@ healthcare

Article

Factors Associated with Pain, Disability, and Quality of Life in
Adults Aged 18-65 with Nonspecific Chronic Neck Pain:
A Single-Center Observational Study

Nerea de Miguel-Hernando 1.2(5, Daniel Pecos-Martin 2(2, Rubén Camara-Calmaestra 3,

Daniel Rodriguez-Almagro **0, Agustin Aibar-Almazan
Alfonso Javier Ibafiez-Vera 3

W) Check for updates

Academic Editor: Yuri Chaves

Martins

Received: 13 February 2026

Revised: 3 April 2026

Accepted: 10 April 2026

Published: 14 April 2026

Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

3 2

, Samuel Fernandez-Carnero ',
and Alexander Achalandabaso-Ochoa 3

Department of Surgery, Ophthalmology, Otorhinolaryngology and Physiotherapy, Faculty of Health Sciences,
University of Valladolid, Universidad St., n/n, 42004 Soria, Spain; nerea.miguel@uva.es

Department of Nursing and Physiotherapy, University of Alcald, San Diego Sq., n/n,

28801 Alcalad de Henares, Spain; daniel.pecos@uah.es (D.P.-M.); samuel.fernandezc@uah.es (S.F.-C.)
Department of Health Sciences, University of Jaén, Campus Las Lagunillas n/n, 23071 Jaén, Spain;
rubencamcal93@gmail.com (R.C.-C.); aaibar@ujaen.es (A.A.-A.); ajibanez@ujaen.es (A.].1-V.);
aaochoa@ujaen.es (A.A.-O.)

Department of Nursing, Physical Therapy and Medicine, University of Almeria, Sacramento Rd., n/n,

La Canada de San Urbano, 04120 Almerfa, Spain

*  Correspondence: dra243@ual.es; Tel.: +34-950-214116

Highlights

What are the main findings?

e  Female sex, reduced active cervical rotational mobility, and frequent medication use
are associated with higher pain intensity, greater pain-related disability, and lower
HRQoL in individuals with non-specific chronic neck pain.

e Reduced cervical rotation and higher drug consumption show significant cross-
sectional associations with poorer clinical status in this population.

What are the implications of the main findings?

o  These factors should be considered in the comprehensive clinical assessment of patients
with non-specific chronic neck pain.

e Longitudinal studies are needed to determine whether these variables contribute to
the development or persistence of disability and reduced HRQoL.

Abstract

Background/Objectives: Non-specific chronic neck pain is one of the biggest problems
in the current population, with high levels of pain and disability and a decrease in the
quality of life. The aim of this study is to assess possible variables that may be associated
with neck pain, such as disability, pain, quality of life, sex, neck muscle endurance, active
range of motion (AROM) and frequency of drug use. Methods: We performed a cross-
sectional study of non-specific chronic neck pain with a total of 105 subjects. The variables
pain-related disability, pain, quality of life, sex, AROM and frequency of drug use were
evaluated. Results: A total of 105 patients with chronic neck pain were included (mean
age 40.47 + 12.18 years; 67.6% women). Neck pain-related disability showed significant
negative correlations with all cervical AROM variables, particularly left rotation (r = —0.507)
and right rotation (r = —0.489) (p < 0.001). Disability was also negatively correlated with
health-related quality of life (r = —0.604) and positively correlated with pain intensity
(r = 0.414) and frequency of drug consumption (r = 0.546) (p < 0.001). Regression analyses
indicated that disability was associated with reduced left rotation mobility and higher
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drug consumption (R? = 0.424). Pain intensity was associated with female sex, reduced
right rotation mobility, and higher drug consumption (R? = 0.246). Lower health-related
quality of life was associated with higher drug consumption and female sex (R? = 0.174).
Conclusions: Being female, having a reduction in active rotational mobility, and a high
frequency of drug consumption are associated with greater pain-related disability and pain
intensity, and a lower HRQoL in subjects with non-specific chronic neck pain.

