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Abstract

This research program investigated the use of acupuncture intervention as an adjunct
for hypertrophic scar (HTS) management. Mechanistic evidence from ex vivo and
animal studies suggests that acupuncture has the potential to modulate neurogenic
inflammation to influence pain and itch associated with HTS. Further, acupuncture
may mediate non-neuronal cells involved in the proliferation and remodelling stage of
healing to promote scar maturation. Previous studies using acupuncture for scar
management demonstrated positive outcomes, however low-quality clinical trials and

case studies provide limited evidence for treatment benefit.

A treatment protocol was designed to investigate the effects of locally applied
acupuncture compared to distant acupuncture, combined with routine care scar
massage therapy. The protocol was tested for feasibility on one participant with
scarring post-burn injury and demonstrated reduced pain, and improved scar physical
characteristics. Results from expanded testing of the research protocol in participants
with surgical or linear scars are presented as a case series. Outcomes from the case
series show improvement in scar symptoms for most participants, however no clear
difference was seen between local and distant acupuncture outcomes. Finally, data
analysis suggested one sub-group of hypersensitive participants (with high initial
scores for both pain and itch) responded to acupuncture intervention possibly
providing insight into treatment mechanisms and adding weight to recommendations

for future research and clinical practice.
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Introduction

Health professionals, including physiotherapists, are often involved in patient
management and treatment of scar tissue developing because of trauma or surgery
(Atiyeh, 2007; Monstrey et al., 2014). Scarring is a normal consequence of tissue
damage as a result of a complex wound healing response (Beldon, 2010). Normal
healing leaves a flattened ‘normotrophic’ scar that fades as it matures and has similar
properties to normal skin (Beldon, 2010). Scar tissue forms during the proliferative
phase of healing and involves the production of collagen fibres to provide structure to
the wound region and re-epithelisation or restoration of the skin surface (Beldon,
2010). Uncomplicated scar tissue proliferation can last between seven-ten days in a
superficial (epidermal depth) wound or continue for three-six weeks in deeper injuries
producing scars due to a greater loss of dermal tissue such as in thermal injury
(Beldon, 2010; Wolfram et al., 2009). Once re-epithelisation is complete the
remodelling phase of healing commences and can last for 12 months or more in

pathological scars (Wolfram et al., 2009).

Common pathological scarring responses following surgical incision or thermal
injury include hypertrophic, atrophic and keloid scars (Bordoni & Zanier, 2013; Zhu et
al., 2016). Hypertrophic scars (HTS) are raised, red, itchy and may have reduced
tissue pliability leading to reduced range of joint motion, pain, and disfigurement (Clark
et al., 1996; Clark et al., 1996; Gauglitz et al, 2011; Wolfram et al., 2009; Zhu et al.,
2016). These symptoms can lead to physical impairments, psychological issues, and
reduced quality of life (Finlay et al., 2017; Gauglitz et al., 2011; Kvannli et al., 2011,
Zhu et al., 2016). Hypertrophic scar formation becomes evident within four to eight
weeks of injury, has a rapid growth phase that can last up to six months and can persist
for several years while gradually resolving (Gauglitz et al., 2011). Atrophic scars form
a depression or sunken area with respect to surrounding uninjured skin and may cause
the same symptoms as hypertrophic scars such as pain, itch, and movement
restriction, however they have a different aetiology and healing timeframes (Bordoni
& Zanier, 2013). Keloid scars may form up to several years following minor skin injury
and are common in individuals with a family history of keloids (Gauglitz et al., 2011).
Unlike HTS or atrophic scars, keloids extend beyond the margins of the original wound

and do not spontaneously regress (Gauglitz et al.,, 2011). Due to differences in



aetiology and histology of different pathological scars and therefore different treatment
requirements, this thesis is provided in the context of hypertrophic scars.

For optimal outcomes, scar management should begin as soon as possible
after wounding (Atiyeh, 2007). For example, following burn injury, early scar
management includes the actions of the acute care team, such as first aid and pre-
hospital interventions followed by inpatient medical care, and if necessary, surgical
intervention. Scar management aims to promote normal wound healing, prevent
pathological scarring, and treat scars that do become pathological during the tissue
maturation process (Atiyeh, 2007). Prophylactic scar treatment is commonly used
following burn injury and includes surgical intervention (e.g., skin grafting) combined
with conservative treatments including compression garments, silicone therapies and
scar massage (Monstrey et al., 2014). Surgical scar prophylactic treatment may
include taping and silicone therapies (Monstrey et al., 2014). Subsequent to a scar
becoming pathological, the same prophylactic treatment interventions may be
continued, along with additional therapies depending on the type of pathological

scarring response (Atiyeh, 2007).

Incidence of HTS formation has been reported to be as frequent as 32-72%
following burn injury (Lawrence et al., 2012) and up to 60% post-surgery (Mahdavian
Delavary et al., 2012). In burn injuries, the severity of the trauma, time to heal, infection
and prolonged inflammation beyond two weeks are considered factors contributing to
the formation of HTS (Butzelaar et al., 2016; Finlay et al., 2017; Zhu et al., 2016).
Prolonged inflammation may be the result of excessive nociceptor stimulation resulting
in neurogenic inflammation (Akaishi et al., 2008). This process activates fibroblasts
which produce collagen and when overstimulated, contribute to fibroproliferative
disorders such as hypertrophic scars (Akaishi et al., 2008; Wang et al., 2008). While
prolonged inflammation is a risk factor for HTS following burn injury, Butzeelaar et al.
(2016) demonstrated that an inadequate early inflammatory response (three hours
after wounding) correlated to surgical scars being hypertrophic 12 months after
surgery. Normotrophic scars are rarely painful (<2%), however, 30-68% of abnormal
scars, such as hypertrophic scars (HTS) generate high intensity pain levels (Bijlard et
al., 2017). Chronic pain and itch can have a significant negative impact on quality of

life of the individual, hence are a focus of many treatment interventions (Tracy et al.,



2020). An Australian and New Zealand outcomes study found that 12 months following
burn injury; 13% of subjects had moderate to severe pain and 27% had itching (Tracy
et al., 2020). Chronic pain and/or itch up to one-year post-burn, was associated with
lower physical and mental well-being scores as measured by the SF-36 (V2) (Tracy et
al., 2020). In that study, patients with moderate to severe bodily pain were less likely
to have returned to work at one- and twelve-months post-burn injury compared to
patients with low or no pain. In comparison, itch was not associated with any reduction
in return-to-work rates, despite impacting quality of life (Tracy et al., 2020).
Interventions that target scar thickness may influence itch as severity of itch increased

in correlation with scar thickness when scar biopsies were analysed (Choi et al., 2013).

Physiotherapists contribute to the conservative management of scarring as part
of a multidisciplinary team (Atiyeh, 2007; Monstrey et al., 2014; Zanier & Bordoni,
2015). A systematic review on conservative, non-invasive treatments for burns scars
identified 22 articles with six categories of treatment including massage therapy,
pressure therapy, silicone therapy, combined pressure and silicone therapy, hydration
therapy and ultrasound therapy (Anthonissen et al., 2016). Massage therapy was
shown to have limited evidence to support improvement in scar pliability, pain, and
itch. However, due to different treatment protocols and generally low participant
numbers, inconsistent results were reported between different trials. Both pressure
and silicone therapy were found to provide clinically relevant improvements in scar
thickness, redness, and pliability; however, there are inconclusive results regarding
efficacy of combined therapy over either treatment option alone (Anthonissen et al.,
2016). Hydration therapy (via creams and lotions) had contradictory findings regarding
an effect on itching, and ultrasound therapy showed no meaningful effect on range of
motion or scar pain (Anthonissen et al., 2016). Other studies were of insufficient quality
to support other non-invasive treatments such as splinting, casting, physical activity,
exercise, and mobilisations. Therefore, it was concluded that more high-quality studies
are needed to further investigate the use and benefits of conservative treatment in

scar management.

The investigator, during her early career, sought additional training in
acupuncture and became interested in the use of acupuncture for scarring during her

studies. The clinic where she worked was contacted to participate in the treatment of
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an outpatient with 60% total burn surface area (TBSA) who needed ongoing
physiotherapy management. Her studies required her to use a clinical example and
discuss the local neurophysiological effects of acupuncture treatment for this
condition. Therefore, she researched the use and application of acupuncture for scars
and trialled acupuncture treatment with this patient (after gaining consent from his
medical team and the patient). Acupuncture treatment was applied on the scar over
the dorsum of his hand as this was affecting his ability to grip due to skin tension and
pain. Over the course of several treatments, an initial increase in sensitivity and
redness was observed, followed by improved pliability, and reduced height of the scar
tissue. The investigator later decided to pursue a higher degree by research and
continue her investigations into acupuncture needling for the treatment of pathological

scars.

This project is based on acupuncture explained using a Western Medical Science
framework making it novel in the literature investigating acupuncture effects.
Acupuncture treatment using Western Medical reasoning, is applied based on
knowledge of the neuromuscular system. Acupuncture needles are often inserted
locally or within shared dermatomes or myotomes as the target tissue. This
treatment paradigm will be discussed further in Chapter 1. However, many clinical
trials for acupuncture operate under a Traditional Chinese Medicine (TCM) paradigm
where acupuncture point location is based on meridian theories (Birch et al., 2022).
Using TCM reasoning, acupuncture needles are inserted into very specific points on
the skin located on meridian channels and are thought to produce specific treatment
effects (Birch et al., 2022; Ots et al., 2020). This belief underpins the choice of
placebo/sham treatment protocols in clinical research which do not control for shared
segmental spinal nerve innervation (Langevin et al., 2006; Langevin et al., 2012).
Acupuncture randomised controlled trials have suffered considerable criticism
because sham and placebo acupuncture practices have produced similar outcomes
to verum acupuncture (Birch et al., 2021; Ots et al., 2020). Hence acupuncture has
been labelled by some, as placebo (O’'Connell et al., 2009). These placebo/sham
treatment protocols include needling at a short distance from the acupuncture point,
shallow needle insertion over the acupuncture point or use of a non-penetrating
needle or device aiming to mimic the sensation of needle insertion over the
acupuncture point (Birch et al., 2021; Birch et al., 2022; Ots et al., 2020). Therefore,
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sham controls have stimulated similar neural pathways as the verum treatment, often
producing similar results (Birch et al., 2021; Birch et al., 2022). Recent studies (Birch
et al., 2021; Ots et al., 2020) reporting on the use of sham interventions in
acupuncture trials demonstrate that the difference between sham and verum
treatment effect correlates with the amount of shared innervation between points
used in treatment. Hence this research program was designed to investigate the use
of acupuncture for treating symptomatic scars using a Western Medical framework.
The application and effects of acupuncture applied in this manner will be discussed

in detail in Chapter 1.

This research program comprised of investigating the mechanisms of
acupuncture, how these could particularly be applied to scar management, and testing
the proposed intervention protocol in a clinical trial model or context. Information from
acupuncture clinical trials, mechanistic and animal studies was extracted and analysed
with reference to wound healing and scar management in order to develop a theory
for how acupuncture may be a beneficial treatment for symptomatic HTS (Chapter 1).
A comprehensive literature review (Tuckey et al., 2019) was published on the current
evidence supporting the use of acupuncture in the treatment of symptomatic scars in
humans, and is presented in Chapter 2. Chapter 3 presents the clinical trial protocol
that was developed from the findings of chapters one and two. After receiving ethical
approval, the protocol was tested on a small sample of subjects including an inaugural
pilot of the methods in one burn-injured subject, which was published as a separate
case study (Tuckey et al., 2022), presented in Chapter 4. Sufficient participant
numbers to complete a fully powered clinical trial were not able to be recruited in the
research program timeframe due to the COVID19 pandemic and other personal
events, hence the available results form a case series and are included and discussed
as a feasibility trial in Chapter 5. Finally, Chapter 6 discusses the project as a whole
and presents a re-developed version of the acupuncture intervention protocol for use

in future research studies.
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Research aims:

1. Investigate the effect of application of acupuncture on symptoms of pain and
itch in Hypertrophic scars:

2. Develop and test the feasibility of a protocol for acupuncture application for
symptomatic hypertrophic scars;

3. Provide a finalised treatment protocol for use in future research projects.
Objectives:

1. Perform a comprehensive literature review to inform the acupuncture treatment
protocol (chapters 1-2);

2. Develop a protocol for application of acupuncture for HTS (chapter 3);

3. Determine the feasibility of the acupuncture protocol in a clinical setting (chapter
4);

4. Test the feasibility of the randomised controlled protocol in a research context
(chapter 5) and;

5. Provide recommendations for future research based on the findings of this study

program (chapter 6).
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Chapter 1 - Acupuncture mechanisms and use in scar management

Confirming the physiological effects of acupuncture needle insertion and
stimulation and respecting the physiology of healing and scarring processes has been
a vital component of designing and implementing this research program. The author
acknowledges the lack of high-quality evidence available for acupuncture
mechanisms, which is primarily supported by animal and laboratory studies. A critical
review of studies using acupuncture for scars in human subjects will be provided in
Chapter 2. This chapter will more closely examine the healing process and how
inflammation and mechanical loading contribute to scar hypertrophy. Finally, the
physiological effects of acupuncture will be discussed to support its use in

conservative scar management.

Clinical trials in both humans and animals use either manual acupuncture
(needle is inserted and manually manipulated to elicit deqi (Perreault et al., 2019)) or
Electroacupuncture (EA) (after needle insertion, continuous electrical stimulation is
applied to the needle(s) controlling the amount of stimulation applied (Perreault et al.,
2018)).

Use of acupuncture in the early stages post-injury has been supported by work
in human burn subjects by Loskotova and Loskotova (2017). They found that applying
acupuncture within 48 hours of burn injury was associated with significantly improved
scar quality in a retrospective case series of 1008 patients treated with acupuncture
between 1983 and 2015. The authors also compared outcomes for 198 patients (with
0.5-10% TBSA and mid-dermal burn depth) who received acupuncture and 63 who
did not, finding all patients who received acupuncture within 48 hours of burn injury
healed with no sign of HTS in six weeks. In comparison, 42.9% (n=27) of patients not
receiving acupuncture had HTS at six weeks (Loskotova & Loskotova, 2017). Results
from this study must be interpreted with caution due to the low level of evidence from
retrospective case series and group data used for comparison. However, these
outcomes support findings from animal studies which indicate that acupuncture may

reduce pain and distress post-wounding and improve healing timeframes.

Animal studies help provide evidence for acupuncture mechanisms and place

less focus on the potential treatment effect of the practitioner-patient relationship.
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Many animal studies have investigated the effect of acupuncture on wound healing,
finding faster wound closure in diabetic rats (Chen et al., 2021) and enhanced
angiogenesis with reduced pain in burn-injured rats (Abali et al., 2015; Abali et al.,
2022). Abali et al. (2022) sought to investigate the mechanisms of these findings and
collected blood and tissue samples, measuring concentration of various cells and
mediators including beta-endorphin (an opioid released in response to pain and stress
(Abali et al., 2022)) and Interleukin-6 (IL-6)-a pro-inflammatory cytokine associated
with inflammatory pain (Abali et al., 2022). Rats who received daily acupuncture had
significantly lower IL-6 concentrations and did not require additional pain medication
or veterinary care compared to those not receiving acupuncture (Abali et al., 2022).
Humoral beta-endorphin levels were similarly low in both groups of burn-injured rats,
however the opioid pain medication provided to rats not receiving acupuncture may
have inhibited their endogenous opioid (beta-endorphin) release (Abali et al., 2022).
Acupuncture accelerated skin regeneration in burn-injured mice (Lee et al., 2011) and
increased angiogenesis to hasten wound closure in mice with punch biopsy wounds
(Lee et al., 2014). Manual acupuncture increased angiogenesis and enhanced wound
closure in burn-injured rats (Ishak et al., 2022). Electroacupuncture attenuated
mechanical hyperalgesia in mice with inflammatory pain via down-regulating acid-
sensing-ion-channel-3 (ASIC3) in the dorsal root ganglion (Chen et al., 2011). Both
EA and manual acupuncture downregulated M1 macrophages and pro-inflammatory
cytokines whilst upregulating M2 macrophages and anti-inflammatory cytokines (i.e.,
IL-10), in inflammatory pain models in mice and rats (da Silva et al., 2015; Zhao et
al., 2017). Hence there is mechanistic evidence to support the effect of acupuncture

in modulating the tissue and immune response in the early stages of wound healing.

Tissue response to injury — Haemostasis and inflammation

The skin is the largest organ in the body functioning as a barrier between the
internal and the external environment, thereby helping to maintain homeostasis within
the body (Slominski & Wortsman, 2000). Thus, restoration of structural integrity of the
skin is critical and requires rapid response mechanisms in case of injury (Slominski &
Wortsman, 2000). Damage to the skin leads to activation of the innate immune system

which causes an immediate, robust, non-specific response via mechanisms including
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the complement system of plasma and serum proteins (Dunkelberger & Song, 2010).
Complement is vital in identifying and responding to invading microorganisms (i.e.,
bacteria) as well as in responding to tissue damage via regulating inflammatory and
cytolytic immune responses (Dunkelberger & Song, 2010). Tissue healing is often
divided into four overlapping stages including haemostasis, inflammation, proliferation,
and remodelling (Li et al., 2007). This process is tightly regulated by various growth
factors and cytokines, which when disrupted can result in prolonged healing responses
such as HTS (Li et al., 2007).

Damage to blood vessels from tissue damage causes bleeding and thus via the
actions of platelets, leads to clotting (haemostasis) (Li et al., 2007). The secondary
action of platelets is to activate a healing cascade by attracting inflammatory cells such
as neutrophils, macrophages, and mast cells to the area via release of chemotactic
agents (Li et al., 2007; Marieb & Hoehn, 2016). Inflammation, as part of the overall
immune response to tissue damage, helps to eliminate any pathogens introduced
during wounding and prepare the area for angiogenesis and granulation tissue
formation (Li et al., 2021). The inflammatory phase of healing usually lasts from 24-48
hours but may persist up to two weeks (Li et al., 2007). In acute tissue damage both
immune mediated and neurogenic inflammation play a protective role in activating
immune cells and facilitating wound healing (Chiu et al., 2012). Immune mediated
inflammation is triggered by the release of vasoactive cytokines from platelets and
mast cells that arrive in the local tissue as part of the haemostatic phase of healing
(Beldon, 2010). Neurogenic inflammation occurs as part of the peripheral nervous
systems response to tissue injury via activation of nociceptive nerve endings in the
proximity of the wound (Akaishi et al., 2008; Chiu et al., 2012; Marieb & Hoehn, 2016).

The sensory nervous system plays an important role in both recognising and
responding to tissue damage and is the target of acupuncture treatment. Sensory
receptors responding to noxious stimuli (e.g., pressure, heat, pH, acupuncture needle
insertion) initiate neural impulses that are transported via sensory nerves to the spinal
cord and eventually to higher brain centres including the sensory cortex (Sluka, 2009).
Neuropeptides including Substance P (SP), Calcitonin gene-related peptide (CGRP)
and Neurokinin A (NKA) are released from the free nerve endings at the injury site and

cause a local inflammatory response (neurogenic inflammation) (Brain, 1997; Brain &
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Cox, 2006). These neuropeptides cause increased microvascular permeability leading
to tissue edema and vasodilation, which increases local blood flow (Brain, 1997). Mast
cells, platelets and other immune cells migrate to the area of tissue damage and
release chemical mediators that interact with the neuropeptides and free nerve
endings (Zhang et al., 2012). The immune response is tightly regulated by the central
nervous system in order to prevent excessive and ongoing tissue damage, chronic
inflammation and inflammatory diseases (Jin et al., 2019). The inflammatory reflex is
described as an immune-regulatory vagus nerve circuit which helps bring the
inflammatory phase of healing to an end via inhibition of cytokine production from
inflammatory M1 macrophages (Sundman & Olofsson, 2014).

Abnormal inflammatory responses contribute to scars becoming hypertrophic.
Butzelaar et al. (2016) compared normal and hypertrophic surgical scars in 120
patients undergoing elective cardiothoracic surgery. Skin biopsies taken immediately
and three hours after surgery analysed mRNA, proteins and cells involved in the
inflammatory phase of healing. One year post surgery scar quality was assessed and
compared to analysis of the skin biopsies in 89 patients (six were deceased and 25
discontinued study involvement). For the 28% of patients (n=25) that had developed
hypertrophic scars; the original three-hours post-incision skin biopsies demonstrated
inflammatory proteins Interleukin-6 (IL-6), Interleukin-8 (IL-8) and Chemokine Ligand
2 (CCL2) concentrations were up to three times lower than for those who healed
normally (p<0.05). These inflammatory proteins play important roles in the initiation of
inflammation and leucocyte recruitment (Butzelaar et al., 2016). The authors
postulated a delayed or insufficient early response to tissue damage may affect the
overall healing process and subsequently the quality and amount of scarring that

occurs.

Mechanical stimulation during healing such as tissue stretch, scratching an itch
or tissue adhesions can lead to further release of neuropeptides such as SP and
CGRP from mechanosensitive nociceptors (Akaishi et al., 2008; Rosa & Fantozzi,
2013). Substance P causes mast cells to degranulate and release several mediators
including Adenosine Triphosphate (ATP), cytokines, growth factors (such as
Neurotrophic Growth Factor (NGF)) and histamine (Rosa & Fantozzi, 2013; Widgerow

& Kalaria, 2012; Zhang et al., 2008). Histamine irritates the nerve endings promoting

21



further release of SP and CGRP (Rosa & Fantozzi, 2013) as well as increasing tissue
edema and attracting other inflammatory cells to the area (Widgerow & Kalaria, 2012).
Calcitonin gene-related peptide is a potent vasodilator, but in low doses can inhibit
inflammation by reduced recruitment of dermal neutrophils (Gherardini et al., 1998).
The resulting altered cytokine production causes further mast cell degranulation and
subsequent histamine release leading to ongoing lowered threshold nociceptive
signalling due to this neural stimulation, with possible peripheral and central
sensitisation of the area (Akaishi et al., 2008). Sensitised nerve endings are more
responsive to mechanical and chemical stimuli which can lead to self-perpetuating
local tissue inflammation (Akaishi et al., 2008). Acupuncture is also a mechanical
stimulus with the ability to modulate and down-regulate the activity of pro-inflammatory
mediators (Li et al., 2021; Perreault et al., 2019), hence not all mechanical stimulation

is detrimental to the healing process.

Persistent inflammation beyond two weeks may lead to an imbalance of
extracellular matrix (ECM) deposition and degradation, and consequently a nett
increase in collagen fibre production resulting in excessive scar tissue formation
(Akaishi et al., 2008; Zhu et al., 2016). Post-burn HTS tissue demonstrated histological
changes when compared to normal skin in patients undergoing surgical release and
skin graft of scars (Choi et al., 2013). Scar tissue epidermis was thicker with more
layers than normal skin (p<0.001), and had thinner, yet more densely packed collagen
fibres than normal skin (p<0.05). Hypertrophic burn scars, demonstrating pain and
itch, 12 months or more since injury, were shown to have significantly higher levels
(p<0.001) of SP and CGRP in the epidermis and dermis than normal skin (Kwak et al.,
2014). Thus, neurogenic inflammation may play an important role in contributing to
formation of excess scar tissue as well as symptoms such as pain and itch in
hypertrophic scars (Akaishi et al., 2008). Acupuncture plays a role in regulating
inflammation by modulating the expression of macrophages and pro-inflammatory
cytokines and may therefore be a beneficial treatment for symptoms arising from

neurogenic inflammation (Li et al., 2021).
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Tissue response to injury — Proliferation and remodelling

The proliferation stage of healing is the platform for angiogenesis, re-
epithelialization, and formation of granulation tissue (Cheret et al., 2013). Re-
epithelialization begins early with epidermal keratinocyte migration occurring within 24
hours of wounding (Li et al., 2007). Granulation tissue fills the wound space and
contains fibroblast cells which produce components of the extracellular matrix (ECM)
such as type | and type lll collagen fibres (Marieb & Hoehn, 2016). The fibroblasts
differentiate into myofibroblasts in response to mechanical tension and growth factors
as early as two-four days after wounding and contain actin and myosin which help pull
the wound edges together (Gabbiani, 2003). In a normal healing response, once re-
epithelialization is complete, myofibroblasts undergo apoptosis (Gabbiani, 2003;
Lebonvallet et al., 2018), and fibroblast deposited type IlI collagen-fibres are slowly
replaced by type | collagen phenotype fibres as the remodelling phase progresses
(Cheret et al., 2013; Lebonvallet et al., 2018; Li et al., 2007). Substance P promotes
fibroblast proliferation and inhibits apoptosis which is an important part of early wound
healing and re-epithelisation (Jing et al., 2010). However, ongoing high concentrations
of SP occurring during stimulation of mechanosensitive nociceptors (i.e., neurogenic
inflammation) may contribute to reduced apoptosis and excessive scar tissue

formation (Jing et al., 2010).

