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Abstract

Background and Purpose: Prolonged smartphone use may contribute to cervical pain
through sustained muscular overload and increased nociceptive input. This study investi-
gated the effects of adding chitosan phonophoresis to conventional physical therapy on
pain, disability, and cervical range of motion (ROM) in smartphone-addicted adolescents
with cervical pain. Methods: Thirty-two participants aged 16–19 years with smartphone
addiction and cervical pain were randomly assigned to a chitosan phonophoresis group
or a control group. Outcomes were assessed before and after treatment using the Neck
Disability Index (NDI), Visual Analog Scale for Pain (VAS-P), and cervical range-of-motion
(CROM) device. Results: Both groups improved significantly after treatment. Compared
with the control group, the chitosan phonophoresis group showed greater reductions in
VAS-P (MD = −1.00, 95% CI: −1.59 to −0.41; p = 0.002) and NDI (MD = −3.13, 95% CI:
−5.00 to −1.23; p = 0.002). Greater improvements were also observed in cervical ROM,
including flexion (MD = 5.63◦, 95% CI: 2.58 to 8.67), extension (MD = 6.25◦, 95% CI: 1.90 to
10.59), right bending (MD = 3.75◦, 95% CI: 1.74 to 5.76), left bending (MD = 4.38◦, 95% CI:
1.95 to 6.79), right rotation (MD = 6.25◦, 95% CI: 3.70 to 8.80), and left rotation (MD = 6.25◦,
95% CI: 3.19 to 9.30; all p < 0.001). Conclusions: Adding chitosan phonophoresis to conven-
tional physical therapy produced greater improvements in cervical pain, disability, and
ROM. However, between-group differences in pain and disability were below commonly
reported thresholds for clinically important change. Chitosan phonophoresis may be a
useful adjunct in managing cervical disorders associated with prolonged smartphone use.
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1. Introduction
Excessive smartphone use has become a widespread behavioral and musculoskeletal

health concern, particularly among adolescents and young adults, who are highly exposed
to prolonged daily screen time and have elevated rates of smartphone dependence [1].
Sustained smartphone use commonly places the cervical spine in a flexed, forward-head
posture, increasing compressive and repetitive stress on cervical structures and contributing
to what is often termed text neck syndrome [2]. Neck pain is among the most frequently
reported musculoskeletal complaints among smartphone users, often accompanied by
disability, reduced cervical mobility, postural deviations, and impaired muscle perfor-
mance [3]. Prolonged cervical flexion and faulty posture appear to alter cervical alignment,
irritate surrounding soft tissues, and promote muscular imbalance, reduced endurance,
and proprioceptive dysfunction, which may collectively aggravate pain and functional
limitations [4].

Recent trials indicate that conservative interventions, such as corrective exercises, deep-
cervical-flexor training, stabilization programs, proprioceptive training, and ergonomic
modifications, can reduce pain and disability in smartphone-related neck disorders [4–6].
Ergonomic and app-based strategies also appear to support posture correction, adherence,
and self-management, with improvements reported in forward head posture, endurance,
and disability outcomes [7,8]. Conventional physical therapy for neck pain commonly uses
a multimodal approach targeting pain, muscle tightness, flexibility, and cervical postural
and motor control. Therapeutic exercise and manual therapy have demonstrated beneficial
effects on pain, range of motion (ROM), and disability in individuals with neck pain [9–11].

Ultrasound is a widely used physical therapy modality, and phonophoresis extends
its application by enhancing the transdermal delivery of topical agents into deeper tis-
sues [12,13]. In cervical and related neuromusculoskeletal conditions, phonophoresis has
been associated with reductions in pain and disability, and when combined with exer-
cise or manual therapy, it may produce greater functional improvements than exercise
alone [13,14]. However, evidence is not uniformly favorable across formulations, as one ran-
domized trial on myofascial pain syndrome found that phonophoresis improved symptoms
but was not superior to therapeutic ultrasound alone [12].

Chitosan, a naturally occurring polysaccharide, is non-toxic, biocompatible, and
biodegradable and has several potential medical applications. It has been proposed to
reduce inflammatory activity by suppressing pro-inflammatory cytokines [15]. Chitosan is
produced through the partial deacetylation of chitin, resulting in a copolymer containing
N-acetylglucosamine and glucosamine units. Its properties, including stability at reduced
pH, mucoadhesive capacity, and the ability to facilitate absorption across tight junctions,
enable its use in the encapsulation and delivery of therapeutic proteins and peptides across
mucosal barriers [16].

Chitosan has attracted interest because of its proposed neuroregenerative and tissue-
repair properties, and recent randomized evidence suggests that chitosan phonophoresis,
when used as an adjunct to standard hand therapy, can improve nerve conduction, pain,
and functional outcomes in peripheral nerve entrapment disorders [17]. In addition,
previous clinical research has suggested potential therapeutic applications of chitosan in
musculoskeletal and pain-related conditions. Clinical studies of medical and carboxymethyl
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chitosan have reported improvements in pain and functional outcomes in patients with
knee osteoarthritis [18].

Given the high prevalence of cervical pain and disability among smartphone-addicted
users, along with the postural and neuromuscular alterations associated with prolonged
smartphone use, there is a need for effective, non-invasive therapeutic interventions. Al-
though conventional multimodal physical therapy can address several of the impairments
associated with cervical pain, the potential additional benefit of incorporating chitosan
phonophoresis into such a rehabilitation program has not been adequately investigated
in smartphone-addicted users. Therefore, this randomized controlled trial aimed to eval-
uate the clinical effects of chitosan phonophoresis, when added to conventional physical
therapy, on cervical pain and disability in smartphone-addicted users. The findings may
provide evidence useful for designing an innovative, non-invasive rehabilitation strategy
for improving pain management and functional outcomes.

2. Materials and Methods
2.1. Study Design

This study was designed as a two-arm, parallel-group randomized controlled trial
with concealed allocation and blinded assessment of cervical range of motion (CROM).
Pain intensity and neck disability were assessed using participant-reported questionnaires
(VAS-P and NDI), and participants were aware of their treatment allocation. The trial was
reported in accordance with the CONSORT guidelines (Table S1). The trial was reported
in accordance with the CONSORT guidelines (Table S1). Participants were randomly
allocated to either the control group or the chitosan phonophoresis group and underwent
their assigned interventions over a four-week treatment period.

2.2. Randomization

The study used stratified randomization to allocate participants to either the Chitosan
phonophoresis group or control group. Stratification was performed according to gender
to ensure a balanced distribution of participants between the groups. Within each stratum,
participants were randomly allocated using permuted blocks of four based on a computer-
generated random sequence. To ensure allocation concealment, group assignments were
placed in sequentially numbered, sealed, opaque envelopes. The envelopes were opened
only after confirmation of participant eligibility and completion of the baseline assessment.
An independent third party who was not involved in participant recruitment, outcome
assessment, or intervention administration, opened the envelopes and assigned participants
to their respective groups. This procedure was used to minimize the risk of selection bias
and maintain the integrity of the randomization process.

