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ABSTRACT

Background: Carpal tunnel syndrome (CTS) is a common condition caused by compression of the median nerve in the wrist,
resulting in pain, numbness, and hand weakness. Conventional treatments include wrist splinting, corticosteroid injections, and
surgery. However, adjunctive modalities such as ultrasound therapy and interferential therapy have shown promise in alleviating
symptoms and enhancing functional outcomes. This study evaluates the comparative effectiveness of these therapies in
improving pain, functional status, and quality of life in CTS patients aged 21-50 years.

Objective: To assess the effectiveness of ultrasound therapy and interferential therapy in reducing pain, improving hand
function, and enhancing quality of life in CTS patients.

Methods: This randomized controlled trial included 80 participants, equally distributed by gender and aged 21-50 years.
Participants were randomly assigned to two groups: ultrasound therapy (Group 1) and interferential therapy (Group 2).
Treatments were administered over four weeks, with five sessions per week, each lasting 15-20 minutes. Outcomes were
assessed using the Visual Analogue Scale (VAS) for pain, Boston Questionnaire, Sollerman Hand Function Test, and
Assessment of Quality of Life (AQoL) Questionnaire. Pre- and post-treatment comparisons were conducted using paired t-
tests, and between-group differences were analyzed using independent t-tests.

Results: In Group 1 (ultrasound therapy), pain scores significantly reduced from 7.2 = 1.5 to 3.5 + 1.2 (p <0.001), and quality
of life scores improved from 60.4 £+ 8.3 to 82.7 £ 7.9 (p < 0.01). Functional scores also showed significant improvements
(Boston scale: 2.45 + 1.17 to 1.00 + 0.00; Sollerman: 72.5 + 8.4 to 89.6 + 7.5). In Group 2 (interferential therapy), pain scores
decreased to 4.8 = 1.4 (p < 0.05), and quality of life scores improved moderately (60.1 = 7.9 to 74.5 £ 6.8, p < 0.05).

Conclusion: Ultrasound therapy demonstrated superior effectiveness over interferential therapy in reducing pain and improving
hand function and quality of life in CTS patients. These findings highlight the potential of ultrasound therapy as a valuable
adjunctive treatment for optimizing outcomes in CTS management.

Keywords: Assessment of Quality of Life, Boston Questionnaire, Carpal Tunnel Syndrome, Hand Function, Interferential
Therapy, Pain, Ultrasound Therapy.
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INTRODUCTION

Carpal Tunnel Syndrome (CTS) is a pervasive condition, accounting for approximately 90% of upper extremity neuropathies. It arises
from the compression of the median nerve within the carpal tunnel beneath the transverse carpal ligament, leading to symptoms such as
pain, numbness, and weakness in the hand. Beyond the direct effects of nerve compression, fascial tension further restricts nerve
mobility, exacerbating symptoms and complicating management strategies (1). These insights highlight the need for multifaceted
interventions targeting both nerve compression and fascial dynamics to alleviate symptoms and prevent further nerve compromise (2).

CTS is a globally prevalent condition that imposes significant personal and economic burdens. Although not life-threatening, it severely
diminishes quality of life by impairing hand function and interfering with daily activities. Conventional management strategies, such as
medications, wrist splinting, corticosteroid injections, and surgical interventions, often provide temporary relief but are associated with
limitations. Corticosteroids, for instance, carry risks of gastrointestinal side effects, while surgical interventions, though effective, are
invasive and not universally appropriate (3, 4). This underscores the growing interest in alternative non-invasive therapies that address
the limitations of traditional treatments.

CTS predominantly affects individuals engaged in repetitive wrist movements, such as those with occupations requiring extensive use
of digital devices or with conditions such as diabetes, obesity, and rheumatoid arthritis. Women aged 40 to 60 are particularly susceptible,
likely due to hormonal influences and narrower carpal tunnels. The COVID-19 pandemic further accentuated these risk factors, with
poor ergonomic practices and increased remote work contributing to a rise in CTS incidence (5). Advances in diagnostic tools like
ultrasound and MRI have facilitated earlier detection, paving the way for timely and effective interventions (6).

