JHWCR ==z

Original Article

Effectiveness of Pilates Exercises With Breathing Re-
Education on Pain, Endurance, Sleep Disturbance, and
Neck Disability in Working Women With Chronic Non-
Specific Neck Pain

https://doi.org/10.61919/ztrbyg88

Rahmeen Murtaza Maan', Roshan Rehman? Muhammad Tariq Shafi®

! Doctor of Physical Therapy, Lahore Medical and Dental College, Lahore, Pakistan
? Lahore Medical and Dental College, Lahore, Pakistan
3 Assistant Professor/HOD Basic Sciences Physiotherapy, Lahore Medical and Dental College, Lahore, Pakistan

*Corresponding author: Muhammad Tariq Shafi, muhammad.tarig@ubas.edu.pk.edu.pk

Received: 13 June 2025; Accepted: 27 March 2026; Published: 11 April 2026

Author Contributions: MTS contributed to concept, design, data collection, analysis, and drafting.. Ethical Approval: Sheikh Sultan bin Zayed Hospital, Sharjah, UAE.
Informed Consent: Written informed consent was obtained from all participants; Conflict of Interest: The authors declare no conflict of interest. Funding: No external
funding; Data Availability: Available from the corresponding author on reasonable request; Acknowledgments: N/A.

ABSTRACT

Background: Chronic non-specific neck pain is highly prevalent among working women and is
commonly associated with pain, reduced cervical endurance, sleep disturbance, and functional disability.
Exercise-based rehabilitation is widely used, and Pilates has shown potential benefit, but the added value
of breathing re-education remains insufficiently defined. Objective: To evaluate the effectiveness of
Pilates exercises combined with breathing re-education on pain intensity, deep cervical flexor endurance,
sleep disturbance, and neck-related disability in working women with chronic non-specific neck pain.
Methods: A parallel-group randomized controlled trial was conducted at Ghurki Trust Teaching
Hospital, Lahore, from June 2024 to January 2025. Fifty-six participants were randomized, and 52
completed the study. Participants were allocated to either Pilates plus breathing re-education or Pilates
alone for 6 weeks, with supervised sessions conducted three times weekly. Outcomes included Numeric
Pain Rating Scale, Craniocervical Flexion Test, Insomnia Severity Index, and Neck Disability Index-Urdu,
assessed at baseline, week 3, and week 6. Results: The combined intervention demonstrated greater
improvement than Pilates alone across all outcomes by week 6. Pain decreased from 5.58+0.50 to
3.0340.45 versus 5.42+0.70 to 4.15+0.61, endurance increased from 18.42+1.27 to 22.46+1.17 mmHg versus
18.35+1.09 to 19.38+1.06 mmHg, ISI decreased from 17.38+3.51 to 11.65+3.19 versus 18.73:2.63 to
16.38+2.45, and NDI decreased from 24.73+5.35 to 13.46+5.51 versus 24.08+4.76 to 20.65+4.54. Significant
between-group and time effects were reported for major endpoints. Conclusion: Pilates combined with
breathing re-education was more effective than Pilates alone in improving pain, endurance, sleep
disturbance, and disability over six weeks in working women with chronic non-specific neck pain.
Keywords: chronic neck pain, Pilates, breathing re-education, sleep disturbance, disability, endurance,
working women.

INTRODUCTION

Chronic non-specific neck pain is one of the most prevalent musculoskeletal disorders worldwide and is
associated with substantial pain, functional limitation, reduced work performance, and increased
healthcare burden. It commonly affects the posterior cervical region and adjacent shoulder girdle
structures without a clearly identifiable pathological cause, and when symptoms persist beyond three
months, the condition is generally considered chronic. Contemporary evidence suggests that chronic

non-specific neck pain is not merely a local pain disorder but a multidimensional condition involving
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biomechanical dysfunction, altered sensorimotor control, muscular imbalance, reduced endurance, and
psychosocial contributors, all of which may perpetuate symptoms and disability (1-6). The cervical spine
has a specialized role in supporting head movement, postural control, and respiratory assistance, and
disturbances in cervical muscle coordination may therefore affect both mechanical efficiency and
broader functional performance (7-10).

