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Abstract Effective pain and stress management during pediatric intramuscular injections is essential, particularly for
neonates and young children, who are more sensitive due to developmental factors. This review highlights Non-
Pharmacological Interventions (NPIs) designed to reduce procedural pain and distress in children from neonates to adolescents.
Preterm neonates are especially vulnerable as their immature neuroregulatory pathways can lead to long-term
neurodevelopmental issues if pain is not managed properly. Pediatric intramuscular injections can cause both physiological
stress responses and psychological distress, potentially contributing to needle fear and avoidance of healthcare in the future.
NPIs such as distraction techniques (e.g., distraction cards, cold-vibration devices and virtual reality), caregiver involvement,
comfort positioning and complementary therapies like breastfeeding and oral sucrose have been proven to be safe and effective.
These interventions help reduce pain intensity, behavioral distress and physiological stress markers without the side effects of
pharmacological treatments. However, gaps remain in understanding the best NPI combinations for different developmental
stages, their long-term effects and their use in specific neonatal procedures, such as endotracheal suctioning. Integrating
evidence-based NPIs aligns with the principles of atraumatic care, enhancing children's procedural experiences and building
trust between healthcare providers, caregivers and patients. To optimize pain management across pediatric populations, future
research should focus on age-specific protocols, the use of emerging digital technologies and personalized, multimodal
strategies for sustainable pain management. Large-scale studies are needed to explore these aspects further and to refine
approaches for pain management in pediatric care.
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INTRODUCTION

Neonates, especially those born prematurely, show a
heightened sensitivity to painful stimuli when compared to
older children. This vulnerability is largely due to the fact
that ascending pain pathways, capable of transmitting
noxious impulses, are already functional by 24 weeks of
gestation, whereas the neurotransmitters that regulate and
modulate these impulses do not mature until around 48
weeks [@ ,@]. Because of this imbalance, repeated exposure to
painful events at such a critical stage can alter neuronal and
synaptic development in lasting ways. The cerebral cortex is
particularly susceptible to these effects, as pain not only
damages neurons directly but also modify the stress-
response systems of the body. When pain is not adequately
treated, premature infants are left more vulnerable to adverse

clinical and behavioral outcomes later in life [@]. Both
human studies and animal models support the idea that the
immature nervous system is highly reactive to tactile and
noxious stimulation. In newborns, even routine procedures
such as heel pricks trigger strong spinal reflexes and
measurable nociceptive activity in the brain [@-B]. Younger
infants, in particular, demonstrate more prolonged responses
to such painful events [@]. With major advances in neonatal
care, the survival rates of 9extremely premature and
critically ill infants have greatly improved [@]. However,
these improvements have also highlighted the long-term
risks of survival, as many infants go on to develop cerebral
palsy, sensory impairments, learning difficulties and
respiratory complications [@,@]. A significant concern in
neonatal intensive care is the exposure of preterm infants to
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repeated painful interventions during a period of rapid
brain growth, active synaptogenesis and receptor maturation
[9-11]. For example, nearly two-thirds of infants born before
29 weeks’ gestation require mechanical ventilation [[12].
Such infants are often intubated and undergo repeated
suctioning of the airway. Endotracheal suctioning has been
identified as one of the most frequent and most painful
procedures in the NICU setting, with effects ranging from
moderate to severe pain [[13,14]. Even when performed using
standardized nursing techniques, this procedure still causes
discomfort in premature infants [15].

Reliable and valid assessment of pain in neonates is
essential, yet despite the availability of multiple tools,
neonatal pain is still frequently under-recognized and under-
treated [[16,17]. Effective management is crucial not only to
minimize immediate distress but also to protect the
developing nervous system from long-term alterations in
pain processing. By preventing persistent sensitization of
neural pathways, appropriate interventions can help
safeguard central nervous system development and overall
neurodevelopmental outcomes [[17]. One of the simplest
ways to reduce pain caused by suctioning is to minimize the
frequency of the procedure. Alongside this, a wide range of
non-pharmacological strategies has been developed to
reduce neonatal stress during painful events [[18]. These
include the use of sucrose or breast milk, non-nutritive
sucking, skin-to-skin contact, facilitated tucking, swaddling,
cuddling, rocking, massage, exposure to familiar odors,
video distraction and environmental modifications designed
to support development [[19]. Evidence shows that these
interventions can lessen both behavioral and physiological
indicators of pain, while also improving parent and caregiver
satisfaction [20].