In normal skin type Ill collagen makes up 20% of the total collagen present but
this increases to 50% during granulation tissue formation (van der Veer et al., 2009).
The total amount of collagen in the healing tissue reaches maximal levels between
two and three weeks following injury (for normal repair) and may take up to one year
for the remodelling process to be complete (Li et al., 2007). Returning the pre-injury
ratio of type | to type lll collagen to normal is an important part of the remodelling
phase, however, abnormal scars show increased amounts of type Ill collagen
compared to normatrophic scars and uninjured skin (van der Veer et al., 2009). The
proliferation and remodelling processes are modulated by several growth factors,
including matrix metalloproteinases (MMPs) and tissue inhibitors of
metalloproteinases (TIMPs) (Gauglitz et al., 2011; Lebonvallet et al., 2018; Rohani &
Parks, 2015). MMP’s control the conversion of type Il to type | collagen and are
themselves regulated by TIMP’s (Lebonvallet et al., 2018; Li et al., 2007). If the ratio

of MMP’s to TIMP’s is decreased, this can result in excessive production of ECM
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components such as collagen, which contributes to excessive scar tissue formation
(Li et al., 2007; Ulrich et al., 2010).

As scars mature, they go through changes in sensory innervation. During
normal healing, wound pain often increases in the 24 hours following tissue damage
(Beldon, 2010). However, once the wound has closed and scar tissue has formed (by
six weeks after wounding), pain should greatly reduce or disappear (Bijlard et al.,
2017). In a mouse model it was shown that sensory nerve ingrowth for excisional
cutaneous wounds had peak density of nociceptive C-fibres containing CGRP and SP
between two-six weeks after wounding (Henderson et al., 2006). SP density remained
at approximately twice the level of normal skin, but CGRP levels returned to normal
by 12 weeks (demonstrating a mature scar) (Henderson et al., 2006). Following burn
injury, sensory reinnervation in the mouse model has been shown to progress slowly
(Morellini et al., 2012). In humans, depth and size of burn can affect reinnervation
patterns, which can lead to scars that are hyper-innervated or have significantly

reduced innervation (Morellini et al., 2012).

In summary, dysfunction in the wound healing process can lead to HTS which
commonly begin to form within the first three months of wounding (Gauglitz et al.,
2011; Mahdavian Delavary et al., 2012). A reduced inflammatory reaction within hours
of wounding (Butzelaar et al., 2016) and prolonged (neurogenic) inflammation beyond
two weeks (Akaishi et al., 2008) are two mechanisms contributing to HTS formation.
Mechanical stimulation to the wound or scar (i.e., scratching an itch, stretching or
acupuncture  needle  manipulation) activates = mechanosensitive  nerve
endings/receptors and can negatively or positively influence neurogenic inflammation
(Akaishi et al., 2008; Pavan et al., 2014; Perreault et al., 2019; Trento et al., 2021,)
and may stimulate excessive collagen formation via down-regulation of cellular
apoptosis (Aarabi et al., 2007). Tissue damage and resulting changes in nociceptive
activity in the Dorsal Root Ganglia (DRG), thalamus, amygdala and anterior cingulate
cortex can lead to central sensitisation (Lai et al., 2019). Central sensitisation refers to
heightened reactivity of nociceptive afferents within the CNS (Lai et al., 2019).
Chronically painful scars exhibit signs of central sensitisation such as allodynia and
hyperalgesia and have increased ratios of nociceptive nerve fibres (Anderson et al.,
2010; Hamed et al., 2011; Henderson et al., 2006).
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The Anti-inflammatory and analgesic effects of acupuncture

Recently the term Western Medical Acupuncture has been used to describe
acupuncture treatment based on the science of anatomy, physiology, and pathology
(White, 2009). The anti-inflammatory actions of acupuncture contribute to pain relief
via the Hypothalamus-Pituitary-Adrenal (HPA) axis, stimulation of sympathetic and
parasympathetic (i.e., vagus nerve) autonomic nerve pathways and via stimulation of
neuro-immune pathways in the local tissue (Dou et al., 2021; Jin et al., 2019; Lim et
al., 2016; Trento et al., 2021).

Local tissue response to acupuncture

Acupuncture needle insertion causes local tissue injury and thereby stimulates
a minor local inflammatory reaction (Zhang et al., 2012; Zhao, 2008). Usually, tissue
damage is a controlled micro-trauma; hence the action of anti-inflammatory mediators
is enhanced compared to that of pro-inflammatory mediators (Dou et al., 2021; Zhang
et al., 2012). Acupuncture helps to regulate the actions of innate immune cells (i.e.,
macrophages, mast cells) and adaptive immune cells (i.e., lymphocytes) (Li et al.,
2021). The overall effect in the local tissue is to down-regulate pro-inflammatory
factors such as SP and CGRP, reduce sensitivity of peripheral nociceptors and
promote the release of anti-inflammatory cytokines such as IL-10 (Dou et al., 2021; Li
et al., 2021).

During acupuncture treatment, needle manipulation via rotation and/or up and
down movements are performed to elicit sensation (deqi) and is considered vital to
achieving acupuncture analgesia (Perreault et al., 2019). Conversion of mechanical
signals into neural impulses occurs via the activation of mast cells located in the
proximity of acupuncture needle insertion (Perreault et al., 2019). Acupuncture needle
manipulation causes mast cell degranulation, and the release of histamine which
activates afferent nerve fibres and sensitises them to respond to further stimuli
(Perreault et al., 2019). In vitro studies found human mast cells released ATP in
response to mechanical stress (Wang et al., 2013). Adenosine triphosphate is best
known as an intracellular energy source, however once released into the extracellular
space, quickly breaks down into adenosine (Burnstock, 2009; Burnstock, 2012).
Adenosine has a local analgesic effect by binding to adenosine 1 receptors (Karst &

Fink, 2016). Adenosine triphosphate and adenosine are key molecules involved in
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purinergic signalling, the basis for intercellular communication throughout the nervous
system (Burnstock, 2007). Mechanical deformation, hypoxia, heat, and electrical
stimulation are now known to stimulate release of ATP from cells (keratinocytes,
fibroblasts, and immune cells) without trauma or damage to cell membranes having
occurred (Burnstock, 2009). Animal studies show that acupuncture stimulation leads
to increased extracellular ATP (measured by interstitial fluid sampling) which breaks
down to adenosine and binds to A1 receptors on sensory afferent nerve endings of Ad
and C-fibres (Goldman et al., 2010).

Langevin et al. (2001) demonstrated that needle manipulation caused a
biomechanical response in the tissue via increased resistance to needle removal.
They proceeded to demonstrate via in vivo ultrasonic imaging, that needle rotation
causes winding of connective tissue fibres which then increases tissue displacement
with up and down movement (Langevin et al., 2004). Bi-directional needle rotation was
shown to stimulate fibroblast cytoskeletal remodelling in connective tissue (Langevin,
et al., 2007), which was later shown to modulate the viscoelastic behaviour in
connective tissue (Langevin et al., 2011). Adenosine triphosphate via purinergic
signalling was shown to mediate the fibroblast activity when tissue stretch was applied
(Langevin et al., 2013). Thus, acupuncture needle manipulation provides mechanical
tissue stimulation, leading to ATP release which contributes to both the analgesic
effect of acupuncture, and mediates fibroblast cytoskeletal remodelling (Langevin et
al., 2007).

Segmental acupuncture analgesia

Segmental analgesia refers to inhibition of nociception at the segmental spinal
cord level stimulated by acupuncture needle insertion and stimulation (White et al.,
2008). Depending on the type, intensity and duration of needle stimulation,
neuromodulators including adenosine, histamine, SP, CGRP, NO and norepinephrine
are released in the acupoint region (Trento et al., 2021). Sensory nerve fibres including
Ad, AB and C fibres carry both excitatory (from histamine, SP, CGRP, NO and
norepinephrine) and inhibitory (adenosine mediated) signals to the dorsal horn of the
spinal cord (see appendix 1) (Trento et al., 2021; White et al., 2008; Zhang et al., 2012;
Zhao, 2008). Via interactions with interneurons within the dorsal horn, nociceptive

signals transmitted along ascending tracts (spinothalamic and spinoreticular tracts) to
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the brainstem and cortex are inhibited and reduced (Bowsher, 1998; White, 1999;
White et al., 2008; Zhao, 2008). Studies investigating pain relieving effects of
acupuncture found that pain pressure threshold was increased following EA, within an
area supplied by the same segmental nerve as the application of acupuncture

treatment (Baeumler et al., 2015; Baeumler et al., 2014).

Carlsson (2002) proposed that different types of needle stimulation produce
different physiological effects and therefore different outcomes. Therapeutic
acupuncture for healing effects involves gentle manual or electrical stimulation
whereas acupuncture for analgesia utilises high intensity manual or EA (Carlsson,
2002). Zhao reports that the sensations associated with acupuncture (heaviness,
soreness — also referred to as deqi in TCM) are essential for acupuncture analgesia
to occur (Zhao, 2008), which from a neurophysiological viewpoint, indicate activation

of sensory nerve fibres and cortical recognition of the sensation.

Supraspinal effects of acupuncture

Additional analgesic effects of acupuncture arise from higher brain centres and
provide more generalised analgesia via activation of the Periaqueductal Grey (PAG)
in the midbrain (White et al., 2008). The PAG receives input from the arcuate nucleus
of the hypothalamus where Ad fibres activated by acupuncture terminate (via the
spinothalamic tract), as well as the limbic system (White et al., 2008). It can have either
an inhibitory or excitatory effect on nociceptive transmission in the dorsal horn,
influenced by behavioural, emotional, and pathological states (Cortelli et al., 2013).
Descending pathways from the PAG contribute to analgesia via release of serotonin
and noradrenaline which have inhibitory actions on interneurons within the dorsal horn
(White et al., 2008). Hence supraspinal mechanisms further inhibit nociceptive signal

transmission at the spinal cord level and add to the analgesic effect of acupuncture.

Acupuncture for itch

The mechanisms for transmission and processing of the itch sensation continue
to be poorly understood (Shah & Barik, 2022; Tang et al., 2022). Histamine is a
common mediator of itch, as it is thought to activate a subset of pruritogenic C-fibres
which terminate in the dorsal horn of the spinal cord (Goutos, 2013). Pruritogenic C-

fibres have a slower conduction velocity, prolonged response to histamine and larger
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receptive field/area of innervation than normal C-fibres (Goutos, 2013). ltch and pain
impulses share ascending pathways (spinothalamic tract) and are both mediated by
SP and CGRP in the periphery via the axon reflex (Goutos, 2013). A painful stimulus
(i.e., scratching) can reduce itch, conversely opioid medication for pain can cause itch
(Shah & Barik, 2022). Anti-histamines are commonly used for post-burn itch with
reported benefits much greater in the early stages of healing, indicating that chronic
itch may be more likely neuropathic in origin rather than peripherally mediatated
histaminergic itch (Goutos, 2013). The neurogenic inflammation hypothesis supports
this theory whereby increased afferent nerve signals from sensitised nociceptors
provide increased pruriceptive input into the dorsal horn (Rosa & Fantozzi, 2013).

Although mechanisms of action are not clearly understood, it is thought that via
its action on the neuroimmune system that acupuncture can inhibit the peripheral and
central transmission of the itch sensation (Tang et al., 2022). A systematic literature
review on acupuncture for dermatological conditions causing itch found three RCT’s
that met inclusion criteria (Yu et al., 2015) and provided weak evidence (as studies
were under powered) to support the use of acupuncture for itch. A recent updated
systematic review on acupuncture for dermatological conditions found positive results
for uraemic pruritis relating to reduced histamine levels (Hwang & Lio, 2021). The
same study found no benefit from prophylactic acupuncture for morphine induced
post-caesarian section itch (Hwang & Lio, 2021). Dermatological conditions causing
itch may have differing pruritogenic mechanisms than scar related itch and outcomes
may not be reproducible in different populations.

There is limited research to support use of acupuncture in scar related pain and
itch (Cuignet et al., 2015; Fang, 2014; Hunter, 2011; Song et al., 2011). However,
these studies are of low quality and will be discussed further in the next chapter.
Acupuncture has the potential to be a beneficial adjunct to other treatments in the
management of scar tissue, especially via its proposed influence on neurally mediated
symptoms such as pain and itch (Akaishi et al., 2008; Zhang et al., 2012). Acupuncture
treatment has few side effects (White, 2004; Xu et al., 2013) making it relatively safe
to use in many different patient populations (a register of reported adverse events as
associated with acupuncture treatment in Australia is not readily available). Therefore,

sufficient evidence to support treatment or establish treatment protocols for scar

28



symptoms has not been found. This project was designed to address this gap in the

literature.

In conclusion, wound healing and consequent scar formation is a complex and
tightly regulated process. There are many opportunities within this process for
dysfunction to occur and lead to pathological scar formation and poor healing
outcomes. Thus, the opportunity may exist to modulate the inflammatory process
positively and influence tissue proliferation and remodelling via the application of

acupuncture.
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Chapter 2 — Literature Review

This chapter presents a peer-reviewed, published systematic/comprehensive
literature review on the current evidence to support the use of acupuncture/dry
needling in the treatment of symptomatic scars. This review entitled “Efficacy of
acupuncture in treating scars following tissue trauma” is included as published in 2019
(using Vancouver referencing as per journal requirements). Some text from the original
article submission was omitted following the peer review process, to reduce word

count and present findings in line with journal requirements.

Tuckey, C., Kohut, S., & Edgar, D. W. (2019). Efficacy of acupuncture in treating scars
following tissue trauma. Scars, Bumns and Healing, 5, 1-12.
https://doi.org/10.1177/2059513119831911

Introduction

Acupuncture is the therapeutic insertion of fine needles into the body (1). It originated
as one component of traditional Chinese Medicine (TCM), based on the vitalistic
paradigm of qi (metaphysical vital energy force) (2, 3). Orthodox, medical use of
acupuncture backdates to the early 1800’s (1, 3, 4). Subsequently Western health
practitioners have adapted acupuncture into a conventional biomedical practice based
on anatomy, neuroscience, pathology, and evidence-based medicine, rather than the

Chinese gi-based paradigm (1, 5).

Empirically, acupuncture has been utilised for centuries to treat skin conditions
including scars (6-8). Scar tissue is theorised to have the capacity to obstruct the
circulation of qi and xue (nourishing of blood), with scar tissue demonstrating
characteristics of stagnation of xue (6-8). In biomedical terms, scar tissue may cause
adhesions between layers of skin and connective tissue (fascia) resulting in poor
circulation around the scar and adjacent areas (9). Filshie & White (10) noted in 1998
that there was a scarcity of publications evaluating acupuncture treatment of scars.
The first publication discussing acupuncture treatment of scars appeared in 1982 (11).
Subsequently a limited number of case studies and controlled trials were published

demonstrating the use of acupuncture for treating scars. However, a systematic review
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of published scar and acupuncture-related material has not been undertaken until now.
This systematic review reports on the low levels of methodological rigour, paucity of
reporting of demographics, treatments, and other related details in the scar-related
acupuncture literature. These issues align with early acupuncture research where the
trials were poorly designed, executed and reported, despite reporting promising
treatment outcomes (12, 13). Therefore, because of publication and methodological
limitations, the findings of this critical appraisal do not support the efficacy of
acupuncture in the treatment of scars. However, because empirical and clinical
experience continue to suggest acupuncture is efficacious in the treatment of scars,
this review will discuss current management, as well as acupuncture treatment

recommendations for future acupuncture research of abnormal scars.

Normal skin healing processes in humans other than neonates, leaves a flattened scar
that fades as it matures. However, abnormal, or prolonged healing responses can lead
to the formation of abnormal scars such as hypertrophic scars (HTS) and keloid scars
(14). Factors in burn injuries contributing to the formation of HTS include the severity
of the trauma, time to heal, infection and inflammation prolonged beyond two weeks
(15, 16). A reduced early inflammatory response demonstrated by low concentrations
of inflammatory proteins at three hours after wounding, could be a factor in surgical
scars becoming hypertrophic (17). In the first six months after tissue injury HTS rapidly
develop and are often raised, red, itchy, and painful. They may take several years to
reach maturity which is accompanied by progressive reduction of adverse symptoms
(14, 16).

During wound healing, increased nerve density in and around the scar is normal in the
first few weeks of healing. This gradually decreases to equal or lower than that of
uninjured skin during scar maturation (18). However, chronically painful scars have
been shown to have a higher density of nociceptive fibres than non-painful scars (19).
The same authors described a correlation between increasing scar thickness and
intensity of itch sensation (p<0.05), but there was no evidence that scar pain was
associated in the same way in post-burn HTS (20). Itch is mediated by low level C-
nociceptor stimulation for which high levels of stimulation result in pain (21). During
movement a thicker scar may be more likely to activate mechanosensitive

ergoreceptors due to pressure and stretch yet remain sub-threshold for pain.
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Mechanical stimulation of sensory receptors induces neuropeptide release that further
stimulates chemically sensitive nociceptors and leads to neurogenic inflammation of
the scar tissue, disrupting and prolonging the healing process (22). Therefore,
increased scar thickness, reduced pliability and greater density of nociceptors can be
associated with abnormal tissue healing resulting in symptomatic, slow maturing scars
(18, 23).

Current Treatments for HTS

Clinical evidence in the treatment of HTS has been driven by clinical experience, rather
than gold standards or guidelines underpinned by research evidence (24). Current
conservative scar treatment modalities such as pressure garments, silicone, topical
ointments or gels and massage show positive effects on scar redness, thickness, and
pliability. However, their ability to influence pain and itch is limited (25-31). Lu (26)
reported that pressure garments are thought to control excess collagen synthesis by
limiting supply of blood, oxygen, and nutrients to the scar. Moreover, by speeding up
the maturation process and encouraging realignment of collagen bundles, scar
thickness and colour are closer to that of normal skin. Silicone is believed to improve
skin hydration and reduce overactivity of fibroblast cells associated with excess
collagen formation (25, 30). Hence it may reduce scar thickness and improve elasticity.
Combining pressure therapy with silicone gel sheeting produced the greatest reduction
in scar thickness compared to either therapy applied alone (31). Potential effects of
massage include mechanical disruption of scar tissue leading to improved pliability
(25). The evidence in support of their long-term efficacy is lacking (28). Sidgwick et al
(28) further comment on an unmet need of effective treatments for scar factors, such

as inflammation and pruritis, that affect patients the most.

Medical management of HTS may include surgical excision, autologous fat grafting,
percutaneous collagen induction (PCI), intralesional corticosteroid/other product (i.e.,
PRP) injections, radiotherapy, ablative and colour laser therapies, and antihistamine
drugs (27, 32-37). Both PCI and fat grafting are invasive techniques performed under
surgical conditions on large surface area, mature scars. PCI, also called medical
needling has shown promising results in human and animal models (32, 38). The
technique involves using a medical roller containing small needles to repetitively pierce

the scar to the level of the dermis, while the skin is anaesthetised, promoting a healing
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response. Such damage is thought to stimulate collagen fibre remodelling, resulting in
reduced scar thickness and improved appearance of scarred skin (38). Acupuncture
is similarly an invasive technique, however because it is specifically targeted treatment
using fine gauge needles and a low number of needle insertions, it causes far less
local tissue damage than the techniques listed above. Side effects such as pain,
bruising, bleeding, and swelling are lesser with acupuncture treatment making it more

tolerable and less expensive for the patient than other options.

Abbate (39) recommended inserting acupuncture needles into tender points around
the scar and retaining them for 5-10 minutes to mechanically break up obstructions
and re-establish energy pathways. In this context, acupuncture is applied in a manner
theorised to access and modulate the flow of gi in meridian channels, to influence the
spiritual and physical health and well-being of the individual (40). TCM practitioners
believe that scars ‘block’ or alter qgi flow along meridian channels, causing a systemic
energy imbalance leading to dysfunction elsewhere in the body (11, 39). Hence by this
reasoning, treatment for other conditions may be ineffective if the ‘blockage’ caused
by the scar is not addressed (11, 39). An example of the TCM practitioner belief of
scars leading to dysfunctions elsewhere in the body can be seen in a series of case
reports published in 1982 by Rogers (11). Patients who had abdominal scars were
treated for back pain, fatigue, weight gain, deafness, and headaches. Rogers reported
that acupuncture treatment aimed at the scar as well as the presenting problem not
only reduced sensitivity and abnormal colouring of scars, but in all except one case of
deafness, the presenting problem was resolved or greatly improved following

treatment.

Bradnam (41) discussed treatment of scars from a western medical perspective
recommending local application of needles around the scar to stimulate sensory
neuropeptide release and activate segmental inhibitory analgesic mechanisms.
Another proposed local mechanism of effect is that of mechanotransduction. Manual
acupuncture needle rotation within the connective tissue planes causes winding or
local stretching of collagen fibres around the needle, generating mechanical signals
(42-48). Potential effects include synthesis and release of growth factors, cytokines,
enzymes, and structural components of the extracellular matrix (47). A survey of

physiotherapists in New Zealand found that 70-75% of respondents used acupuncture
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for treating scars (Luty, A., 2000 cited in Bradnam, 2001) (41). Physiotherapists who
used acupuncture (applied in a Western medical context) to treat scars aimed to
influence the scar itself, improving tissue pliability and to reduce symptoms such as
pain and itch (41).

Studies on acupuncture for itch demonstrate that acupuncture applied locally to the
itch or in the same neural segment (dermatome or myotome) reduced itch (49-51).
Correspondingly, distant needle placement had minimal effect in both humans and
animals (assessed by scratch responses). Local and segmental acupuncture
stimulation will provide sensory input into the same segmental spinal nerves as the
itch sensation (52, 53). Therefore, acupuncture may modulate signals at the level of
the dorsal horn reducing intensity of noxious signals being sent to the central nervous

system for processing (53).

Itch, induced in human skin via intradermal histamine injection, was reduced through
the application of manual acupuncture (MA), and high frequency (80Hz) and low
frequency (2Hz) electroacupuncture (EA) (the application of measured electrical
current to acupuncture needles (49). Both MA and EA were applied either directly over
the area of itch or proximally in the affected dermatome. Treatment applied outside of
the affected dermatome demonstrated no significant effect on symptoms. This

suggests that needle location plays an important role in itch reduction (49).

A reduction in scratch response in rats following serotonin induced itch was also
shown following acupuncture treatment (50). It was demonstrated that acupuncture
into the same or adjacent dermatome was more effective than stimulation elsewhere.
High frequency EA (HFEA) and MA were both more effective than low frequency EA

(LFEA), however HFEA was more effective than MA at reducing scratching responses.

Literature searches suggest that acupuncture may be used to reduce pain and itch in
abnormal scars (54-56). Further, physical properties of scars including thickness and
colour were reportedly improved following acupuncture treatment (11, 55). The aim of
this review is to evaluate the current evidence for acupuncture treatment of HTS and

recommend future possibilities for research for abnormal scars.

44



Methodology

The objective was to identify whether local acupuncture treatment is effective at
reducing symptoms of abnormal scars such as pain and itch. The search strategy was
based on guidelines from the Joanna Briggs Institute (JBI), aiming to find both

published and unpublished studies.

An initial searchn on MEDLINE and CINAHL was undertaken using the following

keywords:
Acupuncture OR dry needling OR needling AND
Scar OR cicatrix OR healing OR inflammation OR pruritus OR neurogenic

Text used in the title, abstract and keywords were analysed to assess whether search
terms were sufficient. No further search terms were added after this initial search. The
keyword ‘healing’ confounded the search and was removed from the list. The revised

search terms were used across the following databases:

EBSCO Health databases, including: CINAHL, Medline, SportDiscus, Dentistry & Oral
Sciences; Web of Science, Cochrane, Scopus, AMED, and PEDro.

Reference lists of all included articles were searched for further references, as were
grey literature databases, relevant acupuncture textbooks and finally Google Scholar
to ensure all available studies were identified. Clinical trials, mechanistic studies and
case studies were included. Opinion articles and reviews were excluded, although

searched for relevant references.

Studies published prior to February 2018 were considered for inclusion in this review.
Non-English studies, with abstracts published in English, were translated and
screened for inclusion. Inclusion criteria stipulated inclusion of human subjects with
hypertrophic or abnormal scars treated by acupuncture interventions. This
encompassed use of a filiform acupuncture needle and could be of the following
modalities: acupuncture or dry needling. Following initial searching the following
modalities were included: electroacupuncture and indwelling needle use. Interventions
specifically excluded were bee venom acupuncture, dermarolling or PCI, moxibustion,

cupping, cat gut embedding, plum blossom needling, scar injection needling,

45



prolotherapy and non-skin penetrating acupuncture e.g. laser acupuncture and

acupressure.

Abstracts were obtained for articles that met the inclusion criteria and checked before
obtaining full text copies. Screening was performed by two researchers CT and SK.

Any discrepancies were resolved through discussion with a third researcher DE.

1. Data Analysis

The Oregon CONSORT STRICTA Instrument (OCSI); a tool combining CONSORT
(57) and STRICTA (58) was used to rate study quality of randomised controlled trials
in this review (13). The Joanna Briggs Institute (JBI) Critical Appraisal Checklist for
case reports (59) was applied to review and assess quality of case studies reporting
on acupuncture treatment of scars. Studies were reviewed by CT and SK. Any
disagreement was resolved by DE. Treatment data and protocol details were extracted
by CT.

2. Results

Initial literature searching retrieved 213 citations. However, only one clinical trial and
two case studies were found that met inclusion criteria, demonstrating a paucity of
studies in this area of research. Hand searches revealed two further studies; one that
used a combination of electroacupuncture and manual acupuncture, the other
indwelling needles. As these are commonly used acupuncture modalities that elicit
similar neuropeptide changes as manual acupuncture (60), therefore it was decided
to expand the search to allow for both electroacupuncture and indwelling or
intradermal needle use. Further relevant texts were not located. Review of reference
lists of these articles found another two further case studies and one clinical trial (which
was translated from Mandarin, prior to review by SK). Repetition of the search later
identified one further retrospective study that had been published since the previous

search was undertaken.
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Figure 1. Results of literature review

Records Identified through Database
searching using all key words.