A recurring clinical feature in chronic neck pain is impaired activation of the deep cervical flexors with
compensatory overactivity of superficial cervical musculature, particularly the sternocleidomastoid and
anterior scalene muscles. These changes contribute to deficient cervical stabilization, postural
abnormalities, and increased symptom persistence. In parallel, chronic neck pain has also been linked
with impaired proprioception, disturbed motor control, and reduced muscular endurance, each of which
can compromise daily functioning and occupational tolerance (4,11-13). Epidemiological evidence
further indicates that neck pain is especially common among women, with risk amplified by prolonged
sitting, repetitive work tasks, suboptimal workstation ergonomics, psychosocial stress, poor sleep, and
low physical activity levels. Female workers are particularly vulnerable because occupational and
domestic demands often coexist, increasing cumulative biomechanical and psychological load (14-20).

In working women, chronic neck pain frequently presents alongside forward head posture, sustained
muscle tension, fatigue, sleep disturbance, and reduced functional capacity. This pattern is clinically
relevant because sleep impairment and pain appear to reinforce one another in a bidirectional manner,
such that poor sleep increases pain sensitivity and persistent pain further disrupts restorative sleep. Over
time, this cycle may worsen disability, reduce work efficiency, and impair quality of life (18-20). Emerging
evidence also suggests that forward head posture and chronic cervical dysfunction may adversely
influence respiratory mechanics, pulmonary efficiency, and respiratory muscle performance. These
interrelationships have increased interest in interventions that not only target pain and neck disability
but also address posture, endurance, and breathing behavior as part of an integrated rehabilitation
strategy (21-23).

Conservative management remains the preferred first-line approach for chronic non-specific neck pain
and commonly includes therapeutic exercise, manual therapy, physical modalities, and psychologically
informed care. Among exercise-based interventions, Pilates has received increasing attention because it
emphasizes postural alignment, trunk and cervical control, flexibility, neuromuscular coordination, and
movement precision. Systematic reviews suggest that Pilates may improve pain and disability in
musculoskeletal conditions, including neck pain, particularly when programs are structured and
supervised. Its therapeutic rationale lies in restoring muscular balance, enhancing segmental stability,
and improving movement efficiency, all of which are pertinent to chronic cervical dysfunction (24-32).
However, although Pilates appears promising, the relative contribution of breathing-focused retraining
alongside Pilates remains insufficiently defined.

Breathing re-education may offer additional benefit because dysfunctional breathing patterns are often
observed in individuals with chronic neck pain, especially in the presence of postural disturbance and
accessory muscle overuse. Techniques such as diaphragmatic breathing may reduce unnecessary
cervical muscle recruitment, improve relaxation, optimize oxygenation, and modulate autonomic
balance, thereby potentially influencing pain, endurance, sleep, and disability simultaneously. Despite
this plausible multidimensional benefit, there remains limited randomized clinical evidence evaluating
whether the addition of breathing re-education to a structured Pilates program produces superior
outcomes compared with Pilates alone in working women with chronic non-specific neck pain.
Addressing this gap is clinically important because this population experiences persistent symptom
burden with meaningful implications for occupational health and day-to-day function. Therefore, this
study aimed to evaluate the effectiveness of Pilates exercises combined with breathing re-education on

pain intensity, deep cervical flexor endurance, sleep disturbance, and neck-related disability in working
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women with chronic non-specific neck pain, with the hypothesis that the combined intervention would

yield greater improvement than Pilates training alone (29-32).

MATERIALS AND METHODS

This study was designed as a parallel-group, assessor-blinded randomized controlled trial conducted at
Ghurki Trust Teaching Hospital, Lahore, Pakistan, between June 2024 and January 2025. The trial was
planned to compare the effects of Pilates exercises combined with breathing re-education against Pilates-
based exercise alone in working women with chronic non-specific neck pain. The protocol followed a
prospective experimental design with repeated outcome assessment at baseline, week 3, and week 6,
allowing evaluation of both short-term change and between-group differences over time. The study was
conducted in accordance with the Declaration of Helsinki and received ethical approval from the Faculty
of Rehabilitation Sciences, Lahore University of Biological and Applied Sciences under reference
ERC/FORS/24/10. The trial was prospectively registered in the Iranian Registry of Clinical Trials before
participant enrollment began (33-35).