Research  indicates  that  non-pharmacological
approaches are effective in alleviating pain from procedures
such as venipuncture, heel pricks and intramuscular
injections. They appear to work best when used in
combination rather than individually and importantly, no
serious adverse effects have been reported in association
with their use [21,19]. Skin-to-skin care, often referred to as
kangaroo care, has been shown to reduce pain responses
safely without complications [22]. Similarly, facilitated
tucking and swaddling help maintain physiological and
behavioral stability, reducing crying time and supporting
better regulation of sleep and motor activity [23,24]. Non-
nutritive sucking, whether using a pacifier or a gloved finger,
has also been shown to regulate discomfort, reduce pain
duration and improve oxygenation and gastrointestinal
function, again without reported side effects [23,24]. The use
of oral sucrose has been widely studied and found effective
in reducing pain behaviors during procedures such as
venipuncture and injections. While it does not appear to
reduce the direct nociceptive activity recorded in the brain,
sucrose clearly reduces observable distress behaviors such as
crying [25,26]. Small doses of 24% sucrose have been
sufficient to reduce pain in preterm infants, although the
most effective dose and long-term safety of repeated

administration are still under investigation [26]. Other
methods such as gentle rocking, massage, exposure to
familiar odors and video distraction also show promise,
though more high-quality research is needed [[19].

More specialized interventions, such as acupuncture and
Transcutaneous Electrical Nerve Stimulation (TENS), have
been explored in neonatal settings as well. These methods
activate endogenous pain inhibitory pathways and have been
widely accepted for use in adults. However, their
effectiveness in neonates remains inconsistent, with some
studies suggesting benefits while others show no significant
reduction in pain during procedures like heel pricks [27].
Multisensory stimulation combining auditory, tactile,
gustatory, vestibular and visual inputs has also been tried but
its benefits appear limited and in some cases, it may
overstimulate the preterm infant [28-31]. Despite several
reviews highlighting the value of non-pharmacological
strategies in neonatal pain management [32-35], their
specific application during endotracheal suctioning remains
underexplored. Given the frequency and painful nature of
this procedure, it is essential to identify which strategies are
most effective in this context. Although adherence to pain
management guidelines has improved, many neonates still
experience undertreated pain in NICUs. Clinicians and
researchers therefore have a responsibility to reduce
exposure to painful stimuli, while implementing effective,
evidence-based interventions that protect
neurodevelopment. Repeated exposure to uncontrolled pain
in both term and preterm neonates has lasting consequences,
affecting pain sensitivity later in life as well as impairing
cognition, motor development and overall brain
growth [36439]. For this reason, neonatal pain management
must be prioritized as an essential aspect of neuroprotection.
By minimizing invasive stressors, carefully monitoring pain
and adopting individualized care strategies, healthcare
providers can significantly reduce abnormal sensory input
and stress, thereby supporting healthier neuronal
development and synaptogenesis in these vulnerable
infants [40,41].

Non-pharmacological interventions (NPIs) play a
critical role in reducing pain and stress in children
undergoing intramuscular (IM) injections, particularly given
the potential for long-term consequences such as needle fear
and healthcare avoidance. Interventions such as distraction
techniques, caregiver involvement and comfort positioning
have demonstrated effectiveness in minimizing pain and
distress without the adverse effects associated with
pharmacological treatments. However, research gaps persist
regarding the optimal combinations of NPIs for different
developmental stages and their long-term efficacy. There is
also a lack of standardized protocols for NPI implementation
and limited research on the barriers to their consistent use in
clinical practice. Addressing these gaps is essential to
develop personalized, multimodal strategies that enhance
pain management and improve the overall quality of
pediatric care during medical procedures. The aim of this
review is to evaluate the effectiveness, safety and feasibility
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of non-pharmacological approaches for reducing pain
and stress in children during intramuscular injections.

