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ABSTRACT

Purpose

To evaluate the data on the psychometric properties of the Neck Disability Index (NDI).

Materials and methods

Medline, Embase, PsychINFO, Web of Science, and Scopus were searched in April 2023. The random
effects meta-analysis was conducted when possible.

Results

Of 492 identified records, 79 were included. 70 studies were considered to be of low risk of systematic
bias. Alpha was >0.81. Pooled test-retest intraclass correlation coefficient was 0.91 (95% CI 0.90 to
0.93). The NDI correlations with pain rating scales varied from 0.38 to 0.89. 13 studies found the NDI
to be unidimensional and 15 — two- or three-dimensional. The minimal detectable change varied from
3% to 27% and minimal clinically important difference from 5% to 33%. Pooled Area Under the Curve
was 0.74 (95% Cl 0.68 to 0.80). Most studies have not detected floor or ceiling effect. Sex-related
differential item functioning has been present in one study.

Conclusions

The NDI demonstrated good internal consistency and test-retest reliability without floor or ceiling
effect. In most situations, the NDI could be considered a unidimensional scale. The NDI well correlated
with the common scales of pain and disability. The minimal clinically important difference and minimal

detectable change were around 15% (7.5/50 points).
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INTRODUCTION

In 1980, Dr. J.C. Fairbank introduced the Oswestry Low Back Pain Disability Questionnaire, today known
as the Oswestry Disability Index (ODI) [1]. The ODI soon became a popular scale to evaluate the
severity of disability caused by low back pain. In 1991, Dr. H. Vernon modified the ODI in order to use
it among people with neck pain [2]. Since then, the Neck Disability Index (NDI) has become widespread
among both researchers and clinicians [3]. Several translations of the NDI have been introduced [3]. A
rough search at Medline, based only on titles and abstracts, showed that while in 1991-2000 ten
studies have employed the NDI, in 2011-2020 there have been 1,870 such publications. This trend
seems to continue, as there have already been over 800 publications mentioning the NDI in the
abstracts since 2021 until this day. This is not a surprise, as the NDI is short, easy and free to use, and
its properties have seemed to be good across very different settings [4]. During these three decades,
several modifications of the NDI have been suggested, though failing to replace the original version [3,
4].

Despite the popularity of the NDI, there have been only a few attempts to summarize the available
evidence on its psychometric properties. In 2008, Dr. H. Vernon himself has conducted a narrative
review of the NDI psychometrics [3]. The records had been retrieved using Science Citation Index from
1991 to 2007 and 22 publications have been analysed. That review has stated that the psychometric
properties of the NDI are well established in numerous cultural groups and the NDI is a highly reliable,
strongly internally consistent and unidimensional scale with excellent convergent and divergent
validity. A minimal clinically important difference (MCID) was set at 3/50 to 5/50 points. In 2009,
MacDermid et al. have conducted the only systematic review on the psychometrics of the NDI [5]. They
have reviewed 37 papers grading most of the studies as having low risk of systematic bias. It has been
noticed that the included reports had usually approached the problem from a theoretical point of view,
serving scientific research and focusing on such properties as construct validity or group reliability.
However, the clinical relevancy of the NDI had been studied less. The intraclass correlation coefficients
(ICCs) has been estimated as 0.50 to 0.98 and most of the studies have reported the unidimensionality
of the NDI. The minimum detectable change (MDC) has been set at 5/50 points, while the MCID has
been set at 5/50 to 19/50 points. The convergent validity has been reported to be good. Another
review came close to the present topic [6]. In 2015, Yao et al. have investigated the cross-cultural
adaptations of the NDI in order to provide some advice to improve the further translations. Then 14
different translations of the NDI have been identified. The internal consistency of the NDI has been
found acceptable, and the ICC was >=0.70. Of 14 analysed studies, only one reported a floor effect.
That review drew attention to the fact that clinical interpretability of the NDI has been left outside the

scope of most of the research. Other earlier reviews on the topic have mostly been narrative, focusing
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primarily on other issues regarding the NDI than psychometrics. In 2011, Howell et al. have conducted
a narrative review on the role of the NDI in evaluating association between neck pain and cervical
range of motion [7]. The popularity of the NDI among surgeons operating on cervical spine could be
seen based on the relatively big number of narrative reviews concerning the use of the NDI among

patients undergoing cervical spinal surgery [8-10].

This way, it seems that despite the wide use of the NDI for both clinical and research purposes, the
comprehensive analyses of its psychometric properties have been missing or outdated. The objective
of the present review was to evaluate the data available on the psychometric properties of the NDI,

especially from the clinical point of view.



METHODS

Inclusion and exclusion criteria (PICO)

A study was considered relevant if the studied population were adults (>=17 years) with neck pain
including radiating pain in upper extremities, the NDI has been used as a main or secondary outcome
measure and the following outcomes of interest have been reported — any numerical data concerning

the following psychometric properties of NDI: content and face validity; reliability (internal consistency

[alpha]), test-retest correlation, inter-rater reliability (intraclass correlation coefficient [ICC]); construct

validity (exploratory [EFA] and confirmatory [CFA] factor analyses); criterion validity including

convergent, concurrent and predictive validity; Item Response Theory (IRT) or Rasch analysis

estimates; or clinical relevancy (minimal clinically important difference [MCID], minimal detectable

change [MDC], or floor- and ceiling effects). Reports of any design and settings published in peer-
reviewed academic journals with abstracts available were included. Conference proceedings,
unpublished data, case reports, case series (n<=10), theses and respective were excluded. A study was
also excluded if the health conditions of studied population involved ‘red flags’ — specific causes of
neck pain like cancer, infection, acute trauma, osteoporotic cervical fracture, congenital neck
deformities etc.

Data sources and search strategy

Medline, Embase, PsychINFO, Web of Science, and Scopus were searched in April 2023. The search
was conducted by one of the researchers (MS). The search strategy is presented in Supplement 1. The

references of identified articles and reviews were also checked for relevancy.
Selection strategy

The records identified from the data sources were stored in the Endnote software (Endnote X7.8,
Thomson Reuters) (MS). Using a build-in search engine of the Endnote software, duplicates,
conference proceedings, theses, reviews, case reports etc. were deleted (MS). Two independent
reviewer teams were formed: MS vs. KP and JJ vs. AK. These reviewer teams screened the titles and
abstracts of the remaining articles and assessed the full texts of potentially relevant papers (figure 1).
Disagreements between the reviewers were planned to resolve by a consensus or by a third reviewer,

(no actual need for a third referee has appeared during the process).
[INSERT FIGURE 1 ABOUT HERE]
Extraction strategy

The data needed for a quantitative assessment were extracted using a standardized form based on

recommendations by the Cochrane Handbook for Systematic Reviews of Interventions. The form



included: the name of first author, the year of publication, country, language, group sizes, sex and age

distributions, main complaints, and the estimates of main outcomes.
Assessment of risk of systematic bias

The Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies by National Heart,

Lung, and Blood Institute (https://www.nhlbi.nih.gov/health-topics/study-guality-assessment-tools)

was modified to correspond the needs of this particular review with its specific goals. Of 14 items
included in the original tool, seven items are related to exposure (items #6-#10, “12 and #14) and one
to the loss to follow-up (item #13). As the exposure to an intervention was irrelevant in this review and
the majority of included studies was expected to be of a cross-sectional design, the following six

criteria were included:

Was the research question or objective in this paper clearly stated?
Was the study population clearly specified and defined?

