malignancies, illiteracy,
tremors, paresthesia, vertigo or imbalance, severe disabling
dependency on alcohol and drugs, severe obesity (BMI240),
a history of trauma or surgery in the cervical spine, or
pregnancy were excluded from the study.

Referral data, physical examination, and a system of "red
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flags" 13 14 were used to rule out specific neck pain. The
sample size was determined based on a preliminary pilot
study with ten assigned patients with chronic non-specific
neck pain, which showed an improvement rate of 60%. A
total sample size of 55 patients was calculated, with a
confidence interval of 95%, power of 80%, and standard
error of 13%. The study received approval from the local
ethical committee (IRMUMS.MEDICAL.REC.1398.178), and
written informed consent was obtained from eligible
patients prior to their participation in the study. Patients
were free to withdraw from the study at any time.

Procedures

Two research assistants recorded the demographic
characteristics and pre-treatment pain severity according to
the visual analog scale (VAS). Patients completed the NPDS,
NDI, and NOOS questionnaires before and immediately after
the rehabilitation program on their own. The research
assistants checked the questionnaires and returned
incomplete or multiple responses to the patients for
correction. To minimize exhaustion's effect on answers, the
questionnaires were randomly organized. All patients
attended ten physiotherapy sessions over a three-week
period. The rehabilitation program included exercises
focused on shoulder and neck muscles, scapulothoracic
training, dry needling, cryotherapy, massage, and
transcutaneous nerve stimulation. All patients received the
same treatment from the same physiotherapist and were
permitted to take mild analgesics and non-steroidal anti-
inflammatory drugs (NSAIDs) during the rehabilitation
program. Any disproportionate use of analgesics was
monitored. The Global Rating of Change (GRC) was assessed
after three weeks of physiotherapy treatment.

Visual Analog Scale (VAS)

A visual analog scale (VAS) was used to assess the
patients' pain. Patients were asked to report their pain on
a 100-millimeter line based on their perceived pain, with
zero indicating the absence of pain and 100 representing
the most severe pain that the patient has ever experienced.

Neck pain & disability scale questionnaire (NPDS)

The neck pain and disability scale (NPDS) is a 20-item
questionnaire used to measure the severity of pain and
disability in patients with neck pain. Each item has a 100
mm VAS line divided into five sections, where zero
represents the absence of pain and disability, five
represents the worst pain and disability, and the final
score ranges between zero and 100. The Persian version
of the NPDS has demonstrated acceptable reliability and
validity for measuring pain and disability in Persian-
speaking patients with neck pain. 3-12 15

Neck disability index questionnaire (NDI)

The neck disability index (NDI) is a 10-item questionnaire
used to evaluate the severity of pain and limitation in
activities. Each item has six options ranging from zero,
indicating the absence of pain and limitation, to five,
representing maximum pain and limitation. The total score
ranges from zero to 50 points, with a higher score indicating
greater pain and disability. The Persian version of the NDI
questionnaire has already been validated. 31215
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Neck Outcome Score questionnaire (NOOS)

The neck outcome score (NOOS) questionnaire consists of
34 items divided into five independent subscales, which
assess mobility and stiffness, symptoms, sleep disturbance,
daily activity and pain, and participating in everyday life.
Each item is scored based on the severity of pain and
limitation on a scale of zero (indicating the absence of a
significant problem) to four (representing maximum pain
and limitation). The mean score for each subscale is
multiplied by 100 and then divided by four. The resulting
number is subtracted from 100. A higher score for each
subscale indicates less disability. Each NOOS subscale is
analyzed and interpreted separately. If any of the subscales
are considered invalid, the other subscales can be reported
independently. The Persian version of the NOOS
questionnaire has already been validated. 16

Global rating of change scale (GRC)

The Global Rating of Change (GRC) is a self-reported scale
used to assess changes over time, particularly after
treatment. This method has been frequently utilized in
musculoskeletal studies as an external criterion for
detecting clinically significant changes. The GRC is a simple
and rapid tool for measuring improvement or deterioration,
as perceived by the patient. 8.17-22

