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Abstract 

Author: Mr Malcolm Camilleri 

 

 

Title: A Comparative Study between the Short Term Pain Relief Effects of 

Transcutaneous Electrical Nerve Stimulation and Hot Water Bottles in Neck 

Pain. 

 

 

Objective: The main objective of the study was to identify the superior modality 

between Transcutaneous Electrical Nerve Stimulation (TENS) and Hot Water 

Bottle (HWB) interventions, when treating mild to moderate neck pain in 18 to 25 

year old students. This was primarily identified on the basis of which modality 

provided higher immediate and short term pain relief. 

 

 

Method: The study design was quantitative, comparative, and explanatory. The 

WILDA Pain Assessment Guide and the Numerical Rating Scale were the main 

outcome measures, used in the pre-test and post-tests, respectively. A 

randomised control trial was utilised, whereby participants were allocated a 

TENS, TENS placebo, HWB, or HWB placebo, intervention through a digital 

randomiser. Furthermore, a single blind approach minimised bias. Recruitment 

was on a voluntary basis, provided participants met the study's criteria. 
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Results: The primary outcome of the data analysis identified that there was no 

significant difference in TENS and HWB analgesia immediately post-intervention 

(p=0.891) nor short term post-intervention (p=0.705).  

 

 

Furthermore, a significant decrease was seen in the mean pain intensity score 

reduction of TENS (p=0.000) and HWB (0.002) against their respective 

placebos, immediately post-intervention. Conversely, non-significant scores 

were obtained by TENS (0.619) and HWB (0.537), at short term. 

 

 

Keywords: Transcutaneous Electrical Nerve Stimulation OR TENS, Hot Water 

Bottle OR Superficial Heat, Neck Pain, Pain Relief. 
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1. Introduction 

1.1 Significance of the Study 

Neck pain is a serious worldwide public health problem. Globally in 2017, there 

were 288,700,000 active cases, 65,300,000 incident cases, and 28,600,000 

lived with disability for multiple years (Safiri et al. 2020). Furthermore, the 

international presentation of neck pain was seen to be higher in females than in 

males, while also increasing with age up to 70 to 74 years and then decreasing 

with older age (Safiri et al. 2020). 

 

 

Malta was included in a study by Safiri et al. (2020), which analysed neck pain 

prevalence in 195 countries. The study identified that 4.8% to 5.1% of Maltese 

individuals had neck pain in 2017. Neck pain is such a concern that it is also 

influencing life-expectancy, in fact in 2015 it was one of the leading determinants 

of Malta’s disability adjusted life years (State of Health in the EU Malta Country 

Health Profile 2017 2017). 

 

 

Limited data on the prevalence of neck pain in 18 to 25 year old students in 

Malta was available. Nonetheless, a study of 684 Thai students aged from 18 to 

25 years, reported a 46% onset of neck pain, 33% of which had persistent pain 

after 1 year (Kanchanomai et al. 2011). Furthermore, a study of 1002 Chinese 



 2 

students aged 18 years old or older identified a 17% onset of neck pain, and a 

45% prevalence in the previous year (Chan et al. 2020). 

 

 

A plethora of tools are available for the management of neck pain. 

Transcutaneous Electrical Nerve Stimulation (TENS) and Hot Water Bottle 

(HWB) were selected with the demographic in mind, as they conform with the 

following 5 concepts: affordable, practical, compact and portable, accessible, 

and safe. TENS and HWB are relatively inexpensive products which an average 

student can afford, while HWB is also a common household item (Jones and 

Johnson 2009, Jabir et al. 2013). TENS, once set up by a physiotherapist can 

be used effortlessly, it is also practical as it is battery operated and the 

electrodes can be attached when experiencing pain (Jones and Johnson 2009). 

HWB is also a straightforward device, as water heated in a microwave or kettle, 

together with insulation, are primarily needed for the set up (Jabir et al. 2013). 

Furthermore, both devices are compact and portable, allowing them to be used 

effortlessly (Jones and Johnson 2009). HWB is readily available for purchase at 

most pharmacies, while TENS units are usually less accessible, but can 

nonetheless also be purchased over the counter (Jones and Johnson 2009, 

Jabir et al. 2013). In terms of safety, despite HWB having a risk of burns, as 

previously described it is a common household item and most have a thorough 

understanding of its use (Jabir et al. 2013). Furthermore, although TENS has its 

own risk factors there is no known potential for overdose, deeming it also as a 

safe device (Jones and Johnson 2009). These characteristics allow for non-
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pharmaceutical, non-invasive, and effective analgesia for students’ neck pain, 

whether in class or on campus. 

 

 

1.2 Aim 

The aim of the study is to identify the superior modality between TENS and 

HWB interventions when treating mild to moderate neck pain. This is to be 

identified primarily on the basis of which modality provides higher immediate and 

short term pain relief. 

  

 

The study was conceptualised through multiple independent interventions on 

students aged between 18 and 25. Self-reported pain intensity was the primary 

outcome measure for this study and it was quantified through the WILDA Pain 

Assessment in the pre-test and the Numerical Rating Scale (NRS) in the post-

tests. This was used in conjunction with time in the short term post-test, where 

the duration of analgesia was noted. 

  

 

1.3 Research Question 

Which modality between TENS and HWB provides the highest immediate and 

short term neck pain relief, in 18 to 25 year old students? 
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1.4 Objectives 

There are several objectives for this study, these being: 

•  To determine if TENS or HWB provides higher pain relief, 

A) Immediately post-intervention  

B) Short term post-intervention 

• To determine which modality between TENS and HWB provides the 

longest pain relief. 

• To determine whether TENS and HWB are significantly more effective 

than placebo, 

A) Immediately post-intervention  

B) Short term post-intervention 

• To identify trends in participants’ personal and non-personal factors.  

• To identify trends in the change in mean pain intensity for participants’ 

personal and non-personal factors, 

A) Immediately post-intervention  

B) Short term post-intervention 

  

 

1.5 Hypotheses 

This study will be investigating 3 alternative hypotheses where all but one will be 

disproved, provided that the null hypothesis is refused. The hypotheses are the 

following: 

H0: There is no significant difference between the modalities in terms of 

reduction in the immediate or short term pain intensities. 
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H1: Either TENS or HWB is significantly more effective than the alternate 

modality at reducing the immediate pain intensity, but not the short term pain 

intensity. 

H2: Either TENS or HWB is significantly more effective than the alternate 

modality at reducing the short term pain intensity, but not the immediate pain 

intensity. 

H3: Either TENS or HWB is significantly more effective than the alternate 

modality at reducing the immediate and short term pain intensities. 

 

 

1.6 Conclusion 

This chapter introduced the study and its intent to tackle the gap in relevant 

literature. It also stated the aims, research question, objectives, and the 

hypotheses of the study. 
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2. Literature Review 

2.1 Introduction 

This chapter describes the search strategy and gives an overview of the 

acquired research regarding the prevalence of neck pain, as well as TENS’s and 

HWB’s analgesic effects on an individual and comparative level. 

 

 

2.2 Search strategy 

A search strategy was implemented using the keywords “Transcutaneous 

Electrical Nerve Stimulation”, “Hot Water Bottle”, “Neck Pain”, and “Pain Relief”, 

taken from the research project’s title. Furthermore, synonyms of the above 

terms were also used, these included “TENS” and “Superficial Heat”. These 

catered for variations in terminology, allowing for the attainment of as many valid 

results as possible. The above keywords were inputted into electronic 

databases, namely Google Scholar and HyDi. 

 

 

The search strategy resulted in limited outcomes, the most pertinent of which 

were identified using the search engine filters that excluded resources published 

before 1980. This left a forty year search window. Media articles and low 

reliability sources were also removed. The use of boolean commands, further to 

employing the filtering process, allowed the most relevant articles to be selected. 

36 articles remained, with varying relevance to the subject of interest. A few 
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were identified as being very relevant, and these were utilised in the majority of 

the literature review. The Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) diagram below illustrates the described literature 

search strategy (Moher et al. 2009). See Figure 1.0.  

 

 

 

Figure 1.0 PRISMA diagram illustrating the adopted strategy for the literature search. 

 

 

2.3 The Prevalence of Neck Pain  

The prevalence of chronic neck pain has been seen in various studies which 

featured young adult students. 46% of the 684 students in Kanchanomai et al. 
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(2011)’s study presented with neck pain, and after a one year follow up 33% of 

the population reported persistent neck pain. Prolonged poor posture when 

using computers was identified as the prime contributing factor, while personal 

discomfort, disability, and decreased quality of life were reported as neck pain 

resultants (Kanchanomai et al. 2011). Al-Hadidi et al. (2019) and Silva et al. 