Was the participation rate of eligible persons at least 50%?

M w0 b oE

Were all the subjects selected or recruited from the same or similar populations (including the
same time period)? Were inclusion and exclusion criteria for being in the study prespecified
and applied uniformly to all participants?

5. Was a sample size justification, power description, or variance and effect estimates provided?
6. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and

implemented consistently across all study participants?

Each out of six criterion was graded by an independent reviewer as “low”, “high” or “unclear” risk of

systematic bias. The reviewers were also asked to judge the total risk as “low” or “high”.
Statistical analysis (meta-analysis)

When only range for the NDI score had been reported, a mean was approximated as ‘mean = (max +
min)/2’. When variance had been reported as a range or as an interquartile range (IQR), a standard
deviation (SD) was calculated as: ‘SD = IQR/1.35" or ‘SD = range/4’. The strength of correlation was
interpreted as follows: 0.90 to 1.00 ‘very high”; 0.70 to 0.90 ‘high’; 0.50 to 0.70 ‘moderate’; 0.30 to
0.50 ‘low’; and 0.00 to 0.30 ‘negligible’ [11]. The Cohen’s kappa was interpreted as follows: values < 0
‘no agreement’; 0.01-0.20 ‘none to slight’; 0.21-0.40 ‘fair’; 0.41- 0.60 ‘moderate’; 0.61-0.80
‘substantial’; and 0.81-1.00 ‘almost perfect agreement’ [12]. The intraclass correlation coefficient (ICC)
describes the strength of test-retest reliability. In this review, the following cut-offs for the ICC were

used: <0.5 ‘poor’; 0.5 - 0.75 ‘moderate’; 0.75 — 0.9 ‘good’; and > 0.90 ‘excellent reliability’ [13]. The


https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools

Cronbach’s alpha was interpreted as: >=0.90 ‘excellent’; 0.80 — 0.89 ‘good’; 0.70 — 0.79 ‘acceptable’;
0.60 - 0.69 ‘questionable’; 0.50 — 0.59 ‘poor’; and <0.5 ‘unacceptable’ [14].

In this review, the area under the curve (AUC) indicated how well the NDI was able to distinguish those
who have improved over time from those who have not. The AUC estimates were pooled to summarize
the overall diagnostic accuracy of the test. The AUC takes values from 0.0 ‘perfectly inaccurate’ to 1.0
‘perfectly accurate test’. In this study, the AUC of 0.7 to 0.8 was considered ‘acceptable’, 0.8 to 0.9

‘excellent’, and > 0.9 was considered ‘outstanding’ [15].

A random-effects model was used assuming the presence of substantial heterogeneity across the
identified studies. Pooled estimates were accompanied by 95% confidence intervals (95% Cls) and two-
tailed p-value, when appropriate. When conducting the analysis of publication bias, a one-tailed p-
value was reported. The level of significance was set at <0.05. The test for heterogeneity was
conducted using the Q test considering heterogeneity being present if Q was greater than the degree
of freedom (number of studies — 1). The I2 statistic described the percentage of the variability in effect
estimates that was due to heterogeneity rather than sampling error (chance). A potential publication
bias was evaluated graphically by using a funnel plot and by the Egger’s test for asymmetry of the
funnel plot (test for the Y intercept = 0 from the linear regression of normalized effect estimate against
precision). The trim-and-fill method was used to impute studies into funnel plot to correct asymmetry
if needed. A publication bias was assessed when the number of studies in the model was >=10. The
sensitivity test included removing one study at a time assessing the consequence of that removal on a
pooled estimate. Along with 95% Cl, prediction intervals (PIs) were calculated as: 95% PI = pooled
estimate + 1.96 x Tau. While confidence interval defines the average effect expected to be seen,
prediction interval defines the boundaries of true effect expected to be seen for a single new
observation (e.g., next patient). All calculations were performed using the Comprehensive Meta-
Analysis, Version 4, Borenstein, M., Hedges, L., Higgins, J., & Rothstein, H., Biostat®, Englewood, NJ
2022.



RESULTS
Search results

The search resulted in 492 records (figure 1). After excluding duplicates and irrelevant/ineligible
records by using automation tools (Endnote®), 132 records were screened based on their titles and
abstracts. At this point, MS and KP achieved a substantial agreement of 94% (Cohen’s kappa 0.68),
while JJ and AK achieved a fair agreement of 71.2% (Cohen’s kappa 0.22). The composite kappa was
calculated as an average of the estimates obtained by two reviewer groups resulting in overall
moderate kappa of 0.45. Of the selected records, 106 were screened based on their full-texts and 27
records were excluded. The remaining 79 records were reviewed qualitatively including the
assessment of risk of systematic bias. The quantitative estimates were retrieved from 77 records, each
record representing a different study. However, pooling the estimates was possible for overall 42
studies. The meta-analysis was conducted when numerical data for mean estimates and their
variances were available. This way, pooled test-retest intraclass correlation and Area Under the Curve

were estimated. All the other variables of interest were subjected to qualitative analysis.
Descriptive characteristics of selected records

The studies have been published between 2003 and 2023 (table 1). Of them, 18 (23%) have been
conducted in the USA. The studies have used 34 different translations, including the original English
language questionnaire (n=24, 30%). For many records, the exact sample sizes were hardly definable
due to the inconsistency of reports, subgrouping, drop-outs etc. The sample sizes have ranged from
17 to 2,070 respondents. In some cases, when more than one group was reported, a bigger group was
selected for further analysis. Some studies have reported sex and age distributions by several
subgroups. If so, then the reported group estimates were pooled. Sex distribution has been reported
by 76 studies. Of these, 58 (76%) have been predominated by women. The average age has widely

varied across the studies from 26 up to 65 years.
[INSERT TABLE 1 ABOUT HERE]

While the inclusion criteria have varied, most of the studies (n=51, 61%) have been conducted among
patients with some neck pain lasting over three months and without red flags. The second most
common studied subpopulation (n=15, 19%) consisted of people, who have undergone cervical
surgery or who have been waiting for surgery. Radiculopathy in upper extremities has been an
inclusion criterion in four studies [16-19]. Whiplash has been the main complaint in six studies, though
a study by Gabel et al. has also included patients with nonspecific neck pain [20-25]. One study has

been completed among patients with acute neck pain [26]. One study has included healthy volunteers



along with people with neck pain of any duration [27]. One study has included patients with non-

defined neck pathologies [28].
Assessment of risk of systematic bias

Nine studies were considered to be of high risk of systematic bias and the remaining 70 studies were

considered to be of low risk of systematic bias (table 2).