METHODS

This narrative review involved a comprehensive search of
several electronic databases, including PubMed, CINAHL
and Scopus, to identify relevant studies on non-
pharmacological approaches to reducing pain and stress
during pediatric intramuscular injections. The inclusion
criteria comprised peer-reviewed articles published between
2010 and 2025, focusing on NPIs used in children of all
pediatric age groups, from neonates to adolescents. Studies
were selected based on their relevance to the topic,
methodological quality and clear reporting of outcomes
related to pain intensity, stress reduction or behavioral
distress. Both experimental and observational studies were
included, along with systematic reviews and clinical
guidelines. Articles not published in English or those
focused solely on pharmacological interventions were
excluded. This review synthesizes the findings from the
selected studies to provide an overview of effective non-
pharmacological interventions for pediatric injection-related
pain and stress.

Physiological and Psychological Stress During IM
Injections

Children experience pain differently from adults because of
their developmental stage and limited ability to rationalize
medical procedures. Injections are often perceived as
threatening events, which amplifies pain and distress,
especially when combined with anticipatory anxiety before
the procedure begins [42]. Physiologically, IM injections
activate both the sympathetic nervous system and the
Hypothalamic-Pituitary-Adrenal (HPA) axis, leading to
measurable changes such as increased heart rate, elevated
blood pressure, rapid breathing and alterations in autonomic
activity like sweating and facial flushing. Endocrine
responses are also evident, with salivary cortisol levels
shown to rise significantly in children undergoing painful
medical procedures, confirming their stress response [43].
Alongside these physiological effects, IM injections can
cause important psychological sequelae. Children frequently
exhibit fear, crying and avoidance behaviors and repeated
negative experiences may create conditioned responses in
which simply seeing a syringe or entering a clinic
environment provokes anxiety [#4]. Such experiences can
erode trust in healthcare providers and foster long-term
negative associations with medical care, leading to
avoidance of essential preventive procedures such as
vaccinations [45]. If pain and stress are not properly
managed, these early adverse experiences can contribute to
needle phobia in adolescence and adulthood, reduce
adherence to medical care and negatively shape coping
mechanisms later in life [46].

Non-Pharmacological Approaches
Non-Pharmacological Interventions (NPIs) are a range of
strategies designed to alleviate pain and distress without

using medications. These approaches focus on modulating
attention, sensory input and emotional environment, often
utilizing caregiver presence to enhance comfort. In pediatric
care, intramuscular (IM) injections are common but anxiety-
inducing, with children frequently experiencing both acute
pain and anticipatory stress. NPIs aim to distract attention
from the needle, provide alternative sensory stimulation or
offer reassurance through caregiver involvement. Because
they do not rely on pharmacological agents, NPIs eliminate
the risk of drug-related side effects and are easily applicable
across diverse pediatric populations. They are particularly
beneficial in high-throughput settings such as immunization
clinics and hospital wards, where efficient, safe and effective
pain management is crucial [#7]. Clinical evidence supports
the significant impact of NPIs. Systematic reviews
consistently show that strategies like distraction, caregiver
participation, proper positioning and sensory adjuncts not
only reduce self-reported pain but also decrease observable
behavioral distress, including crying, withdrawal and
agitation. Some NPIs also reduce physiological stress
responses, with documented effects on heart rate, blood
pressure and cortisol levels [43]. Additionally, NPIs help
prevent long-term negative healthcare associations, such as
needle phobia or vaccine avoidance. By incorporating NPIs
into routine practice, healthcare professionals can align with
atraumatic care principles, build trust between children and
caregivers and improve the overall quality and experience of
pediatric care (Figure 1).

Distraction Methods for Reducing Pain and Anxiety
During Intramuscular Injections in Children

