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Abstract Non-specific chronic neck pain commonly
affects office workers. Previous studies have explored
various forms of physical exercise as therapies to alleviate
pain and improve function. However, limited research has
investigated stretching as an isolated intervention among
office workers, with only one study demonstrating
promising results. This pilot study aimed to assess the
effectiveness of a 4-week static stretching protocol as a
standalone treatment for reducing self-reported pain levels
and improving pressure pain threshold (PPT) in women
experiencing chronic non-specific neck pain. Sixty-six
employed women with moderate to severe chronic neck
pain were randomly assigned to either the static stretching
(SS) or control group (CG). The SS group performed six
neck muscle stretching exercises regularly for 4 weeks.
Therapeutic effectiveness was evaluated before treatment
initiation and at the end of the 4-week treatment period
using the 11-point numerical pain rating scale (NPRS) and
pressure pain threshold (PPT). Significant findings
revealed a decrease in PPT in favor of the SS group,
indicating reduced pressure pain sensitivity (p=0.013).
However, there was no significant difference in NPRS
between the two groups at the 4-week assessment
(p=0.798). Our findings suggest that static stretching leads
to a decrease in PPT but does not influence NPRS in
women with chronic non-specific neck pain. Further
evaluation of static stretching in a larger population with

non-specific chronic neck pain is warranted. Additionally,
future studies should investigate the optimal training
dosage required to induce physiological and neuromuscular
changes potentially linked to decreased neck pain and
increased PPT levels.
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1. Introduction

Neck pain is a prevalent musculoskeletal issue affecting
a substantial portion of the adult population, with up to
67% experiencing it at certain points in their lives [1, 2]. Its
repercussions encompass personal suffering, disability, and
a reduction in the quality of their work and life,
contributing significantly to the socioeconomic burden [3,
4]. When persisting for more than three months, neck pain
is categorized as non-specific chronic neck pain (NCNP)
[5]. This condition is notably more widespread among
office workers compared to the general community [6-8]
particularly affecting women to a greater degree than men
[9]. The etiology of NCNP is complex and multifactorial.
While the exact pathophysiological mechanisms remain
incompletely understood, research indicates a potential
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association with deficits and alterations in the
proprioception of neck muscles, influencing cervical joint
position and head motor control [10]. Furthermore,
psychosocial elements such as catastrophism, stress,
anxiety, and depression are strongly linked to neck pain and
can significantly impact the pain perception [11, 12].
Various physical exercises, including strengthening, range
of motion, motor control, stretching, and proprioceptive
training, are frequently integrated into treatment
approaches for neck pain [13, 14]. Stretching exercises, in
particular, have demonstrated the potential to reduce pain
levels and improve flexibility [15, 16]. Previous studies
have investigated the impact of stretching exercises, either
alone or combined with other therapeutic exercises, in
contrast to different forms of exercise [17-20] and manual
therapy [21] for treating NCNP. These studies have
demonstrated encouraging outcomes. However, there
remains a notable gap in research specifically investigating
the effects of isolated stretching interventions on office
workers experiencing non-specific neck pain. Notably, a
study observed significant improvements in Visual Analog
Scale (VAS) pain scores and neck function within the
intervention group as opposed to the control group,
suggesting the potential efficacy of stretching as a
standalone intervention [22]. Furthermore, a recent
systematic review [23] emphasized the scarcity of
randomized controlled trials examining the effectiveness
of stretching exercises as interventions for addressing
non-specific neck pain in office workers, highlighting the
need for further exploration in this area. Therefore, this
study aimed to act as a pilot investigation to evaluate the
effectiveness of a 4-week static stretching protocol as a
standalone treatment for self-reported pain levels and
pressure pain thresholds (PPT) in women with chronic non-
specific neck pain.

2. Materials & Methods

2.1. Research Design

This pilot randomized controlled trial was conducted as
a single-center, assessor-blinded study. Participants with
chronic non-specific neck pain were randomized in a 1:1
ratio to two parallel groups. Assessments occurred at
Metropolitan College, Athens, Greece, at baseline and
post-intervention (week 4).