(2009) similarly identified forward flexed posture during prolonged smartphone 

use to illicit neck pain in students. Additionally, Ayanniyi and Mbada (2010) 

found that females were more susceptible to neck pain rather than males, to 

which Chan et al. (2020) and Kanchanomai et al. (2011) concurred. 

 

 

Chan et al. (2020) performed a similar study where the neck pain of students 

from various educational backgrounds was analysed. 45% of the 1002 

participants reported neck pain in the previous year and 17% were in pain during 

the time of participation. Neck pain was associated with anxiety, lower back 

pain, prolonged smartphone use, height, and it also increased with academic 

year seniority. Kanchanomai et al. (2011) also identified neck pain to increase 

with age. In Chan et al. (2020)’s study nursing and physiotherapy students had 

the highest pain intensities. 

 

 

2.4 TENS and Neck Pain Relief 

When investigating the use of TENS, a study by Johnson (2007) identified three 

TENS variations: intense, acupuncture-like, and conventional. Intense TENS 
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parameters include a high frequency, high intensity, and a duration of a few 

minutes. This activates noxious afferent neurons, resulting in a peripheral nerve 

blockade and hence extrasegmental analgesia. Acupuncture-like TENS is a 

high-intensity and low-frequency alternative which is applied for fifteen to thirty 

minutes. It stimulates motor and afferent neurons, causing strong but 

comfortable muscle contractions and analgesia, respectively. Furthermore, 

conventional TENS utilises a low-intensity, high-frequency of 50Hz to 100Hz, 

and a pulse width of 50μs to 200μs. It can be administered whenever in pain as 

it applies a strong but comfortable segmental paraesthesia, by stimulating non-

noxious afferent neurons. A systematic review by Martimbianco et al. (2019) 

concurred that conventional TENS is to be applied at a high frequency of 50Hz 

to 130Hz, a low intensity, and a short pulse duration of 50μs to 200μs. It was 

also stated that this conventional TENS is most commonly used with long-term 

neck pain cases (Martimbianco et al. 2019). 

 

 

A systematic overview and meta-analysis by Aker et al. (1996) compared 

conventional TENS to laser, spray, stretch, exercise, electromagnetic treatment, 

infrared, traction, and acupuncture in its effectiveness and efficacy when treating 

neck pain. TENS ranked among the highest, but unfortunately the study stated 

that at the time there was not enough literature to assess the modalities 

accurately. Further, Johnson (2007) identified TENS to be an effective and 

efficient way to treat neck pain. Additionally, a randomised controlled trial by 

Maayah (2010) concluded that a single intense TENS treatment was effective in 
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treating mild musculoskeletal disorder related neck pain, as participants' pain 

threshold levels increased exponentially during, immediately after treatment, and 

one week post-treatment. 

 

 

TENS has also demonstrated inconclusive results in its effectiveness against 

placebo in a systematic review by Martimbianco et al. (2019). Two out of the 

seven of the featured studies reported that TENS was not significantly more 

effective than inactive treatment, when attempting to relieve neck pain. 

Furthermore, a systematic review by Khadilkar et al. (2013) also identified that 

conventional TENS was not significantly more effective than placebo, as it did 

not provide a significant reduction in NRS measured intensity post-intervention.  

 

 

2.5 HWB and Neck Pain Relief 

HWB has been identified as a mode of application of superficial heat by Banks 

and MacKrodt (2005), among heating pads, paraffin wax, and hot water 

immersion. According to Banks and MacKrodt (2005) HWB’s localised heat 

application influences superficial structures’ mechanoreceptors, stimulating 

afferent neurons and decreasing pain through the pain gate mechanism. 

Furthermore, analgesia is provided through muscle relaxation, and reducing joint 

and soft tissue tightness. This modality is only able to provide short-term topical 

pain relief, but has been identified as a simple and effective modality for pain 
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self-management (Banks and MacKrodt 2005). Yap (2007) concurred with the 

above features and benefits of HWB. 

 

 

When investigating the parameters for HWB application a study by Tepperman 

and Devlin (1983) stated that they may be applied for 20 to 30 minutes every 

two to four hours, as needed. Dyson (2006) agreed that HWB and similar heat 

conduction devices may be used for 20 to 30 minutes over towel covered skin. 

In a randomised controlled trial by Chaudhuri et al. (2013) HWB were wrapped 

in towels, and the water temperature was deemed suitable via practitioner 

perception, where the skin was palpated. 

 

 

Unfortunately, limited research about the use of HWB specifically for neck pain 

analgesia was found. Nonetheless, Chaudhuri et al. (2013) used HWB for 

dysmenorrheic pain and it significantly decreased NRS pain intensity scores, 

when compared to the control. Furthermore, a randomised control trial by 

Cramer et al. (2012) tackled neck pain analgesia by using heat packs, which are 

structurally and functionally similar to HWB (Banks and MacKrodt 2005). The 

superficial heating modality provided a significant decrease in chronic 

mechanical neck pain intensity through NRS measurements, when compared to 

the control group. Further, there was no significant difference in neck disability 

through the neck disability index (NDI), and quality of life through the SF-36. 
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2.6 The Comparative Effects of TENS and HWB for Neck Pain Relief  

Limited research comparing TENS’s and HWB’s effectiveness on neck pain 

relief was found. Nonetheless, Aker et al. (1996)’s systematic review and meta-

analysis stated that TENS provides superior outcomes than HWB applications 

when treating neck pain. In contrast, Chapman (1991) identified that superficial 

heat and TENS are equally effective at chronic musculoskeletal pain 

management. Furthermore, a systematic review of eighty three studies by van 

Middelkoop et al. (2010) was inconclusive when comparing the effectiveness of 

TENS and HWB treatments for lower back pain management, but it was noted 

that the incorporated randomised control trials had an insufficient sample size. 

Cetin et al. (2008) stated that an integrated approach, where TENS followed by 

superficial heat had a better performance over individual-use interventions, 

when seeking to decrease knee osteoarthritic pain.  

 

 

2.7 Conclusion  

Through the use of PRISMA, limited literature regarding the application of TENS 

and HWB for neck pain was acquired. The lack of research in this field 

influenced the quality of studies used and depth of the above review. 

Furthermore, reference can be made to Table 1.0 for a summary of the main 

articles used. 
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Study Title Author(s) Design  Sample Investigation Conclusion 

Therapeutic heat 
and cold. (2016) 

Tepperman, P. 
and Devlin, M. 

Expert 
Opinion. 

Not Applicable. Not Applicable. Use of superficial 
heat modalities 
such as HWB, may 
increase 
metabolism, 
circulation, 
inflammation, and 
promote pain 
relief.  

Myofascial Pain – 
An Overview. 
(2007)  

Yap, E. Review Article. Not Applicable. Not Applicable. Superficial heating 
modalities 
decrease 
superficial soft 
tissue tightness 
and provide short 
term pain relief 
topically. 

Transcutaneous 
electrical nerve 
stimulation: 
mechanisms, 
clinical application 
and evidence. 
(2015)  

Johnson, M. Review Article. Not Applicable. Not Applicable. Conventional, 
acupuncture-like, 
and intense TENS 
together with the 
corresponding 
parameters were 
identified.  
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Transcutaneous 
electrical nerve 
stimulation (TENS) 
for chronic neck 
pain. (Review) 
(2019)  

Martimbianco, 
A., Porfírio, G., 
Pacheco, R., 
Torloni, M. and 
Riera, R. 

Systematic 
Review of 7 
randomised 
control trials. 

651 participants 
with mean age 
ranging from 31.7 
to 55.5 years and 
all participants had 
neck pain for at 
least 12 weeks.  

2 of the 7 studies 
compared TENS to 
sham TENS, the rest 
compared TENS to 
other medical and 
physiotherapeutic 
interventions. 

Conventional 
TENS can be 
applied at a high 
frequency of 50Hz 
to 130Hz, a low 
intensity, and a 
short pulse 
duration of 50μs to 
200μs for neck 
pain relief.  
 

TENS has 
demonstrated 
inconclusive 
results in its 
effectiveness 
against placebo. 

Can the use of 
physical modalities 
for pain control be 
rationalized by the 
research evidence? 
(1991) 

Chapman, C. Systematic 
Review 
containing 30 
experimental 
and quasi- 
experimental 
studies. 

