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Abstract: Painful scars can develop after surgery or trauma, with symptoms ranging from a minor itch to intractable allodynia. The
problem of the painful scar may involve both intraneural and extraneural structures, requiring a systematic approach to diagnosis and
treatment of this neuropathic pain condition that can impact quality of life and function profoundly. In this review, we outline the
algorithm for the diagnosis, management, medical and surgical treatment of painful scars.
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Introduction

Painful scars often develop after an inciting event such as surgery or trauma that violates the skin and soft tissues. The
prevalence of chronic postoperative pain is about 30-50% after surgical procedures that either involve nerve transection
as a component of the case, or carry high likelihood of iatrogenic nerve injury, such as mastectomy, limb amputation, and
thoracotomy.' Burn scars remain painful in 25-68% of patients and are associated with decreased overall quality of life
due to restricted range of motion, as well as sensory symptoms such as itching and pain.? The painful scar is clearly
distinct from what we will call the “inert” scar - the painless, avascular, aneural, thickened cicatrix. The visible external
scar is just the proverbial tip of the iceberg, as scar tissue extends below the skin and crosses tissue planes creating an
opportunity for nerve injury or entrapment. As such, peripheral nerve injuries can potentially be complicated by
intraneural and extraneural scar formation.> ® The presence of pain at rest in the nerve distribution is commonly
a sign that the scar involves the deeper nerve structures. Nerve tethering can occur secondary to perineural scarring
and presents with exacerbation of pain by movement because of the restricted nerve mobility associated with the scar.
This continuum of pathology can result in various clinical presentations referred henceforth as painful scar neuropathy.’
The problem of painful scar neuropathy is commonly encountered in all aspects of medicine and surgery, and
a recommended algorithm (Figure 1) for diagnosis and effective treatment is needed to ensure effective care for this
underreported but highly prevalent condition.

History and Physical

History and physical examination are used to identify and establish the cause of the scar and provide valuable information
regarding the lesion type. In many cases, the history and patient medical record can clearly outline the histories of various
scars so that the depth and breadth of the associated procedure can be appreciated along with the surface anatomy. There are
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conflicting data on whether the length of time after surgery impacts pain and whether women are more susceptible to
development of painful scars than men.*? A personal and family history of conditions known to be associated with abnormal
scar formation may also be helpful. Psychological screening in patients presenting with pain is clearly indicated, as anxiety
and stress have been shown to increase the perception of scar pain.'® Workup of the painful scar includes visual inspection,
palpation, mobilization, and diagnostic injection of local anesthetic in areas of allodynia or hyperalgesia, as appropriate.
Tinel’s sign may be positive over the affected nerve in cases of nerve entrapment and injury.'!
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Diagnostic Techniques

Electrodiagnostic testing is commonly employed to diagnose multiple other conditions which may present with similar
clinical signs and symptoms, such as mononeuropathy and Complex Regional Pain Syndrome (CRPS). It may also help
in establishing other potential sources of pain, such as motor neuron disorders, demyelinating neuropathies, spinal cord
injuries, plexopathies, and radiculopathies.'?

Imaging

Ultrasonography is considered a reliable technique to establish degree of the nerve injury, determine the amount of
scarring, and evaluate the state of the outer and inner connective tissue layers of the nerve trunk.'> Magnetic resonance
(MR) neurography is capable of identifying indirect signs of nerve damage such as edema. It may also help by direct
visualization of injured and scar-tethered nerves, including the smaller peripheral branches.'*

The diagnosis of CRPS is ultimately based on clinical presentation, with the Budapest criteria serving as the gold-
standard for the diagnostic process.'> Triple-phase bone scintigraphy is useful for detecting alterations in bone metabo-
lism in patients with CRPS, especially those who have active bone resorption, and may be considered to support the
diagnosis, but is not a rule-out test.'®"'® MRI may be useful to exclude some conditions from the differential diagnosis
but is not considered for confirmation of CRPS diagnosis.