N=213

Update inclusion criteria to allow
electroacupuncture and indwelling
needles

|

Records after titles screened and
duplicates removed

N=90

|

Excluded — animal studies, review
articles, translated abstracts not
available

N= 85

Abstracts screened, full text articles
accessed

N=5

Repeat original database search for new
articles (n=+1) and review reference
lists (n=+3).

N=9

Total studies included n=9
Clinical trial n=3

Cohort study n=1
Retrospective study n=1

Case Study n=4
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None of the clinical trials reviewed scored above than 50% for methodological quality
on the OCSI. The case studies fared equally poorly, scoring between 1-6 out of a total
of eight points on the JBI checklist. All were missing significant information and data.

Therefore, all clinical and case studies were considered to have a high risk of bias.

Three randomised trials were reviewed. Two were published prior to the publication of
CONSORT and STRICTA (61, 62) and the third was published in English as a
translation of the original paper from Mandarin (63). Further non-randomised studies

reviewed and included were one cohort and one retrospective study (54, 64).

None of these studies provided information on practitioner training or acupuncture
experience. Only one study specified that a single practitioner provided of all
treatments, used blinded assessors, and provided enough detail on randomisation
techniques, recruitment, adverse events and drop-outs (62). No studies provided

evidence of patient or practitioner blinding.

Details on scar location, size, time since injury and spontaneous healing compared to
skin graft were not adequately reported by two studies (61, 63) introducing potential
confounding variables. Cuignet et al (54) provided this information revealing a
heterogeneous patient cohort. Kotani et al (62) recruited subjects with intractable scar
pain after failure of standard treatments, such as TENS, topical lidocaine and local
anaesthetic injection. Although this limited diagnostic confounding factors, participant
beliefs and expectations were not measured, which may be a particularly relevant

confounding factor following multiple ineffective treatments.

A meta-analysis of results was not possible due to the limited numbers of studies
located, variety of outcome measures used, conditions treated and heterogeneity in
needling treatments provided. Two studies utilised different unvalidated scales based
on practitioner assessment of colour, ‘hardness’ and itching with the treatment
outcome assessed as either cure, effect, or failure. The Visual analogue scale (VAS)
was used for pain measurement in two studies; however, study design and method of
acupuncture treatment were dissimilar. Different methods of Quantitative Sensory
Testing (QST) were utilised and applied. Pain pressure threshold was used to assess
local scar tissue sensitivity and locate points for needle insertion along painful

abdominal scars (62). Electrical stimulation along a shared meridian/dermatome to the
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scar was hypothesised to assess systemic sensitivity when compared to the opposite
and contralateral limb meridian/dermatome (54).

Adverse events and study completion were inadequately reported by most authors.
Two studies reported that participants felt pain on needle insertion (62, 65) however
the second of these was from the control intervention which included injection of local
anaesthetic rather than the acupuncture treatment itself. Only one study reported the
number and reason for dropouts (54), another study reported that they had no
dropouts (62).

Two low quality case studies were published as brief reports (55, 66). A moderate-
quality (6/8) case study report failed to gather final outcome measures as the patient
declined further follow-up (56). Anderson (65) provided a moderate-quality (6/8) case
study report where acupuncture was combined with other physical treatment
modalities. Regrettably, details regarding treatment parameters were not provided.
These included specific details of needle placement during each treatment, type and
amount of needle stimulation, and whether the acupoints treated distant to the scar
were on the ipsilateral or contralateral limb. Follow up data was not provided for any
case study; hence it is unknown if improvements were maintained following treatment

cessation.
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Table 1. Clinical Trial Details: Part A
Study Design | Type of Type of Number of Type of Needle Location
Scar Control Participants Treatmen
t
Cuignet et | Cohort HTS — burn | N/A 32 MA + EA | EA on extremity points of shared meridian and inner
al. bladder line of nerve root supplying meridian of the
(2015)(54) scar. MA to TCM acupoints including some/all of:
SP6, 9, 10, ST40, LI4, 11, BL13, 17

Huang et Clinical Trial | HTS —burn | Usual care | 30 (?+30 MA 3 main TCM points (SP10, ST36 & LI11), unclear
al. (Quasi- control) whether local needles were also used
(1999)(61) | experimental)
Kotani et Clinical Trial | Abdominal Sham 70 Indwellin | Local tender points along scar.
al. (RCT) surgery g
(2001)(62)
Loskotova | Retrospective | Acute Burns | Usual Care | 1008 total MA TCM acupoints bilaterally, with combination of: LI4,
& subjects over LI11, & LU7 depending on access to unburnt skin.
Loskotova 32 years.
(2017)(64) Comparison

made for 198

with acu and

63 without

acu
Song et al. | Clinical Trial | HTS - burn | Ultrasound | 80 MA Local around scar
(2011)(63) | (RCT) and

Scareduce
r ointment

Clinical Trial Details (Abbreviations: RCT — Randomised Controlled Trial, HTS — Hypertrophic scar, MA — manual acupuncture, EA
— electroacupuncture, TCM — Traditional Chinese Medicine, VAS — visual analogue scale, QST — quantitative sensory testing, OCSI
- Oregon CONSORT STRICTA Instrument). N/A — Details not available
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Table 2. Clinical Trial Details: Part B

Frequency of Outcome Results Statistical OCSI | Risk of Bias
Treatment Measures Analysis Score
Cuignet et 30min, 1x week, | VAS pain and | 4/10-1/10 decrease in itch for all participants. Adequate use of | 28% High risk of
al. (2015) duration 3 itch, QST Responders had decreased pain by 4 points, statistical Performance
weeks Non-responders had no change in pain scores. | analysis, and Detection
QST revealed difference between responders including use of Bias.
and non-responders. p values
Huang et al. | Unclear, differed | Unvalidated Significant improvement in itch for all Use of p values, | 34% High risk of
(1999) between TCM participants. X? Selection,
subjects diagnostic Performance
scale and Detection
bias.
Kotani et al. | 4 weeks, 20 VAS pain, 70% of participants in treatment group had Adequate 50% Low risk of
(2001) sessions of QST good-excellent outcomes statistical Selection or
24hours analysis Detection Bias.
indwelling including High risk of
needles in situ correlations and Performance
p values bias.
Loskotova Daily, 30 Unclear, Applying acupuncture within 48 hours resulted in | Some use of 13% Risk of
& minutes. qualitative complete healing without HTS in 6 weeks. statistical Detection and
Loskotova Unclear number | appearance of analysis (X?), Reporting Bias.
(2017) of sessions. burn, colour poorly reported
and presence
of HTS
Song etal. | 30min, x 10 Unvalidated 3 | Total effective rate was 93.9% for the treatment | Unvalidated 26% High risk of
(2011) days, 7 day point scale — group and 77.8% for the control group after 1 outcome Selection,
break, x4 measuring year. measures, basic Performance
pain, itch and statistical and Detection
scar pliability analysis bias.
including p
values

Clinical Trial Details (Abbreviations: HTS — Hypertrophic scar, MA — manual acupuncture, EA — electroacupuncture, TCM — Traditional Chinese
Medicine, VAS — visual analogue scale, QST — quantitative sensory testing, OCSI - Oregon CONSORT STRICTA Instrument
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Table 3. Case Report Details

Type of Needle Number of | Outcomes Quality
Scar Location Treatments rating (JBI
checklist)
Anderson | Dupuytrens | Local plus | 7 Improved joint 6/8
(2014)(65) | contracture | LI4 and treatments | ROM, colour
surgery HT7 over 3 and numbness
months of skin
Fang Post- Localand |8 Pain decreased | 6/8
(2014)(56) | surgical on | distant — treatments | from 7/10 to 1-
thigh TCM over 5 2/10
diagnosis | weeks
Hunter Post- Local Only | 9 Symptom free, 2/8
(2011)(55) | surgical on treatments | flatter
wrist over 4
months
McCowen | Burns on Local with | Unclear, Improved joint 1/8
(2006)(66) | hand EA could be ROM, and
just one. appearance of
scar, decreased
pain

Case Studies (Abbreviations: TCM — Traditional Chinese Medicine, EA —
electroacupuncture, ROM — range of motion)

Discussion

Despite rigorous search methods, very few articles were discovered that reported on
the use of manual acupuncture for abnormal scars. Initial searching found only three
references (one clinical trial and two case reports) hence additional inclusion criteria
were added. Since acupuncture modalities; electrotherapy and indwelling needles use
the same acupuncture needles and skin piercing technique as manual acupuncture,
the authors decided to include these modalities and perform the search again. Further
studies were discovered; however, this introduced the potential for confirmation bias
(the tendency to search for information to confirm pre-existing beliefs or hypotheses)
to this review. This is an understudied area of scar management with potential to
enhance scar and HTS healing processes. The published studies are of very low
quality, providing insufficient evidence to support the use of acupuncture for HTS. This
review has highlighted the need for well-designed, methodologically rigorous research
and case studies using validated outcome measures and clear reporting of results to

52



ascertain whether acupuncture is efficacious in the treatment of abnormal scars.
However, empirically clinical results continue to be reported. Therefore, the findings of

this review may be applied to providing an outline for future research in this field.

For the clinician treating abnormal scarring there are many physical treatment options
to choose from. Practicing evidence-based medicine (EBM) means to integrate
clinically relevant research with the practitioners’ clinical expertise, in order to provide
the best possible treatment (67). However, there is no consensus in the literature on
treatment parameters when treating abnormal scars with acupuncture. The most
commonly reported treatment method was to place acupuncture needles locally
around the scar borders, also known in Chinese medicine as ‘Surround the Dragon’
(68). When discussing acupuncture for scar management; doctors (69),
physiotherapists (41) and TCM practitioners (39) all recommend placing acupuncture
needles locally around the scar, akin to ‘surround the dragon’. Two of the three
controlled trials and all four case reports in this review used local acupuncture as the

primary type of treatment.

Loskotova and Loskotova (2017) (64) state that HTS formation in humans may be
prevented or limited by early application of acupuncture treatment (64). This long-term
retrospective series of case studies reported a significant reduction in scarring when
acupuncture treatment was provided within 48 hours after burn injury. No other studies
in human subjects have investigated using acupuncture as an early intervention
treatment option following burn injury. Animal studies have demonstrated faster wound
closure and less scarring following acupuncture treatment (70-72). Recommendations
regarding scar prevention using acupuncture cannot be made without further clinical

trials confirming these findings.

Studies reviewed noted between one and 40 treatments at daily, weekly or longer
intervals. Hence, it unknown what the optimal treatment frequency, duration or
placement of needles should be to achieve the best outcomes. Thus, there is not
enough scientific evidence to make reliable conclusions at this stage, however
clinicians may choose to be guided by the limited information available combined with

their own clinical experience to inform treatment choices.
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Recommendations and guidelines for future studies

There needs to be a comparison made between the use of local versus distant
(extrasegmental, or TCM reasoned) acupuncture treatment. Available consensus
suggests that local acupuncture application will have a greater influence on itch and
connective tissue remodelling than distant acupuncture. Mechanistic studies
demonstrate needle rotation, used to produce the sensation of deqi in acupuncture,
can cause tissue displacement up to 4cm away from the needle (73), further informing
the position of needles during locally applied acupuncture treatment for scars. Studies
on itch found local dermatomal acupuncture treatment was more effective than that
applied outside the segment, at reducing induced itch in human and animal models
(49-51).

The use of distant or sham acupuncture in studies to date, have been based on TCM
reasoning and point selection. All studies have used at least one acupoint with a
shared dermatome/myotome to the affected area (74), including non-penetrating
sham controls which may not be inert treatments (75, 76). The studies that used distal
points for acupuncture tended to include points which are known as ‘big’ points in TCM
theory (77). When these points are investigated from a neuroanatomical perspective,
they demonstrate innervation from multiple segmental levels including dermatome,
myotome, cutaneous and joint nerve supply, hence have input into the sensory
nervous system via multiple segmental levels of spinal nerves (78). Thus, it could be
argued that amount of sensory input rather than specific needle location could be a

factor in results seen with acupuncture treatment.

Further investigation will help clarify whether itch and pain respond differently to
treatment, as there is no evidence to suggest that locally applied acupuncture is more
effective at reducing pain than distant acupuncture. Pragmatic trials comparing
acupuncture to current best evidence will judge whether acupuncture should be

considered as a primary intervention in scar management.
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Table 4. Recommended Research Intervention Protocol — comparing local versus

distant needle placement

Study Parameters Recommendation

Age of Scar Six weeks to one year.

Pain associated with tissue damage
fades as healing progresses and a scar
is formed, usually around six weeks post-
wounding (18). HTS develop in the first
six months post- wounding (14, 16).
Needle Location Local around the scar (same
dermatome), compared with distant (no
shared neuroanatomy to scar).

Number of Needles To be calculated based on scar
size/circumference to ensure equal
stimulation between groups. Based on
placing needles at 2cm intervals around
the circumference of the scar.

Needle Stimulation Bi-directional rotation as per Langevin
(45), until moderate sensation is
achieved and repeated at several
intervals throughout treatment.
Treatment Duration Acupuncture needles may be retained
anywhere from 30 seconds to 30 minutes
or more (i.e., indwelling) (68). An
average time of 15 minutes duration is

recommended.
Number of Treatments Six treatments over four weeks.
Outcome Measures Must be validated tools such as VAS and

POSAS and include Quality of Life
measures i.e., SF-36.
Reporting must follow STRICTA and CONSORT guidelines.

Conclusion

This review concludes that there is insufficient evidence to support the use of
acupuncture in the management of abnormal scars due to the lack of quality, unbiased
research trials. However, further investigation into acupuncture as a treatment for HTS
is warranted, therefore recommendations for future research studies have been

presented.
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Chapter 3 — Methods — Study protocol

The following intervention protocol was developed based on acupuncture
mechanisms (Chapter 1.) and guided by results from the published literature on
acupuncture for scars in humans (Chapter 2.). The protocol was approved by the
School of Physiotherapy Research Committee and The University of Notre Dame,
Fremantle Human Research Ethics Committee (approval number #017029F).
However, due to low recruitment, the focus of the study was changed to testing the

clinical feasibility of the treatment protocol.

Study design

Randomised, clinical feasibility trial, with blinded patients, assessor (for self-

report items) and statistical analysis of results.

Setting

Two treatment settings were initially proposed for this study to make it more
accessible for a variety of participants. These were a private physiotherapy clinic in
Cannington where the researcher worked, as well as the simulation laboratory in the
School of Physiotherapy at the University of Notre Dame. During the recruitment
period the researcher ceased working at the original private clinic location and thus
her new workplace in Manning was approved to take over the private clinic treatment

setting.

Randomisation

Prior to commencing recruitment, a physiotherapy student with no other
involvement in the study used an online random number generator at
http://www.graphpad.com/quickcalcs/randomize1.cfm to create a random allocation
sequence of 86 numbers divided into two groups (A and B). The student placed
(folded) paper printed with either A or B into opaque envelopes numbered from 1-86
as per the random allocation sequence. The numbered envelopes were opened in
order of enrolment into the study and provided the participant ID number, following

assessment of scar size and completing initial outcome measures.
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Sample size

Sample size was calculated with the assistance of the statisticians at the
Institute of Health Research, The University of Notre Dame Australia in Fremantle.
The sample size calculation was based on the performance of the primary outcome
measure, the Patient and Observer Scar Assessment Scale (POSAS) (patient
response component). The POSAS contains seven categories for which the subject
rates their symptoms from one to ten on individual numerical rating scales. A
difference of two points on a numerical rating scale (NRS) for pain in adults is clinically
relevant (Hawker et al.,, 2011). A previous study found that the response to
acupuncture treatment for hypertrophic scars was normally distributed, with a standard
deviation of three on a visual analogue scale (VAS) (Cuignet et al., 2015). Therefore,
if the true difference between study and control participants is two points on each
subscale of the POSAS, then 36 experimental and 36 control participants are required
in order to reject the null hypothesis that the population means of both groups are
equal with a probability (power) of 80%. The type | error probability of this experiment
is 0.05. To allow for drop-out, 20% extra participants were planned to be recruited,

totalling 43 participants per group (total n for study = 86).

Inclusion criteria

Participants were required to be aged 18 and over, with symptomatic scars from
trauma or surgery. Accepted scar age ranged from six weeks to 12 months with pain
and/or itch rated as 3/10 or higher on a numerical rating scale. Only one scar per
participant received the study treatments, when multiple scars were present the
participant was asked to choose the most irritable scar to receive treatment as part of
this study.

Exclusion Criteria

- Scar currently receiving physical (hands on and/or equipment-based) treatment
by another clinician.

- Atrophic scar (scar which is depressed or retracted below the line of the normal
skin).

- Keloid scar (has extended beyond boundaries of original wound/has a shiny

surface).
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- Current pregnancy.

- Unstable medical conditions (such as uncontrolled blood pressure, or
uncontrolled epilepsy).

- Allergies to stainless steel.

- Not consenting to receive acupuncture therapy or needle phobic.

- Other acupuncture related contraindications, i.e., lymphoedema in affected
limb, loss of sensation in area to be treated (i.e., nerve injury, stroke, or diabetic
neuropathy).

- Anyone who provides acupuncture treatment or has received significant
training in this area (based on questioning of previous experience of

acupuncture prior to enrolment).

Prior to assessment and subsequent enrolment into the study a phone interview
was conducted with all respondents to exclude participants with either
contraindications to receiving acupuncture or other exclusion criteria, as well as to
answer any questions from potential participants. All participants consented to
treatment prior to enrolment and indicated their ability/willingness to attend the
prescribed treatment regimen. Participants were requested to avoid any other
acupuncture treatment during the study period. For participants with previous
acupuncture experience, a waiting period of a minimum one month following their last
treatment was observed prior to study enrolment. Informed consent for acupuncture
(Appendix 2) was given alongside consent to participate in a research study (Appendix
3).

Participant awareness of acupuncture

This study did not exclude participants with previous experience of
acupuncture. Participants were advised that the study was comparing two different
types of acupuncture. Perception is an important component of some types of placebo
effects and can be influenced by the relationship between the therapist and the patient,
and the use of verbal suggestions for pain relief (Vase et al., 2011). Hence the
investigating therapist developed a standardised script (Appendix 4) which avoided
discussing pain relief with each participant beyond the information contained in the
study information sheet (Appendix 5) provided to potential participants prior to

enrolment.
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Recruitment

A flyer and information letter (see Appendix 7) was distributed (posted or hand-
delivered) to GP clinics, plastic surgeons, and orthopaedic surgeons in the south of
Perth region. Flyers were placed on noticeboards at the library, research office and
School of Physiotherapy at the University of Notre Dame Australia (UNDA), Fremantle,
and were displayed at the workplace of the researcher.

Social media was utilised via creation of a Facebook page with basic study
information. Newspaper advertisements were placed in local area newspapers and a

Freemantle newspaper published an article, including photo, about the study.

Potential participants were screened via phone or email for inclusion and
exclusion criteria. The most common reason for exclusion was a scar older than 12

months.

Data Collection

This protocol was developed in 2019 and tested between 2019 -2021. All
participants completed a personal information form (Appendix 6) which collected
details on the event(s) that resulted in the scar including time since skin insult, current
health conditions, current treatment regimens e.g., pressure garment use and

demographic data e.g., age at the initial treatment session.

Outcome measures were given to participants when they arrived for their
appointments by administration staff at each clinic. Participants were asked to fill out
outcome measures at the prescribed times and place them in an envelope marked
with the date and their participant ID. Patient data and results were stored together in
a locked safe (as per university requirements and ethics approval), regardless of when
and where they attended treatment. Envelopes stayed sealed until all participants
treatment series were completed, then were unsealed, and entered into data
spreadsheets. The therapist applying the treatment was blinded to the outcome
measure results until all participants completed their treatment. Two attempts were
made to follow-up participants who didn’t return outcome measures during the follow-

up period, via email and SMS.
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Outcome measures

Patient and Observer Scar Assessment Scale (POSAS)

The primary outcome measure was the patient response components of the
POSAS. The scale consists of seven categories of scar symptoms for which the

patient rates their scar on a scale from one to ten (Draaijers et al., 2004).

POSAS Questions

Has the scar been painful the past few weeks?

Has the scar been itchy the past few weeks?

Is the scar colour different from normal skin at present?

Is the scar stiffness different from normal skin at present?
Is the scar thickness different from normal skin at present?

Is the scar more irregular than normal skin at present?

N O kb=

What is your overall opinion of the scar compared to normal skin?

Participants performed the self-assessment part of the POSAS assessment at
their initial enrolment into the study, midway, after their final treatment, and one- and
two-months following treatment cessation. The POSAS has been demonstrated as a
reliable and valid measure of both linear surgical scars as well as non-linear scars
such as burns scars (Draaijers et al., 2004; van de Kar et al., 2005). The reliability of
the observer scale completed by a single observer was acceptable (r = 0.73) and the
internal consistency of the patient scale had a Cronbach’s alpha of 0.76 (0.70 and
above demonstrates consistency in a scale) (Draaijers et al., 2004). The POSAS was
given to the participants upon arrival for each assessment appointment by
administration staff, who were blinded to treatment allocation, and sealed in an
envelope marked with their ID number and the date. During follow up, this was posted
or emailed to the participant.

Numerical Rating Scale (NRS) for Pain and ltch

Participants were asked to rate average pain and itch on a scale from one to
ten, for the period of 24 hours prior to attending treatment. This outcome measure was
requested of participants upon arrival for each appointment by administration staff who
were blinded to treatment allocation. Once completed results were sealed in an

envelope marked with their ID number and the date.
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Short form-36: Health related quality of life

A health-related quality-of-life measure the SF-36 was taken at recruitment,
prior to beginning treatment, at the final treatment session, and one- and two-months
after treatment cessation, along with the POSAS. These time points were selected so
that QoL was measured monthly. It was not expected to see change in QoL over
shorter time periods than this and was less taxing on the participants’ time. The SF-
36 is a non-disease specific quality of life measure that has been validated for various

populations including burn injured patients (Edgar et al., 2010).

Responses to the SF-36 items are categorised into eight domains as follows:

1. Physical functioning (PF), measuring how health limits vigorous, moderate, and
easy activities.

2. Role physical (RP), measuring how much health interferes with ability to perform
daily activities and normal work.

3. Bodily pain (BP), measuring how much pain interferes with normal work.

4. General health (GH), measuring perception of health generally.

5. Vitality (V), measuring perceived personal energy level.

6. Social functioning (SF), measuring how health interferes with social activities.

7. Role emotional (RE), measuring how much emotional states of mind interfere with
ability to perform daily activities and normal work.

8. Mental health (MH), measuring perceived mental (emotional) status.

Schedule of study measurements

One and two months following final treatment, participants were asked to
complete the POSAS patient scale and SF-36 quality of life measures. These were

sent to the patient via email or posted with a postage paid return envelope included.

Table 5. Planned schedule of study measurements

Outcome Baseline | Prior  to | Midway | Final 1 month | 2
measure each (4t session (after months
session session) final (after
session) | final
session)
POSAS v v v v v
NRS v v v v
SF-36 v v v v
POSAS - Patient and Observer Scar Assessment Scale (patient response

component), NRS- Numerical Rating Scale, SF-36 — Health-related quality-of-life

measure
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Treatment provider

All treatment was provided by the same physiotherapist who had 11 years’
experience in private practice physiotherapy at the beginning of this study period,
including scar management post-surgery and trauma. The treating physiotherapist
(who was also the research student), had a total of nine years’ experience using dry
needling as part of her management of a wide range of musculoskeletal conditions,
including the use of local acupuncture needling of post-surgical and burns scars. This
included introductory dry needling training in 2007 with ongoing clinical mentoring,
additionally she completed post-graduate studies in western acupuncture in 2014, two

years prior to commencing this research program.

Treatment

Routine care was provided to all study participants at the beginning of each
treatment session prior to receiving acupuncture/dry needling treatment. Self-
management advice in the form of a handout (see Appendix 8) was given to each
participant at their first treatment session, recommending gentle stretching,

cardiovascular exercises, and self-massage techniques.

Routine scar treatment consisted of soft tissue massage using techniques such
as skin rolling, and effleurage. The aim of these techniques is to encourage the layers
of skin and subcutaneous tissue to glide on each other. Sorbolene massage cream
was used for all participants unless specific skin reactions were identified. The time of
five minutes of massage therapy per scar was applied during the research session.
Participants with multiple scars were advised to apply self-massage to all scars,
however only the identified most irritable scar received treatment by the investigating
therapist.

Treatment was performed twice weekly for two weeks, then once weekly for
two weeks for a total of six treatments over four weeks. This treatment regimen was
used by Chen et al. (2014) finding greater functional connectivity following verum
acupuncture in central nervous system components such as the pre-frontal cortex and

PAG which are involved in descending pain inhibitory pathways.

If participants found any of the acupuncture needles were too painful these

were removed or re-positioned during treatment. Each treatment session was
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considered complete if participants retained at least 80% of needles for at least 10
minutes per session. Participants were considered to have completed the treatment

protocol if they attended five out of six sessions.