No participants withdrew after randomization, and all enrolled participants completed
the intervention protocol and post-treatment assessment, as shown in Figure 1.

2.3. Ethical Consideration

The study was approved by the Ethical Committee of the Faculty of Physical Therapy,
October 6 University, Egypt, on 5 June 2024 (Approval No. O6U.PT.REC/024/002003).
The trial was subsequently registered at ClinicalTrials.gov on 1 July 2024 (Identifier:
NCT06491992), before enrollment of the first participant. The registered protocol specified
a BMI range of 25–29 kg/m2; however, this criterion was not applied during participant
recruitment and was reported only as a baseline anthropometric characteristic. Partici-
pant enrollment was conducted from 15 July 2024 to 15 August 2024, and all participants
completed the intervention and post-treatment assessment. The ethics approval covered
the inclusion of participants younger than 18 years of age. Written informed consent was
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obtained from the parents or legal guardians of participants younger than 18 years, and
written assent was obtained from the participants before enrollment. Participants aged 18
years or older provided their own written informed consent.

Figure 1. The Flowchart of the whole study.

2.4. Participants

Thirty-two participants with cervical pain were recruited from the outpatient clinic
of the Faculty of Physical Therapy, October 6 University Hospital. Smartphone addiction
was assessed before enrollment using the Arabic version of the Smartphone Addiction
Scale–Short Version (SAS-SV) [19]. The SAS-SV is a 10-item self-report instrument, with
each item rated on a 6-point Likert scale ranging from 1 (“strongly disagree”) to 6 (“strongly
agree”). The Arabic version has demonstrated good internal consistency and factorial
validity, with a Cronbach’s alpha of 0.87. Participants were considered eligible for inclusion
if their SAS-SV score met the established gender-specific cutoff of ≥31 for males and ≥33
for females [20]. The inclusion criteria were as follows: participants were aged 16–19 years
and included both sexes; had used a smartphone for at least two hours daily for more
than one year; had a moderate to severe neck disability score of 15–34 points on the Neck
Disability Index (NDI) [21]; and had a pain intensity greater than five on the visual analog
pain scale (VAS-P) [22]. BMI was recorded as a baseline anthropometric characteristic but
was not used as an eligibility criterion.

Participants were excluded if they had experienced a head or neck injury or under-
gone head or neck surgery within the preceding year; had congenital abnormalities or
symptomatic deformities of the cervical or lumbar spine; had untreated visual or auditory
impairments; had headaches, vertigo, or dizziness that could interfere with the assessments;
had systemic diseases; had alcohol dependence; or had used addictive drugs or sedatives
within 48 h before testing.

https://doi.org/10.3390/healthcare14213626

https://doi.org/10.3390/healthcare14213626


Healthcare 2026, 14, 3626 5 of 16

2.5. Sample Size

G*POWER statistical software (version 3.1.9.2) was used to determine the sample size
for this study comparing two groups. The calculation was based on cervical range of motion
data reported by Ay et al. [23], in patients with cervical myofascial pain syndrome. An
effect size of 1.03, an alpha level of 0.05, a statistical power of 80%, and an allocation ratio of
1:1 were used, resulting in an estimated sample size of 32 participants, with 16 participants
in each group. Although cervical range of motion was prespecified as a secondary outcome
in the present study, it was used as the basis for the sample-size calculation because the
effect-size estimate was derived from the available literature. The effect size was derived
from a study involving a different intervention and clinical population and was used as an
estimate for sample-size planning.

2.6. Outcome Measures

Assessments were conducted before and after the 4-week intervention period. Neck-
related disability, assessed using the Neck Disability Index (NDI), and cervical pain intensity,
assessed using the Visual Analog Scale for Pain (VAS-P), were considered the primary
outcomes. The secondary outcome was cervical range of motion (CROM).

2.6.1. Neck Disability Index (NDI)

The NDI was used to evaluate neck-related disability. The NDI is a well-established
instrument with demonstrated validity and test–retest reliability [24]. It consists of 10 sec-
tions: pain intensity, personal care, lifting, reading, headaches, concentration, work, driving,
sleeping, and recreation. Each section is scored from 0 to 5, resulting in a maximum total
score of 50 points. A total score of 0–4 indicates no disability; 5–14 indicates mild disability;
15–24 indicates moderate disability; 25–34 indicates severe disability; and 35–50 indicates
complete disability [21].

2.6.2. Cervical Pain

The VAS-P was used to assess pain intensity in the cervical region. The VAS is a
horizontal line 100-mm in length with “no pain” at one end and “worst imaginable pain”
at the other. Participants were asked to mark a point on the line indicating how much pain
they felt at the time of assessment [22]. Previous literature has reported good reliability and
validity of the VAS for assessing pain intensity [25].

2.6.3. Cervical Range of Motion (CROM)

Active cervical range of motion (ROM) was assessed using the CROM device (Perfor-
mance Attainment Associates, Lindstrom, MN, USA) [26].The CROM device is a reliable
and valid tool for assessing active cervical ROM in individuals with and without neck pain.
Previous research has demonstrated excellent test–retest reliability for the CROM device,
with intraclass correlation coefficients ranging from 0.89 to 0.98 across the six cervical
movements [27]. Furthermore, good intra-rater reliability has been reported in people with
neck pain (ICC 0.88–0.96) [28].

Participants were evaluated in a seated position with the CROM device placed on
the head. Active cervical flexion, extension, right and left bending, and right and left
rotation were measured in degrees. Participants were asked to actively move their heads
through the available range of each movement without using the trunk. Measurements
were obtained for each movement and subsequently analysed statistically.

All outcome assessments were performed by a licensed physiotherapist with more
than 10 years of clinical experience. The outcome assessor was not involved in participant
allocation and was blinded to group assignment throughout the assessment process. A
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standardized evaluation protocol was provided to ensure consistent assessment procedures
across participants.

2.7. Intervention

Participants were randomly allocated to two groups. Both groups received the same
conventional physical therapy program three times per week for four consecutive weeks
at the outpatient physical therapy clinic of the Faculty of Physical Therapy, October 6
University Hospital, under the supervision of a specialized physiotherapist.

The control group received a 10-min ultrasound application using conventional ul-
trasound coupling gel. Ultrasound was applied to the cervical paravertebral region and
upper fibers of the trapezius at a frequency of 1 MHz, an intensity of 1.5 W/cm2, and in
continuous mode in addition to the conventional physical therapy program for 30 min,
with each session lasting for 40 min.

