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ABSTRACT

Background: Neck pain is prevalent and disabling, and literacy barriers may limit accurate completion of written
patient-reported outcome measures in Urdu-speaking populations. A voice-supported mobile application version of
the Urdu Neck Disability Index (NDI-U App) may improve accessibility but requires psychometric evaluation.
Objective: To determine the reliability; internal consistency; structural validity, and convergent construct validity of
the NDI-U App in adults with chronic mechanical neck pain. Methods: A cross-sectional observational psychometric
validation study was conducted across three centers in Kotli, Azad Kashmir, Pakistan (2023). Adults aged 18-65
_years with chronic mechanical neck pain (=3 months) completed the NDI-U App, Urdu Northwick Park Neck Pain
Questionnaire (NPQ-U), and Visual Analogue Scales (VAS) for pain and disability at baseline; the NDI-U App was
repeated after 48 hours. Test-retest reliability was assessed using ICC(2,1); internal consistency using Cronbach’s
alpha; floor/ceiling effects using extreme-score proportions; convergent validity using Pearson correlations; and
structural validity using principal component analysis with varimax rotation. Results: Among 300 participants, test—
retest reliability was excellent (ICC=0.95; 95% CI: 0.93-0.96; p<0.001) with SEM=1.73 and MDC95=4.79. Internal
consistency was fair (a=0.675; 95% CI: 0.63-0.72). Floor and ceiling effects were minimal (1.0% and 0.3%,
respectively). Convergent validity was moderate with NPQ-U (r=0.584; 95% CI: 0.50-0.66; p<0.001) and weak with
VAS pain (r=0.253) and disability (r=0.266) (both p<0.001). Two components explained 33.34% variance (KMO=0.584;
Bartlett p<0.001). Conclusion: The NDI-U App demonstrates excellent reliability, minimal extreme-score effects, and
moderate convergent validity;, supporting its clinical and research use for disability assessment in Urdu-speaking

chronic mechanical neck pain populations.

Keywords: Neck Disability Index; Urdu; mobile application; chronic mechanical neck pain; reliability; validity;
NPQ); VAS.

INTRODUCTION

Neck pain is a highly prevalent musculoskeletal condition and a leading contributor to
disability worldwide. The cervical spine, extending from the base of the skull to the thoracic
region, provides structural support, facilitates mobility, and protects the spinal cord, yet its
biomechanical demands render it vulnerable to cumulative mechanical stress and
degenerative changes (1,2). Mechanical or non-specific neck pain—often associated with
postural strain, occupational load, and psychosocial factors—represents the most frequent
clinical presentation in outpatient practice (3,4). Epidemiological studies indicate that up to
two-thirds of individuals experience neck pain at some point in their lifetime, with substantial
recurrence and chronicity rates (9,10). Chronic mechanical neck pain (CMNP), defined as
pain persisting for more than three months without specific pathological cause, is associated
with functional limitations, reduced work productivity, and impaired quality of life (11).
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Given its chronic course and multifactorial etiology—including ergonomic, psychological,
and lifestyle contributors—accurate and responsive outcome measurement is fundamental

for both clinical decision-making and research evaluation (12,13).

Patient-reported outcome measures (PROMs) are considered essential tools for quantifying
pain intensity, functional disability, and treatment response in musculoskeletal disorders.
The Visual Analogue Scale (VAS) is widely used to assess pain severity due to its simplicity,
sensitivity, and established psychometric performance across chronic pain populations (15—
17). Similarly, disability-oriented VAS instruments have demonstrated acceptable reliability
and validity in chronic musculoskeletal conditions (27). However, pain intensity alone does
not fully capture the multidimensional impact of CMNP on daily functioning. Consequently,
condition-specific disability instruments such as the Neck Disability Index (NDI) were
developed to evaluate functional impairment across domains including self-care, reading,
lifting, work, concentration, and recreational activities (21). Since its introduction in 1991,
the NDI has undergone extensive psychometric validation and cross-cultural adaptation and
is regarded as one of the most robust neck-specific disability measures available (20,23). Its
reliability, construct validity, and responsiveness have been confirmed in multiple languages
and populations, including Persian, Spanish, German, Korean, and Japanese versions
(22,31,34,35).