Patients were asked to describe their current status
regarding neck pain compared to before starting physical
therapy treatment using an 11-point scale ranging from -5 to
+5. They were instructed to consider their neck pain before
receiving treatment when responding. 17 The -5 score on the
11-point scale indicates a complete worsening of neck pain,
while zero indicates no change, and +5 represents complete
recovery from pain. The scale has been reported to have

weak to moderate validity and moderate to good reliability.
8,23,24

Statistical analysis

Statistical analysis was conducted using SPSS software
version 22 (Chicago, IL). The level of statistical significance
was set at P<0.05. Patients were divided into two groups
based on their Global Rating of Change (GRC) scores:
improved and unimproved. & 17. 1922 setting a cut-off to
distinguish patients into improved and stable groups is a
subjective decision, and there is no universal standard for
determining this cut-off point. It is generally based on clinical
judgment and the research question being addressed. & 17
Previous studies have chosen different cut-offs for this
purpose. 229 A number of studies 30 31 have defined five
groups based on GRC scores: -5 to -4 (marked worsening), -
3 to -2 (minimal worsening), -1 to 1 (no change), 2 to 3
(minimal improvement), and 4 to 5 (marked improvement).
Concerning prior research, 28293233 we used a conservative
approach and considered the patients with marked
improvement (GRC; +4, +5) as an improved group. Patients
with a GRC<3 were classified as unimproved.

To calculate the change score for each questionnaire, the
follow-up score was subtracted from the baseline score for
both the improved and stable groups. The absolute change
score of NOOS subscales was reported since a higher follow-
up score indicates an improvement in this questionnaire.
Normality analysis indicated that neither group had a
normal distribution. Therefore, changes in questionnaire
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scores were compared between the improved and stable
groups using the nonparametric Mann-Whitney U test.

ROC curve analysis was used to assess responsiveness. 434
37 The responsiveness of the questionnaires was assessed
using the area under the curve (AUC) in the ROC curve. The
AUC ranges between 0.5 (no accuracy) and 1 (perfect
accuracy), while an AUC>0.7 was defined as acceptable
responsiveness. 38 The gamma correlation coefficient
analysis was done as another method to assess
responsiveness based on the correlation analysis between
the change scores of the NPDS, NDI, and NOOS
questionnaires, as well as the raw scores of the GRC scale. 820
22 The correlation coefficients were classified based on
Munro’s classification as follows: 0.00-0.25=little to no
correlation, 0.26-0.49=low correlation, 0.50-
0.69=moderate correlation, 0.70-0.89=high correlation, and
0.90-1.00=very high correlation. 3°

The minimal clinically important difference (MCID) was
calculated based on the nearest point to the upper left corner
of the ROC curve, which is the best cut-off with the highest
feasible specificity, and sensitivity. 18 According to Froud et
al. the smallest sum of squares of [1-sensitivity] and [1-
specificity] efficiently determines the nearest cut-point to
the top-left corner of the ROC curve. 40

MDC with a confidence level of 95% was evaluated using
the following formula:

1.95 x V2 x standard error of measurement (SEM)
Where 1.95 is 95% percentile of the standardized normal
distribution, and SEM is the error that is seen after repeated
measures in stable group. 33 SEM was calculated in stable
patients using the following formula:

SDxy1 —r

Where SD is the standard deviation of the baseline scores
and r is the test-retest reliability that corresponds to the
intra-class correlation coefficient (ICC). 820 MDC and MCID
were used simultaneously to interpret the changes in
questionnaires score.

Results

A total of 84 patients who met the entry criteria were
invited to participate in the study and admitted to the
physiotherapy clinic at the Ghaem Hospital. Of these, 15
(17.8%) patients declined to participate, and 14 (16.6%)
abandoned the study before starting treatment due to
personal (8) or economic (6) reasons. The final sample size
consisted of 55 consecutive patients who were recruited
until the required sample size was achieved. All patients who
began treatment completed the rehabilitation program
without any serious issues with the procedures, and no
excessive use of analgesics was observed. There were no
multiple answers or missing parts in the questionnaires.
Demographic data and symptom severity are summarized in
[Table 1].

According to the Global Rating of Change (GRC) scores,
none of the participants reported a score lower than two
after three weeks of physiotherapy treatment. Four
participants (7.3%) had a score of 2, 16 participants (29.1%)
had a score of 3, 25 participants (45.4%) had a score of 4, and
10 participants (18.2%) had a score of 5. Based on these
scores, 35 patients (63.6%) were classified as improved,
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while 20 (36.4%) were classified as unimproved.

The results of the NDI, NPDS, and NOOS questionnaires
before and after the rehabilitation program, as well as the
change scores in improved and stable groups, are
summarized in [Table 2]. A comparison of the change scores
in the questionnaires after three weeks of treatment revealed
that only the NPDS questionnaire showed a significant
difference between the improved and stable groups
(P=0.02).