[INSERT TABLE 2 ABOUT HERE]

Psychometric characteristics reported by the included studies are presented in table 3.
[INSERT TABLE 3 ABOUT HERE]

Content and face validity

As part of a translation and adaptation process, 25 studies have evaluated content validity (expert
opinion) [18, 27-49] and 26 face validity (patient opinion) [18, 27, 31-33, 35-38, 40-53]. All of these

studies have found both the content and face validity of the NDI to be good.
Reliability (internal consistency)

The Cronbach’s alpha, as a measure of internal consistency, has been reported by 34 (43%) studies. Of
them, 33 studies have observed good or excellent alpha between 0.81 and 0.97. Only one study has

estimated alpha below 0.80 [35]. Only one study has accompanied alpha with a confidence limit [54].
Reliability (intraclass correlation coefficient [ICC])

The ICC estimates have been reported by 38 studies (48%). Most of them have accompanied estimates
with 95% confidence intervals, which gave an opportunity to perform a meta-analysis on this estimate
(figure 2). None of the studies have clarified which one out of 10 possible ICC types has been used.
When not reported, the variance (95% CI) has been imputed from a study reported similar mean
estimate. Due to the asymmetricity of 95% Cls, they were converted into SDs. The analysis was based
on 38 studies. The effect size index was the mean. The random-effects model was employed for the
analysis. The mean pooled ICC was excellent 0.91 (95% CI 0.90 to 0.93). The Z-value was 117.0 with
p<0.001. The Q-value was 730.4 with 37 degrees of freedom and p <0.001 signalling that the true
effect differed across these studies. The 12 was 95%, which showed that some 95% of the variance in
observed effects reflected variance in true effects rather than sampling error. Tau, the standard
deviation of true effect sizes, was 0.04 in raw units. Assuming that the true effects were normally
distributed (in raw units), the prediction interval was 0.83 to 0.99 — the true effect size in 95% of all

comparable populations falls into this interval.



[INSERT FIGURE 2 ABOUT HERE]

While there were signs of publication bias (Egger’s regression intercept p<0.0001), there was no need
for a trim-and-fill correction (figure 3). Removing one study at a time from the model did not

significantly affect the pooled estimate.
[INSERT FIGURE 3 ABOUT HERE]
Reliability (test-retest correlation coefficient)

Different correlation coefficients (Spearman/Pearson) have been used to describe test-retest reliability
by five studies [16, 20, 42, 45, 55]. As only one of them [20] reported the 95% confidence intervals, a
meta-synthesis on this estimate was not possible. The correlation coefficients were significant and

positive varying from ‘moderate’ 0.56 to ‘very high’ 0.98.
Convergent validity

The convergent validity of the NDI has been tested against numerous very different scales. Half of all
the articles has reported correlation between the NDI and either pain humeric rating scale (NRS) or
pain visual analogue scale (VAS). The estimates varied from low positive 0.38 to high positive 0.89 (16

reports exceeded 0.50 — the cut-off of moderate correlation).

The Neck Pain and Disability scale (NPAD) has been compared to the NDI by eight studies with positive
significant correlations between moderate 0.66 ad high 0.86 [33, 40, 41, 49, 55-58]. Only one study
has reported the 95 CI for that correlation [57].

Eight studies have compared the NDI with different scales to assess the level of global improvement
(Global Rating of Change, Global Perceived Effect. Patient Global Improvement Change Scale, Global
Rating Scale, Patient Global Impression of Change etc.) [32, 35, 37, 58-62]. The correlation coefficients

varied from low positive 0.32 to moderate positive 0.60.

Six studies have reported the correlations between the NDI and the Patient-Reported Outcomes
Measurement Information System (PROMIS) [63-68]. The reported correlations between the NDI and
the PROMIS subscales were subscale varied from low 0.47 for ‘Anxiety’ and 0.46 for ‘Depression’ to
moderate or high for other subscales: ‘Physical function’ 0.60. PROMIS Pain Interference (PI): 0.71.0.55
to 0.83, ‘Pain interference’ 0.71 to 0.74, ‘Pain behavior’ 0.58, ‘Fatigue’ 0.56, ‘Sleep disturbance’ 0.58,

‘Social roles’ -0.64, and ‘Pain intensity’ 0.67.

Five studies have compared the NDI with the SF-36 [40, 47, 51, 52, 69]. The approaches for this have
been different — some studies have reported only one composite estimate while others have reported

correlations for two or even for eight subscales. The SF-36 consists of eight subscales each producing
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an individual score: physical functioning (PF), role physical (RP), bodily pain (BP), general health (GH),
vitality (VT), social functioning (SF), role emotional (RE), and mental health (MH). One study has
reported a low correlation of 0.44 between the NDI and the MH and moderate 0.56 with the PF [69].
These correlations have been reported as positive, which has assumingly been a typo as such a
correlation could be either negative or, at least, close to zero. Two studies have reported low negative
correlations with a single composite of the SF-36 of -0.43 to -0.44 [47, 51]. One study has reported
mostly low negative correlations for the seven out of eight subscales of the SF-36: PF -0.36, PR -0.48,
BP -0.44, GH -0.25, VT -0.41, SA -0.42, MH -0.37 [52]. One study has reported negligible negative
correlations for all eight subscales of the SF-36: PF -0.23, PR -0.19, BP -0.29, GH -0.04, VT 0.02, SA -
0.10, ER -0.16, MH 0.07 [40].

The Patient Health Questionnaire (PHQ-9) has been compared with the NDI by three reports showing

positive correlations from low 0.42 to moderate 0.69 [17, 20, 33].

Two studies have compared the NDI with the Problem Elicitation Technique reporting moderate
positive correlation of 0.57 to 0.62 [23, 56]. Two studies have compared the NDI with the Northwick
Park Neck Pain Questionnaire reporting positive correlation of moderate 0.56 to high 0.89 [23, 70].
Two studies have compared the NDI with the Tampa Scale for Kinesiophobia reporting low positive
correlation from 0.38 to 0.53 (95% CI 0.23 to 0.74) [25, 71].

Several less common scales have been used as comparators by some individual studies: Neck
Bournemouth Questionnaire: 0.80 [72], Generalized Anxiety Disorder Scale-7 0.52 [33], Veterans RAND
12-item Physical Component Survey (r= -0.66) [73], Copenhagen Neck Functional Disability Scale (r=
0.87) [39], Hospital Anxiety and Depression Scale (r= 0.42), SF-6D (r= 0.82) [40], Patient-Specific
Functional Scale (r= 0.42) [46], Pain Catastrophizing Scale (r= 0.64 [95% CI 0.38 to 0.81]) [71], taking
pain medications (r= -0.52) [17], absence from work due to pain (r=0.64) [17], and frequency of pain
(r=0.29) [17].

