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Objective: To determine the psychometric properties of the
Neck Bournemouth Questionnaire in patients with chronic
neck pain, using Rasch analysis.

Methods: A sample of 161 subjects with chronic neck pain
was assessed with the Neck Bournemouth Questionnaire.
Before performing Rasch analysis, we examined the struc-
ture of the scale with factor analysis. The goodness-of-fit of
the data to the model, thresholds ordering, unidimensional-
ity, local independence of the items, differential item func-
tioning, person separation index, and mean person’s loca-
tion were assessed.

Results: Both exploratory and confirmatory factor analyses
supported the presence of 2 factors. Only Factor 1 needed a
modification (item 7 removal) in order to achieve the fit to
the Rasch model (x*=10.65, df 8, p=0.22). The person sepa-
ration index was 0.80 and the mean location of persons 0.48
(standard deviation (SD) 1.02). Factor 2 (items 4 and 5) fitted
the model without modifications (3>*=3.86, df 4, p=0.42). Its
person separation index and mean person’s location were,
respectively, 0.77 and —0.71 (SD 1.57).

Conclusion: The Neck Bournemouth Questionnaire with the
purposed modification may provide useful clinical profiles
and change scores of subjects with chronic neck pain for re-
search purposes.

Key words: neck pain; outcome assessment; validation studies;
Rasch analysis; Neck Bournemouth Questionnaire.

J Rehabil Med 2015; 47: 836-843

Correspondence address: Tommaso Geri, Department of
Neuroscience, Rehabilitation, Ophthalmology, Genetics, Ma-
ternal and Child Health, University of Genova, Campus of
Savona, Via A. Magliotto 2, IT-17100 Savona, Italy. E-mail:
tommaso.geri@gmail.com

Accepted May 20, 2015; Epub ahead of print Jul 16, 2015

INTRODUCTION

Neck pain (NP) contributes significantly to the burden of global
disability (1), because its prevalence is high and many people
with NP experience activity limitations (2). Among the patient-
reported outcomes measures regarding NP, 2 recent systematic
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reviews critically appraised the original (3) and translated (4)
versions of neck-specific questionnaires using well-accepted
methodological standards (5). Both recommended the use of the
Neck Disability Index (NDI) (6), because of its well-validated
properties supported by positive findings. Thereby, several argu-
ments suggest that the NDI might be reconsidered as the instru-
ment of first-choice. The content validity of the NDI has been
questioned because of discrepancies in the nature of the measured
construct (7). Furthermore, the NDI lacks unidimensionality
(7-9). In a multidimensional ordinal scale, the sum score of the
entire scale is inappropriate to calculate change scores and to
analyse using parametric statistics, as it cannot be considered
an interval-level scale (10). Moreover, the presence of a large
floor-effect and a marginal ceiling-effect (9) may mean that the
NDI is unable to capture the clinical status of people with extreme
scores. Finally, the reliability of the NDI seems inadequate (3).
Therefore, different neck-specific questionnaires, which may
overcome the limits of the NDI, are needed (3, 4, 7-9).

A systematic review (11) pointed out that, when it comes to the
ICF category coverage of a disease-specific questionnaire for NP,
the most inclusive were the NDI (6), the Neck Pain and Disability
Scale (12) and the Neck Bournemouth Questionnaire (NBQ) (13).
The NBQ was adapted by Bolton & Humphreys (13) from the
Bournemouth Questionnaire, initially developed in English for
patients with low-back pain. The NBQ has been shown to have
acceptable psychometric properties for use in clinical and research
settings (13) and it has been translated and validated in German
(14), Dutch (15), French (16) and Italian (17). Recent evidence
regarding its internal consistency (14, 17), content validity (17,
18), structural validity (17) and interpretability (17) are promising,
even though they still need to be critically evaluated. Instead, evi-
dence reporting that the NBQ has high reliability (15), substantial
responsiveness and construct validity (13) are considered limited
because these positive results have been found in studies of fair
methodological quality (3, 4). As a proper validation of reliability
and responsiveness requires interval scores, the assumption of
unidimensionality, which is a fundamental requirement of con-
struct validity (19), needs to be tested.