The chitosan phonophoresis group received 10 min of chitosan phonophoresis along
with the same conventional physical therapy program. Chitosan gel was applied to the cer-
vical paravertebral region and upper fibers of the trapezius, and ultrasound was delivered
at the same frequency, intensity, mode, and duration used in the control group (1 MHz,
1.5 W/cm2, continuous mode). The total treatment duration for the chitosan phonophoresis
group was approximately 40 min per session.

2.7.1. Chitosan Phonophoresis

For the Chitosan phonophoresis group, chitosan was prepared from Pink shrimp (Meta
Penaeus monoceros) shells obtained from local markets were used to extract chitin, follow-
ing a previously described method [29]. The shrimp shells were carefully cleaned with deter-
gent and water as a pretreatment, and any excess water was then allowed to dry in the sun.
Three consecutive processes (demineralization, deproteinization, and deacetylation) were
used to transform the dried material into chitosan [30]. The extracted polymer was charac-
terized as having a medium viscosity-average molecular weight Mw = 103,200 g/mol with
a high degree of deacetylation (97%). The viscosity-average molecular weight molecular
weight was experimentally determined via intrinsic viscosity measurements using the
Mark–Houwink equation. The degree of deacetylation was determined using Fourier-
Transform Infrared (FTIR) spectroscopy (JASCO FTIR 1600 spectrophotometer, JASCO Cor-
poration, Tokyo, Japan) using the spectroscopic method reported by Brugnerotto et al. [31].
To formulate the chitosan gel, 1.75 g of the characterized chitosan was dissolved in 49.8 mL
of a 2% (v/v) acetic acid solution prepared with sterile deionized water, followed by the
addition of 0.2 mL of glycerol. The mixture was stirred at 1000 rpm at room temperature
for 5 min until a uniform, transparent polymeric gel was formed [32]. To support hygienic
preparation and skin compatibility during clinical application, all glassware and equipment
were autoclaved, and formulations were prepared extemporaneously under clean, con-
trolled aseptic conditions. The final gel had a pH of approximately 5.0–5.5. Bulk rheological
characterization, quantitative microbial limit testing, and long-term stability assessment
were not performed in this study.

The cervical paravertebral region and the upper fibers of the trapezius underwent
chitosan phonophoresis utilizing an ultrasonic device while the chitosan gel was present.
Ultrasound was applied at an intensity of 1.5 W/cm2 at a frequency of 1 MHz, in continuous
mode to transport the chitosan gel [33], and the therapeutic parameters included a 10-min
session length.

Adverse Event Monitoring:
Adverse events and skin safety were monitored throughout the intervention pe-

riod. During and immediately after each treatment session, participants were assessed
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for treatment-related symptoms, including skin irritation or redness, burning or thermal
discomfort, increased cervical pain, pain flare-ups, or other unexpected adverse effects.
Participants were also instructed to report any symptoms or discomfort occurring between
treatment sessions.

2.7.2. Conventional Physical Therapy Program

The conventional physical therapy program was designed as a standardized mul-
timodal intervention addressing the main impairments associated with neck pain and
disability, including pain, cervical and upper-quarter muscle tightness, restricted flexibility,
and impaired cervical postural and motor control. The selection of therapeutic exercises
and manual therapy was consistent with clinical practice guidelines and systematic review
evidence supporting multimodal physical therapy approaches for the management of neck
pain and related disability [9,11].

Each conventional physical therapy session lasted approximately 30 min. The protocol
included the following: manual effleurage and kneading massage for the cervical muscles
to address cervical soft-tissue discomfort and muscle tightness [34]. The patient was then
placed in a supine posture with the head at one end of the table, and the therapist performed
stretching exercises for the pectoralis, scalene, and upper trapezius muscles to address
soft-tissue flexibility and mobility limitations. Each stretch lasted 30 s, followed by five
sets of 30-s relaxation [35]. Cervical manual traction was subsequently performed, with
the patient’s head supported by the therapist’s hands near the base of the skull. Traction
was applied for 10 s, followed by 5 s of rest, and repeated 10 times [36,37]. The session
concluded with postural correction exercises, including cervical chin-in and chin-tuck
exercises. These exercises were included to promote cervical motor control and postural
awareness. The chin-tuck position was maintained for 5 s, followed by a 5-s return to the
starting position [38].

2.8. Statistical Analysis

Data were summarized as mean ± standard deviation. Baseline demographic and
clinical characteristics were compared between groups using the unpaired t-test for contin-
uous variables and the Pearson chi-square test for categorical variables. Normality of data
distribution was assessed using the Shapiro–Wilk test.

A multivariate analysis of variance (MANOVA) was performed to assess differences
in the outcome measures within and between the study groups before and after the inter-
vention. The NDI and VAS-P were prespecified as co-primary outcomes, whereas CROM
was considered as a secondary outcome. A two-sided significance level of 0.05 was used for
each co-primary outcome, and no formal multiplicity adjustment was applied. Therefore,
the potential inflation of the family-wise Type I error rate associated with testing two
co-primary outcomes should be considered when interpreting these findings, particularly
for the secondary outcomes, which were considered exploratory. Between-group compar-
isons at baseline and post-treatment were performed using univariate analyses of variance
(ANOVAs). Mean differences were reported with their corresponding 95% confidence
intervals (CIs). Within-group pre- to post-treatment changes were also examined. Statistical
analysis was performed using SPSS version 20 for Windows (SPSS Inc., Chicago, IL, USA).
All tests were two-sided and p-value < 0.05 was considered statistically significant.

3. Results
3.1. Demographic & Clinical Characteristics Data

Table 1 presents the baseline characteristics of the participants. The study included
32 participants, of whom 8 were younger than 18 years of age. There were no statistically
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significant differences between the Chitosan phonophoresis and control groups in age, body
weight, height, BMI-for-age percentiles [39], Smartphone Addiction Scale- short version
(SAS-SV), or gender distribution (p > 0.05), indicating that the two groups were comparable
at baseline.

Table 1. Baseline demographic and clinical characteristics of the study and control groups.

Variables
Chitosan Phonophoresis Group

(n = 16)
Control Group

(n = 16) t-Value p-Value
Mean ± SD Mean ± SD

Age (years) 17.75 ± 0.46 17.88 ± 0.64 −0.45 0.662
Height (cm) 166 ± 5.13 167.25 ± 3.28 −0.88 0.387
Weight (kg) 70 ± 6.09 70.25 ± 6.85 −0.11 0.914

BMI-for-age percentiles 81.85 ± 9.43 77.54 ± 15.1 0.97 0.341
SAS-SV 41.88 ± 4.49 41.75 ± 5.5 0.05 0.961

Gender (%)
Male 7 (43.75%) 8 (50%)

χ2 = 0.12 0.723Female 9 (56.25%) 8 (50%)

Values are presented as mean ± standard deviation (SD) unless otherwise indicated. BMI = Body
Mass Index; SAS-SV = Smartphone Addiction Scale-short version; χ2 = Pearson chi-square test;
p < 0.05 indicates statistical significance.