Participants

Recruitment for this study took place between July 2023
and April 2024 in three workplaces in Athens, Greece. We
employed strategies to reach potential participants,
including sending emails to employees at the School of
Health and prominently displaying notifications on school
notice boards across three campuses: Athens, Piraeus, and
Marousi. Stringent inclusion criteria were established to
define a specific and pertinent study cohort. Eligible

participants were females aged between 20 and 60 years,
reporting daily computer usage with persistent neck pain
related to computer use for more than 3 months, and a
minimum of 3 years of computer usage. Additionally,
participants needed to be currently employed, committed to
both work and rehabilitation efforts, with no sick leave
exceeding 1 month in the past 12 months. They were
required to work a minimum of 20 hours per week and
report neck pain within the last 7 days, with a self-reported
pain intensity of at least 3 on a scale of 010, where a visual
analogue scale >3 represents moderate pain [24]. An
eligibility examination was conducted by a physical
therapist. Exclusion criteria included individuals reporting
pain in more than three body regions, a medical history of
specific ~ conditions such as cardiovascular or
cerebrovascular accidents, hypertension, fibromyalgia,
rheumatoid arthritis, cervical disc herniation, whiplash,
other significant traumatic neck injuries, severe psychiatric
iliness, or other severe chronic diseases. Pregnant
individuals, those engaging in vigorous physical exercise
exceeding 2 hours per week, and those who experienced
neck pain for fewer than 8 days in the preceding 12 months
were also excluded from participation. Importantly, the
inclusion and exclusion criteria were adapted from a
previously published study [25].

Participants provided informed written consent, and the
study protocol received approval (approval number:
648864/06-06-2023) from the Ethics Committee of
Metropolitan College, Athens, Greece, following the
principles of the Declaration of Helsinki.

2.2. Randomization

For the randomization procedure, an impartial
statistician utilized a computer-generated random number
system to allocate participants randomly into different
groups. Participants received notification of their group
assignment via email. To safeguard the study's integrity,
the randomization codes were securely stored in a sealed
opaque envelope, maintaining confidentiality until the
study's completion. Prior to randomization, participants
were informed that neither of the two interventions was
known to be superior. Furthermore, participants were
instructed not to disclose their specific intervention during
the follow-up examination. While the nature of the
interventions precluded blinding of patients and treatment
clinicians, efforts were made to minimize bias. The
physiotherapist responsible for conducting follow-up
measurements remained unaware of the treatment
allocation for each participant, enhancing the study's
objectivity and reliability of outcomes.

2.3. Interventions

In this study, participants were randomly assigned to
either a static stretching group (SS) or a control group (CG).
Participants in the SS group underwent a structured
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intervention regimen. Prior to initiating the intervention,
each participant in the SS group attended three instruction
sessions led by a physiotherapist to ensure correct
execution of the prescribed exercises.

Participants in the SS group performed a series of
targeted stretches focusing on the musculature of the neck,
adapted from Ylinen et al. [26]. These stretches included
lateral flexion for the upper trapezius, ipsilateral flexion
and rotation for the scalene, and flexion for the extensor
muscles, performed in a seated position with the cervical
spine in neutral alignment. Each stretch was held at a point
of mild discomfort, for 20 seconds, and repeated twice,
with a 30-second rest between repetitions. Following the
static stretches, participants performed a neck straightening
exercise by retracting the head five times, with each
repetition held for 3-5 seconds. The total duration of each
session was approximately 10 minutes. Participants
performed this stretching regimen once per day, five days
a week, over a four-week period, for a total of 20 sessions.

Both the static stretching group (SS) and the control
group (CG) received instructional materials, including a
booklet on office ergonomics, and a training diary to
monitor compliance. Additionally, the SS group was
provided with a video link and a brochure demonstrating
the correct execution of the stretching exercises.
Throughout the study, participants did not receive any
other treatments.

2.4. Outcome Measures

Outcome measures were evaluated at two distinct time
points—initially and following a four-week intervention
period—to gauge the effectiveness of the interventions.
Primary outcome measures comprised an 11-point
numerical pain rating scale (NPRS), employed to assess
participants' neck pain on a scale from 0 to 10, where zero
indicated the absence of pain and 10 denoted the worst
imaginable pain. The scale is a valid and reliable tool for
measuring pain intensity [27]. Additionally, the NPRS
establishes a minimal clinically important difference
(MCID) of 1.5 points in patients with chronic neck pain
without upper limb symptoms, providing valuable
benchmarks for interpreting changes in pain intensity [28].