A few studies have employed such objective comparators as T1 vertebra slope minus cervical lordosis

(r=10.33) [74], cervical lordosis (r=-0.27) [74], and myelopathy seen on MRI image (r= 0.44) [39].
Construct validity (Exploratory Factor Analysis [EFA])

Of the studies, 28 have included the EFA. To be precise, this number included studies by Lue et al. and
by Santiago-Reynoso et al., which have employed the CFA instead of the EFA in order to determine the
number of factors [38, 44]. Of them, 13 have found the NDI to be unidimensional [21, 22, 28, 31, 33,
44,48, 50, 51, 53, 54, 75, 76], 14 — two-dimensional [17, 24, 29, 30, 32, 35, 37, 38, 40, 43, 45-47, 52]

and one study has reported on a three-dimensional structure [36]. Among two-factor models, there
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were not clear patterns in item distribution — item sets for each of the two factors have been very
different in different studies. Of the studies observing a two-factor structure, four studies did not
reported the eigenvalues [17, 35, 38, 40]. The remaining 10 studies have demonstrated the same
pattern — there has been a very conservative approach to interpret the Kaiser rule for retaining
(eigenvalue >1.0) [24, 29, 30, 32, 37, 43, 45-47, 52]. The same trend was seen for all 10 studies — the
eigenvalue of the first factor was between 4.0 and 6.0, while the second factor showed an eigenvalue,

which was only slightly higher than 1.0, varying between 1.0 and 1.34 (below 1.2 in eight studies).
Construct validity (Confirmatory Factor Analysis [CFA])

As Lue et al. [38], Santiago-Reynoso et al. [44] and Gabel et al. [22, 77] have employed the CFA in a
way that is usually associated with the EFA (defining the number of retaining factors) and Lauridsen
et al. [50] have analysed the modified 8-item version of the NDI, only one true CFA on the original NDI
was available [54]. In that study [54], the highest loadings was seen for items ‘pain intensity’, ‘reading’

and ‘driving’, and the lowest for items ‘lifting’, ‘headaches’ and ‘sleeping’.

Clinical relevancy (Minimal Clinically Important Difference [MCID] and Minimal Detectable Change

[MDC])

Every third study (n=24) has calculated a minimal detectable change (MDC). Some difficulties have
emerged when extracting these estimates, as well as the estimates for a minimal clinically important
difference (MCID). Firstly, different statistical formulas have been used. Secondly, the level of statistical
significance varied from 0.90 up to 0.99. Thirdly, some studies did not clearly specify if the NDI score
was reported as points (0-50) or as percentage (0%-100%). With those reservations, the reported MDC
varied widely from 3% to 27% and MCID from 5% to 33%.

Clinical relevancy (Area Under the Curve [AUC])

Of the studies, 12 have reported AUC estimates. Of them, 10 studies have provided 95% Cls [16, 18,
19, 59, 60, 78-82]. The AUC varied from 0.57 to 0.96. The meta-analysis is based on 11 studies (figure
3). When not reported, the variance (95% Cl) has been imputed from a study with similar mean
estimate. One study [58] was excluded from the meta-analysis as there was no variance reported and
the mean AUC estimate was far higher than estimate reported by any other study. The effect size index
was the mean. The random-effects model was employed for the analysis. The mean pooled AUC was
acceptable 0.74 (95% CI of 0.68 to 0.80) — to be precise, the lower confidence limit 0.68 fell just below
the limit of an acceptable level of 0.70. The Z-value was 24.2 with p <0.001. The Q-value was 44.1 with
10 degrees of freedom and p <0.001 signalling that the true effect differed across these studies. The I?

was 77%, which showed that some 77% of the variance in observed effects reflected variance in true
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effects rather than a sampling error. Tau, the standard deviation of true effect sizes, was 0.09 in raw
units. Assuming that the true effects were normally distributed (in raw units), the prediction interval
was 0.53 to 0.95 - the true effect size in 95% of all comparable populations falls in this interval. While
there were signs of publication bias (Egger’s regression intercept p=0.006), there was no need for a
trim-and-fill correction (figure 4). Removing one study at a time from the model did not significantly

affect the pooled estimate.
[INSERT FIGURE 4 ABOUT HERE]
Clinical relevancy (floor and ceiling effects)

At least 25 (33%) studies have investigated floor and ceiling effects. They saw neither floor nor ceiling
effects of the NDI.

Item Response Theory and Rasch analyses

Ailliet et al. have reported that the NDI composite score does not show the sex-related DIF, but the DIF
has been seen for individual items ‘headaches’, ‘sleep’, ‘lifting’ [29]. Another study has seen the sex-
related DIF for items 2, 8 and 9 [83]. The same study has reported that difficulty parameter for all the
items were good and discrimination ability ranged from 0.71 to 2.49 [83]. Van Der Velde et al. have
employed the Rasch analysis stating that the properties of the item ‘*headaches’ differed significantly

from the other items [84].
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DISCUSSION

This systematic review identified 79 observational studies reporting the psychometric properties of
the NDI. A meta-analysis was possible for two variables — the ICC and the AUC. The internal consistency
of the NDI was good with an alpha between 0.81 and 0.97. Test-retest reliability was overall good
showing moderate to very high correlations and an excellent pooled ICC of 0.91. While some studies
have reported the two- or even three-dimensional structure of NDI, in most situations the NDI can be
considered a unidimensional scale, which supports the comparability of the NDI scores. The NDI
correlated well with scales such as the NPAD and PROMIS, while correlations with pain severity, global
improvement, SF-36 and PHQ-9 might significantly vary in different populations. Strong conclusions
concerning the convergent validity of the NDI with other scales could not be achieved as these have
only been single studies on each scale. It is safe to assume that a change of 15% (7.5/50 points) in the
NDI score is the minimal change that can be noticed by a respondent as meaningful (MCID). The NDI
was well able to discriminate people who have improved from those who have not. No floor or ceiling
effect was detected in 25 studies. There have been a few reports on a potential sex-related DIF for the
several NDI items — the NDI score may slightly depend on the sex of respondent. The overall risk of
systematic bias was low for most of the studies. Clinical relevancy of the results of the review is

presented in brief in table 4.