Among modern psychometric approaches, Rasch analysis
is a method developed to test whether scores on items from a
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questionnaire fit a measurement model considered fundamental
to assume scores as an interval variable and as invariant across
relevant demographic and clinical characteristics (19, 20).
Therefore, the aim of this study was to use Rasch analysis to
test whether the NBQ fits the assumptions of unidimensional
construct, local independence and absence of differential item
functioning (DIF) (a detailed explanation of these terms is
provided in the Methods section), which are mandatory in
order to consider the NBQ an interval-level scale.

METHODS

The analysis was performed with the Italian version of the NBQ
(NBQ-I) (17). SPSS release 21.0 was used to perform the descriptive
analyses and exploratory factor analysis. Confirmatory factor analysis
was performed using IBM-SPSS Amos-22. RUMM2030 (21) was used
for Rasch analysis.

Patients and setting

A convenience sample of 161 patients was recruited from patients
attending the outpatient physiotherapy services of the Santa Corona
Hospital (Pietra Ligure, Italy) and affiliated centres from September
2012 to February 2014. Inclusion criteria were: a diagnosis of chronic
non-specific NP (>3 months) provided by a medical doctor; age > 18
years; and the ability to read and speak Italian fluently. Exclusion
criteria were: specific NP; psychiatric and mental deficits; central or
peripheral neurological signs; systemic illness; clinical instability
(cardiac, respiratory, vascular) and vertebral surgery. A sample size of
150 subjects was estimated to achieve an item calibration stability of
+Y2 logit with a confidence interval of 99% (22). All subjects gave their
informed consent prior to participating in the study, which received
the approval of the ethics committee of the Azienda Sanitaria Locale
2 Savonese (no. 650-04/07/2013).

Scale description

The NBQ consists of 7 items dealing with: level of pain, physical
function, social activity, anxiety, depression, work-related fear avoid-
ance beliefs, and coping strategies for pain control. Each item has
11 numerical response categories, ranging from 0 to 10, where 0
corresponds to the absence of the problem and 10 to the highest level
of the problem mentioned in the corresponding item. The total raw
score ranges between 0 and 70 and is calculated as the sum of the raw
scores of each item.

Structural validity

As the Rasch model assumes that all items of a scale are measuring
a single underlying construct, exploratory factor analysis (EFA) and
confirmatory factor analysis (CFA) were performed to assess the uni-
dimensionality of the NBQ-I prior to continue with Rasch modelling.

A significant (p<0.05) Bartlett’s test of sphericity, which exam-
ines whether the correlations in the data-set are appropriate, and a
Kaiser-Meyer-Olkin Measure (KMO) >0.80, which tests the sampling
adequacy to ensure that the scale items are relevant, were the criteria
considered before performing EFA. EFA was performed by a maximum
likelihood (ML) extraction method. Factors were extracted when their
eigenvalues were > 1 and using the Cattell’s Scree Test. The amount of
variance explained by the extracted factors was reported. Item factor
loadings were obtained using Promax Rotation with Kaiser normali-
zation. Each item was considered as belonging to the factor when its
load was >0.40 (23), and communalities were reported. A CFA was
subsequently performed, on the basis of EFA, by means of the ML
extraction method. The model fit was evaluated using the following fit
indices: the %’ test, which compares the fitted model with the saturated
model that fits the covariance perfectly and indicates a good fit when it
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is not significant; the ratio between the ? test and degrees of freedom
(2 test/df), considered as a good fit when the ratio is <3; the root
mean square error of approximation (RMSEA) with 90% confidence
interval (CI), that should be close to zero and ideally less than 0.05;
the comparative fit index (CFI) and the Tucker-Lewis Index (TLI),
that were considered indicative of good model fit for values higher
than 0.90 and 0.95, respectively (24). If unidimensionality was not
confirmed, then the number of underlying factors and their relation
with each item were used to separate the scale into subscales, each
subjected to Rasch analysis.

Rasch analysis

Rasch analysis was performed to study the fit of the (sub)scales to the
Rasch model. A detailed explanation of the model and processes can
be found in Rasch (25) and Tesio (26).