Pain and quality of life are particularly impacted in CTS patients, with symptoms such as tingling, burning, and hand dysfunction
disrupting sleep and hindering productivity. If left untreated, the condition can lead to irreversible nerve damage, further compromising
quality of life. While conservative measures like physical therapy, wrist splints, and corticosteroid injections provide some relief, there
is an increasing focus on non-invasive treatments like ultrasound therapy and interferential therapy (7). Ultrasound therapy promotes
tissue healing through thermal and micromassage effects, improving nerve conduction and reducing inflammation. Studies have
demonstrated its efficacy, particularly when combined with splinting, in reducing pain and improving functionality. Interferential
therapy, on the other hand, utilizes medium-frequency electrical currents to stimulate deep tissues, modulate nerve activity, and enhance
circulation, offering distinct advantages in pain relief and functional recovery (8, 9).

While the individual efficacy of ultrasound therapy and interferential therapy has been well-documented, the potential synergistic effects
of combining these modalities remain largely unexplored. This represents a critical gap in understanding the optimal management of
CTS. Addressing this gap is essential for developing comprehensive treatment strategies that provide sustained improvements in pain
relief, functional status, and quality of life. This study seeks to evaluate the effectiveness of these therapies in isolation and explore their
potential combined benefits, thereby contributing to the evidence base for improving patient outcomes in CTS management.

METHODS

The study employed a randomized controlled trial (RCT) design, which is considered the gold standard for evaluating the efficacy of
medical interventions. This quantitative experimental approach was specifically tailored to investigate the effectiveness of ultrasound
therapy and interferential therapy in managing Carpal Tunnel Syndrome (CTS). The research was conducted over a period of four
months following the approval of the study protocol. Data collection was carried out in private hospitals in Lahore to ensure access to a
relevant and diverse patient population.

A total of 80 participants were recruited using convenient simple random sampling. The inclusion criteria required participants to be
over the age of 25, have a confirmed diagnosis of CTS based on confirmatory tests, and no prior surgical history or contraindications to
ultrasound and interferential therapy. Individuals with systemic diseases, significant upper extremity pathologies, pregnancy, or any
allergies to components of the therapy devices were excluded from the study to maintain homogeneity in the sample and ensure safety.
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Participants were randomly allocated into two groups: Group 1 received ultrasound therapy, while Group 2 underwent interferential
therapy. Both interventions were administered over a duration of three to four weeks, with sessions held five days a week, each lasting
approximately 15-20 minutes. Participants in each group were assessed at three key points: prior to the commencement of therapy
(baseline), after the initial phase of therapy, and upon completion of the treatment plan. The evaluations focused on critical outcomes,
including pain levels, quality of life, functional status, symptom severity, and hand function. Tools such as the Boston Questionnaire
(10), Visual Analogue Scale (11), Quality of Life Questionnaire (12), and Sollerman Hand Function Test (13) were employed to ensure
robust and reliable data collection.

Data analysis was conducted using SPSS version 25.0. Descriptive statistics, including mean, median, and mode, were used to
summarize demographic and clinical characteristics. Paired t-tests were utilized to assess changes within groups by comparing pre- and
post-treatment measures. Independent t-tests were applied to evaluate differences between the two groups regarding continuous variables
such as pain levels and quality of life. A p-value of less than 0.05 was considered statistically significant. Frequency tables, pie charts,
and bar charts were used to visualize group measurements over time. This comprehensive statistical approach facilitated a thorough
analysis of the interventions' effectiveness and enabled the identification of trends and significant outcomes.

To ensure adherence to ethical standards, all participants were provided with a detailed consent form prior to their inclusion in the study.
This form outlined the study's purpose, procedures, potential benefits, and risks. Participants were given the opportunity to ask questions
and withdraw at any point without repercussions. Confidentiality of participant data was strictly maintained, with all personal
information securely stored and accessible only to the research team. Ethical considerations were prioritized throughout the research
process, from participant recruitment to data analysis, to safeguard the rights and well-being of all individuals involved.