3.2. Normality Test

Before the main analysis, the assumptions of normality, homogeneity of variance,
and absence of extreme outliers were examined. The Shapiro–Wilk test showed that all
measured variables were normally distributed.

3.3. MANOVA Results

A two-way mixed-design MANOVA was conducted to examine the effects of group,
time, and the Group × Time interaction across the combined outcome measures. The mul-
tivariate main effect of group was statistically significant (Wilks’ Λ = 0.408, F(8, 23) = 4.17,
p = 0.003, partial η2 = 0.592). The multivariate main effect of time was also statistically
significant (Wilks’ Λ = 0.008, F(8, 23) = 375.82, p < 0.001, partial η2 = 0.992). In addi-
tion, a statistically significant Group × Time interaction was observed (Wilks’ Λ = 0.144,
F(8, 23) = 17.13, p < 0.001, partial η2 = 0.856), indicating that the overall pattern of change
across the combined outcome measures differed between groups.

Follow-up univariate tests of the Group × Time interaction revealed statistically
significant interactions for both co-primary outcomes and all six secondary cervical range
of motion (CROM) measures. For pain intensity (VAS-P), the interaction was significant,
F(1, 30) = 15.38, p < 0.001, partial η2 = 0.339, as was the interaction for neck disability
(NDI), F(1, 30) = 58.28, p < 0.001, partial η2 = 0.660. Significant Group × Time interactions
were also observed for cervical flexion, F(1, 30) = 21.00, p < 0.001, partial η2 = 0.412;
extension, F(1, 30) = 11.78, p = 0.002, partial η2 = 0.282; right bending, F(1, 30) = 12.83,
p = 0.001, partial η2 = 0.300; left bending, F(1, 30) = 8.63, p = 0.006, partial η2 = 0.223; right
rotation, F(1, 30) = 29.03, p < 0.001, partial η2 = 0.492; and left rotation, F(1, 30) = 19.80,
p < 0.001, partial η2 = 0.398. These findings indicate that pre- to post-treatment changes
differed significantly between the two groups across all outcome measures. The direction of
these differences was consistent with greater reductions in pain and disability and greater
improvements in cervical range of motion in the chitosan phonophoresis group, as detailed
in Sections 3.4 and 3.5.
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3.4. Effect of Treatment on Cervical Pain and NDI

There were no significant between-group differences in Visual Analogue Scale for
Pain (VAS-P) or Neck Disability Index (NDI) scores before treatment. Univariate ANOVAs
before treatment revealed that no significant difference for VAS-P variable, F(1, 30) = 0.11,
p = 0.741, η2 = 0.004, for NDI variable, F(1, 30) = 0.012, p = 0.912, partial η2 = 0.001.

After treatment, the Chitosan phonophoresis group showed significantly lower pain
intensity and disability scores than the control group, univariate ANOVAs post treatment
revealed that significant difference for VAS-P variable, F(1, 30) = 12, p = 0.002, partial
η2 = 0.286, for NDI variable, F(1, 30) = 11.39, p = 0.002, partial η2 = 0.275. Within-group
analysis also demonstrated significant improvement in both groups after treatment. Both
the Chitosan phonophoresis group and the control group showed significant reductions in
VAS-P and NDI scores compared with their pre-treatment values (p = 0.001) as shown in
Table 2.

Table 2. Pre- and post-treatment comparison of cervical pain and neck disability in both groups.

Variables
Chitosan Phonophoresis

Group (n = 16)
Control Group

(n = 16) MD (95% CI) p-Value
Partial
η2

Mean ± SD Mean ± SD

VAS-P
Pre 7 ± 0.92 6.88 ± 1.25 0.12 (−0.64, 0.89) 0.741 0.004
Post 2.5 ± 0.93 3.5 ± 0.76 −1 (−1.59, −0.41) 0.002 * 0.286

p-value 0.001 * 0.001 *
NDI
Pre 23.63 ± 3.16 23.5 ± 3.42 0.12 (−2.17, 2.42) 0.912 0.001
Post 15 ± 2.45 18.13 ± 2.95 −3.13 (−5, −1.23) 0.002 * 0.275

p-value 0.001 * 0.001 *

Values are presented as mean ± standard deviation (SD); VAS-P, Visual analogue scale for Pain; NDI,
Neck Disability Index; CI = confidence interval; η2, partial eta square; * p < 0.05.

3.5. Effect of Treatment on Cervical Range of Motion

As presented in Table 3, no statistically significant between-group differences were ob-
served at baseline in cervical flexion, extension, right or left bending, or right or left rotation.
The baseline between-group comparisons were not significant for flexion, F(1, 30) = 0.665,
p = 0.421, partial η2 = 0.022; extension, F(1, 30) = 0.253, p = 0.619, partial η2 = 0.008; right
bending, F(1, 30) = 0.000, p = 1.000, partial η2 = 0.000; left bending, F(1, 30) = 0.293, p = 0.592,
partial η2 = 0.010; right rotation, F(1, 30) = 0.000, p = 1.000, partial η2 = 0.000; or left rotation,
F(1, 30) = 0.000, p = 1.000, partial η2 = 0.000.

At post-treatment, the chitosan phonophoresis group had significantly greater cervical
range of motion than the control group in all six directions. The between-group differences
were statistically significant for flexion, F(1, 30) = 14.20, p < 0.001, partial η2 = 0.321;
extension, F(1, 30) = 20.40, p < 0.001, partial η2 = 0.405; right bending, F(1, 30) = 14.58,
p < 0.001, partial η2 = 0.327; left bending, F(1, 30) = 13.68, p < 0.001, partial η2 = 0.313; right
rotation, F(1, 30) = 25.00, p < 0.001, partial η2 = 0.455; and left rotation, F(1, 30) = 17.44,
p < 0.001, partial η2 = 0.368. Within-group comparisons showed significant increases in all
six CROM directions in both groups after treatment.

Adverse Events:
No treatment-related adverse events were observed or reported in either the chitosan

phonophoresis or control group during the 4-week intervention period. No participants
required treatment modification, additional treatment, or withdrawal because of an ad-
verse event.
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Table 3. Pre- and post-treatment comparison of cervical range of motion in both groups.