An unspecified 
number of 
participants who 
have 
musculoskeletal 
pain. 

5 articles about 
superficial heating 
agents and 2 articles 
about TENS, among 
other modalities. 

Superficial heat 
and TENS are 
equally effective at 
chronic 
musculoskeletal 
pain management.  
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A systematic 
review on the 
effectiveness of 
physical 
and rehabilitation 
interventions for 
chronic non-
specific low back 
pain. (2011) 

van 
Middelkoop, M., 
Rubinstein, S., 
Kuijpers, T., 
Verhagen, A., 
Ostelo, R., 
Koes, B. and 
van Tulder, M. 

A systematic 
review 
containing 83 
randomised 
controlled 
trials.  

Participants 
were18 years old 
or older, who had 
non-specific 
chronic lower back 
pain that persisted 
for a minimum of 
12 weeks. 

1 of the articles was 
about superficial 
heating techniques 
and 5 articles were 
about TENS.  

In view of 
insufficient data, 
the study was 
inconclusive when 
comparing the 
effectiveness of 
TENS and HWB 
treatments for 
lower back pain 
management.  

Conservative 
management of 
mechanical neck 
pain: systematic 
overview and meta-
analysis. (1996)  

Aker, P., Gross, 
A., Goldsmith, 
C. and Peloso, 
P. 

Systematic 
overview and 
meta-analysis, 
containing 24 
randomised 
controlled 
trials.  
   

An unspecified 
number of 
participants who 
have mechanical 
neck disorders 
which illicit pain.  

3 articles were about 
superficial heating 
modalities and 2 
were about TENS. 

TENS provided 
superior outcomes 
to HWB 
applications when 
treating neck pain.  
 

The study also 
stated that at the 
time there was not 
enough literature to 
assess the 
modalities 
accurately.  
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Comparing Hot 
Pack, Short-Wave 
Diathermy, 
Ultrasound, and 
TENS on Isokinetic 
Strength, Pain, and 
Functional Status 
of Women with 
Osteoarthritic 
Knees. (2008) 

Cetin, N., Aytar, 
A., Atalay, A. 
and Akman, M. 

A Single-Blind, 
Randomized, 
Controlled 
Trial.  

100 patients with 
bilateral knee 
osteoarthritis.  

Participants were 
randomised into five 
groups of 20 
patients where 
interventions 
included superficial 
heat applications 
and TENS, among 
modalities. 

TENS followed by 
superficial heat 
had a better 
performance over 
individual-use 
interventions when 
seeking to 
decrease knee 
osteoarthritic pain.  

 
Table 1.0 Summary of main articles used in the study. 
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3. Method 

3.1 Introduction 

This chapter describes the methodological approach used in the study, including 

participant recruitment, research tools’ acquisition and application, intervention 

preparation and actualisation, together with assumed ethical considerations. 

 

 

3.2 Study Design 

The study design was quantitative, comparative, and explanatory, with a pre-test 

and post-tests to collect data. A randomised control trial was utilised, whereby 

participants were allocated to receive HWB, TENS, or their placebos, through a 

digital randomiser. Furthermore, a single blind approach was used to minimise 

bias in interventions. 

 

 

3.3 Participant Recruitment 

Malta Health Students' Association (MHSA) was contacted as an intermediary. 

Their AssisThesis programme was utilised with the correlating permission. Ms 

Kylie Fenech, the correspondent from MHSA set up a post on the AssisThesis 

programme group, briefing the study and inviting students to participate. 

Interested students were asked to contact the researcher for the dissemination 

of the information letter and session planning. The participation of said students 

was purely voluntary, and based completely on their willingness and availability 
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to attend, provided that they qualified through the inclusion and exclusion 

criteria.  

 

A sample size of ninety participants (n=90) was sought. Thirty were to undergo 

TENS, similarly to HWB, while both TENS and HWB placebo cohorts were to be 

comprised of fifteen participants each. 

 

 

3.3.1 Inclusion Criteria 

Participants were eligible, provided that they followed the below inclusion 

criteria. 

• Aged between 18 to 25 years  

• In possession of active student status 

• Currently experiencing neck pain, with a minimum onset of 12 weeks 

• Qualified as Grade 1 or 2 on the Quebec Task Force Classification 

(QTFC) 

 

 

Students aged 18 to 25 were selected for the purpose of the study. This decision 

was made in light of various studies which found that teenagers and young 

adults complained of non-specific neck pain. In fact, Mbada and Ayanniyi (2010) 

identified neck pain in 18 to 24 year old students. Additionally, in Hanvold et al. 

(2010)’s study 16 to 22 year old students presented with neck pain, while in 

Kanchanomai et al. (2011)’s, students with neck pain were 18 to 25 years old. 
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National Center for Biotechnology Information (2010) determined pain onset of 

at least 12 week to be chronic. Therefore, a participant pool with a similar pain 

history was selected, excluding acute pain.  It is to note that participants with 

recurring neck pain who were at the time experiencing a chronic episode, were 

still accepted to participate. Additionally, participants were not to be accepted if 

they presented with severe neck pain, as according to Johnson (2007) and 

Denegar et al. (2011), TENS and HWB modalities are ideal for management of 

mild to moderate pain. Grade 1 and Grade 2 categories in the QTFC reflect mild 

and moderate pain and disability, and hence was utilised to classify participants 

(Seferiadis et al. 2004). 

 

 

3.3.2 Exclusion Criteria 

Participants were excluded from the study if they did not fit in the inclusion 

criteria. These were then further processed via the exclusion criteria, where 

health related factors influenced their eligibility. 

 

 

Individuals with fibromyalgia and shoulder subluxation or dislocation were 

excluded as adjacent pain could mimic neck pain (Mitchell et al. 2005, Clauw 

2009). Spondyloarthropathies including cervical osteoarthritis and cervical 

spondylolisthesis, together with rheumatoid arthritis, were also excluded from 

the study as non-specific neck pain was sought. 
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Individuals experiencing the below health issues were contraindicated to TENS 

and HWB (Akin 2001, Bazin et al. 2006). 

• Metal implants in the area of proximity 

• Local dermatological lesions 

• Trauma related neck pain 

• Cancer in the head, neck, or shoulders 

• Surgery within the last 5 months at the head, neck, or shoulders 

• Active use of pharmaceutical analgesics 

• Impaired skin sensation 

 

 

Individuals experiencing the below health issues were contraindicated to TENS 

(Johnson 2012). 

• Artificial cardiac pacemaker 

• Hearing aid 

• Implantable cardioverter defibrillator 

• Conducting gel allergy 

 

 

Individuals experiencing the below health issues were contraindicated to HWB 

(Akin 2001). 

• Peripheral vascular disease  

• Deep vein thrombosis 

• Implantable cardioverter defibrillator 
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• Aneurysm 

 

 

Further, precaution was practiced when applying TENS or HWB to participants 

with cognitive restrictions, along with epilepsy in TENS (Bazin et al. 2006). 

 

 

In order to ensure participant safety with the unforeseen, note was taken of any 

unlisted conditions and seen to accordingly. 

 

 

3.4 Research Tools 

A total of four standardised research tools were used for the purpose of this 

study. The WILDA Pain Assessment Guide, NDI, and QTFC were used during 

the pre-test, while the NRS was used in the post-tests. 

 

 

3.4.1 WILDA Pain Assessment Guide 

The WILDA Pain Assessment Guide is a tool used to assess pain. The tool 

encompasses five dimensions regarding pain; “Words to describe pain”, 

“Intensity”, “Location”, “Duration”, and “Aggravating and Alleviating Factors”. Its 

inclusion in the study, together with the NDI, allowed for participant 

categorisation through the QTFC. The “Intensity” dimension was subsequently 

used as the pre-test comparative parameter (Fink 2000). 
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The labelling system as in Figure 2.0 was used to effectively identify the pain 

“Location”. The neck was divided into 4 quadrants, namely the “Left Upper 

Quadrant”, “Right Upper Quadrant”, “Left Bottom Quadrant”, and the “Right 

Bottom Quadrant”. The location of the presented pain was taken note of 

depending on the affected quadrant/s. Pain was also seen along the midline and 

laterally along the neck.  

 

 

 

Figure 2.0 Diagram of the neck pain distribution labelling system. 

 

 

3.4.2 Neck Disability Index (NDI) 

The NDI is a one dimensional questionnaire consisting of a ten item scale. It 

allows for the measure of impact that neck pain related disability imposes on ten 

aspects of the individual’s life, as described by Vernon and Mior (1991). Its 
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inclusion in the study, together with the WILDA Pain Assessment Guide, allowed 

for participant categorisation through the QTFC. 