Local acupuncture

Treatment consisted of 30mm x 0.25uym Hwato brand acupuncture needles
placed 2cm apart around the borders of the scar. Needles were inserted as close as
possible to the margins of the scar (1-5mm away) to a depth of 5-10mm angling
underneath the margins of the scar. In the case of local hypersensitivity, the needles
were placed at a distance from the scar tolerable to the patient. Needles were left in
situ for 15 minutes. Manual stimulation was applied via bidirectional rotation of the
needle for 30 seconds or until moderate sensation (deqi) was described by the
participant. This stimulation was repeated at five minute intervals at the time points of

five and ten minutes, and immediately prior to needle removal.

Needle stimulation aims to produce an axon reflex response and affect local
connective tissue around the scar. Zhang et al. (2012) state that the axon reflex
response spreads from 1-3cm diameter from the needling site. Langevin et al. (2007)
found that strong stimulation of the acupuncture needle can affect connective tissue
up to 4cm away from the needle. Therefore, acupuncture needles were inserted at
approximately 2cm apart. White et al. (2008) recommends leaving acupuncture
needles in situ for 10-20 minutes per treatment session, hence each acupuncture
treatment lasted 15 minutes. Scars were measured (in centimetres) during the initial
treatment session (prior to randomisation) in order to calculate number of needles to
be used for each treatment. Linear scars were measured, and the length doubled to
give the scar circumference. Then this number was divided by two to calculate the
number of needles to be placed every 2cm around both sides of the scar. For non-
linear scars the circumference was measured and divided by two. The number of
needles used was recorded for each patient, and the same number of needles used
at each subsequent treatment session. No more than 20 needles were inserted per

participant.
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Distant Acupuncture/Dry Needling

As participants had scars in different body areas, they therefore required
different needle placement between participants to avoid any neuroanatomical links to

the scar being treated.

Treatment consisted of 30mm x 0.25uym Hwato needles inserted to a depth of
5-10mm perpendicular to the skin. The number of needles used was calculated as per
the local treatment group depending on the size of the scar, so that the same number
of needles was used relative to the size of the scar for each participant. No more than
20 needles were used per participant. Needles were left in situ for 15 minutes as per
the local acupuncture group intervention. Manual stimulation via bidirectional rotation
of the needle for 30 seconds or until moderate sensation was described by the
participant, repeated at five-minute intervals was applied at the time points of five and

ten minutes, and immediately prior to needle removal.

The therapist inserted acupuncture needles bilaterally to the following locations
based on scar location. Points were recorded for each patient, along with number of

needles to allow consistent treatment to be applied throughout the treatment series.

1. Scar located on upper limb, face, chest, or upper back — 2cm lateral to the
spinous process of L3 and L4, midline of the posterior thigh 5cm and 10cm

above the knee crease, 5cm below the knee crease.

2. Scar located on lower limb, lower back, or abdomen (below umbilicus) — 1cm
lateral to the spinous process of C7 and T2, 5cm and 8cm above the elbow joint
in the midline (posterior), midpoint of the forearm between the radius and ulna
(dorsal surface).

These points were selected at a distance from one another, in order that this
protocol seemed realistic to participants with previous acupuncture experience. They
were also designed to avoid any neuroanatomical links to the scar being treated,
based on segmental innervation theories which may confound results (Perreault et al.,
2019). If extra needles were required based on scar size measurements, these were
placed at 2cm intervals from the needles placed in the upper and lower limbs and

recorded for consistent placement at each treatment session.
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Data Analysis for Clinical Trial outcomes

Data was to be analysed with the assistance of the biostatisticians of The
University of Notre Dame Australia, using an Intention to Treat (ITT) analysis of all
participants regardless of protocol completion. A per protocol analysis of compliant
participants was to be completed for comparison and sensitivity analysis. Descriptive
statistics will be used to compare participant characteristics at baseline.

Linear mixed models will be used to compare treatments groups for each
outcome of interest. This allows control of confounding variables (such as size of scar
and previous acupuncture experience) and respects (clusters for) repeated

observations taken per participant.

Hygiene and safety

A 70% alcohol-based hand wash was used by the treating therapist (Larmer et
al., 2008). In the situation of compromised immunity or high infection risk for the
participant a Povidone-lodine Prep Pad was used to sterilise the skin two-minutes prior
to needle insertion (Durani & Leaper, 2008). The therapist followed the Australian
Society of Acupuncture Physiotherapists Guideline for Safe Acupuncture and Dry
Needling, found at https://combinedhealth.com.au/wp-
content/uploads/2018/01/ASAP-safety-guidelines-2007.pdf.

All participants were treated in a reclined position on a plinth to reduce any

possibility of adverse events such as dizziness or fainting.

Adverse Events

Adverse events following acupuncture treatment are classified as mild,
significant, and severe (White et al., 2008). Mild events are reversible and short-lived
including faintness, nausea, drowsiness, bruising, pain, and symptom aggravation.
Significant events require medical attention and include fainting, seizures, peripheral
nerve injury and skin infections. Finally, serious events require hospital admission and
include pneumothorax, vascular injuries, infection in the joints or brain, neuropathy,

and paralysis.

Prior to each subsequent treatment session, participants were asked if there

were any adverse events from the previous treatment. Minor adverse events such as
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bleeding, bruising or short-term (<24 hours) increase in symptoms were recorded for
each participant and reported in the final study summary. Had there been any
significant or serious adverse events requiring medical attention, the researcher would
have informed the Ethics committee. Post-treatment advice specific to acupuncture
was provided to participants along with the general advice provided to all participants.

This included advice on managing adverse events.
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Chapter 4 — Case Study: Pilot test of the local acupuncture
intervention for burn scars

The following case study was published to describe the application of the
Methods as presented in the previous chapter (It is included here as published and
uses the Vancouver referencing style required by the journal). This case study was
performed concurrently to the participants participating in the randomised study
design. The participant received the local acupuncture treatment protocol for a
hypertrophic burn scar. This pilot study confirmed the feasibility of the treatment
intervention and provided insight and recommendations for future research study

design.

Tuckey, C. R., Kohut, S. H., & Edgar, D. W. (2022). Case study: Pilot testing of a local
acupuncture intervention protocol for burn scars. Scars, Burns and Healing, 8.
https://doi.org/:10.1177/20595131211058430

Introduction

Formation of hypertrophic scars following burn injury may contribute to loss of function
and disfigurement in affected individuals (1-3). Skin grafting is used in acute burn
injuries to restore the mechanical barrier and protect the excised damaged tissue.
Although this minimises ongoing tissue damage and infection, it does not promote
regeneration, and repair occurs with scar tissue formation (1). Several factors following
burn injury can lead to scars becoming hypertrophic. These include severity (extent
and depth) of the injury, infection, time to heal and prolonged inflammation beyond two
weeks (4). The resulting hypertrophic scar may be painful, itchy and/or restrict mobility
of the surrounding joints due to the contractile activity of collagen stimulated by
inflammation (5). Following burn injury and subsequent skin transplantation, nerve
ingrowth into the graft tissue occurs at different rates with unmyelinated fibres being
most plentiful in the months immediately following injury (6). These unmyelinated
fibres may cause increased sensitivity to noxious stimuli. This occurs through the
release of neuropeptides including Substance P — consequently facilitating neurogenic
inflammation in the tissue (6). Nociceptive input via the peripheral nervous system can

trigger sensitisation of the central nervous system and lead to hyperalgesia (increased

76



sensitivity to painful stimuli) and allodynia (pain caused by non-nociceptive stimuli) (7).
A systematic review found that intrinsic scar pain is most often reported in hypertrophic
or burns scars (8). Furthermore, following burn injury, the size and depth of the burn

was found to be predictive of the development of scar pain (8).

Standard conservative treatments often include the use of pressure garments,
silicone, topical creams, gels, and massage (1, 2). Pressure garments have been used
over many years and have been shown in some studies to reduce scar thickness (9,
10), however effectiveness has been questioned by other authors (11). Use of
pressure garments combined with silicone gel sheets was shown to improve scar
colour, thickness, vascularity, elasticity, and texture (12). However, use of a cohesive
silicone bandage which applied compression as well as silicone added a significant
improvement in scar itch compared to silicone gel sheeting and pressure garments
(12). Neither silicone gel sheeting (13) or cohesive silicone bandages (12) have
demonstrated a significant reduction in scar pain. Scar massage has shown promising
results: however, studies are poor quality and use inconsistent treatment and
assessment protocols (14). Although widely used and accepted as a treatment
modality, use of specific categories of moisturisers or creams for scars has not been
supported by research (15).

Previously published case studies reported positive outcomes for the use of
acupuncture to reduce pain and itch in symptomatic scars (16-19). These case studies
used manual or electroacupuncture for hypertrophic and keloid scars following surgery
or burn injury. The number of treatments delivered along with treatment parameters
(needle retention time, stimulation, number of needles) differed from case to case.
However, the authors reported improved physical characteristics (colour, height,
pliability), reduced pain and improved mobility in surrounding joints of scarred skin

following acupuncture treatment.

Due the scarcity of data and consistent protocols for the use of acupuncture for treating
symptomatic scars, the ideal treatment parameters to achieve optimal results is
unknown (20). Acupuncture needles inserted locally into skin supplied by the same
spinal segmental nerve level as the target tissue (also known as segmental needling)
(21) targets local nociceptors and connective tissue. This is compared to

extrasegmental or distant acupuncture, where needles are inserted into skin or muscle
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without linked neuroanatomy through related dermatomes and myotomes (21).
Extrasegmental needling is applied at a distance to the target tissue in order to prevent
proximity related neural stimulation (21). Manual or electrical stimulation of
acupuncture needles causes widespread activity in the cortical, subcortical, limbic and
brainstem areas of the central nervous system (7, 22-24). These areas are involved in
a diverse range of functions including sensory, locomotor, cognition, sleep, emotion,
and visceral functions (23) and may contribute to non-specific acupuncture effects. As
extrasegmental acupuncture is not an inert control treatment it may produce similar

non-specific acupuncture effects as local segmental acupuncture (25, 26).

This case study aimed to pilot test a standardised methodology to explore the
feasibility and sensitivity of clinical outcome measures to assess change associated
with using local acupuncture. This standardised methodology is designed for use for
a larger, future clinical trial, investigating acupuncture effect on both post-surgical and
post-traumatic symptomatic scars. Specifically, this case study assessed patient
tolerance and adherence to the treatment protocol, and compliance with outcome

measures both during the treatment period and follow-up post treatment cessation.

Patient Demographics

This case study depicts the treatment journey of a 71-year-old otherwise healthy
Caucasian male; A.B., previously employed fulltime as a mechanic in Western

Australia.
Patient History

While using an oxyacetylene cutting torch at work, his shirt caught fire resulting in a
third degree burn to his left lateral torso. He received minor burns to the fingers on his
left hand, which he had used to try and extinguish the fire. A.B was admitted to Fiona
Stanley Hospital (FSH) in Perth and underwent skin graft surgery using skin off his left
anterior thigh to his left lateral torso. The grafted wound was assessed to be cellulitic
in the first week after injury, however, this settled with a course of intra-venous
antibiotics followed by oral antibiotics. He was discharged from hospital with
compression garments and expected he would need to wear them for two years. A.B.
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was referred by his General Practitioner (GP) for a gym-based exercise program under
the supervision of an exercise physiologist early post-injury and commenced a gradual

return to work program of light duties and reduced hours.

A.B.'s wife had been massaging his thoracic scar 1-2x daily for approximately ten
minutes each day following hospital discharge. He reported that he was wearing his
compression garment 23 hours per day (as per routine practice of State Adult Burn

Unit at FSH) and attended the gym three times per week.

Three months after his burn and initial treatment, A.B. was referred by his GP (who
had seen a recruitment flier for the author’s clinical trial) for twelve sessions of
massage and acupuncture treatment for the scar on his thorax. Throughout the course
of his treatment, A.B. continued with his previous regimen of massage, stretching and
exercise. All medical costs for his injury were covered by Workers Compensation

Insurance.
Initial Clinical Presentation

During his initial appointment, A.B. reported that the burns on his left hand had healed
and those skin changes were no longer symptomatic. The scar on his left lateral thorax
was symptomatic (pain and itch), and he experienced some pulling during movement
but had unrestricted shoulder and thoracic spine range of motion (ROM). Reduced

sensation was noted around some sections of the thoracic scar.

Prior to commencing the acupuncture treatment protocol, A.B. reported that he
remained working on reduced hours compared to normal and that these had been
gradually increasing. At the start of this treatment protocol, he was working 75% of his
usual hours and had restricted lifting capacity to a maximum of 5kg (approximately 15
% of his workplace maximum). A.B. was performing a combination of light cleaning
tasks, administrative duties, and mechanical work, rather than full-time mechanical

duties with no lifting restrictions.
Methods

Standardised Local Acupuncture Treatment for Scars
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Prior to receiving treatment, A.B. was assessed for scar size and screened for medical
conditions that may contraindicate treatment. He received a handout containing
current World Health Organisation (WHO) recommendations regarding cardiovascular
exercise and instructions for self-massage of his scar. The number of acupuncture
needles used was calculated based on placing needles at 2-cm intervals surrounding
the scar, limited to a maximum of 20-needles to avoid overstimulation. Outcome
measures were assessed/requested based on the following schedule from the clinical

trial protocol:

Table 6. Planned Schedule of Study Measurements

Outcome Baseline | Prior  to | Midway | Final 1 Month | 2

Measure each Session post Months
session post

POSAS v v v v v

NRS v N N v

SF-36 v v v v

Patient and Observer Scar Assessment Scale (POSAS) - patient response
component, Numerical Rating Scale for Pain and ltch (NRS), Quality of Life Measure
(SF-36)

Each treatment involved five minutes of scar massage aimed at moving layers of
connective tissue on each other, followed by 15-minutes of acupuncture. The needles
were stimulated manually via bidirectional rotation until moderate deqi, or needling
sensation was felt, three times over the course of each 15-minute treatment session.
These parameters were chosen as it has been confirmed that the stimulation of
needling sensation is vital for producing acupuncture analgesia and that the analgesic
effects of acupuncture build slowly over the course of the treatment and continue
following treatment cessation (27). Local acupuncture treatment aims at increasing

blood flow and stimulating remodelling of collagen fibres (28).

Methods Applied to this case study

A.B. was referred for inclusion in a clinical trial (UNDA Ethics #017029F) and the
methodology for the study was piloted with his consent. The opportunity arose
because, he met the participant inclusion criteria, but he was unable to be randomly
assigned to either treatment group as he had been referred by his doctor for a defined

number of treatment sessions, under Workers Compensation Insurance provisions.
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As his scar and symptoms met inclusion criteria, he gave permission for his data and
photographs to be published as a separate pilot (case study). He received a total of
12 treatment sessions over seven weeks which is double the number of treatments in
the clinical trial and this was specified in his referral from his doctor/case manager.
Following scar massage as per the standard protocol A.B. received localised
acupuncture treatment applied surrounding the entire skin graft area. Some needles
were also inserted inside the grafted area adjacent to prominent red, raised bands of
scar tissue. For each treatment 20-needles were inserted to a depth of 10-mm under
the skin at a 45-degree angle so that 20-mm of the needle shaft was inserted at an
angle underneath the edge of the scarred tissue.

On several occasions the patient reported greater sensitivity over his skin grafted area
when he arrived for treatment coming straight from a day at work. This was postulated
to be a combination of factors including heat and rubbing from work clothing and
repetitive motion of his arm during work duties. Hence, needles were only placed
around the entire scar border (into un-affected skin) to avoid overstimulation on these

occasions, avoiding the central raised bands.

Outcome measures were taken prior to commencement of treatment, at his final
treatment session and via a phone call follow-up 10 weeks after treatment completion.
The phone call was undertaken following no reply to emails including requests for
previously consented to post-treatment questionnaires. The three outcome measures
were used. The Patient and Observer Scar Assessment Scale (POSAS) — patient
rating component, was utilised at baseline, and at points following treatment cessation
as this asks the patient about scar symptoms as well as the appearance and impact
of the scar over the preceding few weeks (29). A short-term measure, the Numerical
Rating Scale for pain and for itch was used at the beginning of each treatment session.
This averages symptoms on a scale of 1-10 over the past 24 hours and was used to
assess reaction to the previous treatment and scar sensitivity on the day of treatment
and guide treatment intensity. Quality of Life was measured using the SF-36 which
has been validated for use with burns survivors, as well as the general population (30).
This was completed during his initial assessment with assistance of his wife due to
language difficulties. Unfortunately, this measure was not able to be captured after his

baseline measure. This outcome measure was included to test the ease of capture of
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quality-of-life information, and to explore non-specific acupuncture effects. This was

for the comparison between verum and control protocol in a future clinical trial.

Results

Table 7. Case Study Results

Initial Assessment

At final Treatment

Follow-Up (10

(%)

complete

(3 months following | (7 weeks after | weeks  following
burn injury) treatment Treatment
commenced) cessation, 7
months post-injury)
NRS (pain) 7/10 4.5/10 6/10
NRS (itch) 5/10 4/10 5/10
POSAS 57/70 (81%) 27170 (38%) 33/70 (47%)
SF-36 Summary Scores | Patient declined to | Unable to complete

over the phone

PCS - 29, MCS -
46
Domain
(%)

PF — 15 (74%)
RP — 44 (71%)
BP — 31 (75%)
GH — 45 (81%)
VT - 44 (60%)
SF - 63 (91%)
RE — 38 (88%)
MH - 75 (87%)

Scores

(NRS — Numerical Rating Scale, POSAS — Patient and Observer Scar Assessment
Scale (Patient response component), SF-36 — Quality of Life Measure, PCS — Physical
Component Summary, MCS - Mental Component Summary, PF — Physical
Functioning, RP — Physical Role Functioning, BP — Bodily Pain, GH — General Health,
VT — Vitality, SF — Social Role Functioning, RE Emotional Role Functioning, MH —
Mental Health Functioning) *with mean age and gender-based domain score for
comparison (31)

On initial presentation, A.B.’s skin grafted area was pink with a dark red raised
horizontal band and slightly raised pink vertical band of hypertrophic scarring (figure
2). Half-way through the treatment series (4-weeks following his initial treatment) the
main grafted area of scar was lighter pink. The raised horizontal band was less raised
and had lightened to red, with a section in the centre that had completely flattened and
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changed colour to pink. The vertical band was barely distinguishable from the main

section of the scar (figure 3a and 3b).

Seven weeks following initial treatment at his final (12t)
session, the main section of scar was light pink. The
horizontal band had reduced in size, with only a small
section still raised and red, and the vertical band was no

longer visible (figure 4).

At his final follow-up (via phone call) 7-months after his
burn injury, the patient reported that he was working
fulltime, performing all his normal duties. However, he
1 reported that heat and repetitive arm movements were

| causing some scar irritation from the rubbing of clothing

against his scar.
Figure 2. (left) Taken by and reproduced with consent of AB’s wife

Figure 3a. and 3b. (below) Photo taken by the therapist and reproduced with consent
of AB.
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Figure 4. (left) Photo taken by the therapist
and reproduced with consent of AB.

Adverse Events

The patient complained of some increased
scar pain immediately following treatment,
this required his usual pain medication, and
settled within 12-hours post-treatment.
Some irritation/pain following treatment was
expected due to the increased neural
sensitivity of his scar. A.B was asked to rate
his pain and itch (on an NRS) at the

beginning of each session and if he was

already experiencing work-related symptom
aggravation prior to treatment the needle stimulation intensity was reduced for that
session. Future research could consider using less needles initially and increasing
needle numbers throughout the course of treatment to increase stimulation intensity

in line with patient tolerance.

Discussion

This case study related to the pilot testing of a local acupuncture treatment protocol
for hypertrophic scars for an infected burn which received skin grafting. The treatment
protocol was developed and based on the available evidence arising from the authors’
recent review of the efficacy of acupuncture in treating scars (20). The clinical trial
protocol involved random assignment to either an active group who received local
acupuncture treatment or a control group who received distant, non-segmental
acupuncture treatment. A.B. received the verum local acupuncture treatment protocol.
The acupuncture needles were inserted into skin supplied by the same spinal
segmental nerves as the target tissue, also known as segmental needling (21). No
significant adverse effects were reported over the course treatment which is promising
for a patient with such a large scar and history of skin graft and subsequent infection.

The treatment methods were well tolerated by A.B., supporting its use in a larger
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clinical trial. This case study also examined sensitivity and compliance with regards to
outcome measures used and highlighted the challenge of using written questionnaires
in participants with poor written English ability. In this case, initial measures were
completed with the assistance of A.B.’s wife, then verbally with the treating therapist.
Other potential methods for future data collection could include digital questionnaires

or use of a translated version of the original questionnaire.

Clinically relevant symptom reduction was measured via POSAS and a Numerical
Rating Scale (NRS) for pain and itch over the course of treatment supporting the use
of these measures to assess treatment effect (32-34). Symptoms of pain and itch
improved 10-15% over the course of treatment, however short-term symptom
reduction was reported by the patient. Pain was reduced by 1.5/10 post treatment and
1/10 at follow-up. ltch reduced by 1/10 post-treatment, but this was not retained on 10-
week follow-up. Significantly, the POSAS score dropped from 81% to 38% post
treatment and remained at 47% on follow-up, indicating that self-perceived
improvement of factors such as scar pigmentation, height and pliability were
maintained over time. These measures were completed in person throughout the
treatment series and via follow-up phone consultation. Regrettably, the symptom of
itch did not reduce appreciably with treatment. There are several possible reasons for
this. Due to the location of his scar, A.B complained that heat, sweat and rubbing from
his clothing irritated it despite wearing either his compression garment or later a cotton
singlet. Due to the location of his scar in the proximal axilla region and body contours,
it is possible that his compression garment was less effective at maintaining consistent
skin contact in this area during repetitive arm movements. Because he worked as a
mechanic, his regular arm and trunk movements may have created friction between
skin and clothing. This may have stimulated mechanosensitive nociceptors of
histamine and other pro-inflammatory neuropeptides such as Substance P, therefore
leading to neurogenic inflammation of the skin grafted region (35, 36). During
treatment, acupuncture needle insertion and stimulation activates the same sensory
neurons as does tissue damage, leading to local histamine release (23, 27). This may
cause a short-term increase in symptoms (23). Further, due to lack of standardisation
in measuring itch and applying acupuncture for itch, the published literature to date
does not support its use in treating itch (37). It is currently unknown whether use of

segmental (shared neuroanatomy) needle placement further away from the tissue
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under consideration or extrasegmental needle placement (no shared neuroanatomy)
influences itch. This requires further investigation; therefore the proposed clinical trial
protocol compares the use of local segmental acupuncture with distant extrasegmental
acupuncture. Extrasegmental acupuncture is not an inert control treatment, hence, it’s
use may produce non-specific acupuncture effects including potential effects on
symptoms under investigation (25, 26).

Physical scar characteristics of pigmentation, height and pliability as measured by the
POSAS (patient self-assessment) improved following treatment consisting of scar
massage and local acupuncture. Bi-directional needle rotation is reported by Langevin
and colleagues to influence fibroblast cellular activity in a dose-dependent manner via
winding of collagen fibres around the needle (28, 38). This effect was demonstrated
to occur up to 4-cm away from the shaft of the needle and is hypothesised to cause
local collagen fibre remodelling (39, 40). Therefore, use of local acupuncture treatment
with bidirectional rotation until moderate needling sensation (deqi) is felt, may
contribute to physical changes in scar pigmentation, height, and pliability via
stimulation of collagen remodelling within the scar tissue and warrants further

investigation.

The SF-36 was validated for burns patients and provides valuable information that
could be useful in understanding non-specific treatment effects of acupuncture (30).
A.B scored significantly lower on all domains of the SF-36 compared to age matched
controls, demonstrating both his physical and mental health had been affected by this
injury. Unfortunately, this was only captured at baseline. A.B. declined to fill this in at
his final appointment and follow up. Due to the length of the questionnaire, completion
via telephone was not feasible. For these reasons, the use of a shortened quality of
life measure might be beneficial when patients have difficulties with written language.
The SF-36 can be mapped to the EQ5D-5L which only has five questions and was
found to provide similar predictions with the exception of severe health states (41).
This is an appropriate substitution for future clinical trial cohorts in order to provide
some follow up data for comparison. However, the SF-36 provides valuable detalil
across multiple domains and is therefore the questionnaire of choice where logistically

possible.
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Whilst this case study showed promising results in a single patient, factors such as
age may influence tissue healing and scar characteristics. It cannot be ascertained
from a single case whether the improvement was more rapid than a normal healing
response, nor can outcomes be generalised to other populations with burns or post-
surgical scars. Further testing of this protocol is warranted to determine whether the
recommendations arising from this case study should be applied.

Conclusion

This case and intervention applied was associated with a significant change in patient
observed physical scar characteristics with a small but clinically relevant reduction in
scar pain. The treatment protocol was well tolerated, and outcome measures sensitive
to change. A larger trial with standardised treatment, as proposed below, is warranted
to investigate the effect of acupuncture on hypertrophic scar symptoms in patients with
post-surgical or burns scars, of various ages and stages of healing.

Appendix to case study — Proposed Comparison Groups for Clinical Trial

Group 1 — Local acupuncture (demonstrated in this case study)

Following standard scar massage, acupuncture treatment will consist of 30mm x
0.25um acupuncture needles placed 2cm apart around the borders of the scar.
Needles will be inserted as close as possible to the margins of the scar (1-5mm away)
to a depth of 5-10mm angling underneath the margins of the scar. In the case of
hypersensitivity, the needles will be placed at a distance from the scar tolerable to the
patient. Needles will be left in situ for 15 minutes. Manual stimulation will be applied
via bidirectional rotation of the needle for 30 seconds or until moderate sensation
(deqi) has been described by the participant. This stimulation will be repeated at five-
minute intervals at the time points of five and ten minutes, and immediately prior to

needle removal.