Variables
Chitosan Phonophoresis

Group (n = 16)
Control Group

(n = 16) MD (95% CI) p-Value Partial η2

Mean ± SD Mean ± SD

Flexion
Pre 35.63 ± 4.03 34.38 ± 4.62 1.25 (−1.88, 4.38) 0.421 0.022
Post 44.38 ± 4.03 38.75 ± 4.4 5.63 (2.58, 8.67) <0.001 * 0.321

p-value 0.001 * 0.001 *
Extension

Pre 46.25 ± 3.42 45.63 ± 3.61 0.62 (−1.91, 3.16) 0.619 0.008
Post 58.13 ± 2.5 51.88 ± 4.94 6.25 (1.90, 10.59) <0.001 * 0.405

p-value 0.001 * 0.006 *
Right bending

Pre 33.13 ± 3.59 33.13 ± 4.69 0 (−3.01, 3.01) 1.000 0.000
Post 44.38 ± 1.71 40.63 ± 3.54 3.75 (1.74, 5.76) <0.001 * 0.327

p-value 0.001 * 0.001 *
Left bending

Pre 35.63 ± 3.1 35 ± 3.43 0.63 (−1.73, 2.98) 0.592 0.010
Post 44.38 ± 1.71 40 ± 4.41 4.38 (1.95, 6.79) <0.001 * 0.313

p-value 0.001 * 0.005 *
Right rotation

Pre 51.25 ± 2.41 51.25 ± 3.17 0 (−2.03, 2.03) 1.000 0.000
Post 63.75 ± 3.42 57.5 ± 3.65 6.25 (3.70, 8.80) <0.001 * 0.455

p-value 0.001 * 0.001 *
Left rotation

Pre 52.5 ± 1.55 52.5 ± 2 0 (−1.29,1.29) 1.000 0.000
Post 64.38 ± 4.03 58.13 ± 4.43 6.25 (3.19, 9.30) <0.001 * 0.368

p-value 0.001 * 0.002 *

Values are presented as mean ± standard deviation (SD); CI = confidence interval; Partial η2 = partial
eta square; * p < 0.05.

4. Discussion
This randomized controlled trial was designed to assess the effects of chitosan

phonophoresis combined with conventional physical therapy in smartphone-addicted
participants with cervical neck pain. The results indicated that the chitosan phonophoresis
demonstrated greater improvement in cervical range of motion (CROM) and significantly
greater reductions in cervical pain and Neck Disability Index (NDI) scores compared with
the control group which received conventional physical therapy combined with ultrasound
using conventional ultrasound gel. These findings suggest that chitosan phonophoresis
may provide additional benefits for reducing pain and disability and improving cervical
mobility in this population. The observed improvements might be related, in part, to the
potential effects of phonophoresis in facilitating the transdermal delivery of topical agents
as well as the biological properties of chitosan, which has been investigated for its potential
anti-inflammatory, neuroprotective, and tissue-repair effects [40,41].

The analgesic effects observed with chitosan phonophoresis may hypothetically be
related to both the phonophoretic delivery of the agent and the biological properties of
chitosan. Chitosan possesses several biomedical properties, including anti-inflammatory
activity, which may contribute to its potential therapeutic effects [41] In addition, its physic-
ochemical properties and ability to serve as a carrier for therapeutic compounds have
supported its application in drug-delivery systems [42]. Recent evidence suggests that
chitosan-based phonophoresis may be useful in reducing pain and improving functional
outcomes. ElGendy et al. [17] found that nerve conduction velocity, pain intensity and
functional outcomes were significantly improved in patients with mild-to-moderate cubital
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tunnel syndrome who were treated with chitosan phonophoresis relative to those who
were treated with conventional therapy. These findings suggest that the combination of
chitosan and phonophoresis may enhance the therapeutic effects of chitosan by facilitating
its delivery to target tissues. These potential effects may have contributed to the greater
reduction in pain intensity and neck disability and the greater improvement in cervical
range of motion observed in the chitosan phonophoresis group in the present study. There-
fore, the anti-inflammatory and analgesic properties of chitosan, together with its delivery
through phonophoresis, may contribute to the beneficial clinical effects observed in patients
with postural neck pain. However, the precise mechanisms underlying these effects remain
to be fully established.

The improvement in cervical ROM observed in the chitosan phonophoresis group
may be partly related to the reduction in pain and neck-related disability. A reduction in
pain may enable people to move through a wider available range of movement, whereas
pain can restrict voluntary movement and contribute to protective movement patterns
and muscle guarding. Previous studies have shown that in individuals with neck pain,
there is a reduced active cervical range of motion when compared with asymptomatic
individuals [43], and a relationship between cervical range of motion and pain and disability
has previously been reported [44]. Therefore, the greater reduction in pain and neck-related
disability observed following the addition of chitosan phonophoresis may have facilitated
greater cervical mobility. However, this interpretation should be considered cautiously, as
the underlying mechanisms were not directly investigated in the present study.

From a clinical perspective, the between-group differences should be interpreted in
addition to their statistical significance. The observed between-group difference in pain
intensity was approximately 1.0 point on the 10-point VAS, equivalent to 10 mm on a
100-mm scale. Although this difference favored chitosan phonophoresis, it was below
the 1.5-point threshold reported by Kovacs et al. [45] for clinically important changes
in pain in patients with nonspecific neck pain. Therefore, the clinical relevance of the
between-group difference in pain intensity should be interpreted cautiously, despite its
statistical significance. Likewise, the between-group difference in NDI was approximately
3.1 points on the 50-point scale. MacDermid et al. [21] reported considerable variability in
clinically important differences for the NDI, with approximately 5 points commonly used
as a clinically meaningful threshold, although estimates vary according to the population,
baseline severity, and methodology. Therefore, although there are statistically significant
differences between the groups on pain and disability, the between-group differences
in these measures are not necessarily large enough to surpass thresholds for clinically
important change. Based on these findings, the possible therapeutic role of chitosan
phonophoresis is suggested, and further studies are required to establish whether benefits
found in these studies could be extrapolated to clinically meaningful improvements.

The present findings should be considered in the context of smartphone-related neck
problems. Previous research has reported an association between prolonged smartphone
use and increased neck discomfort [46,47]. Sustained cervical flexion and postural compen-
sations during handheld-device use may increase mechanical loading of the cervical region
and contribute to neck pain, functional limitations, and reduced cervical mobility [48,49].
This provides relevant context for the cervical pain, disability, and range-of-motion impair-
ments observed in the participants of the present study.

The improvements observed in both groups may, in part, be attributed to the conven-
tional physical therapy program, which served as the common background intervention
in this study. This program included stretching, manual cervical traction, massage, and
postural correction exercises, which have previously been associated with improvements
in neck pain, cervical mobility, and functional outcomes. Tunwattanapong et al. [50] found
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that a 4-week program that involved neck and shoulder stretching and postural correc-
tion was effective in reduced neck and shoulder pain and improved neck function and
quality of life. Similarly, Anderson et al. [51] reported improvements in cervical range of
motion and reductions in subjective neck pain following a six-week cervical stretching and
strengthening program. However, their study used a single-arm design, so the findings
should be interpreted cautiously because changes could not be compared with those in a
control group.