Distraction techniques have proven to be an effective non-
pharmacological intervention for reducing pain and anxiety
during pediatric intramuscular (IM) injections. From a
neurophysiological standpoint, these strategies function
through attentional modulation and sensory gating, limiting
the processing of nociceptive signals. Cold-vibration
devices, like Buzzy®, activate large-diameter A-f fibers to
inhibit pain transmission via gate-control mechanisms,
offering strong evidence of efficacy in reducing pain during
needle procedures, particularly in older children with better
attentional control [4&,50]. Distraction cards, a low-cost
intervention, have shown significant reductions in pain and
anxiety in children aged 6-11 years undergoing IM injections
[49]. Additionally, immersive technologies such as Virtual
Reality (VR) have demonstrated substantial benefits in
reducing pain and anxiety. In a multicenter RCT, VR
distraction significantly lowered pain and behavioral distress
in children undergoing venipuncture [52]. Similarly, VR
reduced anxiety and pain in dental procedures compared to
traditional screen-based distractions [53]. Simple distraction
methods, like bubble-blowing, have also proven effective in
reducing pain and fear, especially in primary care settings
[54]. The combined evidence highlights the effectiveness of
both traditional and advanced distraction interventions, with
immersive and device-based methods showing superior
efficacy in certain contexts. Future research should focus on
head-to-head comparisons of these techniques during IM
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Figure 1: Non-Pharmacological Interventions for Intramuscular Injection Pain Management in Children

Table 1: Distraction Methods for Needle-Related and IM Injection Pain in Children

Distraction Method Age Group (years)

Design and Sample Size

Pain/Anxiety Outcomes Reference

bubble-blowing

Distraction cards 6-11 RCT; n =60 Lower self-, parent- and observer-reported | Czub et al. [@]
pain; reduced parent/observer anxiety
Buzzy vs. Shot Blocker vs. | 5-10 RCT;n=120 Buzzy® superior in reducing pain and fear | Northington [ﬂ]

vs. Shot Blocker and bubble-blowing

Virtual reality (VR) 5-9 Multicenter RCT; n =304 | VR significantly reduced pain, anxiety and | Prabhakar et al. [@]
distress compared with standard care

VR vs. cartoon video 6-12 RCT; n=90 VR yielded significantly lower pain and | Simpson and Knox [@]]
anxiety than 2D cartoons

Bubble-blowing/touch 4-6 RCT; n=45 Both techniques reduced pain perception and | Chambers et al. [@]
fear

Audiovisual glasses 5-7 Split-mouth trial; n = 30 Watching cartoons via A/V glasses reduced | Felemban ef al. [@]

pain compared with no distraction

injections, age-related factors and long-term outcomes
such as reduced needle fear and improved healthcare
adherence [@]. Future studies should prioritize head-to-head
trials of distraction modalities specifically during IM
injections, explore age-related moderators and examine
long-term outcomes such as reduced needle fear and
improved healthcare adherence.

Finding from Reviewed Studies

The studies included in Table 1 show a range of
methodologies, with several Randomized Controlled Trials
(RCTs) and a meta-analysis, providing robust evidence for
the effectiveness of distraction techniques in reducing pain
and anxiety in children, though variability in sample sizes
and methods exists.

Parent and Caregiver Involvement

Parental and caregiver involvement is increasingly
recognized as a critical component in pediatric pain
management during intramuscular (IM) injections. Children
often rely on their caregivers for comfort and security during
medical procedures and the presence of a trusted parent can
significantly reduce procedural distress, enhance coping
strategies and improve both immediate and long-term
emotional responses to pain [@]. The behavior of caregivers
plays a pivotal role in shaping these outcomes. Calm,
supportive and reassuring caregivers foster a sense of safety,
while anxious or distressed responses can heighten the
child’s perception of pain [@]. Research has shown that

children whose parents model adaptive coping behaviors,
such as using distraction techniques or providing positive
verbal reassurance, report significantly lower pain scores
and exhibit reduced behavioral distress.

Caregiver involvement also influences physiological
responses. Birnie er al [@] demonstrated that parental
support combined with distraction methods like storytelling,
singing or playing with electronic devices led to greater
reductions in heart rate and pain intensity compared to
distraction alone. This highlights the added value of
combining caregiver involvement with other non-
pharmacological interventions. Furthermore, training
caregivers prior to procedures has been shown to improve
outcomes. Educational interventions that teach parents
anxiety-management techniques and strategies to support
their children lead to better results during IM injections [59].
Prepared parents are more likely to stay calm, provide
consistent reassurance and engage in effective distraction
activities, which optimizes the child’s experience and
empowers the caregiver. Overall, caregiver involvement is
not just supplementary but essential to effective pain
management, transforming potentially traumatic events into
more manageable experiences [@].