Keywords: chronic pain; neck pain; disability; quality of life; cervical range of motion;
drug consumption

1. Introduction

The term non-specific chronic neck pain is defined as a musculoskeletal disorder
whose symptoms present a fluctuating course with relapsing-remitting episodes of pain
of minimal duration of 3 months [1]. Neck pain is classified according to its etiology as
specific pain or non-specific, with non-specific neck pain being more frequent, since up to
90% of neck pain is of unknown cause [2]. This condition is highly prevalent worldwide
and represents a substantial public health concern, as neck pain is among the leading causes
of years lived with disability (YLDs). In 2021, the global age-standardized rate of YLDs
specifically attributable to neck pain was estimated at 242 per 100,000 population. Its global
prevalence reached 203 million cases in 2020, with higher rates consistently observed in
females and an age gradient that peaks between 45 and 74 years [3].

Chronic neck pain has been associated with high levels of pain and disability [3] and
with a decrease in the quality of life [4], which has made it one of the entities with the
highest demand for treatment in current clinical practice [5]. Therefore, in the last 5 years
research on this entity has grown.

While previous literature has extensively documented the presence of pain, disability,
and reduced quality of life in subjects with non-specific chronic neck pain, their simulta-
neous association with multiple clinical and demographic factors remains less explored.
The population of interest in the present study consisted of adults aged 18 to 65 years with
non-specific chronic neck pain who were seeking care at the Recoletas Burgos Hospital’s Re-
habilitation Services. Consequently, the aim of this study was to assess the simultaneous
association of multiple variables—such as sex, neck muscle endurance, AROM, and fre-
quency of drug use, with pain, disability, and quality of life within a multivariate model in
this specific clinical population.

2. Materials and Methods
2.1. Study Design

A cross-sectional study was conducted following the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) recommendations [6] (see Supplemen-
tary Material S1 for the completed STROBE checklist) at the Recoletas Burgos Hospital's Re-
habilitation Services on December 2019, January 2020 and September and October 2021.
The study was in accordance with the Declaration of Helsinki and was approved by the
aforementioned Hospital and the Ethics Committee for Research and Animal Experimenta-
tion of the University of Alcald, which is authorized to review and approve human research
protocols (CEIM/HU/2019/28).
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2.2. Subjects

In December 2019, January 2020 and September and October 2021 consecutive par-
ticipants affected by non-specific neck pain were recruited from Recoletas Burgos Hospi-
tal’s Rehabilitation Services. All participants involved read the Participant Information
Sheet and signed a written informed consent.

The inclusion criteria were, suffered from non-specific neck pain for at least
3 months [7], been aged from 18 to 65 years. Participants were excluded if they presented
any of the following: previous cervical surgery or whiplash injury; having received physical
therapy in the 3 months prior to the study; neck pain accompanied by vertigo caused by
vertebrobasilar insufficiency; or pain accompanied by non-cervicogenic headaches. Impor-
tantly, concurrent cervicogenic headache was not an exclusion criterion, as it frequently
co-occurs with chronic neck pain. Additional exclusion criteria included: diagnosis of
cervical radiculopathy and/or externalized herniated disk; “red flags” (such as fracture,
tumor, cervical infection, osteoporosis, metabolic diseases, or theumatoid arthritis); my-
opathy, ankylosing spondylitis, or fibromyalgia; central nervous system involvement or
neurological symptoms; pain in other parts of the body preventing the performance of the
study assessments; pregnancy; severe psychiatric or psychological disorders; pending legal
action; and insufficient knowledge to understand, write, and speak Spanish fluently.

Finally, 105 participants met the eligibility criteria. The selection process is shown in
Figure 1.

Assessed for elegibility
(n=129)

Excluded (n = 24)

Not meeting inclusion/exclusion criteria (n = 24)
- Acute neck pain (n=3)

- Be under 18 years old (n=2)

- Be more 65 years old (n = 6)

- Whiplash injury (n = 6)

- Radiculopathy and/or herniated disc (n = 4)

- Pregnant woman (n = 3)

Subjects analized
(n=105)

Figure 1. Flow diagram of subjects.

2.3. Sample Size Calculation

The sample size was justified based on Green's regression heuristic [8] (N > 50 + 8k),
where “k” is the number of predictors. For a model including seven potential predictors, a
minimum sample size of 106 participants is recommended. The final sample of 105 partici-
pants closely approximates this recommendation. Furthermore, the final regression models
retained only two to three predictors, resulting in a favorable observations-to-predictor
ratio and supporting the stability of the regression estimates.

2.4. Measurements

Demographic data (height, weight, sex and age) were collected at the beginning of the
measuring session.

