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Dry Needling (DN) has emerged as an effective treatment for various musculoskeletal
disorders (MSDs), although the specifics of its application and the range of treated
disorders remain unclear. The objective is to map and summarise dry needling practices
from a global perspective. This scoping review employs the Joanna Briggs Institute
technique, utilising the PCC framework (Participants, Concept, Context) to establish
eligibility criteria based on the PRISMA Scoping Review checklist. Searches in PubMed,
PEDro, and Google Scholar aim to identify evidence on dry needling, either as a
standalone intervention or combined with other treatments, with clinical outcomes such as
short-term or long-term effects on pain and physical function. The review includes
systematic reviews, RCTs, meta-analyses, literature reviews, and quasi-experimental
studies. DN, widely adopted in Europe and gaining traction in North America and Asia,
effectively addresses MSDs like myofascial pain syndrome, knee osteoarthritis, and
patellofemoral pain syndrome. Studies highlight DN's effectiveness in reducing pain and
enhancing muscle function. Further research, incorporating extended follow-up periods of
6 months to 1 year, is crucial to comprehensively evaluate DN's long-term impact on pain,
functionality, and overall quality of life.

Keywords: physical therapy, musculoskeletal disorder, ultrasound-guided dry needling,

dry needling techniques, global perspective.

DOI: https://doi.org/10.70411/MJHAS.2.2.2025126



https://mucjournals.muc.edu.ps/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.70411/MJHAS.2.2.2025126

M. Angelo et al. Modern Journal of Health and Applied Sciences (MJHAS) Volume 2, Issue 2 (2025)

1. Introduction

Musculoskeletal disorders (MSDs) pose a significant and complex challenge in healthcare, affecting patient well-being and
straining global healthcare systems. According to a new review of Global Burden of Disease (GBD) 2019 data, over 1.71 billion
individuals worldwide suffer from musculoskeletal diseases such as low back pain, neck discomfort, fractures, osteoarthritis,
amputation, and rheumatoid arthritis. While the prevalence of musculoskeletal problems varies with age and diagnosis, it affects
people of all ages all over the world. High-income countries are the most affected (441 million people), followed by countries in
the WHO Western Pacific Region (427 million) and South-East Asia Region (369 million). Musculoskeletal diseases are also
the leading cause of years lived with disability (YLDs), accounting for approximately 149 million YLDs, or 17% of all YLDs
worldwide. In recent years, the therapeutic practice of dry needling (DN) has emerged as a promising solution for mitigating
pain and enhancing functionality in individuals grappling with diverse MSDs. According to the American Physical Therapy
Association (APTA), Dry needling involves the precise insertion of thin filiform needles beneath the skin's surface, targeting
myofascial trigger points, musculature, and connective tissues. APTA supports the inclusion of dry needling in regulatory
frameworks, accompanied by appropriate educational qualifications for PTs to engage in the intervention. This technique,
endorsed by reputable organizations such as the American Physical Therapy Association (APTA), has gained traction owing to
its minimally invasive nature and potential effectiveness in addressing the fundamental causes of musculoskeletal pain and
dysfunction. In-depth examination of the current state of dry needling worldwide is presented in this publication, which also
explores its uses, effectiveness, underlying mechanisms, and practical consequences in various therapeutic contexts worldwide.
There will be a special focus on revealing how dry needling is utilized to treat a variety of MSDs, such as myofascial pain
syndrome, patellofemoral pain syndrome, and knee osteoarthritis. Through a thorough analysis of a wide range of literature,
including primary research studies, meta-analyses, and systematic reviews, our goal is to reveal the complex ways that dry
needling is applied around the world to treat these conditions effectively. The researchers' goal in doing this study is to further

our understanding of the critical role that dry needling plays in the worldwide management of MSDs.

2. Materials and Methods

This scoping review was conducted by using the Joanna Briggs Institute technique. It utilised the PCC framework
(Participants = studies that utilise DN in the treatment of various MSDs with at least one session of DN and outcome measures
(pain, functionality, QOL), Concept = dry needling intervention in physical therapy practice in the management of
musculoskeletal disorders such as its techniques and methods, short-term and long-term effects based on their pain and functional
outcomes. Context = articles in a clinical (effects) and geographical context (integration of DN in global perspective) to establish
its eligibility criteria, which is based on the PRISMA Scoping Review checklist. The researchers provided inclusion and

exclusion criteria to determine the extent of the articles that were used for the study.

2. 1. Eligibility Criteria

The gathered studies were eligible if they met the following criteria provided by the researchers. The inclusion criteria
encompass studies involving (1) participants ages 12-65 years old, (2) studies which uses dry needling for musculoskeletal
disorders (neck pain, shoulder pain syndrome, myofascial pain syndrome, spine disorders, tendinopathy, low back pain, knee &
hip oa, plantar heel pain), with measurement of pain and functional outcomes (VAS: Visual Analog Scale; NPRS: Numeric Pain
Rating Scale; NDI: Neck Disability Index; KOOS: Knee Injury and Osteoarthritis Outcome Score; PKE: Passive Knee
Extension; FFD: Finger-floor distance; WOMAC: Western Ontario and McMaster; DASH: Disability of the Arm, Shoulder, and
Hand; SPADI: Shoulder Pain and Disability Index; ODI: Oswestry Disability Index: PSFS: Patient Specific Functional Scale;

FHSQ: Foot Health Status Questionnaire) and (4) examination of short-term and long-term effects. Exclusion criteria involve
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(1) studies using wet needling which involves injecting medicinal liquids like corticosteroids and anaesthetics into muscles,
ligaments, tendons and scar tissue, (2) acupuncture which is based on meridians and qi principles, (3) participants with
neurological disorders or underlying medical conditions (such as asthma, cancer, cerebrovascular diseases, and diabetes

mellitus), and (4) studies that are not freely accessible.

2. 2. Search Strategy

The primary data were sourced from the English-language literature. They included systematic reviews, randomized
controlled trials, meta-analysis papers, review articles and quasi-experimental studies that addressed the key research questions
posed. The improvement framework proposed by Peters et al. guided the review process, alongside Arksey and O'Malley's
methodological approach, which involved identifying the research question, selecting and identifying relevant studies, charting
the data, synthesizing, summarizing, and reporting the findings, and consulting with stakeholders interested in the outcomes for
validation.

Search strategy: A comprehensive search using a three-step Joanna Briggs Institute (JBI) search strategy was initially
implemented in the PubMed, PEDro and Google Scholar databases, using the appropriate type of terms found in titles, abstracts
or as keywords. To provide the highest level of evidence (HLE) possible, all full-text articles that met the inclusion criteria were
screened, with a focus on papers published from 2018 onwards. The following searches rested on Medical Subject Headings
(MeSH) terms—Dry Needling,” “Musculoskeletal Disorder,” and “Physical Therapy Practice”—to demarcate them from other
studies that did not meet the inclusion and exclusion criteria.

The initial search process yielded 120 records. A total of 45 articles from PubMed, 20 from PEDro, and 10 from Google Scholar
were identified after applying the inclusion and exclusion criteria. After a thorough inspection, 38 papers were ultimately deemed

eligible for the final research.

2. 3. Selection Process

The researchers utilized the JBI System for the Unified Management, Assessment, and Review of Information (SUMARI).
These guidelines guide all stages of a systematic review or scoping review, including search development and best practices for
review methods, data extraction, and data analysis, to lower the risk of error and bias in the review process. In addition to these
guides, standards exist to improve systematic review reporting, such as the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA), which specifies a minimal set of needed items. JBI developed the System for the Unified
Management, Assessment, and Review of Information (SUMARI) to guide researchers through the complete systematic review

process, based on one of these manuals.

2. 4. Data Collection Process

Two independent reviewers performed extraction, and a third reviewer ensured the completeness of information. The
extracted data included the author(s), year of study publication, basic demographic information, disease model (type of
musculoskeletal disorder and targeted anatomic region/body area), treatment approach (dry needling point, soft tissue treated,
location, and nature of comparator therapies administered), outcome assessments conducted (informed by specific diagnostics

employed), duration and time points measured at follow-up, and main findings reported.

2. 5. Characteristics of Included Studies

Distribution of study types in 38 included studies and English-speaking countries showed that the majority were RCTs (55%),
followed by systematic reviews with an accompanying range (17.5%) and other designs (27.5%). This highlights the need for
3
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further experimental research approaches to provide better evidence for the therapeutic effects of dry needling. More medical ly
reviewed studies originated from Asia (30%) and Europe (40%) compared to North America (25%). Therefore, continental
distribution may potentially have influenced the number of audits included in our sample. A whopping 95% of studies
(intercept=—0.01, test statistics = 0.0022; p < 0.0001) gathered by the investigators primarily dealt with musculoskeletal disorders
that involve dry needling in their intervention component. Among the MSDs reviewed, MPS was the most frequently studied,
accounting for 26% of cases combined with DNI, while patellofemoral pain syndrome and headache each accounted for 4% of
combined use. According to the distribution of interventions, dry needle alone was evaluated in most included studies (70%),

while the remaining studies investigated its combination with other interventions, such as hard block and dry needling groups.

2. 6. Appraisal of Included Studies

Reviewers used the JBI Sumari tool to appraise the collected studies. The tool offers a wide array of critical appraisal
instruments for researchers looking to check the methodological shortcomings of the study. JBI Sumari has sections that are
presented as a series of questions in a study-specific checklist. Duplicates were first removed from the collected articles, after
which two authors screened the titles and abstracts of these articles for potential eligibility. Next, the full texts of all potentially
eligible studies were analyzed for eligibility. Two reviewers had to reach an agreement on inclusion and exclusion, and the
review of a third party resolved any disagreement arising between the two reviewers to determine article inclusion. Eligible
articles were then reviewed independently by two reviewers (AW, SR). One reviewer initially assessed the articles, and the
studies were appraised once more by a second reviewer to prevent potential bias. Finally, the senior reviewer then performed a

secondary review to make the final decision on whether to include or exclude articles.

3. Results
3. 1. Mapping of Extracted Data

The authors were able to gather the commonly used dry needling techniques employed as an intervention in the treatment of
musculoskeletal disorders. These techniques include dry needling combined with the use of manual therapy, dry needling with
the use of modalities (US and electrical nerve stimulation), and dry needling alone (trigger point dry needling, superficial and

deep dry needling, and dry needling with trigger point compression) (see Supplementary Materials: Table 1).

3. 2. Nature of Dry Needling

Dry needling without other interventions is found to be the most common dry needling intervention in terms of treating
musculoskeletal disorders. It is most evident that dry needling without any other intervention (45%) shows positive results in
pain reduction, pain-related disability, and pressure pain threshold in the short term when compared to sham and no needling
treatments. However, it can be enhanced when combined with other modalities and interventions such as manual therapy (MT)
or exercise therapy (ET) (see Supplementary Materials: Table 2).

3. 3. Integration of Dry Needling in a Continental Perspective

The integration of dry needling in Eastern Continent (Europe and Asia) was measured in 29 studies with 17 studies from
Europe (15 studies from Spain and 2 studies from Belgium) 12 studies from Asia (6 studies from Iran, 2 studies from lIsrael, 2
studies from Pakistan, 1 study from Cyprus and 1 study from Saudi Arabia) All of the studies included RCT, systematic review,
case series, quasi-experimental study, and prospective questionnaire. 17 out of 38 articles (42.5%) originate from Europe, 4 out

of 17 (23.5%) treated myofascial pain syndrome (MPS) using trigger point dry needling (TrpDN) and DN with percutaneous
4
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nerve stimulation. Concurrently, the integration of dry needling in Western Continent (North America and South America) was
mapped in 10 studies (6 RCT, 1 case series, 1 quasi-experimental, and 1 prospective questionnaire from the United States and 1
RCT from Brazil). 9 out of 38 (22.5%) articles originate from North America. 2 (5%) out of 9 treated LBP using Dry Needling
(DN). (see supplementary materials: Table 3).

3. 4. MSD Commonly Treated Using Dry Needling

Based on the collected data, we learnt that myofascial pain syndrome (MPS), specifically cervicalgia, was the most frequently
managed musculoskeletal pathology. Some studies emphasise the role of dry needling interventions in MPS, showing successful
outcomes in pain intensity, pain-related disability, pressure pain thresholds (PPT), and cervical range of motion (ROM). These
studies were conducted across continents, with significant representation in Europe (especially Spain), followed by North
America, Asia, and South America. The interventions usually included dry needling techniques applied to trigger points or
myofascial regions, either alone or combined with other treatment modalities like percutaneous electrical nerve stimulation or
ultrasound guidance. Standard outcome measures used for evaluating the effectiveness of dry needling include visual analogue
scales (VAS)/numeric pain rating scales (NPRS), pressure pain thresholds (PPTs) retest methods, disability measurements (e.g.,
Neck Disability Index; Quick Disabilities of the Arm, Shoulder and Hand Questionnaire/Shoulder Pain and Disability Index),
range of motion measures, and patient-reported outcomes that are not specific to any given region treated with the dry needling
(e.g., SF-36/DASH). In general, the numerous studies demonstrating positive outcomes for dry needling in reducing pain and
improving function across various musculoskeletal conditions highlight its potential as an effective treatment modality for MPS

and associated syndromes (see Supplementary Materials: Table 4).

3. 5. Synthesis of Results

Dry needling interventions for musculoskeletal disorders have been extensively studied across various continents, including
Europe (Spain), North America (USA), Asia (Iran, Israel, Pakistan, Saudi Arabia), and South America (Brazil). These studies,
comprising a mix of randomized controlled trials (RCTSs), systematic reviews, meta-analyses, scoping reviews, cohort studies,
pilot studies, and quasi-experimental studies, have focused on a range of conditions such as neck pain, myofascial pain syndrome
(MPS), spine disorders, shoulder pain, subacromial syndrome, tendinopathy, upper trapezius myofascial pain syndrome, plantar
fasciitis, patellar tendonitis, knee osteoarthritis (KOA), chronic tension-type headache, hip osteoarthritis (OA), chronic
nonspecific low back pain (LBP), lower extremity myofascial trigger points, acute golfer's elbow disability, and gluteus medius
strength measurements. These interventions, including dry needling, dry needling with percutaneous electrical nerve stimulation,
ultrasound-guided dry needling, electrical dry needling, and trigger point dry needling, have been evaluated using various
outcome measures such as the visual analog scale (VAS), pressure pain threshold (PPT), neck disability index (NDI), numeric
rating scale (NRS), goniometer, Disabilities of the Arm, Shoulder, and Hand (DASH), Quick Disabilities of the Arm, Shoulder,
and Hand (Q-DASH), neck pain and disability scale (NPDS), neck pain and disability scale (NPQ), Short Form-36 (SF-36), foot
health status questionnaire (FHSQ), quality of life (QOL), Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAQC), Roland-Morris Disability Questionnaire (RMDQ), Oswestry Disability Index (ODI), quick disabilities of the arm,
shoulder, and hand (Q-DASH), knee injury and osteoarthritis outcome score (KOOS), and Victorian Institute of Sport
Assessment-Patella (VISA-P). Overall, the effectiveness of dry needling has shown variability across studies, demonstrating
positive outcomes in reducing pain intensity, improving functional parameters, increasing pressure pain thresholds, and
enhancing range of motion. However, further research is warranted to determine the long-term efficacy and optimal application

of dry needling in the management of various musculoskeletal disorders.
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3. 5. 1. Utilization of Dry Needling Techniques

The utilization of dry needling was done by varieties of dry needling techniques for musculoskeletal disorders which includes
trigger point dry needling, electrical dry needling, ultrasound guided dry needling, and superficial and deep dry needling. The
use of trigger point dry needling showed significant pain reductions on patients with patellofemoral pain syndrome, mps in the
neck and upper back. Although, according to a systematic review study from Spain, there is low to moderate evidence that
supports a positive effect of trigger point dry needling on pain and related impairment in patellofemoral pain, but not on knee
osteoarthritis (OA) or postoperative pain, in the short term (Rahou-El-Bachiri et al., 2020). The use of electrical dry needling
showed positive effects in pain reduction of chronic low back pain. However, there is a lack of standardisation in terms of the
length of the analgesic effect and the necessary dose. Additionally, ultrasound-guided DN of the patellar tendon in combination
with conventional physical therapy (CPT) reduced pain, improved function, and showed a tendency to decrease tendon thickness
in patients with patellar tendinopathy. One study from Iran examined the effects of using shallow and deep dry needling
procedures on the range of motion and functional capacity of the neck. However, the deep dry needling patients experienced
more noticeable and significant changes. Moreover, dry needling combined with manual therapy and exercise was utilized in
treating musculoskeletal disorders.

Dry needling combined with other therapies may have a favorable short-term impact on pain intensity, pain-related disability,
pressure pain thresholds, and cervical range of motion in patients with neck pain linked to TrPs, according to low-to-moderate
evidence (Fernandez-De-Las-Pefias et al., 2021). Both short-term and long-term impacts were undetectable. Incorporating
electrical dry needling into a manual therapy (MT) and exercise regimen was more effective than MT and exercise alone in
relieving pain, improving function, and reducing related disability. A study involving patients with plantar fasciitis who received
electrical dry needling in addition to manual treatment, exercise, and ultrasound showed considerable improvement,

outperforming those who received manual therapy, exercise, and ultrasound alone (Dunning, Butts, Young, et al., 2018).

3.5. 2. Head and Neck

An RCT study from Asia showed that in individuals with persistent tension-type headaches, trigger point dry needling
reduces headache severity, frequency, and duration while also improving health-related quality of life. Two RCT studies from
Europe and Asia use trigger point dry needling (TrP-DN) as the main intervention for neck pain and chronic neck pain (Gildir et
al., 2019). According to a study from Spain that used TrP-DN, when performed on a trigger point, latent trigger point, or non-
trigger point area, deep dry needling of the trapezius muscle has the same positive effects on reducing pain intensity, discomfort,
and local mechanical hyperalgesia (Martin-Sacristan et al., 2022) .

Another study from Saudi Arabia found that TrP-DN plus exercise had similar effects on pain, depression, and quality of life
at the end of a two-week follow-up period (Almushahhim et al., 2022). One systematic review from Europe uses dry needling
for neck pain. The study which originated from Spain showed that dry needling can be used as a treatment option for chronic
neck pain. According to the study that was analysed, successful outcomes were obtained in the near term and during the three to
six month follow-up period. However, since it only persisted for a year, the long-term effects were found to be limited
(Rodriguez-Huguet et al., 2022).

An RCT study from Spain shows DN can be effective for improving neck pain intensity and related disability when compared
with a comparative group immediately after and at short but not at mid term follow ups in people with myofascial TrPS associated
with neck pain symptoms (Navarro-Santana et al., 2020). Additionally, One RCT study from Spain can be effective for improving
neck pain intensity and related disability when compared with a comparative group immediately after and at short but not at mid

term follow ups in people with myofascial TrPS associated with neck pain symptoms (Navarro-Santana et al., 2020).
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3. 5. 3. Upper Extremities

The effectiveness of DN when combined with conventional physical therapy in the recovery of patients with subacromial
syndrome (SAS) of non-traumatic origin for at least three months and had at least four points on VAS and clinically diagnosed
with subacromial pain syndrome (SAPS) and found out that DN is effective and safe in reducing the pain and disability produced
by SAS, with the best combination of treatment turning out to be conventional physical therapy together with DN, obtaining
more stable and longer-lasting benefits than merely applying the techniques in isolation (Blanco-Diaz et al., 2022).

A case series observed the use of DN in conjunction with exercise as a management strategy for patients who meet the clinical
diagnostic criteria of SAPS to assess the short and intermediate-term effects of DN in conjunction with exercise. 25 patients met
the criteria of SAPS and were given DN treatment first in isolation to observe the immediate effects of DN and exercises were
given on their third visit. Results show significant improvement on patients Q-DASH, NPRS, GROC and improvement on ROM
at 3 months follow-up. The case series encourages the use of DN in conjunction with exercise therapy in the management of
SAPS (Morgan et al., 2019).

1 case report from Iran assessed the acute effects of one session of DN on a patient with a golfer's elbow. A 40-yr old retired
male athlete reported an acute pain on the medial side of elbow and was given one session of deep-dry needling on his flexor
area (medial epicondyle) and on the inner side of his elbow which lasted for 20 minutes. Results showed no improvements in his
range of motion or pain immediately following dry needling. After two days, patient reported reduced pain and being able to do
more activities functionally related with the elbow, his movements had improved, and there was no specific movement limitation.
At the seven-day follow-up, the patient was able to undertake exercise training with elastic bands without pain (Shariat et al.,
2018).

One RCT assessed the effectiveness of Trigger Point Dry Needling (Trp-DN) in sixty-six patients aged 65 years and older
with trigger points in the ipsilateral infraspinatus of the painful shoulder with latent MTrP group (pain when compressed) and
active MTrP group (pain upon movement) and found out that dry Needling on the ipsilateral infraspinatus showed significant

pain reduction, increased pressure pain threshold but no significant improvement on grip strength (Calvo-Lobo et al., 2018).
3.5. 4. Paralumbar Area

A study from the USA has said that Dry needling appears to reduce resting erector spinae muscle following treatment of
patients with low back pain. Therefore, the authors recommended that providers should consider the use of dry needling when
patients exhibit aberrant stiffness of the lumbar muscles. Numerical Pain Rating Scale (NPRS) and Oswestry Disability Index
(ODI) were used as the outcome measures for the intervention (Koppenhaver et al., 2022). Another RCT study from the USA
indicated no between-group differences between patients experiencing non-specific LBP who received a semi-standardized non-
thrust manipulation (NTM) or a segmental and distal DN approach without needle manipulation. NPRS, ODI, Patient Specific
Functional Scale (PSFS) and Pressure Pain Threshold (PPT) were used by the authors as the outcome measure for the non-
specific LBP (Griswold et al., 2019). One Pilot Study from Iran has said that a single session of deep DN improved pain and
function and increased hamstring flexibility. The study supports the use of DN in patients with LBP and hamstring tightness.
VAS, PKE, FFD test, and FRI were used as the outcome measure for this study (Bazzaz-Yamchi et al., 2021).

3. 5. 5. Lower Extremities

The use of dry needling as an intervention in treating hip osteoarthritis (OA) is evident in Europe. A Systematic Review
study from Spain shows that for patients with hip OA, there is extremely low-quality evidence that DN has a favourable effect
in the short term on pain severity and physical function. The study's outcome metric was pain intensity. However, more research

must be done to evaluate the medium and long-term effects (Jimenez-del-Barrio et al., 2022). An RCT study from North
7
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America/USA assessed the effects of ultrasounded DN compared to DN alone in the management of painful knee osteoarthritis
(KOA). US-guided DN with exercise therapy may be more effective than traditional DN with exercise therapy or exercise therapy
alone in reducing pain of KOA due to accuracy offered by ultrasound by pin-pointing painful trigger points, VAS and KOOS
subscales were used as outcome measures (Pang et al., 2022).