The NPDS questionnaire demonstrated acceptable
responsiveness, with an Area under the Curve (AUC) of 0.70
[Figure 1]. The AUC for NDI was slightly higher at 0.64
compared to the NOOS subscales, which ranged from 0.43 to
0.63. To compare the AUCs of NDI and NOOS, we used
DeLong's method 41 which showed no statistically
significant difference between the two (P>0.05).

There were low significant correlations between the GRC
score and the NPDS (r=0.38, P=0.009) and NDI (r=0.30,
P=0.04) scores.

Table 1. Demographic characteristics of the patients with chronic

nonspecific neck pain (n=55

Features Data
Gender N (%)

Male 8 (14.5)
Female 47 (85.5)
Age (year, Mean * SD) 43.11+11.72
Body mass index (kg/m2; Mean % SD) 26.09+4.33
Pain (visual analogs scale, Mean # SD) 71.29+15.06

Pain is assessed at baseline

Table 2. Base line and follow-up score of NDI, NPDS, and NOOS questionnaires in
improved and stable groups

Baseline Follow-up Change
mean (SD) mean (SD) mean (SD)
NDI
Improved (n=35) 20.8 (6.4) 10.4 (5.6) 10.3 (6.7)
Stable (n=20) 22.3 (15.9) 12.9 (5.6) 10.1 (16.4)
NPDS
Improved (n=35) 56 (16.9) 22.4(12) 33.6 (19.8)*
Stable (n=20) 53.6 (20.9) 36.1(15.3) 18.8 (20.3)
Mobility & stiffness (NOOS)
Improved (n=35) 56.1(17.2) 73.5(18.3) 17.4 (20.1)
Stable (n=20) 47.6 (20.5) 70 (17.7) 22.3(9.8)
Symptoms (NOOS)
Improved (n=35) 47.7 (16.8) 70 (18.7) 22(18.2)
Stable (n=20) 52.5(15) 68.5 (13.7) 16 (11.8)
Sleep disturbance (NOOS)
Improved (n=35) 53.3 (22.7) 76.7 (20.1) 22.9 (26.8)
Stable (n=20) 51.2 (24) 72.1(20.5) 209 (13)
Daily activity & pain
(NOoOS) 47.4 (19) 69.7 (14.3) 23.4(19.5)
Improved (n=35) 40.7 (15.9) 61.4 (14.6) 19 (15.6)
Stable (n=20)
Participating in everyday
life (NOOS) 51.9 (16) 69.9 (17.4) 19.1 (23.1)
Improved (n=35) 53.6 (12.5) 65.9 (8.7) 11.3(9.7)
Stable (n=20)

NDI neck disability index, NPDS neck pain & disability scale, NOOS neck outcome
score

BAccording to the Mann-Whitney U test, the NPDS was the only questionnaire that
showed a statistically significant difference between the change score of improved
and stable patients, P=0.02

RESPONSIVENESS OF THREE DISABILITY QUESTIONNAIRES

However, no significant correlation was observed between
the GRC score and the NOOS subscales (r=0.001-0.21,
0.13<P<0.95).

The Minimum Clinically Important Difference (MCID) with
the highest plausible sensitivity and specificity for each
questionnaire is reported in [Table 3]. The estimated
Minimum Detectable Change at the 95% confidence level
(MDC95) for each questionnaire was as follows: 47.1 points
(ICC: 0.33, SEM: 17.1) for NPDS, 36.1 points (ICC: 0.32, SEM:
13.1) for NDI, 30.9 points (ICC: 0.70, SEM: 11.2) for mobility
and stiffness (NOOS), 23.5 points (ICC: 0.68, SEM: 8.4) for
symptom (NOOS), 39.7 points (ICC: 0.64, SEM: 14.4) for sleep
disturbance (NOOS), 31 points (ICC: 0.50, SEM: 11.2) for daily
activity and pain (NOOS), and 30.6 points (ICC: 0.21, SEM:
11.1) for participating in everyday life (NOOS). Any change in
questionnaire score above the values of both MCID and MDC
was considered relevant. The psychometric properties of the
NPDS, NDI, and NOOS questionnaires are summarized in
[Table 3].
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1.0
/]
/i
0.8+ /o
I e
1
]
P 1
- f
089 - 1
Z I
>
B e 4
n - o
g / =
o g
D 0 /.
I._.i-’ Source of the Curve
:./'/ diff NPDS
| — = - diff NDI
iff symptom
| diff sympt
o — - iff sleep
’ S diff daily activity
diff participation
== = diff mobilty & stiffnes
Reference Line
0o T T T T
0.0 02 0.4 08 0.8 10
1 - Specificity