The pain-related disability was assessed by the Spanish version of the Neck Dis-
ability Index (NDI) [9]. This scale was shown to have good internal consistency
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(Cronbach’s oc = 0.89) and good test-retest reliability (ICC = 0.88) in subjects with chronic
non-specific neck pain [9].

Neck pain was assessed by the Numeric Pain Rating Scale (NPRS) with a score from
0 to 10 [10]. As confirmed by a recent systematic review [11], the NPRS demonstrates
good to excellent test-retest reliability (ICC = 0.58-0.93) and strong concurrent validity in
populations with neck pain.

Health-Related Quality of Life (HRQoL) was measured using the Spanish Version of
the Short Form 36-item Health Survey [12]. This questionnaire presented a good internal
consistency in all dimensions (Cronbach’s « = 0.71-0.94) except for the social function
(SF) dimension (Cronbach’s « = 0.45). The test-retest reliability of this questionnaire was
moderate to excellent (ICC = 0.58-0.99) [12].

Neck muscle endurance was measured using the modified Neck Extensor muscle
Endurance test (modified NEE test) proposed by Lee et al. (2005) [13] and the Neck Flexor
Muscle Endurance test (NFME test) [14] with a chronometer and a Baseline Digital Incli-
nometer (BDI). According to a recent meta-analysis [15], the NFME test demonstrated good
intrarater (ICC = 0.86) and moderate interrater reliability (ICC = 0.72), while the modified
NEE test showed good intrarater (ICC = 0.84) and interrater reliability (ICC = 0.81) in sub-
jects with neck pain. Furthermore, these tests presented a standard error of measurement
(SEM) of 6.91 s for the NFME and 0.74 min for the modified NEE test [14], although the test
values differed according to sex [16].

Cervical spine’s Active Range of Motion was measured in flexion, extension, lateral
tilt, and rotation movements using a BDI [17]. The range of motion (ROM) of the cervical
spine presented good to excellent test-retest reliability (ICC = 0.80-0.94), with a highly
precise SEM ranging from 1.6° to 2.6°. Furthermore, this instrument has demonstrated
strong discriminative validity in subjects with chronic cervical pain [18].

Analgesic drug consumption was assessed by a Medication Record Sheet (0-7 days/week).
Frequency (0-7 days/week) was used as a proxy for medication dependence and symptom
persistence, which are recognized predictors of disability in chronic pain.

2.5. Statistical Analysis

IBM SPSS Statistics, Version 30.0 (IBM Corp., Armonk, NY, USA) was employed to
data managing. The level of statistical significance was established at p < 0.05. Descriptive
statistics, including means and standard deviations, were calculated for all continuous vari-
ables, while frequencies were used for categorical data. The normality of the distribution
was assessed using the Kolmogorov—-Smirnov test.

A sensitivity analysis comparing pre- and post-pandemic cohorts was performed
to assess potential sample bias, as data collection was interrupted by a 20-month gap
(December 2019-October 2021) due to the COVID-19 pandemic. Continuous variables
were tested using Student’s t-test, whereas categorical variables were analyzed with the
chi-square test.

First, a bivariate correlation analysis was conducted using Pearson’s correlation co-
efficient (r) to explore the strength and direction of the relationships between dependent
variables (neck pain intensity, disability and health-related quality of life) and independent
variables (AROM variables, neck muscles resistance and frequency of drug consumption).

To allow for a direct comparison of the relative weight of each predictor and to
establish the strength of the associations independently of the scales of measurement, all
continuous variables were standardized (transformed into Z-scores) prior to the regression
analysis. Consequently, results are reported as standardized regression coefficients (St. 3).
This approach allowed for a direct comparison of the relative weight of each predictor,
regardless of their original units of measurement.
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Subsequently, univariate linear regression analyses were performed to examine the
association between each dependent variable and the independent variables. Variables
showing statistical significance (p < 0.05) in the univariate analyses were entered into
multiple linear regression models.

A forward stepwise selection procedure was used as an exploratory modeling strat-
egy to identify the variables independently associated with each outcome and to derive
parsimonious regression models. Multicollinearity among predictors was assessed using
variance inflation factors (VIF) and tolerance statistics. The assumptions of linear regres-
sion were evaluated by inspecting standardized residuals, normal probability plots, and
scatterplots of standardized residuals versus predicted values to assess normality, linearity,
and homoscedasticity.