Strengths and weaknesses

When there are tens of studies on the subject, even a comprehensive search might, and probably has,
let some relevant publications go unrecognized. The identified studies have often described the topic,
studied populations, settings, samples and outcome measures in many dissimilar terms, which
diminish the preciseness of the findings. In the case of multi-group studies, the reviewers were
sometimes forced to make voluntaristic decisions of including or excluding some groups into analysis.
Variance, needed for the quantitative pooling of the estimates, has often been unreported. In some
cases, the variance estimates were calculated using the available data or imputed from other similar
studies. The heterogeneity level (also heterogeneity in true effect) was high, widening the confidence
and prediction intervals. It should to be taken into account that meta-analysis is always an
approximation and should not be directly compared to findings seen in original research. The samples
were more or less predominated by women and by middle aged people — it is uncertain if the NDI
behaves similarly amongst younger people or among people older than 60 years. Taking into account
all these concerns, a big number of studies identified through a systematic and comprehensive search
suggests that the results of this review are reliable enough to identify several trends existing in the

body of the NDI literature.
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Findings regarding the NDI internal consistency in relation to previous knowledge

Based on 33 reports, the alpha varied between 0.81 and 0.97. The estimates were comparable with
those observed in 2008 and 2009 [3, 5]. Then, based on seven reports, two systematic reviews have
seen a high alpha between 0.74 to 0.93 and 0.70 to 0.96, respectively. In the present review, only one
study has reported a 95% confidence limit for an alpha. Without a reported variance, a meta-synthesis
was not possible to conduct. Several studies have reported other alpha-related estimates, like changes
in alpha when excluding one item at a time resulting in remarkable stability of the original 10-item
NDI.

Findings regarding the NDI repeatability in relation to previous knowledge

The included studies have used two statistical approaches for the task — different correlation
coefficients like Spearman, Pearson and the ICC. This is not directly comparable with previous reviews
as they have reported r-coefficients and the ICC together. The correlations observed by previous
reviews have overall been high (>0.90). In this review, the correlation coefficients varied from
moderate 0.56 to very high 0.98. An estimate of 0.56 has been reported by Cleland et al. [16] probably
as a result of failed methodology, as appointed by Dr. H. Vernon in his letter in 2008 [4]. Thus, it is safe
to assume that the variation seen in the present study was good, being between 0.86 and 0.98. The
variability might be caused by very different time intervals between repeated measures employed by
the included studies, which might affect the results significantly. E.g., Cook et al. have seen a

correlation of 0.97 after one day but only 0.48 after one week [28].

The ICC has been used in half of the included studies. The pooled estimate was excellent 0.91 (95% Cl
0.90 to 0.93). Unfortunately, none of the studies has specified what exact type of ICC (out of 10
available) has been used. The common choice for the test-retest ICC is a two-way mixed-effects model
[85]. Thus, it is safe to assume that this model has been used by most of the selected studies. However,

some uncertainty remained.
Findings regarding the construct validity of NDI (Exploratory Factor Analysis)

When the most common use of a scale is through its composite score, the unidimensionality (a scale
measures no more than a single underlying construct) is an extremely important issue. Surprisingly
many of the included publications have reported ‘good factor structure’ even when unidimensionality
has not been achieved. When a scale is multidimensional, the composite scores, obtained from two
different persons, samples or populations, are not directly comparable as different factors may
contribute to a total score differently depending on the particular characteristics of respondents. Of
the included studies, 13 have reported the NDI to be unidimensional, 14 — two-dimensional, and one

study has observed a three-dimensional structure. When analysing 10 out of 14 reports on a two-
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dimensional structure, it could be argued that the difference between the first and the second factors
were substantial — eigenvalues over 4.0 versus eigenvalues just above 1.0. Taking into account 13
reports on unidimensionality, the authors feel that the Kaiser’s cut-off of 1.0 could be a little relax here.
If so, then the NDI could be considered to be a unidimensional scale in most of the situations. To put
it simply, eigenvalues represent the importance of individual items regarding a particular factor. The
bigger eigenvalue the more important it is to the factor in question. There is no strong consensus on
the cut-off for eigenvalues, even though 1.0 is often used as a limit (Kaiser’s rule). The process of
retaining factors during a factor analysis is not purely mathematical but a rather logical operation,
which takes into account the context of analysis and the differences between eigenvalue [86]. E.g.,
when the eigenvalue of one factor is much larger than another and this smaller eigenvalue deviates
from 1.0 only a little, the researcher has to decide (based on background information) if the difference
between two eigenvalues is large enough that the second factor could be omitted as unimportant even

if its eigenvalue slightly exceeds the usual cut-off.
Findings regarding the construct validity of NDI (Confirmatory Factor Analysis)

Only one study employed the CFA in the non-modified NDI, but unfortunately in a way, which is usually
associated with the EFA approach [54]. Based on the distributions of the item loadings, items ‘pain
intensity’, ‘reading’ and ‘driving’ were the most important causes of disability, while ‘lifting’,
‘headaches’ and ‘sleeping’ were the least important items. This observation was not comparable with
any of the previous studies and, therefore, the need for additional confirmation is clear. It could be
speculated that maintaining a slightly flexed head position during reading or driving may exacerbate

neck symptoms.
Findings regarding the clinical relevancy of NDI (MDC and MCID)

The reported MDC and MCID varied widely from 3% to 27% and from 5% to 33%, respectively. Of the
included studies, 13 have suggested the MDC of less than 11% (5.5/50 points) and 13 over 11% (5.5/50
points). The variance has not been reported. Here, a weighted mean was calculated, based on each
study sample size, resulting in 15% (7.5/50 points). With some reservations, it could be assumed that
this level can be used as a cut-off for both the MCID and the MDC. In his review, Dr. H. Vernon has
established the MDC at 4% (2/50 points) and the MCID at 7% to 10% (3.5/50 to 5/50 points), even if
there had been a report on the MDC over 10% [87]. A review by MacDermid et al. has suggested the
MDC of 10% (5/50 points) [5]. The present MDC was substantially higher than one suggested by
previous reviews. The reason for that may be a considerably larger set of analysed studies or the use
of weighted reported means. The MDC of 15% was very similar to that calculated for the Oswestry

Disability Index (the NDI is a modification of the Oswestry Disability Index) — around 14% to 15%.
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Findings regarding the clinical relevancy of NDI (AUC)

The AUC describes the probability of achieving a ‘right’ result. In other words, the AUC shows how
precisely the NDI is able to identify people with improved or worsened levels of disability. The mean
pooled AUC was acceptable 0.74 (95% Cl of 0.68 to 0.80) — to be precise, the lower confidence limit
0.68 fell just below the limit of an acceptable level of 0.70. A previous review by MacDermid et al. has
reported substantially lower confidence limit of 0.50 for the ICC range [5]. This difference may be
explained by the larger number of studies identified in the present review. While the previous review
has reported the ICC estimates from two studies, the present review used estimates extracted from

12 studies.
Findings regarding the clinical relevancy of NDI (floor and ceiling effects)

It is safe to assume that the NDI shows neither floor no ceiling effect in the studied populations. In
other word, in most of the cases, the NDI is able to distinguish people with different level of disability

through the entire spectrum of scales including those with very severe or only mild disability.
Findings regarding the Item Response Theory and Rasch analyses of NDI

Only three studies have employed either Item response theory or Rasch analysis. The main finding was
that the NDI may behave slightly differently when applied to different sexes. One study has conducted
the Rasch analysis [84]. Here, the results were considered uncertain as the main purpose of that study

had been to develop a modified version of the NDI.
Findings regarding the convergent validity of NDI