The fit statistics used to test whether data satisfied the model’s
expectations were as follows:

« Initially, a likelihood ratio test was conducted to determine whether
to use the Rating Scale Model (RSM) or the Partial Credit Model
(PCM). A statistically significant (p<0.05) likelihood ratio test
suggests the use of PCM because the distance between options is
not uniform (20).

» Goodness-of-fit statistics were applied using a y? interaction statistic
for both overall data and individual items and persons. The overall
data fit indicates no substantial deviation from the model when >
value is non-significant (p>0.05). Individual item and person fits were
tested considering their fit residuals, the differences between the actual
values and the values estimated from the model. Adequate individual
fits were achieved if the y? value was not significant (»>0.05) and the
standardized fit residuals were between —2.5 and +2.5. Fit residuals
above 2.5 indicate the item measures a construct different from other
items, whereas fit residuals below —2.5 indicate redundancy. Further-
more, fit residuals of items and persons should have the mean value
close to 0 and standard deviation (SD) approximately 1.0 (20). The
significance level was corrected according to the Bonferroni method.
Subjects with extreme scores, i.e. the maximum or the minimum
scores of the scale, were excluded from the modelling as they do not
contain any information for estimating person parameters (27).

* Item threshold ordering was considered as each item of the NBQ-I
has 11 levels of agreement with the item statement, and thus 10
thresholds, which increase consistently with the underlying trait. If
the thresholds were disordered, adjacent response categories were
collapsed (20).

* Local independence assumes that no significant association among
item responses should be found once the dominant factor influenc-
ing a person’s response to those items has been conditioned out.
Local independence of the items was confirmed when the residual
correlation matrix of the items had values <0.30 (28). The unidi-
mensionality assumption was then evaluated with the test proposed
by Smith (29), which uses an independent ¢-test procedure to assess
differences between person estimates, derived from 2 subsets of
items (of the same scale) identified by positive and negative load-
ings on the first principal component of the residuals. The scale
was considered unidimensional when less than 5% of the estimates
are outside the range of £1.96, or the lower bound of the binomial
confidence interval overlaps 5%.

* The absence of DIF ensures the invariability of the measure (30).
It was examined with an analysis of variance, with a Bonferroni
correction for each level of each variable, in which the responses
to a single item are compared across each levels of subject char-
acteristics, referred to as person factor, and across different levels
of latent trait, referred to as class intervals. We tested DIF for the
person factor age (3 levels: under 45 years, 46—65 years, over 66
years), sex (2 levels: male, female), educational level (3 levels:
elementary-middle school, high school, university), marital status
(2 levels: yes, no), working status (3 level: employed, unemployed,
retired) and current smoking (2 levels: yes, no).
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Table 1. Demographic characteristics

Table II. Result of exploratory factor analysis

Variables n (%) Item Factor 1 Factor 2 Communalities
Sex 1 0.792 -0.012 0.616
Female 116 (72.0) 2 1.009 -0.085 0.924
Male 45 (28.0) 3 0.863 0.010 0.754

Marital status 4 0.114 0.867 0.880
Yes 108 (67.1) 5 —0.053 0.881 0.723
No 53(32.9) 6 0.604 0.168 0.512

Educational level 7 0.424 0.168 0.292
gli:;l?;;?gz 17 Middle ;‘6‘ Ei;g Loading values on each factor are in bold.

University 51 (31.7)

Work If all the above-mentioned fit statistics were acceptable, then the
Student 531 data fit the Rasch model and, accordingly, ordinal raw scores were
Employed 83 (51.6) converted into interval scores.

Self-employed 25 (15.5)

Retired 29 (18.0)

Unemployed 5(@3.1)

Housewife 14 (8.7) RESULTS

Smoking Subjects
Yes 36(22.4) o
No 125 (77.6) There were 161 participants, of whom 116 (72%) were women.