In Pakistan, where Urdu serves as the national language, a culturally adapted Urdu version
of the NDI (NDI-U) has previously demonstrated excellent test-retest reliability and good
internal consistency (24). Similarly, the Northwick Park Neck Pain Questionnaire (NPQ),
another validated neck-specific instrument, has recently been translated into Urdu and
shown strong psychometric properties, including high reliability and convergent validity
with related disability measures (30). While these validated paper-based instruments exist, a
critical practical limitation persists in routine clinical settings. A substantial proportion of
patients in Pakistan, particularly in semi-urban and rural regions, may understand spoken
Urdu but experience difficulty reading structured questionnaire items due to literacy
constraints or limited health literacy. This creates a barrier to independent completion of
written PROMs, potentially introducing interviewer bias or reducing measurement accuracy.
Moreover, increasing smartphone penetration offers an opportunity to improve accessibility
through digital health solutions that incorporate audio support and automated scoring.

Although digital administration of PROMs has been shown in other contexts to provide
comparable measurement properties to traditional paper formats (19), equivalence cannot
be assumed without empirical evaluation. Mode-of-administration effects may influence
response patterns, particularly when auditory assistance is introduced. Therefore, before
clinical implementation, it is essential to establish the reliability, internal consistency,
structural validity, and convergent validity of a digitally administered NDI-U mobile
application within the target CMNP population. To date, no study has systematically
evaluated the psychometric performance of an Urdu NDI delivered through a mobile
application with integrated voice-over functionality.

Using a PICO framework, the target population comprises adults aged 18-65 years diagnosed
with chronic mechanical neck pain; the intervention/exposure is administration of the Urdu
NDI via a mobile application with audio support; the comparator consists of established neck-
related outcome measures including the NPQ-U and VAS pain and disability scales; and the
outcomes of interest are psychometric properties, specifically test-retest reliability, internal
consistency, structural validity, floor and ceiling effects, and convergent construct validity.
Addressing this gap is justified not only by the need to enhance accessibility in populations
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with variable literacy but also by the requirement for psychometrically sound digital tools

that can be confidently used in both clinical practice and research.

Therefore, the objective of the present study was to evaluate the reliability and construct
validity of a mobile application-based Urdu version of the Neck Disability Index in adults
with chronic mechanical neck pain. We hypothesized that the NDI-U mobile application
would demonstrate high test-retest reliability (ICG >0.80), acceptable internal consistency
(Cronbach’s a >0.70), minimal floor and ceiling effects (<15%), and moderate to strong
positive correlations with the NPQ-U and VAS disability measures, thereby supporting its
suitability as a clinically applicable digital outcome assessment tool in Urdu-speaking CMNP
populations (24,30).

MATERIAL AND METHODS

This cross-sectional observational psychometric validation study was conducted to evaluate
the reliability and construct validity of a mobile application-based Urdu version of the Neck
Disability Index (NDI-U App) in adults with chronic mechanical neck pain (CMNP). The
study design followed the methodological standards outlined by the COSMIN (Consensus-
based Standards for the selection of health Measurement Instruments) framework for
evaluating measurement properties of patient-reported outcome measures (25). Data
collection was carried out over a two-month period in 2023 at the Royal Institute of Science
and Technology, District Headquarter Hospital Kotli, and S. Jan Hospital Kotli, Azad
Kashmir, Pakistan. These centers provide outpatient musculoskeletal rehabilitation services
to urban and semi-urban populations and were selected to ensure representation of the target
Urdu-speaking CMNP population.

Adults aged 18-65 years diagnosed with chronic mechanical neck pain of at least three
months’ duration were eligible for inclusion. Chronic mechanical neck pain was
operationally defined as non-specific cervical pain aggravated by movement or posture,
without identifiable structural pathology, infection, tumor, fracture, inflammatory disease,
cervical myelopathy, or prior cervical surgery (11,14). Participants were required to
understand spoken Urdu and be capable of independently interacting with a smartphone
interface. Exclusion criteria included neurological deficits preventing questionnaire
completion, pregnancy, systemic inflammatory disorders, severe psychiatric illness,
malignancy, acute cervical trauma, and any condition likely to cause instability of symptoms
between repeated assessments. Consecutive sampling was employed, whereby all eligible
patients presenting to the participating centers during the recruitment period were invited
to participate to reduce selection bias.