Numerous scales have been used as comparators to the NDI. Consistently substantial correlations were
found between the NDI score and the Neck Pain and Disability scale (NPAD), Patient-Reported
Outcomes Measurement Information System (PROMIS), Patient Health Questionnaire (PHQ-9),
Problem Elicitation Technique, and Northwick Park Neck Pain Questionnaire. Other scales have been

used only once or the results have been inconsistent.
Suggestions for further research

The basic psychometric research of the NDI is probably going to be expanded by new translations as
they appear. More profound studies on the topic are scarce and there is a clear need for them. Item
response theory analyses across different populations and settings are warranted. While the body of
literature on the NDI is extensive, research on the convergent validity of the NDI is insufficient and
should be continued. So far, there have been only a few publications on the convergent validity of NDI

with modern scales based on the International Classification of Functioning, Disability and Health (ICF),
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like e.g., the WHODAS 2.0. Moreover, assessing the properties of the NDI in the light of the ICF could
be a topic, which is very important both for clinicians and researchers. E.g., hardly any study on the
NDI has attempted to focus on a functional profile instead of a composite score. While composite score
could certainly play an important role for statistical and administrative purposes, one numerical score
can hardly describe the entire diversity of functioning on a personal level. Thus, further research could
focus on the properties of the individual NDI items instead of being concentrated exclusively on the

NDI total score.
Conclusions

Based on the 79 observational studies of mostly low risk of systematic bias, the NDI demonstrated
good internal consistency with an alpha between 0.81 and 0.97, overall good test-retest reliability and
no floor or ceiling effect. In most of the situations the NDI could be considered a unidimensional scale.
The NDI correlated well with such scales as pain NRS or VAS, NPAD and PROMIS, but, otherwise, the
knowledge on the convergent validity was either scarce or inconsistent. Both the MCID and the MDC
for the NDI were estimated to be 15% (7.5/50 points). The NDI was well able to discriminate people
who have improved from those who have not. Moreover, the NDI score may slightly depend on the

sex of the respondent.
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TABLES AND FIGURES

Table 1. Descriptive characteristics of identified studies.