Radiation of symptoms The mean age was 49.9 years (SD 13.4, range 24-79 years),
Yes 72 (44.7) BMI mean was 24 kg/m? (SD 3.85, range 15.6-38.9 kg/m?).
No 89 (55.3)

* The presence of uniform DIF was identified when person factor
levels significantly influence the item responses, whereas a non-
uniform DIF was detected when the interaction between person
factor and class interval significantly alters the item responses.
Further, the item characteristic curves were examined. A split pro-
cedure, which consists in dividing (splitting) the item presenting a
DIF for the person factors (31), was considered if an item exhibited
a uniform DIF. The relevance on person estimate of uniform DIF
was examined with an anchored analysis, which compares person
estimates derived from an “item pure set” (deleting items displaying
uniform DIF) and from the “original full set” anchored to the pure
set’s items parameter estimates (item difficulties + Rasch-Andrich
thresholds) (30).

 Item deletion was applied on items having non-uniform DIF because
their variance, which varies across ability levels, cannot be adjusted
31).

» Scale targeting was assessed by the inspection of the person item-
threshold distribution that compares the distribution of patients’
location with the location of the thresholds along the same metric
logit scale. A mean (SD) location of person approximating the values
0 (1) indicated a good targeting. The mean location of item difficulty
was set by default at 0 logit (20). Floor- and ceiling-effects were
considered present when more than 15% of the subjects reached,
respectively, the lowest and the highest scores.

» The person separation index (PSI), which is a measure of internal
consistency of the scale, gives an indication of the power of the scale
to discriminate among persons with different levels of the trait. A
value of 0.7 is considered a minimal value for group or research
use and of 0.85 for individual or clinical use (20).

Demographic characteristics of the sample are shown in Table
I. The NBQ-I had a median of 27 (range 3-69).

Structural validity

Bartlett’s test was significant (p <0.05) and the KMO was 0.83.
Therefore, we proceeded with EFA. Two factors with eigen-
values >1 explained 67.2% of total variance. The first factor
explained 55.9% and the second 11.3%. The number of factors
with eigenvalue > 1 and the Cattel’s Scree Plot confirmed the
2-factor structure. Rotation of the solution revealed the items
loadings and communalities across the 2 factors (Table II). The
communalities highlighted that neither F1 nor F2 explained a
substantial proportion of variance of item 7. The correlation
between the 2 factors was 0.59. The CFA confirmed the 2 fac-
tors structure as all fit indices suggested an adequate model
fit. The y* was not significant (y>=11.727, df 11, p=0.38), the
RMSEA was 0.02 (90% C10.00-0.087; test for RMSEA <0.05
(p-value)=0.69], the ratio y* test/df was 1.07, and the CFI and
TLI were, respectively, 0.999 and 0.998.

Rasch analysis on NBQ-I/F1 (items 1, 2, 3, 6, 7)

Significant likelihood ratio tests (» <0.05) supported the use
of PCM. The overall fit statistics indicated significant misfit
to the model (¥*=37.6119, df 10, p<0.01). The item- and
person-fit residuals had, respectively, means of 0.1 (SD 1.66)
and —0.55 (SD 1.27) (Table III). Three subjects with extreme

Table I11. Summary of Rasch analyses of the Neck Bournemouth Questionnaire

Overall fit statistics

Item-fit residuals,

Person-fit residual, Test of unidimensionality

Analysis name ¥ (df) p-value Mean (SD) Mean (SD) PSI  percent (95% CI)
NBQ-I Factor 1 (items 1, 2, 3, 6, 7) 37.61 (10) <0.001 0.10 (1.66) -0.55 (1.27) 0.82 6.83(3.86-11.82)
NBQ-I Factor 1 without item 7 10.65 (8) 0.22 —0.15 (1.57) -0.20 (0.94) 0.80  2.48 (0.97-6.20)
NBQ-I Factor 2 (items 4, 5) 3.87 (4) 0.42 0.11 (0.24) —0.40 (0.68) 0.77  2.48 (0.97-6.20)

NBQ-I: Neck Bournemouth Questionnaire — Italian version; CI: confidence interval; df: degrees of freedom; PSI: Person Separation Index; SD:

standard deviation.
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Fig. 1. Category probability curves of item 7, illustrates transitions between response categories. The y-axis represents the probability of the category
answer. The x-axis represents the logits. Locn: location; FitRes: fit residual; ChiSq: chi-square; Pr: probability value; F: F statistic.

scores were discarded from this analysis (2 had the minimum
and 1 the maximum possible scores). Ten subjects with fit
residuals below —2.5 did not fit the model.