The explanatory capacity of the multiple regression models was assessed using the
coefficient of determination (R?). According to Cohen’s criteria [19], R? values below
0.02 would be considered insignificant effect sizes, between 0.02 and 0.15 would be consid-
ered small, between 0.15 and 0.35 would be considered medium, and above 0.35 would be
considered large. The statistical significance level was set at p-value <0.05.

3. Results

A total of 105 subjects (Figure 1) with chronic neck pain, with a mean age of 40.47 years
(SD = 12.18) were evaluated for this study. The female population represented more than
two-thirds of the total sample. On average, the participants exhibited moderate pain
intensity and mild disability levels. Table 1 reflects morphological and clinical data of
the sample. The Kolmogorov—Smirnov test confirmed that all main variables followed
a normal distribution (p > 0.05). Levene’s test yielded non-significant results (p > 0.05),
justifying the use of parametric statistics and linear regression models.

Table 1. Characteristics of the subjects.

Total Sample Pre-PAN Post-PAN SA
Categorical F Y F % F Y% p
Female 71.00 67.6 36 66.7 35 68.6
Sex Male 34.00 324 18 33.3 16 31.4 0830
Continuous Mean SD Mean SD Mean SD p

Age (years) 40.47 12.18 39.11 11.40 41.90 12.91 0.242
Height (m) 1.68 0.09 1.68 0.09 1.67 0.09 0.801
Weight (kg) 69.30 13.68 69.6 13.37 69.00 14.13 0.825
BMI (kg/m?) 24.58 4.16 24.65 4.26 2451 4.08 0.872
Pain (NPRS, 0-10) 5.64 1.80 5.41 1.67 5.88 1.92 0.178
Disability (NDI, 0-50) 9.63 5.95 10.43 5.81 8.80 6.04 0.164
Quality of life (SF-36, 0-100) 68.89 14.29 68.63 14.61 69.15 14.08 0.852
Flexion (°) 45.36 12.46 46.18 12.01 4448 13.00 0.488
Extension (°) 42.82 12.81 42.31 12.30 43.37 13.44 0.675
Right Side bending (°) 31.76 8.20 31.32 8.39 32.24 8.05 0.574
Left Side bending (°) 32.16 8.18 32.46 9.04 31.84 7.22 0.704
Right Rotation (°) 57.57 16.42 56.63 16.27 55.84 16.62 0.807
Left Rotation (°) 56.25 16.36 58.44 17.27 56.63 15.58 0.578
Neck Muscle Resistance (s) 61.22 52.24 59.38 51.05 63.16 53.92 0.714
Drugs Frequency (days/week) 1.29 2.02 0.96 1.75 1.64 2.25 0.088

Abbreviations: F: Frequency; %: percentage; SD: standard deviation; BMI: Body mass index. SA: sensitivity
analysis; p: p-value; NPRS: Numeric Pain Rating Scale; NDI: Neck Disability Index; SF-36: Spanish Version of the
Short Form 36-item Health Survey; °: degree; s: second.
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The sensitivity analysis comparing pre- and post-pandemic cohorts to evaluate po-
tential selection bias revealed no significant differences in the clinical characteristics of the
study population (Table 1).

The bivariate relationships between pain, disability, quality of life, and the independent
variables are shown in Table 2.

Table 2. Correlation matrix between study variables.

Variables 1 2 3 4 5 6 7 8 9 10 11 12
1 - - - - - - - - - - - -
2 0.414 ** - - - - - - - - - - -
3 —0.349*  —0.604** - - - - - - - - - -
4 —0.246 * —0.115 0.270 ** - - - - - - - - -
5 —0.241* —0.334** 0.162 0.086 — - - - - - - -
6 —0.293**  —0.451*  0.215* 0.059 0.532 ** - - - - - - -
7 —0.164 —0.346** 0.088 0.100 0.434 ** 0.506 ** - - - - - -
8 —-0.174 —0.293 ** 0.118 0.039 0.471 ** 0.458 ** 0.709 ** - - - - -
9 —0.335**  —0.489*  (0.287 ** 0.079 0.389 ** 0.616 ** 0.637 ** 0.561 ** - - - -
10 —0.294**  —0.507*  0.265 ** 0.063 0.450 ** 0.516 ** 0.588 ** 0.639 ** 0.816 ** - - -
11 —0.240 * —0.180 0.105 0.141 0.330 ** 0.219 % 0.089 0.123 0.222 * 0.263 ** - -
12 0.435 ** 0.546**  —-0.357*  —0.059 —0.327* —0.404* —-0.229* —-0.241* —0336* —0.328* —0.180 -

Abbreviations: 1: Pain; 2: Disability; 3: Quality of Life; 4: Sex; 5: Flexion; 6: Extension; 7: Right Side bending;
8: Left Side bending; 9: Right Rotation; 10: Left Rotation; 11: Neck Muscle Resistance; 12: Drugs Frequency;
*p < 0.05; **: p <0.001.