 

 

3.4.3 Quebec Task Force Classification (QTFC) 

The QTFC targets the categorisation of neck pain and related disability in 

Whiplash Associated Disorders. This tool was repurposed for this study as the 

desired demographic fit the Grade 1 and Grade 2 description, as described by 

Pastakia and Kumar (2011). The NDI and WILDA Pain Assessment Guide 

allowed for said classification to take place. 

 

 

3.4.4 Numerical Rating Scale (NRS) 

The NRS is a unidimensional tool which was used to measure pain intensity. It is 

a ten point likert scale, where 0 is “No pain” and 10 is the “Worst possible pain”. 

This tool was used in the post-tests; immediately post-intervention and short 

term post-intervention. This was also compared with the pain intensity recorded 

in the WILDA Pain Assessment Guide during the pre-test (Aziato et al. 2015). 

 

3.5 Method 

3.5.1 Pre-Intervention 

In preparation for the intervention two c-shaped HWB, a kettle, and two TENS 

units were purchased, for session use. A database with the uncoded data was 

set up, and all participants were allocated randomised modalities via an online 
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randomiser. Additionally, Room 9 Electrotherapy Laboratory at the Faculty of 

Health Sciences at Mater Dei Hospital was booked for the intervention sessions, 

following permission of use acquisition. 

 

 

Participants were allocated times and dates based on the parties’ availability, 

while ensuring that there were not more than four participants concurrently. This 

was limited by the number of intervention devices available, while also seeking 

to abide by the venue’s capacity, particularly during the COVID-19 pandemic. 

Additionally, participants were contacted one day pre-intervention to remind 

them about the session, together with asking them to get a towel for HWB 

insulation, irrelevant of their allocated intervention. Concurrently, the research 

supervisor was sent a Google Meets link for online supervision.  

 

 

3.5.2 Intervention 

Previous to session initiation, the venue was set up. Apart from the purchased 

equipment and seating, portable privacy screens were set up to ensure 

participant privacy and confidentiality. Upon arrival, students were seated and 

provided with a printed consent form and data management sheet. The consent 

form and its contents were explained and signatures were acquired. Ethical 

remarks were also made. 
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Upon consent provision, eligibility was assessed through the inclusion and 

exclusion criteria on the data management sheet. If participants were 

contraindicated to the randomised intervention, they underwent a subsequent 

randomisation excluding all contraindicated modalities. Provided that they were 

eligible to participate in at least one intervention option, the participants were 

assessed via the WILDA Pain Assessment Guide and NDI, and ranked in the 

QTFC. This was followed by a 20 minute treatment session of TENS, TENS 

placebo, HWB, or HWB placebo. 

 

 

3.5.2.1 TENS and TENS Placebo Administration 

Initially, the neck was cleaned with soap and water, as a hygienic precaution. 

The TENS unit was subsequently set at a frequency of 100Hz, with a pulse 

width of 200μs, and a normal wave type. A two-pole or four-pole approach was 

taken based on the presenting pain location, a timer was set up, and the 

amplitude was raised until a participant-reported comfortable sensation was 

acquired. Additionally, the skin under the electrodes was assessed at instances 

as a safety precaution. Instructions and information were given according to 

“Treatment A. Instructions and Information” on the data management sheet 

(Johnson 2007, Verruch et al. 2019). See Appendix 7. 

 

 

A similar approach was taken for TENS placebo administration. Nonetheless, 

the intervention was varied by keeping the amplitude at zero, as by doing so the 
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device did not operate. Instructions and information were given according to 

“Treatment C. Instructions and Information” on the data management sheet 

(Khadilkar et al. 2013). See Appendix 7. 

 

 

3.5.2.2 HWB and HWB Placebo Administration 

Water required for the HWB was heated and poured just before the participants 

arrival. The participants were then asked for the previously requested towel, in 

which the HWB were wrapped. Spare towels were also supplied by the 

researcher and used when further insulation was required. These were 

discarded after one use. A timer was set up and the skin under the HWB was 

assessed at instances as a safety precaution. Instructions and information were 

given according to “Treatment B. Instructions and Information” on the data 

management sheet (Akin 2001). See Appendix 7. 

 

 

A similar approach was taken for HWB placebo. Nonetheless, the intervention 

was varied by pouring room temperature water from the kettle into the HWB. 

Elimination of the hot water nullified the superficial heating aspect of the 

treatment. Instructions and information were given according to “Treatment D. 

Instructions and Information” on the data management sheet (Mohammadpouri 

et al. 2014). See Appendix 7. 
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3.5.3 Post-Intervention 

Immediately post-intervention the NRS assessment was performed to collect 

data on the immediate alleviative effect of the modality.  

 

The participants were then provided with the researcher’s email address and 

were taught how to perform a NRS assessment. They were asked to self-report 

the intensity of the pain during their next painful episode via email. The time of 

email receipt was taken as the incident time, unless otherwise stated by the 

participant. This component investigated the short term pain relief effect of the 

used modality. 

 

 

3.6 Ethics 

Ethical approval was acquired by FREC and UREC previous to data collection, 

as in the Appendix . It was decided that participants were not to be informed 

about placebo related deception to limit test influence to both active and 

prospective participants. Upon dissertation publication, participants would be 

able to review the study and gain insight on said deception.  

 

 

When sampling, the researcher ensured confidentiality of the participant and 

provided information. The application of the pseudo-anonymity, confidentiality, 

and privacy concepts were explained in relation to the study. Interested 

participants were provided with an information letter, briefing the aims, 
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expectations, and session process. These were further explained by word of 

mouth. Consent forms, previously signed by the research supervisor, were also 

signed by participants¸ to acquiring eligibility. Participants were informed that 

their participation was completely voluntary, and that they were entitled to 

accept, refuse, or stop participation at any time without providing reason or 

experiencing any negative repercussions. It was affirmed that in such a case 

any data collected would be erased. 

 

 

It was sought to protect the participants’ privacy when collecting any form of 

data. This was ensured by treating said data with the utmost confidentiality and 

abiding by the Maltese Data Protection Act of 2001 and the General Data 

Protection Regulation. Collected data was exclusively used for the purpose of 

the study. Only the researcher had access to the uncoded data, while the 

research supervisor and examiners were only to be granted access in a 

scenario where verification is required. Print uncoded data was stored in a 

locked cupboard, while digital data was stored on a password protected 

computer. Upon study completion all uncoded data was destroyed. 

 

 

To ensure participant safety, the physiotherapist Luke Musu warranted remedy 

at no financial cost to the participant. Privacy was ensured through the 

instalment of portable privacy screens during sessions. The skin was checked 

during interventions, and participants were advised to notify the researcher if 
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TENS or TENS placebo were too strong, or if HWB or HWB placebo were too 

hot. Contraindications and precautions for modalities were assessed and 

participants were invited to share unlisted health conditions of potential influence 

to prevent physical, emotional, or psychosocial harm. 

 

 

3.7 Conclusion 

The data acquired through the above method was analysed through the use of 

IBM Statistical Product and Service Solutions (SPSS), further explained in the 

next chapter. 
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4. Results 

4.1 Introduction  

This chapter gives an overview of the data collected and the statistical 

interpretation of said data through SPSS. The main areas covered are the 

distribution of participants’ personal and non-personal factors, change in pain 

intensity post-intervention, and the participants’ change in pain intensity in 

relation to their personal and non-personal factors. 

 

 

4.2 Participants and Distributions 

Through liaison with the intermediary 63 participants who were deemed eligible 

for the study were recruited. The initial goal was to attain 90 participants, 

however in view of certain limitations only 70% of the desired number was 

obtained. 

  

 

Several trends have been identified; these can be classified to personal and 

non-personal factors. Personal factors were provided by participants and 

include: gender, age category, and educational institution of attendance, while 

non-personal factors include the: pain location, pre-intervention pain duration, 

pain chronicity, QTFC classification, and intervention type. 
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4.2.1 Gender Distribution 

The distribution of participants’ gender was investigated. Although the number of 

participants was limited, it was seen that the female gender was predominant. 

71.4% of the participants were in fact female and the remaining 28.6% were 

male. See Figure 3.0. 

 

 

 

Figure 3.0 Pie chart illustrating gender distribution. 