Conservative Treatment Approaches

Medications

Various medications can be used for the treatment of painful scars as first-line treatment, generally prior to the use of
interventional methods. Numerous systemic and topical medications have been used for the treatment of painful scar
neuropathy and painful peripheral neuropathies in general, including local anesthetics, anti-inflammatories, antidepres-
sants, sodium-channel modulators, gabapentinoids, ketamine, capsaicin (TRPV1), menthol (TRPMS8), and more.

The most commonly used topical medications include lidocaine and capsaicin. Topical lidocaine (patch) works by
non-selectively blocking voltage gated sodium channels on sensory afferent nerves at the site of the application.'” The
use of the topical lidocaine widely ranges with the initial approval for use in postherpetic neuralgia. Since then, the use of
topical lidocaine has been described for many other indications such as diabetic peripheral neuropathy, carpal tunnel
syndrome, chronic lower back pain, osteoarthritis pain, and many more chronic pain conditions.'” In general, lidocaine
has a superior safety profile as compared to other local anesthetics. Adverse reactions with the use of lidocaine are very
rare although some reported effects include allergic reactions, hypotension, AV block, and arrhythmias.?’ Another topical
medication that may be used for painful scars is capsaicin. Topical capsaicin works mechanistically by binding to
nociceptors in the skin, specifically the TRPV1 receptor.”’ The TRPV1 receptor works by allowing the movement of
sodium and calcium ions into the cell which results in action potential formation and causes burning sensations. With the
repeated use of capsaicin, defunctionalization occurs which results in lower pain over time. In general, the use of
capsaicin is the most effective when applied early on after the formation of the lesion and less effective further along the
course of the lesion.”” Additionally, the TRPMS is another receptor that plays a role in chronic pain management.
TRPMS is a non-selective cation channel that has been discussed to have a potential role in analgesia and nociception.*
Systemic side effects with the use of capsaicin are rare and side effects such as burning and erythema are localized to the
site of application.?’ Capsaicin may be obtained over the counter at low concentrations (<0.01%) in various formulations
and is also available as a high concentration (8% Capsaicin, Qutenza, Averitas Pharma) patch that has an FDA-approved
indication for painful diabetic peripheral neuropathy and postherpetic neuralgia. The French chapter of the International
Association for the Study of Pain recently published updated recommendations that include the use of high-dose
capsaicin for focal neuropathic pain treatment.**

Typical antidepressants used for neuropathic pain include the Selective Norepinephrine Reuptake Inhibitors (SNRIs) and
Tricyclic Antidepressants (TCAs). The mechanism of action of this class of medications is k by inhibiting the serotonin and
norepinephrine uptake in the presynaptic cleft of the neuron.”> These drugs augment descending noradrenergic inhibitory
signals from the brain that reduce pain transmission in the spinal cord. One study showed, at 6 months in post partial or
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radical mastectomy patients that the group that was randomized to receive venlafaxine vs gabapentin vs placebo for 10 days
starting the night before surgery had reduced pain scores with movement and reduced opioid analgesic use.?®

Gabapentinoids, which include gabapentin and pregabalin, are anticonvulsant medications. They bind to voltage gated
channels thought to participate in evoked neurotransmitter release in pain-carrying neurons. Gabapentinoids have been
shown to reduce opioid consumption and postoperative pain scores.?’ Similar effect has been shown on chronic post-
surgical pain as well.*®

Physical Therapy

Physical therapy and rehabilitative medicine treatment options for painful scar formation have minimal evidence basis.
Factors that limit in-depth study and development of best practices are related to the variability of presentation, such as
region of the body (torso vs extremity), scar etiology (burn vs postsurgical vs traumatic), depth and extent of the scar
(implicating multiple tissue layers and structures) and duration of the scar (acute, subacute and chronic). The hetero-
geneity in painful scar presentation has various implications for physical therapy care and it is important to personalize
treatments to the clinical scenario and other patient factors. Physical therapy approaches can be divided into passive
modalities, manual therapies, and active motion-based therapies. Passive modalities may be defined as therapies that do
not require active work from the patient and usually involve an intervention applied to a patient. Examples of these
treatments include heat/ice, electrical stimulation, and ultrasound. Manual therapies involve the direct manual manipula-
tion by a therapist such as massage or instrument-assisted soft-tissue mobilization (IASTM) (ie, Graston technique). Both
manual therapy and IASTM have been shown to improve symptoms and electrodiagnostic studies in an RCT of carpal
tunnel syndrome patients.”” Active motion-based therapies require the physical participation of the patient and involve
supervised performance of a series of exercises.