Item 7, which asks whether “Over the past week, how much
have you been able to control (reduce/help) your neck pain on
your own?”, exhibited misfit (fit residual=2.669, ¥*=10.775,
df 2, p=0.01).

All the items had ordered thresholds except item 7, whose
categories from 6 to 9 did not emerge (Fig. 1). The compari-
son of 2 subsets of the items indicated multidimensionality
as 6.83% (95% CI=3.86-11.82%) of the total tests were
significant. No evidence of DIF or response dependency
was found. As Item 7 showed disordered thresholds, it was
re-scored with the aim of adjusting its misfit by collapsing
categories according to a pattern of 0, 1, 2,3, 4,5, 5,6, 6, 7,
and 7. This procedure did not improve the item-fit residual (fit
residual=2.677, ¥>=10.235, df 2, p=0.01) and the overall fit
statistic still indicated misfit (x>=26.8403, df 10, p=0.01).

Therefore, item 7 was removed from the analysis because:
(7) it demonstrated a low load on both factors with low com-
munalities values (<0.3); (i7) it misfitted the model during the
first analysis (with a disordered categories pattern) and after

the rescoring procedure; (7ii) the #-test procedure indicated
multidimensionality; and (iv) its wording, which relates to
coping strategies, makes it conceptually different from factor
1, which deals with pain and functioning.

Following removal of item 7, a satisfactory fit to the model
was achieved (y*=10.65, df 8, p=0.22). The item-fit residuals
had mean—0.15 (SD 1.57) and the person-fit residuals had mean
—0.20 (SD 0.94) (Table I1I). All individual item-fit showed nor-
mal fit residuals value (Table IV) while 5 subjects had individual
person-fit residuals below —2.5. Four subjects with extreme
scores were discarded from this analysis (3 had the minimum
and 1 the maximum possible scores). All the items had ordered
thresholds. The local independence of the items was confirmed as
no pairs of items exceeded the threshold value after exploring the
residual correlation matrix. Furthermore, the independent #-test
procedure resulted in 4 significant tests out of 161 (2.48%, 95%
CI 0.97-6.2%) and therefore confirmed the unidimensionality
of NBQ-I/F1 (without item 7). A uniform DIF for educational
level (F=6.84599, df 2, p=0.01) was found for item 2 as the
Elementary-Middle School population scored higher than ex-
pected. A slight improvement of the overall fit of the scale was
noted (y*=12.2578, df 10, p=0.27) after splitting item 2 into

Table IV. Individual item-fit of the 2 factors of the Neck Bournemouth Questionnaire (NBQ)

Factor Item Question Location® SE FitRes y*(df) »°
Factor 1 1 Over the past week, on average how would you rate your neck pain? -0.29 0.05 0.35 0.08(2) 0.96
2 Over the past week, how much has your neck pain interfered with your daily ~ 0.17 0.05 -0.98 5.04(2) 0.08
activities (housework, washing, dressing, lifting, reading, driving)?
3 Over the past week, how much has your neck pain interfered with your ability  0.32 0.05 -1.13 3.02(2) 022

to take part in recreational, social and family activities?

6 Over the past week, how have you felt your work (both inside and outside the —0.20 0.05 2.04 246(2) 0.29

home) has affected or would affect your neck pain?

Factor2 4 Over the past week, how anxious (tense, uptight, irritable, difficulty in -0.22 0.06  -0.06 225(2) 032

concentrating/relaxing) have you been feeling?

5 Over the past week, how depressed (down-in-the-dumps, sad, in low spirits, 0.22 0.06 0.28 1.62(2) 044

pessimistic, unhappy) have you been feeling?

2Location, item difficulty expressed in logits.
"Bonferroni-corrected y* p-value was applied.
df: degrees of freedom; p: probability value; SE: standard error.
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Elementary—Middle School and High School-University. The
uniform DIF was not relevant on person estimate. Only a subject
shown a person estimate greater than 0.5 logit, between subjects
estimate derived from the pure “set” and the anchored full set.
Non-uniform DIFs were not detected in any item.