A priori sample size estimation was based on previously reported differences in related intervention
outcomes, using expected mean values of 4.16 in one group and 9.76 in the comparison group, with
standard deviations of 3.82 and 6.93, respectively. Assuming a 95% confidence level and 80% statistical
power, the minimum required sample was calculated as 52 participants. To reduce the risk of attrition-
related loss of power, 56 eligible participants were ultimately enrolled and randomized, and 52
completed the trial and were included in the final analysis, with 26 participants retained per group. This
approach maintained the target analytical sample while preserving allocation balance at study
completion (33). Women aged 25 to 50 years with chronic non-specific neck pain of more than three
months’ duration were screened for eligibility. Participants were required to be engaged in white-collar
occupations with routine work demands of approximately 6 to 8 hours daily, reflecting the occupational
profile most relevant to the study question. Participants were excluded if they had cervical radiculopathy,
rheumatological disease, a history of cervical trauma including whiplash-associated injury, neurological
disorders such as stroke, Parkinson’s disease, or multiple sclerosis, tumors, pregnancy, or respiratory
conditions including asthma and chronic obstructive pulmonary disease. These criteria were selected to
minimize diagnostic heterogeneity and reduce confounding from conditions likely to independently
influence pain, respiratory performance, or functional disability (34-43).

Figure 1 Participant positioned supine during the supervised intervention session, demonstrating an exercise component of the
study protocol.

Potential participants were assessed in the physiotherapy department using a standardized screening

procedure. Eligible women were informed about the purpose, procedures, benefits, and possible

inconveniences of participation, and written informed consent was obtained before randomization. After

consent and baseline assessment, participants were randomly allocated in a 1:1 ratio to either the

combined intervention group or the Pilates-only group. Randomization was performed using a

computer-generated block randomization sequence with variable block sizes of 4, 6, and 8 to preserve
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allocation concealment and reduce predictability. The sequence was implemented using sequentially
numbered, opaque, sealed envelopes prepared by an independent researcher who was not involved in
participant recruitment, treatment delivery, or outcome assessment. Outcome assessment was
performed by a blinded assessor to reduce measurement bias, whereas intervention delivery was
undertaken by a physiotherapist who was aware of treatment assignment due to the nature of the
exercise protocols (33).

The intervention period lasted 6 weeks, with supervised treatment sessions conducted 3 times per week.
Each session was standardized to 55 minutes. Both groups received a 5-minute warm-up followed by
Pilates-based cervical and postural exercise training and a 5-minute cool-down. The Pilates-only group
completed 45 minutes of Pilates and neck isometric exercises after warm-up, whereas the combined
intervention group completed 30 minutes of Pilates and neck isometric exercises followed by 15 minutes
of breathing re-education. Exercise intensity and progression were individualized according to
participant tolerance and physical capacity, but the structure remained consistent across sessions. The
exercise program included cervical spine retraction, neck rolls, head nodding, dynamic neck flexion and
extension, swan dive preparation, and neck isometric exercises intended to improve cervical muscle
control, postural alignment, and muscular endurance. Breathing re-education emphasized
diaphragmatic breathing and slow controlled respiratory practice intended to decrease accessory muscle
overuse, facilitate relaxation, and improve respiratory efficiency. Participants were advised not to use
analgesics for neck pain during the intervention period in order to reduce outcome contamination.
Adherence was monitored throughout the treatment phase by supervised attendance and therapist
oversight of exercise completion (29-32,44).

Pain intensity was measured using the Numeric Pain Rating Scale, an 11-point self-report scale ranging
from O for no pain to 10 for worst imaginable pain. This measure was selected because of its established
reliability and validity in musculoskeletal pain populations and its sensitivity to clinical change over
time. Sleep disturbance was assessed using the Insomnia Severity Index, a 7-item instrument with total
scores ranging from 0 to 28, where higher scores indicate greater insomnia severity. Neck-related
disability was evaluated using the Urdu version of the Neck Disability Index, which quantifies functional
limitation across 10 domains relevant to daily life. Deep cervical flexor endurance was assessed using
the Craniocervical Flexion Test with pressure biofeedback, beginning from a 20 mmHg baseline and
progressing in 2 mmHg increments up to 30 mmHg. For this test, participants performed gentle
craniocervical flexion while the maximum pressure level sustained for 10 seconds was recorded, and the
best of three trials was used in analysis. All outcomes were collected at baseline before intervention, at
week 3, and at week 6 using the same procedural sequence and standardized administration methods to
reduce measurement variability (44-56).