Positioning and Environmental Modifications

In addition to caregiver involvement, physical positioning
and environmental factors significantly influence how
children experience IM injections. Traditional practices,
such as restraining children in the supine position, are
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Increasingly discouraged due to their association with
heightened fear, distress and negative medical memories
[61]. Comfort positioning, which includes holding the child
in a caregiver’s lap, supporting an upright seated posture or
using gentle physical containment, has been linked to lower
distress behaviors, reduced crying and improved cooperation
during procedures [62]. The rationale behind comfort
positioning is multifaceted; upright positions provide
children with a greater sense of control, reduce the perceived
threat of being overpowered and facilitate eye contact with
caregivers, offering reassurance [p1]. Additionally, close
physical proximity to caregivers may trigger oxytocin
release and other neurobiological mechanisms that buffer the
stress response and reduce pain perception.

Tactile modifications, such as gentle stroking or
applying pressure near the injection site, can also decrease
pain, likely through the activation of competing sensory
pathways, as described by the gate control theory of pain.
These strategies are simple, inexpensive and do not require
specialized equipment, making them ideal for pediatric
practice. Environmental factors also play a crucial role in
reducing distress. Child-friendly environments with colorful
murals, interactive toys and distraction elements such as
music or cartoons have been shown to lower anticipatory
anxiety before injections [62]. In contrast, sterile, medical
environments can heighten vigilance and distress.
Interventions like minimizing visible medical tools,
shortening waiting times and incorporating playful elements
can further enhance the child’s experience. When combined,
comfort positioning and environmental modifications
produce additive benefits, reducing both fear and pain during
injections [58]. These strategies are low-cost and feasible for
implementation in both high- and low-resource healthcare
settings. Collectively, they show that children’s pain during
IM injections is not just a biological response but a
biopsychosocial — experience shaped by  caregiver
involvement, positioning and environment. Integrating these
evidence-based strategies into routine practice can
significantly improve pediatric procedural care, minimizing
trauma and promoting positive healthcare experiences [63].

The comparative analysis of Non-Pharmacological
Interventions (NPIs) highlights how strategies for pain

and stress management during intramuscular (IM) injections
must be tailored to the developmental stage of the child. In
infants, breastfeeding, sucrose and non-nutritive sucking
consistently provide effective analgesia by combining
sensory stimulation, taste-mediated endogenous opioid
release and caregiver contact. These approaches not only
reduce crying and behavioral distress but also lower
physiological stress responses, making them highly practical
for immunization settings in Table 2 [43].

In preschool and school-age children, distraction
techniques and comfort positioning are central to effective
pain management. Simple tools such as distraction cards,
bubbles and toys successfully redirect attention, while
upright positioning and caregiver presence foster a sense of
security and control. Evidence demonstrates that as
children’s cognitive capacities mature, more sophisticated
distraction strategies become feasible. For school-aged
children, devices like Buzzy® and Shot Blocker® leverage
cold and vibration to activate the gate-control mechanism,
while interactive media such as cartoons, tablets and video
games further sustain attention and reduce anticipatory
anxiety [#4]. Among adolescents, NPIs that emphasize
autonomy and cognitive engagement, such as virtual reality,
guided imagery and self-directed distraction, show the
greatest promise. These interventions empower adolescents
to actively manage their pain perception, reduce anxiety and
improve cooperation during procedures. Importantly, across
all age groups, the involvement of caregivers, supportive
positioning and child-friendly environments serve as
universal enhancers of intervention effectiveness.
Systematic reviews confirm that these strategies
significantly reduce behavioral distress, self-reported pain
and physiological stress responses, demonstrating the
robustness and versatility of NPIs in pediatric clinical
practice [#3].

Complementary Therapies

Complementary therapies provide additional strategies for
reducing  pain and  anxiety during pediatric
intramuscular (IM) injections. Cold-vibration devices like
Buzzy® leverage the gate-control theory of pain, combining
vibration and cold to inhibit nociceptive signals,

Table 2: Age-Specific Non-Pharmacological Interventions for Pain and Stress Reduction during IM Injections

Age Group Most Effective NPIs

Mechanism/Benefit

References

Infants (<1 year) Breastfeeding-Oral  sucrose/glucose-Non-

nutritive sucking

Sweet taste triggers endogenous opioid release; skin-
to-skin contact enhances comfort; sucking reduces
stress and crying.