One non-invasive method of treating back and neck discomfort is manual traction,
which has also been reported to improve pain, cervical mobility, and disability in individ-
uals with neck disorders [36]. Bhutto et al. [37] confirmed that manual cervical traction
procedures alleviate neck pain, range of motion, and degree of disability in individuals
with cervical radiculopathy and postural correction exercises, such as chin-in exercises,
can relieve neck pain in smartphone users [52]. Both groups demonstrated improvements
following treatment. However, because all participants received conventional physical
therapy, this study cannot establish the independent effectiveness of that program. The
between-group differences indicate the relative effects of the two treatment protocols when
added to the same conventional physical therapy program. Nevertheless, because the
coupling media differed between groups, these differences cannot be attributed specifically
to chitosan.

Regarding treatment safety, no treatment-related adverse events were observed or
reported in either group during the 4-week intervention period. This finding suggests that
both treatment protocols were well tolerated under the conditions of the present study.
However, given the small sample size and short intervention period, these findings should
not be interpreted as definitive evidence of safety, and larger studies with longer follow-up
are needed to further evaluate the safety and tolerability of chitosan phonophoresis.

Several limitations should be acknowledged. The final sample of 32 participants
was relatively modest, and the sample size calculation was based on an effect size for
cervical range of motion from an intervention and clinical population other than the one
used in this study. Therefore, the estimated effect may not fully represent the effect of
chitosan phonophoresis in individuals with postural neck pain, and the findings should
be confirmed in larger studies. The intervention period was short, and no long-term
follow-ups were performed; therefore, it is not possible to determine whether the observed
improvements were maintained over time. No vehicle or sham-gel control was used.
Although both groups received the same conventional physical therapy program and an
equivalent 10-min ultrasound exposure using identical parameters, the coupling medium
differed between groups (conventional ultrasound gel versus chitosan gel); however, these
differences in coupling mediums between the two groups cannot be completely ruled out.
Although the CROM assessor was blinded to group allocation, participants and the treating
physiotherapist could not be blinded because the coupling media were distinguishable.
Consequently, the self-reported VAS-P and NDI outcomes may have been influenced
by participants’ awareness of their treatment allocation, introducing a potential risk of
reporting or expectation bias. Furthermore, the study was performed in a single clinical
setting and included a relatively young sample aged 16–19 years with variability in BMI,
which may limit the generalizability of the findings to other age groups and populations.
In addition, bulk rheological properties, quantitative microbial limit testing, and long-term
stability of the extemporaneously prepared chitosan gel were not evaluated. Therefore,
the formulation characteristics and stability under prolonged storage were not established.
There is a need for larger multicenter trials with longer follow-ups and appropriate vehicle
controls with prespecified outcomes.
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5. Conclusions
Adding chitosan phonophoresis to conventional physical therapy was associated with

greater improvements in cervical range of motion and statistically greater reductions in
cervical pain and disability than conventional physical therapy combined with ultrasound
using conventional gel among smartphone-addicted users aged 16–19 years. However, the
between-group differences in pain and disability were below commonly used thresholds
for clinical importance, and interpretation of these differences is further limited by the lack
of participant blinding. Because no vehicle-gel control was used, the additional effects
cannot be attributed specifically to chitosan rather than to differences between the coupling
media or other treatment-related factors.
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12. Ay, S.; Doğan, Ş.K.; Evcik, D.; Başer, Ö.Ç. Comparison the Efficacy of Phonophoresis and Ultrasound Therapy in Myofascial Pain
Syndrome. Rheumatol. Int. 2011, 31, 1203–1208. [CrossRef]

13. Durmus, D.; Alayli, G.; Tufekci, T.; Kuru, O. A Randomized Placebo-Controlled Clinical Trial of Phonophoresis for the Treatment
of Chronic Neck Pain. Rheumatol. Int. 2014, 34, 605–611. [CrossRef]

14. Ashraf, M. Effects of Phonophoresis with and Without Muscle Energy Technique on Pain, Cervical Range of Motion and
Functional Disability in Patients with Degenerative Cervical Radiculopathy; A Randomized Controlled Trial. Pak. J. Phys. Ther.
2022, 5. [CrossRef]

15. Ul-Islam, M.; Alabbosh, K.F.; Manan, S.; Khan, S.; Ahmad, F.; Ullah, M.W. Chitosan-Based Nanostructured Biomaterials: Synthesis,
Properties, and Biomedical Applications. Adv. Ind. Eng. Polym. Res. 2024, 7, 79–99. [CrossRef]

16. Shukla, R.; Vasdev, N.; Ruwali, M.; Hasnain, M.S.; Beg, S. Chitosan for delivery of biomolecules. In Chitosan in Drug Delivery;
Hasnain, M.S., Beg, S., Nayak, A.K., Eds.; Elsevier: Amsterdam, The Netherlands, 2022; pp. 433–460.

17. ElGendy, M.H.; Fetoh, S.A.; Salem, S.E.; Daihom, B.A.; Fahmy, E.M.; ElMeligie, M.M. Effectiveness of Chitosan Phonophoresis
on Ulnar Nerve Conduction Velocity, Pain Relief, and Functional Outcomes for Mild to Moderate Cubital Tunnel Syndrome: A
Double-Blind Randomized Controlled Trial. J. Hand Ther. 2024, 37, 653–661. [CrossRef]

18. Lian, Q.; Liang, L.-B.; Wu, C.-Q.; Zhu, Y.; Li, K.-P. Effect of Medical Chitosan on Clinical Efficacy and Pain in Knee Osteoarthritis:
A Systematic Review and Meta-Analysis. Diseases 2026, 14, 252. [CrossRef]

19. Sfendla, A.; Laita, M.; Nejjar, B.; Souirti, Z.; Touhami, A.A.O.; Senhaji, M. Reliability of the Arabic Smartphone Addiction Scale
and Smartphone Addiction Scale-Short Version in Two Different Moroccan Samples. Cyberpsychol. Behav. Soc. Netw. 2018, 21,
325–332. [CrossRef]

20. Kwon, M.; Kim, D.-J.; Cho, H.; Yang, S. The Smartphone Addiction Scale: Development and Validation of a Short Version for
Adolescents. PLoS ONE 2013, 8, e83558. [CrossRef]

21. MacDermid, J.C.; Walton, D.M.; Avery, S.; Blanchard, A.; Etruw, E.; Mcalpine, C.; Goldsmith, C.H. Measurement Properties of the
Neck Disability Index: A Systematic Review. J. Orthop. Sport. Phys. Ther. 2009, 39, 400–417. [CrossRef]

22. Kelly, A. The Minimum Clinically Significant Difference in Visual Analogue Scale Pain Score Does Not Differ with Severity of
Pain. Emerg. Med. J. 2001, 18, 205–207. [CrossRef]

23. Ay, S.; Konak, H.E.; Evcik, D.; Kibar, S. The Effectiveness of Kinesio Taping on Pain and Disability in Cervical Myofascial Pain
Syndrome. Rev. Bras. Reumatol. 2017, 57, 93–99. [CrossRef]