Neck pain-related disability demonstrated significant negative correlations with all
cervical AROM variables. Specifically, the strongest associations were found with left
rotation (r = —0.507, p < 0.001) and right rotation (r = —0.489, p < 0.001), followed by
extension (r = —0.451, p < 0.001) and flexion (r = —0.334, p < 0.001) (Table 2). These
findings indicate that lower cervical mobility is consistently associated with higher levels
of neck disability.

Additionally, neck pain-related disability showed a strong negative correlation with
health-related quality of life (r = —0.604, p < 0.001) and a strong positive correlation not
only with pain intensity (r = 0.414, p < 0.001), but also with frequency of drug (r = 0.546,
p <0.001) (Table 2).

Significant correlations were also observed among the independent variables. Cervical
rotation (right and left) showed a very strong association (r = 0.816, p < 0.001), while
frequency of drug was negatively associated with all AROM variables, most notably with
extension (r = —0.404, p < 0.001) (Table 2).

The multiple linear regression analysis revealed several significant predictors for
the studied variables. Standardized 3 coefficients were used to determine the relative
contribution of each variable

Regarding neck pain-related disability, a significant model was obtained. The multiple
linear regression performed showed large effect size, explaining the 42.4% of the variance
of neck pain-related disability in patients with chronic neck pain (R? = 0.424; p < 0.001).
Specifically, a negative association was found between neck pain related-disability and
active left rotation mobility (St. § = —0.397; p < 0.001), indicating that lower range of motion
in left rotation is associated with higher levels of disability. Furthermore, the frequency
of drug consumption showed a positive association with neck pain-related disability
(St. B =0.413; p < 0.001) (Table 3). No evidence of multicollinearity was observed among
the predictors included in the models (VIF range: 1.12-3.03 / Tolerance range: 0.33-0.89).
Inspection of residual plots confirmed that the assumptions of linear regression were
adequately met.

Concerning neck pain intensity, a significant model was also obtained. The multi-
ple linear regression performed showed medium effect size, explaining the 24.6% of the
variance of neck pain intensity in patients with chronic neck pain (R? = 0.246; p < 0.001).

https:/ /doi.org/10.3390 /healthcare14081030


https://doi.org/10.3390/healthcare14081030

Healthcare 2026, 14, 1030

70f13

Specifically, a negative association was found between sex and neck pain (St. 3 = —0.374;
p = 0.016). Considering sex codification (male = 1; female = 0), female sex is associated with
higher pain levels. In addition, right rotation active mobility (St. = 0.184; p = 0.036) and
frequency of drug consumption (St. 3 = 0.171; p < 0.001), showed a positive association
with neck pain intensity (Table 4). No evidence of multicollinearity was observed among
the predictors included in the models (VIF range: 1.01-3.01/Tolerance range: 0.33-0.99).
Inspection of residual plots confirmed that the assumptions of linear regression were
adequately met.

Table 3. Univariate and multivariate linear regression to analyze the factors associated with neck
pain-related disability.