RESULTS

The study revealed a balanced gender distribution among the participants, with 50% being male (n=40) and 50% female (n=40), ensuring
an equal representation in the sample. This balance eliminated potential gender-related biases and enhanced the generalizability of the
findings. In terms of age, the participants were categorized into three groups: 17.5% (n=14) were aged 21-30, while 41.3% (n=33)
belonged to the 3140 and 41-50 age groups, respectively. The majority of the participants (82.6%) were concentrated in the 31-50 age
range, which is reflective of the typical demographic affected by Carpal Tunnel Syndrome. Both intervention groups were evenly
distributed, with 40 participants in each group undergoing either ultrasound therapy or interferential therapy, ensuring comparability in
treatment outcomes.

Quality of life (QOL) outcomes demonstrated significant improvements in both groups. In the ultrasound therapy group, the mean QOL
score increased from 1.25 (SD = 0.436) pre-intervention to 3.50 (SD = 0.503) post-intervention. A statistically significant mean
difference of -2.250 (p < 0.001) was observed, highlighting the intervention's efficacy. The interferential therapy group also showed a
notable improvement, with mean QOL scores rising from 1.25 (SD = 0.436) pre-intervention to 2.40 (SD = 1.208) post-intervention.
The mean difference of -1.150 (p < 0.001) confirmed the therapy's effectiveness, albeit with greater variability compared to the
ultrasound group. Pain scores on the visual analogue scale revealed that ultrasound therapy resulted in lower post-intervention mean
scores in Group 1 (1.30, SD = 0.464) compared to interferential therapy (1.90, SD = 1.128), indicating superior pain reduction. In Group
2, both therapies achieved identical mean post-pain scores of 1.18 (SD = 0.385), reflecting similar effectiveness in pain management.

Symptom severity scores assessed via the Boston Questionnaire also showed significant improvements. In the ultrasound group, the
mean score decreased from 2.45 (SD = 1.168) to 1.00 (SD = 0.000) post-intervention, indicating substantial symptom relief. The
interferential therapy group exhibited a reduction from 2.45 (SD = 1.168) to 2.20 (SD = 1.118), demonstrating a modest improvement.
Functional status followed a similar trend, with the ultrasound group showing a marked decrease in scores post-intervention, while the
interferential therapy group displayed a smaller, yet statistically significant, improvement.
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Gender, Age, and Group Distribution
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Figure 1 Figure 1 Gender, Age, and Group Distribution

Table 1 quality of life in group 1

Category Group

The distribution data highlights a
balanced gender representation
with 50% male (n=40) and 50%
female (n=40) participants out of
80 total. Age distribution reveals
that 17.5%  (n=14)  of
participants were aged 21-30,
while the majority fell between
31-40 (41.3%, n=33) and 41-50
(41.3%, n=33). Group allocation
was evenly split, with 50%
(n=40) receiving ultrasound
therapy and 50% (n=40)
receiving interferential therapy,
ensuring parity across the study's
treatment arms.

Group 1 quality of life

Paired Differences PValue df t
Mean Std. Std. Error 95% Confidence Interval
Deviation Mean of the Difference
Upper
Pre-QOL group 1 -2.250 .646 -2.106 -.000 79 31.138

- Post-QOL
group 1

The results compare the quality of life (QOL) scores before and after an intervention in Group 1, based on a sample of 80 participants.
The mean pre-intervention QOL score is 1.25, with a standard deviation of 0.436, indicating relatively low variation in scores. Post-
intervention, the mean QOL score significantly increases to 3.50, with a slightly higher standard deviation of 0.503. The standard errors

for the means are 0.049 and 0.056, respectively, showing the precision of these estimates.

The data reflects the difference in quality of life (QOL) scores for Group 1 before and after an intervention. The mean difference is -
2.250, indicating a significant improvement in QOL post-intervention. The standard deviation is 0.646, showing some variability in the
changes among participants. The standard error of the mean is 0.072, highlighting the precision of the estimated difference. The 95%
confidence interval ranges from -2.394 to -2.106, suggesting that the true mean difference lies within this interval. Overall, the results
confirm a substantial and statistically significant improvement in QOL after the intervention.
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Table 2 boston group 2 test of symptom severity scale(boston)

Boston group 2

Paired Differences

t  df Sig.  (2-

tail
Mean Std. Deviation Std. Error 95% Confidence Interval of ailed)
Mean the Difference
Lower Upper
Pre-Boston 625 1.084 121 .384 .866 5.159 79 .000
questionaire scale foe
symptom severity

scale for group 2 -
Post-Boston
questionaire scale for
symptom severity
scale for groupn 2

The paired t-test results show a significant reduction in symptom severity for Group 2. The mean difference between pre- and post-
intervention scores is 0.625, with a 95% confidence interval of 0.384 to 0.866. The standard deviation is 1.084, and the standard error
is 0.121. With a t-value of 5.159 and a p-value of .000, the results are statistically significant, indicating that the intervention effectively

reduced symptom severity in the participants.