24. McCarthy, M.J.H.; Grevitt, M.P.; Silcocks, P.; Hobbs, G. The Reliability of the Vernon and Mior Neck Disability Index, and Its
Validity Compared with the Short Form-36 Health Survey Questionnaire. Eur. Spine J. 2007, 16, 2111–2117. [CrossRef]

25. Hawker, G.A.; Mian, S.; Kendzerska, T.; French, M. Measures of Adult Pain: Visual Analog Scale for Pain (VAS Pain), Numeric
Rating Scale for Pain (NRS Pain), McGill Pain Questionnaire (MPQ), Short-Form McGill Pain Questionnaire (SF-MPQ), Chronic
Pain Grade Scale (CPGS), Short Form-36 Bodily Pain Scale (SF-36 BPS), and Measure of Intermittent and Constant Osteoarthritis
Pain (ICOAP). Arthritis Care Res. 2011, 63, S240–S252. [CrossRef]

26. Won, Y.K.Y.; Latip, H.F.M.; Aziz, M.S.A. The Reliability and Validity on Measuring Tool of Cervical Range of Motion: A Review.
Sport Med. Inj. Care 2019, 1, 001. [CrossRef]

https://doi.org/10.3390/healthcare14213626

https://doi.org/10.5114/pq.2020.102159
https://doi.org/10.36283/pjr.zu.14.1/006
https://doi.org/10.1186/s43161-025-00293-z
https://doi.org/10.1186/s13063-021-05214-8
https://doi.org/10.7196/SAJPH.2023.v7.i1.1175
https://doi.org/10.1016/j.jbmt.2023.07.010
https://doi.org/10.1177/02692155231184973
https://doi.org/10.1080/10669817.2023.2202895
https://doi.org/10.1007/s00296-010-1419-0
https://doi.org/10.1007/s00296-013-2928-4
https://doi.org/10.52229/pjpt.v5i4.2091
https://doi.org/10.1016/j.aiepr.2023.07.002
https://doi.org/10.1016/j.jht.2024.02.006
https://doi.org/10.3390/diseases14070252
https://doi.org/10.1089/cyber.2017.0411
https://doi.org/10.1371/journal.pone.0083558
https://doi.org/10.2519/jospt.2009.2930
https://doi.org/10.1136/emj.18.3.205
https://doi.org/10.1016/j.rbre.2016.03.012
https://doi.org/10.1007/s00586-007-0503-y
https://doi.org/10.1002/acr.20543
https://doi.org/10.24966/SMIC-8829/100001
https://doi.org/10.3390/healthcare14213626


Healthcare 2026, 14, 3626 15 of 16

27. Audette, I.; Dumas, J.-P.; Côté, J.N.; De Serres, S.J. Validity and Between-Day Reliability of the Cervical Range of Motion (CROM)
Device. J. Orthop. Sport. Phys. Ther. 2010, 40, 318–323. [CrossRef]

28. Fletcher, J.P.; Bandy, W.D. Intrarater Reliability of CROM Measurement of Cervical Spine Active Range of Motion in Persons with
and without Neck Pain. J. Orthop. Sport. Phys. Ther. 2008, 38, 640–645. [CrossRef]

29. Motawie, A.M.; Mahmoud, K.F.; El-Sawy, A.A.; Kamal, H.M.; Hefni, H.; Ibrahiem, H.A. Preparation of Chitosan from the Shrimp
Shells and Its Application for Pre-Concentration of Uranium after Cross-Linking with Epichlorohydrin. Egypt. J. Pet. 2014, 23,
221–228. [CrossRef]

30. Al-Manhel, A.J.; Al-Hilphy, A.R.S.; Niamah, A.K. Extraction of Chitosan, Characterisation and Its Use for Water Purification. J.
Saudi Soc. Agric. Sci. 2018, 17, 186–190. [CrossRef]

31. Brugnerotto, J.; Lizardi, J.; Goycoolea, F.; Argüelles-Monal, W.; Desbrières, J.; Rinaudo, M. An Infrared Investigation in Relation
with Chitin and Chitosan Characterization. Polymers 2001, 42, 3569–3580. [CrossRef]

32. Sámano-Valencia, C.; Martínez-Castañón, G.A.; Martínez-Gutiérrez, F.; Ruiz, F.; Toro-Vázquez, J.F.; Morales-Rueda, J.A.; Espinosa-
Cristóbal, L.F.; Alonso, N.V.Z.; Martínez, N.N. Characterization and Biocompatibility of Chitosan Gels with Silver and Gold
Nanoparticles. J. Nanomater. 2014, 2014, 543419. [CrossRef]

33. Mohamed, A.M.; Mohamed, R.R.; Hussein, N.G.; Morsy, M.E. Comparative Study of the Effectiveness of Phonophoresis and
Lowlevel Laser Therapy on Myofascial Trigger Points of Upper Fibers of the Trapezius Muscle. Fizjoterapia Pol. 2022, 22, 214–221.

34. Thompson, W.R.; Carter, L.R.; Rohe, B.; Duncan, R.L.; Cooper, C. A Novel Massage Therapy Technique for Management of
Chronic Cervical Pain: A Case Series. Int. J. Ther. Massage Bodyw. 2011, 4, 6–12. [CrossRef]

35. Lee, H.S.; Yeom, H.J. The Effect of Cervical Stretching on Neck Pain and Pain Free Mouth Opening. In Proceedings of the Conference
on Education and Learning; Springer: Berlin/Heidelberg, Germany, 2012; pp. 204–210.

36. Mudatsir Syatibi, M.; Noerdjanah. Effect of Manual Traction on Cervical Myofascial Pain. J. Health Ther. 2022, 1, 42–50. [CrossRef]
37. Bhutto, M.A.; Nasir, M.F.; Imran, A.; Memon, A.G.; Latif, F.A.; Salahuddin, I.; Mustafa, M.; Karim, S. Effect of Manual Cervical

Traction and Inter-Vertebral Foramen Opening and Combination of Both Techniques in Patients with Cervical Radiculopathy:
Randomized Control Trial: Manual Cervical Traction and Inter-Vertebral Foramen Opening Techniques. Pak. Biomed. J. 2022, 5,
313–316. [CrossRef]

38. Titcomb, D.A.; Melton, B.F.; Miyashita, T.; Bland, H.W. The Effects of Postural Education or Corrective Exercise on the Craniover-
tebral Angle in Young Adults with Forward Head Posture: A Randomized Controlled Trial. Int. J. Exerc. Sci. 2023, 16, 954–973.
[CrossRef]

39. Shypailo, R.J. Age-Based Pediatric Growth Reference Charts. Baylor College of Medicine, Children’s Nutrition Research Center,
Body Composition Laboratory. 2020. Available online: https://www.bcm.edu/bodycomplab/Flashapps/bmiVAgeChartpage.
html?utm_source=chatgpt.com (accessed on 20 September 2026).