 

 

4.2.2 Age Categories Distribution 

The distribution of participants’ age was investigated. Students aged from 18 to 

25 years were being taken into consideration for the purpose of the study. The 

participants were grouped based on the number of participants with a similar 
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age, to ensure representative and significant sample sizes. The 18-20 year old 

category encompassed the highest number of participants, followed closely by 

the 21-22 year olds, and the 23-25 year old category. See Table 2.0 and Figure 

4.0.  

 

 

Age Category Percentage Participant Representation 

18-20 Years Old 39.7% 

21-22 Years Old 38.1% 

23-25 Years Old 22.2% 
Table 2.0 Tabulation of age category distribution. 

 

 

 

Figure 4.0 Pie chart illustrating age group distribution. 
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4.2.3 Educational Institution of Attendance Distribution 

The distribution of the participants’ educational institution of attendance was 

investigated. It is to note that the opportunity for students out of the University of 

Malta to participate was limited due to the intermediary selection. In fact, 95.2% 

of the participants were students at the University of Malta, while 4.8% 

presented from other institutions. See Figure 5.0. 

 

 

 

Figure 5.0 Pie chart illustrating educational institute of attendance distribution. 
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4.2.4 Pain Location Distribution 

The distribution of the neck pain location was investigated. The most common 

neck pain area was the left and right bottom quadrant (LRBQ), followed by the 

lateral bilateral (LB) and midline (M) pain, the right bottom quadrant (RBQ), and 

the left upper and bottom quadrants (LUBQ). The lower bottom neck quadrant 

(LBQ), and right upper and bottom quadrants (RUBQ) had the lowest 

presentation, together with the Others category. This encompassed pain at the 

lateral right, lateral left, and right and left upper and bottom quadrants, and were 

classified as so since they were composed of 1, 2, and 1 participants 

respectively. Grouping ensured comparable and significant sample sizes. See 

Table 3.0 and Figure 6.0. 

 

 

Pain Location  Percentage Participant Representation 

LRBQ 34.9% 

LB 14.4% 

M 14.4% 

RBQ 9.5% 

LUBQ 7.9% 

LBQ 6.3% 

RUBQ 6.3% 

Other 6.3% 
Table 3.0 Tabulation of pain location distribution. 
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Figure 6.0 Pie chart illustrating pain location distribution. 

 

 

4.2.5 Pain Duration Distribution 

The distribution of neck pain onset duration pre-intervention was investigated. 

Participants with a minimum of a 12 week onset were exclusively accepted to 

participate. They were also grouped based on their onset duration, ensuring 

relevant and significant sample sizes. The 0-1 year old pain category 

encompassed the highest number of participants, followed by pain older than 4 

years, the 2-4 years category, and finally 1-2 year old pain. See Table 4.0 and 

Figure 7.0. 
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Pain Duration  Percentage Participant Representation 

0-1 year 33.3% 

1-2 years 17.5% 

2-4 years 23.8% 

More than 4 years 25.4% 
Table 4.0 Tabulation of pain duration distribution. 

 

 

 

Figure 7.0 Pie chart illustrating pain duration distribution. 

 

 

4.2.6 Pain Chronicity Distribution  

The distribution of neck pain chronicity was investigated. Participants with 

chronic neck pain were to be accepted for the purpose of the study. 81.0% of 

the participants had recurring neck pain and were in a chronic episode, while 

those with constant chronic pain had a weighting of 19.0%. See Figure 8.0. 
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Figure 8.0 Pie chart illustrating pain chronicity distribution. 

 

 

4.2.7 QTFC Classification Distribution 

The distribution of participants’ classification in the QTFC was investigated. 

Those who were classified within Grade 1 or 2 of the QTFC were allowed to 

participate. 25.0% of the participants were classified within Grade 1, while the 

remaining 75% were Grade 2 participants. See Figure 9.0. 
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Figure 9.0 Pie chart illustrating QTFC classification distribution. 

 

 

4.2.8 Intervention Type Distribution 

The distribution of participants among the randomly assigned interventions was 

investigated. The four interventions were TENS, TENS placebo, HWB, and 

HWB placebo. The participant quota was not reached, but despite this the 

randomisation allowed for the desired quasi 2:1 ratio between the treatment and 

placebo groups. See Table 5.0 and Figure 10.0. 
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Intervention Type Percentage Participant Representation 

TENS Treatment 33.3% 

HWB Treatment 34.9% 

TENS Placebo 15.9% 

HWB Placebo 15.9% 
Table 5.0 Tabulation of intervention type distribution. 

 

 

 

Figure 10.0 Pie chart illustrating intervention type distribution. 

 

 

4.3 Pain Intensity Data Interpretation 

The dependent variable in the study was pain intensity. Its outcomes with 

regards to the two modalities used and their placebo counterparts was 

understood through the use of SPSS calculations. 
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4.3.1 Pain Intensity Data Distribution 

The initial step was to identify the data’s distribution; whether the pain intensity 

values were normal or skewed. This was accomplished through the use of the 

Kolmogorov-Smirnov and Shapiro-Wilk Tests. Their null hypothesis specifies 

that pain intensity distribution is normal and accepted if the p-value exceeds the 

0.05 level of significance. Furthermore, the tests’ alternative hypothesis specifies 

that pain intensity distribution is skewed and accepted if the p-value is less than 

the 0.05 criteria.  

  

 

The Kolmogorov-Smirnov and Shapiro-Wilk Test’s values for pain intensity were 

lower than the 0.05 level of significance, therefore the pain intensity distribution 

violates the normality assumption pre-intervention (p=0.016 and p=0.040 

respectively), immediately post-intervention (p=0.005 and p=0.024, 

respectively), and short-term post intervention (p=0.002 and p=0.023, 

respectively). The pain intensity distribution was skewed to the right, therefore it 

can be confirmed that most participants presented with a higher pain intensity. 

See Table 6.0. 
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Tests of Normality 

 

Kolmogorov-
Smirnov Shapiro-Wilk 

Statistic df 
P-
value Statistic df 

P-
value 

Pre-intervention pain intensity .157 39 .016 .941 39 .040 

Immediate post-intervention pain 
intensity 

.174 39 .005 .934 39 .024 

Short term post-intervention pain 
intensity 

.183 39 .002 .933 39 .023 

Table 6.0 Tabulation of pain intensity data distribution 

 

 

4.3.2 Pain Intensity Data Temporal Comparison 

The difference in mean pain intensity between the three instance readings was 

calculated through the Wilcoxon Signed Ranks Test. This was used to compare 

the mean difference between two time points: pre-intervention pain intensity 

against immediate post-intervention pain intensity, pre-intervention pain intensity 

against short term post-intervention pain intensity, and immediate post-

intervention pain intensity against short term post-intervention pain intensity. The 

test’s null hypothesis specifies that the mean pain intensity changes slightly 

between the two points in time, and is accepted if the p-value exceeds the 0.05 

level of significance. The test’s alternative hypothesis specifies that the mean 

pain score varies significantly between the two time points and is accepted if the 

p-value is less than the 0.05 criteria. 

  

 



 42 

There was a significant decrease (p=0.000) in the mean pain intensity between 

the pre-intervention and immediate post-intervention pain intensities. This 

means that the modalities used, generally decreased pain intensity immediately 

post-intervention. However, there was a significant increase (p= 0.000) in the 

mean score between the immediate and short term post-intervention pain 

intensities, meaning that pain intensity increased a while after the intervention. 

Overall, there was a marginal decrease in the mean pain score between the pre-

intervention and the short term post-intervention pain intensities, but it was not 

significant (p=0.124), exceeding the 0.05 criteria. In summary, the mean pain 

intensity significantly decreased from the pre-intervention value immediately 

after the intervention, but then increased by time, although not reaching the pre-

intervention intensity. See Table 7.0. 

 

 

Wilcoxon Signed Ranks Test 

 

Mean 
Score 

Sample 
Size 

Std. 
Deviation 

P-
value  

Pre-intervention pain intensity 4.29 63 1.818 0.000 

Immediate post-intervention 
pain intensity 

2.60 63 1.871 

 
Immediate post-intervention 
pain intensity 

2.59 39 1.697 0.000 

Short term post-intervention 
pain intensity 

3.64 39 1.724 

 
Pre-intervention pain intensity 4.00 39 1.504 0.124 

Short term post-intervention 
pain intensity 

3.64 39 1.724 

Table 7.0 Tabulation of pain intensity data temporal comparison. 
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The discrepancy in sample size in Table 7.0 is also noteworthy. Unfortunately, 

only 61.9% of the total participants reported the short term post-intervention pain 

intensity due to unspecified reasons. This ultimately influenced sample 

representation.  