87



Group 2 — Distant acupuncture (Control Condition #1)

As participants will have scars in different body areas, they will therefore require
different needle placement between participants to avoid any segmental

neuroanatomical links to the scar being treated.

Following standard scar massage, acupuncture treatment will consist of 30mm x
0.25um acupuncture needles inserted to a depth of 5-10mm perpendicular to the skin.
The number of needles used will be calculated as per the local treatment group
depending on the size of the scar, so that the same number of needles will be used
relative to the size of the scar for each participant. No more than 20 needles will be
used per participant. Needles will be left in situ for 15 minutes as with the local
acupuncture group. Manual stimulation via bidirectional rotation of the needle for 30
seconds or until moderate sensation (deqi) has been described by the participant,
repeated at five-minute intervals will be applied at the time points of five and ten

minutes, and immediately prior to needle removal.

The therapist will insert acupuncture needles bilaterally to the following locations
based on using points extrasegmental to the scar location as segmental needling has
been demonstrated to confound sham needling attempts in acupuncture clinical trials
(21). Points used will be recorded for each patient, along with number of needles to

allow consistent treatment to be applied throughout the treatment series.

1. Scar located on upper limb, face, chest or upper back — 2cm lateral to the spinous
process of L3 and L4, midline of the posterior thigh 5cm and 10cm above the knee
crease, 5cm below the knee crease.

2. Scar located on lower limb, lower back or abdomen (below umbilicus) — 1cm lateral
to the spinous process of C7 and T2, 5cm and 8cm above the elbow joint in the midline

(posterior), midpoint of the forearm between the radius and ulna (dorsal surface).

If extra needles are required based on scar size measurements, these will be placed
at 2cm intervals from the needles placed in the upper and lower limbs and recorded

for consistent placement at each treatment session.
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These points have been selected at a distance from one another, in order that this
protocol seems realistic to participants with previous acupuncture experience as they
will not be excluded from participation in this trial. They are also designed to avoid any

neuroanatomical links to the scar being treated, which would confound results (21).

Group 3 (Control Condition #2) — proposed as an additional group for future studies

Participants receive standard scar massage as per groups 1 and 2 but no acupuncture

treatment.
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Chapter 5 — Pilot Study — Feasibility Testing of the Randomised
Clinical Trial Protocol

Concurrent to the case study reported in Chapter 4, a pilot study was completed
to test the randomised study protocol reported in Chapter 3. The aim of a pilot or
feasibility study is to assess recruitment potential and process, assess the safety of a
treatment intervention and to evaluate the treatment intervention and study design

prior to use in a larger trial (Eldridge et al., 2016; Thabane et al., 2010).
Aim

To assess the feasibility of the treatment protocol in participants with surgical

scars and to compare scar outcomes for local versus distant acupuncture treatment.

Methods

The detailed methodology for this pilot study is presented in Chapter 3 of this
thesis.

Results

Participant demographics

Following enrolment into the study nine participants were randomly allocated to
the local treatment group and six to the distant group (includes one drop-out). A
random allocation sequence for 86 participants was created by a physiotherapy
student, using an online random number generator. Random allocation was via
numbered envelopes opened in order of enrolment into the study, hence there was
uneven allocation between treatment groups. Scar age ranged from six weeks to 12
months. Most participants had post-surgical scars, one had fallen and received
stitches, two had caesarean-sections and two had knee joint replacements. Six had
had skin cancers or lipomas removed, two were following wrist surgery and two after
lower limb surgery (compartment syndrome and Achilles repair). Most participants
attended for treatment at the UNDA School of Physiotherapy (n=10), the remainder
attended at the workplace of the researcher (n=5). Fourteen participants completed at
least five of the six sessions of treatment. One participant did not complete treatment
and withdrew from the study due to family and work commitments after attending the

initial treatment session.
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Table 8. Participant details

Group A (Local) Group B (distant)

n=9 (4 males, 5 females) n=6 (6 females)

Age range: 33-78 (mean:51.6years) Age range: 20-72 (mean:44.2years)

All completed at least 5/6 sessions 5 completed at least 5/6 sessions, 1 drop

out after 1 session — time/family reasons
Number of needles used, range:3-20 | Number of needles used, range: 5-14

mean: 8.3 mean: 8.2

Scar age: 2-12 months, mean: 6.6 | Scar age 6 weeks to 10 months, mean:
months 7.75 months

Location of needles/scar Location of needles

upper limb (n=2), lower limb (n=2), torso | upper body points (n=3), lower body
(n=4), face (n=1) points (n=3)

n — number of participants

Treatment intervention

Following completion of outcome measures at each session, participants
received five minutes of scar massage followed by acupuncture applied either locally
around the scar, or to distant points with no neuroanatomical links to the scar. The
number of needles used was based on placing needles at 2cm intervals around the
scar circumference (i.e., linear scar circumference = 2x length), with a maximum of 20
needles used per participant. Following needle insertion, needles were stimulated
manually three times over the 15 minute treatment, via bi-directional rotation of the

needle shaft until moderate needling sensation (deqi) was felt by the participant.

Group A — Local

Acupuncture needles were inserted as close as possible to the scar border,
angled to aim the point of the needle underneath the scar tissue.

Group B — Distant

Acupuncture treatment was applied with the participant lying prone as all
needles were placed on the dorsal surface of the trunk and limbs. Needle location was
in the opposite half of the body to the scar as per the study protocol in Chapter 3.
Three participants with scars below the umbilicus (includes one drop-out) received
acupuncture in the upper limb and cervicothoracic region, the remaining three
participants with scars above the umbilicus received acupuncture in the lower limbs

and lumbar region.
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Safety of treatment — Adverse events

There were no significant or serious adverse events requiring medical attention
over this series of treatment. Patients were provided with an information sheet
(Appendix 2) advising them that it is normal to experience increased symptoms
following treatment, however, these should settle within 24 hours. They were advised
to contact the researcher if they had any concerns, or if they experienced any
unexpected symptoms (not listed on the information sheet). One participant in the local
treatment group noted tenderness during scar massage at her first session, during her
second session she reported that her scar was sensitive, but massage was tolerable.
In this same participant, one needle was moved due to sensitivity during one
treatment. A further five patients in the local acupuncture group (this included both
patients with knee joint replacements) reported an increase in symptoms (pain and/or
itch) for up to 12 hours post-treatment. One patient in the distant group noted scar pain
following treatment (for less than 12 hours) and one patient in the distant group
reported a small bruise at a needle site following treatment which had disappeared
before her next treatment session. No participant required medical attention for

adverse events over the study period.

Outcomes

Participants completed a NRS for pain and for itch at the beginning of every
treatment session, the results of which are provided in Appendix 9. The POSAS,
patient response component was completed at baseline (prior to receiving the first
treatment), midway (fourth session), final session and at one- and two-months follow-
up after treatment cessation. The SF-36 (health-related quality of life measure) was
completed at baseline, final session and one- and two-months follow-up. The treating
therapist was blinded to outcomes throughout the study, however, did collect data on

adverse events.

The NRS measured pain and itch levels over the preceding 24 hours. The local
acupuncture group had an average (mean) pain level of 2.5/10 at baseline, which
improved to 1.6/10 (36% improvement) at their final treatment session four weeks
later. In comparison the distant acupuncture group had an initial pain rating of 1.6/10
which improved to 1/10 (38% improvement) at their final treatment session.
Concurrently, NRS measurements for itch reduced from and average (mean) 4/10 at
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baseline to 1.4/10 (65% improvement) after four weeks of treatment for the local
acupuncture group, and from an average (mean) 4.3/10 to 1.2/10 (72% improvement)

for the distant acupuncture group.

The POSAS asked participants to rate their pain and itch over the preceding
two weeks. Baseline average (mean) POSAS scores for pain were 3.7/10 for the local
acupuncture group and reduced to 2.1/10 (43% improvement) at the final treatment.
The average (mean) pain scores were 3.6/10 for the distant acupuncture group at
baseline and 1.5/10 (58% improvement) at the final treatment. Concurrently, average
(mean) itch scores on POSAS reduced from 3.8/10 to 2.8/10 (26% improvement) for
the local acupuncture group, and 6/10 to 1.75/10 (71% improvement) for the distant

acupuncture group.

Follow up POSAS questionnaires were returned by five participants in the local
acupuncture group rating average (mean) pain as 1.8/10 and 1.6/10 and average
(mean) itch as 2.6/10 and 2.4/10 at one and two months following treatment
completion. In the same period, four participants in the distant acupuncture group
reported average (mean) pain scores as 1/10 and 1.25/10, and average (mean) itch
scores as 1.25/10 and 1.5/10.

The POSAS also measures scar physical characteristics of colour, stiffness,
thickness, and irregularity. The local acupuncture group had an average (mean)
combined score of 7.8/10 at baseline which improved 28% to 5.6/10 at their final
treatment. In comparison the distant acupuncture group had a combined average
(mean) score of 7.1/10 at baseline which improved 41% to 4.2/10 at the final treatment
session. At one- and two-months follow-up after the final treatment session the local
acupuncture group who returned questionnaires (n=5) had a combined average
(mean) score of 7/10 and 7/10 respectively, which was an 11% improvement from
baseline but had regressed compared to their final session. In comparison the distant
acupuncture group (n=4) scored 3.2/10 and 3.3/10 respectively, which was a further

15% improvement from final treatment scores and a 55% improvement from baseline.

Finally, the participants gave their scar an overall rating on POSAS which at baseline
was 7.8/10 for the local acupuncture group and 7.6/10 for the distant acupuncture

group. At the final treatment, the local acupuncture group rated their scar as 6/10 (23%
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improvement), and the distant acupuncture group rated theirs as 4.2/10 (45%
improvement). As with the scar physical characteristics the local acupuncture group
did not report continued improvements at one- and two-months following treatment
cessation and rated their scar as 7.2/10 and 7.4/10 (5% improvement from baseline).
The distant acupuncture group showed continued improvement of 3.5/10 and 3/10
(60% improvement from baseline). However, with only 55% of the local group
providing completed follow-up questionnaires compared to 80% of the distant group,

these results should be interpreted with caution.

The tables below give outcomes taken at baseline, the final treatment session
and at one and two months post-treatment. Two participants who did not attend their
final treatment have NRS scores included from their fifth treatment (three weeks from
baseline) instead. Results from participant #3 are not included as they did not attend
following their initial appointment. Full results for each participant are included in

Appendix 9.
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Table 9. Pain rating on POSAS and NRS

Participant# | Number of Pain (baseline) | Pain (Final Pain (baseline) | Pain (Final Treatment | Pain Follow-up

and group Needles per NRS Treatment—4 | POSAS — 4 weeks later) scores (POSAS)

Local/Distant | treatment weeks later) POSAS, 1 month, 2
NRS (compared to | months
(compared to baseline) (compared to final
baseline) treatment)

#2 20 7 8 (11) 8 6 (12) n/c

#5 12 0 0= 0 1(11) 1=,1=

#7 3 1 0(1) 6 1(15) 2(1M)=

#8 4 1 2(11) 2 = 1(1),2=

#10 3 4 31 4 31 4 (11),3=

#11 3 1 X)) 2 = n/c

#13 20 8 1(17) 8 1(17) 1=,1=

#14 3 0 1(11) (5" 1 n/c n/c
session)

#15 7 1 01 2 1(1) n/c

#1 10 6 0 (/6) 7 2 (15) 1(1),2=

#4 7 0 2 (12) (5% 2 n/c 1(10), 1(11)
session)

#6 8 2 = 4 2 (12) 1(ND,11)

#9 5 0 1(11) 2 1(1) 1=,1=

#12 5 0 = 3 1(l2) n/c

NRS — numerical rating scale, POSAS — patient and observer scar assessment scale (patient response component), n/c — not
completed, | score reduced (improved), 1 score increased (worsened), = no change in score
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Table 10. /tch rating on POSAS and NRS

Participant# | Number of Itch (baseline) | Itch (Final Itch (baseline) | Itch (Final Treatment | Itch Follow-up

and group Needles per NRS Treatment—4 | POSAS — 4 weeks) POSAS scores (POSAS)

Local/Distant | treatment weeks) NRS (compared to 1 month, 2
(compared to baseline) months
baseline) (compared to final

treatment)

#2 20 7 8 (1) 8 6 (l2) n/c

#5 12 5 0(l5) 6 51) 5=,3 (12)

#7 3 0 0= 1 = 1=,2 (1)

#8 4 3 0(3) 3 2 (1) 1(1), 2=

#10 3 5 2 (l3) 5 2 (l3) 5(13),4 (12),

#11 3 6 0 (/6) 7 2 (l5) n/c

#13 20 4 2 (l2) 3 2 (1) 1(1),101)

#14 3 2 1 (1) (B2 n/c n/c
session)

#15 7 4 0(l4) 4 2 (l2) n/c

#1 10 3 0(1) 5 2 (13) 2=,1(11)

#4 1 2 (11) ("4 n/c 1(13),1(13)
session)

#6 8 6 2 (l4) 8 2 (16) 1(1),3(11)

#9 5 4 1(13) 6 1(15) 1=,1=

#12 5 5 1.(14) 7 2 (15) n/c

NRS — numerical rating scale, POSAS — patient and observer scar assessment scale (patient response component), n/c — not
completed, | score reduced (improved), 1 score increased (worsened), = no change in score
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Table 11. Scar physical characteristics as measured by the POSAS self-reported component

Participant # Number of | Physical Characteristics | Physical Characteristics Physical Characteristics
and group Needles (POSAS) (POSAS) (POSAS)
Local/Distant | per Baseline Final Treatment — 4 weeks) | Follow-up 1 month, 2 months
treatment (Compared to baseline) (Compared to final treatment)
#2 20 Colour - 10 Colour -7 (|3) n/c
Stiffness - 7 Stiffness — 7=
Thickness - 10 Thickness — 10=
Irregularity - 10 Irregularity — 10=
Overall -10 Overall = 8 (12)
#5 12 Colour - 9 Colour -8 (1) Colour — 8=, 8=
Stiffness - 9 Stiffness — 8 (1) Stiffness — 8=,8=
Thickness - 9 Thickness — 8 (1) Thickness — 9 (11),8=
Irregularity - 9 Irreqularity — 8 (| 1) Irregularity — 9(11),8=
Overall - 9 Overall — 9= Overall — 9=,8 (|1)
#7 3 Colour - 10 Colour -3 (|7) Colour — 3=, 3=
Stiffness - 10 Stiffness — 4 (|6) Stiffness — 3 ({1), 3 ({1)
Thickness - 10 Thickness — 5 (|5) Thickness — 3 (|2), 3 (|2)
Irregularity - 10 Irregularity — 4 (|6) Irregularity — 3 ({1), 3 (11)
Overall - 10 Overall — 4 (16) Overall = 3 ([1), 5 (11)
#8 4 Colour - 10 Colour -7 (3) Colour — 10 (13),10 (13)
Stiffness - 10 Stiffness — 7 (| 3) Stiffness — 10 (13),10 (13)
Thickness - 10 Thickness — 7 (|3) Thickness — 10 (13),10 (13)
Irregularity - 10 Irreqularity — 7 (| 3) Irregularity — 10 (13),10 (13)
Overall - 10 Overall - 7 (| 3) Overall — 10 (13),10 (13)
#10 3 Colour - 2 Colour—1 (1) Colour -3 (12), 2 (11)
Stiffness - 9 Stiffness — 4 (|5) Stiffness — 4=, 4=
Thickness - 9 Thickness — 4 (|5) Thickness — 4=, 5 (11)
Irregularity - 8 Irregularity — 4 (4) Irregularity — 4=, 4=
Overall - 8 Overall = 5 (13) Overall =4 (1), 5=
#11 3 Colour - 8 Colour -3 (|5) n/c
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Stiffness - 10
Thickness - 10
Irregularity - 10

Stiffness — 3 (|7)
Thickness — 5 (|5)
Irregularity — 5 (|5)

Overall - 10 Overall — 4 (16)

#13 20 Colour - 10 Colour — 10= Colour — 10=,10=
Stiffness - 10 Stiffness — 8 (| 2) Stiffness — 10 (12), 10 (12)
Thickness - 10 Thickness — 8 (12) Thickness — 10(12),10 (12)
Irregularity - 10 Irregularity — 9 (| 1) Irregularity — 10 (11),10(11)
Overall - 10 Overall =9 (1) Overall = 10(11), 9=

#14 3 Colour - 5 n/c n/c
Stiffness - 2
Thickness - 5
Irregularity - 5
Overall - 2

#15 7 Colour - 1 Colour — 1= n/c
Stiffness - 1 Stiffness — 1=
Thickness - 1 Thickness — 1=
Irregularity - 1 Irregularity — 2 (11)
Overall - 1 Overall - 2 (11)

#1 10 Colour - 5 Colour -3 (12) Colour—-2 (1), 2 (1)
Stiffness - 5 Stiffness — 2 (| 3) Stiffness — 1 ({1), 1 ({1)
Thickness - 7 Thickness — 2 (|5) Thickness — 1 (11),1 ({1)
Irreqularity - 7 Irregularity — 2 (|5) Irreqularity — 2=, 2=
Overall -7 Overall - 3 (14) Overall - 3=, 2 (|1)

#4 7 Colour - 8 n/c Colour—-3(|5), 4 (14)
Stiffness - 7 Stiffness — 2 (|5), 4 (13)
Thickness - 7 Thickness — 1 (|6), 4 (|3)
Irregularity - 6 Irregularity — 2 (14), 4 (14)
Overall -7 Overall = 3 (14), 4 (13)

#6 8 Colour - 8 Colour—4 (|4) Colour—-3 (|1), 5 (11)

Stiffness - 10
Thickness - 10

Stiffness — 4 (|6)
Thickness — 4 (/6)

Stiffness — 4 =,3 (1)
Thickness — 5 (11),5 (11)
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Irregularity - 10

Irreqularity — 4 (|6)

Irregularity — 4 =,5 (1)

Overall - 10 Overall — 4 (16) Overall = 3 (1), 4=

#9 Colour - 4 Colour -1 (|3) Colour — 1=, 1=
Stiffness - 6 Stiffness — 2 (|4) Stiffness — 5 (13), 3 (11)
Thickness - 6 Thickness — 2 (| 4) Thickness — 6 (14), 5 (13)
Irregularity - 6 Irreqularity — 2 (|4) Irregularity — 6 (14), 3 (11)
Overall - 6 Overall — 2 (14) Overall — 5 (13), 2=

#12 Colour - 10 Colour - 10 = n/c
Stiffness - 4 Stiffness — 5 (1)
Thickness - 8 Thickness — 10 (12)
Irregularity - 8 Irregularity — 10 (12)
Overall - 8 Overall — 10 (12)

POSAS - patient and observer scar assessment scale (patient response component), n/c — not completed, | score reduced
(improved), 1 score increased (worsened), = no change in score

103



Table 12. Quality of life — SF-36

Participant # and | Baseline Final Treatment 1 month Follow-up | 2 months Follow- Age related
group Above norm Compared to Compared to up Norms
Local/Distant Below norm baseline baseline Compared to
baseline
#2 L PF- 25 PF- 65 n/c n/c PF-90.9
RF- 18.8 RF- 25 RF- 85
BP- 10 BP- 90 BP-76.8
GH- 50 GH- 65 GH- 76.6
V- 50 V- 20 V-64.9
SF- 25 SF- 25 SF-91.9
RE- 100 RE- 100 RE-92.2
MH- 84 MH- 72 MH- 82.3
#5L PF-100 PF-100 PF-100 PF-100 PF-92.3
RF-100 RF-100 RF- 100 RF- 25 RF-80.4
BP-100 BP- 100 BP- 100 BP-67.5 BP-79.6
GH- 95 GH- 95 GH- 95 GH- 65 GH- 78.7
V- 65 V- 65 V- 35 V- 35 V-58.7
SF-87.5 SF-87.5 SF-75 SF- 25 SF-89.2
RE- 100 RE- 100 RE- 83.3 RE- 50 RE- 85.6
MH- 64 MH- 64 MH- 56 MH- 48 MH- 77.3
#7 L PF-100 PF-100 PF-100 PF-100 PF-95.2
RF-100 RF-100 RF- 100 RF-100 RF- 89.3
BP- 90 BP- 90 BP-90 BP- 100 BP-91.9
GH- 80 GH- 80 GH- 80 GH- 80 GH-78.9
V-70 V-70 V-75 V- 80 V-65.4
SF-100 SF-100 SF- 100 SF-100 SF-93.8
RE- 100 RE- 100 RE- 100 RE- 100 RE-91.7
MH- 84 MH- 80 MH- 80 MH- 80 MH- 81.2
#8 L PF- 80 PF-75 PF-n/c PF-95 PF-80.3
RF-87.5 RF- 75 RF- 100 RF- 100 RF-77.8
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BP-80 BP-57.5 BP-90 BP- 90 BP-71.5
GH- 35 GH- 40 GH- n/c GH- 60 GH-73.4
V-70 V-70 V- 60 V- 60 V-61.4
SF-100 SF-75 SF-100 SF-100 SF-90
RE- 100 RE- 100 RE- 100 RE- 100 RE- 88
MH- 80 MH- 76 MH- 64 MH- 80 MH- 80.8
#10 L PF-100 PF-100 PF-100 PF-100 PF-90.9
RF-87.5 RF-93.8 RF- 100 RF-93.8 RF- 85
BP-77.5 BP- 90 BP-90 BP- 90 BP-76.8
GH-90 GH- 95 GH- 90 GH-90 GH- 76.6
V- 55 V-70 V- 80 V- 80 V-64.9
SF-87.5 SF-100 SF-87.5 SF-100 SF-91.9
RE- 100 RE- 100 RE- 100 RE- 100 RE-92.2
MH- 80 MH- 80 MH- 80 MH- 80 MH- 82.3
#11L PF-90 PF- 90 n/c n/c PF-80.3
RF-100 RF- 100 RF-77.8
BP- 80 BP- 80 BP-71.5
GH- 85 GH-70 GH-73.4
V-70 V-75 V-61.4
SF-100 SF-100 SF-90
RE- 100 RE- 100 RE- 88
MH- 68 MH- 72 MH- 80.8
#13 L PF- 40 PF- 55 PF-45] PE-70 PF- 58.2
RF- 50 RF-75 RF- 68.8 RF-87.5 RF-67.1
BP- 67.5 BP- 55 BP- 55 BP-77.5 BP-73.1
GH- 80 GH- 85 GH- 85 GH-90 GH-71.2
V-70 V-70 V-70 V-75 V- 56.7
SF-100 SF-87.5 SF-87.5 SF-100 SF-87.9
RE- 100 RE- 100 RE- 100 RE- 100 RE-91.7
MH- 80 MH- 80 MH- 80 MH- 80 MH- 81.9
#14 L PF-90 n/c n/c n/c PF- 85.6
RF- 68.8 RF-79.1
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BP-100 BP-73.3
GH- 85 GH-75.6
V-70 V-59.5
SF-100 SF-88.9
RE-100 RE- 85.2
MH- 84 MH-78.9
#15 L PF- 85 PF- 90 n/c n/c PF- 80.6
RF- 68.8 RF-81.3 RF-77.9
BP- 32.5 BP-90 BP-78.1
GH- 75 GH- 75 GH-70.7
V- 45 V- 65 V-65.1
SF-62.5 SF-100 SF-93.7
RE-100 RE- 100 RE-94.2
MH- 56 MH- 72 MH- 85.6
#1D PF- 80 PF- 65 PF- 95 PF- 85 PF-90.8
RF-81.3 RF-25 RF-93.7 RF-75 RF-80.5
BP- 67.5 BP-90 BP-77.5 BP-77.5 BP-76.4
GH- 80 GH- 65 GH- 60 GH- 55 GH-77.7
V- 45 V- 20 V- 50 V- 55 V-59.9
SF-100 SF- 25 SF-100 SF-100 SF-88.3
RE-91.7 RE- 100 RE- 100 RE-100-MH - 100 | RE-86.1
MH- 72 MH- 72 MH- 76 MH-77.6
#4 D PF- 95 n/c PF- 100 PF- 100 PF-93.2
RF-43.8 RF- 100 RF- 100 RF-79.2
BP- 35 BP-90 BP-100 BP-77.2
GH- 65 GH- 75 GH- 85 GH-73.3
V- 65 V-70 V-85 V- 58.5
SF-37.5 SF- 50 SF-75 SF-84.2
RE-91.7 RE- 83.3 RE- 100 RE- 81.8
MH- 68 MH-60| MH- 80 MH-75.6
#6 D PF-20 PF-95 PF- 95 PF-10 PF- 85.6
RF-100 RF-100 RF-100 RF-0 RF-79.1
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BP- 67.5 BP-100 BP- 100 BP-0 BP-73.3
GH- 80 GH- 75 GH- 80 GH- 35 GH-75.6
V- 55 V- 55 V- 60 V- 45 V-59.5
SF-100 SF-100 SF-100 SF-62.5 SF-88.9
RE-100 RE- 100 RE- 100 RE- 100 RE- 85.2
MH- 76 MH- 76 MH- 80 MH- 84 MH-78.9
#9 D PF- 85 PF- 85 PF- 85 PF- 90 PF-73.3
RF-87.5 RF-93.8 RF-75 RF-93.8 RF-71.6
BP- 67.5 BP-57.5 BP- 55 BP-90 BP-72
GH- 55 GH- 65 GH- 60 GH- 45 GH-70.6
V- 50 V-50 V- 45 V-40 V- 59.6
SF-87.5 SF-100 SF-100 SF-100 SF-88.9
RE-100 RE-91.7 RE- 100 RE- 100 RE- 84.8
MH- 68 MH- 64 MH- 60 MH- 68 MH- 80.4
#12 D PF-100 PF- 100 n/c n/c PF- 85.6
RF-100 RF- 100 RF-79.1
BP- 67.5 BP-67.5 BP-73.3
GH- 80 GH- 95 GH-75.6
V- 55 V- 55 V-59.5
SF-75 SF-100 SF-88.9
RE-100 RE- 100 RE- 85.2
MH- 60 MH- 60 MH-78.9

Physical Function (PF), Role Physical (RF), Bodily Pain (BP), General Health (GH), Vitality (V), Social function (SF), Role Emotional (RE), Mental Health (MH),
n/c — not completed, score increased (improved), score decreased (worsened),
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Acupuncture Dosage

Participants received 3-20 needles per acupuncture treatment. The number of
needles plus retention time constitutes acupuncture dosage and may influence
outcomes via the amount of input into the central nervous system (i.e. greater
number of needles provides a higher acupuncture dosage per treatment). Table 13
shows the percentage change in symptoms for pain and itch for low dose (three to
six needles), medium dose (7-11 needles) and high dose (12-20 needles). The
greatest response for both pain and itch was seen in participants receiving between

seven and 11 acupuncture needles each treatment.