One SR from Europe/Spain investigated the effect of DN in the management of KOA. Very low-quality evidence suggests a
positive effect of DN for reducing pain intensity and improving physical function in the short term in patients with osteoarthritis.
Further investigation is needed to determine medium- and long-term effects (Jimenez-del-Barrio et al., 2022). One SR from
Europe/Spain also evaluated the effects of DN in knee pain syndrome. Low to moderate evidence suggests a positive effect of
trigger point dry needling on pain and related disability in patellofemoral pain, but not knee osteoarthritis or post-surgery knee
pain, at short-term. More high-quality trials investigating long-term effects are clearly needed (Rahou-El-Bachiri et al., 2020)..

Furthermore, individuals who received the combination of electrical dry needling, MT, and exercise improved much more than
those who received MT and exercise alone at 6 weeks and 3 months. At 3 months, patients who received electrical dry needling
were 1.7 times more likely than those who received MT and exercise to have completely stopped taking pain medication.
Additionally, more patients in the dry needling group achieved a successful outcome than those in the MT and exercise group.
At 3 months, the effect sizes were high in favour of the electrical dry needling group for all outcome measures (Western Ontario
and McMaster Universities (WOMAC) Osteoarthritis Index). Incorporating electrical dry needling into an MT and exercise

regimen was more successful than MT and exercise alone in relieving pain, function, and related-disability.

4. Discussion

A search of the literature provided 38 studies that met the inclusion criteria for this scoping review. This resulted in dividing
the studies based on their origin of the continent from western and eastern, dry needling techniques and methods on
musculoskeletal disorders.

According to the data that we reviewed from Asia about dry needling, only 12 out of 38 (30%) claim the integration of DN
in Asia (See Table 1). Geographically speaking, most of the countries that were included from Asia were close to the Western
Countries. It can be said that they are mostly influenced by the western practice. It should also be noted that there are few local
literatures in regards to the utilization of dry needling as intervention for musculoskeletal disorder. 17 out of 38 (42.5%) included
studies have shown the integration of DN in Europe. DN is already established as a part of physical therapy practice mostly in
Spain. 10 out of 38 (25%) included studies were found from North America. There are limited studies about dry needling
intervention for musculoskeletal disorders from South America with a total of 1 out of 38 (2.5%) included studies.

Dry Needling (DN) is being widely utilised globally as an intervention for pain reduction and improvement of function for
patients with musculoskeletal disorders. There is no superiority of DN over other treatments (manual therapy or exercise or
physical agent and modality). Although, DN combined with other PT interventions shows improved outcome in patients with
MSD’s. Multiple DN techniques and methods were used in treating MSD’s. Among all of the techniques that were used, DN
and TrP-DN showed the most significant improvement in reducing pain for patients with MSD’s. Additionally, ultrasound-
guided dry needling was found to be more effective compared to traditional DN with exercise therapy or exercise therapy alone
when it comes to reducing the pain of patients with knee osteoarthritis (KOA). For the electrical DN, although it has been proven
to be effective in reducing pain; the duration of the analgesic effect and the dose required are contradictory. Consequently,
electrical dry needling added with manual treatment, exercise, and ultrasound is more effective than manual therapy, exercise,
and ultrasound alone.

Accordingly, in this scoping review, musculoskeletal disorders that are often treated include the following: acute and chronic
MPS, chronic neck pain, spine disorders, subacromial pain syndrome, shoulder pain, tendinopathies, golfer’s elbow, chronic

tension-type headache, LBP, Plantar heel pain, knee OA, hip OA, gluteus medius, plantar fasciitis and patellar tendonitis. Almost
8
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all the studies have shown a positive and significant improvement at all domains at short-term (3 weeks follow-up) but there is
a need for a longer follow-up to conclude the long-term effects of DN in the treatment of MSD’s and multiple studies have
recommended that more high quality trials are needed. The MSD’s were measured based on their pain and functional outcomes
that were assessed using PPT, VAS, NPRS, NDI, KOOS, PKE, FFD, WOMAC, DASH, SPADI, ODI, PSFS, and FHSQ. Dry
needling is an invasive treatment but there are minimal to no adverse events reported in the studies. Minor adverse events reported
include mild bleeding, bruising, and pain. Overall, the risk of major adverse events to happen during DN is small. In terms of
cost, DN is considered cost-effective in the treatment of various MSD. Although other interventions such as percutaneous needle
electrolysis may be more cost-effective than DN in the long run. DN is now being considered as a viable treatment for athletes
with musculoskeletal problems for improving grip strength by applying DN in the teres major mm. According to the study of
Laita et. al, after a single session of DN in active MTrPS of the teres major mm in handball athletes with shoulder pain, the pain
during the throwing action decreased, the glenohumeral internal rotation ROM increased and the extensibility was improved. In

addition, we have found out that DN can also be used in reducing lumbar muscle stiffness in patients suffering with LBP.

5. Conclusion

Dry needling is widely used on the European continent, and it is found to be an emerging invasive intervention in North
America and Asia. There are limited studies that originate in South America about dry needling. The use of dry needling has
been primarily associated with treating myofascial pain syndrome (MPS), knee disorders such as knee osteoarthritis and
patellofemoral pain syndrome and shoulder pain. Dry needling alone has been shown to be effective in reducing pain and
improving muscle function in various studies. However, the effectiveness of dry needling can be enhanced when combined with
other modalities and interventions such as manual therapy (MT) or exercise therapy (ET), depending on the specific condition
being treated. Moreover, dry needling is proven to be effective in reducing pain in the short term; nonetheless, more intensive

studies are needed that include longer follow-up periods to analyse its long-term effects.

6. Strengths and Limitations

The findings of this scoping review should be considered in light of its inherent strengths and limitations. Among its strengths
are a broad and comprehensive literature search, adherence to methodological rigour, systematic data extraction, and the
inclusion of a diverse range of study designs—including systematic reviews (SRs), randomised controlled trials (RCTs),
experimental studies, case reports, and case series. However, the review is not without limitations. One key limitation is the
reliance on a relatively small number of locally conducted studies, which may affect the generalisability of the results.
Furthermore, while dry needling appears promising, there is a need for greater standardisation in the application of combined
therapeutic modalities. Additional research is also warranted to explore its effectiveness in managing a wider range of
musculoskeletal disorders (MSDs), such as post-arthroplasty conditions, fractures, and osteoporosis.

7. Recommendations

To further develop this study, the investigators recommended that future researchers should conduct experimental trials
regarding the utilisation of DN as an intervention for MSDs which were not included in this study and also include longer fol low-
up periods, ranging from 6 months to 1 year, to determine the long-term effects of DN in pain reduction, functionality, and
overall improvement of QOL. Future researchers should also investigate the integration of dry needling in local physical therapy

practice.
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Figure 1. PRISMA-ScR flow diagram for scoping review process.

Table 1. Study Characteristics of Included Reviews

Characteristic

Study Design N =238 Percentage (%)
systematic review 7 17.5%
RCT 21 55%
Other study design 10 27.5%
Year Published
2018 7 17.5%
2019 6 15%
2020 7 18.4%
2021 8 21%
2021 9 22.5%
2022 1 2.5%
2023 7 17.5%
Continent
North America 10 25%
South America 1 2.5%
Europe 17 42.5%
Asia 12 30%
MSD
Headache 1 4%
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Chronic Neck pain 2 9%
MPS 6 26%
Shoulder Pain 3 13%
Spine Disorders 1 4%
Golfer’s Elbow 1 4%
Low Back Pain 2 9%
Hip Osteoarthritis 2 9%
Knee Osteoarthritis 5 22%
Patellofemoral Pain Syndrome 1 4%
Plantar Fasciitis 3 4%
Interventions
dry needling alone 26 68 %
dry needling with other 12 30 %
intervention
Table 2. Tabulation of Different Dry Needling Techniques
Dry needling techniques N % out of 38
dry needling 17 45 %
dry needling trigger point 9 24 %
ultrasound-guided dry needling 3 8 %
dry needling with percutaneous electrical nerve stimulation 2 5%
superficial and deep dry needling 2 5%
electrical dry needling 2 5 %
dry needling trigger point with manual therapy 1 3 %
dry needling and trigger point compression 1 3 %
periosteal electrical dry needling with manual therapy 1 3%
Table 3. Geographic Distribution of Dry Needling
Geographic Distributionof | N=38 | % out of Most Used Dry N of studies
Dry Needling 38 Needling Technique | of said technique
Europe 16 42.5 dry needling 12
Asia 12 30 dry needling 7
North America 9 25 dry needling 6
South America 1 2.5 dry needling 1

Table 4. Tabulation of Musculoskeletal Disorders Commonly Treated Using Dry Needling

MSD N=38 % out of 38
Mps 9 24 %
Knee region 8 21%
Shoulder pain 6 16%
Neck pain 4 10%
Hip region 3 8%
Low back pain 3 8%
Ankle region 2 5%
Spine disorder 1 3%
Headache 1 3%
Elbow 1 3%
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Table 5. Utilization of Dry Needling in Global Perspective

Ref Study Contine MSD Interven Outcome Measure Results
Design nt/ tion
Country
(Martin- RCT Europe/ neck pain dry Visual Analog Scale | Deep dry needling of the
Sacristan Spain needling (VAS), Pressure pain | trapezius muscle, regardless
etal., trigger threshold (PPT) and of whether it is on a trigger
2022) point Neck Disability Index | point, latent or non-trigger
(NDI) point area produces the same
positive effects in improving
pain intensity, discomfort
and local mechanical
hyperalgesia.
(Fernand | Systematic | Europe/ MPS dry pain intensity, pain- There is a positive effect in
ez-De- Review Spain needling | related disability, PPT, | the combination of dry
Las- and Meta- and cervical ROM needling with other
Pefias et Analysis interventions when
al., 2021) improving pain intensity,
pain  related disability,
pressure pain thresholds, and
cervical ROM in people with
neck pain associated trigger
point at short-term.
(Fernand There is an improvement in
ez- Dry both dry needling with
Carnero, RCT Europe/ MPS needling VAS and PPT percutaneous electrical nerve
2021) Spain with stimulation of high frequency
Percutan and low frequency without
eous any noticeable difference
Electrical between the two.
Nerve
Stimulati
on
(Funk & There are many positive
Frisina- Scoping North Spine Dry VAS, PPT, ROM results in the cervical and
Deyo, review America/ Disorder Needling thoracolumbar-pelvic region.
2020) USA Still,  functional outcome
tools best suited to tracking
the outcomes of dry needling
for spine related disorders
must be explored.
(Ebrahim US-Guided may help to treat
i Systematic | Asia/lran MPS Ultrasou VAS, NPRS, patients with MPS. Almost
Takamja Review nd- Goniometer, NDI, all studies reported
nietal., | and Meta- guided DASH improvement of pain and
2020) Analysis dry functional outcomes at short-
needling term but further RCT’s with
longer follow-up is needed to
provide conclusive results.
(Calvo- RCT Europe/ | Shoulder Pain Dry The Numeric Rating | Dry  Needling on the
Lobo et Spain Needling | Scale, the pressure pain | ipsilateral infraspinatus
al., 2018) threshold showed significant pain

reduction, increased pressure
pain threshold but no
significant improvement on
grip strength.
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(Lew et This study was consistent
al., 2021) RCT North MPS Dry VAS, NRS, PPT with existing research that
America/ needling demonstrated the
USA and effectiveness of DN and
trigger TPMT in improving pain and
point function in the short to
manual medium term for patients
therapy with myofascial pain
syndrome in the neck and

upper back.
(Chyset | Umbrella Europe/ MPS Trigger | Risk of bias (RoB) was Overall, several studies
al., 2023) Review Belgium Point assessed with the show that DN is superior
Dry AMSTAR-2 tool to sham/ no intervention
Needling and equally effective to

other interventions for
pain reduction regardless
of body region. Some SR
favored WN more than
DN in short term pain
reduction. Limited Data
for the medium and long
term effects of DN. DN
has a short term analgesic
effect and may have an
additional treatment
effect when wused as
adjunct to other
physiotherapeutic

interventions compared
to these interventions

alone.
(Blanco- DN has been demonstrated to
Diaz et | Systematic | Europe/ Subacromial Dry VAS, ROM, PPT, be effective at reducing the
al., 2022) Review Spain Syndrome Needling | Functional with DASH | pain and disability produced
and SPADI by SAPS, obtaining the best

results in combination with
conventional physiotherapy
rather than as an isolated

technique.
(Morgan Case North Subacromial Dry Quick Disabilities of | This case series provides
etal., Series America/ Pain Needling | the Arm, Shoulder, and | insight to the observed short-
2019) USA Hand (Q-DASH) and intermediate-term effects

of dry needling combined
with exercise for SAPS.

(Ezzati et Quasi Asia/lran MPS Superfici | Neck Disability Index | The changes in the range of
al., 2018) | experiment al and (NDI) instrument a motion and the functional
al study Deep goniometer ability of the neck were

Dry observed over time when

Needling superficial and deep dry

needling techniques were
used. However,  these
changes were more
significant and prominent in
patients treated with deep dry
needling, especially in the
follow-up periods.
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(Stoyche
vetal.,
2020)

Narrative
Review

Asia/lsra
el

Tendinopathy

Dry
Needling

patient-reported and
objective findings

Current research provides
initial support for the use of
tendon dry needling as a
stand-alone procedure for
tendinopathy. It seems that it
is a safe and effective
treatment method, although
there is a vast diversity
regarding the technique of
the needling, ultrasound
guidance, and additional
treatments used.

(Ziaeifar
etal.,
2019)

RCT

Asia/lran

Trigger Point
Upper
Trapezius

Dry
Needling
and
trigger
point
compress
ion

Pain intensity, and
neck, shoulder and arm
disabilities

This study revealed that both
DN and TPC produced three-
month improvement in pain
intensity and  disability,
therefore, could be a
potential  treatment  for
individuals with MTrPs in
the UT muscle.

(Navarro
-Santana
etal.,
2020)

RCT

Europe/
Spain

MPS

Dry
Needling

pain intensity, pain-
related disability, PPT
and cervical ROM

Dry needling can be effective
for improving neck pain
intensity and related
disability when compared
with a comparative group
immediately after and at
short but not at mid term
follow ups in people with
myofascial TrPs associated
with neck pain symptoms.

(Shariat
etal.,
2018)

Experimen
tal study

Asia/lran

Chronic
Golfer’s
Elbow
disability

Deep
Dry
needling

VAS

No changes in his range of
motion and pain immediately
after dry needling. 2 days
follow-up, he reported less
pain and was able to do more
activities functionally
associated with the elbow,
movements were improved
and there was no specific
movement limitation. Seven
days, follow-up, patient was
able to do exercise training
with elastic bands pain free.

(Ceballos
-Laita et
al., 2021)

RCT

Europe/
Spain

Teres Major

Dry
Needling

NPRS, hand-held
dynamometer, and
inclinometer

A single session of DN in the
teres major muscle was
effective for improving pain
intensity during throwing
actions, internal rotation
ROM and extensibility in HB
athletes with shoulder pain.

(Almush
ahhim et
al., 2022)

RCT

Asia/
Saudi
Arabia

Chronic Neck
Pain

Trigger
point dry
needling
“fast-in,
fast-out

needle
insertion
” method

NPRS, NDI, SF-36
QOLS, and BDI

One session of trigger point
dry needling with exercise
and exercise alone showed
the same pain and quality-of-
life outcomes after a two-
week intervention.  The
researchers did not recognize
trigger point dry needling as
an efficient intervention
because there were
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inadequate high-quality
studies on the subject and
unavailable data on the
minimum quantity  of
injections required for better
dry needling outcomes in
chronic  mechanical neck
pain patients.

(Rodrigu | Systematic | Europe/ | Chronic Neck Dry VAS and NPRS, NDI, | Positive results were

ez- Review Spain Pain Needling NPQ, PPT obtained in the short-term
Huguet and during the follow-up
etal., conducted between three and
2022) six months, demonstrating

that DN can be an effective
therapy option for CNP.
Additionally, this strategy
may provide superior results
to a placebo intervention
based on the application of

simulated DN.
(Gildir et RCT Asia/ Chronic Trigger Headache intensity, After treatment, the intensity,
al., 2019) Cyprus | Tension-Type Point frequency and duration | frequency, and duration of
Headache Dry of headache, and headaches as well as the
Needling | quality of life, assessed | scores on the Short Form-36
by the Short Form-36 | subscales considerably

decreased in the dry needling
group (P .05). All the effect
sizes for headache factors
were large in the dry needling

group.

(Pai et Dry needling group shows
al., 2021) RCT South Shoulder pain | Trigger NRS significant pain reduction
America/ point and quantitative compared to sham DN. In the

Brazil Dry sensory testing active DN group alone, pain

needling protocol reduction  scores  were

substantially different on the
second day  following
needling and remained that
way until the seventh day,
along with improvements in
other pain dimensions and a
decrease in the area of
mechanical hyperalgesia

(Yehosh Cohort Asia/lsra MPS Dry SF-MPQ The study showed reductions
ua et al., el Needling in acute pain in all areas of
2022) the SF-MPQ 10 minutes and

1 week following DN
completed by a GP. DN is a
good therapeutic choice for
GPs to help MPS patients.

(Khan et On the basis of the best
al., 2021) | systematic Asia/ MPS Trigger VAS, FHSQ, QOL evidence available, dry
Review Pakistan point needling seemed to be

Dry effective in pain reduction

needling related to lower extremity

myofascial trigger points.
Evidence also suggested that
there was not much positive
effect of myofascial trigger
point dry needling on
depression, anxiety,
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muscular  strength  and

quality of life.
(Koppen Dry needling appears to
haver et RCT North LBP Dry NPRS, ODI reduce resting  erector
al., 2022) America/ needling spinae  muscle following
USA treatment of patients with

LBP. Therefore, providers
should consider the use of
dry needling when patients
exhibit aberrant stiffness of
the lumbar muscles.

(Al- RCT North Plantar Heel Dry Pain subscale of the Plantar heel pain is a
Boloushi America/ Pain Needling Foot Health Status common cause of foot pain
etal., USA and Questionnaire visual and discomfort affecting the
2019) percutan analogue scale health and quality of life of
eous patients, with a high

needle tendency for relapse and

electroly chronicity . Previous studies

sis have demonstrated the

positive effect of

conservative treatment in
reducing painful conditions
associated to PHP, while

other RCTs show that DN
probably has a higher
potential benefit over more
conservative approaches

(Dunning Periostea Related disability At 3 months, patients who
, Butts, RCT Europe/ Knee OA I WOMAC total score had electrical dry needling
Young, Spain Electrical were 1.7 times more likely
etal., Dry than those who received MT
2018) Needling plus exercise to have totally
and ceased taking pain

Manual medication. Based on a

therapy threshold score of 5 on the

global rating of change,
considerably more patients
in the dry needling group
obtained a successful
outcome at 3 months thanin
the MT plus exercise group

At 3 months, the effect sizes
were large in favor of the
electrical dry needling group
for all outcome measures.
Incorporating electrical dry
needling into an MT and
exercise regimen was more
successful than MT and
exercise alone in relieving
pain, function, and related-

disability.

(Dunning Results of this RCT indicated
, Butts, RCT North LBP Dry ODI, PSFS, no between-group
Young, America/ Needling NPRS, and PPT differences between

etal, USA patients experiencing NSLBP
2018) who received a semi-

standardized NTM or a
segmental and distal DN
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approach without needle
manipulation.

(Vervulle RCT
ns et al.,

2022)

Europe/
Belgium

Knee OA

Dry
Needling

pain, central pain
processing, muscle co-
contraction and
spatiotemporal
parameters during gait
in knee osteoarthritis
patients.

When compared to fake
needling, dry needling has
no greater effect on pain,
central pain  processing,
muscular co-contraction, or
gait pattern 15 minutes and
three days after
intervention. The mean
conditioned pain modulation
scores were lower following
sham needling than after dry
needling. More research is
still required.

(Pang et

al., 2022) RCT

North
America/
USA

Knee OA

Ultrasou
nd-
guided
dry
needling
and dry
needling

VAS and KOOS
subscales

US-guided DN with exercise
therapy may be more
effective than traditional DN
with exercise therapy or
exercise therapy alone in
reduce pain of KOA.

(Sutlive
etal.,,
2015)

RCT

North
America/
USA

Patello
femoral Pain
Syndrome

Trigger
Point Dry
needling

AKPS and LEFS for Pain
and Disability, Global
Rating of Change
(GROC) questionnaire

The authors believe that this
was the first study to
examine the effects of DN in
a population of individuals
with PFPS. Both the DN and
SH groups experienced
clinically meaningful
reductions in pain during the
study period.

(Jimenez
-del-
Barrio et
al., 2022)

Systematic
Review
and Meta-
Analysis

Europe/
Spain

Hip and Knee
OA

Dry
needling

Pain intensity

Very low-quality evidence
suggests a positive effect of
DN for reducing pain
intensity and  improving
physical function in the short
term in patients with
osteoarthritis. Further
investigation is needed to
determine medium- and
long-term effects.

(Bazzaz-
Yamchi
etal,,
2021)

Pilot Study

Asia/lran

LBP

Dry
Needling

VAS, PKE, FFD test, and
FRI

A single session of deep DN
improved pain and function
and increased hamstring
flexibility. This pilot study
supports the use of DN in
patients with LBP and
hamstring tightness;
however, future research
with a rigorous study design
of randomized controlled
trial is required to confirm
the findings.
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(Amani
etal.,,
2022)

Preliminar
y Study

Asia/lran

Knee OA

Dry
Needling

Visual Analog Scale
(VAS)

The application of one
session DN can lead to
improvement in pain
intensity in participant
with mild to moderate
KOA

(Ceballos
-Laita et
al., 2019)

RCT

Europe/
Spain

Hip OA

Dry
Needling

Pain intensity (visual
analogic scale), passive
hip ROM (universal
goniometer and digital
inclinometer) and
physical function (30s
chair-stand test and
20m walk test)

Pain, hip ROM, and physical
function improved after the
application of DN in active
MTrPs of the hip muscles in
patients with hip OA.

(Lara-
Palomo
et al,,
2022)

RCT

Europe/
Spain

Chronic Low
Back Pain

Electrical
Dry
Needling

RMDQ, ODI, VAS

Although physiotherapy
with  dry needling and
electrical dry needling has
proven positive effects on
chronic low back pain. the
results of studies into the
duration of the analgesic
effect and the dose required,
for example, are
contradictory Therefore,
further research is required
to evaluate the specific
components of the
treatments administered by
physical therapists.

(Schneid
eretal,
2022)

Quasi-
Experimen
tal
Randomize
d Control
Study

North
America/
USA

Gluteus
Medius

Trigger
Point Dry
Needling

HHD and sEMG

Application of TDN to latent
trigger points within the
gluteus medius can
significantly increase gluteus
muscle force production
immediately following
intervention while reducing
the level of muscle activation
required during contraction.