 

 

4.3.3 The Immediate and Short Term Effects of TENS and TENS Placebo  

The clinical effectiveness and significance of TENS was calculated by 

comparing the difference in mean pain intensity of TENS and TENS placebo. 

This was done for the difference between the pre-intervention and immediately 

post-intervention, as well as the pre-intervention and short term post-intervention 

time intervals. Both calculations were performed through the non-parametric 

Kruskal Wallis Test. The test’s null hypothesis states that the decrease in the 

mean pain scores varies marginally between the treatment and placebo groups, 

and is accepted if the p-value exceeds the 0.05 level of significance. The 

alternative hypothesis specifies that the decrease in the mean pain scores 

varies significantly between the groups, and is accepted if the p-value is less 

than the 0.05 criteria. 

  

 

There was a significant decrease (p=0.000) in the reduction in mean pain 

intensity scores of TENS against TENS placebo immediately post-intervention. 

Therefore, TENS set at described parameters can be identified as clinically 

significant at reducing neck pain immediately post-intervention. In contrast, there 
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was not a significant decrease (p=0.619) in the mean pain intensity scores of 

TENS against TENS placebo short term post-intervention. Hence, one can 

conclude that the analgesic effect was not transferable to the short term post-

intervention mean duration. See Table 8.0. 

 

 

Kruskal Wallis Test 

 Modality 

Sample 
Size 

Mean 
Score 

Std. 
Deviation 

P-
value  

Reduction in mean pain 
intensity immediately post-
intervention 

TENS 21 2.38 1.532 .000 

TENS 
Placebo 

10 -.10 .316 

 
Reduction in mean pain 
intensity short term post-
intervention 

TENS 11 .55 2.252 0.619 

TENS 
Placebo 

21 -.10 .316 

Table 8.0 Tabulation of the immediate and short term effects of TENS and TENS placebo. 

 

 

4.3.4 Immediate and Short Term Effects of HWB and HWB Placebo 

The clinical effectiveness and significance of HWB was calculated by comparing 

the difference in mean pain intensity of HWB and HWB placebo. This was done 

for the difference between the pre-intervention and immediately post-

intervention, as well as the pre-intervention and short term post-intervention time 

intervals. Both calculations were performed through the previously utilised non-

parametric Kruskal Wallis Test.   
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There was a significant decrease (p=0.002) in the reduction in mean pain 

intensity scores of HWB against HWB placebo immediately post-intervention. 

Therefore, HWB set at described parameters can be identified as clinically 

significant at reducing neck pain immediately post-intervention. In contrast, there 

was not a significant decrease (p=0.537) in the mean pain intensity scores of 

HWB against HWB placebo short term post-intervention. Hence, one can 

conclude that the analgesic effect was not transferable to the short term post-

intervention mean duration. See Table 9.0. 

 

 

Kruskal Wallis Test 

 Modality 

Sample 
Size 

Mean 
Score 

Std. 
Deviation 

P-
value  

Reduction in mean pain 
intensity immediately post-
intervention 

HWB 22 2.41 1.992 .002 

HWB 
Placebo 

10 .40 .843 

 
Reduction in mean pain 
intensity short term post-
intervention 

HWB 12 .67 1.557 0.537 

HWB 
Placebo 

6 .17 .408 

Table 9.0 Tabulation of the immediate and short term effects of HWB and HWB placebo. 

 

 

4.3.5 Immediate and Short Term Effects of TENS and HWB 

The clinical effectiveness and significance of TENS and HWB was calculated by 

comparing the difference in their mean pain intensity. This was done for the 

difference between the pre-intervention and immediately post-intervention, as 

well as the pre-intervention and short term post-intervention time intervals. Both 
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calculations were performed through the previously utilised non-parametric 

Kruskal Wallis Test.  

  

 

HWB application provided a slightly higher decrease in pain intensity 

immediately post-intervention. Nonetheless, there was no significant difference 

(p=0.891) in the reduction of mean pain intensity scores of TENS against HWB 

immediately post-intervention. Therefore, TENS and HWB set at described 

parameters can be identified as equally effective in reducing neck pain 

immediately post-intervention. Similarly, HWB provided a slightly higher 

decrease in pain intensity short term post-intervention. Despite this, there was 

no significant difference (p=0.705) in the mean pain intensity scores of TENS 

against HWB short term post-intervention. This led to the conclusion that TENS 

and HWB are equally effective at reducing neck pain at set parameters, short 

term post-intervention. See Table 10.0. 

 

 

Kruskal Wallis Test 

 Modality 

Sample 
Size 

Mean 
Score 

Std. 
Deviation 

P-
value  

Reduction in mean pain 
intensity immediately post-
intervention 

TENS 21 2.38 1.532 .891 

HWB 22 2.41 1.992 

 
Reduction in mean pain 
intensity short term post-
intervention 

TENS 11 .55 2.252 .705 

HWB  12  .67  1.557 

Table 10.0 Tabulation of the immediate and short term effects of TENS and HWB. 
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4.3.6 Gender and Change in Pain Intensity  

The reduction in mean pain intensity immediately and at short term post-

intervention was compared against the gender categories, through the non-

parametric Kruskal Wallis Test. The pain reduction between the genders was 

clinically significant (p=0.006) immediately post-intervention with males 

experiencing the largest improvement. The same trend was observed in the 

short-term post intervention but this change was not significant (p=0.633). See 

Table 11.0. 

 

Kruskal Wallis Test 

                                                   
                                  Gender 

Sample 
Size 

Mean 
Score 

Std. 
Deviation 

P-
value 

Reduction in mean 
pain intensity 
immediately post-
intervention 

Male 18 2.72 1.965 0.006 

Female 45 1.27 1.615 

Reduction in mean 
pain intensity short 
term post-
intervention 

Male 11 .82 2.136 0.633 

Female  28  .18  1.124 

Table 11.0 Tabulation of the change in pain intensity with gender. 

 

 

4.3.7 Age Groups and Change in Pain Intensity  

The reduction in mean pain intensity immediately and at short term post-

intervention was compared against the age groups, through the non-parametric 

Kruskal Wallis Test. The pain reduction between the age groups was not 

clinically significant immediately post-intervention (p=0.518) nor at the short-
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term post intervention (p=0.886). Nonetheless, for both intervals 23 to 25 year 

olds experienced the greatest improvement, followed by 18 to 20 year olds, and 

21 to 22 year olds. See Table 12.0. 

 

 

Kruskal Wallis Test 

                                   Age  
                                   Group 

Sample 
Size 

Mean 
Score 

Std. 
Deviation 

P-
value 

Reduction in mean 
pain intensity 
immediately post-
intervention 

18-20 years 24 1.67 1.404 0.518 

21-22 years 25 1.36 1.578 

23-25 years 14 2.29 2.701 

Reduction in mean 
pain intensity short 
term post-
intervention 

18-20 years 14 .36 1.082 0.886 

21-22 years 16 .19 1.109 

23-25 years 9 .67 2.449 

Table 12.0 Tabulation of the change in pain intensity with age categories. 

 

 

4.3.8 Pain Location and Change in Pain Intensity 

The reduction in mean pain intensity immediately and at short term post-

intervention was compared against the inherent pain locations, through the non-

parametric Kruskal Wallis Test. The pain reduction between the pain locations 

immediately post-intervention was clinically significant (p=0.007), with those 

having midline pain experiencing the largest improvement. In contrast, at short 

term post-intervention the pain reduction between the pain locations was not 

clinically significant (p=0.717), with those having a LUBQ presentation 

experiencing the best improvement. See Table 13.0. 
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Kruskal Wallis Test 

                                  Pain 

                                   Location                        
Sample 
Size 

Mean 
Score 

Std. 
Deviation 

P-
value 

Reduction in mean 
pain intensity 
immediately post-
intervention 

LBQ 4 3.25 .957 0.007 

LB 9 1.78 1.922 

LRBQ 22 1.45 1.595 

M 9 3.44 2.007 

LUBQ 5 .40 .548 

RUBQ 4 .50 1.000 

RBQ 6 .33 1.633 

Other 4 2.00 1.633 

Reduction in mean 
pain intensity short 
term post-
intervention 

LBQ 2 .00 2.828 0.717 

LB 8 .88 1.246 

LRBQ 15 .13 .834 

M 6 .83 2.787 

LUBQ 2 1.00 1.414 

RUBQ 4 -.25 .500 

RBQ 2 -.50 2.121 
Table 13.0 Tabulation of the change in pain intensity with pain location. 