Potential participants were screened by a licensed physiotherapist using standardized clinical
criteria. Eligible individuals received a detailed explanation of the study objectives and
procedures in Urdu, and written informed consent was obtained prior to enrollment. To
minimize interviewer influence, all questionnaires were self-administered through the
mobile application in a quiet clinical environment without clinician prompting. For
participants preferring auditory assistance, the application provided standardized pre-
recorded Urdu voice-over for each item and response option. The application presented items
sequentially, restricted item skipping, and automatically calculated the total score (range 0-
50), thereby preventing manual scoring errors.

Data were collected at two time points separated by 48 hours to assess test-retest reliability.
Participants were instructed not to initiate new treatments or modify analgesic regimens
during this interval. At baseline (T1), participants completed the NDI-U App, the Urdu
version of the Northwick Park Neck Pain Questionnaire (NPQ-U), and two Visual Analogue



JHWCR -1245 | 2026;4(2) | ISSN 3007-0570 | © 2026 The Authors | CC BY 4.0 | Page 4

Scales (VAS) measuring pain intensity and disability. The NPQ-U has demonstrated strong
reliability and validity in Urdu-speaking populations and was used as the primary
comparator instrument for convergent validity (30). The VAS pain consisted of a 100-mm
horizontal line anchored by “no pain” (0 mm) and “worst imaginable pain” (100 mm), and
the VAS disability similarly ranged from “no disability” to “maximum disability” (15,27). At
follow-up (T2), only the NDI-U App was re-administered under identical conditions to
evaluate stability.

The primary outcomes were psychometric properties of the NDI-U App, including test-retest
reliability, internal consistency, structural validity, floor and ceiling effects, and convergent
construct validity. Test-retest reliability was assessed using a two-way random-effects
intraclass correlation coefficient with absolute agreement (ICC(2,1)) and 95% confidence
intervals. Internal consistency was evaluated using Cronbach’s alpha coefficient, with values
=0.70 considered acceptable for group-level comparisons. Item-total correlations and
Cronbach’s alpha if item deleted were examined to assess homogeneity. Measurement error
was quantified using the standard error of measurement (SEM = SD x V(1-ICC)) and the
minimal detectable change at the 95% confidence level (MDC95 = 1.96 x V2 x SEM). Floor
and ceiling effects were defined as present if more than 15% of participants achieved the
lowest or highest possible total score, respectively (25).

Construct validity was examined through a priori hypothesis testing using Pearson’s
correlation coefficients between NDI-U App scores and comparator instruments. Based on
theoretical expectations and prior literature, moderate to strong positive correlations (r
=0.50) were hypothesized between NDI-U App and NPQ-U scores, and moderate correlations
(r =0.30) with VAS disability, while weaker but significant correlations were expected with
VAS pain (24,30). Structural validity was evaluated using exploratory factor analysis with
principal component extraction and varimax rotation. Sampling adequacy was assessed
using the Kaiser-Meyer-Olkin (KMO) statistic, with values >0.60 considered acceptable, and
Bartlett’s test of sphericity was used to confirm factorability. Factors with eigenvalues >1.0
were retained, and items with loadings >0.30 were considered meaningful contributors.

A minimum sample size of 10 participants per item was targeted in accordance with
COSMIN recommendations for factor analysis and reliability studies of PROMs, resulting in
a required sample of at least 100 participants for the 10-item NDI (25). To enhance statistical
precision and stability of factor extraction, 300 participants were recruited. This sample size
provided sufficient power (>90%) to detect an ICC of 0.80 or higher with a 95% confidence
interval width of +0.05, assuming a two-sided alpha of 0.05.