(Dunning
, Butts,
Henry, et
al., 2018)

RCT

Europe/
Spain

Plantar
Fascitis

Electrical
Dry
Needling

Numeric Pain Rating
Scale, Lower Extremity
Functional Scale (LEFS),

Foot Functional Index

(FFI),Global Rating of

Change (GROC)

Patients with Plantar
Fasciitis who got electrical
dry needling in addition to
manual treatment, exercise,
and ultrasound improved
considerably more than
those who had manual
therapy, exercise, and
ultrasound alone.

(Sharif et
al., 2022)

RCT

Asia/
Pakistan

Patellar
Tendonitis

Ultrasou
nd
guided
dry
needling

VAS, VISA-P, KOOS

The results of the current
study suggest, ultrasound
guided DN of patellar tendon
in combination with CPT
reduced pain, improved
function, and showed a
tendency to decrease
tendon thickness in patients
with patellar tendinopathy.
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(Rahou- Low to moderate evidence
El-Bachiri | Systematic | Europe/ Knee pain Trigger Pain and pain- related | suggests a positive effect of
etal.,, Review Spain Point Dry disability trigger point dry needling on
2020) and Meta- needling pain and related disability in
Analysis patellofemoral pain, but not

knee osteoarthritis or post-
surgery knee pain, at short-
term. More high-quality
trials investigating long-term
effects are clearly needed.
Legend: PPT: Pressure Pain Threshold; VAS: Visual Analog Scale; NPRS: Numeric Pain Rating Scale; NDI: Neck Disability

Index; KOOS: Knee Injury and Osteoarthritis Outcome Score; PKE: Passive Knee Extension; FFD: Finger-floor distance;
WOMAC: Western Ontario and McMaster; DASH: Disability of the Arm, Shoulder, and Hand; SPADI: Shoulder Pain and
Disability Index; ODI: Oswestry Disability Index: PSFS: Patient Specific Functional Scale; FHSQ: Foot Health Status
Questionnaire.
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1. Introduction

The COVID-19 pandemic originated in Wuhan, China, in December 2019 (Platto et al., 2020) and rapidly spread globally,

causing widespread morbidity and mortality (Amer et al., 2024; Nagid et al., 2024; Orebi et al., 2022). The infection has resulted
in more than two million deaths and over 107 million cases worldwide, including over 3,000 deaths and over 300,000 cases in
Palestine (Shouli et al., 2022). As nurses play a crucial role in combating the pandemic, the number of COVID-19 cases among
them was proportionately high (Maraqga et al., 2021; Naqid et al., 2024).
Vaccination offers a safer path to adaptive immunity than contracting the virus itself (Shouli et al., 2022). Although no vaccine
is without potential side effects, COVID-19 vaccines utilise acquired artificial active immunity, relying on the adaptive immune
response and immune memory. Their primary effect is reducing severe illness and death. However, vaccine effectiveness wanes
over time and with the emergence of new variants (Barouch, 2022; Feikin et al., 2022.; Sette & Crotty, 2021). Despite the proven
life-saving benefits of vaccines, some regions have experienced low acceptance rates (Eterafi et al., 2024). Nurses’ attitudes
toward vaccination, shaped by various factors such as their understanding of its importance, are critical, as they are considered
a trusted source of information for others (Orebi et al., 2022).

There are different vaccine technologies in existence, including mRNA vaccines (Pfizer-BioNTech, Moderna), viral vector
vaccines (Janssen, Sputnik, AstraZeneca), and inactivated vaccines (Sinopharm, Sinovac, COVAXIN) (Desai et al., 2023). Due
to the rapid development of these vaccines, vaccine hesitancy has become a significant public health concern, driven by
misinformation and rumours regarding vaccine safety and efficacy (Desai et al., 2023; Nwachukwu et al., 2024; Orebi et al.,
2022). Factors influencing vaccine acceptance include awareness, perceived side effects, attitudes, perceived susceptibility,
social influences, and trust in the medical community (Orebi et al., 2022). Rapid vaccine development, media attention, and anti-
vaccination groups have also contributed to hesitancy. Misinformation concerning infertility and other severe side effects has
also fuelled vaccine hesitancy among some nurses and the public (Desai et al., 2023). Transparency and accurate information
are crucial for increasing vaccine confidence and addressing concerns about side effects (Amer et al., 2024). Common side
effects are generally mild to moderate (fatigue, chills, fever, myalgia, headache, diarrhea, nausea, and injection site reactions)
and manageable (Abukhalil et al., 2024; Ahmed Mohamed Ibrahim et al., 2024). Serious side effects, though rarer, have been
reported (Abukhalil et al., 2024). Some studies show that women report side effects more than men (Sedaghat et al., 2024).
This research aims to assess the burden of COVID-19 vaccine side effects on Palestinian nurses, examining potential contributing
factors, including age and gender. Due to the limited research on this topic in Palestine, the study aims to provide databased
recommendations to enhance nurse support and minimize the impact of side effects on their work. Prior research has indicated
vaccine hesitancy and fear of side effects among healthcare workers (Maraga et al., 2021; Shouli et al., 2022). This study also
investigates the relationship between vaccine hesitancy among nurses and the burden of COVID-19 vaccine side effects.
Additionally, it aims to provide insights into future vaccination efforts in the event of a COVID-19 resurgence or the reuse of

similar vaccine technologies in future epidemics.

2. Methods

A cross-sectional quantitative study was conducted using a convenience sampling method. The sample size was determined
with a 95% confidence level and a 5% margin of error. The calculated sample size was 374, and the final response rate was
around 95%, resulting in a final sample of 355 nurses. Data were collected using a structured, pretested questionnaire
administered via Google Forms and distributed through visits and social media groups for nurses. The study included an
appropriate sample of nurses from primary health care centres and governmental and non-governmental hospitals and centres in
Palestine. The data were collected after obtaining approval from the Ethical Review Committee at Modern University College
(Ref: muc006/2024), between October 15, 2024, and December 1, 2024. Approximately 13,000 nurses work in governmental

and private hospitals, centres, and outpatient clinics in Palestine (West Bank), according to the Palestinian Nursing Syndicate.
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Nurses from northern (Jenin, Tubas, Nablus, Qalgilya, Tulkarem), central (Jerusalem, Ramallah, Salfit, Jericho), and southern
(Hebron, Bethlehem) cities were included. Participants were selected from various departments, including intensive care,
emergency, neonatal, gynaecology, and surgery.

The survey was adjusted and adapted from previous research to test nurses’ experiences with the vaccination process and to
collect data on related side effects (Ahmed Mohamed Ibrahim et al., 2024; Al-Hatamleh et al., 2022; Chrissian et al., 2022; Dejen
Tilahun et al., 2024; Elhadi et al., 2021; Maraga et al., 2021; Naqid et al., 2024; Shouli et al., 2022; Zare et al., 2022).

The questionnaire consists of four sections: Demographic data: (age, gender, marital status, profession, place of work, years
of experience). General knowledge: includes chronic medical problems, a healthy lifestyle, and the annual flu vaccination before
the COVID-19 vaccine. COVID-19 information: about the type of vaccine and the number of doses, about vaccine hesitancy and
refusal, about infection with this virus after vaccination, and admission to hospital after vaccination. Side effects of vaccines,
including serious complications of the vaccine, the severity of side effects after vaccination, the nature of symptoms, the time
required for vaccination symptoms to disappear, if there is a need to miss work after receiving the doses, concerns about the
safety and effectiveness of the vaccine, and concerns about short- and long-term side effects.

Some of the questionnaire's items were improved after it was piloted with 40 respondents to assess its comprehensibility, face
validity, and expected time to complete. Certain things were eliminated and merged with other subjects in response to the

feedback received. To avoid possible bias. The reliability was indicated by the trend data's determined Cronbach's alpha of 79%.

2. 1. Data Analysis

The collected data were analysed by the Statistical Package for Social Sciences (SPSS), Version 27. Data entry was
performed and double-checked for outliers or errors. Both descriptive and inferential statistical analyses were conducted.
Descriptive statistics, including frequencies, percentages, mean scores, and Standard Deviation (SD), were used to describe the
study variables. Regarding inferential statistics, an independent t-test and a One-Way ANOVA, and a chi-square test were

conducted to assess the differences between variables.

3. Results
3. 1. Demographic Variables

The study included 355 participants. Most were female (62.0%), compared to males (38.0%). The majority were aged 20—
29 years (67.3%), followed by those aged 30-39 years (13.5%), 40-49 years (15.5%), and those aged 50 years or older (3.7%).
Regarding marital status, 52.1% were married, 46.8% were single, and 1.1% were divorced. In terms of education, 66.5% held
a Bachelor’s degree, 19.7% had a diploma, and 13.8% pursued higher education (Master’s or PhD). Participants were almost
evenly distributed between governmental (48.7%) and private (51.3%) sectors. Regionally, 43.1% worked in the central region
(Jerusalem, Ramallah, Salfit, Jericho), 38.9% in the southern region (Hebron, Bethlehem), and 18.0% in the northern region
(Jenin, Tubas, Nablus, Qalgilya, Tulkarem). Most participants had 1-5 years of experience (60.8%), while 11.5% had 610 years,
and 27.6% had more than 10 years of experience.
Table 1. Demographic Variables of the Participants (n=355)

Demographic variables n %
Gender Male 135 38.0%
Female 220 62.0%
Age group 20-29 years old 239 67.3%
30-39 years old 48 13.5%
40-49 years old 55 15.5%
>49 years old 13 3.7%
Marital status Single 166 46.8%
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Married 185 52.1%
Divorced 4 1.1%
Level of education Diploma Degree 70 19.7%
Bachelor’s Degree 236 66.5%
Higher Education 49 13.8%
(Master’s or PhD)
Working sector Governmental 173 48.7%
Private 182 51.3%
Working region North  (Jenin, Tubas, 64 18.0%
Nablus, Qalqilya,
Tulkarem)
Middle (Jerusalem, 153 43.1%
Ramallah, Salfit, Jericho)
South (Hebron, 138 38.9%
Bethlehem)
Experience 1-5 years 216 60.8%
6-10 years 41 11.5%
>10 years 98 27.6%

3. 2. Assessing Health Practices, COVID-19 Vaccination Attitudes, and Post-Vaccination Experience

The assessment of health practices, COVID-19 vaccination attitudes, and post-vaccination experiences revealed that 58.0%
maintained a healthy lifestyle, while 42.3% reported receiving annual flu vaccinations prior to the COVID-19 pandemic. A
majority (79.4%) did not have chronic medical problems. The primary source of COVID-19 information was the WHO (50.4%),
followed by multiple sources (28.2%). Vaccine hesitancy was observed in 55.2% of participants, and 42.5% had previously
refused the COVID-19 vaccine. About 52.1% encouraged others to get vaccinated. Regarding vaccine types, 46.5% received the
Pfizer/BioNTech vaccine, followed by Sputnik (19.7%) and Moderna (17.7%). Most participants (47.0%) received two doses,
and 35.2% were willing to receive a booster if recommended. Post-vaccination, 36.6% reported contracting COVID-19, and
13.5% required hospitalisation. 41.1% reported feeling safer post-vaccination, while 32.1% did not feel safer, and 26.8% were

uncertain.

3. 3. Side Effects of Vaccines

The analysis of vaccine side effects revealed that 55.5% expressed concern about serious complications, while 50.7%
reported experiencing side effects post-vaccination. Regarding the severity of symptoms, 37.5% described them as mild, 31.0%
as moderate, and 7.6% as severe, while 23.9% reported no symptoms. The most common side effects included fatigue (48.4%),
pain at the injection site (46.2%), fever (46.2%), and headache (39.1%). Injection site reactions involved pain (54.9%), redness
(7.6%), and swelling (8.5%). Side effects were most commonly reported after the first dose (32.7%), followed by the second
dose (14.1%) and the third dose (4.2%), while 20.3% experienced side effects after each dose. Symptoms resolved after one day
in 34.6% of cases, within 48 hours in 22.0%, and within 72 hours in 11.8%. Missing work due to side effects was reported by
21.7% after the first dose, 14.1% after the second, and 10.4% after all doses, while 47.9% did not need to miss work.

3. 4. Concerns Regarding COVID-19 Vaccines

The analysis of concerns regarding COVID-19 vaccines shows that participants generally exhibited "good concern™ across
all assessed aspects, with a total mean score of 3.13 (SD = 0.918). Specifically, concerns about vaccine safety had a mean score
of 3.08 (SD = 1.142), effectiveness scored 3.14 (SD = 1.146), short-term side effects scored 3.10 (SD = 1.082), and long-term
side effects scored 3.18 (SD = 1.190). Based on the cutoff point (<3 indicating "bad concern" and >3 indicating "good concern"),

all items reflected a good level of concern.
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Table 2. Concerns Regarding COVID-19 Vaccines

Item Mean SD % Status

1. 1 have concerns about the COVID-19 vaccine’s safety 3.08 1.142 61.6% Good
Concern

2. | have concerns about the COVID-19 vaccine’s 3.14 1.146 62.8% Good
effectiveness Concern

3. | have concerns about the short-term side effects 3.10 1.082 62% Good
Concern

4. | have concerns about the long-term side effects 3.18 1.190 63.6% Good
Concern

Total Mean Score (4 items) 3.13 918 62.6% Good
Concern

Cutt of point: <3 bad concern, >3 good concern

3. 5. Factors Associated with the Severity of COVID-19 Side Effects

As shown in Table 3, participants in the study were hesitant about vaccination, and those who previously refused vaccines
reported more severe side effects. Those who did not advise others to be vaccinated also experienced more severe side effects.
Participants receiving the Pfizer/BioNTech vaccine reported more severe side effects compared to those receiving the
AstraZeneca/Oxford vaccine. Unwillingness to receive a booster dose was associated with higher side effect severity, as was
contracting COVID-19 after vaccination. Conversely, those who felt safer dealing with COVID-19 patients after vaccination

reported less severe side effects.

Table 3. Factors Associated with the Severity of COVID-19 Side Effects (n=355)

Factors N Mean SD P-value

Do you have COVID-19 vaccine Yes 196 2.37 0.91 .003*
hesitancy? No 103 2.05 0.81
Maybe 56 2.04 0.93

Did you refuse to receive COVID- Yes 151 2.39 0.91 .002*
19 vaccine in the past? No 204 2.10 0.87

Did you advise other people to get Yes 185 2.13 0.86 .043*
vaccinated for COVID-19? No 170 2.32 0.93

What is the type of vaccine you received? Moderna 63 2.19 0.80 .043*
Sputnik 70 2.19 0.89
Sinopharm 20 2.15 1.14
Pfizer/BioNTech 165 2.33 0.88
AstraZeneca/Oxford 30 1.77 0.82
J&J/Janssen 7 2.57 1.27

Are you willing to receive a booster dose Yes 125 2.10 0.91 .009*
if recommended by health authorities? No 154 2.39 0.89
Maybe 76 2.08 0.84

Did you get infected with COVID-19 after Yes 130 251 0.86 <.001*

vaccination? No 186 2.03 0.88
Maybe 39 2.18 0.88

Do you think getting vaccinated made Yes 146 2.08 0.86 .035*
you feel safer while dealing with Corona No 114 2.33 0.87
patients? Maybe 95 2.32 0.97

A higher mean score means higher severity of side effects (Min=1, Max=4)
Independent t-test and One-Way ANOVA; *Significant at p=<0.05
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3. 6. Associated Factors that Affect COVID-19 Vaccine Hesitancy

COVID-19 vaccine hesitancy was significantly associated with the working sector. Participants working in the governmental
sector were more likely to report vaccine hesitancy (56.6%) compared to those in the private sector (43.4%), while individuals
without hesitancy were more prevalent in the private sector (65.0%) compared to the governmental sector (35.0%). Those who
were uncertain ("Maybe") were more evenly distributed but leaned slightly toward the private sector (53.6%). The association
was statistically significant (X2 =12.8, p =.002). Years of experience showed a statistically significant relationship with vaccine
hesitancy (X2=13.6, p =.009). The majority of hesitant individuals had 1-5 years of experience (61.7%), followed by those with
>10 years (30.6%), while the 6-10 years group had the lowest proportion (7.7%). A similar trend was observed among non-
hesitant individuals, where the 1-5 years group also dominated (64.1%), followed by 6-10 years (18.4%) and >10 years groups
(17.5%). Among those who were uncertain ("Maybe"), most had 1-5 years of experience (51.8%), followed by >10 years
(35.7%), with the 6-10 years group again being the least represented (12.5%). Although a significant association was found, the
predominance of the 1-5 years group across all categories suggests that other factors may also contribute to vaccine hesitancy.
Post-vaccination side effects were strongly associated with hesitancy. Among those with hesitancy, 61.7% reported experiencing
side effects, compared to 37.9% in the "No" group and 35.7% in the "Maybe" group. Those without hesitancy were more likely
to report no side effects (54.4%), compared to 26.0% in the hesitant group and 37.5% in the "Maybe" group. The "Maybe" group
had the highest proportion of individuals uncertain about side effects (26.8%), compared to 12.2% in the hesitant group and 7.8%
in the "No" group. The association was highly significant (X2 = 35.8, p = .001).

Table 4. Associated Factors that Affect COVID-19 Vaccine Hesitancy (n=355)

Do you have COVID-19 vaccine hesitancy? X? P-
Yes No Maybe value
n % n % n %
Working sector Governmental 111 56.6% 36 350% 26 46.4% 128  .002*
Private 85 434% 67 650% 30 53.6%
Experience 1-5 years 121 61.7% 66 641% 29 518% 13.6  .009*

6-10 years 15 77% 19 184% 7 12.5%
>10 years 60 30.6% 18 175% 20 35.7%

Have you suffered from any side Yes 121 61.7% 39 379% 20 357% 358 .001*
effects post-vaccination? No 51 26.0% 56 544% 21 37.5%
Maybe 24 122% 8 78% 15 26.8%

Chi-square test;*Significant at p=<0.05
3. 7. Association Between the Need to Miss Work After Which Dose and Type of Vaccine

Table 5 shows that Pfizer/BioNTech recipients were the most likely to report missing work, particularly after the second
dose (62%), although 50% of Pfizer recipients reported no missed work. Moderna recipients most commonly missed work after
the first dose (29.9%). Sputnik recipients frequently missed work after all doses (27%). Sinopharm recipients missed work most
often after the first dose (5.2%) and third dose (14.3%), but a high proportion (4.7%) reported no missed work.
AstraZeneca/Oxford recipients reported the lowest need to miss work, with only 12.4% missing any work. J&J/Janssen recipients
also largely didn't miss work, with only small percentages missing work after the second dose (4%) or all doses (2.7%). The
study concludes that vaccine type influences missed work, with Pfizer/BioNTech having the highest impact, especially after the

second dose.
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Table 5. Association Between Needed to Miss Work after which Dose and Type of Vaccine (n=355)

Variable Needed to miss work after which dose? X2 P-
15t 2nd 3rd All doses No value
dose dose dose need
n % n % n % n % N %
What isthe  Moderna 23 299% 5 100% 3 143% 8 21.6% 24 141% 32.7 .036*
type of Sputnik 18 234% 8 16.0% 6 286% 10 27.0% 28 16.5%
vaccine you  Sinopharm 4 52% 3 60% 3 143% 2 54% 8 47%
received? Pfizer/BioNTech 28 36.4% 31 62.0% 7 333% 14 37.8% 85 50.0%
AstraZeneca/Oxford 4 52% 1 20% 2 95% 2 54% 21 12.4%
J&J/Janssen 0 00% 2 40 0 00% 1 27% 4 24%

Chi-square test
*Significant at p=<0.05

4. Discussion

The burden of COVID-19 vaccines among nurses in Palestine was measured, focusing on two aspects: vaccine hesitancy and
the incidence and severity of post-vaccination side effects. The results presented above shed light on the complex interplay of
factors contributing to this burden. Our findings demonstrate a clear link between vaccine hesitancy and the perception of side
effect severity, suggesting that concerns about adverse reactions may play a significant role in vaccine uptake. Furthermore, the
observed differences in side effect profiles across vaccine types, along with the association between specific vaccines and time
off work, underscore the practical impact of vaccination on healthcare personnel. The significant link between hesitancy and
reported side effect severity among participants can be explained by the fact that individuals who were hesitant, had previously
refused vaccination, or did not advise others to get vaccinated reported more severe side effects. This aligns with the idea that
individuals with less knowledge or reliable information about vaccines may experience more fear and perceived side effects.
Other studies have shown varying levels of vaccine acceptance, with one finding 63% of Palestinians willing to be vaccinated,
particularly women, married individuals, and those with more knowledge about the vaccine (Maraga et al., 2021; Zawahrah et
al., 2021). Another study highlighted the role of misinformation and mistrust in vaccine hesitancy (Alalawi et al., 2024; Al-
Hatamleh et al., 2022; Biswas et al., 2021). Regarding side effects, fatigue, fever, injection site pain, and headache were the most
commonly reported symptoms on the first day of vaccination, with most resolving the same day. The varying percentages of
reported side effects across doses may be attributed to participants perceiving them as a normal physiological response. This
contrasts with a study on Birzeit University staff, where approximately one-third of participants reported no adverse effects after
any dose of the Pfizer-BioNTech vaccine. The most commonly reported side effects in that study were fever, chills, headache,
fatigue, pain at the injection site, muscle pain, joint pain, and some allergic reactions (Abukhalil et al., 2024). Other studies have
also reported similar common side effects, with varying frequencies (Alhazmi et al., 2021; Colleran et al., 2024; Zare et al.,
2022). Our study found greater vaccine hesitancy among nurses in governmental hospitals compared to those in private hospitals,
potentially due to rumours, lower confidence in vaccine quality, and a lack of awareness campaigns. This finding is partially
supported by some studies suggesting that vaccine acceptance varies by work sector (Alhazmi et al., 2021; Eterafi et al., 2024;
Park & Ahn, 2023), although others found no such influence. We also found that less experienced nurses were more hesitant,
which is consistent with other studies (Mohammed et al., 2021; Odejinmi et al., 2022). Post-vaccination side effects were strongly
associated with hesitancy, aligning with other research highlighting concerns about short-term and long-term side effects as
major drivers of hesitancy (Ahmed Mohamed Ibrahim et al., 2024; Azimi-nezhad et al., 2022; Odejinmi et al., 2022; Perrone et
al., 2023). Nurses who didn't experience side effects were less hesitant, supporting the idea that the severity of side effects

correlates with vaccine hesitancy (Aloweidi et al., 2021; Desai et al., 2023; Hoffman et al., 2022). Finally, our study showed a
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significant association between missing work and the type of vaccine, with Pfizer/BioNTech recipients more likely to miss work,
particularly after the second dose. While some studies have reported similar findings regarding Pfizer side effects and missed
work (Abukhalil et al., 2024), others have not found a significant correlation between vaccine type and missed work due to side
effects (Alguraini et al., 2024; Al-Matouq et al., 2022). AstraZeneca/Oxford recipients in our study were least likely to miss
work, which aligns with some studies showing milder side effects (Darraj & Al-Mekhlafi, 2022; Eterafi et al., 2024). J&J/Janssen

recipients in our study also reported low rates of missed work, which is consistent with other findings (Okpani et al., 2023).