Table 13. The influence of acupuncture dosage on pain and itch regardless of

needle location

Number of Pain (NRS) Pain (POSAS) | Itch (NRS) ltch (POSAS)
Needles

Low dose No change 41% 80% 61% decrease
3-6 (n=7) decrease decrease

Medium dose | 55% 55% 71% 62% decrease
7-11 (n=4) decrease decrease decrease

High dose 40% 49% 38% 23% decrease
12-20 (n=3) decrease decrease decrease

NRS — numerical rating scale, POSAS — patient and observer scar assessment scale (patient
response component), n — number, decrease =improvement in symptoms

Discussion

Recruitment

Recruitment of sufficient participant numbers proved to be more challenging
than anticipated. Although flyers and letters were distributed to local General
Practitioner clinics, only one participant was referred as a result and his results were
published as a separate case study (Chapter 4). Flyers placed around the University
of Notre Dame were effective, as was an article published in a local Fremantle
newsletter. However, although the newspaper article and paid advertisements
stimulated enquiry, few respondents met inclusion criteria. Clients treated at either of
the private physiotherapy clinics were either previous clients of the researcher or
referred by colleagues. In order to increase participant numbers, additional treatment
providers at other locations were approached to create a multi-centre trial. Additional
treating therapists and locations received ethics approval by The University of Notre

Dame Australia, Fremantle Ethics committee. These included a therapist in Melbourne
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known to the researcher (who withdrew to family commitments prior to commencing
recruitment) and a New Zealand-based therapist who was unable to obtain approval

to provide treatment at her workplace.

Randomisation

Due to the initial goal of 86 participants, random number allocation was
completed for the entire cohort, which due to low participant numbers, led to uneven
numbers in each treatment group. In hindsight, block randomisation in groups of 10
would have prevented the group size discrepancy seen in this case series and been

a more suitable type of randomisation.

Outcome measures

Both the NRS and POSAS were used as subjective measures of pain and itch.
The POSAS also provided (self-reported) outcomes on physical scar characteristics,
however this study lacked any objective scar measures which would be of benefit in
future studies. Dedong et al. (2017) found the POSAS measures three independent
dimensions of the patients’ perception of the entire scar. These include a) the physical
scar, b) pain and c) itch. The SF-36 was found to be time-consuming and complex, as
noted in the discussion in Chapter 4 (case-study). The shorter EQS5D-5L is
recommended and could be substituted for the SF-36 without affecting outcomes in

participants without severe health conditions (Rowen, et al., 2009).

Compliance for completing outcome measures was high (100%) throughout the
treatment series, however completion of follow-up (not completed in clinic)
questionnaires proved inadequate. Only nine of fourteen (60%) of participants who
completed the intervention protocol returned one and two month post-intervention
outcome measures. Participants were advised of the follow-up questionnaires on
enrolment to the study and asked their preference for providing outcomes (i.e., email
or post). Follow-up questionnaires were either provided to participants along with a
stamped envelope at their final treatment session or emailed to them a week prior to
the due date. Non-respondents were contacted via email and phone/SMS to request
a response, however 40% of participants did not respond. In future studies, use of

electronic questionnaires and the shortened quality of life questionnaire should be
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tested to improve adherence. Additionally follow-up could be limited to one follow-up

questionnaire six weeks after the final treatment session to improve adherence.

Treatment intervention

Treatment was well tolerated with some participants experiencing short-term
symptom aggravation post-treatment. A subgroup of participants (n=5) with high initial
scores for both pain and itch (score of four or higher on NRS/POSAS) were identified
as potentially hypersensitive (Table 13). Participants in this subgroup who received
local treatment (n=3), reported mild-moderate (increase of 1-3/10 on NRS) post-
treatment soreness (lasting less than 12 hours) after several treatment sessions,
whereas only one participant who received distant acupuncture in this subgroup
experienced one episode of mild (increase of 1/10 on NRS) post-treatment soreness.
All participants in this subgroup had reduced symptoms at their final session as
measured by POSAS, however, one reported a higher NRS score for both pain and
itch, (participant outcomes for NRS at each session are included in Appendix 9 and
show that this participant’s pain/itch fluctuated from session to session). These
findings suggest a subgroup of hypersensitive participants who may benefit from
protocol modification to apply acupuncture treatment at a distance from the scar tissue
to reduce likelihood of post-treatment soreness. In these participants who appear to
have peripheral or central sensitisation, acupuncture treatment may be best applied

extra-segmentally to reduce the occurrence of post-treatment soreness.

Table 14. Participants identified as hypersensitive — Baseline score of 4 or higher on
either POSAS or NRS for both pain and itch (excerpts from Table 9 & 10).

Participant #, Baseline Final Baseline scores | Final
L/D, age of scar | scores Pain Treatment ltch treatment
Scores Pain score ltch
#13,L,3 NRS =8 NRS =1 NRS =4 NRS =2
months POSAS =8 POSAS =1 POSAS =3 POSAS =2
#10,L,4 NRS =4 NRS =3 NRS =5 NRS =2
months POSAS =4 POSAS =3 |POSAS=5 POSAS =2
#2,L, 5months | NRS =7 NRS =8 NRS =7 NRS =8
POSAS =8 POSAS=6 |POSAS=8 POSAS =6
#1, D, 8 months | NRS =6 NRS =0 NRS =3 NRS =0
POSAS =7 POSAS =2 |POSAS=5 POSAS =2
#6, D, 10 NRS =2 NRS =2 NRS =6 NRS = 2
months POSAS =4 POSAS =2 |POSAS=8 POSAS =2

L- local, D — distant, NRS — numerical rating scale, POSAS - patient and observer scar assessment
scale (patient response component)
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Local compared to distant acupuncture

Distant acupuncture was never considered by the research team to be an inert
control intervention, especially as the same amount of needle manipulation and neuro-
inflammatory stimulation was applied in both groups. Instead, the researchers
hypothesised that local intervention would influence scar symptoms and physical
characteristics via activation of local sensory nerve fibres and through direct
connective tissue stimulation. As previously stated, research has shown that
connective tissue winding that occurs during needle manipulation causes cytoskeletal
remodelling of fibroblasts (Langevin et al., 2007) and that this involved ATP signalling
(Langevin et al., 2013), but the therapeutic implications of this were unknown at the
time. Hence, the hypothesis for this study, that local acupuncture may have an effect
on the physical characteristics of scars via stimulation of local collagen fibres. The past
few years have seen progression of research and understanding of needling-related
acupuncture mechanisms, particularly in relation to the role of mast cells and
histamine in acupuncture analgesia (Perreault et al., 2019). It has been confirmed that
rotation of an acupuncture needle creates winding of connective tissue fibres,
stimulating release of ATP from fibroblasts, keratinocytes, and mast cells (Perreault et
al., 2019). This results in the release of endogenous opioids (enkephalin and beta-
endorphin) at the spinal segmental level within the dorsal horn, that act to modulate
nociceptive impulses (Baeumler et al., 2014). Additionally, mast cells have been
identified as a key ingredient in acupuncture analgesia via the release of ATP,
adenosine and histamine, and activation of A1 and H1 receptors (Huang et al., 2018).
Some C-fibres contain H1 receptors and are activated by histamine, relaying sensory
information from the periphery to the central nervous system (Perreault et al., 2019).
Signals project along histaminergic fibres within the spinothalamic tract to supraspinal
centres (including various areas within the brainstem (i.e., PAG), and hypothalamus)
(Perreault et al., 2019). Histamine interacts with local neurons to trigger descending
pain inhibitory mechanisms including the noradrenergic and serotonergic systems
(Perreault et al., 2019). Hence, it could be postulated that both types of acupuncture
used in this study provided sufficient stimulation of local mast cells to release
histamine and therefore stimulate the central nervous system descending inhibitory

mechanisms for pain and itch (Perreault et al., 2019).
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Further conjecture to explain the distant acupuncture group results favouring
the local acupuncture group in NRS and POSAS, could be linked to the neuro-
antiffammatory effects of acupuncture via the autonomic nervous system (Jin et al.,
2019; Trento et al, 2021). Downregulation of inflammatory cytokines and
macrophages, with upregulation if anti-inflammatory cytokines such as IL10 and their
precursor; the M2 macrophage, has been demonstrated with acupuncture to
autonomically innervated acupoints such as ST36, SP6, GB30, GV6, GV9 (da Silva et
al., 2015; Johnston & Webster, 2009; Pannell et al., 2016; Tracey, 2002; Wang et al.,
2021). In both (upper body and lower body) distant acupuncture protocols the
stimulation of the sympathetic and parasympathetic autonomic pathways could have
been modulated with needling in the posterior leg and calf or the upper thoracic
sympathetic outflow (Marieb & Hoehn, 2016). Additionally, humoral beta-endorphin
and adrenocortiocotrophic (ATCH) hormone release is systemic via axes such as via
the hypothalamic-pituitary-adrenal axis (Ulloa et al., 2017). Likewise, the cortico-
trophic-factor (CRF) proopiomelanocortin corticosteroid axis in dermal fibroblasts
produces ACTH and CRF in response to needling, causing corticosterone release
from fibroblasts (Butts et al., 2016).

Another factor that remains elusive in acupuncture and dry needling research
is how many needles are required and how long should they be left in situ? The
protocol devised for this study utlised up to 20 needles per acupuncture treatment
(based on scar size), with the needles remaining in situ for 15 minutes after the last
needle was inserted. Each needle was stimulated three times over the course of each
treatment sesison. Chen et al. (2014) found similar results from protocols using six
needles (high dose) and two needles (low dose) during verum acupuncture, with a
significant improvement compared to a placebo needle control group (p=.025).
However, despite using different numbers of needles, this study protocol provided the
same overall number of needle manipulations for both groups (i.e. the low dose group
had more episodes of needle manipulation than the high dose group) hence the overall
dosage was similar (Chen et al., 2014). Hence, it could be postulated that a larger
central acupuncture effect occurred with greater numbers of needles inserted (when
all individual needles received the same number of manipulations per needle).
However, when outcomes were compared for participants based on number of

inserted needles; results from the high dose (12-20 needles) group suggest that too
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high a dosage becomes less effective, potentially due to overstimulation. All three
participants receiving high dosage acupuncture were in the local acupuncture group,
and two were identified as hypersensitive. Hence hypersensitivity rather than dosage
may have contributed to overstimulation in this subgroup. Butts et al. (2021) found that
multiple needles (5-20 depending on the musculoskeletal condition), left in situ for 20-
30 minutes produced greater and longer lasting treatment effects than brief, single-
needle interventions. Hence for future studies, it is recommended to use 5-20 needles,
however, in the case of hypersensitive participants, an upper limit of 15 needles may

be used to limit overstimulation.

Both the local and distant acupuncture treatment groups showed
improvements in average score for all NRS and POSAS categories, at each time point
compared to baseline. The greatest symptom reduction for both groups was reported
for itch. The distant acupuncture group reported greater improvement than the local
acupuncture group. Due to low numbers and uneven group sizes these findings must
be interpreted with caution. However, these findings challenge the initial study
hypothesis that local acupuncture would be more beneficial for scar symptoms and
physical scar characteristics than distant acupuncture.

Routine care

Routine care consisting of scar massage and general advice was provided to
all participants. The aim of scar massage is to reduce scar thickness, improve pliability
and reduce symptoms such as pain and itch (Ault et al., 2018). As the treatment aim
of scar massage is similar to that of the local acupuncture intervention, outcomes for
acupuncture cannot be separated from potential benefits of scar massage. However,
compliance with self-management advice was not measured and could therefore
confound results. Future studies would benefit from separating massage and
acupuncture interventions to compare outcomes and collecting data on adherence to

self-massage and exercise advice.

Conclusion

The outcomes of this study supported that the protocol is feasible. However,
recommendations have been made for modifications to the treatment groups so that
outcomes for the effect of acupuncture for scars can be separated from the effects of

massage therapy.
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Chapter 6 — Discussion

On the journey to reach this endpoint, the researcher faced many challenges
including juggling full-time employment and study. Changes in personal circumstances
included purchase of a business, a first foray into parenthood and finally the impact of
the global pandemic which extended and then curtailed the safe access to potential
participants and the period of recruitment. The following chapter explores the
opportunities to learn from the challenges that contributed to the inability to complete
the full clinical trial that was originally planned. In addition, the researcher has added
to the body of knowledge and evidence for using acupuncture as part of scar
management via two peer-reviewed articles. Over the course of this research program,
a comprehensive literature review (Chapter 2) guided the development of an
acupuncture intervention protocol for hypertrophic scars (Chapter 3) which was then
pilot tested on a participant with burn scarring (Chapter 4). This chapter provides an
assimilation and discussion of the safety aspects, outcome measures and treatment

adherence for the cases recruited.

Study design

The study protocol that was originally proposed compared the use of local acupuncture
plus massage therapy to massage therapy (routine care) for irritable scars in a
pragmatic clinical trial design. However, as part of the University of Notre Dame,
Australia review and approval process the protocol was modified to include an
acupuncture-based control group. It is becoming more and more apparent in the
related literature, published prior to, and since this research program commenced, that
sham and placebo acupuncture treatments in acupuncture research are not
physiologically inert, and thus may lead to results underestimating the effect of
acupuncture (Birch et al., 2021; Birch et al., 2022; Ots et al., 2020). The distant
acupuncture control group method in this study was designed to avoid any
neuroanatomical links to the scar being treated and although it was acknowledged to
be an active treatment, it was hypothesised that local and segmental acupuncture
effects would not occur, thereby reducing the effectiveness of the intervention.
Secondly, as there would be less stimulation to collagen fibres local to the scar, it was
hypothesised that participants receiving distant acupuncture may experience less

change in scar physical characteristics. However, without an acupuncture only
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treatment group, the effect of scar massage on symptoms, or scar physical
characteristics cannot be separated from the effect of the acupuncture intervention.
Since beginning this research program, acupuncture clinical trials and animal studies
have progressed and refined previous knowledge of acupuncture mechanisms.
Findings were consolidated and presented in a narrative literature review, highlighting
the importance of needle manipulation for producing the analgesic effects of
acupuncture (Perreault et al., 2019). Although segmentally applied acupuncture is
considered to provide more effective analgesia to the area of pain than extra-
segmental acupuncture (Baeumler et al., 2014), sufficient needle manipulation will
(regardless of location), stimulate mast cell degranulation and histamine release,
leading to activation of supraspinal and descending pain inhibitory mechanisms
(Perreault et al., 2019). Furthermore the activation of axes enhancing humoral Beta-

endorphin and ACTH release (Ulloa et al., 2017) and anti-inflammatory autonomic

nervous system modulation of inflammatory cytokine production (Johnston & Webster,
2009). In this case series, the distant acupuncture group experienced fewer episodes
of post-treatment soreness than the local group, whilst showing greater average
improvements in outcomes. These findings suggest that extrasegmental acupuncture
may be a beneficial treatment option for HTS symptoms. Future study design may
benefit from including an acupuncture only group, as well as investigating the
combination of acupuncture treatment types (i.e., use of local, segmental, extra-

segmental and autonomically innervated acupoints).
Recruitment

Recruiting sufficient participant numbers was the greatest challenge faced
during this project. Print media including flyers and newspaper advertisements
generated some interest initially, however, this did not generate ongoing inquiries and
could not target specific populations. For future study recruitment, the following
strategies are recommended in addition or as an adjunct to protocols presented

earlier:

- Social Media Campaign — Utilising Facebook, Instagram, and Twitter accounts
to generate awareness of the study and provide the opportunity to ask
questions via chat. Use monthly paid advertisements on these platforms

targeting adults within a 15km radius of the treatment location(s).
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- Attract referrals from local surgeons and medical centres — contact local
medical providers with information about the study, provide them with print and
digital flyers, request them to share via email and social media.

- Print Media — Create and print eye-catching flyers to place in high foot-traffic
locations (with permission) such as medical centres, physiotherapy clinics,
libraries (public and university), and local community noticeboards.

- Contact local newspapers regarding publishing a story in both print and online

newspapers.

Participants and inclusion/exclusion criteria

Scar age greater than 12 months was the only reason potential participants
were excluded from the study. As this information was collected during phone or email
screening questions and no individual information collected, data was not recorded for
the number of participants excluded. Future studies could investigate response rates
in participants with scars older than 12 months, as 30% of all post-surgical scars were
found to be hypertrophic at 12 months (Mahdavian Delavary et al., 2012).

Pregnant women were excluded from this study, however a recent review of the safety
of acupuncture during pregnancy confirmed there was no difference in delivery
outcomes (full-term, pre-term and still birth) between those who received acupuncture
during pregnancy and those who did not (Moon et al., 2019). McDowell et al. (2019)
recommends that acupuncture may be safely used to relieve symptoms such as pelvic
girdle pain and lower back pain during the second and third trimester. Certain points
are historically considered ‘forbidden’ during pregnancy by acupuncturists as they are
used to induce labor or have the risk of penetrating the uterus (McDowell et al., 2019).
Hence for future studies, pregnant women may be safely treated with acupuncture
after the first trimester, provided the scar of interest is not in the abdominal region and

lead maternity carer informed consent is sought in addition to participant consent.

One participant included in this study had high background pain levels from a
complicated recovery after knee joint replacement surgery, and may have confounded
results. His pain measured by NRS fluctuated between sessions as did his reported
joint stiffness and swelling. A second participant who also had knee joint replacement
surgery and an uncomplicated recovery, responded similarly to other participants

receiving local scar acupuncture. The difference between these two participants was

119



the underlying joint-related pain, stiffness and inflammation, rather than scar age.
These cases highlight the need to screen for other painful conditions in the area of the
scar and either exclude them or wait until the other painful condition is resolved prior

to enrollment in the scar study.

Adherence to the protocol

Only three patients deviated from protocol and follow up early. One participant
dropped out after attending her initial assessment. This participant was returning to
work after maternity leave and found it too hard to commit to attending as per the
treatment protocol. Two participants did not attend their final treatment session (one
was away and informed the researcher, the other did not return for her scheduled
appointment), however as per the protocol they were considered to have completed
treatment. Treatment reminders were sent via SMS the day before by the researcher.
With one exception, this reminder was successful in helping participants comply with
the treatment protocol.

There were challenges to scheduling appointments between the two locations
which were multi-purpose rooms (i.e., the allocated space at The University of Notre
Dame, Australia was the ‘simulation lab’ used for practical training of physiotherapy
students and was only available at certain times). Additionally, the treating therapist
worked full-time and had to work around the requirements of her employer. The
treatment schedule that was used (totalling six sessions over four weeks) was chosen
as it was effective at reducing pain associated with knee osteoarthritis (Chen et al.,
2014). Previous acupuncture interventions for scars provided a variable number and
frequency of treatment sessions as reported in Chapter 2. Hence this intervention
tested the feasibility of the intervention schedule for both adherence and treatment
outcomes. In this small sample, 93% of participants (14/15) completed the treatment
protocol. Therefore, although treatment frequency and number of sessions are
variables that could be manipulated in future studies, this protocol had satisfactory

adherence during the active treatment phase.

All participants were taught self-scar massage and given general advice on
exercise. There was no data collected about participants baseline exercise level, or
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adherence to the self-massage or exercise advise. Considering that massage may
have a positive benefit on scars, follow-up data on adherence to self-management
strategies would be useful to compare with follow-up questionnaire responses to
assess whether this correlates to maintenance of treatment effect over time. Nine out
of 14 participants returned their follow-up questionnaires as requested. Potential
methods to improve return of follow-up outcome measures includes the use of digital

guestionnaires and automated reminders.

Outcome measures

Outcome measures used have been supported in the scientific literature and
included a numerical rating scale (NRS) for pain and itch, the POSAS (self-
assessment component) and SF-36 quality of life questionnaire. Due to the length of
the SF-36 and time taken to complete this, we suggest that the EQ5D-5L be

substituted in as per discussion in Chapter 4 — published case study.

The POSAS was developed as a subjective outcome measure that has been
validated for burn scars (Draaijers et al., 2004) as well as linear scars (van de Kar et
al., 2005). Draaijers et al. (2004) reported that itch and scar thickness had the greatest
impact on patient observations of burn scars compared to the importance placed on
vascularisation, pigmentation, thickness, and skin surface relief by the observer.
Patients and observers rate scar characteristics differently, with patients rating their
scar as worse than the observer did which in turn influences their quality of life (van
de Kar et al., 2005). This difference in patient and observer rating was suggested to
be in part due to pain and itch which are invisible to the observer (van de Kar et al.,
2005). This was highlighted by the following participant: a 34-year-old female with a
caesarean section scar who received local treatment. This scar was just under 12
months old at the start of treatment and was observed to be raised and red by the
treating therapist. The participant rated her itch as 5 on the NRS and 6 on POSAS
(she reported 0 pain on POSAS and NRS). Over the course of her treatment the
researcher/therapist noted changes to the physical appearance of the scar, at the final
treatment session one third of the scar had become flattened and light pink and the
participant scored a 0 on NRS and 5 on POSAS for itch — 2 months later she scored
her itch as 3 on POSAS. Regardless of observations made by the treating

researcher/therapist the participant still scored herself at 8 for all physical
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characteristics on POSAS (compared to initial score of 9) at her final treatment
session. In this study the decision was made not to use the observer part of the scale
due to lack of training and experience in scar assessment scales by the
researcher/therapist. However, un-trained observers were used in a reliability study of
the POSAS for linear scars and found the observer scale was reliable for the total scar
score for three observers as well as for a single observer (van de Kar et al., 2005).
Thus, future studies would benefit from including a blinded assessor to perform the
observer component (if logistically possible) as it has been shown that training and

experience of the observer is not essential to achieve reliable measurements.

Control interventions

Massage — routine care

Massage therapy for scar management is a commonly used treatment modality
which has low supporting evidence due to poor quality clinical trials, small sample
sizes and inconsistent treatment methods (duration, frequency, use of cream and
massage techniques) (Anthonissen et al., 2016; Ault et al., 2018; Shin & Bordeaux,
2012). In a review of 10 publications, Shin et al. (2012) found greater efficacy of
massage for post-operative scars than traumatic or post-burn scars. They found 90%
(27/30 surgical scars) showed improved physical characteristics or POSAS score
compared to 45.7% of the total cohort (inclusive of burn or traumatic scars) showing
improved outcomes. More recently two systematic reviews reported that massage
therapy has a potential positive effect on pain, itch, and scar pliability in burn scars
(Anthonissen et al., 2016; Ault et al., 2018). Only one study identified in both these
reviews was considered of moderate to high quality. Cho et al. (2014) conducted a
randomised controlled trial (RCT) of 146 participants with hypertrophic burn scars,
comparing massage therapy combined with standard care, to standard care. A
significant improvement in scar pain (p=.001) and itch (p=.04) were shown for patients
receiving massage therapy. Objective measures of scar thickness (via ultrasound),
elasticity (using Cutometer SEM 580) and trans-epidermal water loss (TEWL) showed
significantly greater improvements (p=.02-.04) for the massage therapy group. This
study had a moderately high level of methodological rigour as assessed by the
CONSORT critiquing tool but was let down by lack of clarity on whether both groups
received equal amounts of standard care treatment modalities. Therefore, this study

and the weight of broadly accepted practice for post-burn scars, provides limited
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evidence to support the use of massage therapy in burns and post-surgical scar
management. However, outcomes included reduced pain, itch, and scar thickness,

which are also targeted by acupuncture treatment.

Over the course of this research program, all participants received the same
massage therapy with advice to perform self-massage at home. As massage therapy
may help improve scar physical characteristics as well as modulate pain and itch
sensations it is impossible to separate effects of acupuncture from massage.
Additionally, it is unknown whether patients were compliant with recommended self-
massage both during the treatment and follow-up periods, which in future studies a
massage diary may contribute to a fuller understanding of treatment effects.