To minimize information bias, standardized instructions were provided to all participants,
and the same device interface and environmental conditions were used at both testing
sessions. Data entry errors were prevented through automated digital capture and direct
export into a password-protected database. Prior to analysis, data were screened for
completeness and plausibility. Cases with missing responses were excluded from reliability
analysis; no imputation was performed for psychometric testing to avoid distortion of
measurement properties. Normality of continuous variables was assessed using the Shapiro-
Wilk test and visual inspection of histograms. Descriptive statistics were reported as mean =+
standard deviation for continuous variables and frequencies with percentages for categorical
variables.

All statistical analyses were conducted using IBM SPSS Statistics version 25.0 (IBM Corp.,,
Armonk, NY, USA). Statistical significance was set at p < 0.05 (two-tailed). Confidence
intervals were reported where appropriate to enhance interpretability and transparency.
Subgroup analyses were conducted to explore potential differences in NDI-U App scores by
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gender and physical activity status using independent t-tests or one-way ANOVA as
applicable. No multivariable adjustment was required for primary reliability analyses, as

test-retest design inherently controls for between-subject confounding,

The study protocol was reviewed and approved by the institutional ethics review committee
of the participating institution. All procedures conformed to the principles of the Declaration
of Helsinki. Participants were assured of confidentiality, and no personally identifiable data
were retained within the analytical dataset. The mobile application stored responses using
anonymized study identification codes, and data were exported in encrypted format to ensure
integrity and reproducibility. The full protocol, scoring algorithm, and statistical analysis
plan were predefined prior to data analysis to reduce analytical bias and enhance
methodological transparency (25).

RESULTS

Table 1 summarizes the baseline profile of the 300 participants with chronic mechanical neck
pain. The sample was predominantly female (219/300, 73.0%), while males constituted 81/300
(27.0%). Physical activity status was mainly mild (173/300, 57.7%) or moderate (122/300,
40.7%), with only 5/300 (1.7%) reporting severe activity limitation. Quantitatively, the mean
age was 38.6 + 11.4 years (95% CI: 37.3-39.9) and the mean symptom duration was 9.8 + 4.2
months (95% CI: 9.3-10.3). Baseline disability and symptom burden were in the moderate
range, with an average NDI-U App total score of 22.8 + 7.6 out of 50 (95% CI: 21.9-23.7).
Comparator measures showed a mean NPQ-U score of 21.5 + 6.9 (95% CI: 20.7-22.3), mean
VAS pain of 56.2 + 14.8 mm (95% CI: 54.6-57.8), and mean VAS disability of 51.7 + 13.9 mm
(95% CI: 50.1-53.3), indicating that participants experienced substantial pain intensity and

functional limitation at enrollment.

Table 2 reports the test-retest reliability findings over the 48-hour interval. The NDI-U App
demonstrated excellent temporal stability, with an ICC(2,1) for the total score of 0.95 (95%
CI: 0.93-0.96; p < 0.001). This indicates very high agreement between baseline and retest
scores. Measurement error was low, as reflected by a standard error of measurement (SEM)
of 1.73 points, and the minimal detectable change at the 95% confidence level (MDC95) was
4.79 points. In practical terms, changes smaller than approximately 5 points on the 0-50 scale
may reflect measurement variability rather than true clinical change. Pearson correlation
between time points also confirmed strong stability (r = 0.94; p < 0.001). At the item level,
ICC values remained consistently high, ranging from 0.88 (Item 3) to 0.94 (Item 5), with all
item-level reliability estimates statistically significant (p < 0.001), supporting reproducibility
across all domains of the tool.

Table 3 presents internal consistency results, demonstrating a total Cronbach’s alpha of 0.675
(95% CI: 0.63-0.72), reflecting fair-to-acceptable homogeneity of the 10-item scale for group-
level use. Item-total correlations ranged from 0.34 (Q4) to 0.61 (Q9), showing that most items
contributed meaningfully to the overall construct, though Q4 showed the weakest
association with the total score.

Importantly, “Cronbach’s alpha if item deleted” ranged narrowly from 0.643 to 0.672 across
items, indicating that removing any single item would not materially improve the overall
internal consistency, and supporting retention of the full 10-item structure in the app format.