5. Conclusion

A significant association was found between vaccine hesitancy and the perceived severity of side effects. Additionally, a
correlation was observed between the number of doses received and the incidence of reported side effects. Nurses in
governmental hospitals and less experienced nurses showed higher vaccine hesitancy than others. The study strongly reinforces
the link between post-vaccination side effects and hesitancy. Receiving the Pfizer/BioNTech vaccine, especially the second dose,
was associated with a higher likelihood of missing work due to side effects. This study is not without limitations. First, the
reliance on self-reported questionnaires introduces the potential for recall bias, particularly given that the data collection occurred
several years after the initial vaccination campaigns. Participants' memories of side effects may be incomplete or influenced by
other factors. Second, the study's data collection period coincided with a time of restricted access to health facilities due to
political circumstances and military barriers, which likely impacted the response rate and may have introduced selection bias.
Finally, the study's focus on nurses working in Palestine limits the generalisability of the findings to other healthcare providers
or populations in different settings. Further investigation into the long-term effectiveness of different COVID-19 vaccine types
is warranted. Measuring antibody titres in vaccinated nurses could provide valuable data on vaccine efficacy over time and
inform decisions regarding the need for and timing of booster doses. Additionally, research exploring vaccine hesitancy and side
effects among other healthcare provider groups, both within Palestine and in other countries, would broaden our understanding
of the challenges and inform targeted interventions to improve vaccine confidence and uptake.
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development of a sustainable and adaptable energy system. Through their resolution of
scalability problems and regulatory requirements as well as computational limits, these
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and smart grid innovation in the future.
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1. Introduction

Smart grids emerge as an upgraded energy system through the combination of smart communication systems, automatic
systems, data analytical mechanisms to optimize power source management, distribution networks and consumption operations
(Khan & et al, 2023). Smart grids transform traditional power grids by implementing bidirectional communication, real-time
monitoring systems, and adaptive control mechanisms to enhance operational efficiency and system resilience (Gonen, 2014).
Javaid et al. (2018) and Li et al. (2023) explain that smart grids improve energy reliability, support renewable energy connections,
and manage power demands—thereby lowering the costs of operations and minimizing environmental effects (Li & et al, 2023).
The rising adoption of solar and wind energy enables smart grids to carry out essential tasks such as balancing power supply and
demand, preventing grid instabilities, and promoting ecological stability. Advanced computational security solutions must
develop for decentralized energy platforms to ensure the secure and efficient management of vast amounts of data and transaction
flows (Javaid & et al, 2018).

Smarter energy grids face several significant challenges, including critical security threats to their systems, faulty marketplace
trading systems, and complex predictive servicing requirements. Leading-edge technologies, which include neural networks and
blockchain solutions, need to be implemented, as they will boost security parameters, decision-making capabilities, and overall
operational efficiency (Hua & et al, 2022).

Blockchains represent an independent ledger technology that secures energy deals by being tamper-proof, making details
transparent, and stopping cyber theft attacks. The research by Wu et al. (2018) demonstrates that blockchain Peer-to-Peer (P2P)
trading enables secure, direct transactions between energy producers and consumers by creating trust and reducing fees (Wu &
et al, Towards collective energy Community: Potential roles of microgrid and blockchain to go beyond P2P energy trading,
2022).

Artificial Intelligence (Al) enables neural networks to provide predictive analytics, detect failures, and forecast energy demand,
as they are a subset of Al. The work of Almasoudi et al. (2023) demonstrates how deep learning algorithms enhance live power
forecasting, alongside improved electric grid reliability and enhanced power grid energy transmission performance. Traditional
and current data analysis using neural networks helps forecast power outages and required maintenance, while simultaneously
improving system reliability (Almasoudi, 2023).

Figure 1 relates the linkages between blockchain and other applications (Prakash & et al, 2022). The fusion of neural network
technology with blockchain presents a powerful approach to enhancing the operation of smart grids. Blockchain ensures the
secure and decentralized exchange of information, while neural networks facilitate real-time decisions with enhanced
intelligence, making the grid more responsive and efficient.

The purpose of the study is to investigate the relationship that exists between blockchain and neural networks and their influence
on smart grids with regard to energy management optimization, boosting cyber security measures, and enabling predictive

maintenance. In simpler terms, the main goals of the research are:

»  To understand the role played by blockchain in the security and transparency of smart grid transactions.

« To assess the capability of neural networks in predicting energy demand and identifying faults within the system.

« To assess the synergy of blockchain and neural networks on the smart grid technology performance.

« To find applicable examples of incorporating such technologies into energy systems.
This research is significant due to the anticipated outcome of building a more sustainable, secure, and intelligent energy
infrastructure. Smart grids using blockchain technology and neural networks can attain greater efficiency and resilience, which

would accelerate the adoption of decentralized renewable energy sources.
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Figure 1. The correlation between Blockchain and different sections (Prakash et al, 2022) and (Marimi, 2025).

2. Fundamentals of Smart Grids

Smart grids comprise various components and subcomponents that integrate to enhance the efficiency, resiliency, and
sustainability of today’s energy systems. Alotaibi et. Al (2020) states that the primary components of smart circuits include
(Alotaibi & et al, 2020):

- Energy is consumed optimally and in real time by monitoring and controlling its consumption in a way that reduces

waste. Furthermore, controlled energy consumption is non-harmful.

- Utility to end-user and end-user to utility multi-channel communication that improves demand forecasting and nominal

tariff rate execution for additional units sold service.

- Processes of the grid are observed and managed to guarantee stability on the grid as well as to eliminate failures.

- Alternative energy sources (solar panels, wind rotors) and energy storage systems, together with mobile devices that

contribute to the grid decentralization, are included.

- Renewable energy technologies, especially solar photovoltaics, figure prominently in the economies of South Asian

countries and correlate with increasing energy storage and facilitating flexibility of the grid, as stressed by Islam et al,
2024 (Islam & et al, 2024).
- Cyber protection of the grid devices in order to keep data traffic and transactions safe and systems operationally intact

was and is to be enhanced.

By putting all these components into place, smart grids enable the reallocation of energy resources, optimize reliability, and
facilitate the world's achievement of sustainable energy. While smart grids heavily rely on digital communications and
information, Waseem and others (2023) argue that blockchain technology can be instrumental in securing smart grid (SG)
transactions (Waseem & et al, Incorporation of blockchain technology for different smart grid applications: Architecture,
prospects, and challenges, 2023). However, major obstacles hinder widespread adoption (see Table 1). The advanced
computational requirements and delays associated with real-time computation may make it impossible to achieve SG applications

in real time. Consequently, there must be frameworks that are designed in a way to blend both security and efficiency.
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Table 1. Cybersecurity Threats to Smart Grids Based on the CIA Triad (Confidentiality, Integrity, and Availability according to
(Waseem & et al, Incorporation of blockchain technology for different smart grid applications: Architecture, prospects, and
challenges, 2023).

CIA Attack

Confidentiality Social Engineering, Eavesdropping, Traffic Analysis, Unauthorised Access, Password Pilfering, MITM,
Sniffing, Replay, Masquerading, and Data Injection

Integrity Tampering, Replay, Wormhole, False Data Injection, Spoofing, Data Modification, Time Synchronization,
Load Drop, MITM, and Masquerading
Availability Wormhole, Jamming, Denial of Service (DoS), LDoS, Buffer Overflow, Teardrop, Smurf, MITM,

Spoofing, Puppet, Time Synchronization, and Masquerading

Moreover, to facilitate interoperability and reduce cybersecurity risks, standardized regulations are crucial, making
blockchain an essential yet still evolving technology for the future evolution of SG. Khalid et al. (2024) argued that the shifts in
energy supply and demand, the incorporation of renewable resources, and the limitation of turbine capacity present significant
challenges. The research suggests that the transition to SG is crucial for the automation and digitalization necessary to integrate
new renewable resources and promote sustainability. However, operational flexibility, regulatory compliance, and user
participation remain emerging challenges for efficient execution of the implementation strategies. Critical issues, such as
planning, security, and the integration of various systems, also require attention, which necessitates standard rules and
contingency plans (Khalid, 2024). Smart grids collect data from multiple sources, including sensors, meters, and control systems.
Treated effectively, such data could aid real-time decision-making. There is a need for prompt data storage, processing, and
analysis. Conventional cloud-based mechanisms can lead to security and latency challenges, which creates a need for a shift to

a decentralized solution such as blockchain and federated learning, as explored by Ahmed et al. (2022) (Ahmed & et al, 2022).
3. Blockchain Technology in Smart Grids

The decentralized ledger system of blockchain maintains a distributed network of several nodes, which ensures that data
remains tamper-resistant and transparent while securing all transactions. Each transaction undergoes encryption and
timestamping before being connected to other transactions, so that any alteration requires a network-wide consensus to be
successful. According to Musleh (2019), various blockchains can be utilized for data protection across different smart grid tiers.
Figure 2 illustrates that a distinct blockchain aggregator is responsible for each smart grid tier. The study concluded that by
offering a dependable and secure platform for data storage, these blockchains should secure the smart grid. Furthermore, the
identification of the particular consumer or producer is not directly connected to their identity within the blockchain environment.

As a result, it will make the power system more resilient and less susceptible to hostile attacks (Musleh & et al, 2019).
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Figure 2.The Blockchain applications framework in smart grid security and data protection

37



R. Marimi Modern Journal of Health and Applied Sciences (MJHAS) Volume 2, Issue 2 (2025)

According to Waseem et al. (2023), blockchain implements cryptographic principles with Proof of Work (PoW) and Proof
of Stake (PoS) consensus mechanisms to achieve security controls as well as protected access in smart grid (SG) environments
(Waseem & et al, 2023). Blockchain enables peer-to-peer (P2P) energy trading, through which prosumers, who engage in both
production and consumption, can exchange their excess energy without the need for utility provider intermediaries. Wu et al.
(2022) demonstrated that P2P energy trading facilitated through blockchain technology enhances decentralized power systems
and promotes the adoption of renewable energy sources, alongside improved electricity delivery. The research outcomes
confirmed that decentralized energy management benefits from a six-layered blockchain architecture because it delivers safe,
automated transactions that perform efficiently. Anjimoon (2024) discovered that every measured metric of the Al-enhanced
system had significantly improved. He stated that the decline in SAIFI and SAIDI demonstrated a notable increase in system
reliability. While the rise in prediction accuracy validated the efficacy of Al in demand and supply forecasting, this also showed
a drop in transmission and distribution losses and an increase in operational efficiency as presented in Figure 3 (Anjimoon & et
al, 2024).

Values

" .

customenyear] Transmission Losses (%) Distribution Losses (%)

Metrics

] | —
SAIFT (interruptions/customenye SAIDI [minutes

Figure3. Comparative Analysis of Grid Performance Metrics

The system establishes three levels of energy management: between households for individual use, within communities for
internal exchange, and between communities for external energy transactions. The energy transaction method supports large-
scale energy exchanges, combining resilience and security as it extends to the transportation, building, and industrial sectors
(Figure 4) (Wu & et al, 2022).
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Smart grids benefit from enhanced security and transparent data management when utilizing blockchain, as it establishes a
decentralized system that is free from single points of vulnerability and protects data from tampering. Research by Ferdous et al.
(2023) has demonstrated that smart grids powered by blockchain technology decrease the exposure to cyberattacks which involve
unauthorised access as well as data breaches and fraudulent energy results (Ferdous & et al, 2023).

Large-scale smart grid applications cannot function with traditional blockchain models and their Power of Work implementation
because these systems require unrestrained computational power. According to Treiblmaier (2023), the Bitcoin network operates
its Proof of Work consensus mechanism at an energy consumption level equivalent to small nation states, which justifies the
implementation of PoS or Delegated Proof of Stake (DPoS) to achieve energy savings (Treiblmaier, 2023).

The transaction speed restrictions and throughput limitations faced by blockchain networks make it challenging for them to
handle the rapidly increasing transactions that are crucial to smart grid operations. Hafid et al. (2020) demonstrate in their studies
that Layer-2 solutions, including off-chain transactions and network partitioning, should boost blockchain scalability (Hafid &
et al, 2020).

Appearing as a disruptive energy-market mechanism, blockchain enhances energy transaction security and raises
transparency as well as accelerates operational efficiency. Its applications in P2P energy trading, smart contracts, and
decentralized data management offer promising benefits for the future energy landscape. The adoption of blockchain technology

faces three main barriers: high power consumption requirements, scalability, and regulatory compliance framework issues.
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Future investigations in blockchain technology need to optimize framework implementations with energy-conscious consensus

components and develop standardized policy frameworks to advance smart grid development.

Table 2. Comparison between Related Works in Al and Blockchain for Smart Grids.

Reference

Main Results

Research Gap

Ferdous et al.  Utilisation of Self-Sovereign Identity (SSI) and Distributed Lack of large-scale real-world
(2023) Ledger Technology (DLT) for enhancing the reliability of implementations and  interoperability
Renewable Energy Certificates (RECs), ensuring challenges between different energy

transparency and security in tracking renewable energy markets.

sources.
Hafid et al. Addressed blockchain scalability issues through sharding, Need for integration of Al-driven
(2020) sidechains, and layer-2 solutions, improving the efficiency optimisation to further enhance blockchain
of smart grid applications. performance and reduce energy
consumption.

Prakash et al.

Investigated the role of blockchain in cybersecurity,

Limited focus on Al-enhanced security

(2022) protecting smart grids from data tampering, MITM attacks, mechanisms to predict and mitigate cyber
DoS attacks, and unauthorised access. threats proactively.

Treiblmaier Analysed blockchain energy consumption and economic Need for energy-efficient consensus

(2023) implications, highlighting challenges posed by high mechanisms (e.g., Proof of Stake, Federated

computational costs and environmental concerns.

Learning) to make blockchain viable for
smart grids.

Waseem et al.

Reviewed blockchain architectures, applications, and

Lack of Al-powered predictive models to

(2023) challenges in smart grids, with a focus on peer-to-peer (P2P) enhance the efficiency of blockchain-
energy trading and decentralised energy markets. enabled smart grids.

Wau et al. Explored blockchain-based microgrid energy communities, Need  for  machine learning-based

(2022) facilitating decentralised energy transactions beyond optimisation techniques to enhance energy

traditional P2P trading.

dispatch and load balancing in blockchain-

enabled smart grids.

The majority of research investigates blockchain characteristics or Al features independently, yet fails to establish a single
framework that connects Al with blockchain for smart grids. The primary impediment to adoption consists of substantial power
consumption; therefore, new methods to enhance smart grid consensus mechanisms must be developed. The implementation of
blockchain technology at a large scale is minimal, while achieving energy market interoperability remains an essential technical

challenge.

4. ANN Technology in Smart Grids

Artificial Neural Networks (ANNSs) enhance the intelligence and efficiency of smart grids by improving energy forecasting,
defect detection, and optimal power distribution. They are well-suited to handling complex and non-linear energy patterns,
enabling renewable energy integration, load forecasting, and voltage stability analysis. Several studies have demonstrated that
ANN-based models surpass statistical models in both short-term and long-term load forecasting. Almalag et al. (2017) confirmed
that ANNs outperformed traditional regression models in predicting changes in power requirements based on temperature,
historical data, and customer behaviour (Almalag & et al, 2017). Research by Giirbiiz et al. (2019) found that ANN-based models
enhanced energy distribution by reducing prediction errors in a smart grid application by 15-20%. ANNSs are also commonly
applied in a smart grid for problem detection and power quality analysis (Glrbiiz, 2019). Research by Gil-Gonzélez et al. (2020)
indicates that ANN-based fault detection systems significantly enhance grid reliability by identifying faults within milliseconds
(Gil-Gonzélez & et al, 2020). Similarly, Haghnegahdar et al. (2018) found that ANN models achieved over 95% accuracy in
detecting normal and problem states in the grid—outperforming conventional security systems. Smart grids also benefit from
better integration of solar, wind, and hybrid power systems by utilizing artificial neural networks to predict power output and
enhancing energy storage (Haghnegahdar & et al, 2020). Singh et al. (2021) found that ANN-based application in solar and
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wind power prediction improved grid stability by reducing power fluctuations by up to 30%. Additionally, artificial neural
network-based demand response strategies help shave peak loads and improve energy efficiency. Ali et al. (2023) demonstrated
that ANN-based DSM systems minimized energy wastage by 18% through analysis of customer demand patterns and real-time
power supply dynamics (Ali & et al, 2023). In summary, artificial neural networks have significantly advanced smart grids in
demand response optimization, defect detection, renewable energy management, and energy forecasting. Previous research

shows that ANN-based solutions can improve the performance of renewable energy, minimize energy losses, and maximize grid

resilience.

5. Integration of Blockchain and Neural Networks in Smart Grids

Smart grids have attracted substantial interest due to the combination of blockchain technology and neural networks, as they
present opportunities to enhance performance while strengthening protective measures and prediction capabilities. The
combination of blockchain technology provides decentralized, transparent power transactions that remain tamper-proof,
alongside neural networks that perform pattern recognition and detect anomalies, as well as automated grid environment decision
processes. When smart grids employ this dual-technology framework, they optimize energy management functions and enhance
real-time data processing features, while also improving cybersecurity protection standards. Blockchain and neural networks
significantly enhance the security, predictive maintenance, and efficiency of the smart grid. The tamper-evident feature ensures
integrity and privacy, utilizing a decentralized ledger of the blockchain that is secure from unauthorized access. Neural networks
apply sophisticated data analysis to provide predictive maintenance with early failure detection and efficient resource allocation
(Abdellatif & et al, 2025). For example, research has been dedicated to utilizing blockchain technology to ensure data integrity
and security through the development of a distributed learning paradigm based on blockchain, aiming to enhance the efficiency
and security of the smart grid. Moreover, studies prove that the convergence of blockchain technology with deep learning offers
secure data exchange as well as intruder identification in smart grids. Smart grid operations are made safer, more reliable, and
more efficient by such connections (Kumar & et al, 2023). The primary drawback of blockchain for smart grids is its slow
processing speed and insufficient computational power when handling transactions. Neural networks enhance blockchain
performance by optimizing consensus mechanisms, such as Proof of Work (PoW) and Proof of Stake (PoS), thereby reducing
the power consumption required for transaction authentication (Ahmed et al., 2022). Using Al models for prediction helps
determine transaction levels and optimize block validation uptime, thereby improving overall operational efficiency (Hafid et
al., 2020). Al-cueled adaptive smart contracts enable the analysis of historical energy consumption data to inform pricing models
in peer-to-peer (P2P) trading systems, thereby enhancing energy market responsiveness and reducing costs, as noted by Wu et
al. (2022). The combination of predictive maintenance and artificial intelligence with blockchain technology allows data analysis
of 10T sensors to authenticate maintenance records, thereby reducing grid failure risks and cyberattack threats (Almasoudi, 2023).
The reliability of smart grids (Waseem et al., 2023) depends upon the implementation of these measures, as they stop man-in-
the-middle (MITM) attacks, spoofing, and false data injection. Both blockchain technology and Al, when combined, can
transform decentralized energy trading and predictive maintenance. Blockchain technology provides secure, transparent, and
tamper-evident transactions, making it ideal for such use cases. Meanwhile, Al models are able to process vast amounts of grid
data in real time and make more intelligent choices. Another common application is peer-to-peer (P2P) energy trading, in which
the blockchain technology enables consumers and producers (prosumers) of energy to directly trade without an intermediary.
The trading is executed by smart contracts, providing bilateral rates to both entities while introducing trust among stakeholders.
Moreover, using blockchain's tamper-proof ledger with the anomaly detection function of Al escalates predictive maintenance
levels significantly. For the detection of anomalies and anticipating any failure before it occurs, machine learning models analyse
data from smart meters and grid assets. Storage of the outcome in a blockchain guarantees integrity of data and supports auditing
and regulatory uses by tracing events. Such technologies transform the grid into an efficient grid, reduce operating expenses,
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and increase the reliability of power. Real-world applications, such as Power Ledger's P2P platform and Al-aided maintenance
in renewable energy farms, demonstrate the utility and feasibility of this synergy, paving the way for a more innovative and
robust energy infrastructure.

Behavioral energy management receives important applications through the combination of Al and blockchain systems. The
combination of Al models brings the ability to predict energy needs, which also includes optimizing demand distribution while
simultaneously executing energy delivery in decentralized environments (Islam & et al, 2024). Al utilizes past and current
electricity usage data to predict maximum usage periods for blockchain platform smart contracts, thereby optimizing power
delivery efficiency. Demand response mechanisms benefit from enhancement through supply-demand-based price adjustments,
which decrease consumer costs without destabilizing the power grid (Ferdous & et al, 2023). The effectiveness of uniting

blockchain technology with Al within smart grids becomes clear through existing practical applications as follows:

e IBM and TenneT (Germany & Netherlands) created blockchain-powered Al prediction algorithms for managing
decentralised power grid balance (Alotaibi & et al, 2020).

e LO3 Energy introduced their P2P energy trading initiative featuring Al predictive analytics that enables customers to
reach energy efficiency in their usage (Wu & et al, 2022).

e The Australian technology company Power Ledger applied blockchain along with machine learning to boost distributed
energy resource management to deliver more accessible and practical solutions (Treiblmaier, 2023).

e The EU H2020 Platone Project executed blockchain and Al technology to enhance energy storage operations and
manage power demand, which created a stronger, adaptable power system (Khalid, 2024).

The implementation of blockchain and neural networks in smart grids encounters obstacles related to processing expenses as
well as interface matters and regulatory adherence requirements. Escalation problems persist in artificial intelligence models that
implement blockchain-based solutions, as noted by Hafid et al. (2020). Standardization of protocols together with data privacy
concerns act as significant impediments to blockchain-based adoption throughout the industry (Ferdous & et al, 2023). Research
needs to create light blockchain protocols and decentralized Al frameworks and energy-efficient neural networks for eliminating
technological obstacles in modern energy systems (Javaid & et al, 2018).

Through their strategic union, blockchain technology holds promise as a secure and intelligent system that enhances the
efficiency of smart grids. The details of present technical requirements and governing standards can transform energy control

systems while creating paths for moving toward distributed renewable power networks.

5.1. The Role of Al-driven Neural Networks in Improving the Scalability and Efficiency of Blockchain-based Smart Grid

Systems

In Germany's Brooklyn Microgrid, peer-to-peer (P2P) energy trading based on blockchain and optimised by Al anticipates

user demand and enables the transactions with increased efficiency and reduced latency. This ensures the effectiveness of
integration between blockchain and artificial intelligence.
The State Grid Corporation of China applies neural networks to recognise patterns of energy transactions on a blockchain
platform, detecting cyber-attacks and fraud in real time. Al neural networks offer groundbreaking solutions to scalability and
efficiency issues in blockchain-based smart grids. Through consensus optimisation, computational efficiency improvement, and
predictive maintenance assistance, Al enhances grid reliability and performance. Table 3 shows the comparison between
Traditional Blockchain Smart Grid and Al-Driven Blockchain Smart Grid.