Distant acupuncture

In traditional Chinese Medicine, the use of specific points along meridians
(channels) are used to treat a wide range of conditions. Under this framework,
acupuncture points have specific functions, and this influences how control or sham
acupoints are selected (Ots et al., 2020). Often control or sham treatment use points
at a set distance from the “true” acupoint, or at acupoints that have no benefit for the
condition being treated (Ots et al., 2020). Other trials have use specially designed non-
penetrating acupuncture needles or toothpicks to simulate needle insertion without
penetrating the skin to blind the patient and or therapist (Zhang et al., 2015). In
Western Medical Acupuncture, acupuncture points are selected based on
neuroanatomy as well as the goal of triggering the desired physiological response
(White et al. 2008). Dermatomal and myotomal innervation is not considered in TCM,
however many sham points used in clinical trials have been shown to share
dermatomes and/or myotomes with the tissue or body area targeted by verum
treatment. A correlation has been found between number of sham needles with shared

dermatome and the difference between verum and sham treatment (Ots et al., 2020).

In such a small sample it was not possible to identify a difference in outcomes
between distant and local acupuncture treatment groups. The distant acupuncture
protocol was never intended to be an inert control treatment on the basis that
stimulation of nociceptors anywhere in the body will elicit a physiological response.
The intervention protocol provided the same needle stimulation (30 seconds bi-

directional rotation or until needling sensation is felt) regardless of needle location.
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Furthermore, one requirement for producing supraspinal effects and segmental
analgesia is the stimulation of needling sensation (deqi) (Carlsson, 2002; Zhao, 2008).
Hence, distant acupuncture treatment provided sufficient stimulation for supra-spinal,
nociceptive, and autonomic mechanisms to contribute to modulation of symptoms

such as pain and itch.

Local and systemic changes to scar innervation

There have been multiple studies demonstrating both local and systemic
changes in sensory innervation following burn injury and subsequent healing. Burn
injured rats had significantly reduced nerve fibre density two weeks post burn, in both
injured and contralateral non-injured dermis, which was maintained at 12 weeks post
burn (Anderson et al., 2010). Similarly in human subjects 18 months post burn, a
pattern of reduced cutaneous innervation was observed in the scar and contralateral
non-injured skin (Anderson et al., 2010). A pilot study found that three participants with
post-burn HTS greater than one year duration, had significantly reduced nerve fibre
density compared to normal, uninjured skin, but this was not observed in three
participants with normotrophic burn scars. (Buhé et al., 2018). Another study
investigated sensory function and sensory innervation in human participants with
unilateral chronically painful scars compared to participants with unilateral
normotrophic non-painful scars 24 months post-burn injury (Hamed et al., 2011).
Sensory function of the scar compared to uninjured tissue was significantly diminished
for both groups and there was no significant difference between groups. Total nerve
density of both scar and uninjured skin showed no significant differences in either
group or with a between group comparison. However, density of nociceptive nerve
fibres was significantly higher in both scar and uninjured tissue in participants with
chronic pain (Hamed et al.,, 2011). In a mouse burn injury model, cutaneous
reinnervation in the dermis and epidermis occurred at different rates (Morellini et al.,
2012). Dermal nerve fibres regenerated rapidly post burn, however, subsequently
degenerated both in burned and distant unburnt skin (Morellini et al., 2012). In
contrast, epidermal innervation was slower to regenerate but returned to normal levels
in distant uninjured skin and wound periphery (but not wound centre) by eight weeks
post wounding (Morellini et al., 2012).

It is less clear whether surgical scars show similar patterns of systemic sensory

innervation changes. In mice with excisional wounds, SP immunoreactive nerve fibre
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density dropped initially post-wounding then increased to more than double the initial
amount after six weeks, and maintained this at 12 weeks (Henderson et al., 2006).
Concurrently CGRP fibre density was elevated at two and six weeks post wounding,
however was at normal levels at three and 12 weeks post wounding (Henderson et
al., 2006). Finally, this study found that the proportion of nerve fibres that were not SP
or CGRP reduced from 43% in unwounded skin to 11% at 12 weeks post wounding
(Henderson et al., 2006). Systemic innervation was not investigated in this study,
however the ratio of nociceptive to non-nociceptive fibres was altered and overall
nerve fibre density reduced in the scar in a similar manner to that observed in burn
scars. Hence, both burn and surgical HTS demonstrate locally reduced overall nerve
fibre density along with altered ratios of nociceptive to non-nociceptive nerve fibres.
Furthermore, these sensory changes occur systemically in individuals with chronically
painful burn scars. Future studies would benefit from investigating whether painful

surgical scars also exhibit systemic changes in sensory innervation.

Altered local sensory innervation of scar tissue may have implications for the
effectiveness of locally applied acupuncture treatment, which relies on intact sensory
nerve fibres to transmit signals from the periphery to the dorsal horn (White et al. 2008;
Zhao, 2008). Reduced density and number of sensory nerve fibres may limit the
analgesic potential of acupuncture via local, segmental and supraspinal mechanisms.
Acupuncture needle manipulation is a mechanical stimulus relying on intact collagen
fibres to convert mechanical stimuli into chemical and electrical signals via the action
of mast cells (i.e., release of histamine, ATP and adenosine) (Perreault et al., 2019).
Thickened HTS had thinner, more dense packed collagen fibres than normal tissue
(Choi et al., 2013). Reduced scar innervation and altered collagen fibre structure may
impact the effects of locally applied acupuncture treatment and explain the unexpected
finding of greater reduction in pain and itch observed in the distant acupuncture group.
Concurrently, higher than normal numbers of SP containing nerve fibres and an
increased ratio of nociceptive nerve fibres, may contribute to neurogenic inflammation
and increase scar sensitivity. This could explain why participants receiving local

acupuncture experienced more episodes of post-treatment soreness.
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Does scar age make a difference?

This study included participants from six weeks to 12 months post injury, as it
was hypothesised to be the most active phase of scar recovery. However, acupuncture
has been applied in a prophylactic manner prior to scar tissue formation indicating that
the timing of treatment application impacted outcomes. In a retrospective case series,
applying acupuncture (to specific TCM points) within 24 hours of burn injury, patients
recovered with no sign of prior burn after 4-6 weeks (Loskotova & Loskotova, 2017).
Mechanistic studies on mice (Lee et al., 2014; Lee et al., 2011) and rats (Abali et al.,
2015) found local acupuncture helped accelerate wound healing and manage pain in
the early phases post burn or excisional wounding. Following scar tissue formation
and scar hypertrophy it is unclear whether the age of the scar impacts the
effectiveness of treatment. In this research program, changes in both symptoms and
scar characteristics were reported by participants with scars up to 12 months (Table
14). Hence, it may be appropriate in future studies to consider alternative measures
to scar age, such as POSAS scores for symptoms and physical characteristics (i.e.,

redness and thickness) to determine appropriateness for treatment inclusion.
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Table 15. Pain, Itch and Physical Scar Characteristic change by Scar Age (post-injury)
-taken from tables 9-11 (Chapter 5)

Age of Scar (time
post-wounding)
Local

Change in Pain
baseline to final
treatment (4

Change in ltch
baseline to final
treatment (4

Change in

Physical scar
characteristics

weeks) weeks) (colour, stiffness,
thickness,
irregularity)
baseline to final
treatment (4
weeks)
6 weeks POSAS |1 POSAS |5 115
NRS 11 NRS |3
8 weeks POSAS 11 (2| POSAS = (2] /5 (2 weeks)
weeks) weeks)
NRS ™ (5" | NRS 11 (5%
session) session)
10 weeks POSAS |5 POSAS = 124
NRS |1 NRS =
3 months POSAS |7 POSAS |1 15
NRS |7 NRS |2
4 months POSAS |1 POSAS |3 115
NRS |1 NRS |3
5 months POSAS |2 POSAS |2 13
NRS 11 NRS 11
7 months POSAS = POSAS |5 122
NRS |1 NRS |6
8 months POSAS |5 POSAS |3 115
NRS |6 NRS |3
9 months POSAS 11 (2|POSAS |2 (2| 12 (2 weeks)
weeks) weeks)
NRS 12 (5" | NRS ™ (5t
session) session)
10 months POSAS |2 POSAS |5 15
NRS = NRS |4
10 months POSAS |2 POSAS |6 122
NRS = NRS |4
12 months POSAS = POSAS |1 112
NRS 11 NRS |3
12 months POSAS |1 POSAS |2 ™
NRS |1 NRS |4
12 months POSAS 11 POSAS |1 14
NRS = NRS |5

POSAS - Patient and Observer Scar assessment score (patient component), NRS —
Numerical rating scale,

tincreased score (more pain/itch), | decrease score (less pain/itch), = no change
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Conclusion and Recommendations

Acupuncture combined with massage therapy was associated with beneficial
outcomes for most participants with symptoms of pain or itch. The intervention protocol
was well-tolerated, with no significant adverse events. Participant adherence to the
active treatment phase was high (93%) and supported the intervention schedule (i.e.,
frequency and number of sessions). Compliance with returning follow-up
questionnaires dropped to 60% requiring use of additional strategies to improve
adherence in the future. This study was limited by small numbers and was therefore
unable to demonstrate a difference in outcomes between acupuncture applied locally
compared to distant acupuncture when combined with scar massage. Although the
original intention was to perform a full RCT, circumstances led to changes which have

still yielded results and recommendations for future studies.

Recommendations for clinical practice

Pilot testing has shown that both local and distant acupuncture were well-
tolerated by participants, however those with high pain and itch scores (>4
POSAS/NRS) had more episodes of post-treatment soreness when treated with local
acupuncture. Based on acupuncture mechanisms (Chapter 1), segmentally applied
acupuncture has the greatest potential for achieving acupuncture analgesia based on
stimulation of local collagen fibres and segmental nerve involvement. However, in
chronic pain with potential central sensitisation mechanisms segmental acupuncture
may initially aggravate the pain state (Dommerholt, 2011). Hence, when high levels of
symptoms exist (hypersensitive participants), needle location should be modified to be
further from the scar, but within a shared dermatome. Addition of extra-segmental (i.e.,
distant) needles may enhance the acupuncture analgesia effects by activation of
supra-spinal mechanisms and descending pain inhibitory mechanisms. The use of
parasympathetically innervated acupuncture points such as ST36 and SP6 could also
be utilised bilaterally to enhance anti-inflammatory mechanisms (Chapple, 2013; da
Silva et al., 2015; Jin et al., 2019).

Recommendations for future research

Future studies would benefit from separating the effect of massage from

acupuncture by providing a massage-only group. Massage is often used as part of

128



routine scar management and may influence the same outcomes targeted by

acupuncture.

Needle manipulation and sensation is an important factor in producing
acupuncture analgesia via segmental and supra-spinal mechanisms. However, any
control intervention that provides stimulation to the sensory nervous system is not an
inert control and may therefore confound results. Hence the author recommends a
pragmatic design comparing three treatment groups: routine care, routine care with

acupuncture and acupuncture.
Proposed Study Protocol

The following protocol has been developed following the pilot-testing of the
protocol described in Chapter 3.

Study Design

Pragmatic randomised clinical trial.

Setting

Where possible, include multiple locations and treatment providers to increase
recruitment potential. Potential locations include private physiotherapy or medical

centres, university clinics and hospital out-patient clinics.

Sample Size

Sample size calculations provided previously required 43 participants per
treatment group (includes allowance for 20%) dropouts. These numbers would be re-
assessed for future studies, based on up-to-date literature and altered outcome
measures (i.e., use of EQ-5D rather than the SF-36).

Randomisation

Block randomisation in groups of twelve to be completed via a random number
generator and placed in numbered envelopes by a student or person not involved in
providing treatment. Following enrolment into the study and completion of initial
outcome measures, the numbered envelope will be opened to inform the treating

therapist of treatment group allocation.
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Recruitment

Enlist the support of one or more surgeons or skin specialists to help promote
awareness of the study. Initial contact to be made via letter or email, with follow-up

conversations either face to face or via video conference.

Place flyers on local community noticeboards and at other high foot-traffic

locations.

Utilise social media via creation of Facebook and Instagram accounts, use of

stories and paid advertisements to gain awareness.

Approach local (to treatment location) newspapers to include a story about the

study and include contact details.

Provide an online information and enrolment page, with eligibility questions that the

potential participant can answer as part of their application for enrolment.
Questions include:

- How long have you had the scar?

- What was the cause of the scar (i.e., surgery, burn)?

- Has your scar spread beyond the original wound?

- Is your scar lower in height or pulled in more than the normal skin around it?

- Have you been receiving any other treatment for the scar? If yes please provide

details

- Is your scar painful? If yes, please rate your average pain over the last 24 hours
on a scale of 0-10 (10 being the worst pain you can imagine and 0 being no

pain at all)

- Is your scar itchy? If yes, please rate your average itch over the last 24 hours
on a scale of 0-10 (10 being the worst itch you can imagine and 0 being no itch
at all)

Inclusion Criteria

Participants aged 18-years or older with symptomatic scars from trauma or
surgery. To be considered symptomatic, scars must score higher than 2/10 for pain
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and/or itch and demonstrate altered physical characteristics such as increased
redness and/or thickness as reported on the patient response component of POSAS.

Exclusion Criteria

- Scar currently receiving physical (hands on) treatment by another clinician,

- Atrophic scar (scar which is depressed or retracted below the line of the normal
skin),

- Keloid scar (has extended beyond boundaries of original wound/has a shiny
surface),

- If there is significant pain from another structure within the same spinal
segmental innervation level as the scar (i.e., following joint replacement surgery
or fracture),

- During the first trimester of pregnancy,

- Abdominal scars during pregnancy

- Unstable medical conditions (such as uncontrolled blood pressure, or
uncontrolled epilepsy),

- Allergies to stainless steel,

- Not consenting to receive acupuncture therapy, or needle phobic,

- Other acupuncture related contraindications, i.e., lymphoedema in affected
limb, loss of sensation in area to be treated (i.e., nerve injury, stroke, or diabetic
neuropathy).

- Anyone who provides acupuncture treatment or has received significant
training in this area (based on questioning of previous experience of

acupuncture prior to enrolment).

Prior to assessment and subsequent enrolment into the study a phone interview
will be conducted with all respondents to exclude participants with either
contraindications to receiving acupuncture or other exclusion criteria, as well as to
answer any questions from potential participants. All participants must consent to
treatment prior to enrolment and must indicate their ability/willingness to attend the
prescribed treatment regimen. Participants will be requested to avoid any other
acupuncture treatment during the study period. For participants with previous
acupuncture experience, a waiting period of a minimum one month following their

last treatment will be observed prior to study enrolment.
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Participants will need to sign a consent form to participate in a research study
(Appendix 3) and following group allocation, those receiving acupuncture will need

to provide further consent to receive acupuncture (Appendix 2).

Participant Expectation

This study will not exclude participants with previous experience of acupuncture
(but will record this in baseline demographic data).

A standardised script (Appendix 4) has been developed for use which avoids
discussing pain relief with each participant beyond the information contained in the
study information sheet (Appendix 5) provided to potential participants prior to

enrolment.

Data Collection

Details will be collected on the event(s) that resulted in the scar including time
since skin insult, current health conditions, current treatment regimens e.g., pressure

garment use and demographic data e.g., age at the initial treatment session.

Outcome measures will be given to participants when they arrive for their
appointments by administration staff or completed electronically prior to each session.
For participants preferring paper questionnaires they will be asked to complete
outcome measures at the prescribed times and place them in an envelope marked
with the date and their participant ID. Administration staff will check that the
questionnaires are completed correctly prior to sealing the envelope. Envelopes will
stay sealed until all participants treatment series are completed, then will be unsealed,
and data entered into spreadsheets. Electronic measures will be saved under the
participant ID number and transferred to data spreadsheets on completion of the
study. The therapist applying the treatment will be blinded to the outcome measure

results until all participants have completed their treatment.

Outcome Measures
Patient and Observer Scar Assessment Scale (POSAS)

The primary outcome measure will be the patient response components of the
POSAS. The scale consists of seven categories of scar symptoms for which the

patient rates their scar on a scale from one to ten. Participants will perform the self-
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assessment part of the POSAS assessment at initial enrolment into the study, after

final treatment, and six weeks following treatment cessation.

The Observer subscale of the POSAS will be completed by a blinded assessor
prior to the initial and final treatment session.
Numerical Rating Scale (NRS) for Pain and ltch

Participants will be asked to rate average pain and itch on a scale from one to
ten, for the period of 24 hours prior to attending treatment.
Health-related Quality of Life (EQ5D-5L)

The EQ5D-5L has been substituted for the SF-36 to simplify and improve
adherence to completion of the quality-of-life measurement. This should be completed
at baseline, final treatment, and at six weeks follow-up.

Adherence to Self-management Advice

Data on adherence to self-management advice will be collected via an exercise
diary or online app that measures adherence on a weekly basis, after obtaining
baseline measures for exercise and scar massage. This will be continued over the

follow-up period.
Questions to be asked include:

On how many days did you complete 30-minutes of cardiovascular exercise?

On how many days did you complete five-minutes of scar massage?

Planned Schedule of Study Measurements

Table 16. Planned schedule of study measurements

Outcome Measure Baseline Prior to each | Final Session | Six
(1sttreatment) | session (6" treatment) | weeks
post

POSAS (self) \ \ \
POSAS (observer) |+ \

NRS v v v

EQ5D-5L V V V
Self-management | V (weekly) |+ \
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Intervention Schedule

Participants will be requested to attend a total of six treatment sessions over
four weeks. Sessions will be scheduled twice weekly for the first two weeks, then
weekly for the final two weeks. Participants will be considered to have completed
treatment if they attend five out of six sessions, follow up will be attempted for all
dropouts to ascertain reason for drop-out. If participants find any of the acupuncture
needles are too painful these will be removed during treatment. Treatment sessions
will be considered complete if participants retain at least 80% of the needles for 10
minutes per session. Any deviation from protocol regarding needle number or retention

time will be recorded.

Intervention Protocol

Group 1: Routine Care
Group 2: Routine Care plus Acupuncture
Group 3: Acupuncture

Routine Care

Participants will receive five minutes of scar massage using sorbolene cream
each session. Massage is aimed at breaking up adhesions and improving gliding
between layers of skin and fascia. They will be provided self-management advice
(appendix 8) describing how to apply five minutes of self-massage daily, and general
exercise advice to perform 30 minutes of cardiovascular exercise at least three times

per week. Adherence will be monitored via a diary or an electronic app.

Acupuncture

Unlike the previously presented protocol that compared local and distant
acupuncture, this updated protocol combines local/segmental and extrasegmental
needling. The number of needles used will be calculated based on scar size
(circumference divided by two). This number will be recorded for each participant and
the same number used each session, however a minimum of five and maximum of 20
needles will be used. The majority (75-80%) of needles will be inserted within a shared
dermatome to the scar receiving treatment. Local needles will be inserted at an angle
underneath the margins of the scar to a depth of 5-10mm. For participants with high
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levels of symptoms and sensitivity around the scar (>4 points on NRS or POSAS for
both pain and itch), needles will initially be limited to a maximum of 15 and placed at
a comfortable distance from the scar (i.e., between one and two centimetres away (as
determined by participant tolerance of the treatment), but within the same dermatomes
as the scar). This will ensure segmental stimulation of the affected tissue, and as
sensitivity decreases the needles will be aimed closer to the scar margins. Additional
extrasegmental needles will be placed in either upper or lower limb points (based on
scar location). Use of extrasegmental points with known parasympathetic innervation
such as ST36, GB30, GB34, SP6, BL60 and BL40 (Chapple, 2013), or that
demonstrate vagal regulation such as auricular points, ST36, PC6, GV20 and GV14
(Jin et al., 2019; Ulloa et al., 2017) are recommended. Once inserted, the needles will
be manipulated via bi-directional rotation until moderate sensation (deqi) is felt. Needle
manipulation will be applied at five-minute intervals (three times) over the course of

each 15 minute treatment session.

Data Analysis

Data will be analysed using an Intention to Treat (ITT) analysis of all participants
regardless of protocol completion. A per protocol analysis of compliant participants will
be completed for comparison and sensitivity analysis. Descriptive statistics will be

used to compare participant characteristics at baseline.

Linear mixed models will be used to compare treatments groups for each
outcome of interest. This allows control of confounding variables (such as size of scar
and previous acupuncture experience) and respects (clusters for) repeated

observations taken per participant.

Hygiene and safety

The treating therapist will follow hand-washing guidelines and use 70% alcohol-
based hand sanitiser prior to each session. Participants’ skin will be cleaned with soap
and water between massage and acupuncture treatments. Extra precautions such as
skin sterilisation are to be used in cases of participants with compromised immunity.
Gloves are to be worn if the participant has any blood borne diseases such as hepatitis
or HIV.
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All participants will be treated in a reclined position on a plinth to reduce any
possibility of adverse events such as dizziness or fainting.

Adverse Events

Prior to each subsequent treatment session, participants will be asked if there
were any adverse events from the previous treatment. Minor adverse events such as
bleeding, bruising, fatigue, or increased symptoms will be recorded for each participant
and reported in the final study write-up. If any adverse events occur that require urgent
medical attention, medical attention will be sought, if not already undertaken, and the

Ethics committee will be informed immediately.

Post-treatment advice specific to acupuncture will be provided to participants
along with general advice provided to all participants. This will include advice on

managing adverse events.
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Appendix 1. Neural responses to Acupuncture needle insertion

Ad fibres are activated by pin prick and heavy pressure to the skin (White, 1999).
They travel to laminae |, Il, and V in the dorsal horn, activating stalked cells between
laminae I-1l to release enkephalin (Bowsher, 1998). Enkephalin has an inhibitory
effect on the transmission of nociceptive impulses from the Substantia Gelatinosa
(SG) cells to the Wide Dynamic Range (WDR) neurons and therefore helps

modulate pain transmission to higher brain centres (Bowsher, 1998).

AB and ergoreceptive Ad (Type Ill) fibres respond to light touch and vibration and
can therefore be stimulated by acupuncture and other electrical stimulation such as
TENS (White, 1999). They send collateral branches to laminae 1I-V of the dorsal
horn before entering the dorsal columns (ascending tracts) (White, 1999).
Interneurons are stimulated to secrete y-amino butyric acid (GABA) which acts on
SG cells to inhibit nociceptive transmission (White, 1999).

C fibres give rise to poorly localised sensations including aching and burning when
receptors on free nerve endings in the skin and deeper tissues are stimulated
(Farquhar-Smith, 2007; Sluka, 2009; White, 1999). They terminate in laminae I-II of
the dorsal horn into the SG cells and release neurotransmitters to react with
receptors on the SG cells (White, 1999). Signals are transmitted via interneurons to

the WDR neurons in lamina V prior to entering ascending tracts (White, 1999).
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Appendix 2. Acupuncture Information Sheet

Acupuncture therapy involves insertion of thin stainless steel needles into points on the body. It is
often used for pain relief, stimulating the body’s natural healing response, and improving general
well-being. Before receiving acupuncture, you should be aware of the risks and benefits of
treatment. Acupuncture is safe (less than one serious adverse reaction per 10,000 treatments), but
there are some adverse reactions you should be aware of.

e Fainting — just like blood tests and injections some people may faint. Please let your
therapist know if you feel dizzy, nauseous, or hot and sweaty and they will remove the
needles straight away.

e Drowsiness — some people feel drowsy after treatment, if you experience this you are
advised not to drive straight after treatment.

e Minor bleeding or bruising occurs in up to 3% of treatments.

e Pain during treatment — it is normal to feel some sensation during treatment, if the needle
stings let your therapist know and they will remove the needle if this persists.

e Worsening of symptoms can occur initially after treatment, however this is a good sign that
acupuncture will help you. This will generally settle on its own within 24 hours of treatment.

Although your therapist will have asked for your medical history, it is important that you make sure
they are aware if:

e You have ever experienced a fit, faint, or funny turn.

e You have a pacemaker, or any other metal or electrical implants.

e You have a bleeding disorder or are on blood thinning medication, or are on anti-coagulants
or other medication,

e You have damaged heart valves or any other particular risk of infection (ie. you have to go
on antibiotics to go to the dentist).

e You have any diagnosed infections including HIV, hepatitis, or AIDS.

e You are pregnant or believe you may be.

e You have a poor immune system (due to illness or medication such as steroids).

e You have lymphoedema of any cause

These conditions will change the way your therapist applies your acupuncture treatment however
your therapist will discuss any potential risks with you prior to treatment.

If you do have any unexpected reactions to treatment, please let your therapist know so they can
help.

No treatment will be performed without your consent, and you always have the right to say no to
treatment — even if you have previously said yes.
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Appendix 3. Consent to Participate in Research

CONSENT FORM

Does acupuncture treatment reduce pain and itch in abnormal scars?

This Study will be undertaken by Cathy Smith (catherine.smith2@my.nd.edu.au) as part of her Masters of
Science degree via The University of Notre Dame Australia, and co-supervised by Assoc Prof Dale Edgar
(dale.edgar@nd.edu.au), and Susan Kohut (susan.kohut@aut.ac.nz). Please contact us if you have any
guestions before signing this consent form.

e | agree to take part in this research project.
e | consent to receiving acupuncture and physical treatment of my scar

e | have read the Information Sheet provided and been given a full explanation of the purpose of this
study, the procedures involved and of what is expected of me.

e | understand that | will be asked to: attend regular treatment sessions to receive massage and
acupuncture treatment for my scar, and fill in questionnaires regarding my symptoms.

e The researcher has answered all my questions and has explained possible problems that may arise
as a result of my participation in this study.

e |understand that | may withdraw from participating in the project at any time without prejudice.

e | understand that all information provided by me is treated as confidential and will not be released
by the researcher to a third party unless required to do so by law.

e |agree that any research data gathered for the study may be published provided my name or other
identifying information is not disclosed. Further that data will be de-identified and kept for seven
years in a secure location.

e | understand that this consent form will be kept by the researcher, but will be stored separately to
other study data, and destroyed at the end of seven years.