Table 4 demonstrates distributional performance through floor and ceiling evaluation,
showing negligible clustering at extreme scores. Only 3 participants (1.0%; 95% CI: 0.2-2.9%)
fell into the lowest score range, and only 1 participant (0.3%; 95% CI: 0.01-1.8%) fell into the
highest score range. Both proportions were far below the conventional 15% threshold used
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to indicate problematic floor or ceiling effects, implying that the NDI-U App had adequate
score dispersion and capacity to discriminate across disability severity levels in this CMNP

cohort.

Table 5 summarizes structural validity from exploratory factor analysis. Sampling adequacy
was borderline (KMO = 0.584), but Bartlett’s test of sphericity was statistically significant (x
=412.6,df = 45; p <0.001), supporting factorability of the correlation matrix. Two components
were extracted, with eigenvalues of 1.693 and 1.641, explaining 16.93% and 16.40% of the
variance, respectively, for a cumulative explained variance of 33.34%. While this indicates
that two latent dimensions contribute to item covariance, the total explained variance is
modest, suggesting that the construct may be multifactorial or that items capture diverse
aspects of neck-related disability with limited shared variance in this sample.

Table 6 details the rotated component matrix, highlighting the item-to-factor pattern. Factor
1 showed salient loadings for Q2 (0.448), Q3 (0.427), Q9 (0.707), and Q10 (0.605), with
additional contributions from Q1 (0.336) and Q8 (0.348).

Factor 2 was characterized by higher loadings for Q5 (0.780) and Q6 (0.733), along with
moderate loadings for Q7 (0.484) and Q4 (0.439). This pattern suggests a separation where
one factor may represent broader functional participation and symptom-related impact,
while the second factor may capture activity-specific limitations; however, labeling would
require theoretical mapping to the original NDI item content and confirmation in future
confirmatory analyses.

Table 7 reports convergent construct validity through correlations between NDI-U App
scores and established comparator instruments. The strongest association was observed
between the NDI-U App and NPQ-U (r = 0.584; 95% CI: 0.50-0.66; p < 0.001), indicating a
moderate convergent relationship between two neck-specific disability constructs.
Associations with VAS measures were weaker but statistically significant, with r = 0.253 (95%
CI: 0.15-0.35; p < 0.001) for VAS pain and r = 0.266 (95% CI: 0.17-0.36; p < 0.001) for VAS
disability. These results align with the conceptual distinction between pain
intensity/disability perception on a single-item VAS and the multi-domain functional
limitation assessed by the NDL

Table 1. Baseline Demographic and Clinical Characteristics (N = 300)

Variable n (%) or Mean + SD 95% CI p-value*
Age (years) 386+ 114 37.3-399 —
Gender (Male) 81 (27.0%) — —
Gender (Female) 219 (73.0%) — —
Duration of neck pain (months) 981+42 9.3-10.3 —
Physical Activity - Mild 173 (57.7%) — —
Physical Activity - Moderate 122 (40.7%) — —
Physical Activity — Severe 5 (1.7%) — —
NDI-U App total score (0-50) 228+76 21.9-23.7 —
NPQ-U total score 21.5+6.9 20.7-22.3 —
'VAS Pain (0-100 mam) 56.2 +14.8 54.6-57.8 —

VAS Disability (0-100 mm) 51.7+£139 50.1-53.3 —
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Table 2. Test-Retest Reliability of NDI-U App (N = 300)

Measure ICC (2,1) 95% CI SEM MDC95 Pearson r p-value
Total Score 0.95 0.93-0.96 173 479 0.94 <0.001
Ttem 1 091 0.88-0.94 — — — <0.001
Item 2 0.90 0.87-0.93 — — — <0.001
Item 3 0.88 0.84-0.91 — — — <0.001
Item 4 0.92 0.89-0.95 — — — <0.001
Item 5 0.94 0.91-0.96 — — — <0.001
Item 6 093 0.90-0.95 — — — <0.001
Item 7 0.90 0.86-0.93 — — — <0.001
Item 8 0.89 0.85-0.92 — — — <0.001
Item 9 0.92 0.89-0.95 — — — <0.001
Item 10 091 0.88-0.94 — — — <0.001

Table 3. Internal Consistency of NDI-U App (N = 300)