Univariate Analysis Multivariate Analysis

Variable 95% C.I. 95% C.I.
St. B p St. 3 p
Lower Upper Lower Upper
Sex —0.115 —0.663 0.171 0.245 - - - -
Flexion —0.334 —0.517 —0.149 <0.001 —0.052 —0.243 0.140 0.593
Extension —0.451 —0.628 —0.275 <0.001 —0.069 —0.289 0.150 0.533
Right Side bending —0.346 —0.531 —0.160 <0.001 —0.051 —0.291 0.189 0.675
Left Side bending —0.293 —0.480 —0.103 0.003 0.156 —0.081 0.391 0.196
Right Rotation —0.489 —0.661 —0.316 <0.001 -0.077 —0.376 0.223 0.611
Left Rotation —0.507 —0.675 —0.336 <0.001 —0.397 —0.557 —0.239 <0.001
Neck Muscle Resistance —0.180 -0.372 0.013 0.067 - - - -
Drugs Frequency 0.546 0.378 0.707 <0.001 0.413 0.252 0.567 <0.001
Abbreviations: St. 3: standardized regression beta coefficient; 95% C.I.: 95% Confidence Interval; p: p-value.
Table 4. Univariate and multivariate linear regression to analyze the factors associated with neck
pain intensity.
Univariate Analysis Multivariate Analysis
Variable 95% C.I. 95% C.I.
St. B p St. B p
Lower Upper Lower Upper
Sex —0.246 —0.926 —0.121 0.011 —0.211 —0.374 —0.013 0.016
Flexion —0.241 —0.430 —0.051 0.013 0.002 —0.216 0.219 0.989
Extension —0.293 —0.481 —0.105 0.003 —0.041 —0.290 0.208 0.744
Right Side bending —0.164 —0.358 0.030 0.097 - - - -
Left Side bending —0.174 —0.367 0.020 0.078 - - - -
Right Rotation —0.335 —0.521 —0.150 <0.001 —0.184 —0.509 —0.143 0.036
Left Rotation —0.294 —0.483 —0.107 0.002 0.039 —0.271 0.350 0.803
Neck Muscle Resistance —0.240 —0.430 —0.050 0.014 —0.112 —0.296 0.163 0.233
Drugs Frequency 0.435 0.257 0.609 <0.001 0.33 0.171 0.531 <0.001

Abbreviations: St. 3: standardized regression beta coefficient; 95% C.I.: 95% Confidence Interval; p: p-value.

Relating to quality of life, a significant model was obtained too. The multiple linear
regression performed showed a medium effect size, explaining the 17.4% of the variance
of health-related quality of life in patients with chronic neck pain (R? = 0.174; p < 0.001).
Specifically, a negative association was found between drug consumption and health-
related quality of life (St. p = —0.337; p < 0.001), indicating that higher frequency of drug
consumption is associated with worse level of quality of life. Moreover, sex was positively
associated with health-related quality of life (St. 3 = 0.256; p = 0.006) (Table 5). Given the
coding of the variable (male = 1; female = 0), male sex was associated with higher SF-36
scores, whereas female sex was associated with poorer health-related quality of life. No
evidence of multicollinearity was observed among the predictors included in the models
(VIF range: 1.00-1.20/Tolerance range: 0.33-0.84). Inspection of residual plots confirmed
that the assumptions of linear regression were adequately met.
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Table 5. Univariate and multivariate linear regression to analyze the factors associated with health-

related quality of life.
Univariate Analysis Multivariate Analysis
Variable 95% C.I. 95% C.I.
St. B y St. B y
Lower Upper Lower Upper
Sex 0.270 0.175 0.975 0.005 0.256 0.163 0.923 0.006
Flexion 0.162 —0.031 0.355 0.099 - - - -
Extension 0.215 0.023 0.406 0.029 —0.033 —0.271 0.206 0.785
Right Side bending 0.088 —0.107 0.284 0.372 - - - -
Left Side bending 0.118 —0.077 0.312 0.234 - - - -
Right Rotation 0.287 0.099 0.475 0.003 0.152 —0.183 0.487 0.369
Left Rotation 0.265 0.075 0.454 0.007 0.048 —0.264 0.361 0.756
Neck Muscle Resistance 0.105 —0.089 0.299 0.286 - - - -
Drugs Frequency —0.357 —0.543 —0.175 <0.001 —0.337 —0.516 —0.158 <0.001

Abbreviations: St. 3: standardized regression beta coefficient; 95% C.I.: 95% Confidence Interval; p: p-value.

4. Discussion

The results of this study suggest that subjects with non-specific chronic neck pain
tend to experience greater intensity of neck pain if they are women, have limited AROM
in rotational movement, and have a high frequency of drug use. Along the same lines,
subjects with non-specific chronic neck pain have greater pain-related disability if they
present limitation of active rotation and a high frequency of drug use. On the contrary,
there is a negative correlation between HRQoL and the independent variables, thus subjects
with non-specific chronic neck pain tend to present a lower HRQoL if they are women and
have a high frequency of drug use.