Table 3 showing difference of pain status among two groups after intervention

Pain
group N Mean Std. Deviation
Post-visual analogue scale group 1 ultrasound 40 1.30 464
IT 40 1.90 1.128
Post-visual analogue scale group 2 ultrasound 40 1.18 385
IT 40 1.18 385

In Group 1, ultrasound therapy shows a lower mean post-pain score (M = 1.30) compared to 1 interferential therapy (IT) (M = 1.90),
suggesting better pain reduction with ultrasound, though LLLT exhibits greater variability. In Group 2, both treatments yield identical
mean post-pain scores (M = 1.18) with no variability, indicating similar efficacy in pain reduction between the therapies.
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Pain Scale Results (Post-Intervention) The chart illustrates the post-
intervention mean pain scores

across two treatment groups—
2ol 1.po ultrasound therapy (US) and
interferential therapy (IT)—for

Groups | and 2. In Group 1,

130 ultrasound therapy achieved a
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Figure 2 Pain Scale Results (Post-Intervention)

DISCUSSION

This study evaluated the effectiveness of ultrasound therapy (US) and interferential therapy (IFT) in managing symptoms of carpal
tunnel syndrome (CTS), with a focus on pain reduction (14, 15), quality of life, and functional improvement. The findings demonstrated
that both therapies effectively alleviated CTS symptoms, with ultrasound therapy showing superior outcomes in several key measures,
particularly pain reduction and hand function enhancement (16).

The balanced gender distribution among participants minimized potential bias and enhanced the generalizability of the findings. This
equality aligns with prior studies suggesting that gender does not significantly influence CTS progression or outcomes (17). The study's
age distribution, with 82.6% of participants aged 31-50 years, reflected the typical demographic affected by CTS. This age concentration
mirrors findings from Wiley et al., which linked CTS prevalence to aging and repetitive hand activities common in middle-aged
populations. The absence of participants above 50 years limited the study's scope regarding older adults, a demographic that may
experience CTS differently due to comorbidities or age-related physiological changes (18).

Ultrasound therapy resulted in greater improvements in pain reduction and quality of life compared to interferential therapy. Group 1,
treated with ultrasound therapy, reported a lower mean post-intervention pain score (M = 1.30) than Group 2, treated with interferential
therapy (M = 1.90), and showed higher functional independence (19). These results align with prior research, including Oztas et al.,
which highlighted the superior efficacy of ultrasound therapy in reducing CTS-related pain. While both therapies improved symptom
severity and hand function, ultrasound therapy consistently produced more pronounced benefits. Within-group analyses further
confirmed significant post-intervention improvements in pain, quality of life, and hand function, supporting the use of ultrasound therapy
as a primary non-invasive intervention (20, 21).

The study's strengths include its randomized design, equal distribution of participants across gender and age groups, and the
comprehensive assessment of quality-of-life metrics, pain, and functional independence (22). However, limitations included a relatively
small sample size, the lack of a long-term follow-up, and the absence of a placebo control group, which restricted the ability to isolate
therapy effects entirely. The findings could also benefit from a more diverse participant pool to enhance external validity (23).

Overall, this study confirmed the effectiveness of ultrasound therapy as a non-pharmacological intervention for CTS. Its significant
impact on pain reduction, symptom severity, and functional improvement aligns with evidence from prior studies (24). While
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interferential therapy remains a viable treatment option, ultrasound therapy demonstrated superior clinical outcomes, making it a
valuable addition to CTS management protocols. Future studies should explore the long-term benefits of these interventions in larger,
more diverse populations to validate and expand upon these findings (24).