Pressure Pain Threshold (PPT) assessments closely
followed the methodology outlined by Walton et al. [29],
utilizing an algometry device (OE-220, ITO Co., Ltd.,
Tokyo, Japan). Focused on the upper fibers of the trapezius,
assessments were systematically conducted bilaterally with
participants in a seated position, mirroring the procedural
specifics of Walton et al. [29]. Throughout each PPT
assessment, three measurements were taken at the
designated site, with subsequent statistical analysis relying
on the mean of these measurements. Recorded PPT values
were expressed in kilograms per square centimeter
(kg/cm=, ensuring a standardized unit of measurement for
accurate and consistent assessment. Initial PPT
measurements, established at the study's commencement,
served as a baseline for subsequent assessments after four

weeks to assess changes in pressure pain sensitivity over
the intervention period. The reliability of pressure pain
threshold (PPT) measurements using the algometer has
been demonstrated in Walton's study [29], showing almost
perfect intra-rater reliability (ICC = 0.94-0.97) and
substantial to near-perfect interrater reliability (ICC = 0.79-
0.90) among individuals with neck pain. Additionally,
Walton et al. [29] reported a minimum detectable change
of 47.2 kPa, providing valuable insight into interpreting
changes in PPT levels in patients with neck pain.

2.5. Statistical Methods

Statistical analysis was carried out using the SPSS 26.0
software (SPSS Inc., Chicago, IL, USA). Descriptive data
were presented as mean =+ standard deviation (SD). Data
normality was assessed using the Shapiro-Wilk test.
Student's t-test for independent samples was employed to
compare continuous variables with a normal distribution,
while the nonparametric Mann-Whitney U test was used
for variables with non-normally distributed data.
Differences between groups were analyzed with two-way
repeated measures ANOVA. Partial Eta Squared (n?), a
measure of effect size, was reported for significant
differences in ANOVA and categorized as [0.01 small, 0.06
medium, and >0.14 large] [30]. The level of significance
was set at p<0.05.

2.6. Sample Size Calculation

The sample size of the study was calculated on the basis
of a time-by-group interaction of a 2x2 mixed analysis of
variance (ANOVA). To detect a medium effect size of
f=0.25 [31] with 80% power and an alpha of 0.05, G*Power
v.3.1.9.7 [32, 33] estimated a minimum total sample of 54
individuals.

3. Results

3.1. Sample Characteristics

Out of the initially screened 68 eligible patients, 66
individuals (34 in the Intervention group and 32 in the
Control group) successfully completed the trial for the per-
protocol analysis. During the treatment period, two
participants from the Control group were lost to follow-up
and, as a result, were excluded from the study. A detailed
overview of the recruitment, participation, and attrition of
participants throughout the trial is illustrated in Figure 1. It
is noteworthy that all participants in the intervention group
successfully completed the planned 20 stretching sessions
over the 4-week period. To provide a comprehensive
understanding, Table 1 presents the baseline demographics
of the participants, highlighting the absence of statistically
significant differences among the groups concerning
demographic characteristics or clinical data.
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Figure 1. Diagram showing participants” flow through the study, from enroliment to allocation, follow-up, and analysis

Table 1. Baseline data on the subjects

A 4

Control group, n=34

\ 4

2 missed follow up visit

A 4

Analysed, n=32

Excluded from analysis, n=2

Total (n=66)

Static stretching group (n=34)

Control group (n=32)

p value

Age, years, Mean (SD) 38.2 (8.3)

38.4 (8.0)

38.1(8.8)

0.889¢

BMI, kg/m?, Mean (SD) 22.8(2.9)

22.6 (3.0)

23.1(2.9)

0.48071

Duration of neck pain, months, Median
36 (63
(1QR) ©3)

46.5 (72.0)

36.0 (57.0)

0.143}

SD: Standard deviation. IQR: Interquartile range. BMI: Body Mass Index. tStudent’s t. {Mann-Whitney U.
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3.2. NPRS Assessment

At the 4-week follow-up, the analysis revealed no
statistically significant difference in Numerical Pain Rating
Scale (NPRS) scores between the Intervention and Control
groups, F (1, 64) = 0.066, p = 0.798, with a partial eta
squared (n?> = 0.001) indicating a negligible effect size.
Participants in the Intervention group demonstrated a mean
reduction of 1.0 points on the NPRS, while the Control
group exhibited a mean reduction of 0.8 points (Table 2 and
Fig. 2).

3.3. PPT Assessment

At the 4-week follow-up, the results showed a
statistically significant difference in Pressure Pain
Threshold (PPT) values between the Intervention and
Control groups, F (1, 64) = 6.549, p = 0.013, with a partial
eta squared (n? = 0.093), indicating a medium to large
effect size. The Intervention group showed a median
reduction of 4.9 kg/cm=2 whereas the Control group
demonstrated a median reduction of 1.1 kg/cm=(Table 3
and Fig. 3).