 

 

4.3.9 Pain Duration and Change in Pain Intensity  

The reduction in mean pain intensity immediately and at short term post-

intervention was compared against the pain onset duration, through the non-

parametric Kruskal Wallis Test. The pain reduction between the duration 

categories was clinically significant immediately post-intervention (p=0.023) and 

at the short-term post intervention (p=0.035). The highest pain reduction 

immediately post-intervention was seen in participants who had neck pain for 2 

to 4 years, closely followed by those who had neck pain for more than 4 years. 

Alternatively in the short term, those with a neck pain onset longer than 4 years 

experienced the best improvement.  See Table 14.0. 



 50 

Kruskal Wallis Test 

                                Pain  
                                Duration  

Sample 
Size 

Mean 
Score 

Std. 
Deviation 

P-
value 

Reduction in 
mean pain 
intensity 
immediately post-
intervention 

0-1 year 21 .95 1.627 0.023 

1-2 years 11 1.18 1.601 

2-4 years 15 2.40 1.724 

More than 4 years 16 2.31 1.991 

Reduction in 
mean pain 
intensity short 
term post-
intervention 

0-1 year 10 -.10 .994 0.035 

1-2 years 8 -.50 .926 

2-4 years 9 .22 1.302 

More than 4 years 12 1.42 1.730 

Table 14.0 Tabulation of the change in pain intensity with pain duration. 

 

 

4.3.10 QTFC Classification and Change in Pain Intensity  

The reduction in mean pain intensity immediately and at short term post-

intervention was compared against the participants’ QTFC classification, through 

the non-parametric Kruskal Wallis Test. The pain reduction between the two 

grades immediately post-intervention was significant (p=0.025), with those at 

Grade 1 pain experiencing the largest improvement. In contrast, even though 

Grade 1 participants experienced higher improvement at short term, the pain 

reduction between the grades was not clinically significant (p=0.658). See table 

15.0. 
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Kruskal Wallis Test 

                                               
                                  QTFC 

                                  Grade 

Sample 
size 

Mean 
Score 

Std. 
Deviation 

P-
value 

Reduction in mean 
pain intensity 
immediately post-
intervention 

1 16 2.44 1.590 0.025 

2 47 1.43 1.850 

Reduction in mean 
pain intensity short 
term post-
intervention 

1 11 .45 1.864 0.658 

2 28 .32 1.335 

Table 15.0 Tabulation of the change in pain intensity with QTFC classification. 

 

 

4.4 Mean Short Term Analgesia Duration 

The short term analgesic duration post-intervention was to be reported by the 

participants themselves, but unfortunately only 61.9% of the participants 

answered. Nonetheless, the duration for TENS interventions averaged to 33.7 

hours, while that of TENS placebo was 0.1 hours. Additionally, the average short 

term analgesic duration for HWB interventions was 93.8 hours, while that of 

HWB placebo was 0.2 hours. Therefore, TENS provided analgesia for 35.9% of 

the duration HWB did. 

 

 

4.5 Conclusion 

The use of various statistical tools allowed for the results’ analysis and 

consecutively their appropriate presentation as a figure and/or table. The 

obtained outcomes are discussed in the following chapter.  
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5. Discussion 

5.1 Introduction 

This chapter gives insight on the study’s position within the pool of relevant 

literature and allows for the identification of potential hypotheses with regards to 

the outcomes. 

 

 

5.2 Neck Pain Prevalence 

The prevalence of neck pain in gender, age, and pain location presentation for 

the demographic is discussed below. It is to note that further factors were 

included in the results section, but were omitted due to limited literature and/or 

outcomes from the study’s side, to allow for an adequate discussion. 

 

 

5.2.1 Gender Prevalence 

71.4% of the participants in the study were females experiencing neck pain. 

Ayanniyi and Mbada (2010), Chan et al. (2020), and Kanchanomai et al. (2011) 

featured students with a similar demographic to the study and their results were 

in correspondence, as they identified females to be the most susceptible to neck 

pain. 

 

 

It can be hypothesised that the value acquired was due to the fact that females 

were more comfortable participating in the study, as women are usually more 
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likely to seek medical care for pain management (Raghavendra 2016). The 

physical difference between males and females may have also contributed to 

the discrepancy. Breast and adipose tissue are more developed in females, thus 

increasing their risk for neck pain, particularly upon physical exertion or when 

not wearing appropriate support (Mason et al. 1999, Rogliani et al. 2009). 

 

 

5.2.2 Age Prevalence 

Age and neck pain prevalence demonstrated a positive correlation in the study. 

Chan et al. (2020), and Kanchanomai et al. (2011) similarly identified an 

increase in neck pain with age.  

 

 

It has been identified that the accumulative influence of students’ study 

programmes increased their susceptibility to neck pain (Chan et al. 2020). 

Curriculum related tasks including prolonged computer use and repeated heavy 

lifting, such as in patient transfers, contributed to the risk for neck pain. The 

upkeep of such tasks is expected to further the pain (Chan et al. 2020). 

 

 

5.2.3 Neck Pain Location Presentation Prevalence 

Silva et al. (2009) identified prolonged neck forward flexion related neck pain to 

be located primarily on both sides of the neck, followed by midline, right sided, 

and left sided. The study’s findings were not in congruence, as midline pain was 
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the most common location among the above listed locations, followed by right 

sided, and left sided pain. Furthermore, bilateral pain presentation was classified 

under “Others” due to its minimal predominance.  

 

 

Forward head posture increases the compressive forces on the posterior 

aspects of the cervical apophyseal and vertebral joints, causes changes in 

connective tissue length and strength, and shortens the posterior neck muscles, 

ultimately resulting in neck pain (Silva et al. 2009). Therefore, it can be possibly 

implied that many students spend a long amount of time with a forward head 

posture, in neck extension, eliciting midline pain. Unilateral pain follows a similar 

pattern, but it also incorporates prolonged lateral flexion and/or rotation (Silva et 

al. 2009). This ties into the previous section as computer use for an extended 

amount of time is often linked with a forward head posture. It would be 

interesting to investigate if the participants’ neck pain location is linked to their 

usual computer setup; whether it is in front of them or at the side (Silva et al. 

2009, Chan et al. 2020). 

 

 

5.3 TENS Clinical Significance against Placebo 

The study identified that conventional TENS set at a frequency of 100Hz, with a 

pulse width of 200μs, a normal wave type, and a comfortable amplitude for 20 

minutes, significantly decreased the reduction in mean pain intensity 

immediately post-intervention when compared to TENS placebo. This was not 
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the case in the short term post-intervention as TENS did not provide significant 

segmental paraesthesia through non-noxious afferent neuron stimulation 

(Johnson 2007). Nonetheless, due to a difference in participant quantity, the 

statements’ reliability is decreased. A systematic review by Martimbianco et al. 

(2019) was inconclusive when determining the short term effects of TENS’s pain 

relief. Furthermore, Khadilkar et al. (2013) identified TENS not to be clinically 

effective against placebo when decreasing pain intensity, in contrast to Johnson 

(2007) who identified TENS to be effective and efficient at treating neck pain.  

 

Apart from the use of current, or its absence, 2 differential factors between the 

two interventions were identified; the time at which the short term duration data 

was collected, and the participants’ comfort and belief with regards to said 

modality. The duration of neck pain re-perception was not reported by a number 

of participants, ultimately influencing the short term results. Standardisation or 

close monitoring of participants’ neck pain in future research might contribute to 

improved results. Furthermore, participants' comfort and belief with regards to 

said modality might influence the result. If participants, for example, were not 

familiar with the device and were afraid of the electrical component, negative 

outcomes are to be expected with TENS use (Leibowitz et al. 2019). The above 

factors could improve insight on the significance of the analgesic short term 

effects of TENS. 
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5.4 HWB Clinical Significance against Placebo 

The study identified that a 20 minute application of HWB significantly decreased 

the reduction in mean pain intensity immediately post-intervention when 

compared to HWB placebo. In contrast, HWB did not significantly stimulate 

superficial mechanoreceptors and hence, did not stimulate afferent neurons to 

decrease pain through the pain gate mechanism, short term post-intervention. 

Nonetheless, due to a difference in participant quantity, the statements’ reliability 

is decreased. In light of the limited literature availability regarding HWB 

applications for neck pain, studies by Chaudhuri et al. (2013) and Cramer et al. 