Passive Modalities
Electrotherapy that includes Transcutaneous electrical nerve stimulation (TENS), Electric Muscle Stimulation (EMS),
Interferential current (IFC) and other modalities applies various pulsed electrical currents to the skin surface with targeted
physiological targets and is commonly used to support rehabilitative programs. Most research studies have investigated
electrotherapy for the purposes of accelerating wound healing and through these studies, palliative benefits in painful
scarring can be demonstrated.’>*' In particular, there are two randomized control trials in the study of painful venous
ulcers, demonstrating a statistically significant reduction in pain scores using a frequency rhythmic electrical modulation
system (FREMS).***® There is not enough evidence to generalize these studies to all painful scars. However, the
proposed analgesic mechanisms such as reduced sympathetic activity and vasodilation and activation of large diameter
afferent fibers to reduce pain by altering the “pain gate”,>* combined with the consideration that bioelectric medicine
introduces little physiological risk, suggest that that electrotherapy may provide adjunctive support to a therapy program.

Just like bioelectrical medicine, other modalities such as laser, ultrasound, and intense pulsed light are routinely used to
improve wound remodeling and decrease the size of a chronic scar or to improve wound healing. Laser and intense pulsed
light therapies direct energy into target areas where photons are absorbed into tissue where it is converted to heat and induces
a photoacoustic and photochemical reaction.>> A prospective cohort study has demonstrated statistically significant pain
reduction when a fractional CO2 laser was used for burn scars® and there are other case series demonstrating positive results
for burn scars.>”*® Therapeutic ultrasound, where short bursts or continuous waves of energy that induce changes in tissue
such as an elevation of temperature, ultrasonic cavitation and gas body activation and possibly tensile, shear and compres-
sional stresses.>” There is little evidence basis for the benefits of topical therapeutic ultrasound for treating pain, and there is
a published negative study demonstrating no benefit on pain after a burn injury.*’

Acupuncture has been tried for pain control in various clinical conditions associated with chronic-scar-related

. 41-43
pain.

Manual Therapy
Regarding evidence support for the use of massage therapy and other hands-on treatments, there is mixed support in the
treatment of painful scars. Some studies have reported reduction in pain and itching with massage therapy.44’45 It is felt
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that massage can help with the underlying elasticity of the scar tissue by breaking down adhesive tissue and increase
pliability and glide. In addition to massage therapy, physical therapists may offer the Graston technique, soft tissue
mobilization and “nerve gliding” manual techniques are also described and used clinically.*® These treatment approaches
are not studied in a rigorous manner and there is concern raised that excessive traction and pressure applied in various
scenarios, particularly to sensitive regions can aggravate pain and even disrupt the healing process. There are conflicting

results in the literature regarding the use of manual therapy and personalized clinical judgment should be used.*’

Active Motion-Based Therapy

Active motion-based therapies supervised and prescribed by a physical therapist or occupational therapist are designed to
improve function and decrease pain in various pathological scar conditions. The techniques intend to reeducate patients
and restore motor patterns acquired previously that are impaired after scar development. The benefits of active physical
therapy over passive modalities as it relates to painful scar are supported by the literature.*® As is the case in many
painful conditions where emphasis is placed on mobilization and increasing range of motion, strength and flexibility,
limitations due to pain are a significant challenge for many patients. Strategies to reduce pain are critically important to
reduce the barriers from progressing with exercise techniques and multidisciplinary techniques should be established.