Regarding sex, our findings align with a large body of literature identifying the
female sex as a well-established risk factor for chronic pain, greater pain intensity, higher
disability, and lower HRQoL [20-22]. Previous studies have proposed various mechanisms
to explain these disparities, including biological factors (such as sexual dimorphisms in
microglia and neuroimmune signaling) [21,23] psychological differences (such as varying
pain coping strategies [24,25] and sociocultural influences. However, given the cross-
sectional design of our study and the absence of biological or psychological mediator
variables, our data cannot determine the underlying mechanisms of these findings. We
must explicitly acknowledge that the sex-related associations observed in this study cannot
distinguish between biological, psychological, or social explanations. Future longitudinal
research incorporating specific biomarkers and psychological assessments is required to
clarify the relative contribution of these factors to sex differences in chronic pain.

Nonspecific chronic neck pain, apart from being related to disability and pain, has
also been associated with reduced cervical mobility [26,27], mainly in active rotation move-
ments [28], a finding that is also supported by the results of the present study. Cervical
rotation involves more complex physiological coupled movements due to the anatomy of
the region [29,30]. In fact, most of the rotational movement of the cervical spine occurs at
the upper cervical level, particularly in the C1-C2 segment [31], which may explain why
dysfunction at this level could significantly affect overall rotational mobility, as compensa-
tion by the remaining segments is anatomically limited. In our multivariate analysis, an
apparent laterality was observed, with reduced left rotation emerging as an independent
predictor of disability, whereas reduced right rotation was associated with pain intensity.
However, this difference should be interpreted with caution. In the bivariate analysis, both
right and left rotation were significantly correlated with both outcomes, suggesting that
cervical rotational mobility in general is related to neck pain severity and functional limita-
tion. Moreover, both rotational variables showed a very strong inter-correlation (r = 0.816),
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indicating that they share a large proportion of biomechanical information. When highly
correlated predictors are included simultaneously in multivariable models, they may com-
pete to explain overlapping variance in the outcome, and variable selection procedures
such as forward stepwise regression tend to retain only the predictor providing the greatest
unique contribution to the model. Therefore, the laterality observed in the final models
likely reflects a statistical selection effect rather than a true side-specific biomechanical
mechanism. From a clinical perspective, these findings suggest that global limitations in
cervical rotation, rather than deficits in a specific direction, may be more relevant to neck
pain-related outcomes. Nevertheless, while this biomechanical interpretation is plausible, it
remains speculative. Given the cross-sectional design of the present study;, it is not possible
to establish the directionality of this relationship. Consequently, it cannot be determined
whether reduced cervical rotation contributes to the development of pain and disability or
whether it represents a protective limitation of movement adopted by patients in response
to preexisting pain.

Although neck muscle endurance was initially hypothesized to be a relevant factor,
it did not emerge as a significant predictor in the multivariate models for pain intensity,
disability, or HRQoL. This lack of independent association may be explained by the multi-
factorial and biopsychosocial nature of non-specific chronic neck pain [32]. Furthermore,
the high inter-individual variability observed in our endurance measurements (SD = 52.24)
suggests a highly heterogeneous functional status among participants, which likely re-
duced the statistical power to identify a consistent independent association in the regression
models. While physical impairments such as reduced endurance are common in this pop-
ulation, self-reported disability and quality of life are often more strongly driven by the
severity of the pain itself and the restriction of AROM [26,27]. In a multivariate model,
these dominant variables likely absorb the statistical variance, rendering isolated physi-
cal capacities like muscle endurance non-significant. Furthermore, patients with chronic
neck pain frequently develop compensatory motor control strategies [26,27]; thus, they
may present poor endurance on clinical tests but still manage to perform daily activities,
uncoupling this physical deficit from their perceived disability and overall quality of life.

Our results showed a relationship between the frequency of drug use and the intensity
of pain, disability and HRQoL. However, these findings must be interpreted with caution.
Given the cross-sectional design of this study, the directionality of this relationship remains
ambiguous. Rather than drug consumption independently contributing to worse clini-
cal outcomes, this association is likely influenced by reverse causality and confounding
by indication. Specifically, patients experiencing more severe pain and greater disabil-
ity naturally require and consume medication more frequently [33,34]. Therefore, in our
models, the frequency of medication use acts primarily as a proxy or indicator for the
underlying severity of the patient’s condition [35], rather than a direct cause of poorer
health-related quality of life. Current CPGs support the effectiveness of non-invasive,
non-pharmacological treatments in chronic pain. For chronic neck pain, manual therapy,
physical therapy, acupuncture, exercise, and manipulative therapy have all been shown
to be effective [20,36,37]. Physical activity has been shown to reduce disability and pain
intensity in subjects with chronic spinal pain [20,38] and, with education in the neuroscience
of pain, improves the quality of life [38]. Therefore, current evidence suggests a multidis-
ciplinary and person-centered approach that encompasses physiotherapy, psychological
treatment, pain education and, if necessary, pharmacological treatment [33,37].