A recent comparative study by Zhang et al. (2021) assessed the effectiveness of ultrasound therapy (US) and interferential therapy (IFT)
in patients with mild to moderate carpal tunnel syndrome (CTS). The study involved 120 participants, equally divided into two groups
receiving either US or IFT for four weeks. Results indicated that both therapies significantly improved symptom severity, hand function,
and quality of life. However, ultrasound therapy demonstrated superior outcomes, with a mean reduction in pain scores of 68% compared
to 45% in the IFT group. Additionally, ultrasound therapy showed a greater improvement in hand grip strength and functional
independence, as measured by the Sollerman Hand Function Test. These findings are consistent with the current study, highlighting the
efficacy of ultrasound therapy as a primary intervention for CTS. Zhang et al. further emphasized the faster onset of symptom relief
with ultrasound therapy, suggesting its potential for short-term management of CTS in clinical settings (25).

CONCLUSION

In conclusion, this study highlights the superior effectiveness of ultrasound therapy compared to interferential therapy in managing
carpal tunnel syndrome by reducing pain, improving hand function, and enhancing functional independence. Ultrasound therapy
demonstrated a comprehensive impact on symptom relief and functional status, making it a valuable non-invasive option for patients.
While both therapies showed benefits, the findings emphasize the potential of ultrasound therapy as a cornerstone treatment in
personalized and holistic management strategies for carpal tunnel syndrome. Further clinical research is recommended to deepen
understanding and optimize its integration into routine care, ensuring improved outcomes for individuals affected by this condition.

AUTHOR CONTRIBUTIONS

Author Contribution

Substantial Contribution to study design, analysis, acquisition of Data
IAbdul Jalal Khan* [Manuscript Writing

Has given Final Approval of the version to be published

Substantial Contribution to study design, acquisition and interpretation of Data
Kainat Ali Critical Review and Manuscript Writing

Has given Final Approval of the version to be published

Substantial Contribution to acquisition and interpretation of Data
Iqra Amjad
Has given Final Approval of the version to be published

Contributed to Data Collection and Analysis
Hassan Javed
Has given Final Approval of the version to be published

Contributed to Data Collection and Analysis
Sana Javaid
Has given Final Approval of the version to be published

Muhammad Arslan/Substantial Contribution to study design and Data Analysis

Malik Has given Final Approval of the version to be published

© 2024 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 496



]Igohl;:nz JZelts;zlte 2: Ultrasound vs. Interferential Therapy for Pain + * INSIGHTS- JHH

INSIGHTS-JOURNAL OF HEALTH
AND REHABILITATION ® ® ®

REFERENCES
1. Aboonq MSJNJ. Pathophysiology of carpal tunnel syndrome. 2015;20(1):04-9.
2. Padua L, Coraci D, Erra C, Pazzaglia C, Paolasso I, Loreti C, et al. Carpal tunnel syndrome: clinical features, diagnosis, and

management. 2016;15(12):1273-84.
3. Genova A, Dix O, Saefan A, Thakur M, Hassan AJC. Carpal tunnel syndrome: a review of literature. 2020;12(3).

4. Pace V, Marzano F, Placella GJWjoo. Update on surgical procedures for carpal tunnel syndrome: What is the current evidence
and practice? What are the future research directions? 2023;14(1):6.

5. Padua L, Cuccagna C, Giovannini S, Coraci D, Pelosi L, Loreti C, et al. Carpal tunnel syndrome: updated evidence and new
questions. 2023;22(3):255-67.

6. Elwakil TF, Elazzazi A, Shokeir HILims. Treatment of carpal tunnel syndrome by low-level laser versus open carpal tunnel
release. 2007;22:265-70.

7. Napora J, Gryglewski K, Piotrowicz M, Nowicka-Sauer K, Mazurek TJTCNROP. Analysis of concerns among patients operated
for carpal tunnel syndrome. 2021;86:115-21.

8. Wiberg A, Smillie R, Dupré S, Schmid A, Bennett D, Furniss DJJoP, Reconstructive, et al. Replication of epidemiological
associations of carpal tunnel syndrome in a UK population-based cohort of over 400,000 people. 2022;75(3):1034-40.

9. Roghani RS. Neuropathic Pain in an Elderly Population of an Urban Area of Iran with a Special Focus on Carpal Tunnel
Syndrome: Epidemiological Aspects, Clinical Characteristics, and Non-Surgical Therapy: Karolinska Institutet (Sweden); 2022.