Interventional Approaches

Trigger Point Injection

Prior to the use of injections with corticosteroids, various trigger point injections with local anesthetics and clonidine can
be used as potential treatment options. In one study by Glynn et. al, the use of epidural clonidine for the management of
surgical scar pain was studied and used. In the study, the use of clonidine at a dose of 150mcg provided equal pain relief
for a longer duration when compared to the use of 5mg of morphine.*’ Additionally, trigger point injections with
anesthetics are also potential treatment options for painful scar syndrome. A study by Papayannis et al discusses a case
series where four patients were treated with 1% lidocaine up to 20mg to treat post-surgical scar tissue pain after various
procedures.’® In this case, the intensity of pain was reduced for all patients post-injection as well as during the 3-month
follow-up visit.>® Both the use of trigger point injections with local anesthetics as well and clonidine are potential

treatment options to treat painful scar syndrome.

Corticosteroid Injection

Corticosteroid injection of a painful scar can diminish pruritus and pain.”' The mechanism is the inhibition of fibroblast
growth and decreasing alpha-2 macroglobulin levels, which leads to collagen degradation. Depending on the amount,
high dosing of corticosteroid may lead to hypopigmentation, dermal atrophy, telangiectasias, necrosis, and ulceration.
Long-acting synthetic glucocorticoids such as triamcinolone are used. Synthetic topical steroids have been applied. Most
clinical improvements noted in aesthetic improvements with minimal reporting on pain reduction.”*

Botox Injection

Botulism toxin inhibits acetylcholine release from cholinergic nerves in the skin and is thought to decrease the
stimulation of nicotinic cholinergic receptors through calcitonin gene-related peptide release.”® Botulism toxin impacts
the release of peptides from mast cells, such as vascular endothelial growth factor and fibroblastic concentrations, to
reduce scar formation.”® One systematic review of literature from 1996 to 2014 of ten studies showed significant
improvement in cosmetic outcomes with one study showing improvement in visual analogue scale.®> Concerns exist
in methodological heterogeneity, lack of control groups, and subjective scales of measurement that make it challenging to
conclude the benefit of botulism toxin for a painful scar. This is recommended by the French neuropathic pain
recommendations as a second-line therapy, alongside high-concentration capsaicin.**
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Neuromodulation

Neuromodulation has been used to treat many painful syndromes ranging from post laminectomy syndrome, CRPS,
thoracic neuralgia, various neuropathies and focal pain patterns.**>® There are various implantable therapies including
peripheral nerve stimulation (PNS), peripheral nerve field stimulation (PNFS), spinal cord stimulation (SCS), and dorsal
root ganglion stimulation (DRGs). Superficial therapies have also included transcutaneous electrical nerve stimulation
(TENs) and scrambler therapy. In general, more focal pain patterns have been treated with DRGs, PNS, PNFS, and
external devices such as TENs, and scrambler therapy.>* %% SCS has been used in the treatment of more global pain
patterns, such as back and leg pain, given its more blanket approach than stimulating a single nerve or dermatome.

Peripheral Nerve Stimulation

Several studies have looked at the efficacy of using peripheral stimulation in either a subcutaneous fashion (PNFS) or
directly stimulating a named nerve (PNS).°"®? Most of these studies look at focal pain patterns such as chronic
craniofacial, thoracic, lumbosacral, abdominal, pelvic, groin pain conditions, and CRPS. In a series of 100 patients
looking at various uses of PNS, it was demonstrated that a 72% reduction in analgesic use could be obtained along with
an average pain score reduction of 4.2.°" These results were reached with a very favorable adverse event profile and no
long-term complications.

Studies have looked at utilizing PNFS in individual chronic pain cases with limited dermatomal distribution.®’~** Goyal et al
applied PNFS for unrelieved post-thoracotomy scar pain. It was felt that PNFS was preferred over SCS given lower complica-
tions and more focal coverage.”” They concluded that PNFS was effective in relieving post-thoracotomy pain refractory to
conventional pain management, suggesting great potential of PNFS as a treatment option for chronic surgical-scar pain.

Although there are limited studies for PNS/PNFS specifically for painful scars, there is support for its use for focal or
more isolated coverage. Combined with its favorable safety profile, this makes it a viable option for treatment of pain
from scar formation or wounds. Literature has supported a carry-over effect, or long-lasting pain relief, after removal of
60-day implants.®*® This may be secondary to a modulation of central sensitization and the resulting cortical plasticity.®®
These partially externalized implants, although considered PNS/PNFS due to presence of an implanted electrode, do not
include implantable generators and are easily removed after the treatment period.