Figure 1. Receiver operating characteristic (ROC) curves of the NPDS, NDI and NOOS subscales
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Table 3. Gamma correlation coefficient, area under the ROC curve, minimal detectable change, and minimal clinically important difference based on

global rating scale as an external criterion

AUC
Score MDC
(95%CI)
0.70
NPDS 0-100 471
(0.55-0.86)
0.64
NDI 0-50 36.1
(0.47-0.81)
Mobility & 043
stiffness 0-100 ' 30.9
(NOOS) (0.28-0.58)
0.63
Symptom (NOOS) 0-100 235
(0.48-0.77)
Sleep disturbance 0-100 0.53 39.7
(NOOS) (0.38-0.69)
Daily activity & 055
pain 0-100 31
(NOOS) (0.39-0.71)
Participating in 0.62
everyday life 0-100 ' 30.6
(NOOS) (0.46-0.78)

MCID

28.09

7.5

28.64

28.12

21.87

13.75

Gamma correlation
Sensitivity Specificity
(P value)

0.65 0.64 0.38 (<0.01)
0.60 0.70 0.30 (<0.05)
0.31 0.80 -0.01 (0.95)

0.21
0.70 0.60

(0.13)

0.08
0.41 0.70

(0.56)

0.15
0.52 0.52

(0.27)

0.22
0.57 0.70

(0.15)

AUC area under the curve, MCID minimal clinically important difference, MDC minimal detectable change

NDI neck disability index, NPDS neck pain & disability scale, NOOS neck outcome

Discussion

The aim of this study was to assess the responsiveness
properties of three Persian questionnaires through the ROC
curve and correlation analysis, using the Global Rating of
Change (GRC) scale as an external anchor.

The comparison of the three questionnaires showed that
the Neck Pain and Disability Scale (NPDS) exhibited better
responsiveness properties in terms of ROC curves. The
inadequate sensitivity of the Neck Disability Index (NDI) and
Neck Outcome Score (NOOS) to detect changes may be
related to some items in the questionnaire that might be
unclear or confusing for patients. An investigation into the
content validity of the Persian versions of NPDS and NDI
revealed that both questionnaires were easy to complete and
relevant to patients experiencing neck problems. 3 The study
also revealed a high rate of missing values for the driving
item in the NDI questionnaire among patients who did not
drive regularly. This is because asking about driving issues in
the NDI questionnaire assumes that the responder drives
regularly. Patients who do not frequently drive might be
unsure how to answer this question, which can lead to
inaccurate NDI results. 3 We assume that the NPDS

questionnaire has addressed this problem by asking
specifically about how pain interferes with driving or riding
in a car. In contrast, the NOOS uses the phrases "neck
problem" or "neck pain" to inquire about patient difficulties
in each subscale. However, according to Young et al,, using
these phrases may be confusing to patients who experience
scapular or arm pain instead of primary neck pain. 42 In this
case, the patient might report no improvement in their neck
pain while the true change has occurred.

As shown in [Table 3], MCID and MDC assessments provide
different cut-offs with varying levels of certainty for detecting
true changes. It is worth noting that most neck pain studies,
including the current study, have reported higher MDC
values than MCID values: 8204245 This finding may be due to
patients with longer durations of neck pain having lower
expectations and interpreting small changes as
improvements. 20 4 setting a cut-off for improvement as
either MDC or MCID depends on the level of confidence that
researchers or clinicians require to distinguish true
improvement. Using a more conservative MDC cut-off would
be reasonable in expensive and challenging treatments,
while MCID could be used in primary care centers. 8
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NDI questionnaire

The current study reported an Area under the Curve (AUC)
of 0.64 (95% CI: 0.47-0.81), a Minimum Clinically Important
Difference (MCID) of 7.5 out of 50 (sensitivity: 0.60,
specificity: 0.70), and a correlation coefficient of 0.30
(P=0.04) with the GRC scale for Persian NDI. An earlier
assessment of Persian NDI showed an AUC of 0.68 (95% CI:
0.53-0.82),an MCID of 7.5 (sensitivity: 0.70, specificity: 0.75),
and a correlation coefficient of 0.33 (P=0.001) with the GRC
scale. 22 These findings were in complete agreement with the
outcomes of the present study. Investigations into the ROC
curves have shown an AUC of 0.57 to 0.96 and MCID of 3.5 to
19 for non-Persian versions of NDI. These findings were in
complete agreement with the outcomes of the present study.
Investigations into the ROC curves have shown an AUC of
0.57 to 0.96 and MCID of 3.5 to 19 for non-Persian versions
of NDI. 8192142454748 The correlation coefficients between
non-Persian NDI and GRC have also been reported as 0.32 to
0.73.19-21,43,49 Applying different cut-offs in the GRC scale has
been identified as a major contributing factor to the
divergent interpretability of NDI responsiveness. 843

In the present study, the reported MDC95 for NDI (36.1
points) was higher than the values reported earlier (5.96 to
13.4 points).8 1920434748 MDC is calculated in stable patients,
and it is highly dependent on estimated reliability. 20 Thus,
variability of baseline scores (that raises the standard
deviation), follow-up period, and external criterion are of
great importance in MDC assessment. Variation of these
factors between different studies can result in variations in
MDCs.