The primary analytical focus of the trial was comparative change over time in pain intensity, with
endurance, sleep disturbance, and neck disability treated as key secondary outcomes. Demographic and
baseline clinical characteristics were summarized using means and standard deviations for continuous
variables and frequencies with percentages for categorical variables. Distributional assumptions were
assessed using the Shapiro-Wilk test together with visual inspection of Q-Q plots and histograms. For
within-group comparisons across time, parametric methods were used where assumptions of normality
were satisfied, and non-parametric alternatives were applied where those assumptions were violated. For
between-group comparisons at corresponding time points, independent-sample tests were used for
normally distributed variables and Mann-Whitney U testing for non-normally distributed outcomes.
Because baseline comparability is essential in randomized trials with repeated follow-up, baseline values
were considered during between-group interpretation, and effect size estimation was used to
complement p-values in judging clinical relevance. Statistical significance was set at p<0.05. Data were
analyzed in IBM SPSS Statistics version 25 (33,44-56).
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Figure 2 CONSORT flow diagram showing participant screening, exclusion, randomization, allocation, follow-up, and analysis in
the trial comparing Pilates plus breathing re-education with Pilates alone in working women with chronic non-specific neck pain.
Several procedural measures were used to reduce bias and improve data integrity. Random allocation
and concealed sequence implementation were used to minimize selection bias; blinded outcome
assessment was used to reduce ascertainment bias; standardized eligibility screening and uniform
treatment scheduling were used to limit procedural variability; and use of the same validated
instruments at predefined intervals enhanced consistency of measurement. Reproducibility was further
supported through fixed session duration, a prespecified intervention schedule, therapist supervision,
and standardized recording of outcome data. Only participants who completed follow-up assessment
were included in the final analysis dataset, ensuring that the reported findings reflected observed
outcome values collected under the trial protocol.

RESULTS

A total of 60 working women were screened for eligibility. Four were excluded before randomization,
including one who did not meet the eligibility criteria, two who declined participation, and one excluded
for other reasons. Fifty-six participants were randomized, with 28 allocated to the combined Pilates plus
breathing re-education group and 28 to the Pilates-only group. During the intervention period, one
participant from the combined intervention group and three from the Pilates-only group did not
complete the allocated treatment. Consequently, 52 participants, 26 in each group, completed follow-up
and were included in the final analysis. No adverse events or treatment-related complications were
reported during the six-week intervention period. Baseline demographic characteristics were broadly

comparable across groups in age, anthropometry, marital status, and occupational profile, supporting
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reasonable clinical comparability at study entry, although the manuscript did not report formal baseline

p-values for these variables.

Table 1. Baseline demographic and occupational characteristics of the participants

Variable Pilates + Breathing Re-education (n=26) Pilates Only (n=26) p-value
Age, years 34.84 + 7.64 36.50 + 8.10 NR
Weight, kg 60.53 + 5.42 59.80 + 6.22 NR
Height, m 1.62 + 0.04 1.62 + 0.04 NR
Body mass index, kg/m? 22.76 + 1.23 22,69 + 1.14 NR
Married, n (%) 23 (88.5) 20 (76.9) NR
Single, n (%) 3 (11.5) 6(23.1) NR
House officer, n (%) 5(19.2) 6(23.1) NR
Doctor, n (%) 4(15.4) 4(154) NR
Nurse, n (%) 4(154) 2(7.7) NR
Teacher, n (%) 5(19.2) 3(11.5) NR
Others, n (%) 8(30.8) 11 (42.3) NR

At outcome level, the combined intervention group demonstrated more favorable changes over time
than the Pilates-only group across pain intensity, deep cervical flexor endurance, sleep disturbance, and
neck-related disability. For pain, baseline scores were similar, and the difference at week 3 remained
statistically non-significant. However, by week 6, the between-group comparison favored the combined
intervention, with a Mann-Whitney U statistic of 64.5 and p=0.000. The repeated-measures analysis also
showed a significant time effect at week 6, with F(1,50)=56.367, p<0.001, and 1°=0.53, indicating a large
effect. Mean pain intensity in the combined intervention group decreased from 5.58+0.50 at baseline to
3.03:0.45 at week 6, corresponding to an absolute reduction of 2.55 points or approximately 45.7%,
whereas the Pilates-only group declined from 5.42:0.70 to 4.15:0.61, an absolute reduction of 1.27 points
or 23.4%.