The targeting of NBQ-I/F1 (without item 7) showed 3 (1.86%)
and 1 subjects (0.62%) located, respectively, at the floor and
the ceiling of the subscale. The mean location of persons was
—0.48 logit (SD 1.02) (Fig. 2A). The PSI was 0.80 (Table III).

The conversion table of NBQ-I/Subscale-1, which allows the
transformation of raw scores into interval scores, is presented
in Table V. The relationship between ordinal and interval scores
of the scale is presented in Fig. 3.

Rasch analysis on NBQ-1/F2 (items 4, 5)

Likelihood ratio test was significant (»<0.05), thus a PCM
was applied. The subscale showed good overall fit to the model
(*=3.8658, df 4, p=0.42). The mean item- and person-fit
residuals were, respectively, 0.10 (SD 0.24) and —0.40 (SD
0.68) (Table III), with no misfit observed for items (Table
IV) and persons. All items presented with ordered thresholds.
The local independence of the items was confirmed as the
analysis of response dependency showed correlations <0.3
and the assessment of unidimensionality resulted in 4 (2.48%
95% CI =0.97-6.2%) significant ¢-tests. No DIFs were found
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Fig. 3. Conversion curves from ordinal to interval scores of Neck
Bournemouth Questionnaire — Italian version (NBQ-I)/Subscale 1 (black
squares) and NBQ-I/Subscale 2 (white squares). Note: item 7 was deleted
in Subscale 1.

across the tested person factors and class intervals. The tar-
geting of NBQ-I/F2 showed the presence of 17 (10.6%) and
3 (1.9%) persons at, respectively, the floor and the ceiling of
the sub-scale (Fig. 2B). The mean person location was —0.71
logit (SD 1.57). The PSI was 0.77. The conversion table of
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Fig. 2. Distribution of the items and patients (n=161) along the Rasch-calibrated metric scale. (a and b) Upper panel shows the location of the subjects.
Lower panel shows the threshold of the items. (a) Referred to Neck Bournemouth Questionnaire — Italian version (NBQ-I) factor 1. (b) Referred to

NBQ-I factor 2. Grouping set to interval length of 0.20, making 40 groups.
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Table V. Conversion table between Neck Bournemouth Questionnaire
— Italian version (NBQ-I)/Subscale 1 (S1) ordinal (summative) scores
and interval scores
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Table VI. Conversion table between Neck Bournemouth Questionnaire
— Italian version (NBQ-1)/Subscale 2 (S2) ordinal (summative) scores
and interval scores

NBQ-I/S1 Logit NBQ-I/S1 NBQ-I/S2 Logit NBQ-I/S2
raw score® location interval score (0-40)° raw score® location interval score (0-20)°

0 -3.54 0.00 0 -3.45 0.00

1 -2.79 4.19 1 -2.55 2.63

2 -2.26 7.15 2 -1.89 4.55

3 -1.91 9.12 3 —-1.46 5.81

4 —1.64 10.60 4 -1.15 6.73

5 -1.43 11.77 5 —-0.90 7.45

6 -1.26 12.74 6 -0.70 8.04

7 —-1.11 13.57 7 -0.52 8.57

8 -0.98 14.28 8 -0.35 9.05

9 -0.87 14.91 9 -0.19 9.52
10 -0.77 15.47 10 —-0.03 9.99
11 —0.68 15.97 11 0.14 10.48
12 -0.59 16.44 12 0.31 10.99
13 -0.52 16.87 13 0.50 11.55
14 —0.44 17.28 14 0.71 12.15
15 -0.37 17.68 15 0.94 12.83
16 -0.31 18.05 16 1.20 13.60
17 -0.24 18.42 17 1.52 14.53
18 -0.17 18.79 18 1.93 15.73
19 -0.11 19.16 19 2.54 17.51
20 —-0.04 19.53 20 3.39 20.00
21 0.03 19.91 *Ordinal scores are obtained by summing raw responses of the 2 items
22 0.10 20.30

(4, 5) of NBQ-I/S2.