42



R. Marimi Modern Journal of Health and Applied Sciences (MJHAS) Volume 2, Issue 2 (2025)

Table 3. Traditional Blockchain Smart Grids and Al-Driven Blockchain Smart Grids

Aspect Traditional Blockchain Smart Grid Al-Driven Blockchain Smart Grid
Transaction Speed Slow due to high computational demand Faster with Al-optimised consensus mechanisms
. . . Reduced via reinforcement learning-based
Energy Consumption High, especially with PoW consensus . &
energy allocation
Data Management Inefficient storage and retrieval Al-enabled data compression and smart indexing
. Al-enhanced anomaly detection for real-time
Security Vulnerable to fraudulent transactions Y .
threat prevention
Predictive Advanced forecasting and automated grid

Limited to predefined algorithms

Capabilities optimisation

6. Challenges and Potential Solutions

The integration of blockchain and neural networks for intelligent grids is highly promising, offering improved repair

prediction, enhanced efficiency, and increased security. Integration is not without issues, primarily related to interoperability,

scalability, and computational complexity.

Interoperability is a problem due to a difference in protocol and architecture between the distinct elements and parties
of smart grids. It may hinder smooth data and system integration. To control it, utilizing a standardized communication
protocol and developing middleware solutions to connect divergent technologies play significant roles (Belchior & et
al, 2021). Such standardization contributes to seamless interactions between heterogeneous systems for intelligent and
efficient operations in smart grids.

Intensive processing required by blockchain's consensus algorithms and deep models in neural networks forms
computational complexity. Such conditions can strain the computing resources of smart grid infrastructure. The solution
for this problem is the application of federated learning. In this method, edge devices or local servers are trained using
local models, and aggregated information is transmitted to a central system. This method reduces data transfer
requirements, minimizing computational strain while maintaining data privacy.

Scalability remains an issue, as blockchain networks have sometimes struggled with processing throughput in large
smart grids (Ressi & et al, 2024). The blockchain architecture, in which each node verifies each transaction, can cause
bottlenecks as the network expands in size. Sidechains and sharding have been suggested as potential scaling solutions
for blockchain. Sidechains enable the offloading of transactions from the primary blockchain onto secondary parallel
chains, thereby clearing up and increasing efficiency. Sharding is the division of the blockchain network into several
small partitions (shards), each of which is capable of independently processing transactions, thus increasing overall
processing capacity (Sanka & et al, 2021).

By effectively addressing such issues through utilizing standardized protocols, federated learning, and utilization of

scalability technology such as sidechains and sharding, smart grids can be empowered to utilize the complete capabilities of the

blockchain technology and neural networks. This convergence can enhance security, efficiency, and predictive maintenance

ability in smart grids, ultimately leading to smarter and safer energy systems.

7. Results and Discussion

Research into blockchain and neural network implementation in smart grids highlights both promising features with their

application and important difficulties they present. The analysed scholarly works indicate that blockchain technology strengthens

electrical grid protection, shows all monetary transactions, and allows peer-to-peer electricity exchanges. Meanwhile, artificial

intelligence enables better power usage management, improves fault identification systems, and creates forecasting capabilities
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to stabilise the power network. Several critical problems still need resolution in this field because of high operational expenses,
regulatory barriers, scalability limitations, and data compatibility problems. According to Prakash et al. (2022) and Almasoudi
(2023), blockchain technology provides fundamental protection against cyber threats, including MITM attacks as well as
spoofing activities and unauthorised data modification. Zhang et al. (2018) supported this concept by explaining that
decentralised ledgers can both protect smart grids from data modification attempts and increase security measures. Blockchain
encryption methods, however, face serious issues in terms of computational efficiency. Researchers have incorporated Al-based
encryption measures in addition to fraud detection algorithms in designing blockchain security protocols which maintain high
efficiency levels. Al-based prediction models, as mentioned by Javaid et al. (2018), demonstrate capability in analysing real
datasets for predictive load balancing systems in addition to demand-side management, as noted by Ahmed et al. (2022). The
deep learning protocols also show capacity in predicting energy demand variations, as investigated by Sun et al. (2019), yielding
better efficiency in intelligent grids. The application of Al in real-time operations faces implementation issues, as mentioned by
Islam et al. (2024), due to slow processing rates in addition to delayed operations. Research by Siano et al. (2020) indicates how
edge computing, when applied to Al-smart contracts, resolves these issues by enhancing distributed energy management in real-
time operations using decentralised infrastructure. The integration of blockchain technology allows intelligent grids to enable
direct peer-to-peer (P2P) energy trading between prosumers. Alotaibi et al. (2020) and Wu et al. (2022) further reveal how
blockchain-based energy markets improve power flexibilities by disrupting monopolies in energy supply by incumbents. The
large-scale implementation of distributed energy markets meets network utilisation issues and complexity in regulation in
conformity with Waseem et al. (2023). Research by Ferdous et al. (2023) and Hafid et al. (2020) ventures simplistic blockchain
protocols and regulatory measures to address these implementation issues and develop standard blockchain integration in
intelligent grids. Blockchain technology faces a significant scalability challenge, particularly in high-rate transactions within
energy markets of intelligent grids. Treiblmaier (2023) and Khalid (2024) analyse how blockchain mining and consensus
operations strain environmental resources. The application of Proof-of-Work (PoW) and Proof-of-Stake (PoS) mechanisms
receives optimisations through the use of Al to mitigate energy requirements, as mentioned by Ahmed et al. (2022). Improved
blockchain scalability is made using layer-2 blockchain implementations as mentioned by Hafid et al. (2020), while maintaining
the same level in terms of computational efficacy. The implementation of blockchain technology and neural networks is a
promising solution for developing a decentralized and less risky power distribution network. Efficient use of this network is
possible only by solving scalability issues, improving calculation effectiveness, and outlining regulatory frameworks for
processing real-time information of Al. Studies by Zhang and others in 2018, Sun and others in 2019, and Siano and authors in
2020 suggest three innovative solutions for overcoming common shortcomings in intelligent grids: Al-capable blockchain
enhancements, decentralised networks of markets and edge-computing-based administration of power grids. Future
investigations need to create lightweight blockchain systems that integrate real-time Al analytics with the establishment of
worldwide regulatory frameworks to support practical and scalable deployment within smart grids. Table 4 shows the challenges
identified in previous studies along with the proposed strategies and solutions in each reference.

Table 4. Comparison of Previous Studies on Blockchain and Neural Networks in Smart Grids

Proposed
Solutions

Al can optimise PoW and PoS to Hich Adaptive Al-based
reduce energy consumption and £ consensus

Reference Objective Results Challenges

Ahmed et al. Al-driven blockchain

(2022) optimisation in SG . . computational cost .
improve transaction speed mechanisms
. Al detects anomalies and prevents ~ Privacy concerns Blockchain-based
Almasoudi Al-enhanced L
. MITM, spoofing, and data & regulatory Al authentication
(2023) cybersecurity in SG S .
injection attacks challenges & encryption
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Scalability of .
- . . . Al-driven
Alotaibi et al. Al and blockchain in Smart contracts enable efficient, blockchain for ..
. . . predictive load
(2020) P2P energy trading decentralised energy transactions large-scale energy .
balancing
markets
. o . Regulatory
Blockchain fi Distributed led
Ferdous et al. ren;)v?/alileag;e(r)r trai:sezriLilllite &etriirs H;z;ocveisn Standardisation & frameworks for
(2023) . &y Y p Y legal barriers blockchain
certificates energy trading .
adoption
Optimised
Hafid et al. Scaling blockchain in Layer-2 solutions can enhance Energy-intensive lightweight
(2020) smart grids transaction efficiency computations blockchain
protocols
. . Al-powered smart
Al rt grid . o .
Islam et al. . l.n statt gt Al predicts energy demand and Limited real-time contracts for
stability and energy . . .
(2024) prevents grid overload implementation automated energy
storage .
dispatch
Unified
Al-based DSM .. . .
Javaid et al. (Derisz; d Side Al optimises demand-side Data blockchain-based
(2018) Management) response for SG efficiency interoperability Al energy
management
Blockchai
Smart grid integration Improved energy distribution Regulatory goi)/:r;at?:;
i . . through Al-enhanced t .
Khalid (2024) with blockchain & Al foug enhanced smar compliance frameworks for
contracts
energy markets
Text mining analysis on Al-driven
X . . .
Prakash et al. Al-enhanced . & Y . Complexity in encryption and
. . blockchain-based cybersecurity . . .
(2022) blockchain security implementation fraud detection
models
models
. . Bitcoin’s energy use in . . . . Al-driven energy-
Treiblmaier : Al improves energy efficiency in Environmental . .
blockchain . . efficient mining
(2023) .. blockchain-based transactions concerns
applications protocols
o . . Distributed Al-
Waseem et al.  Blockchain in various Al-powered energy trading Network .1s rioute
o . . . assisted consensus
(2023) SG applications enhances efficiency and security congestion issues .
mechanisms
Standardised
Blockchai Al 1 -
Wu et al. Blockchain & Al for OC, chain and Al enable . Cross sect'o'r blockchain
. . collective energy balance and interoperability .
(2022) microgrid management . . . interfaces for
decentralised transactions 1ssues . .
microgrids
8. Conclusion

Smart grids that adopt neural networks alongside blockchain acquire several capabilities to protect energy systems and
enhance operational performance with decentralised power management functions. Blockchain technology united with Al
capabilities enables data authentication, enhances systems visibility, lets peers conduct safe power purchases, and improves grid
optimisation processes. Major obstacles emerge during large-scale implementation because they link with high computational
expenses and regulatory barriers which create limitations to scalability. Energy trading transformation features various edge
computing, advanced Al analytics, and lightweight blockchain design approaches that intend to reduce network delays and
reinforce power distribution system reliability. Academic research in the future needs to work on blockchain infrastructure
flexibility and the introduction of artificial intelligence data analytics in real-time operation along with standard regulatory
frameworks. Smart grids operate sustainably at maximum efficiency through decentralised energy markets when implemented

with innovative technologies that ensure secure operational efficiency of their energy system.
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This study examines the definition of carbon capture, utilisation, and storage technology
as one of the approved options for reducing greenhouse gas emissions, achieving carbon
neutrality, and achieving net zero carbon emissions. It also analyses the stages and
requirements of this technology, which, despite its importance, faces major challenges, most
notably the high cost of its infrastructure and its environmental and health damages. The study
also addressed the uses and prospects of this technology in the Gulf Cooperation Council
countries. It concluded that carbon capture, utilisation, and storage (CCUS) technology is a
promising technology for reducing carbon dioxide emissions. It requires the participation of
various stakeholders and the establishment of a set of legal, regulatory, and economic
frameworks. However, the high costs associated with its infrastructure and the environmental
and health impacts it produces have been an obstacle to the widespread use of this technology
worldwide. The recommendations included the need to establish legislative and regulatory f
rameworks compatible with carbon capture, transport, and storage (CCUS) technology;
encourage investment in carbon capture, transport, and storage (CCTS) projects by providing
grants, soft loans, and tax exemptions; and enhance international and regional cooperation in
the field of CCUS technology.The researcher relied on a plan that outlines the stages and
requirements of carbon capture, utilisation, and storage technology in the first section and
further examines the feasibility of this technology and its prospects in the Gulf Cooperation
Council countries in the second section.

Keywords: Climate change, Carbon capture, Carbon utilisation, Carbon storage, Capacity
building.
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1. Introduction

It is evident that the world is running short of its energy supply generated from fossil fuels and wood, which is due to the
rapid depletion of these non-renewable energy reserves. However, exploring an alternative to this hydrocarbon-based energy has
become a matter of economic and environmental importance. Expanding energy services, especially to the rural households,
while simultaneously addressing the health and environmental consequences has become a matter of concern (Qi et al., 2023).
According to Adeoye & Lawal (2025), energy demand from fuelwood is expected to increase to 91 million tonnes by 2030,
resulting in a continued deforestation rate. This highlights the need to explore affordable energy systems for domestic and
industrial use in the country, with a focus on renewable, eco-friendly, and cost-effective sources. Fossil fuels, which are non-
renewable energy sources, also pose a potential threat to the climate due to the high emission of greenhouse gases (CO,, CHa,
NO; etc.). Considering all these factors has become a central stimulant for research on renewable energy sources.

Recently, there has been a growing global interest in developing technologies that harness renewable energy sources. Also known
as green energy, it is utilized for both environmental and economic reasons (Obi et al., 2022; Udume et al., 2022). Biomass is
naturally abundant and presents a renewable energy opportunity that could serve as an alternative to fossil fuels. Nigeria has
approximately 71.9 million hectares of arable land, and various grasses are cultivated for primary agricultural purposes. The
enormous forest resources and landmass in Nigeria, with flourishing vegetation, imply that the regeneration of these resources
through appropriate means can be a simple way of contributing to solving a seemingly intractable power supply problem
(Ferronato et al., 2022). It is common in most Nigerian rural communities to fell trees. The problem of felling trees for use as a
fuelwood source hurts the environment. One way to limit deforestation and protect the environment is through the briquetting of
flammable materials. Therefore, using biomass, which is organic waste from this vegetation, will tremendously reduce
deforestation and provide an alternative renewable energy source. The effective utilisation of these materials offers many
advantages, one of which is their role as a renewable and sustainable energy feedstock for the production of solid fuel briquettes
(Zhang et al., 2018). Briquettes are flammable materials formed by the compression or densification of matter into solid form to
be used as fuel. Briquetting is a process of binding together pulverized carbonaceous matter, often with the aid of a binder (Obi
et al., 2022). The common forms of briquettes are coal briquettes and biomass briquettes. Discovery has shown that binder type
and curing conditions exert the greatest influence on briquette quality (Udume et al., 2022). Therefore, it is necessary to carry
out studies on different treatment methods and identify the most suitable ones for maximum combustion output. Hence, this
research tends to study the effects of alkaline pre-treatment on the combustion profiles of fuel briquettes produced from mango

seed shells against the untreated one.

2. MATERIAL and METHOD
2. 1. Materials

The mango shell of Foetide lour (Julie), a small-seeded species, was collected within Aliero Local Government because of
its low moisture content of 72.04%, compared to other varieties of mangoes in the region. Starch was used as a binder. All
necessary glassware was pre-treated by soaking in a dilute nitric acid solution for 24 hours, followed by thorough rinsing with
distilled water prior to use. The chemicals, reagents, and solvents employed throughout the study were of analytical grade and

general-purpose quality.

2. 2. Sample Pre-treatment

The collected sample was dried in direct sunlight for 2-3 days to reduce its moisture content before being pulverised into
powder form using a mortar and pestle and a mechanical grinding engine. The powder was sieved through a 60-mesh sieve to

achieve the required texture size and to remove impurities. The prepared sample was divided into two equal portions.
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2. 3. Alkalization of the Sample

The first portion of the sample was soaked in an alkaline solution of NaOH with an optimised concentration of 0.3M. The
equivalent in weight of NaOH was soaked with the mango shell powder at a ratio of 3:1 for three hours at room temperature
(Bamisaye & Rapheal, 2023). The pre-treatment helps to reduce the lignin content in the mango shell, making it easier to bind

its particles together. The other portion was left untreated.
2. 4. Briquettes Production

80g of the sieved alkaline-treated sample and untreated sample were independently mixed with 20g starch binder in the
ratio of 4:1 (Obi et al., 2023). The briquettes were produced using a locally made briquetting machine; the mixture was poured
into the cylindrical metal container of the briquetting machine and covered with an iron desk with the combined effect of the
compression.

Figure 1. Image of homemade fabricated briquetting machine and produced briquette

2. 5. Proximate Analysis

A proximate analysis was conducted on the produced briquettes.
1. Percentage Moisture Content (PMC).

2. Percentage Ash Content (PAC).

3. Percentage Fixed Carbon (PFC).

2. 6. Determination of Briquette Physical Properties

The compressive strength of the briquettes was evaluated following the procedure outlined by Yakubu & Sadiq (2021). The
dimensions length and width of each briquette were measured and recorded prior to testing. Each sample was centrally positioned
on the lower plate of the testing machine. The plate was then raised electrically until it made contact with the upper plate, and
the strain dial gauge was reset to zero. Initial readings for both the strain dial and the load dial at zero compressive force were
recorded. A stopwatch was used to time the measurements, with load dial readings taken at every 0.2 mm of displacement, and
corresponding strain dial readings noted as well. Additional readings were recorded at 0.4 mm intervals. The loading process

continued until a clear indication of failure was observed evidenced by a drop or no change in load across several consecutive
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readings. Once failure was confirmed, the machine was halted, the motor allowed to come to a complete stop, and the setup
reversed before the load was removed. The briquette sample was placed on the movable bed, and the control lever was operated
upward to establish contact between the fixed upper plate and the movable lower plate. As soon as a crack appeared in the
briquette, indicating compression failure, the dial reading was noted, and the corresponding force value from the strain dial was
recorded.

The compressive strength was then calculated using Equation (1), and the result was expressed in kilonewtons per square
meter (KN/m?).

Compressive strength = 6= RCg (100 - €%) / 100Ao Xx 1000 (1)

Where:

R: dial reading, Cr: calibration load dial reading (2.11 Div.) constant, Ay is cross-sectional area = nD? /4, D: diameter of briquette
(mm), € is the strain of sample: o, €%: DL/Lo, DL is change in length of sample at compression, and Ly is initial length of sample
before compression.

The density of the briquettes was determined using the formula below:

. weight of briquette(g)
Density = 2
y volume of briquette(cm3) ( )

2. 7. Combustion Analysis

The following combustion analysis was carried out.
1. Calorific Value Determination.

2. Ignition Time Determination.

3. Determination of Burning Rate.

4. Combustibility Test.

2. 8. Lignocellulose Composition Analysis

Analysis of lignin and cellulose was carried out by using the method adopted by Zhang & Zhou (2024), where a mixture of
1 g of dried sample of mango shell and 150 mL of aquadest was heated in a water bath at a temperature of 90 - 100°C for 1 h.
The mixture was filtered, and the residue was washed with hot water (300 mL). The residue was oven-dried until a constant
weight was achieved (b). It was then combined with 150 mL of 1 N sulphuric acid (H.SOs) and heated in a water bath at 90—
100 °C for one hour. After heating, the mixture was filtered, and the remaining solid was rinsed thoroughly with 300 mL of
distilled water (aquadest), followed by drying (c). The dried material was then soaked in 10 mL of 72% H.SOa4 at room
temperature for 4 hours. Subsequently, 150 mL of 1 N H.SO4 was added, and the mixture was subjected to reflux in a water bath
for one hour. The resulting solid was washed with 400 mL of distilled water, then dried in an oven at 105 °C and weighed until
a stable mass was reached (d). Finally, the residue was incinerated to ash and weighed again (e). The percentages of cellulose

and lignin were then determined using the following calculations:

% cellulose = % X 100% (3)

% lignin = “* X 100% 4)

Where:

a: sample weight (g), c : the residue weight (g) at the third weighing, d : the residue weight (g) at the fourth weighing, e : the
weight of ash (g).
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2. 9. Statistical Analysis

The average value of all the parameters analysed would be computed using arithmetic mean and one-way analysis of variance

(ANOVA) to determine the probability that two populations are the same and to know whether there is a significant difference.

3. Result and discussion

3. 1. Proximate Compositions of the Briquette Sample

The results of the proximate analyses of briquettes are shown in Table 1. It was observed that the moisture content of the

untreated sample was about 6.5%, while that of the alkaline-treated sample was 4%. The moisture content of the untreated sample
was more than that of the alkaline, which implies that the treatment decreases moisture content. Higher moisture content value
is reported to have negative effects on the combustion characteristics of briquettes (Demirbas & Sahin, 1998). Since higher
moisture content indicates a greater degree of wetness in the briquettes (Obi et al., 2023), low moisture content is required to
protect against decomposition and disintegration of briquettes during storage and handling.
Ash content for the untreated sample was 1.83%, while that of the alkaline-treated sample was 2.5%, which is not above the
maximum required value of not greater than 20% (Abimbola et al., 2022). This revealed that treatment increases ash content.
These results compared favourably to the good-quality charcoal range (1.2% to 8.9%) as stated by Abayomi et al (2022)
(Bamisaye et al., 2024). The work agreed with the work of Zhang et al., 2023, who recorded 2.5% of ash content for shea nut
shell (Qi et al., 2023).

Also, the volatile matter of the two samples is 79.00% to 85.33% for the alkaline-treated and untreated samples, respectively.
The fixed carbon content result for the untreated sample was 6.33% and 14.17% for alkaline treatment; hence, treatment increases
the fixed carbon content. Generally, the higher the volatile matter, the better the briquettes (Adesola Ajagbe et al., 2025) since
high volatile matter briquettes ignite easily. The fixed carbon is used to determine the heating value and acts as a heat generator

during combustion (Ferronato et al., 2022). The higher the fixed carbon content of a briquette, the greater the calorific value.

Table 1. Result of the Proximate Analysis of the Briquette

Untreated Sample Alkaline-treated sample
Moisture (%) 6.50 £ 0.50 433+1.04
Ash (%0) 1.83+0.29 2.50+0.50
Volatile matter (%6) 85.33+1.15 79.00 £ 0.00
Fixed carbon (%) 6.33+1.04 1417 +1.44
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Figure 2. Proximate Analysis

3. 2. Physical Properties of the Briquette

Table 2 shows the result of the physical properties of the respective briquette samples, results of the physical properties of

the briquettes are shown in Table 2, which shows that the alkaline sample has the highest density and compressive strength. The
compressive strength from the untreated sample was 0.717 + 0.012 N/mm? while that of the alkaline-treated sample was 0.783
+0.250 N/mm?. It was observed that there is no significant difference in the compressive strength of the respective samples with
(p<0.05) on this property. This is probably because they were compressed at a constant force upon the same cross-sectional area
of the briquettes. The compressive strength values indicate that the briquettes are suitable for transportation, packing, and storage.
The high compressive strength of the alkaline-treated sample, as shown in Table 2, could be attributed to the loss of hemicellulose
in the samples. According to Oyibo et al 2020, NaOH-treated samples usually have a decreased fibre diameter of the samples’
particles because of the loss of hemicellulose in the samples.
The density of the briquettes decides how long they would burn and the amount of fly ash they would release while burning
High-quality briquettes should have high-energy content and burn for a longer time. The density of the briquettes for the untreated
sample was 0.359 + 0.005 g/cm?, while that of the alkaline sample was 0.357 + 0.00 g/cmq. Thus, there was a significant
difference in the density of the briquettes at (p<0.05). The briquette densities were found to be lower than that of the mahogany
tree, which was 0.682 g/cm? as stated by Zhang & Zhou (2024).