Northington [51]]

Preschool Children | Distraction with toys, bubbles, cartoons- | Engages attention away from pain; upright positions | Taddio eral. [#3],

(1-5 years) Comfort positioning (upright sitting, | reduce perceived threat; parental presence lowers | Canbulat and Tiirkmen [48]
caregiver holding) anxiety.

School-Age Distraction cards-Cold & vibration devices | Activates competing Sensory/cognitive pathways; | Yilmaz and Alemdar [#4],

Children (6-12 | (Buzzy®, ShotBlocker®)-Multimedia | vibration & cold block nociceptive transmission (gate | Inal and Kelleci [50]

years) (cartoons, tablets, video games) control); multimedia maintains sustained engagement.

years) breathing & self-directed distraction

Adolescents (13-18 | Virtual reality (VR)-Guided imagery-Deep | Enhances sense of control; immersive environments | Inal and Kelleci [5(]
reduce pain salience; relaxation lowers physiological
stress responses.

areas)-Positioning (upright vs. supine)

Across All Age | Parental presence & reassurance-Child- | Emotional
Groups friendly environment (colors, murals, play | environments reduce anticipatory stress; positioning | Inal and Kelleci [50]
increases comfort and cooperation.

support  reduces  fear;  enriched | Taddio eral [43],
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significantly reducing pain and fear during injections and
outperforming other distraction techniques like Shot Blocker®
and bubble-blowing [44]. For infants, breastfeeding during
vaccinations is highly effective due to the combined benefits of
sweet taste, skin-to-skin contact and warmth, while oral sucrose
and non-nutritive sucking serve as effective  alternatives
when breastfeeding is not possible [65].

Acupressure, which applies manual pressure to specific
acupoints, has been shown to reduce procedural pain in
children undergoing needle-related procedures, suggesting its
potential for IM injections [66]. Aromatherapy, particularly
with essential oils like orange and lavender, has demonstrated
anxiety-reducing effects in pediatric settings, making it a
promising adjunct to reduce anticipatory anxiety, especially
in waiting areas [67]. These complementary therapies provide
versatile, age-appropriate options to enhance pediatric pain
management and improve procedural experiences.

CONCLUSIONS
Non-Pharmacological Interventions (NPIs) such as
distraction methods, caregiver involvement, comfort

positioning and complementary therapies like cold vibration
and breastfeeding effectively reduce pain, behavioral distress
and physiological stress during pediatric intramuscular
injections. These strategies not only improve the immediate
procedural experience but also foster long-term trust in
healthcare systems and support atraumatic care principles.
Integrating NPIs into routine pediatric practice enhances care
quality, minimizes negative healthcare associations and
empowers children and families. Future research should
focus on optimizing NPI combinations across age groups and
clinical settings to further improve pain management and
patient-provider relationships.

Recommendations

It is recommended that healthcare providers integrate Non-
Pharmacological Interventions (NPIs) such as cold-vibration
devices, caregiver involvement and comfort positioning to
effectively manage pediatric pain and anxiety during IM
injections. Additionally, incorporating complementary
therapies like breastfeeding, acupressure and aromatherapy
can enhance pain relief and reduce stress.

Limitations and Future Directions

While Non-Pharmacological Interventions (NPIs) show
strong evidence for reducing pain and distress during
intramuscular  injections, several limitations exist.
Differences in age, temperament and cultural context can
influence children’s responses, making it difficult to
generalize findings across diverse populations [67]. Most
studies emphasize short-term outcomes such as immediate
pain and crying, with little data on long-term effects like
reducing future needle phobia or improving attitudes toward
healthcare. Additionally, many trials are limited by small
sample sizes and lack of direct comparisons between multiple
NPIs, highlighting the need for large-scale, multicenter
randomized controlled trials to establish standardized
guidelines. Future research should also evaluate the

feasibility and scalability of newer technologies such as
mobile apps and virtual reality, particularly in low-resource
settings and explore hybrid, multimodal approaches that
combine distraction, caregiver involvement and sensory
modulation for more personalized and sustainable pain
management strategies [68].
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