Table 2. Pain intensity over time and available inferential statistics

Outcome  Group Baseline Week3 Week6 Absolute Change Relative Between-group p-value Effect size
(Baseline to Week 6) Change, % statistic
NPRS Pilates + Breathing  5.58 + 0.50 4.65 + 3.03 + -2.55 -45.7 Week 6: U=64.5 0.000 1?=0.53*
Re-education 0.56 045
NPRS Pilates Only 542+0.70 4.92: 415+ -1.27 -23.4 Week 3: U=261.0 0111 NR
0.74 0.61

* Effect size reported in the manuscript for time effect at week 6: F(1,50)=56.367, p<0.001, n?=0.53.

Endurance of the deep cervical flexors improved in both groups but to a much greater extent in the
combined intervention arm. The manuscript reported no significant baseline difference in endurance
(p=0.946), followed by significant between-group differences at both week 3 and week 6 (both p<0.001).
In the combined intervention group, endurance increased from 18.42:1.27 mmHg at baseline to
22.46+1.17 mmHg at week 6, representing a gain of 4.04 mmHg or 21.9%. In contrast, the Pilates-only
group improved from 18.35:1.09 mmHg to 19.38+1.06 mmHg, a gain of 1.03 mmHg or 5.6%. These
values indicate a substantially steeper therapeutic response in the group receiving breathing re-
education in addition to Pilates.

Table 3. Endurance of deep cervical flexors over time and available inferential statistics

Outcome Group Baseline Week 3 Week 6 Absolute Relative Baseline p- Week3p- Week 6 p-
(mmHg) (mmHg) (mmHg) Change Change, % value value value

CCFT Pilates + Breathing Re- 1842 + 1.27 2019+ 1.20 2246+ 1.17 +4.04 +21.9 0.946 <0.001 <0.001

endurance  education

CCFT Pilates Only 1835+1.09 18.84+092 1938+:1.06 +1.03 +5.6 0.946 <0.001 <0.001

endurance

Sleep disturbance, assessed using the Insomnia Severity Index, also improved more substantially in the
combined intervention group. The repeated-measures analysis showed statistically significant time
effects in both groups, but the magnitude of change was notably greater in the combined intervention
group, and the group-by-time interaction was significant. Mean ISI score in the combined intervention
group declined from 17.38+3.51 at baseline to 11.65+3.19 at week 6, an absolute reduction of 5.73 points
or 33.0%. The Pilates-only group showed a smaller reduction from 18.73+2.63 to 16.38+2.45, equivalent
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to 2.35 points or 12.5%. This pattern suggests that addition of breathing re-education may have enhanced

the effect of exercise on sleep-related symptom burden in this population.

Table 4. Sleep disturbance over time and available inférential statistics

Outcome  Group Baseline Week3 Week 6 Absolute Change Relative Within-group statistic p-value Interaction
(ISI) (IS1) (ISI) Change, %
1SI Pilates + 1738+ 351 1507+ 1165+ -573 -33.0 F(2,49)=573.659 <0.001  Significant
Breathing Re- 3.45 3.19
education
IsI Pilates Only 1873263 1765+ 1638+ -235 -12.5 F(2,49)=102.338 <0.001  Significant
2.53 245

The combined intervention group also showed greater reduction in neck-related disability than the
Pilates-only group. Mean NDI score fell from 24.73+5.35 at baseline to 13.46+5.51 at week 6 in the
combined intervention group, an absolute reduction of 11.27 points or 45.6%. In the Pilates-only group,
the score decreased from 24.08:4.76 to 20.65+4.54, a reduction of 3.43 points or 14.2%. The reported
repeated-measures analysis showed significant time effects in both groups, with a significant group-by-
time interaction, indicating that the magnitude of disability reduction was appreciably greater when
breathing re-education was added to Pilates exercise.