23 0.17 2069 "NBQ-1/S2 ordinal transf d into a 0-20 int 1 scal
24 0.24 21.10 Q- ordinal scores are transtormed mnto a U—. mterval scale.
25 0.32 21.53
26 0.40 21.97 subjected to Rasch analysis. Subscale 1, which deals with pain
27 0.48 22.44 and functioning (17), became an interval scale after removal of
28 0.57 22.94 . . . . .
29 0.67 23.47 item 7, while Subscale 2, which deals with anxiety and depres-
30 0.77 24.04 sion (17), achieved interval-level scaling without adjustment.
31 0.88 24.66 The uniform DIF due to educational level (within a minimal
32 1.00 2535 difference between high- and low-educational levels) found
3 114 26.12 for item 2 may bias the scores of Subscale 1. However, as epi-
34 1.30 27.00 . . . . .
35 1.48 28,02 demiological data suggest a higher prevalence of NP disability
36 1.70 2924 in women, middle-aged subjects and workers (2), we did not
37 1.97 30.75 found any DIF accounting for sex, age and employment status.
38 2.33 32.76 The targeting of the NBQ-I/Subscale 1 indicated that, on
39 2.87 35.76 . : o
40 363 40.00 average, the difficulty of the items targeted the ability of the

?Ordinal scores are obtained by summing raw responses of the 4 items
(1,2, 3, 6) of NBQ-I/SI.

"NBQ-I/S1 ordinal scores are transformed into a 0—40 interval scale.
This conversion can be used only with the modified NBQ-I factor 1,
without item 7.

scores of subscale 2 is presented in Table VI and its structure
is reported in Fig. 3.

DISCUSSION

This study provides additional support for the validity of the
NBQ through the use of Rasch analysis, a modern psychometric
approach that has previously disputed the validity of the NDI
(7-9) in measuring health-related quality of life of people with
NP. The structural validity, tested with both EFA and CFA,
revealed that the NBQ-I has 2 factors, which were separately

sample better than the NDI, as reported by van der Velde et al.
(8), who found a mean location of person of —1.69 (SD 1.04),
Walton & MacDermid (32), who had an analogous person-
item threshold distribution assessed visually, and Johansen
et al. (33), who reported a mean location of person of —1.17
(SD 1.39). Moreover, we observed the absence of floor- and
ceiling-effects for Subscale 1, while a large floor-effect has been
reported for the NDI (9). This aspect further confirms that the
NDI is unable to measure the lower levels of neck-pain-related
disability. Furthermore, the PSI of Subscale 1 allows its use for
research purpose. Previous studies on the NDI (8, 32) reported
PSI values similar to the values obtained in this study. Despite
the fact that these data are from different samples, our sample
was comparable in terms of male/female ratio, mean age and
pain intensity. Therefore, it might be argued that the NBQ-1/
Subscale 1, intended to measure a construct of neck-related
disability similar to that of the NDI, better assesses the health
status of the patients with chronic NP in research settings.
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The aetiopathogenesis of NP is due to a complex interac-
tion of physical, cognitive and environmental factors, whose
combination plays an important role in determining the patient
health status (34). High levels of baseline pain and self-reported
neck disability have been recognized as predictors of prolonged
recovery (35). Furthermore, it is also well established that
psychological distress, characterized by depressed mood and
increased anxiety, acts as predictor of prolonged recovery and
may recognize those patients with high risk of transition to
chronic pain (36). As NBQ-I/Subscale 1 and NBQ-I/Subscale
2 measure, respectively, baseline pain/self-reported disability
and psychological distress, the NBQ-I is suitable to provide
profiles of NP patients that may assist their classification for
clinical decision-making purposes. However, the establishment
of clinical pathways according to the profiles derived from the
subscales of the NBQ-I still needs to be elucidated prospectively.