(2012) were used as a comparison. The first, used HWB for dysmenorrheic pain 

and it was significantly more effective than placebo. The latter used heat packs, 

which are structurally and functionally similar to HWB, for neck pain and 

obtained similar results. The available literature and the study’s findings had 

varied views, particularly in the short term post intervention. 

 

Apart from the use of heat, or its absence, 2 differential factors between the two 

interventions were identified. These were similar to those of TENS and its 

placebo; the time at which the short term duration data was collected, and the 

participants’ comfort and belief with regards to said modality. The above factors 

could improve insight on the significance of the analgesic short term effects of 

HWB (Leibowitz et al. 2019). 
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5.5 HWB and TENS Pain Relief Effectiveness 

The study did not identify a significant difference in TENS’s and HWB’s 

effectiveness towards decreasing neck pain immediately and short term post-

intervention. Limited research comparing TENS’s and HWB’s effectiveness 

particularly for neck pain relief was found. Nevertheless, TENS was identified as 

superior to HWB when treating neck pain in Aker et al. (1996)’s systematic 

review and meta-analysis, while Chapman (1991) found them to be equally 

effective at chronic musculoskeletal pain management. Furthermore, van 

Middelkoop et al. (2010) had inconclusive results when comparing the 

modalities for lower back pain, and Cetin et al. (2008) stated that optimal results 

were achieved through an integrated approach, where TENS is followed by 

superficial heat in single use interventions for knee osteoarthritic pain. 

 

 

Similarly to the available literature, this study did not determine one modality 

which is superior to the other. Firstly, as mentioned above, participants’ previous 

experiences may have played a role (Leibowitz et al. 2019). Furthermore, both 

interventions have different effectiveness patterns, whereby the HWB cools 

down by time as heat dissipates to the body and to the environment (Hawkes et 

al. 2013). Meanwhile with TENS, based on participant reported sensation, the 

amplitude can be adjusted to optimise treatment intensity, in contrast to the 

degenerative intensity of HWB (Pantaleão et al. 2011). The final factor that 

should be considered is that the heat from the HWB may be positively 

influencing other issues in the area, such as decreased circulation and muscle 
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stiffness, gaining ulterior benefits to analgesia (Cramer et al. 2012). In contrast, 

this concept does not apply to TENS at set parameters (Johnson 2007). 

 

 

5.6 Modalities’ Influence on Participants’ Gender and Age  

The analgesic effect of the modalities on various personal and non-personal 

factors were investigated in the study. Unfortunately, only gender and age could 

be discussed due to limited outcomes from the study’s side and/or literature to 

allow for an adequate discussion. 

 

 

The study identified that males generally experienced a significant improvement 

immediately post-intervention, but this was insignificant short term post-

intervention. In contrast, Lund et al. (2005)’s study featuring students with a 

similar age to the dissertation’s, identified females to have a superior 

physiological response to TENS, rather than men. 

 

 

Denegar et al. (2011) found that females were more likely to report 

improvements in pain following superficial heat for knee osteoarthritic pain. 

Additionally, Fillingim et al. (2009) identified that females have a higher 

sensitivity to pain, therefore although initially more females presented with pain, 

after treatment, the decrease in pain was also perceived as lower. These are 

possible reasons why such results have been obtained. 



 59 

In the study no age group experienced a significant improvement immediately or 

short term post-intervention. Unfortunately, limited literature with a similar 

demographic or findings was identified, but Simon et al. (2015) found that older 

adults and younger individuals both experienced a similar decrease in pain 

intensity when treating chronic lower back pain with TENS. 

 

 

Yezierski (2012) identified a positive relationship between pain sensitivity and 

age, therefore in older participants pain ratings are expected to be lower post-

intervention. 20 young adults, 20 middle aged adults, and 20 older adults, with a 

mean age bracket of approximately 33 years participated in Yezierski (2012)’s 

study. In contrast, the study had an age bracket of 8 years, possibly leading to 

the difference in outcomes. 

 

 

5.7 Conclusion 

The above section aimed at providing an in-depth understanding of the 

research’s results by linking it to pertinent literature. The existing research was 

also utilised to identify possible reasons to why such results were obtained.  
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6. Conclusion 

6.1 Introduction 

This chapter concludes the study by answering the research question and 

approving of a hypothesis. It also identifies the benefits of the study, describes 

the limitations and improvements, together with highlighting the needs and 

opportunities for future research. 

 

 

6.2 Overview 

The study’s intent was to identify which, between TENS and HWB, would be 

ideal for the management of neck pain. It was identified that the affordable, 

practical, compact, portable, accessible, and safe devices allowed for significant 

immediate pain relief (p=0.000 and p=0.002, respectively), but no significant 

difference was seen between the two modalities (p=0.891). Meanwhile, limited 

evidence was available for the TENS’s and HWB’s short term analgesia 

(p=0.619 and p=0.537, respectively), and there was no significant difference 

between the two modalities (p=0.705). Therefore, to answer the research 

question, a superior modality between TENS and HWB could not be identified 

through this study. This also allows for the approval of a hypothesis from the 

three alternative hypotheses and the null hypothesis. The null hypothesis H0 

“There is no significant difference between the modalities in terms of reduction in 

the immediate or short term pain intensities.” was accepted, since the change in 

neck pain intensity immediately and short term post-intervention was not 

significantly different between TENS and HWB.  
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Furthermore, the non-pharmaceutical intervention provides a safe alternative 

with minimal side effects (Jones and Johnson 2009, Jabir et al. 2013). It also 

empowers users by providing the opportunity to self manage neck pain, giving 

them control over the unpleasant sensation. On a national level, the use of such 

devices can limit Malta’s neck pain prevalence and disability adjusted life years, 

while positively influencing life-expectancy (State of Health in the EU Malta 

Country Health Profile 2017 2017, Safiri et al. 2020). 

  

 

6.3 Benefits 

The study provides a basis for the utilisation of TENS and HWB modalities; 

whereby it is suggested that the individual may use any modality for neck pain 

relief, unless contraindicated, as their immediate and short term effects are 

similar. The use of affordable, practical, compact and portable, accessible, and 

safe devices allow for non-invasive self pain management for students aged 

between 18 to 25 years old, whether in class or on campus.   

  

 

Additionally, a better understanding of: the prevalence of neck pain in students, 

the immediate and short term analgesic effects of both TENS and HWB 

interventions, and the modalities’ interaction with students’ personal and non-

personal factors, was gained through this study. 
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Furthermore, from an ethical point of view, participants who were deceived and 

unknowingly received placebo will gain clarity once the dissertation is published. 

Upon reading the dissertation, they can view the documentation regarding the 

placebo groups utilised, hence avoiding false ideations of TENS and HWB. 

  

 

The study also provides an opportunity for further research, as in subtitle 6.5. 

 

 

6.4 Limitations and Improvements 

The discrepancy in the quantity of participants in the immediate and short term 

post-intervention groups limited the reliability of the short-term results. There are 

a myriad of potential reasons for which participants did not respond in the short 

term, including forgetfulness, decreased interest in study, and a prolonged 

analgesic effect which exceeded the data collection termination date. Monetary 

or otherwise incentives might have encouraged participants to complete the 

intervention fully.  

  

 

Secondly, the fact that the duration for short term pain relief was not 

standardised may have contributed to the above limitation. An opt-in and opt-out 

system at set time intervals could have provided a better idea of the modalities’ 

analgesic effects, eliminating potential forgetfulness related non-submission of 
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the analgesic duration. Furthermore, the non-standardised approach prevented 

further discussion of the results obtained. 

  

 

Additionally, the intermediary selection limited the educational institution of 

attendance variety, which could have been an interesting factor to take into 

consideration. The utilisation of a multi-educational institute intermediary could 

have allowed for a better comparison among students from different institutes, 

as well as potentially allowing for quota achievement. 

  

 

Restricted time and human resources have also negatively influenced quota 

achievement and the discrepancy in the quantity of participants between the 

immediate and short term post-intervention groups. Concurrently, the availability 

of insufficient and inadequate academic resources has also contributed to the 

use of some low relevance studies, together with limiting an in depth analysis of 

clinical findings. 

  

 

Furthermore, the participants could have been asked for their active field of 

study, allowing for the identification of neck pain prevalence trends in different 

disciplines, if any. 
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6.5 Further Research 

A large scale study with a satisfactory follow up could allow for a better 

understanding of the short term pain relief effects of TENS and HWB on chronic 

neck pain in 18 to 25 year old students. It might also be worthwhile to investigate 

the analgesic effect of TENS and HWB in different locations and demographics. 
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