. Women | Age,
Study Country Language Participants N % years
Ailliet 2013 [29] Netherland Dutch Neck pain 338 66 41
Ailliet 2015 [88] Netherland Dutch Neck pain 337 66 41
Aljinovic 2022 [20] Croatia Croatian Whiplash 30 57 38
Aslan 2008 [55] Turkey Turkish Neck pain 88 74 38
Bakhtadze 2021 [89] Russia Russian Neck pain 136 76 42
Bakhtadze 2015 [30] Russia Russian Neck pain 123 81 38
Bjorklund 2017 [78] Sweden Swedish Neck pain 223 100 53
Carreon 2010 [90] USA English Cervical surgery 682 66 53
Chien 2015 [79] Taiwan Chinese Cervical surgery 45 49 56
Cleland 2008 [16] USA English Neck pain 89 69 42
Cleland 2006 [80] USA English Radiculopathy 17 47 51
Cook 2006 [28] Brazil Brazilian Portuguese Mixed 203 38 43
Cramer 2014 [75] Germany German Neck pain 558 76 50
Croft 2016 [21] USA English Whiplash 123 55 43
Cruz 2015 [31] Portugal Portuguese Neck pain 113 78 52
En 2009 [91] Australia English Neck pain 20 65 65
Farooq 2017 [32] Pakistan Urdu Neck pain 76 61 43
Gabel 2016 [22] Australia English Whiplash/Neck pain | 1767 69 40
Gay 2007 [72] USA English Neck pain 23 70 50
Geete 2023[33] India Hindi Neck pain 100 63 36
Geoghegan 2023 [69] USA English Cervical surgery 290 40 49
Goh 2020 [8] Australia Cervical surgery 539 46 54
Hoving 2003 [23] Australia English Whiplash 71 83 40
Hung 2018 [92] USA English Neck pain 1945 49 58
Hung 2019 [63] USA English Neck pain 763 50 58
Jenkins 2020 [73] USA English Cervical surgery 202 48 50
Jorritsma 2012 [57] Netherland Dutch Neck pain 112 63 39
Jorritsma 2012 [81] Netherland Dutch Neck pain 76 71 38
Joseph 2015 [34] India Marathi Neck pain 81 86 32
Jovicic 2018 [17] Sebia Serbian Radiculopathy 50 70 45
Juul 2016 [93] Denmark Danish Neck pain 196 75 48
Kaka 2016 [35] Nigeria Hausa Neck pain 62 32 37
Langenfeld 2022 [94] Switzerland German Neck pain 50 72 48
Lauridsen 2017 [50] Denmark Danish Neck pain 326 63 45
Lim 2022 [36] Singapore Malay Neck pain 120 86 45
Lim 2020 Singapore [37] Singapore Chinese Neck pain 70 53 44
Lin 2020 [74] China Chinese Cervical surgery 90 36 54
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Lue 2018 [38] Taiwan Taiwanese Neck pain 137 77 58
Luksanapruksa 2012 [51] Thailand Thai Neck pain 46 74 44
Misterska 2011 [39] Poland Polish Cervical surgery 60 57 47
Monticone 2015 [58] Italy Italian Neck pain 200 60 53
Monticone 2012 [40] Italy Italian Neck pain 101 66 48
Mousavi 2007 [41] Iran Persian Neck pain 185 54 46
Nakamaru 2012 [52] Japan Japanese Neck pain 110 60
Nieto 2008 [24] Spain Catalan Whiplash 150 71 35
Odole 2011 [42] Nigeria Nigerian Neck pain 32 66 48
Ortega 2010 [70] Spain Spanish Neck pain 175 79 39
Owen 2019 [64] USA English Cervical surgery 80 41 51
Owen 2018 [65] USA English Cervical surgery 60 43 60
Papuga 2016 [66] USA English Neck pain 283 48 55
Pennings 2020 [67] USA English Cervical surgery | 2018 48 57
Pereira 2015 [59] Portugal Portuguese Neck pain 113 78 52
Pool 2007 [87] Netherland Dutch Neck pain 183 61 46
Richardson 2012 [95] USA English Cervical surgery | 2070 56 43
Salehi 2019 [60] Iran Persian Neck pain 57 77 38
Salo 2010 [76] Finland Finnish Neck pain 101 58 50
Saltychev 2023 [83] Finland Finnish Neck pain 338 51 54
Sandal 2021 [43] India Punjabi Neck pain 115 62 37
Santiago-Reynoso 2021 [44] Mexico Mexican Spanish Neck pain 113 66 30
Schuller 2014 [61] Netherland Dutch Neck pain 1010 42
Shaheen 2013 [45] Egypt Arabic Neck pain 65 31 41
Shashua 2016 [46] Israel Hebrew Neck pain 100 61 53
Shrestha 2021 [18] Nepal Nepali Radiculopathy 150 59 38
Song 2010 [47] Korea Korean Cervical surgery 78 31 56
Swanenburg 2014 [27] Switzerland German Mixed 49 73 39
Takeshita 2013 [62] Japan Japanese Cervical surgery 130 32 59
Trouli 2008 [53] Greece Greek Neck pain 68 55 62
Uthaikhup 2011 [48] Thailand Thai Neck pain 185 74 49
Vaishnav 2020 [68] USA English Cervical surgery 121 36 52
Van Der Velde 2009 [84] Canada English Neck pain 521 65 45
Vernon 2010 [25] Canada English Whiplash 107 50 45
Vos 2006 [26] Netherland Dutch Neck pain (acute) | 187 64 40
Walton 2013 [71] Canada English Neck pain 316 44
\Widbom-Kolhanen 2022 [54] Finland Finnish Neck pain 392 52 55
\Wu 2010 [49] China Chinese Neck pain 125 62 43
Young 2009 [96] USA English Neck pain 91 67 48
Young 2010 [19] USA English Radiculopathy 165 65 49
Young 2019 [82] USA English Neck pain 107 68 42
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Table 2. Risk of systematic bias.
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Ailliet 2013 Low | Low | High | Low | High | Low | Low
Ailliet 2015 Low | Low | High | Low | Low | Low | Low
Aljinovic 2022 Low | Low | High | Low | Low | Low | Low
Aslan 2008 Low | Low | High | Low | Low | Low | Low
Bakhtadze 2021 Low | Low | High | Low | Low | Low | Low
Bakhtadze 2015 Low | Low | High | Low | Low | Low | Low
Bjorklund 2017 Low | Low | High | Low | High | Low | Low
Carreon 2010 Low | Low | High | High | High | Low | Low
Chien 2015 Low | Low | Low | High | High | High | High
Cleland 2008 low | Low | Low | Low | Low | Low | Low
Cleland 2006 Low | Low | High | Low | Low | Low | Low
Cook 2006 Low | Low | High | Low | High | Low | Low
Cramer 2014 Low | Low | High | Low | Low | Low | Low
Croft 2016 Low | Low | High | Low | High | Low | Low
Cruz 2015 Low | Low | High | Low | Low | Low | Low
En 2009 Low | Low | High | Low | High | Low | Low
Farooq 2017 Low | Low | Low | Low | Low u High
Gabel 2016 Low | Low | High | High | High | Low | High
Gay 2007 Low | Low | Low | Low | High | Low | Low
Geete 2023 Low | Low | High | Low | Low | Low | Low
Geoghegan 2023 Low | Low | High | Low | High | Low | Low
Goh 2020 Low | Low | Low | Low | High | Low | Low
Hoving 2003 Low | Low | High | Low | High | Low | Low
Hung 2018 Low | Low | High | High | Low | Low | High
Hung 2019 Low | Low | High | High | Low | Low | High
Jenkins 2020 Low | Low | Low | Low | High | Low | Low
Jorritsma 2012 Low | Low | High | Low | Low | Low | Low
Jorritsma 2012 Low | Low | High | Low | High | Low | Low
Joseph 2015 Low | Low | High | Low | High | Low | Low
Jovicic 2018 Low | Low | High | Low | High | Low | Low
Juul 2016 Low | Low | Low | Low | Low | Low | Low
Kaka 2016 Low | Low | High | Low | Low | Low | Low
Langenfeld 2022 Low | Low | High | Low | High | Low | Low
Lauridsen 2017 Low | Low | High | Low u Low | High
Lim 2022 Low | Low | Low | Low | Low | Low | Low
Lim 2020 Low | Low | Low | Low | Low | Low | Low
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Lin 2020 Low | Low | High | Low | High | High | High
Lue 2018 Low | Low | High | Low | Low | Low | Low
Luksanapruksa 2012 Low | Low | High | Low | High | High | High
Misterska 2011 Low | Low | Low | Low | Low | Low | Low
Monticone 2015 Low | Low | Low | Low | High | High | Low
Monticone 2012 Low | Low | Low | Low | Low | Low | Low
Mousavi 2007 Low | Low | Low | Low | Low | Low | Low
Nakamaru 2012 Low | Low | Low | Low | Low | Low | Low
Nieto 2008 Low | Low | Low | Low | High | Low | Low
Odole 2011 Low | Low | Low | High | High | High | High
Ortega 2010 Low | Low | Low | Low | High | High | Low
Owen 2019 Low | Low | Low | Low | High | Low | Low
Owen 2018 Low | Low | Low | Low | Low | Low | Low
Papuga 2016 Low | Low | Low | Low | High | High | Low
Pennings 2020 Low | Low | Low | Low | Low | Low | Low
Pereira 2015 Low | Low | Low | High | Low | Low | Low
Pool 2007 Low | Low | Low | Low | Low | Low | Low
Richardson 2012 Low | Low | Low | Low | Low | Low | Low
Salehi 2019 Low | Low | Low | Low | Low | Low | Low
Salo 2010 Low | Low | Low | Low | Low | Low | Low
Saltychev 2023 Low | Low | Low | Low | Low | Low | Low
Sandal 2021 Low | Low | Low | Low | Low | Low | Low
Santiago-Reynoso 2021 Low | Low | Low | Low | Low | Low | Low
Schuller 2014 Low | Low | Low | Low | Low | Low | Low
Shaheen 2013 Low | Low | Low | Low | Low | Low | Low
Shashua 2016 Low | Low | Low | Low | Low | Low | Low
Shrestha 2021 Low | Low | Low | Low | Low | Low | Low
Song 2010 Low | Low | Low | High | Low | Low | Low
Swanenburg 2014 Low | Low | Low | Low | Low | Low | Low
Takeshita 2013 Low | Low | Low | Low | Low | Low | Low
Trouli 2008 Low | Low | Low | Low | Low | High | Low
Uthaikhup 2011 Low | Low | Low | Low | Low | Low | Low
Vaishnav 2020 Low | Low | Low | Low | Low | Low | Low
Van Der Velde 2009 Low | Low | Low | Low | Low | Low | Low
Vernon 2010 Low | Low | Low | Low | Low | Low | Low
\Vos 2006 Low | Low | Low | Low | Low | Low | Low
\Walton 2013 Low | Low | Low | Low | Low | Low | Low
Widbom-Kolhanen 2022 Low | Low | Low | Low | Low | Low | Low
Wu 2010 Llow | Low | Low | Low | Low | Low | Low
Young 2009 Low | Low | Low | Low | Low | Low | Low
Young 2010 Low | Low | Low | Low | Low | High | Low
Young 2019 Low | Low | Low | Low | Low | Low | Low
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Table 3. Psychometric characteristics reported by the included studies.