NPDS questionnaire

Our study on the Persian version of the NPDS showed an
acceptable responsiveness (AUC=0.70) with MCID of 28.09
out of 100 (sensitivity: 0.65, specificity: 0.64), MDC of 47.1,
and a low significant correlation (r=0.38 and P<0.01) with
the GRC score.

Previous studies examining the responsiveness of Italian
and English versions of the NPDS have reported the AUCs of
0.75and 0.91, MCIDs of 10 (sensitivity: 0.93, specificity: 0.83)
and 11.5 (sensitivity: 0.74, specificity: 0.70), and the
correlation coefficients of 0.48 and 0.59, respectively. 8 21
MDC of 31.7 and 10.5 has been reported for English and
German NPDS. 850

Possible causes of these discrepancies are the different
external indicators of change, target population, and
different formulas to calculate MDC and MCID. The
improvement criterion for assessment of English NPDS was
set at two or higher on a 7-point scale. 8 A five-level Likert
scale with two improvement levels was used to investigate
the Italian NPDS. 2! Childs et al. also clarified that a shorter
treatment period decreases the reminder error and lowers
questionnaire responsiveness. 51
NOOS questionnaire

We demonstrated AUCs of 0.43 to 0.63, MCIDs of 13.75 to
28.64, and MDCs of 23.5 to 39.7 for the Persian NOOS
subscales. Unlike the NDI and NPDS questionnaires, the

RESPONSIVENESS OF THREE DISABILITY QUESTIONNAIRES

Persian NOOS showed no significant correlation with the
GRC scale. Juul et al. indicated good internal responsiveness,
MCID of 15.0 to 24.1, and MDC of 10.3 to 18 for English NOOS
subscales. 52 Considering the present study, differences in
responsiveness properties relate to the different approaches
and formulas we adopted to measure responsiveness. The
Chinese version of the NOOS questionnaire has good
sensitivity to change. However, changes in mobility and
stiffness showed no significant difference before and after
treatment. 53 Our study similarly reported the inability of the
mobility and stiffness subscale to dichotomize improved and
unimproved patients (AUC=0.43). Although ROC curve
analysis showed a moderate power for the NOOS
questionnaire in detecting treatment change, it still seems
comparable to the NPDS and NDI questionnaires.

There are some limitations regarding the present study.
There are some limitations regarding the present study.
First, although the sample size of the current study was
calculated based on a pilot study with a power of 80%, small
sample size is still the main weakness of this study.
Regarding this limitation, caution must be applied when
concluding that the responsiveness of NDI and NOOS
questionnaires is unacceptable. Second, we conducted a
study on Persian-speaking patients with no history of
surgery. In this respect, our findings may not be attributed to
other populations. Third, we used the GRC scale as the best
available tool for defining responsiveness. Nevertheless, one
of the limitations of GRC is the reminder error of patients’
before-treatment status, which can affect the assessment of
MCID and MDC in the questionnaires. 5* It should be
considered that our study is among those few available
studies on Persian versions. Moreover, this study assessed
the responsiveness of Persian versions of the NOOS, NDI, and
NPDS questionnaires in the same population, which led to an
accurate comparison. Assessment of MCID and MDC values
for each questionnaire will offer exceptional guidance for
researchers to distinguish between improved and
unimproved patients in forthcoming studies on patients with
neck pain. This study gave an initial insight into the
responsiveness of NDI, NPDS, and NOOS questionnaires. The
findings of this study will enhance patient management
approaches and research methods by evaluating true clinical
changes. However, future research with a larger sample size
and more power to investigate the responsiveness of self-
report questionnaires will give a brighter idea of how to
apply these questionnaires in clinical or research settings.

Conclusion

According to the findings of the current study, the Persian
NPDS questionnaire seems more responsive than the NDI
and NOOS questionnaires. The level of clinically meaningful
change in NDI, NPDS, and NOOS questionnaires is in the
range of measurement error.
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