Ttem Item-Total Correlation Cronbach’s Alpha if Item Deleted
Q 041 0.666

Q2 0.38 0.658

Q3 043 0.667

Q4 0.34 0.643

Q5 0.55 0.651

Q6 0.53 0.662

Q7 0.44 0.651

Q8 0.36 0.672

Q9 0.61 0.654

Q10 0.58 0.653

Total Alpha — 0.675 (95% CI: 0.63-0.72)

Table 4. Floor and Ceiling Effects of NDI-U App (N = 300)

Score Range Frequency Percentage 95% CI p-valuet
Lowest Score Range 3 1.0% 0.2-2.9% <0.001
Highest Score Range 1 0.3% 0.01-1.8% <0.001

Table 5. Exploratory Factor Analysis of NDI-U App (Principal Component Analysis, Varimax Rotation)

Component Eigenvalue % Variance Cumulative % p-value

1 1.693 16.93% 16.93% <0.001

2 1.641 16.40% 33.34% <0.001
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Table 6. Rotated Component Matrix (Loadings =0.30)

Ttem Factor 1 Factor 2
Q1 0.336 —
Q2 0448 —
Q3 0427 -
Q4 — 0.439
Q5 — 0.780
Q6 — 0.733
Q7 — 0.484
Q8 0.348 -
Q9 0.707 —
Q10 0.605 —

Table 7. Construct Validity: Correlation of NDI-U App with Comparator Measures (N = 300)

Comparator Instrument Pearson r 95% CI Effect Size Interpretation p-value
NPQ-U 0.584 0.50-0.66 Moderate <0.001
VAS Pain 0.253 0.15-0.35 Weak <0.001
VAS Disability 0.266 0.17-0.36 ‘Weak-Moderate <0.001

Table 8. Group Gomparisons of NDI-U App Scores

Variable Mean + SD Mean Difference 95% CI Effect Size p-value
Male 219:72 — — — —
Female 23077 112 —0.84-3.08 d=017 0.26
Mild Activity 214171 — — — —
Moderate Activity 242178 2.8 0.91-4.69 d=0.38 0.004
Severe Activity 26.8+6.9 541 1.02-9.80 12 =0.04 0.016

Table 8 presents group comparisons of NDI-U App scores across sex and physical activity
status. Mean disability scores were 21.9 + 7.2 in males and 23.0 + 7.7 in females, yielding a
mean difference of 1.12 points (95% CI: —0.84 to 3.08; p = 0.26) with a small effect size
(Cohen’s d = 0.17), indicating no statistically significant sex-based difference in disability
levels in this cohort.

By contrast, activity status demonstrated meaningful gradients. Participants with moderate
activity limitation scored higher than those with mild limitation (24.2 + 7.8 vs 21.4 + 7.1), with
a mean difference of 2.8 points (95% CI: 0.91-4.69; p = 0.004) and a small-to-moderate effect
size (d = 0.38). Those with severe activity limitation had the highest disability (26.8 + 6.9),
differing from the mild group by 5.41 points (95% CI: 1.02-9.80; p = 0.016; n*> = 0.04),
supporting construct-consistent discrimination across functional activity strata, although
interpretation should consider the very small severe subgroup (n = 5).

Overall, across the tables, the NDI-U App demonstrated strong reproducibility (ICC = 0.95;
MDC95 = 4.79), fair internal consistency (a = 0.675), minimal score extremity effects (<1.0%

at extremes), moderate convergent validity with an established neck disability instrument
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(NPQ-U, r = 0.584), weaker correlations with single-item VAS constructs (r ~ 0.25-0.27), and
a two-component latent structure explaining 33.34% of observed variance in this CMNP
sample.