Study

Content validity

Face validity

Internal consistency

Factor structure

Test-retest reliability

Floor or ceiling effect

Pain VAS or NRS

Convergency with DASH

Convergency with PHQ

Convergency with SF-36

Convergency with PROMIS

Convergency with NPAD

Convergency with GROC

Convergent validity (other)

MDC or/and MCID

AUC

RASCH or IRT

Ailliet 2013

Ailliet 2015

Aljinovic 2022

Aslan 2008

Bakhtadze 2021

Bakhtadze 2015

Bjorklund 2017

Carreon 2010

Chien 2015

Cleland 2008

Cleland 2006

Cook 2006

Cramer 2014

Croft 2016

Cruz 2015

En 2009

Farooq 2017

Gabel 2016

Gay 2007

Geete 2023

Geoghegan 2023

Goh 2020

Hoving 2003

Hung 2018

Hung 2019

Jenkins 2020

Jorritsma 2012

Jorritsma 2012

Joseph 2015

Jovicic 2018

Juul 2016

Kaka 2016

Langenfeld 2022

Lauridsen 2017

Lim 2022

Lim 2020

Lin 2020
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Lue 2018

Luksanapruksa 2012

Misterska 2011

Monticone 2015

Monticone 2012

Mousavi 2007

Nakamaru 2012

Nieto 2008

Odole 2011

Ortega 2010

Owen 2019

Owen 2018

Papuga 2016

Pennings 2020

Pereira 2015

Pool 2007

Richardson 2012

Salehi 2019

Salo 2010

Saltychev 2023

Sandal 2021

Santiago-Reynoso 2021

Schuller 2014

Shaheen 2013

Shashua 2016

Shrestha 2021

Song 2010

Swanenburg 2014

Takeshita 2013

Trouli 2008

Uthaikhup 2011

Vaishnav 2020

Van Der Velde 2009

Vernon 2010

Vos 2006

Walton 2013

Widbom-Kolhanen 2022

Wu 2010

Young 2009

Young 2010

Young 2019
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Table 4. Clinical relevancy of the results of the review.

NDI property

Results

Clinical significance

Content and face validity

Good for every studied
translation

No direct significance to clinicians

Reliability (internal
consistency)

Good Cronbach’s alpha of
0.81t00.97

All 10 items are well correlated with each other,
which supports the reliability of NDI composite
score

Reliability (test-retest
correlation)

Moderate to very high
correlation of 0.56 to 0.98

NDI produces similar results when repeated

Reliability (test-retest
between raters)

Excellent ICC of 0.91 (95% ClI
0.90 to 0.93)

Same respondents probably end up with same
results if fill NDI more than once

Construct validity

NDI will usually behave as a
unidimensional score

NDI composite scores are comparable in most of
situations

Convergent validity

NDI well correlates with such
scales as NPAD and PROMIS,
while correlations with pain
severity, global
improvement, SF-36 and
PHQ-9 may significantly vary
in different populations

Other common scales should be used along with
the NDI to ensure the comprehensiveness of
evaluation

MCID and MDC

MDC varied from 3% to 27%
and MCID from 5% to 33%

It is safe to assume that change of 20%-35% in
NDI score is the minimal change perceived by a
respondent as meaningful

Discrimination ability

AUC was acceptable 0.74
(95% CI of 0.68 to 0.80)

NDI is well able to discriminate people who have
improved from those who have not

Floor and ceiling effect

No floor or ceiling effect was
detected by 25 studies.

NDI is able to produce reliable scores among
those who have only mild disability as well as
among people with severe disability

IRT and Rasch

Potential sex-related DIF for
several items

NDI score may slightly depend on the sex of
respondent

25




Supplement 1. Search strategy.

Database

Search clause

Medline

(“neck disability index”[TI] OR “ ndi “[TI]) AND (validity[TIAB] OR reliability[TIAB]
OR “internal consistency” [TIAB] OR cronbach*[TIAB] OR alpha[TIAB] OR
factor*[TIAB] OR “test-retest” [TIAB] OR “minimal clinically important” [TIAB]
OR mcid[TIAB] OR “minimal detectable change” [TIAB] OR responsiveness[TIAB]
OR “floor effect”[TIAB] OR “ceiling effect”[TIAB] OR “convergent validity” OR
“criterion validity” OR “item response” [TIAB] OR rasch[TIAB] OR “differential
item functioning”[TIAB])

Filters: Abstract, English

Embase

(“neck disability index”:ti OR “ndi”:ti) AND ((validity:ti OR reliability:ti OR
consisten*:ti OR cronbach*:ti OR alpha:ti OR factor*:ti OR “test-retest”:ti OR
“minimal clinically important”:ti OR mcid:ti OR “minimal detectable change”:ti
OR responsiveness:ti OR floor:ti OR ceiling:ti OR “convergent validity” OR
“criterion validity” OR “item response”:ti OR rasch:ti OR “differential item
functioning”:ti) OR (validity:ab OR reliability:ab OR consisten*:ab OR
cronbach*:ab OR alpha:ab OR factor*:ab OR “test-retest”:ab OR “minimal
clinically important”:ab OR mcid:ab OR “minimal detectable change”:ab OR
responsiveness:ab OR floor:ab OR ceiling:ab OR “convergent validity” OR
“criterion validity” OR “item response”:ab OR rasch:ab OR “differential item
functioning™:ab)) AND 'article'/it

Scopus

TITLE (“neck disability index” OR “ ndi ”) AND TITLE-ABS-KEY (validity OR
reliability OR consisten* OR cronbach* OR alpha OR factor* OR “test-retest” OR
“minimal clinically important” OR mcid OR “minimal detectable change” OR
responsiveness OR floor OR ceiling OR “convergent validity” OR “criterion
validity” OR “item response” OR rasch OR “differential item functioning”) AND
LIMIT-TO (DOCTYPE, "ar")

Web of Science

TI=(“neck disability index”) AND (TI=(validity OR reliability OR consisten* OR
cronbach* OR alpha OR factor* OR “test-retest” OR “minimal clinically
important” OR mcid OR “minimal detectable change” OR responsiveness OR
floor OR ceiling OR “convergent validity” OR “criterion validity” OR “item
response” OR rasch OR “differential item functioning”) OR AB=(validity OR
reliability OR consisten* OR cronbach* OR alpha OR factor* OR “test-retest” OR
“minimal clinically important” OR mcid OR “minimal detectable change” OR
responsiveness OR floor OR ceiling OR “convergent validity” OR “criterion
validity” OR “item response” OR rasch OR “differential item functioning”))

Psycinfo

Tl “neck disability index”
Publication Type: Peer Reviewed Journal
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Figure 1. Search flow (PRISMA)
Figure 2. Forest plot of pooled intra-rater intraclass correlation (ICC) estimates.

Figure 3. Funnel plot of publication bias for pooled test-retest intraclass correlation (ICC) and
sensitivity (Area Under the Curve [AUC])).

Figure 4. Forest plot of pooled Area Under the Curve (AUC) estimates.
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