Table 5. Neck-related disability over time and available inferential statistics

Outcome  Group Baseline Week3 Week6 Absolute Change Relative Within-group statistic p-value Interaction
(NDI) (NDI) (NDI) Change, %
NDI Pilates + 2473535 1950+ 1346+ -11.27 -45.6 F(2,49)=114.441 <0.001  Significant
Breathing Re- 5.33 5.51
education
NDI Pilates Only 24.08 + 476 2257+ 2065+ -3.43 -14.2 F(2,49)=32.587 <0.001  Significant
4.68 4.54

To improve interpretability across outcomes with different measurement scales, the aggregate data were
also re-expressed as relative six-week improvement from baseline. This cross-outcome comparison
showed that the combined intervention produced approximately 45.7% improvement in pain, 21.9%
improvement in endurance, 33.0% reduction in insomnia severity, and 45.6% reduction in disability,
whereas the Pilates-only group showed corresponding changes of 23.4%, 5.6%, 12.5%, and 14.2%,
respectively. The greatest between-group separation was observed for pain and disability, where relative
improvement in the combined intervention group was more than threefold that seen in the Pilates-only
group for disability and nearly double for pain.

Relative Six-Week Improvement Across Clinical Qutcomes in Working Women With Chronic Non-Specific Neck Pain

45.6%
Disability (NDI}

Sleep {ISI)

Endurance (CCFT)

45.7%
Pain [MPRS)

mmm Pilates + Breathing Re-education
- Filates Only

o 10 20 30 40 50
WWeek-6 Improvement from Baseline (%)

Figure 3 Relative six-week improvement across clinical outcomes in working women with chronic non-specific neck pain

Sleep improvement was also clinically notable, with the combined intervention achieving nearly 2.6
times the relative reduction observed in the Pilates-only arm. Endurance gains followed the same
direction, with the combined intervention yielding almost a fourfold greater relative improvement than
Pilates alone, supporting a more integrated therapeutic effect across symptom, functional, and

physiological domains.
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Across all four reported outcomes, the combined Pilates plus breathing re-education intervention
demonstrated larger relative improvement from baseline to week 6 than Pilates alone. Pain intensity
improved by 45.7% in the combined intervention group compared with 23.4% in the Pilates-only group,
while neck disability improved by 45.6% versus 14.2%, respectively. Sleep disturbance showed a 33.0%
reduction with the combined intervention compared with 12.5% with Pilates alone, and deep cervical
flexor endurance increased by 21.9% versus 5.6%. The pattern indicates that the addition of breathing
re-education was associated with consistently steeper clinical improvement across symptom severity,
functional limitation, sleep burden, and cervical muscular performance, with the largest absolute
separation observed for disability and pain.

DISCUSSION

This randomized controlled trial evaluated whether adding breathing re-education to a structured Pilates
program would yield greater improvement in pain intensity, deep cervical flexor endurance, sleep
disturbance, and neck-related disability among working women with chronic non-specific neck pain. The
findings consistently favored the combined intervention over Pilates alone at six weeks, with the largest
relative gains observed for pain and disability and additional clinically meaningful improvements in
sleep quality and cervical muscular endurance. These results support the view that chronic neck pain in
occupationally active women is a multidimensional disorder that may respond more effectively to
integrated exercise strategies than to movement-based rehabilitation alone. Rather than acting only
through generalized exercise exposure, the combined protocol appears to have influenced multiple
related domains simultaneously, suggesting that respiratory retraining may enhance the functional
effects of cervical and postural exercise in this population.

The reduction in pain intensity observed in the combined intervention group is consistent with prior
evidence suggesting that Pilates-based exercise can reduce pain by improving postural control, trunk
stability, coordinated movement, and mechanical loading patterns across the spine. Earlier rehabilitation
literature has reported that Pilates may serve as a useful non-pharmacological strategy for persistent
musculoskeletal pain by improving movement quality and reducing maladaptive muscular recruitment.
In the present study, pain scores in the combined intervention group decreased by 2.55 points over six
weeks compared with 1.27 points in the Pilates-only group, indicating that the additional breathing
component may have strengthened the analgesic response beyond what was achieved through exercise
alone. This pattern is compatible with earlier reports that stabilization-oriented exercise and core-focused
rehabilitation can reduce persistent spinal pain by improving neuromuscular efficiency and decreasing
excessive muscular guarding (57,58).