Table 2. Physical Properties

Compressive Strength (N/mm?) Density (g/cm?®)
Untreated sample 0.717 £ 0.012 0.359 £ 0.005
Alkaline-treated sample 0.783 = 0.250 0.359 + 0.005
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Figure 3. Physical Properties of Briquette Sample
3. 3. Combustibility Test of the Briquettes
Table 3. Combustion Characteristics
Calorific value Burning Rate Ignition Time
(KJ/Kg) (g/min) (mm/s)
Untreated Sample 1495.44 + 1.72 28.547 £ 0.011 45.550 + 0.580
Alkaline-treated sample 1498.67 + 1.04 18.690 + 0.012 41.540 £0.528

Table 3 shows the result of the combustion properties of the respective briquette samples. The results show that the calorific
value of the treated sample, as shown in Table 3, was higher than the calorific value of the untreated sample. This shows that
there is a significant difference in the calorific value when a biomass is treated. This is probably due to the fact that treatment of
a sample affects its moisture content. The calorific values obtained range between 1495 KJ/Kg and 1498 KJ/Kg. The higher the
calorific value, the better the combustion characteristics for energy generation.

The untreated sample had the highest burning rate, even though it had the lowest calorific value. However, this deviation
was explained by the SEM result in Figure 4. The untreated sample has a very porous interface; the higher the porosity, the
higher the circulation of oxygen, which increases the combustion rate (Ngene et al., 2024). A slow burning rate is desirable
because less heat is required for cooking (Yunusa et al., 2023). The result of the burning rate, as presented in Figure 4, agrees
with the results of Zhang et al., 2023, who treated carbonised rice husk with different binders.

The time taken for the untreated sample to attain a steady glow was higher than the time taken for the treated sample to attain a
steady glow, as shown in Figure 4. The ignition time of both treated and untreated samples is lower than that of Abayomi et al,
2022 (Bamisaye et al., 2024).
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Figure 4. Combustion Properties of Briquettes Sample

3. 4. Combustibility Test

Figure 5 below shows the result for the water boiling test on the alkaline-treated sample and the untreated sample.

Temeperature (0C)
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o o o o o o
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0 5 10 15 20 25
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—@— Alkaline Treated Sample = —@— Untreated Sample

Figure 5. Water Boiling Test
The results from the combustibility test show that the alkaline-treated sample has a higher boiling rate at a lower temperature
range between 0°C to 5°C, and a lower rate between 5°C to 10°C. Generally, the alkaline-treated briquette has a shorter
combustibility time of 20 minutes than the untreated sample, which has a combustibility time of 22 minutes. These results show
that the treated sample boils water faster than the untreated sample.

3. 5. Morphology of the Produced Briquette

The surface morphology of the alkaline-treated sample and the untreated sample are shown by scanning electron microscopy
in Figures 6 and 7, respectively.

69



C. Elinge et al. Modern Journal of Health and Applied Sciences (MJHAS) Volume 2, Issue 2 (2025)

Figure 6. Morphology of Alkaline-Treated Sample at 1500x Magnification

Figure 7. Morphology of Untreated Sample at 1500x Magnification

From the results, it can be observed that the outer surface texture of the untreated sample was porous, and there was an
absence of destructive features on the surface. The alkaline pre-treatment caused more compaction of the briquette material, as
shown in Figure 6. This compaction was due to the pressure of hemicellulose, lignin, and other impurities such as wax, pectin,
and grease covering the components and protecting the cellulose inside (Zhang et al., 2018). The destructive degree of roughness
of the NaOH-treated samples was attributed to the penetration of the NaOH solution into the samples. NaOH breaks down and
removes hydroxyl groups and surface impurities in the amorphous non-cellulose constituents, which increases the number of
crystalline sites exposed on the fibre surface (Zhang et al., 2018).

4. Conclusion

This research investigated and compared the combustion characteristics of mango seed shell briquettes in both treated and
untreated forms. Experimental results indicated that briquettes derived from both sample types are suitable as biomass fuel
sources. Nonetheless, the treated briquettes exhibited superior biofuel properties compared to their untreated counterparts.
Specifically, the treated samples demonstrated an enhanced calorific value, higher density and compressive strength, greater
fixed carbon content, reduced moisture levels, and required less time to boil an equivalent volume of water under identical
conditions. Scanning Electron Microscopy (SEM) revealed that treatment with sodium hydroxide (NaOH) altered the surface

structure, making it rougher due to the removal of amorphous, non-cellulosic components as the solution infiltrated the fibre
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surfaces. This increased surface roughness improved fibre-matrix interfacial bonding, thereby enhancing resistance to moisture,

as reflected in the lower moisture content of the treated briquettes.

5. Recommendations

Based on the findings of this study and the conclusion made, it is recommended that:
1. More research should be focused on briquettes using varied feedstocks (biomass).
2. Reagents other than NaOH should be explored as alkalis in the treatment of biomass for briquette production.

3. Acid-treated mango seed briquettes should be researched.
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1. Introduction

Image enhancement is a fundamental stage of image processing. This enhancement is often used to improve image quality
by highlighting specific information and removing unnecessary details based on user requirements. Image enhancement has two
functions: increasing visual impact and facilitating computer processing. Image enhancement offers numerous advantages,
including noise reduction, edge sharpening, brightness enhancement, and contrast enhancement (Al-Khafaji & Sahib, 2024;
Hussain et al., 2022). Medical images are often produced with low contrast, low intensity, noise, and distortion due to limitations
in medical equipment. Due to their low quality, these images cannot be used for diagnosis. Therefore, to create high-quality
images with more information that facilitate better analysis, careful image processing is necessary (Pourasad & Cavallaro, 2021).
Medical imaging is a rapidly expanding area of study that is used to identify and treat diseases early. Image processing is
becoming increasingly important in the healthcare sector. Medical imaging is a group of technologies that visualise the human
body to diagnose, track, or treat medical disorders. It includes technologies such as endoscopy, computed tomography (CT),
positron emission tomography (PET), magnetic resonance imaging (MRI), ultrasound, X-rays, and others. To assist physicians
worldwide in diagnosis, treatment, and prevention, medical imaging is essential (Agrawal et al., 2025; Li et al., 2019; Pinto-
Coelho, 2023). In this paper, a novel algorithm based on empirical equations and trigonometric functions is proposed for medical

image enhancement, and it is applied to X-ray, MRI, and CT images.
2. Medical Images

Many medical imaging techniques have been employed to examine anatomical features, including muscles, bones, blood
vessels, tissue types, and diseased areas such as cancer (Kumari, 2025; Rehman & Mir, 2025; Sule & Ampofo, 2025). Therefore,
this work focuses primarily on the importance of improving medical images for accurate analysis and diagnosis. This section

will cover three medical imaging methods: magnetic resonance imaging (MRI), computed tomography (CT), and X-rays.

2. 1. X-Ray Images

X-rays are used to image the internal structure of the human body and are among the most commonly used diagnostic tools
in the medical field. They help radiologists identify internal issues by providing images of the body's internal anatomy. It is the
most practical imaging technique for detecting bone fractures. Despite its many benefits, X-ray technology produces images with
little contrast. The amount of liquid in the human body is the primary cause of the low contrast of X-ray images. Increasing the
X-ray's capacity to take images could damage a person's body or bones (Akbar et al., 2025; Fan et al., 2025; Ou et al., 2021).

2. 2. Magnetic Resonance Images (MRI)

The medical imaging technique known as magnetic resonance imaging (MRI) is founded on the same ideas as spectroscopy
using nuclear magnetic resonance. The most effective and noninvasive method for clinical illness diagnosis is magnetic
resonance imaging (MRI) (Chen et al., 2023; Reda et al., 2021). The MRI scanner creates images of the body's tissues, organs,
and other structures using magnetic and radio waves. It produces images that are superior at portraying fine details. As a result,
an MRI scanner may be used to image every tissue in the body. Bones and other tissue with the fewest hydrogen atoms seem
dark, but fatty tissue with abundant hydrogen atoms appears considerably brighter. By altering the timing of the radio wave
pulses, information regarding the various tissue types that are present can be obtained (Gomez-Guzman et al., 2023; Nayak et
al., 2022).
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2. 3. Computed Tomography Images (CT)

CT is a diagnostic technology that combines X-ray equipment with a computer and a cathode ray tube display to produce
images of cross sections of the human body. Each profile is reconstructed by the computer into a 2D image of the slice that was
scanned. 3D CT can be obtained using spiral CT (Dremel et al., 2025; Falgout et al., 2024; Stewart et al., 2025).

3. Literature Survey

Pourasad and Cavallaro enhanced compressed image quality in 2021 by employing a variety of optimization strategies. They
researched various approaches and offered a number of comparison findings. Ultimately, performance measurements were
retrieved and examined using cutting-edge techniques. PSNR, MSE, and SSIM were the three performance measures they
employed for medical image samples. These measurements perform better than other image processing methods, according to a
thorough analysis (Pourasad & Cavallaro, 2021). In 2022, Idowu et al. introduced an enhanced image enhancement method for
medical image processing. This method uses three distinct enhancing strategies. The first technique is Unsharp Masking (USM).
A Logarithm Transform (LT) receives the output of the USM processing, and the LT output is then fed into an AHE. AMBE,
PSNR, Entropy, and Predicted Opinion Score were used to assess the effectiveness of the suggested approach. A reliable result
for AMBE and PSNR Entropy was obtained using the suggested approach (Idowu et al., 2022). In 2023, Mouzai et al. suggested
an Xray-Net method to improve low-contrast photos using a self-supervised pixel contrast expansion. The approach consists of
three primary steps: (1) preprocessing, which includes calculating the average brightness to create an X-ray contrast-based
classification; (2) creating a traditional neural network model; and (3) adaptive contrast expansion. When compared to other
state-of-the-art techniques, Xray-Net's results show greater performance in low-contrast enhancement (Mouzai et al., 2023).
Anitha et al. (2024) improved image quality by removing uniform, Gaussian, and salt-and-pepper noise using various filtering
and contrast enhancement approaches (Anitha et al., 2024). In 2024, Babu and Venkatanarayana presented a novel approach to
multimodal image fusion for medical imaging (MRI, CT) that utilizes low- and high-frequency weights derived from the
CSGWO algorithm. The suggested approach uses quadrupole wavelet transform (QWT) to extract low- and high-frequency
components, contrast enhancement in preprocessed images, and cartoon texture (CT)-based analysis. The fusion quality index
and other objective criteria were used to assess the suggested approach. The outcomes showed how the suggested approach
outperformed alternative approaches and how well it worked to raise the general calibre of medical photographs (Babu &
Venkatanarayana, 2024). To regulate the total contrast augmentation, Singh and Raj (2024) suggested a histogram cropping
technique based on eight-degree polynomials. Through the use of a single objective fitness function, the technique also
establishes an exposure threshold value and a genetic algorithm (GA) to improve the histogram segmentations, guaranteeing
constant brightness and reducing information loss. A number of metrics were employed, including the Feature Similarity Index
Method (FSIM), Entropy, and PSNR (Yadav & Donvir, 2025). A new Al-powered approach for automatically creating tactile
and three-dimensional medical X-ray images was proposed by Yadav and Donvir in 2025. The system generates high-resolution
depth maps suitable for tactile display by utilising image processing techniques such as depth estimation and image enhancement.
Accuracy and processing time are objective criteria used to assess system performance. This study shows that an automated
method to increase access to medical imaging is feasible, which could improve diagnostic precision and advance healthcare
inclusivity (Yadav & Donvir, 2025).

4. Mathematical Analysis
We will apply an empirical equation using trigonometric (cosine) transformations because they are the basis for the
frequency representation in the Fourier transform, which is used to remove noise and enhance edges on medical images under

study (X-rays, MRIs, and CT scans). To improve image quality: -
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|lcos(27f 1, (x, y))I
lcos(27f 1, (x, )l

Ig(x,y)=

|cos(2mf 1o (x, Y))ll

Where:
Ig: (x,y) is the Enhancing image.
F . is the Frequency coefficient.
Iy is the Original image.

5. Image Acquisition

This work was carried out in MATLAB R2021a. The medical images used for testing are X-rays, MRIs, and CT scans. An
X-ray was taken from Sama Clinic in Abu Sakhir District in Najaf Governorate for a patient suffering from nasal polyps. An

MRI and CT scan were taken from the German Hospital for the same patient suffering from a brain disease.

6. MATLAB Algorithm Flowchart

Figure 1. illustrates the fundamental algorithm stage:
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Figure 2. An original X-ray image, (b) An original MRI image (c) An original CT scan image(d) the related histogram of

image in (a),(e) the related histogram of image in (b),(f) the related histogram of image in (c)

7. Method Adopted and Experimental Outcomes
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Figure 3. The resulting X-ray images (cA) resulting image when F =0.1 (B) resulting image when F =0.2 (C) resulting image
when F =0.3 (D) resulting image when F =0.4 (€) resulting image when F =0.5 (F) resulting image when F =0.6 (G)
resulting image when F =0.7 (#) resulting image when F =0.8 (J) resulting image when F =0.9 (J) resulting image when F
=1.1 (¥) resulting image when F =1.2(£) resulting image when F =0.9
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Figure 4. Histogram for X-ray images (A) Histogram for X-ray image when F =0.1 (B) Histogram for X-ray image when F
=0.2 (C) Histogram for X-ray image when F =0.3 (D) Histogram for X-ray image when F =0.4 (£) Histogram for X-ray
image when F =0.5 (F) Histogram for X-ray image when F =0.6 (G) Histogram for X-ray image when F =0.7 () Histogram
for X-ray image when F =0.8 (7) Histogram for X-ray image when F =0.9 (J) Histogram for X-ray image when F =1 (¥)
Histogram for X-ray image when F =1.1(£L) Histogram for X-ray image when F =1.2
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image when F =0.7 (H) resulting image when F =0.8 (J) resulting image when f=0.9 (J) resulting image when F =1.1 (X)
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Figure 7. The resulting CT Scan images A) resulting image when F =0.1 (B) resulting image when F =0.2 (C) resulting
image when F =0.3 (D) resulting image when F =0.4 (£) resulting image when F =0.5 (F) resulting image when F =0.6 (G)
resulting image when f=0.7 (#) resulting image when F =0.8 (7) resulting image when F =0.9 (J) resulting image when F
=1.1 (¥) resulting image when F =1.2(£) resulting image when f=0.9
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Figure 8. Histogram for CT Scan images («A) Histogram for CT Scan image when F =0.1 (B) Histogram for CT Scan image
when F =0.2 (€) Histogram for image CT Scan when F =0.3 (D) Histogram for CT Scan image when F =0.4 (&) Histogram
for CT Scan image when F =0.5 (F) Histogram for CT Scan image when F =0.6 (G) Histogram for CT Scan image when F
=0.7 (H) Histogram for CT Scan image when F =0.8 () Histogram for CT Scan image when F =0.9 (J) Histogram for CT
Scan image when F =1 (X) Histogram for CT Scan image when F =1.1(£L) Histogram for CT Scan image when F =1.2

8. Discussion

Experimental results showed that applying different F-factors directly impacted the quality of all types of medical images
used in this study, including X-rays, MRIs, and CT scans.
1. As shown in Figure 3, which represents an enhanced X-ray image of a patient with nasal polyps using the proposed algorithm
and varying F-factor values, the image is blurry, distorted, and lacks necessary detail, making diagnosis more difficult. When
the F-factor values are equal to (0.4, 0.5, 0.6), the polyps begin to appear. At values of (0.7, 0.8, 0.9), the image becomes clear,
and the polyps are easily visible. However, values of (1, 1.1, 1.2) result in excessive contrast enhancement, producing blurred
images that can negatively impact diagnostic quality.
2. By observing Figure 5, which shows an enhanced MRI image of a patient with a brain tumour using the proposed algorithm
and varying the F-values, the following was noted: when the F-values are equal to (0.1, 0.2), the resulting image is unclear,
blurry, and lacks necessary detail, making diagnosis more difficult. As the F-values are equal to (0.3, 0.4, 0.5, 0.6), the tumour
begins to appear. At F-values of (0.7, 0.8, or 0.9), the image becomes clear, and the tumour is easily visible. However, when the
F-value is equal to (1, 1.1, 1.2), excessive contrast enhancement occurs, resulting in blurred images that can negatively impact
diagnostic quality.
3. Similarly, Figure 7. presents an enhanced CT image of a patient with a brain tumour using the proposed algorithm and varying
the F-values. At F-values of (0.1, 0.2), the image appears blurry, has high density, and lacks clear image details, making diagnosis
more difficult. When the F-value is equal to (0.3, 0.4, 0.5, 0.6), the image is dominated by black, and the tumour is not visible.
At F-values of (0.7, 0.8, and 0.9), the image becomes clear, and the tumour is easily identifiable. However, when the F-value is
equal to (1, 1.1, 1.2), it results in excessive contrast enhancement, resulting in image noise, which can negatively impact
diagnostic quality.
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In general, F-values of (0, 0.8) have been identified as the most suitable for image enhancement in X-ray, MRI, and CT
scans. It achieves the optimal balance between improving image quality and preserving original details, which contributes to
increasing diagnostic accuracy and improving the interpretation of medical images. When observing the histogram in X-ray,
MRI, and CT images before and after applying the enhancement algorithm, the original images displayed grey values between
0 and 1. Following the enhancement, the grey levels shifted toward higher values, or toward one, which shows how the algorithm

affected the images. Contrast and lighting show that it was successful in enhancing the illumination in dim areas.

9. Conclusion

The main goal of image enhancement is to detect hidden features in images and increase the contrast in low-contrast images.
These details play a crucial role in diagnosis, as some features are difficult to identify visually. Therefore, we often enhance
images before displaying them. It is essential to focus on important features when displaying medical images. In this paper, an
algorithm based on empirical equations is proposed, relying on trigonometric functions and varying the values of one of the main
coefficients of the empirical equation F. Excellent results were obtained in diagnosing polyps in X-ray images, as well as in
distinguishing brain tumours in MRI and CT scans. The best results were obtained when the F value was (0.8, 0.9). The
algorithm's performance was evaluated through visual observation and histogram analysis before and after enhancement. The

results showed improved contrast and detail resolution, demonstrating the efficiency of the proposed algorithm.
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1. Introduction

Since Roentgen astonished the world with his discovery of X-rays and their ability to reveal what is hidden from the human
eye, understanding their interaction with materials has become the beginning of a scientific revolution. From this point, the
concept of the mass absorption coefficient emerged as a factor that determines the fate of rays, whether they are absorbed,
scattered, or produced by pairs, depending on their energy and the composition of the material (Iglesias-Juez et al., 2022). This
factor is considered the backbone of modern technology, as it is a crucial component in many practical applications used in
everyday life. In medicine, bones can be distinguished from soft tissues due to the difference in their absorption coefficient
(Abdelmonem, 2025). At airports, security inspection devices analyze the contents of bags by comparing the absorption of
materials to rays. Thus, the mass absorption coefficient can be considered the link between abstract physics and solutions that
harmonise our lives. From the emergency room to the nuclear control room to industrial production lines, it gives us a reality of
the importance of this physical value (Hassan et al., 2021). The interaction of X-rays with materials provides information that
contributes to revealing the density of electronic states, the nature of molecular bonds, and other properties of the solid state.
Numerous studies in the field of materials surface science have been conducted to elucidate the properties, characteristics, and
interactions associated with the surfaces of various materials (Nesterova et al., 2024). The absorption of X-rays by a material,
according to specific laws, is a fundamental pillar of applied physics. Many studies have addressed the subject of X-ray
absorption, the most prominent of which is the study by Mohammed Sultan Al-Buriahi and Baris T. Tonguc (2020). In their
study, the researchers proposed several materials to be used as shielding materials against X-rays and other radiation. These
materials are promising and can be used in windows and doors in medical diagnostic laboratories, X-ray rooms, and radiotherapy
rooms (Al-Buriahi et al., 2020). In addition to the numerous studies that demonstrate the importance of the processes affecting
the interaction of X-rays with matter, accurate calculations are essential for achieving a deeper and more comprehensive
understanding of these processes. This enables the independent analysis of each process, followed by comparison with the
theoretical model and the experimental or quasi-experimental results issued by the various programs, as indicated in the study
by G. Manjula, BR. Roy, S. Jyothsna, AM. Kumar, et al., Materials Today, 2021. In this study, the researchers were able to
obtain the highest absorption coefficients for the fine atomic structure region for X-ray absorption, as the results showed a
discrepancy between the specified values and the measured values. The results were then compared with the results of the FFAST
and WinXCom programs, as there was good agreement with the experimental and theoretical observations (Al-Buriahi et al.,
2020). Advances in X-ray science have made it possible to measure the absorption of materials with high accuracy, providing
profound insights into the atomic structure of materials and the extent of their density changes. This has opened up many horizons
for practical applications across various fields used to test theoretical predictions. These measurements have greatly improved
the ability to predict fine structure associated with X-ray absorption (Whitehead & Finke, 2021). Many practical applications
also depend on this principle. For example, when using X-rays in imaging, whether in the medical or industrial field, the process
relies on the difference in absorption rates when the rays interact with all parts of the material. This difference in the absorption
rate makes it possible to determine the internal details of materials (Revenko & Pashkova, 2023). Relative measurements may
be sufficient for theoretical calculations when calculating the mass absorption coefficient of X-rays, but measuring attenuation
in general, including absorption and scattering, provides a more accurate tool for calculating the absorption coefficient of X-rays
(Schweizer et al., 2024). Therefore, the aim of this research paper is to evaluate the theoretical equation and the suitability of its
application when calculating the X-ray mass absorption coefficient for the studied targets, while providing a comprehensive
explanation of modifying the theoretical equation in support of practical applications based on accurate absorption

measurements.
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2. Theoretical Background

The X-ray absorption coefficient of compounds depends on several key factors related to the compound's composition and

the conditions of interaction between the material and X-rays. These include:
2. 1. The Chemical Composition of the Compound

The absorption coefficient of a compound depends on the elements that comprise it. The higher the atomic numbers of the

elements, the greater the efficiency of the compound in absorbing energy.
2. 2. The Mass or Weight Fraction of the Compound

This term originates from mathematics and physics as a basis for analysing ratios. It represents the mass percentage that a
particular element contributes to the overall compound, as shown in Table 1. It is used to determine the contribution of each
element when calculating the overall properties of the compound, including the X-ray absorption coefficient. The weight fraction
directly affects the absorption coefficient, which can be derived for each compound according to the following relationship (Bam
et al., 2020; Streltsov et al.).