Name of participant

Signature of participant Date

e | confirm that | have provided the Information Sheet concerning this research project to the
above participant, explained what participating involves and have answered all questions asked
of me.

Signature of Researcher Date
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Appendix 4. Standardised script for communication with study participants.

Commencing first treatment:

Acupuncture needle insertion stimulates sensory receptors in your skin and underlying tissue to
send signals to your nerves. Various natural chemicals may be released from your nerves that may
help control pain and itch in your scar.

For this study you will receive one of two different styles of acupuncture in addition to scar massage
to compare responses to different treatment regimens. The number of needles used will depend on
the size of your scar.

During each treatment:

| expect you may feel a slight stinging sensation when | insert the needles, however this should not
last long — let me know if you feel stinging or sharp pain that doesn’t ease within a few seconds. | will
give you time to get used to the feeling, then | am going to stimulate (by rotating them back and
forth) the needles three times over the treatment session. Please let me know if you feel unwell,
experience too much pain/soreness or would like me to remove the needles for any reason.

| am going to rotate each needle, please let me know when you feel a moderate sensation, this
should not be very painful or sharp, but may be a warm feeling or a dull ache.

| am going to remove the needles now you may feel a sharp sensation for a few seconds. | will use a
cotton ball to compress each point for a few seconds in case of any bleeding.

If you have any concerns regarding treatment over the next few days, please get in contact with me.
Follow up at the beginning of subsequent treatments:

Do you have any concerns, questions, or comments regarding your last treatment? Ideally, | won’t
know your specific responses to treatment until after you have finished all your study treatments.
However, if you are not happy then we should address this and adjust the treatment as able within
the study. This is to help me be consistent in the treatment | provide to you. However, if you feel
that treatment is making you worse or you have any concerns, please do let me know.
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Appendix 5. Participant Information Sheet
PARTICIPANT INFORMATION SHEET- Does acupuncture treatment
reduce pain and itch in abnormal scars?

Dear

You are invited to participate in the research project described below.
What is the project about?

This research project will investigate the effect of physiotherapy treatments massage and
acupuncture/dry needling on the symptoms of scars such as pain and itch.

This study will provide treatment for symptomatic scars. It aims to assess change in scar symptoms
over a four week period, with follow up at one- and two-months after that time. This will help us to
evaluate these methods are for treating scar symptoms, and guide future treatment improvements.

Who is undertaking the project?

This project is being conducted by Cathy Smith and will form the basis for a Master of Science degree
at The University of Notre Dame Australia, under the supervision of Assoc Prof Dale Edgar (The
University of Notre Dame, Australia) and Susan Kohut (Auckland University of Technology, New
Zealand).

Who can take part in this study?

Adults (18 years and over) with scars between 6 weeks and 1 year duration that are painful and/or
itchy are able to take part in this study. If you have multiple scars, you will be asked to nominate the
most symptomatic scar to receive treatment as part of this study.

Some people will not be eligible to participate based on medical grounds (unstable medical
conditions), swelling in the affected area or loss of sensation in the affected area, current pregnancy
or if you are allergic to stainless steel. Certain types of scars may also be excluded due to different
pathology causing them. We will discuss these over the phone with you prior to enrolling you into
this study. If you are not sure about something, please ask.

What will | be asked to do?

If you consent to take part in this research study, you will be asked to commit to being part of the
study for three months. In that time, the first four weeks will involve attending the clinic once or
twice per week. The final contacts will be by email, mail or phone, and will not require your physical
attendance. Please feel free to ask any questions you may have, and ensure that all your questions
have been answered to your satisfaction before you agree to participate.

Initially you will be asked for background information on health, how you got your scar(s), and what
treatments you are currently undergoing for them.

During the study you will be asked to complete surveys regarding your scar, and general wellbeing.
You will also be asked to complete these one and two months after completion of physical
treatments, and return the surveys by post or email.
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Participants will be randomly divided into two groups, both groups will receive scar massage,
acupuncture and advice on self-massage, stretching and exercising. The only difference between the
two groups will be the type of acupuncture. Sessions will take approximately 20-30 minutes to
complete and will require attendance one to two times per week for four weeks (six sessions in
total). There is no cost to you for this treatment, and all treatment will be focused on your scar. If
you have more than one scar, please indicate the most painful/itchy scar to receive treatment as
part of this study.

You can choose to attend your sessions either at Cannington Physiotherapy (20 Pattie Street,
Cannington — 5 minutes walk from Carousel shopping centre) or at the School of Physiotherapy
building of the university of Notre Dame in Fremantle.

Are there any risks associated with participating in this project?

It is possible that treatment may make your scar itch or pain increase. This is unlikely to last longer
than a few hours, however you may try using cool wet towels, ice or taking your usual pain
medication for relief. If at any time during the treatment program you wish to stop, you may do so
without recourse.

Occasionally there may be minor bleeding when the needle is withdrawn but this is no worse than a
blood test. Other common side effects include the possibility of minor bruising at the acupuncture
site or feeling tired after treatment.

Acupuncture needles used in this study are made of sterile stainless steel, and are single person use
only. If you have any increased risk of infection (i.e., damaged heart valves or have to take antibiotics
to go to the dentist) extra hygiene precautions will be taken prior to acupuncture treatment. Please
notify the investigator if you have any diagnosed health conditions.

Your therapist will collect information from you regarding your medical history to assess your level
of risk for receiving treatment. It is important for your safety and your therapists’ safety that you
disclose any medical conditions or blood borne diseases you have. This doesn’t necessarily exclude
you from participation in this study, however, extra precautions may be taken, and you may be
requested to get your doctors’ consent before receiving any treatment.

What are the benefits of the research project?

The scar being treated may show changes in physical characteristics and symptoms, but this is not
guaranteed as everyone responds differently to treatment. The outcomes of the research may guide
treatment of future patients with scars.

What if | change my mind?

Participation in this study is completely voluntary. Even if you agree to participate, you can withdraw
from the study at any time without discrimination or prejudice. If you withdraw, -all personal
information you have provided will be erased. Survey results will be kept unless you request they be
removed as these will not contain any identifiers for you.

Will anyone else know the results of the project?

Information gathered about you will be held in strict confidence. This confidence will only be broken
if ordered by law.
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Personal details will be kept separate to study data, and you will be identified by a number assigned
to you on any data reviewed by any other researchers within the study team, including statisticians.

Once the study is completed, the data collected from you will be de-identified completely and stored
securely in the School of Physiotherapy at The University of Notre Dame Australia for a period of
seven years. The grouped results of the study will be published as a journal article.

Will I be able to find out the results of the project?

Once we have analysed the information from this study we can email you a summary of our findings,
if you provide a current email address. You can expect to receive this feedback by December 2018.

Who do I contact if | have questions about the project?

If you have any questions about this project please feel free to contact either myself
catherine.smith2@my.nd.edu.au or my supervisor, Assoc Prof Dale Edgar (dale.edgar@nd.edu.au or
phone on 0413070384.). My supervisor and | are happy to discuss with you any concerns you may
have about this study.

What if | have a concern or complaint?

The study has been approved by the Human Research Ethics Committee at The University of Notre
Dame Australia (approval number 017029F). If you have a concern or complaint regarding the ethical
conduct of this research project and would like to speak to an independent person, please contact
Dr Natalie Giles, The University of Notre Dame’s Ethics Officer at (+61 8) 9433 0943 or
research@nd.edu.au. Any complaint or concern will be treated in confidence and fully investigated.
You will be informed of the outcome.

How do I sign up to participate?

If you are happy to participate, please sign both copies of the consent form, keep one for yourself
and mail the other to me in the envelope provided. | will be in contact with you shortly to organise a
time for your first appointment and answer any questions you may have.

Thank you for your time. This sheet is for you to keep if you wish.

Yours sincerely,

Cathy Smith
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Appendix 6. Participant Personal Details Form

Trial 1.D. Number:

Surname Name Title: Mr/Mrs/Ms/Miss
D.O.B__ / / age

Contact Details: Phone Email

Emergency Contact phone

Medical History:

Medications:

Health conditions (circle any that apply):

e High or low Blood pressure

e Epilepsy

e Heart Condition

e Diabetes type 1/2

e Bleeding disorder

e Infectious condition: HIV/hepatitis
e Lymphoedema

e Stroke

e Nerve injury causing numbness or altered sensation
e Allergy to Stainless steel

e Allergy to skin cream

e Current pregnancy

e Other

How did you receive your scar?

How long have you had your scar?

Are you currently receiving treatment elsewhere for your scar? Y/N (if yes please provide
details)

Are you using any creams/silicone or pressure garments for your scar?

Have you received acupuncture or dry needling treatment before?
Details
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Appendix 7. Information Letter(a) and flyer(b)

a. Letter to Surgeon/Doctor

Dear

| am writing to you as a research student at The University of Notre Dame Australia. | am a qualified
physiotherapist who has worked in private practice physiotherapy clinics for more than ten years,

and am now undertaking a Master of Science degree.

My research involves conducting a clinical trial into the use of acupuncture/dry needling for
managing pain and itch associated with hypertrophic scars. | aim to recruit participants who have
developed hypertrophic scars, within one to six months following surgery, trauma or burns injury.
During the study all participants will receive massage therapy and exercise recommendations in
addition to either local acupuncture around the margins of their scar, or distant acupuncture away

from the scar region.

| would be grateful of your assistance with recruiting participants by recommending this study to any
of your clients who may benefit from this treatment. | have enclosed a flyer and information sheet

for you and should you require more information | would be more than happy to discuss this further.

Yours Sincerely

Catherine Smith

BHSc (Physiotherapy)
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b. Flyer

Q?o"@, THE UNIVERSITY OF
.2} NOTRE DAME

W A U S T R A L I A

DOES YOUR SCAR
BOTHER YOU?2

| am looking for people with
itchy/painful scars to
participate in a clinical trial
using acupuncture/dry
heedling and massage to
treat scars.

For more information email:
catherine.smith2@my.nd.edu.au

This study has been approved by The University of Notre Dame Fremantle’s
Human Research Ethics Committee (HREC number 017029F)
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Appendix 8. Post Treatment advice Handout for Participants

After your treatment, you may experience an initial increase in pain or itch in your
scar — this is normal and should settle within 24 hours. As you progress through the
course of treatment this reaction will become less and less. Please let your therapist
know at your next appointment if you have any increased symptoms.

Some people will feel drowsy after treatment — please don’t drive straight away if you
are affected.

In between treatments:

Scar massage — you can do this yourself as demonstrated at your initial
appointment. Use some cream on your fingers and massage your scar in a circular
or side to side pattern. Aim for 3-5 minutes of massage per day.

Stretching — gentle stretching can be performed on the joints and muscles around
your scar. Aim for a slow and gentle stretch, holding up to 30 seconds per stretch.

Other exercise — You should aim to maintain your usual exercise regimen while
participating in this trial.

If you have any queries or concerns regarding treatment or your response to
treatment, please don’t hesitate to get in contact with me.

Catherine Smith

catherine.smith2@my.nd.edu.au
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Appendix 9. Results of Pilot Study (case series)

Participant #1 — Distant Acupuncture

female, 47yrs, 8 months post-surgical, 10cm long scar

Needle placement: 2cm lat to SP of L3&4 bilaterally, 5+10cm above knee & 5cm

below knee in Midline bilat

POSAS
Baseline | Midway | Final Rx 1-month | 2-month
Q1 7 3 2 1 2
Q2 5 3 2 2 1
Q3 5 3 3 2 2
Q4 5 2 2 1 1
Q5 7 2 2 1 1
Q6 7 3 2 2 2
Q7 7 3 3 3 2
NRS
Session # 1 2 4 5 6
NRS (Pain) 6 4 0 1 0
NRS (Itch) 3 1 1 0 0
SF-36
Final 2-
Baseline Session 1-month | month norms
Physical
Function 80 65 95 85 90.82
Role Physical 81.3 25 93.8 75 80.53
Bodily Pain 67.5 90 77.5 77.5 76.39
General Health 80 65 60 55 77.69
Vitality 45 20 50 55 59.94
Social Function 100 25 100 100 88.26
Role Emotional 91.7 100 100 100 86.06
Mental Health 72 72 76 80 77.58
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Participant #2 — Local Acupuncture

Male, 46yrs, 5 months post-surgical, 20cm long scar

Needle placement: local (knee)

POSAS
POSAS Baseline | Midway | Final Treatment | 1-month | 2-months
Q1 8 8 6
Q2 8 8 6
Q3 10 3 7
Q4 7 3 7
Q5 10 8 10
Q6 10 8 10
Q7 10 4 8
NRS
Session # 1 p 3 4 5 6
NRS (Pain) 7 8 3 6 3 8
NRS (ltch) 7 4 2 6 1 8
SF-36
Final
Baseline | Treatment norms
Physical
Function 25 65 90.94
Role Physical 18.75 25 85
Bodily Pain 10 90 76.76
General Health 50 65 76.55
Vitality 50 20 64.86
Social Function 25 25 91.88
Role Emotional 100 100 92.16
Mental Health 84 72 82.32
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Participant #3 — Distant Acupuncture

female, 34yrs, 8 months post-surgical, 14cm long scar

Needle placement: C7 & T1 bilateral, mid forearm bilateral 4,5,8,9cm above elbow

POSAS

POSAS Baseline

Qi

Q2

Q3

Q4

Qs

Qb6

Q7

NN | [0 |>

NRS

Session #

NRS (Pain)

NRS (Itch)

SF-36

Baseline

norms

Physical Function

95

92.28

Role Physical

100

80.44

Bodily Pain

90

79.75

General Health

80

78.71

Vitality

50

58.67

Social Function

100

89.17

Role Emotional

100

85.62

Mental Health

64

77.27

Participant #4 — Distant Acupuncture

female, 20yrs, 9 months post-surgical, 7cm long scar
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Needle placement: C6 & 7 bilateral 1cm, right & left mid arm, right mid forearm

POSAS

POSAS

Baseline

Midway

Final

Treatment

1-month

2-months

Q1

Q2

Q3

Q4

Qs

Q6

Q7

N[O (N[N~ N

I |W

WIN[R,|IN|W([F|F

SO I G I NG NG NG I N

NRS

Session #

NRS (Pain)

NRS (Itch)

SF-36

Baseline

Final
Treatment

1-month

2-months

norms

Physical
Function

95

100

100

93.16

Role Physical

43.75

100

100

79.17

Bodily Pain

35

90

100

77.23

General Health

65

75

85

73.3

Vitality

65

70

85

58.52

Social Function

37.5

50

75

84.19

Role Emotional

91.7

83.3

100

81.82

Mental Health

68

60

80

75.59

Participant #5 — Local Acupuncture

female, 34yrs, 12 months post-surgical, 12cm long scar
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Needle placement: Abdomen

POSAS
POSAS Baseline | Midway Final Treatment | 1-month 2-months
Q1 0 0 1 1 1
Q2 6 5 5 5 3
Q3 9 9 8 8 8
Q4 9 9 8 8 8
Q5 9 9 8 9 8
Q6 9 9 8 9 8
Q7 9 9 9 9 8

NRS
Session # 1 2 3 4 5 6
NRS (Pain) 0 0 0 0 0 0
NRS (ltch) 5 5 3 4 6 0

SF-36

Baseline | Final Treatment | 1-month 2-months norms

Physical Function 100 100 100 100 92.28
Role Physical 100 100 100 25 80.44
Bodily Pain 100 100 100 67.5 79.75
General Health 95 95 95 65 78.71
Vitality 65 65 35 35 58.67
Social Function 87.5 87.5 75 25 89.17
Role Emotional 100 100 83.3 50 85.62
Mental Health 64 64 56 48 77.27

Participant #6 — Distant Acupuncture

female, 47yrs, 10 months post-surgical, 8cm long scar

Needle placement: C6/T1 1cm bilateral, mid upper and lower arm bilateral

POSAS
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POSAS 1 2 3 4 5
Ql 4 4 2 1 1
Q2 8 4 2 1 3
Q3 8 7 4 3 5
Q4 10 6 4 4 3
Q5 10 3 4 5 5
Q6 10 7 4 4 5
Q7 10 8 4 3 4
NRS
Session # 1 2 3 4 5 6
NRS (Pain) 2 4 4 2 2 2
NRS (ltch) 6 5 3 2 2 2
SF-36
Baseline | Final Treatment | 1-month 2-months norms
Physical Function 20 95 95 10 85.59
Role Physical 100 100 100 0 79.1
Bodily Pain 67.5 100 100 0 73.28
General Health 80 75 80 35 75.6
Vitality 55 55 60 45 59.51
Social Function 100 100 100 62.5 88.88
Role Emotional 100 100 100 100 85.2
Mental Health 76 76 80 84 78.93
Participant #7 — Local Acupuncture
Male, 33yrs, 10 weeks post-surgical, 2.5cm long scar
Needle placement: face
POSAS
POSAS Baseline Midway Final Treatment 1-month 2-months
Ql 6 2 1
Q2 1 1 2
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Q3 10 3 3 3
Q4 10 4 3 3
Q5 10 5 3 3
Q6 10 4 3 3
Q7 10 4 3 5

NRS
Session # 2 3 4 5 6
NRS (Pain) 2 0 0 0 0
NRS (ltch) 0 0 0 0 0 0

SF-36

Baseline | Final Treatment | 1-month 2-months norms

Physical Function 100 100 100 100 95.21
Role Physical 100 100 100 100 89.32
Bodily Pain 90 90 90 100 81.94
General Health 80 80 80 80 78.93
Vitality 70 70 75 80 65.4
Social Function 100 100 100 100 93.83
Role Emotional 100 100 100 100 91.68
Mental Health 84 80 80 80 81.26

Participant #8 — Local Acupuncture

female, 55yrs, 12 months post-surgical, 3.5cm long scar

Needle placement: Upper limb

POSAS
POSAS Baseline Midway | Final Treatment 1-month 2-months
Q1 2 3 2 1 2
Q2 3 2 2 1 2
Q3 10 10 7 10 10
Q4 10 10 7 10 10
Q5 10 10 7 10 10
Q6 10 10 7 10 10
Q7 10 10 7 10 10
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NRS

Session # 1 2 3 4 5 6
NRS (Pain) 1 1 2 2 1 2
NRS (ltch) 3 3 3 2 2 0
SF-36
Baseline Final Treatment | 1-month 2-months norms
Physical Function 80 75 | n/a 95 80.31
Role Physical 87.5 75 100 100 77.79
Bodily Pain 80 57.5 90 90 71.47
General Health 35 40 | n/a 60 73.42
Vitality 70 70 60 60 61.41
Social Function 100 75 100 100 90.03
Role Emotional 100 100 100 100 88.03
Mental Health 80 76 64 80 80.76
Participant #9 — Distant Acupuncture
female, 72yrs, 6 weeks post-surgical, 5cm long scar
Needle placement: L3+4 1cm lateral to Sp bilateral 10cm below knee on RHS
POSAS
POSAS Baseline Midway Final Treatment | 1-month 2-months
Ql 2 2 1 1 1
Q2 6 2 1 1 1
Q3 4 3 1 1 1
Q4 6 7 2 5 3
Q5 6 3 2 6 5
Q6 6 7 2 6 3
Q7 6 4 2 5 2
NRS
Session # 1 2 3 4
NRS (Pain) 0 1 2 2
NRS (Itch) 4 3 2 1
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SF-36

Baseline | Final Treatment 1-month 2-months norms
Physical Function 85 85 85 90 73.28
Role Physical 87.5 93.75 75 93.8 71.58
Bodily Pain 67.5 57.5 55 90 72.03
General Health 55 65 60 45 70.63
Vitality 50 50 45 40 59.64
Social Function 87.5 100 100 100 88.9
Role Emotional 100 91.66667 100 100 84.82
Mental Health 68 64 60 68 80.35
Participant #10 — Local Acupuncture
Male, 45yrs, 4 months post-surgical, 5cm long scar
Needle placement: Lumbosacral region
POSAS
POSAS Baseline | Midway Final Treatment 1-month 2-months
Q1 4 1 3 4 3
Q2 5 4 2 5 4
Q3 2 3 1 3 2
Q4 9 6 4 4 4
Q5 9 6 4 4 5
Q6 8 5 4 4 4
Q7 8 8 5 4 5
NRS
Session # 1 2 3 4 5 6
NRS (Pain) 4 4 3 3 2 3
NRS (Itch) 5 4 4 4 2 2
SF-36
Baseline | Final Treatment 1-month 2-months norms
Physical Function 100 100 100 100 90.94
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Role Physical 87.5 93.75 100 93.75 85
Bodily Pain 77.5 90 90 90 76.76
General Health 90 95 90 90 76.55
Vitality 55 70 80 80 64.86
Social Function 87.5 100 87.5 100 91.88
Role Emotional 100 100 100 100 92.16
Mental Health 80 80 80 80 82.32
Participant #11 — Local Acupuncture
Female, 58yrs, 7 months post-surgical, 3cm long scar
Needle placement: lower limb
POSAS
POSAS Baseline Midway | Final Treatment 1-month 2-months
Ql 2 9 2
Q2 7 8 2
Q3 8 8 3
Q4 10 9 3
Q5 10 6 5
Q6 10 7 5
Q7 10 7 4
NRS
Session # 1 2 4 5 6
NRS (Pain) 1 0 0 0
NRS (ltch) 6 0 0 1 0
SF-36
Baseline | Final Treatment norms
Physical Function 90 90 80.31
Role Physical 100 100 77.79
Bodily Pain 80 80 71.47
General Health 85 70 73.42
Vitality 70 75 61.41
Social Function 100 100 90.03
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Role Emotional 100 100 88.03
Mental Health 68 72 80.76
Participant #12 — Distant Acupuncture
Female, 45yrs, 10 months post-surgical, 5cm long scar
Needle placement: L3,5 Bilateral , mid calf
POSAS
POSAS Baseline | Midway | Final Treatment | 1-month | 2-months
Q1 3 1 1
Q2 7 5 2
Q3 10 10 10
Q4 4 10 5
Q5 8 10 10
Q6 8 10 10
Q7 8 10
NRS
Session # 1 2 3 4 5 6
NRS (Pain) 0 0 0 0 0 0
NRS (Itch) 5 5 3 2 2 1
SF-36
Baseline Final Treatment norms
Physical Function 100 100 85.59
Role Physical 100 100 79.1
Bodily Pain 67.5 67.5 73.28
General Health 80 95 75.6
Vitality 55 55 59.51
Social Function 75 100 88.88
Role Emotional 100 100 85.2
Mental Health 60 60 78.93
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Participant #13 — Local Acupuncture

Female, 78yrs, 3 months post-surgical, 20cm long scar

Needle placement: Lower limb

POSAS
POSAS Baseline | Midway | Final Treatment | 1-month 2-months
Q1 8 3 1 1 1
Q2 3 1 2 1 1
Q3 10 10 10 10 10
Q4 10 9 8 10 10
Q5 10 9 8 10 10
Q6 10 9 9 10 10
Q7 10 9 9 10 9

NRS
Session # 1 2 3 4 5 6
NRS (Pain) 8 3 2 2 1
NRS (ltch) 4 4 2 1 1 2

SF-36

Baseline | Final Treatment 1-month 2-months norms

Physical Function 40 55 45 70 58.24
Role Physical 50 75 68.75 87.5 67.12
Bodily Pain 67.5 55 55 77.5 73.14
General Health 80 85 85 90 71.21
Vitality 70 70 70 75 56.67
Social Function 100 87.5 87.5 100 87.89
Role Emotional 100 100 100 100 91.66
Mental Health 80 80 80 80 81.94

Participant #14 — Local Acupuncture

Female, 54yrs, 2 months post-surgical, 3cm long scar
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Needle placement: trunk (back)

POSAS

POSAS Baseline

Midway

Qi

Q2

Q3

Q4

Qs

Qb6

NI OIN |-

Q7

N W WIN|RININ

NRS

Session # 1

NRS (Pain) 0

NRS (Itch) 2

SF-36

Baseline

norms

Physical Function

90

85.59

Role Physical

68.75

79.1

Bodily Pain

100

73.28

General Health

85

75.6

Vitality

70

59.51

Social Function

100

88.88

Role Emotional

100

85.2

Mental Health

84

78.93

Participant #15 — Local Acupuncture

Male, 62yrs, 12 months post-surgical, 7cm long scar

Needle placement: Upper limb

POSAS
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Final 1- 2-
POSAS Baseline | Midway | Treatment | month months
Ql 2 1 1
Q2 4 2 2
Q3 1 2 1
Q4 1 1 1
Q5 1 1 1
Q6 1 2 2
Q7 1 2 2
NRS
Session # 2 5
NRS (Pain) 1 1 1 0
NRS (Itch) 2 1
SF-36
Baseline | Final Treatment norms
Physical Function 85 90 80.61
Role Physical 68.75 81.25 77.89
Bodily Pain 325 90 78.14
General Health 75 75 70.73
Vitality 45 65 65.1
Social Function 62.5 100 93.66
Role Emotional 100 100 94.19
Mental Health 56 72 85.6
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