Table 2. NPRS ratings at the baseline and changes at the 4-week follow-up

Baseline Mean (SD) Week 4 Mean (SD) F (df1, 2) p value Partial eta?
Static stretching group 4.2(2.1) 3.2(1.9)
0.066 (1, 64) 0.798* 0.001
Control group 4.3(1.8) 3.5(1.7)

SD: Standard deviation, F: ratio of between group variation and within group variation, df: indicates degrees of freedom. *two-way repeated

measures ANOVA
6.0 - e==Static stretching group (n=34)
——Control group (n=33
§ 5.5 A
s}
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Follow-up measurement
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Figure 2. Numeric Pain Rating Scale (NPRS) Changes in Control and Intervention Groups from Baseline to Follow-Up (Mean +=SD; 0-10 scale)

Table 3. PPT assessment ratings (kg/cm?) at the baseline and changes at the 4-week follow-up

Baseline Mean (SD) Week 4 Mean (SD) F (df1, 2) p value Partial eta?
Static stretching group 21.6 (8.2) 16.7 (5.4)
6.549 (1, 64) 0.013* 0.093
Control group 21.4(9.2) 20.3 (8.9)

SD: Standard deviation, F: ratio of between group variation and within group variation, df: indicates degrees of freedom. *two-way repeated

measures ANOVA.
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Figure 3. Pressure Pain Threshold (PPT) Changes in Control and Intervention Groups from Baseline to Follow-Up (Mean +SD; kg/cm3

4. Discussion

The study aimed to evaluate the impact of neck muscle
stretching on pressure pain threshold (PPT) and neck pain
in female office workers experiencing moderate to severe
neck pain. Contrary to anticipated results, the intervention
demonstrated a considerable decrease in PPT, indicating
heightened pressure pain sensitivity, while failing to result
in a significant reduction in neck pain compared to the
control group.

Research studies consistently highlight the association
between musculoskeletal pain and physical workplace
factors, such as tiring postures, repetitive tasks, and static
contractions [34, 35]. Specifically, neck pain is more
prevalent among office workers engaged in low-intensity
but continuous isometric neck contractions [36-38]. The
monotonous static tension during computer work is thought
to cause a selective overload of low-threshold motor units,
a phenomenon described by the "Cinderella hypothesis™
[39]. A newer theory, known as the "Shift Theory,"
suggests that muscles recruited in a shift pattern, involving
prolonged contractions with insufficient relaxation time,
may experience an energy crisis potentially leading to
trigger points or myofascial pain [40].

Several studies have underscored the utility of pressure
pain threshold (PPT) as a valuable tool for assessing
patients with neck, shoulder, and back pain [41, 42]. PPT
proves instrumental in analyzing the pathogenesis,
classification, differential diagnosis, and prognosis of
chronic musculoskeletal pain [41]. Patients experiencing
chronic neck pain consistently demonstrate lower PPT
compared to healthy controls, with a direct correlation

between pain intensity and pain threshold—meaning that
as pain levels increase, pain thresholds decrease [43-47].
While our study did not evaluate pain relief through
objective methods, the Numerical Pain Rating Scale
(NPRS) and PPT are considered reliable measures, with
patient self-reports remaining the gold standard [48]. Our
findings indicate that patients with Non-specific Chronic
Neck Pain (NCNP) do not exhibit the expected response to
stretching. Typically, pain thresholds would increase
following stretching [49, 50]. In general, the observed
phenomenon is linked to the liberation of naturally
occurring opioids and growth factors [51] alongside other
potent pain-inhibitory mechanisms, including the
coordination of "descending inhibition" by the central
nervous system [52]. Notably, a similar lack of descending
inhibition during exercise has been observed in patients
with Chronic Fatigue Syndrome suffering from chronic
widespread pain [53]. Likewise, our study reveals a
comparable deficiency in descending inhibition during
stretching exercises in patients with Non-specific Chronic
Neck  Pain, indicating a  potentially  shared
pathophysiological mechanism.

Our study vyielded findings inconsistent with prior
research, specifically, Tunwattanapong et al. [22] achieved
a significant reduction in neck pain and improvement in
neck and shoulder function among office workers with
moderate to severe neck pain. Notably, participants in their
study adhered to a twice-daily stretching routine, five days
per week for four weeks. In contrast, our study involved
participants performing stretching exercises once daily,
five days a week, over a total duration of four weeks. The
disparity in training frequency between our study and
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Tunwattanapong et al.'s [22] study suggests that the
increased frequency in their intervention may have
contributed to the significant reduction in pain levels.
Additionally, the authors observed a direct correlation
between exercise frequency and improvements in neck
function scores and the physical dimension of the quality
of life scores, though not in pain scores.