The observed improvement in deep cervical flexor endurance also reinforces the rationale for combining
breathing control with therapeutic exercise. Chronic non-specific neck pain is often associated with
reduced activation efficiency of deep cervical stabilizers and compensatory overuse of superficial
muscles, particularly when posture is compromised or respiratory mechanics are altered. In this trial,
endurance increased by 4.04 mmHg in the combined intervention group compared with 1.03 mmHg in
the Pilates-only group, suggesting a more substantial recovery in cervical motor performance when
breathing retraining accompanied exercise. This may reflect improved coordination between cervical
stabilization and respiratory muscle recruitment, especially if diaphragmatic breathing reduced
accessory muscle overactivity and allowed more efficient neuromuscular control during repeated
movement. Previous work on Pilates and functional performance has similarly indicated that structured
training can improve muscular endurance and movement control, supporting the biological plausibility
of the present findings (59).

One of the more clinically important findings of this study was the greater reduction in insomnia
severity in the combined intervention group. Sleep disturbance is a major but often under-addressed

consequence of chronic musculoskeletal pain, and its relationship with pain is likely reciprocal. In the
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present study, the combined intervention reduced ISI scores by 5.73 points, whereas Pilates alone reduced
scores by 2.35 points. This suggests that breathing re-education may have contributed benefits extending
beyond biomechanical correction, potentially by promoting autonomic regulation, relaxation, and
decreased physiological arousal. Diaphragmatic breathing has been associated in previous pain-
management literature with reduced stress responsiveness and improved sleep-related outcomes,
particularly when incorporated into mind-body or multimodal interventions. The present findings
therefore align with the broader proposition that addressing respiratory and relaxation mechanisms
alongside exercise may improve recovery in patients whose pain is accompanied by disturbed sleep and
fatigue (60).

Similarly, the greater reduction in neck-related disability in the combined intervention group indicates
that the benefits of the intervention were not limited to symptom relief but also extended to functional
improvement. Disability scores declined by 11.27 points in the combined intervention group compared
with 3.43 points in the Pilates-only group, suggesting a substantially larger functional gain when
breathing re-education was incorporated. This is clinically relevant because improvement in disability
reflects enhanced capacity to perform daily activities, tolerate occupational tasks, and manage pain-
related limitations in real-world settings. Prior intervention studies in chronic neck pain have also shown
that exercise-based approaches can improve disability when they target movement control, muscular
performance, and pain-related functional restriction. The present results extend that literature by
suggesting that a combined cervical-postural and respiratory approach may yield greater disability
reduction than Pilates training alone in working women with persistent symptoms (61).

Taken together, the results suggest that the mechanism of benefit may be broader than simple
strengthening or flexibility enhancement. Pilates likely contributed through improved postural
alignment, segmental control, and cervical-core integration, whereas breathing re-education may have
reduced excessive cervical accessory muscle activity, enhanced relaxation, and improved tolerance of
movement and daily activity. The superiority of the combined intervention across all major outcomes
supports a multimodal rehabilitation framework for chronic non-specific neck pain, particularly in
populations exposed to prolonged occupational postures and stress-related symptom aggravation. This
interpretation is consistent with prior literature emphasizing that chronic pain is best managed through
integrated, multidimensional strategies rather than isolated symptom-targeted interventions (62).

Despite these strengths, the findings should be interpreted in light of several limitations. The final
analyzed sample was modest, which restricts external validity and may reduce the precision of between-
group estimates. The follow-up duration was limited to six weeks, so the persistence of treatment effects
beyond the immediate intervention period remains uncertain. The trial was conducted only in working
women, which improves population specificity but limits generalizability to men, non-working adults,
or broader cervical pain populations. In addition, although the overall direction of findings was coherent
across outcomes, the manuscript would be strengthened further by fuller reporting of confidence
intervals, consistent effect-size estimates across all endpoints, and clearer specification of a single
primary outcome. Nevertheless, the consistency of benefit across pain, endurance, sleep, and disability
provides clinically meaningful support for the use of integrated exercise and breathing-based
rehabilitation in this group.

CONCLUSION

Pilates exercises combined with breathing re-education produced greater improvement than Pilates
alone in pain intensity, deep cervical flexor endurance, sleep disturbance, and neck-related disability
among working women with chronic non-specific neck pain over six weeks. The findings support the
clinical value of an integrated rehabilitation approach that addresses both movement dysfunction and
breathing behavior, particularly in patients whose symptoms are accompanied by impaired endurance,

sleep disruption, and functional limitation. Although longer-term and larger-scale trials are needed to
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confirm durability and broader applicability, the present results indicate that adding breathing re-

education to Pilates may enhance short-term outcomes in this population.
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