W= m;/M (1)

Where: Wjrefers to the weight fraction of element i in the compound, m;refers to the mass of element i in the compound, and
M refers to the molar mass of the compound. Therefore, the mass absorption coefficient of compounds can be calculated
according to the following relationship (Kasman et al., 2021)

[W/plg = Wi (w/p), )
Where: - ), Wjrefers to the total weight fraction of the elements in the compound.
[1/p]; Represents the mass absorption coefficient of the element in the compound. Which is extracted from the application of

the theoretical equation:
[w/p], = pZ*/mE? (€))

The effective atomic number can be defined as a convenient quantity for evaluating the interaction of a photon with a
substance, as explained by Hine (1952). It can provide a preliminary estimate of the chemical composition of a substance in
general. The effective atomic number is large for inorganic compounds and metals, while it is small for organic materials. It is
also called the effective charge and can be defined as the number of electrons per unit mass of the absorber. The effective atomic
number is symbolised by the symbol Z.. Its value can be calculated either using a physical law or Slater's rule. It is a suitable
parameter for representing the interactions of X-rays and gamma rays. For example, it is used in radiation shielding designs or
in calculating the absorbed dose in radiotherapy (Zhou, 2024). Slater was able to calculate the effective nuclear charge (effective
atomic number) of electrons in the s, p, d, and f shells (Cheewasukhanont et al., 2022). It is necessary to determine the amount
of X-rays absorbed by materials in order to determine the amount of safe dose for individuals, through which the most appropriate
materials are chosen for use as radiation shields. In the case of compounds, Slater's rule cannot be applied to extract the effective
atomic number. Rather, a more accurate mathematical relationship can be used to calculate the effective atomic number based
on the mass fraction of the elements that make up the compound, according to the following relationship (Aldalawi et al., 2021):

Zes= L W; Z° 4)
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Table. 1. shows the most important physical and chemical properties of (NiO, SiC) (Patel, 2023)

Symbol Density Molecular Boiling point Melting Crystal Effective
weight point structure atomic number
NiO 6,67 74.69 2800 1955 FCC 25.39
SiC 3.21 40.10 Transcends 2700 FCC 12.57

3. Research Methodology

In this research paper, the mass absorption coefficient of X-rays in the energy range of 1-100 keV was calculated based on
photoelectric absorption for the compounds SiC and NiO, as well as the elements that make up the compounds (Si, C, Ni, O).
This analysis aims to investigate the absorption behaviour resulting from the photoelectric effect for theoretical purposes and to
highlight the influence of atomic number and energy on the absorption capacity of materials. To develop a theoretical model
based on photoelectric absorption, the calculations were performed using theoretical equations (2) and (3).

The mass absorption coefficient of the target materials was extracted using standard programs approved by NIST, such as
XCOM. XCOM has its roots in the early 1970s, when physicists at the National Institute of Standards and Technology (NIST)
developed computational models to calculate the cross sections of photon interactions with matter. It was published as a
standalone program in 1987 by Berger & Haberman and later updated. XCOM is a specialized program for calculating the
absorption coefficients of X-rays in various materials. Its name reflects the combination of the concept of X-rays and the complex
calculations associated with them. It was developed by the NIST Laboratory for Calculating the Absorption Coefficients of X-
rays in Various Materials (Berger, 2010), along with the FFAST program.

FFAST is a physics-based computer program that serves as a standard reference database developed by the National Institute
of Standards and Technology (NIST), last updated in 2005, which contains a detailed table of atomic form factors, absorption
cross-section, electro-optical scattering, and mass attenuation coefficients for the range (1-10 eV), the range (-0.4 - 1 MeV), and
the atomic range (1-92). Much of the modern theoretical foundation for this data was provided by Cromer, Mann, and Lieberman,
while Heky et al. contributed significant experimental data. FFAST is an abbreviation for (Form Factor and Scattering Tables).
The program was developed to meet the need for accurate and up-to-date tables of physical parameters related to the interaction
of X-rays with materials. This program began in the mid-twentieth century, and with the development of technology, FFAST
emerged as an updated tool to obtain higher accuracy and efficiency, using the latest physical theories and practical data to obtain
results that meet modern needs. FFAST was developed as an alternative to the XCOM program, but it focuses primarily on
diffraction, scattering, and interference. It began in the early 1990s and was developed using new computational methods,
including quantum calculations. The program has several functions, including calculating the absorption coefficient of X-rays
for single elements, compounds, and mixtures. Further, FFAST provides accurate scientific information about the interaction of
matter with X-rays and plays an effective role in the design of X-ray devices, medical imaging, and scientific studies related to
radiation. It is widely used in absorption and scattering calculations, as it covers a wide energy range (1 keV - 100 MeV) (Factor,
20009).

The effective atomic number or effective nuclear charge was calculated using a theoretical equation based on the atomic
number and mass fraction of the compound. The original atomic number was then replaced by the effective atomic number. The
results were then tabulated and represented graphically, and a comparison was made between all the results obtained by different

methods. All calculations were performed using MATLAB 2020. As shown in Figures 1.
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Figure 1. Hlustrates the MATLAB algorithm.
4. Results and Discussion

Figures 2 and 3, as well as Tables 2 and 3, show the values of the mass absorption coefficient according to Equation (2) for
NiO-Z and SiC-Z, which represent the value of the mass absorption coefficient of X-rays according to the theoretical model
studied in terms of the atomic number. The results are compared with data from the XCOM and FFAST programs. From the
figure, we note that the mass absorption coefficient is very high in the low range, indicating strong absorption of photons in the
low range. As the energy increases, a sharp decrease occurs due to the diminishing influence of the photoelectric effect. At high
energies, the absorption coefficient stabilizes at low values, where the dominance of the Compton Effect and pair production
becomes apparent. Irregularities are also observed in the absorption edges, which may be attributed to several factors, including
the chemical effects resulting from the combination of pure nickel with oxygen and interactions between various physical
phenomena. Additionally, the mass absorption coefficient of silicon carbide increases significantly in the low range due to the
dominance of the photoelectric effect. In this range we see the conformity of the curve of theoretical equation(2) with the
experimental results of the XCOM program.

Then the coefficient begins to decrease significantly, which shows that the results of the equation agree well with the data of
the XCOM program at medium energies (10-50 keV). At high energies < 50 keV, we notice an increasing and gradual decrease
in the values of the mass absorption coefficient, but all the curves are very close in the high-energy range, but we notice that the
experimental values of the XCOM program are closest to the results of equation (2). At high energies (<40 keV), we notice that
the theoretical values are closer to the experimental values, meaning that in this range the mass absorption coefficient becomes
more stable, which reflects that the effects of the electronic structure in this range have begun to decrease. Specifically,

compounds that consist of elements with significantly different atomic numbers will have theoretical values that deviate from
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the experimental values, whereas compounds that contain elements with similar atomic numbers will have theoretical values
that are close to the experimental values. The shielding coefficient of the target compounds (NiO, SiC) was determined by
calculating the amount of shielding caused by the inner electrons close to the nucleus on the electrons in the other outer orbits.
Based on this calculation, the effective atomic number (effective charge) was measured theoretically according to Equation (4)
for the studied compounds. The mass absorption coefficient of the above metals was calculated according to Equation (3),
replacing the atomic number (Z) with the effective atomic number (Z.ff), which was extracted according to Equation (4). We
note the curve of the mass absorption coefficient as a function of energy for nickel oxide. In the low energy range (0-20 keV),
its values, according to Equation (2), NiO-Z, are higher than the rest of the curves and tables, indicating greater absorption of
X-rays in this range. As for the results of the modified equation in terms of the effective atomic number, NiO-
Zessfor the compound, both the results and the curve indicate a sharp decrease in the mass absorption coefficient. This means
that when using the effective atomic number instead of the atomic number, the absorption of X-rays by the material decreases.
In the medium energy range (20-50 keV), we note that the values extracted from Equation (4) are higher than the experimental
values of the XCOM program, and the values of the modified equation (NiO-Z,;,)are lower than the experimental values of the
XCOM program. However, this difference between the curves gradually decreases as the energy increases. In the high energy
range (50-100 keV), we note a greater convergence between the curves and the values of the models used, but (NiO-Z, )
remains the lowest of the curves. The reason for the decrease can be explained by the fact that the model used does not accurately
reflect the effects of each element. The model also neglects sharp transitions in absorption in the energy range used. In addition,
the effective atomic number is an approximation and is not an accurate replacement for the original equation. Therefore, when
using it, precise details of X-ray absorption may be lost for some compounds. At low energies (less than 5 keV), oxygen
contributes significantly, giving a good approximation to the equation. In Fig. 1 and Table 3, we observe that (SiC) at low energy
ranges (0-20 keV) takes a representation similar to nickel oxide, where the curve and values of (SiC-Z) resulting from applying
Equation (2) are higher than the rest of the curves, while (SiC-Z,)resulting from modifying Equation (4) are less than XCOM.
At medium energies (20-50 keV), we observe convergence in the plots and values between the models used, except for the
XCOM program, which remains gradually lower. At high energies (50-100 keV), the curves converge or begin to converge, but
(SiC-Z,s5)remains slightly lower. In addition, the differences at the high range between the studied models become smaller. The
reason for this is that silicon carbide shows a different response in absorbing X-rays in a way that affects the computational
models. In fact, at low energies, the shielding is more pronounced, leading to a decrease in the effective atomic number and,
consequently, a decrease in the absorption coefficient value. The mass is compared to the value calculated according to equation
(4). At medium energies, the effect of shielding begins to decrease until the effective atomic number remains less than the normal
atomic number. We note that the decrease in the value of the mass absorption coefficient remains less than it was in the case of
using the normal atomic number. At high energies, the most important role is in the absorption of the inner electrons, as we note
adecrease in the differences between Z and Z. ¢ . At that time, the effect of replacing one of the factors of the theoretical equation

(3) is very small in the high-energy range due to the dominance of Compton interactions and pair production in the material.
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Figure 2. shows the mass absorption coefficient of nickel oxide using various computational and experimental methods.

Table 2. Shows the theoretical and experimental values of the X-ray absorption coefficient as a function of energy for nickel

oxide.
Energy Absorption coefficient of  Absorption coefficient ~ Absorption coefficient of Absorption
X-ray by of X-ray by X-ray by XCOM coefficient of X-
(keV) NiO- Z(cm?/g) NiO- Zeff (cm?/g) ray
(cm? /g) by FFAST (cm?/g)

1 71577.4 52347.8 8723 8428.158

15 21208.1 15510.4 3655 3297.925
2 8947.18 6543.4 1755 4.653303

2.5 4580.95 3350.2 1177.9 5005.26
3 2651.01 1938.8 600.8 268.8943

35 1669.44 1220.9 4379 403.5981

4 1118.39 817.93 275 277.6821

5 572.619 418.78 148.70 131.211

6 331.377 242.35 89.5 53.9435

8 139.799 102.24 39.83 37.6931

10 715774 52.347 164.2 165.8165

15 21.2081 15.510 55.21 55.933

20 8.94718 6.5434 24.88 53.3352

30 2.65101 1.9388 7.801 17.0735

40 1.11839 0.8179 3.358 6.3902

50 0.57261 0.4187 1.73 1.753

60 0.33137 0.2423 0.9994 4.83594

80 0.13979 0.1022 0.4178 3.3207

100 0.07157 0.0523 0.2113 0.911
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Figure 3. shows the mass absorption coefficient of silicon carbide using various computational and experimental methods

Table 3. Shows the theoretical and experimental values of the X-ray absorption coefficient as a function of energy for silicon

carbide.
Energy Absorption Absorption Absorption Absorption
(keV) coefficient of X-  coefficient of X- coefficient of X-ray coefficient of
ray by ray by by XCOM X-ray
SiC-Z(cm?/g) SiC-zef f (cm?/g) by FFAST

(cm? /g) (cm?/g)

1 2295.814 2852.8 1760 1373.385

15 680.2412 845.28 583 493.3119
2 286.9767 356.60 2034 2020.3
2.5 146.9321 182.58 1372.5 1191.3
3 85.03015 105.66 711 704.55
35 53.54668 66.538 519.15 23.366

4 35.87209 44,575 327.3 491.6185

5 18.36651 22.822 176.4 339.921

6 10.62876 13.207 105.3 159.6442

8 4.484012 5.5719 45.95 109.4068
10 2.295814 2.8528 23.84 42.4616
15 0.680241 0.8452 7.066 23.366
20 0.286976 0.3566 2.929 6.9286
30 0.085030 0.1056 0.8301 3.0826
40 0.035872 0.0445 0.3349 0.9081
50 0.018366 0.0228 0.1647 0.3188
60 0.010628 0.0132 0.09195 0.1681
80 0.004484 0.0055 0.03652 0.0887
100 0.002295 0.0028 0.01781 0.0378

5. Conclusions

When studying and calculating the X-ray mass absorption coefficient for the two compounds in this study within the energy
range (1-100 keV), it becomes clear that there is a fundamental discrepancy in using the effective atomic number instead of the
real atomic number. When using nickel oxide, which consists of two elements with a difference in atomic number, this difference

leads to a small and non-linear interaction, as nickel has a significant effect at the absorption edge energies, i.e., in the low energy
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range. In addition, oxygen atoms have a prominent role in the overall absorption of the compound, which makes replacing the
real number with the atomic number, i.e., by modifying the equation, very useful to obtain an idea of the average absorption
behaviour. However, this idea is less accurate in the high-energy range, especially at the absorption edges of nickel, where sharp
discrepancies appear in the values of the mass absorption coefficient, which cannot be represented using the effective atomic
number alone.

Therefore, we conclude that modifying the equation is appropriate and useful for obtaining an approximate estimate away
from the absorption edges, while using the real atomic number is useful and necessary in cases that require spectral accuracy. As
for silicon carbide, which is composed of two relatively light elements, the absorption curve is more consistent and regular in
the studied energy range. The absence of absorption edges in the medium and low energy range of X-rays gives a highly accurate
prediction when using the effective atomic number to obtain a consistent absorption behaviour. This makes silicon carbide easier
to represent both physically and behaviourally in applications that need a general estimate of absorption and do not require a
precise interpretation of the spectrum.

Consequently, we conclude that it is preferable to use the true atomic number, as general approximations, and the effective
atomic number in precise spectroscopic analyses, particularly for absorption edges for nickel oxide. For silicon carbide, using
the effective atomic number from the modified theoretical equation is considered more accurate and appropriate, due to its simple

atomic structure and the absence of absorption edges in the compound.
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1. Introduction

Globally, stress is recognised as a major public concern, impacting an estimated one-third of people while also leading to a
myriad of bodily and health complications (Organization, 2022). Among university students, those studying in categorically
demanding programs like nursing are even more at risk. They struggle with relentless academic pressure, emotionally draining
clinical experience, and performance expectation workloads, which lead to significantly higher levels of stress than students in
other fields (Bolarinwa & Ishola, 2023; Xu et al., 2023). If left unaddressed, chronic stress in nursing students may result in

serious untreated health complications such as anxiety, burnout, and even dropping out from school (Boamah et al., 2024).

The rigour of nursing education involves not only mastering the theoretical knowledge and clinical skills but also
considerable emotional labour. As nursing students engage in clinical placements, they regularly face human suffering while still
navigating coursework and personal life at home (Sharif & Masoumi, 2005). Notably, many students develop positive coping
skills, which are helpful for their overall health and educational successes; however, not all students have emotional coping
resources or institutional support to develop them (Jimenez et al., 2010). This indicates that nursing programs must provide
psychological support to nursing students in addition to skills-based knowledge and training.

Nursing students in the West Bank are especially encumbered by a higher register of stress in addition to the academic
and clinical stress that all nursing students experience due to political strife and resource-poor environments. In addition to
negotiating the emotional trouble that accompanies academic pressures, nursing students in the West Bank also contend with
daily realities such as political conflict, economic instability, limited movement, and community-level trauma (Abu-Raiya &
Pargament, 2015; Salameh et al., 2025; Thabet et al., 2008). These realities multiply their emotional burden and make it very
hard to persist and thrive in their education. For many students, adjusting to the broader social and political environment and
surviving are more important than keeping up academically.

Even with these complications, many students still use personal, social, and cultural resources to cope. Family support,
religious faith, friends, and cultural values can protect against the ill effects of stress, while problem-solving ability and positive
thinking may contribute to resilience (Agbaria & Abu-Mokh, 2023; Lazarus & Folkman, 1984; Loureiro et al., 2024). There are
also unproductive coping strategies. Some students may engage in avoidant behaviour or denial that will ultimately contribute
to increasing levels of stress (Seyedfatemi et al., 2007).

The purpose of this study is to examine the stress level, stressors of stress, and coping mechanisms of nursing students in
the West Bank, where they are exposed to a unique combination of academic, clinical, and geopolitical influences that contribute
to their psychological distress. These students often have the responsibility of providing safe and effective patient care while
experiencing psychological discomfort. They are also expected to distinguish between anxiety caused by their academic
responsibilities and that resulting from living and schooling in a politically unstable location (Li et al., 2024). Their limited
support systems, combined with exposure to traumatic events, act as psychosocial potential health threats to their academic and
emotional growth (Li et al., 2024). Prolonged exposure to stress is widely known to produce psychological distress, including
anxiety, depression, and burnout, not to mention interfere with their academic performance (Pulido-Martos et al., 2012).
Unfortunately, very few empirical studies have examined the lived experiences of nursing students, their stress responses, and
factors impacting their distress (Hamaideh et al., 2024).

It is important to determine how nursing students view and cope with stress in order to promote academic resilience and
mental health support. Without such information, nursing programs could be ineffective in preparing students for success, both
in clinical practice and on a personal level, even in the safest environments. They need to understand these aspects of effective
nursing education to ensure that students are utilizing best practices in a high-risk area, where stress is an environmental situation
that is unavoidable and ongoing (Seyedfatemi et al., 2007). This research fills this gap in the literature by examining the stress
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experienced by nursing students in the West Bank and identifying their levels of stress, sources of stress, and coping techniques
employed (Bolarinwa & Ishola, 2023).
Based on the results of this research, it is anticipated that new culturally relevant interventions and institutional policies will
emerge within institutions to foster student mental health in areas of conflict (Alzayyat & Al-Gamal, 2014). Increased awareness
of psychological processes and the negative outcomes of stress on this student cohort will lead to the implementation of tailored
intervention strategies at each institution, including appropriate adaptive learning environments, mentorship strategies, and
emotional support systems (Gibbons et al., 2011). These will not only contribute to the academic success of students enrolled in
coursework and programs with these challenges, but they will also contribute to students becoming clinically competent and
students who will be emotionally and mentally ready to enter nursing roles in less than desirable healthcare situations.

In areas with limited resources and political instability, this study adds to the global discourse on nursing student stress
and mental health by drawing attention to a population that has received little attention in the literature (Custer Jr, 2010;
Organization, 2022). The findings of the research may assist education and health care policymakers, organisations, and
institutions in considering interventions that directly respond to the particular needs of nursing students in the West Bank (Li et
al., 2024). Ultimately, supporting those students' well-being and resilience is a step toward establishing a more sustainable,

compassionate, and effective healthcare workforce for the region.
General Objective

To investigate the stress experiences level, sources of stress, and coping strategies among nursing students in the West Bank.
Specific Objectives

The specific objectives of this study are to:

1. ldentify the types of stress experiences encountered by nursing students in the West Bank.

2. Examine the primary sources of stress that contribute to challenges among nursing students in the West Bank.

3. Explore the coping strategies employed by nursing students in the West Bank to manage and alleviate stress.

4. Investigate the differences between demographic characteristics (such as age, gender, academic year, and

socioeconomic status) and the level of stress experienced by nursing students in the West Bank at alpha <0.05.
Research Questions

This study aims to answer the following research questions:

1. What is the level of stress reported by nursing students in the West Bank?

2. What are the main sources of stress contributing to the challenges faced by these students?

3. What coping strategies do nursing students in the West Bank use to manage stress?

4. Are there statistically significant differences between demographic characteristics and the level of stress experienced

by nursing students?
Research Hypothesis

Null Hypothesis (Ho): There are no statistically significant differences in the level of stress experienced by nursing students
in the West Bank based on demographic characteristics such as age, gender, and level of education at an alpha level (o < 0.05).
Alternative Hypothesis (H:): There are statistically significant differences in the level of stress experienced by nursing students

in the West Bank based on demographic characteristics such as age, gender, and level of education at an alpha level (a > 0.05).
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2. Methodology

This chapter describes the study's methodology, which includes the population, setting, sampling strategy, inclusion and
exclusion criteria, research design, data collection techniques, tool validity and reliability, ethical considerations, and data

analysis plan.
2. 1. Study Design

A cross-sectional descriptive design was employed in this study to assess the stress levels, causes, and coping strategies of
nursing students in the West Bank who were enrolled in bachelor's and diploma programs. This design is particularly well-suited
for documenting participants' experiences at a specific point in time and is commonly employed for observational research within
the social and health sciences (Polit & Beck, 2008).

2. 2. Study Setting

The research took place in several well-respected schools and universities across the West Bank that offer nursing bachelor's
and diploma programs. Students from diverse socioeconomic and academic backgrounds had the opportunity to engage in a rich

and inclusive environment.

2. 3. Study Time Frame

Data collection took place over a span of 20 days, from March 4 to March 24, 2024. This timeframe was chosen to ensure
the collection of a representative sample and to maintain quality control throughout the data processing phase. It is noteworthy

that this period coincided with localised unrest and increased political activity, which might have impacted students” stress levels.

2. 4. Study Population

The target group for this study was around 20,000 nursing students who were enrolled in diploma and bachelor’s degree
programs across the West Bank during the 2023-2024 academic year, according to the Palestinian Central Bureau of Statistics

(PCBS, 2024). This figure includes students from both public and private higher education institutions.

2. 5. Sampling Technique and Sample Size

A convenience sampling method was employed to recruit participants based on their availability and willingness to
participate. The sample size was calculated using G*Power 3.1 software (Faul et al., 2007) for a one-way ANOVA, with a
medium effect size of 0.3, a 95% confidence interval (CI), and a significance level of a = 0.05. Based on this calculation, a
minimum of 380 participants was deemed sufficient. To account for potential non-response or attrition, an additional five students
were included, bringing the final sample size to 385 nursing students.

2. 6. Inclusion and Exclusion Criteria
2. 6. 1. Inclusion Criteria

- Nursing students currently enrolled in accredited diploma or bachelor’s nursing programs in the West Bank.

- Students who voluntarily consented to participate in the study.
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2. 6. 2. Exclusion Criteria
»  Students who were on leave or absent during the data collection period.

»  Students enrolled in postgraduate programs (master’s or PhD).
2. 7. Data Collection Tool

Data was collected using a structured self-administered questionnaire, adapted from previous studies (Bolarinwa & Ishola,
2023), and consisted of four main sections:
» Section 1: Socio-demographic characteristics (e.g., age, gender, academic year, and residence).
» Section 2: The Perceived Stress Scale (PSS-10) in Arabic, which measures the degree to which situations in one’s
life are appraised as stressful (Ali et al., 2021).
> Section 3: A list of potential sources of stress, where students marked whether they had experienced each stressor.

» Section 4: The Brief COPE inventory, which assessed the coping strategies used by the students.
2. 8. Cut-off Points for Stress Levels

Stress levels were categorised based on mean scores from the PSS:
» Lowstress: 1.00—2.3
» Moderate stress: 2.34 — 3.67
» High stress: 3.68 —5.00

2. 9. Data Collection Procedure

The questionnaire was distributed electronically via Google Forms to nursing students across various institutions.