40. Bhardwaj, A.; Patra, R.C.; Potale, Y.; Kumar, M.; Khera, K.; Sanju, B.S.; Kumar, A. Phonophoresis in Physiotherapy: Mechanisms,
Applications, and Emerging Trends for Enhanced Drug Delivery and Therapeutic Efficacy. BIO Web Conf. 2024, 86, 01031.
[CrossRef]

41. Aranaz, I.; Alcántara, A.R.; Civera, M.C.; Arias, C.; Elorza, B.; Heras Caballero, A.; Acosta, N. Chitosan: An Overview of Its
Properties and Applications. Polymers 2021, 13, 3256. [CrossRef]

42. Bernkop-schnürch, A.; Dünnhaupt, S. Chitosan-Based Drug Delivery Systems. Eur. J. Pharm. Biopharm. 2012, 81, 463–469.
[CrossRef]

43. Stenneberg, M.S.; Rood, M.; de Bie, R.; Schmitt, M.A.; Cattrysse, E.; Scholten-Peeters, G.G. To What Degree Does Active Cervical
Range of Motion Differ Between Patients with Neck Pain, Patients with Whiplash, and Those Without Neck Pain? A Systematic
Review and Meta-Analysis. Arch. Phys. Med. Rehabil. 2017, 98, 1407–1434. [CrossRef]

44. Soltanabadi, S.; Vatandoost, S.; Bayattork, M.; Lukacs, M.J.; Rushton, A.; Walton, D.M. Association between Cervical Spine
Clinical Active Range of Motion and Pain or Disability in People with Neuromusculoskeletal Neck Pain: A Systematic Review
and Meta-Analysis. PLoS ONE 2026, 21, e0353504. [CrossRef]

45. Kovacs, F.M.; Abraira, V.; Royuela, A.; Corcoll, J.; Alegre, L.; Tomás, M.; Mir, M.A.; Cano, A.; Muriel, A.; Zamora, J.; et al. Minimum
Detectable and Minimal Clinically Important Changes for Pain in Patients with Nonspecific Neck Pain. BMC Musculoskelet.
Disord. 2008, 9, 43. [CrossRef]

46. Chen, Y.-J.; Hu, C.-Y.; Wu, W.-T.; Lee, R.-P.; Peng, C.-H.; Yao, T.-K.; Chang, C.-M.; Chen, H.-W.; Yeh, K.-T. Association of
Smartphone Overuse and Neck Pain: A Systematic Review and Meta-Analysis. Postgrad. Med. J. 2025, 101, 620–626. [CrossRef]

47. Zirek, E.; Mustafaoglu, R.; Yasaci, Z.; Griffiths, M.D. A Systematic Review of Musculoskeletal Complaints, Symptoms, and
Pathologies Related to Mobile Phone Usage. Musculoskelet. Sci. Pract. 2020, 49, 102196. [CrossRef]

48. Fiebert, I.; Kistner, F.; Gissendanner, C.; DaSilva, C. Text Neck: An Adverse Postural Phenomenon. Work 2021, 69, 1261–1270.
[CrossRef]

49. AlAbdulwahab, S.S.; Kachanathu, S.J.; AlMotairi, M.S. Smartphone Use Addiction Can Cause Neck Disability. Musculoskelet. Care
2017, 15, 10–12. [CrossRef]

https://doi.org/10.3390/healthcare14213626

https://doi.org/10.2519/jospt.2010.3180
https://doi.org/10.2519/jospt.2008.2680
https://doi.org/10.1016/j.ejpe.2014.05.009
https://doi.org/10.1016/j.jssas.2016.04.001
https://doi.org/10.1016/S0032-3861(00)00713-8
https://doi.org/10.1155/2014/543419
https://doi.org/10.3822/ijtmb.v4i3.137
https://doi.org/10.53088/jht.v1i2.2118
https://doi.org/10.54393/pbmj.v5i7.629
https://doi.org/10.70252/PYPQ8483
https://www.bcm.edu/bodycomplab/Flashapps/bmiVAgeChartpage.html?utm_source=chatgpt.com
https://www.bcm.edu/bodycomplab/Flashapps/bmiVAgeChartpage.html?utm_source=chatgpt.com
https://doi.org/10.1051/bioconf/20248601031
https://doi.org/10.3390/polym13193256
https://doi.org/10.1016/j.ejpb.2012.04.007
https://doi.org/10.1016/j.apmr.2016.10.003
https://doi.org/10.1371/journal.pone.0353504
https://doi.org/10.1186/1471-2474-9-43
https://doi.org/10.1093/postmj/qgae200
https://doi.org/10.1016/j.msksp.2020.102196
https://doi.org/10.3233/WOR-213547
https://doi.org/10.1002/msc.1170
https://doi.org/10.3390/healthcare14213626


Healthcare 2026, 14, 3626 16 of 16

50. Tunwattanapong, P.; Kongkasuwan, R.; Kuptniratsaikul, V. The Effectiveness of a Neck and Shoulder Stretching Exercise Program
among Office Workers with Neck Pain: A Randomized Controlled Trial. Clin. Rehabil. 2016, 30, 64–72. [CrossRef]

51. Anderson, B.G.; Benzinger, B.; Chickness, J.; Hietanen, C.; Hill, K.; Lucas, J.-M.P.; Tuck, J.; Ghassibi, M.; Anderson, B.; Hietanen,
C. Effects of Cervical Spine Exercise Protocol on Neck Pain, Pericervical Muscle Endurance, and Range of Motion in Medical
Students: A Prospective Study. Cureus 2022, 14, e27160. [CrossRef]

52. Ozan, S.; Zeynep, Ü.A. The Effect of Postural Correction and Exercise on Neck Pains in Cell Phone Users. Turk. J. Osteoporos. 2020,
26, 81–91. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/healthcare14213626

https://doi.org/10.1177/0269215515575747
https://doi.org/10.7759/cureus.27160
https://doi.org/10.4274/tod.galenos.2019.76094
https://doi.org/10.3390/healthcare14213626

	Introduction 
	Materials and Methods 
	Study Design 
	Randomization 
	Ethical Consideration 
	Participants 
	Sample Size 
	Outcome Measures 
	Neck Disability Index (NDI) 
	Cervical Pain 
	Cervical Range of Motion (CROM) 

	Intervention 
	Chitosan Phonophoresis 
	Conventional Physical Therapy Program 

	Statistical Analysis 

	Results 
	Demographic & Clinical Characteristics Data 
	Normality Test 
	MANOVA Results 
	Effect of Treatment on Cervical Pain and NDI 
	Effect of Treatment on Cervical Range of Motion 

	Discussion 
	Conclusions 
	References