Furthermore, two other studies indicated that stretching
at a reduced frequency of three days per week could
effectively reduce pain, enhance function, and decrease
disability in individuals with chronic neck pain [19, 20]. It
is noteworthy that both of these studies extended over a
longer duration of one year, whereas our study
encompassed a four-week period of stretching exercises. It
can be hypothesized that a lower stretching frequency, as
employed in these studies, may necessitate a more extended
time to induce physiological and neuromuscular alterations
associated with a reduction in neck pain.

The study conducted by Caputo et al. [18] investigated
the impact of a stretching regimen with postural exercises
performed twice a week for 45 minutes over seven weeks,
revealing a significant reduction in pain and improvement
in function. Although the training frequency in their study
was lower compared to ours, the higher training volume (10
sets of 10 seconds per stretch) may have contributed to the
positive outcomes observed. Additionally, H&kinen et al.
[54] demonstrated that manual therapy performed twice a
week, coupled with stretching exercises five times per
week over four weeks, effectively reduced pain in women
with chronic neck pain, albeit without improvements in
neck muscle strength. The exercise duration and frequency
in their study mirrored ours, but the volume was higher (2-
3 sets of 30 seconds).

In comparison of stretching and manual therapy on neck
pain and disability, Ylinen et al. [26] found both
interventions to be effective, with minor differences in
effectiveness between the two. The stretching exercises in
their study were conducted at a similar frequency to ours
for four weeks, but the stretching volume was higher in all
three studies [18, 26, 54].

Several studies suggest a relationship between training
volume and strength improvement, and a similar
relationship may exist between stretching volume and its
effects on pain levels [55-57].

This potential dose-response relationship warrants
exploration in future studies. Previous research has already
explored the dose—response relationship between training
frequency and neck pain levels. A one-year longitudinal
study indicated that office workers engaging in exercise
more than three times per week were 1.5 times less likely
to develop neck pain [7], while Korhonen et al. [58] found
that office workers exercising less than twice a week had a
1.4 times greater risk of neck pain. Moreover, a study by
Tsauo et al. [59] demonstrated a dose—response effect of

exercise intensity in reducing neck and shoulder symptoms
in sedentary workers. Furthermore, stretching for longer
durations (30 & 60 seconds) has shown greater
improvement in pain intensity and algometric pressure
compared to shorter durations or no stretch in patients with
myofascial pain syndrome [60].

While our study contributes valuable insights, it is
essential to recognize several limitations that may
introduce uncertainties into the interpretation of results.
Firstly, we deliberately focused on short-term effects,
limiting our ability to draw conclusions about the long-term
efficacy of stretching programs for chronic neck pain.
Secondly, the reliance on self-reported exercise frequency
introduces a potential source of bias, possibly leading to an
overestimation of patient compliance with the stretching
regimen. Furthermore, the premature withdrawal of two
participants from the control group complicates the study's
integrity, deviating from the intended intention-to-treat
(ITT) analysis. The omission of ITT analysis, which
includes all initially assigned participants regardless of
adherence or completion status, could impact the overall
interpretation of treatment effects. Despite conducting a
sample size calculation before the study, unexpected
limitations in statistical power were observed. The
predetermined sample size might not have adequately
accounted for variability or other unanticipated factors,
posing challenges in detecting statistically discernible
differences between the groups. Additionally, our trial was
only partially blinded, potentially introducing bias.

To comprehensively investigate the effects of stretching
programs on chronic neck pain, future studies should
consider larger participant numbers and longer follow-up
periods. It is imperative to conduct ITT analyses in these
future studies to thoroughly understand treatment effects,
accounting for all initially assigned participants.
Furthermore, these studies should aim to explore the
minimum training dosage needed to induce physiological
and neuromuscular alterations associated with reduced
muscle pain and increased Pressure Pain Threshold (PPT).

5. Conclusions

In conclusion, this study demonstrates that a 4-week
static stretching program targeting the neck musculature
leads to a substantial decrease in local pressure pain
threshold but does not result in a statistically significant
decrease in self-reported neck pain among female office
workers with moderate to severe neck pain. The findings
underscore the necessity for larger-scale studies with
extended follow-up periods to investigate the optimal
training dosage required to bring about physiological and
neuromuscular alterations, potentially associated with a
reduction in muscle pain and an increase in Pressure Pain
Threshold (PPT).
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Clinical Relevance

Tailoring stretching programs by adjusting volume,
frequency, duration, and exercise intensity could
enhance pain management strategies for individuals
with non-specific chronic neck pain.

Further research should refine stretching protocols to
identify optimal parameters (volume, frequency,
duration) that alleviate pain and enhance pressure pain
thresholds in chronic neck pain. Personalized
interventions could address varied aspects of pain
perception.
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