The examination of the NBQ-I with Rasch analysis provides
a disease-specific questionnaire whose scores can be assumed
as interval variables and, consequently, legitimately subjected
to parametric statistics and interpreted as meaningful change
scores in the assessment of treatment effectiveness. Indeed,
even though the sum of raw scores is distributed normally,
their logarithmic conversion into interval data gives a dis-
tribution curve (Fig. 3) similar to that observed for the NDI
(8), where the majority of raw scores is concentrated at the
mid-range of the scale, in which the slope of the distribution
curve is the steepest, while the decreased slope in the 2 tails
spreads the extreme scores. This would suggest that change
is not consistent across the entire breadth of the scale, which
ought to have considerable impact for key features of a tool,
such as clinically important differences. The same amount of
change in raw score has a different weight on the transformed
interval-level score based on the overall score achieved, The
change score located at the mid-range of the ordinal scale may
be considered clinically remarkable, yet it may be small for
clinicians and patients when intended at the interval-level,
i.e. a raw score change of 5 points with an overall score of 20
(scale total score changes from 25 to 20) represents a change
of 2 points after an interval-level transformation. Conversely,
a change score located at the extreme of the ordinal scale may
be considered clinically negligible despite the substantial dis-
tance between interval-level scores, i.e. the same raw score
difference (5 points) with an overall score of 35 (scale total
score changes from 40 to 35) represents a change of 11.98
points after an interval-level transformation (see Fig. 3 and
Tables V for reference). As a consequence, the interpretation
of change scores of raw scores may lead to biased conclusions
about treatment effectiveness and responsiveness. Therefore,
our recommendation is to use the conversion tables provided
in the present study for the subscales of the NBQ-I, in order
to achieve unbiased conclusions about treatment effectiveness
when measuring disability in subjects with NP.

The present findings add to the body of knowledge on
disease-specific questionnaires measuring disability related
to chronic NP. Even though previous systematic reviews (3,
4) on the psychometric properties of patient-reported outcome
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measures concerning NP disability recommended the use of
the NDI, they warranted for the evaluation of the unknown
measurement properties of other questionnaires. As this study
improved the construct validity of the NBQ, which seems
superior to that of the NDI, we believe that further systematic
reviews addressing patient-reported outcome instruments may
consider the NBQ as a valid instrument for measuring health-
related quality of life in people with chronic NP.

We suggest the following implementations for further psy-
chometric validations of the NBQ. The interval scores obtained
with the conversion tables, which apply for similar patients and
settings, should be used to calculate change scores. For Subscale
1, the transformation into interval score was obtained after
removal of item 7. As Linacre (37) suggested 10 subjects for
response category to estimate the sample size of Rasch analysis
studies for questionnaires with polytomous items, our sample
may be considered modest to lead to a firm deletion of item 7.
However, Chen et al. (38) reported a number greater than 100
subjects may lead to valid Rasch analysis. Despite the promising
psychometric properties of the NBQ in the Italian population,
we are aware that its usefulness would be extended in clinical
and research settings worldwide only after validation of an
English version, accounting whether removal of item 7 alters
the structural and content validity of the NBQ, is performed
with similar techniques in larger samples. Furthermore, there is
the need to test the concurrent validity of the present modified
version. Finally, even though the NBQ is claimed to have good
content validity because its factors cover the ICF constructs of
impairment, disability, participation and personal factors, it does
not include the investigation of environmental factors (11, 18).

A limitation of this study is the presence of only 2 items in
NBQ-I/Subscale 2. A factor comprised of merely 2 items is largely
uninterpretable because a factor vector can be fit between any 2
items. The minimal number of 3 items should contribute to a fac-
tor (39). As a factor can be represented geometrically as a vector
fitted to points (items) in n-dimensional space and its performance
as the distance between the points and the vector, a straight line
can always fit perfectly 2 points. Furthermore, the small size of
our sample may have produced a type Il error in detecting non-
uniform DIFs, as this analysis was underpowered (40).

In conclusion, Rasch analysis of the NBQ pointed out
the unidimensionality of its subscales, whose psychometric
properties were acceptable in terms of structural validity and
internal consistency. Although Subscale 2 should be used with
caution, Subscale 1 may be used in research settings as a tool
for measuring the effectiveness of treatments aiming at reduc-
ing pain and improving function in patients with NP, using the
conversion table of raw scores into interval scores.
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