This study has several limitations that should be considered when interpreting the findings.

First, several potentially relevant confounding variables were not included in the
analysis. Important modifiable risk factors such as smoking status, alcohol consumption,
nutrition, obesity, socioeconomic status, job position, and physical activity level were not
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assessed [20,39]. In addition, psychosocial factors commonly associated with chronic pain,
including stress, perceived injustice, and sleep quality [40—-42], were not evaluated. Non-
modifiable variables such as age, which is a recognized risk factor for chronic pain and may
interact with sex differences in pain prevalence [20,39,43,44], were also not incorporated
into the models. The omission of these variables may partly explain the relatively modest
explanatory capacity observed in some models, particularly for health-related quality of
life (R = 0.174), and limits the clinical applicability of the regression analyses.

Second, limitations related to measurement should be acknowledged. Drug consump-
tion was assessed using a Medication Record Sheet that quantified the frequency of use
(0-7 days/week), which provides only a crude estimate of medication exposure. This
measure does not capture the type of medication (e.g., NSAIDs, opioids, muscle relaxants),
dosage, duration of treatment, or appropriateness of prescription. Consequently, the clinical
interpretation of the observed association between medication frequency and the outcomes
is limited. Similarly, health-related quality of life was analyzed using the total SF-36 score.
Because the SF-36 is a multidimensional instrument, analyzing only the global score may
obscure potentially relevant information at the domain level (e.g., physical functioning,
bodily pain, or mental health).

Third, methodological aspects of the study design must be considered. The cross-
sectional design precludes establishing causal relationships between cervical mobility,
medication use, pain intensity, disability, and quality of life. Therefore, the associations
observed in this study should be interpreted as relationships rather than cause—effect
links. In particular, reverse causality is a potential concern, especially regarding drug
consumption frequency, which may reflect the severity of underlying pain rather than
being a determinant of worse outcomes.

Fourth, statistical considerations should also be acknowledged. Although the stepwise
variable selection procedure was used as an exploratory strategy to derive parsimonious
models, this approach may produce models that are sensitive to sample-specific variations
and may therefore be unstable across different populations. Consequently, the regression
findings should be interpreted cautiously and considered primarily hypothesis-generating.

Finally, issues related to sample characteristics and contextual factors may affect the
generalizability of the findings. A potential language bias should be acknowledged, as
individuals with insufficient knowledge of Spanish were excluded due to the absence of
professional interpreters and the use of questionnaires validated only in Spanish. This
may have reduced the representativeness of the sample by excluding certain immigrant
populations. In addition, data collection was interrupted for approximately 20 months
due to the COVID-19 pandemic. Although sensitivity analyses showed no significant
differences between participants recruited before and after the pandemic interruption,
pandemic-related changes in lifestyle, healthcare access, or medication use cannot be
completely ruled out. Furthermore, participants in the present study generally presented
with moderate pain intensity and mild disability; therefore, the findings may not be directly
generalizable to populations with more severe clinical presentations.

Future studies using longitudinal designs, larger samples, and more comprehensive
assessment of biological, psychosocial, and lifestyle factors are needed to confirm these
findings and to better clarify the mechanisms underlying chronic nonspecific neck pain.

5. Conclusions

In conclusion, the results of this study suggest that female sex, having a reduction in
active rotational mobility, and a high frequency of drug consumption are related to greater
pain-related disability and pain intensity, and a lower HRQoL in subjects with non-specific
chronic neck pain.
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The following abbreviations are used in this manuscript:

NDI Neck Disability Index
NPRS Numerical Pain Rating Scale
HRQoL  Health-Related Quality of Life

SF Social Function

NEE Neck Extensor Muscle Endurance test
NFME Neck Flexor Muscle Endurance test
BDI Baseline Digital Inclinometer

SEM Standard Error of Measurement

AROM  Active Range of Motion
ROM Range of Motion
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