Participation was voluntary, and a convenience sampling technique was used to facilitate broad participation.
2. 10. Validity and Reliability of the Instrument

To ensure face validity, the questionnaire was reviewed by subject matter experts in nursing education and mental health.
Reliability testing was conducted using Cronbach’s alpha, which yielded a coefficient of 0.80 for the PSS—indicating good
internal consistency. Additionally, a pilot study involving 40 students (10% of the total sample) was conducted to evaluate the
clarity and feasibility of the instrument. Results indicated that the questionnaire was well understood and took approximately 15
minutes to complete.

2. 11. Data Analysis

Data were analysed using SPSS version 27. After ensuring data integrity and normality, both descriptive and inferential
statistics were applied. Descriptive statistics (frequencies, percentages, means, and standard deviations) summarised participant
characteristics and variable distributions. Inferential tests such as the independent t-test and one-way ANOVA were used to

assess differences in stress levels across demographic groups.
2.12. Ethical Considerations

The study upheld high ethical standards throughout:

» Confidentiality was maintained by anonymizing responses and securely storing data.
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» Anonymity was protected by avoiding the collection of identifying information; instead, coded data was used
for analysis.
» Participants were informed of the study purpose, their right to withdraw, and that their responses would remain

confidential and used solely for academic purposes.
2. 13. Ethical Approval

Ethical approval was obtained from the relevant Institutional Review Board (IRB) prior to data collection. The IRB reviewed
the study’s protocol to ensure alignment with ethical principles, including informed consent, participant welfare, and data

privacy.
3. Results

A total of 385 participants were involved in the study. The gender distribution was almost evenly matched, with 50.8% male
(n =193) and 49.2% female (n = 187). The age distribution generally skewed toward younger respondents, with the majority of
participants aged 18-20 years (43.9%) and 21-23 years (37.9%). Only 8.9% were in the 24-26 age category, and 9.2% were 27
years or older.

Concerning education, the majority of participants (66.8%) reported that they had a bachelor’s degree, while 33.2% reported
holding a diploma. Participants were evenly distributed across academic years: 25.0% reported being in their first year, 26.6%
in their second year, 16.8% in their third year, and 31.6% in their fourth year. The household composition suggests that the
majority of participants live in towns or villages (58.9%), while 29.7% reported living in cities and 11.3% in refugee camps.

In terms of marital status, 71.3% of participants were single; 16.1% were married; 7.4% were divorced or separated; and
5.3% were widowed. When participants indicated dependent children, 49.5% reported having 1-2 dependents, 32.6% reported
having no dependent children and, 17.9% reported having three or more. In terms of parental education, 29.2% of fathers and
26.6% of mothers had no formal schooling, while 41.1% of fathers and 35.8% of mothers had completed high school.
Employment status revealed that 60.5% of participants were unemployed, 24.2% were employed full-time and 15.3% part-time.
With respect to household income, 35.5%, fell below 1800 NIS, 25.8% earned 1800—-2700 NIS, 19.5% earned 2700—-4000 NIS
and 19.2% earned above 4000 NIS.

The majority of participants (78.9%) live at home with their parents. With respect to academic performance, the data indicated
42.9% of participants reported a cumulative average between 70-79.9%; 15.0% a cumulative average between 60-69.9%; 24.7%
a cumulative average between 80-89.9%; and 8.7% reported a cumulative average over 90%. Lastly, most participants (62.6%)

were enrolled in colleges and (37.4%) in universities. As shown in Table 1.

Table 1: Demographic Variables of the Participants (n=385)

Demographic variable n %
Gender Male 193 50.8%
Female 187 49.2%
Age 18-20 Years Old 167 43.9%
21-23 Years Old 144 37.9%
24-26 Years Old 34 8.9%
27 Years Old and Above 35 9.2%
Level of Education Diploma 126 33.2%
Bachelor’s Degree 254 66.8%
Years of the study First Years 95 25.0%
Second Years 101 26.6%
Third Years 64 16.8%
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Fourth Years 120 31.6%
Location of Residence Major City (e.g., Ramallah, Nablus) 113 29.7%
Town/Village 224 58.9%
Refugee Camp 43 11.3%
Marital Status Single 271 71.3%
Married 61 16.1%
Divorced/Separated 28 7.4%
Widowed 20 5.3%
Number of Dependents None 124 32.6%
1-2 188 49.5%
Or More 68 17.9%
Highest Level of Education (father) No Formal Education 111 29.2%
High School 156 41.1%
Diploma 35 9.2%
Bachelor’s Degree 60 15.8%
Master’s Degree or Higher 18 4.7%
Highest Level of Education (mother) | No Formal Education 101 26.6%
High School 136 35.8%
Diploma 76 20.0%
Bachelor’s Degree 52 13.7%
Master’s Degree or Higher 15 3.9%
Employment Status (If Applicable) Employed Full-time 92 24.2%
Employed Part-timer 58 15.3%
Unemployed 230 60.5%
Monthly Household Income Less Than 1800 NIS 135 35.5%
1800-2700 NIS 98 25.8%
2700-4000 NIS 74 19.5%
More Than 4000 NIS 73 19.2%
Do You Live with Your Parents? Yes 300 78.9%
No 80 21.1%
Cumulative Average Less Than 60% 33 8.7%
60%-69.9% 57 15.0%
70%-79.9% 163 42.9%
80%-89.9% 94 24.7%
90%-99.9% 33 8.7%
Type of the institution College 238 62.6%
University 142 37.4%

3. 1. Sources of Stresses

Among the 21 listed stressors, the most frequently reported by students was “Problems with Studies in General” (83.4%),
followed by “Financial Difficulties” (81.6%) and “Sleeping Disorders” (78.9%). Other common sources included “Worries
About the Future” (75.8%) and “Academic Workload” (67.4%). In contrast, less frequently reported stressors were “Conflicts
with Roommates” (42.9%) and “Lack of Parental Support” (42.1%). The highest rates of non-experienced stressors were found

in “Problems with Accommodation” (54.5%) and “Conflicts with Roommates” (57.1%), as detailed in Table 2.

Table 2: Sources of Stresses (n=385)

Item Experienced Not
Experienced
n % n %
1. Financial Difficulties 310 | 81.6% 70 18.4%
2. Family Problems 245 | 64.5% 135 | 35.5%
3. Sleeping Disorders 300 | 78.9% 80 21.1%
4. Worries About Future 288 | 75.8% 92 24.2%
5. Problems with Studies in General 317 | 83.4% 63 16.6%
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6. Stress of Academic Workload 256 | 67.4% 124 | 32.6%
7. Trouble with My Parent(S) 201 | 52.9% 179 | 47.1%
8. Trouble with My Siblings 180 | 47.4% 200 | 52.6%
9. Trouble with My Lecturer(S) 211 | 55.5% 169 | 44.5%
10. Trouble with My Course Mates 187 | 49.2% 193 | 50.8%
11. Problems with Accommodation 173 | 45.5% 207 | 54.5%
12. Problems with Learning Environment 241 | 63.4% 139 | 36.6%
13. Conflicts with My Roommate(S) 163 | 42.9% 217 | 57.1%
14. Problems Staying Away from Home 192 | 50.5% 188 | 49.5%
15. Often Interpersonal Conflicts in School 184 | 48.4% 196 | 51.6%
16. Lack of Parental Supports 160 | 42.1% 220 | 57.9%
17. Bad News While in School 231 | 60.8% 149 | 39.2%
18. Appetite Change 246 | 64.7% 134 | 35.3%
19. Transportation Problems 270 | 71.1% 110 | 28.9%
20. Problems Getting Life Partner 197 | 51.8% 183 | 48.2%
21. Low Self-Esteem 183 | 48.2% 197 | 51.8%

3. 2. Levels of Stress among the Students

As shown in Figure 1, the pie chart presents the distribution of stress levels among a group of students. A striking 93.4% of
the students report experiencing moderate levels of stress, indicating that the majority feel a noticeable but perhaps manageable
degree of stress. Notably, a smaller proportion, 5%, report high levels of stress, which suggests a significant impact on their well-
being and daily functioning. Only1.6% of the students report low levels of stress, indicating that stress is a common and
significant factor for nearly all the students surveyed. The data underscores the prevalence of moderate stress in the student

population, with high stress also being a concerning issue for a notable minority.

Levels of stress among the students
1,60% 5,00%

14

= Low = Moderate = High

Figure 1. Level of Stress among the participants (n=385)

3. 3. Mean Score for Each Item of the Stress Scale

Among the stress scale items, “Feeling nervous and stressed” (M = 3.30) and “Feeling confident in handling personal

problems” (M = 3.21) had the highest mean scores, indicating stronger perceptions of stress. In contrast, items such as “Being
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upset due to unexpected events” (M = 2.89), “Being unable to control important things” (M = 2.84), and “Feeling unable to

cope” (M =2.91) showed lower stress perception. Similarly, items related to controlling irritations, feeling on top of things,

and handling uncontrollable events had mean scores between 2.81 and 2.95, suggesting they were not commonly perceived as

stressors. As shown in Table3.

Table 3: Perceived Stress Scale among Participants (n=385)

No. Item M SD Status
1 Being Upset Due to Unexpected Happenings 2.89 | 1.295 | Not Perceived stress
2 Being Unable to Control Important Things in Your Life 2.84 | 1.136 | Not Perceived stress
3 Feeling Nervous and Stressed 3.30 | 1.215 | Perceived stress
4 Feeling Confident of Your Ability to Handle Personal Problems 3.21 | 1.201 | Perceived stress
5 Feeling That Things Were Going Your Way 2.90 | 1.171 | Not Perceived stress
6 Found Out That You Could Not Cope with All the Things That You Had to | 2.91 | 1.125 | Not Perceived stress
Do
7 Being Able to Control Irritations in Your Life * 2.95 | 1.155 | Not Perceived stress
8 Feeling That You Were on Top of Things * 2.93 | 1.142 | Not Perceived stress
9 Being Angered Because Of Things That Were Beyond Your Control * 2.81 | 1.222 | Not Perceived stress
10 Feeling That Difficulties Were Piling Up So High That You Could Not | 2.91 | 1.181 | Not Perceived stress
Overcome Them *
Total Mean Score (10 items) 2.96 | .359 | Not Perceived stress

*Reverse coded

3. 4. Coping Strategies Used among Participants

The most frequently reported coping strategies were self-distraction and acceptance (77.6% each), followed by humour

(75.3%) and planning (74.2%). Active coping and positive reframing were also commonly used, reported by 68.7% and 67.6%

of participants, respectively.

Emotional support was used by 62.9%, and instrumental support by 54.2%. Denial and self-blame were reported by 49.5%

and 60.5%, respectively. Substance use was less common, with 28.2% of participants reporting this strategy. As shown in Table

4.

Table 4: Coping Strategies Used among Participants (n=385)

No. Coping Strategies Used Yes No

1 n % n %

2 Self-Distraction 295 77.6% 85 22.4%
3 Active Coping 261 68.7% 119 31.3%
4 Denial 188 49.5% 192 50.5%
5 Substance Use 107 28.2% 273 71.8%
6 Emotional Support Use 239 62.9% 141 37.1%
7 Instrumental Support Use 206 54.2% 174 45.8%
5 Behavioural Disengagement 220 57.9% 160 42.1%
9 Venting 248 65.3% 132 34.7%
10 Positive Reframing 257 67.6% 123 32.4%
11 Planning 282 74.2% 98 25.8%
12 Humour 286 75.3% 94 24.7%
13 Acceptance 295 77.6% 85 22.4%
14 Religion 284 74.7% 96 25.3%
18 Self- Blame 230 60.5% 150 39.5%

Stress levels significantly differed across several demographic variables. Females reported higher stress (M = 3.08, SD =
0.284) than males (M = 2.85, SD = 0.389; p < .001). Year of study was also significant (p = .005), with first-year students
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reporting lower stress. Participants with fathers (p =.001) or mothers (p =.001) with no formal education had lower stress scores

compared to those with higher parental education.

Employment status was associated with stress levels (p = .001), with unemployed participants reporting higher stress (M =

3.03, SD = 0.325) than those employed full-time. Cumulative academic average was also significant (p = .001), with higher

stress reported among students with lower academic performance.

Table 5: Differences between demographic variables in terms of stress (n=385)

Demographic variable n M SD P-value

Gender Male 193 2.85 .389 <.001*
Female 187 3.08 .284

Age 18-20 Years Old 167 2.96 .346 974
21-23 Years Old 144 2.97 .356
24-26 Years Old 34 2.98 404
27 Years Old and Above 35 2.96 .394

Level of Education Diploma 126 3.00 .359 220
Bachelor’s Degree 254 2.95 .358

Years of the study First Years 95 2.87 .345 .005*
Second Years 101 3.00 321
Third Years 64 3.07 .320
Fourth Years 120 2.95 402

Location of Residence Major City (e.g., Ramallah, Nablus) 113 291 .383 116
Town/Village 224 3.00 .325
Refugee Camp 43 2.95 441

Marital Status Single 271 2.97 .335 .238
Married 61 2.94 373
Divorced/Separated 28 2.86 .504
Widowed 20 3.06 376

Number of Dependents None 124 2.90 .386 .064
1-2 188 3.00 .338
Or More 68 2.98 .355

Highest Levels of Education (father) No Formal Education 111 2.79 379 .001*
High School 156 3.08 .299
Diploma 35 3.01 .366
Bachelor’s Degree 60 2.95 .283
Master’s Degree or Higher 18 2.98 499

Highest Levels of Education (mother) No Formal Education 101 2.85 373 .001*
High School 136 3.06 311
Diploma 76 2.93 .384
Bachelor’s Degree 52 2.95 314
Master’s Degree or Higher 15 3.05 458

Employment Status (If Applicable) Employed Fulltime 92 2.84 377 .001*
Employed Part-time 58 2.92 404
Unemployed 230 3.03 325

Monthly Household Income Less Than 1800 NIS 135 2.92 .332 137
1800-2700ils 98 3.03 .386
2700-4000ils 74 2.95 .354
More Than 4000ils 73 2.98 .366

Do You Live with Your Parents? Yes 300 2.96 .3387 .960
No 80 2.97 429

Cumulative Average Less Than 60% 33 2.75 .352 .001*
60%-70% 57 3.03 272
70%-80% 163 2.95 377
80%-90% 94 3.00 .357
90%-99.9% 33 3.07 .334

Type of the Institution College 238 2.95 .338 455
University 142 2.98 .392

Independent t test and One-Way ANOVA tests, *Significant at p=<0.05.

105



A. Fageeh etal. Modern Journal of Health and Applied Sciences (MJHAS) Volume 2, Issue 2 (2025)

4. Discussion

The results of this study provide valuable insights into the stress levels, sources of stress, and coping strategies among nursing
students in the West Bank. They highlight the psychological challenges these students face, shaped by academic demands, socio-
economic conditions, and cultural aspects. These conclusions indicate a clear need for interventions and support for nursing

students with the ability to minimize stress and promote overall well-being throughout their education.

4. 1. Stress Levels among Nursing Students

The study found that just 5% of students reported high stress and 1.6% reported low stress, while the vast majority (93.4%)
reported moderate stress. The average item score on the PSS-10 was 2.96, placing it within the standardized moderate stress
category (2.34-3.67). It is noteworthy that, while the scores of individual items were somewhat mild, the aggregate impact
indicated sustained— that is, moderate— stress (Al-Gamal et al., 2018; Xu et al., 2023). The mean score of 2.96, although
moderately stressful, lies closer to high-stress than it does low-stress in the moderate category. These results align with other
studies that emphasize nursing students as a group at risk for stress because of clinical exposure, coursework, and emotional
labor (Gibbons et al., 2011; Seyedfatemi et al., 2007). The high prevalence of moderate stress indicates that although most
students are coping, ongoing pressures on their well-being necessitate proactive support mechanisms (Pulido-Martos et al.,
2012). Remarkably, the sample is at the top end of the moderate range with an overall mean score of 2.96 on the PSS- 10. The
socio-political complexity of living and studying on the West Bank is likely to make students' stress even more severe, even if
they may not perceive individual stressors as overwhelming on their own (Salameh et al., 2025).

4. 2. Common Sources of Stress

Academic pressures were among the most commonly cited, with 81.6% reporting money difficulties and 83.4% indicating
general study issues. These results are consistent with earlier research by Pulido-Martos et al. (2012) and Bolarinwa et al. (2023),
which found that financial limitations and academic pressure were the main sources of stress in nursing education. The prevalence
of sleep issues and future-focused concerns suggests that stress impacts students' everyday functioning and mental health outside
of the classroom (Alsaqri, 2017; Sharif & Masoumi, 2005).

The high rate of stress associated with financial difficulties and future uncertainty highlights the region's larger
socioeconomic problems (Chaabane et al., 2021). Conversely, interpersonal stresses, including disagreements between
roommates and a lack of parental support, were less commonly mentioned, indicating that although social obstacles do exist,

they could be subordinated to financial and scholastic issues in this way (Loureiro et al., 2024).

4. 3. Coping Strategies Used

The adaptive coping methods that the participants preferred were humour (75.3%), acceptance (77.6%), self-distraction
(77.6%), and planning (74.2%). These strategies are an attempt to keep emotional equilibrium and control when dealing with
continuous stress (Carver et al., 1989). Plans and humour are in line with research by Carver et al. (1989), which highlighted the
need for systematic problem-solving and positive reframing in stress management.

As a positive measure of students' resilience and understanding of better coping techniques, maladaptive tactics including
drug use (28.2%) and denial (49.5%) were less frequently reported (Lazarus & Folkman, 1984). But, given that it might
eventually result in internalised misery and lowered self-esteem, the comparatively high utilisation of self-blame (60.5%) is

cause for worry (Reeve et al., 2013; Seyedfatemi et al., 2007).
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4. 4. Differences in Stress by Demographic Variables

There were notable variations in stress levels according to gender, academic year, parental education, work status, and
cumulative average. In line with international studies showing that women frequently report higher levels of perceived stress due
to both social and biological causes, female students reported higher stress levels than male students (Hamaideh et al., 2024;
Reeve et al., 2013).

Students in their second and third yearsreported higher stress levels, likely due to tougher classes and more clinical work
(Jimenez et al., 2010). In contrast, fourth-year nursing students reported lower stress levels compared to their second- and third-
year peers, possibly due to adaptation over time. As students progress through the nursing program, they may gradually develop
greater psychological resilience, improved time-management skills, and stronger coping mechanisms for handling academic and
clinical demands. Additionally, the anticipation of graduation may foster a sense of purpose and motivation that helps buffer
stress (Al-Gamal et al., 2018).

Additionally, students with well-educated parents often feel more stress, possibly because they feel pressured to achieve
high grades (Li et al., 2024). Students with poorer academic averages and those without jobs also reported much greater levels

of stress, indicating a connection between mental health and academic and economic instability (Bolarinwa & Ishola, 2023).

4. 5. Study Limitations

This study offers useful insights into the stress and coping strategies used by nursing students in the West Bank, but it has
some limitations. One major issue is its cross-sectional design. This means the study only examines data at a single point in time,
which makes it challenging to understand if and how specific stress factors directly impact students' ability to cope with stress
or influence their academic performance (Polit & Beck, 2008). To monitor changes in stress over time, a longitudinal study
would be more appropriate.

Second, self-reported questionnaires were used to obtain the data, which might lead to response bias. According to
Tourangeau and Yan (2007), participants may exaggerate their usage of constructive coping mechanisms or underreport activities
deemed socially unacceptable, such as substance abuse. Furthermore, mood at the moment of reaction might affect emotional
subjects like stress (Tourangeau & Yan, 2007).

Third, this study included only students from institutions based in the West Bank, which limits comparative generalisability
with regard to other geographic or political regions. The unique political climate, ongoing conflict, and movement restrictions in
the West Bank create a highly specific environment that may not reflect the experiences of nursing students in more stable or
differently structured settings. Additionally, variations between public and private institutions within the West Bank were not
examined, despite possible differences in curriculum intensity, access to resources, clinical placement quality, and psychosocial
support services. These institutional differences could significantly influence students' stress levels and coping mechanisms.
Therefore, future research should include larger and more diverse samples, incorporating participants from multiple geographic
areas.

Lastly, although the instruments have been standardised, it is possible that language and culture may affect how participants
interpreted certain items on the stress and coping scales. In this study the questionnaire was disseminated in Arabic; however,
the cultural concepts and meanings associated with stress, emotional expression, and coping, as described in the scale constructs,
may not have fully captured the culturally specific meanings that emerged. So, future research should seek to use culturally

adapted instruments or mixed methods to attain more meaningfully constrained enquiries from their context.
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4. 6. Implications of the Study

The study's conclusions have significant implications for institutional policy, nursing education, and student mental health.
First of all, stresses are clearly multifaceted, including anything from financial instability and future uncertainty to academic
pressure. For pupils in underprivileged or high-risk groups in particular, interventions must be tailored to the individual and
subject-specific (Bolarinwa & Ishola, 2023).

Secondly, this study shows that financial strain has consequences on students’ emotional and cognitive health and is a
persistent burden. In order to ease this burden, post-secondary institutions should consider implementing initiatives for financial
literacy programming, scholarships, and part-time work (Pulido-Martos et al., 2012).

Thirdly, to address the range of both adaptive and maladaptive coping behaviours identified in this study, universities must
address 'the gaps' by implementing programs that build resilience. 'The gaps' could include semester-long mental health education
series, elective courses on stress management, and peer support groups. Additionally, counselling centres should reach out to
students and build rapport and connection so nurses would know who to access. Orientation programs need to emphasise the
same connections and outreach for engagement but also utilise electronic and multimodal options so that students are familiar
and accustomed to seeking support once they identify or recognise the need for help.

When institutions implement this staged and systematic approach, they can not only ease immediate stressors but also develop

both a culture of long-term, sustained psychological well-being and academic success for nursing students.

4. 7. Recommendations for Future Research and Practice

To capture stress patterns throughout students’ academic experiences, future studies may consider using longitudinal
research designs. This would help identify the causes and timing of periods of high stress and strategies that evolve over time.

Moreover, richer stories of students’ lived experiences of stress can become exposed through qualitative research
methodologies, such as focus groups and in-depth interviews, which typically remain hidden in quantitative surveys. These
methods can uncover intricate patterns of stress guided by gender, social roles, and family expectations.

Evaluations of evidence-based interventions are also urgently needed. Universities ought to test and evaluate peer mentorship,
financial counselling, and resilience training initiatives to see how they affect student outcomes like GPA, retention, and mental
health.

Lastly, institutional integration should be the goal of policy initiatives, where social, psychological, and academic support
services work together to provide all-encompassing programs for students' well-being. By cultivating this kind of collaboration,
academic institutions may establish a more welcoming and encouraging atmosphere that promotes education and individual

development.

5. Conclusion

The findings of this study highlight the importance of considering the academic level, gender, and socioeconomic status of
nursing students when developing interventions. Institutions should be able to improve the well-being of students through
resilience workshops, more financial aid funding, and access to mental health services. The study identifies three essential
recommendations: (1) stress management programs, (2) targeted financial assistance, and (3) counselling outreach. The proposed
recommendations could start an extended process that aims to build nursing students' psychological resilience that will ultimately

lead to their success as students in the West Bank and equivalent areas.
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