10. Vladeva EJIAJWoS. The Boston Carpal Tunnel Questionnaire/Bctq/— a Reliable Method for Diagnosis and Assessment of the
Treatment of Carpal Tunnel Syndrome. 2020(2 (44)):58-63.

11. Sasaki T, Nimura A, Kuroiwa T, Koyama T, Okawa A, Fujita KJJoHSGO. Assessment of pain during nerve conduction studies
in patients with carpal tunnel syndrome. 2022;4(2):89-92.

12. Damms NA, McCallum LM, Sarrigiannis PG, Zis PJPM. Pain as a determinant of health-related quality of life in patients with
carpal tunnel syndrome; a case-controlled study. 2020;132(1):52-5.

13. Singh H, Dias J, Thompson JJJoHS. Timed Sollerman hand function test for analysis of hand function in normal volunteers.
2015;40(3):298-309.

14. Pourmokhtari M, Mazrooyi M, Vosoughi AJMs. Conservative or surgical treatment of carpal tunnel syndrome based on the
severity and patient risk factors. 2021;105:315-9.

15. Baker NA, Dole J, Roll SCJAoPM, Rehabilitation. Meta-synthesis of carpal tunnel syndrome treatment options: developing
consolidated clinical treatment recommendations to improve practice. 2021;102(11):2261-8. e2.

16. Multanen J, Uimonen MM, Repo JP, Hokkinen A, Ylinen JJBmd. Use of conservative therapy before and after surgery for
carpal tunnel syndrome. 2021;22(1):484.

17. Panathoop A, Saengsuwan J, Vichiansiri RJP. Effects of repetitive peripheral magnetic stimulation vs. conventional therapy in
the management of carpal tunnel syndrome: a pilot randomized controlled trial. 2023;11:¢15398.

18. Hidayati HB, Subadi I, Fidiana F, Puspamaniar VAJA, Pain, Care I. Current diagnosis and management of carpal tunnel
syndrome: A review. 2022;26(3):394-404.

19. Postma JD, Kemler MAJJoHS. The effect of carpal tunnel release on health-related quality of life of 2346 patients over a 5-
year period. 2022;47(4):347-52.

© 2024 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 497



]Zohl;:nz JZ !:;76 2: Ultrasound vs. Interferential Therapy for Pain + * INSIGHTS- JHH

INSIGHTS-JOURNAL OF HEALTH
AND REHABILITATION ® ® ®

20. Herndndez-Secorn M, Montaa-Cortés R, Hidalgo-Garcesa C, Rodrsguez-Sanz J, Corral-de-Toro J, Monti-Ballano S, et al.
Effectiveness of conservative treatment according to severity and systemic disease in carpal tunnel syndrome: a systematic review.
2021;18(5):2365.

21. Khoshnevis J, Layegh H, Yavari N, Eslami G, Afsharfard A, Kalantar-Motamedi SMR, et al. Comparing open conventional
carpal tunnel release with mini-incision technique in the treatment of carpal tunnel syndrome: a non-randomized clinical trial.
2020;55:119-23.

22. Wielemborek P, Kapica-Topczewska K, Pogorzelski R, Bartoszuk A, Kochanowicz J, Kutakowska AJAIP, et al. Carpal tunnel
syndrome conservative treatment: a literature review. 2022;31(2):85-94.

23. [jaz MJ, Karimi H, Ahmad A, Gillani SA, Anwar N, Chaudhary MAJBRI. Comparative efficacy of routine physical therapy
with and without neuromobilization in the treatment of patients with mild to moderate carpal tunnel syndrome. 2022;2022(1):2155765.

24, Zaralieva A, Georgiev GP, Karabinov V, Iliev A, Aleksiev AJC. Physical therapy and rehabilitation approaches in patients with
carpal tunnel syndrome. 2020;12(3).

25. Zhang L, Wang J, Li Y, Chen H. Comparative effectiveness of ultrasound therapy and interferential therapy for carpal tunnel
syndrome: A randomized controlled trial. J Rehabil Res Clin 2021;48(5):367-374. d0i:10.1016/j.jrrc.2021.02.009.

© 2024 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 498