30 A

[ J %)
(%) (=] w
1 1 1

NDI-U App Score (0-50)

=
o
I

Moderate Severe
Physical Activity Limitation Level

Figure 1 Gradient Increase in Neck Disability Across Physical Activity Limitation Levels with 95% Confidence
Intervals and Weighted Trend Line

The figure demonstrates a graded, monotonic increase in mean NDI-U App disability scores
across physical activity limitation levels, with weighted regression indicating a positive linear
trend. Participants with mild limitation reported a mean NDI score of 21.4 (95% CI: 20.3—
22.5), increasing to 24.2 (95% CI: 22.8-25.6) in the moderate group, and further to 26.8 (95%
CI: 20.8-32.8) in the severe group. The absolute gradient between mild and moderate
categories was 2.8 points, while the difference between mild and severe categories reached
5.4 points, exceeding the calculated MDC95 (4.79), suggesting potential clinical relevance
beyond measurement error. Confidence interval width expanded markedly in the severe
group due to small sample size (n = 5), reflecting increased uncertainty rather than
distributional inconsistency. The weighted regression line confirms a positive disability
gradient across ordinal activity strata, supporting construct-consistent discrimination of the
NDI-U App and demonstrating a clinically interpretable dose-response relationship between
functional activity limitation and neck-related disability severity.

DISCUSSION

The present study evaluated the psychometric performance of a digitally administered Urdu
version of the Neck Disability Index in adults with chronic mechanical neck pain and
demonstrated that the NDI-U mobile application possesses excellent test-retest reliability,
fair internal consistency, minimal floor and ceiling effects, and moderate convergent validity
with an established neck-specific disability instrument. The total score ICC(2,1) of 0.95 (95%
CI: 0.93-0.96) indicates a very high degree of temporal stability over a 48-hour interval,
exceeding the conventional threshold of 0.80 for acceptable reliability in health
measurement instruments (25). The calculated MDC95 of 4.79 points further provides a
clinically interpretable benchmark for distinguishing true change from measurement error,
supporting the app’s potential utility in monitoring short-term clinical progress in CMNP
populations.

The reliability findings align closely with previously validated paper-based Urdu and
international versions of the NDI The original Urdu version reported excellent reliability
(ICC up to 0.99) in musculoskeletal populations (24), while Arabic, German, and Korean
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adaptations have shown ICC values ranging between 0.92 and 0.96 (34,36). The comparable
ICC observed in the present study suggests that digital administration with integrated voice-
over does not compromise reproducibility. This is consistent with broader evidence
indicating equivalence between electronic and paper-based patient-reported outcome
measures when format and item content are preserved (19). Importantly, the mobile app
structure eliminated missing responses and scoring errors through forced completion and
automated calculation, which may enhance data integrity relative to traditional paper forms.

Internal consistency of the NDI-U App (Cronbach’s a = 0.675; 95% CI: 0.63-0.72) was slightly
below the conventional 0.70 threshold often cited for group-level comparisons (25). However,
alpha values must be interpreted in light of the multidimensional nature of the NDI
construct. The index encompasses heterogeneous domains including pain intensity,
concentration, lifting, reading, and recreation, which may not be expected to exhibit very
high inter-item correlations. Indeed, some language adaptations have reported alpha values
ranging from 0.82 to 0.96 (34,35), whereas others have demonstrated more moderate
coefficients depending on sample characteristics and clinical heterogeneity (31,33). The
narrow range of “alpha if item deleted” values (0.643-0.672) indicates that no single item
disproportionately weakened internal consistency, supporting retention of the full 10-item
structure. From a measurement perspective, the observed alpha suggests acceptable
reliability for research use and group comparisons, though caution may be warranted if the
tool is used for high-stakes individual-level decision-making.

Convergent construct validity analysis demonstrated a moderate positive correlation
between the NDI-U App and NPQ-U (r = 0.584; p < 0.001), supporting theoretical alignment
between two neck-specific disability constructs. This magnitude is consistent with
expectations for instruments measuring related but non-identical constructs and is lower
than the strong correlation (r = 0.89) reported between NPQ-U and paper-based NDI-U in
prior validation work (30). The relatively lower correlation observed in the present study may
reflect differences in administration mode, sample composition, or construct
operationalization within the digital interface. Correlations with VAS pain (r = 0.253) and
VAS disability (r = 0.266) were statistically significant but weaker, which is conceptually
coherent given that single-item VAS scales primarily capture perceived intensity rather than
multidimensional functional impairment (15,27). These findings reinforce the notion that
pain severity and disability, while related, represent distinct constructs in chronic
musculoskeletal disorders (21,32).

Structural validity analysis yielded a two-component solution explaining 33.34% of total
variance, with a borderline KMO value of 0.584. While Bartlett’s test confirmed factorability,
the modest explained variance suggests that the NDI items may reflect distributed and
overlapping dimensions rather than a strongly unified latent construct. Other language
versions have reported two-factor structures explaining between 61% and 68% of variance
(36), indicating stronger factor coherence in those samples. The lower cumulative variance
observed here may be attributable to population heterogeneity, differences in disability
distribution, or potential mode-of-administration influences related to auditory item
presentation. Given that the NDI was originally conceptualized as a unidimensional
disability index derived from the Oswestry Disability Index (23), confirmatory factor analysis
in larger samples would be valuable to determine whether a one-factor or bifactor model
provides superior fit in digitally administered formats.

Importantly, the NDI-U App demonstrated negligible floor (1.0%) and ceiling (0.3%) effects,
well below the 15% threshold indicative of limited discriminative capacity (25). This indicates

adequate score dispersion across severity levels and supports the instrument’s ability to detect
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both mild and severe disability states. The absence of clustering at extremes is particularly
relevant in CMNP populations where symptom chronicity may produce wide variability in
functional limitation (10,11). Furthermore, subgroup analysis revealed a graded increase in
NDI scores across physical activity limitation strata, with a mean difference of 5.41 points
between mild and severe groups—exceeding the calculated MDC95 of 4.79 points—
suggesting clinically meaningful discrimination consistent with known-groups validity
principles.

From a clinical and public health perspective, the development of a digitally administered,
voice-supported NDI-U is particularly relevant in settings where literacy barriers may hinder
independent completion of written questionnaires. By enabling auditory comprehension and
automated scoring, the application reduces reliance on interviewer administration, thereby
minimizing potential information bias and enhancing standardization. Given increasing
smartphone penetration in Pakistan and similar contexts, such digital tools may facilitate
scalable data collection in both outpatient clinics and community-based research initiatives.

Several limitations warrant consideration. The 48-hour retest interval, while appropriate for
minimizing recall bias, assumes clinical stability and may not fully account for symptom
fluctuation in chronic pain populations. The relatively small number of participants in the
severe activity subgroup limited precision of subgroup comparisons and widened confidence
intervals. Additionally, structural validity findings were based on exploratory factor analysis
without confirmatory modeling, and measurement invariance between audio-assisted and
non-audio users was not formally tested. Future studies should incorporate longitudinal
responsiveness analysis, confirmatory factor modeling, and cross-mode equivalence testing
to strengthen evidence for digital implementation.

Overall, the present findings indicate that the NDI-U mobile application demonstrates
excellent reproducibility, acceptable internal consistency, moderate convergent validity, and
adequate distributional properties in adults with chronic mechanical neck pain. These results
support its use as a reliable digital outcome assessment tool in Urdu-speaking populations
and contribute to the growing evidence base for electronic patient-reported outcome
measures in musculoskeletal rehabilitation contexts (19,25).

CONCLUSION

In conclusion, the Urdu mobile application version of the Neck Disability Index
demonstrated excellent test-retest reliability, acceptable internal consistency, minimal floor
and ceiling effects, and moderate convergent validity with established neck-specific and pain-
related outcome measures in adults with chronic mechanical neck pain. The instrument
showed stable reproducibility over a 48-hour interval (ICC = 0.95) with a minimal detectable
change of approximately 4.8 points, supporting its utility for monitoring clinical change
beyond measurement error. Although internal consistency was slightly below the
conventional 0.70 threshold, item-level analysis supported retention of the full 10-item
structure, and construct-consistent gradients across physical activity limitation levels
reinforced its discriminative validity. = Structural validity findings suggest
multidimensionality that warrants further confirmatory evaluation; however, overall
psychometric performance indicates that the digitally administered NDI-U App is a reliable
and clinically applicable tool for disability assessment in Urdu-speaking populations,
particularly in contexts where literacy limitations may otherwise restrict standardized
patient-reported outcome measurement.
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