Non-implantable nerve stimulation therapies such as TENS and scrambler therapy have shown some limited use and
efficacy in the treatment of painful scars.®® Their non-invasive nature and great safety profile make them attractive to the
patients despite lower levels of clinical efficacy. Scrambler therapy is a novel form of superficial neuromodulation that
may be used in the treatment of focal neuropathic pain.

Yarchoan et al reported two cases that obtained significant pain relief from scar pain.*°

Dorsal Root Ganglion Stimulation

DRG stimulation has been shown to be superior in the treatment of CRPS when compared to traditional SCS.>® It was shown
to have great results in the treatment of various neuropathic pain conditions that are usually focal in nature such as phantom
limb pain, knee pain, hip pain, and foot pain.”® Kretzschmar et al concluded that DRG stimulation is safe, effective, and
a durable option for treating neuropathic pain caused by peripheral nerve injury.®” Although there are no studies specifically
looking at DRG stimulation for painful scars, this may become a viable option given its focal coverage.

Spinal Cord Stimulation

SCS has been a hallmark in the treatment of chronic pain.’® Although it is most commonly used to treat post
laminectomy syndrome and CRPS, it has also been used in the treatment of thoracic neuralgia, visceral pain, angina,
and various other neuropathic pain states.’*>*>’ SCS is generally reserved for more global pain patterns such as back and
leg pain, but has been used in some focal pain patterns such as CRPS. Graybill et al treated a patient with post-
thoracotomy pain syndrome (PTPS) secondary to persistent pain in the area of the thoracotomy incision.® The pain was
neuropathic, as well as myofascial in nature, and multiple treatments including medications, TENS, nerve blocks, and
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ablation did not provide pain relief. The patient was implanted with a single percutaneous SCS electrode at the level of
T3. The patient obtained complete resolution of their pain at a 4-month follow-up.

Another study looked at the treatment of painful scars in 37 patients following thoracic or abdominal surgery.®’
Various treatment methods included analgesic block, TENS, neurotomy, scar resection, SCS, and thermocoagulation
were unsuccessful. Five patients treated with SCS were pain free, while another 3 obtained significant pain relief. Their
results indicated that surgery on peripheral structures may not be effective. The authors advocate conservative measures
such as blockade, TENS and physiotherapy in combination with psychological support. However, they did emphasize
that the pain was likely originating from a central component.

Prolotherapy/Sclerotherapy

Prolotherapy or sclerotherapy is a proliferation therapy where irritants are injected to promote healing and regrowth in
chronic musculoskeletal conditions.”””" A variation of prolotherapy is neural therapy, where an injectate promotes
healing of dysfunctional autonomic function, including the immune circulation, hormone release, and healing ability.”"
Any trauma, infection, or surgery can damage a portion of the autonomic nervous system and produce a long-standing
disturbance in the electrochemical or electromagnetic function of tissues. With these disturbances, incomplete healing or
chronic pain develops. An interference field is common from an injury such as surgery with a painful surgical scar. Local
anesthetics are injected to block the pain and promote the healing of the interference field. Cases and anecdotal evidence
exist with no randomized or prospective studies identified in the literature.

Radiofrequency Ablation

Radiofrequency for the treatment of a painful scar is done for many reasons. For a traumatic injury, radiofrequency is used to
mitigate scar formation and an appearance by inducting the neogenesis of collagen and remodeling of epidermis and
dermis.”” A radiofrequency lesion with a temperature higher than 45° Celsius leads to the destruction of A-delta and
C fibers.”® The most cited research in percutaneous radiofrequency lesioning is of the medial branch of lumbar and cervical
region.”® Other common targets include dorsal root, trigeminal, and sympathetic chain, while anecdotal and case reports exist
for entrapment neuropathy and neuroma.”® For Morton neuroma, retrospective case series found successful treatment using
standard radiofrequency.”*”> Pulsed radiofrequency (PRF) is a less neurodestructive approach that is dependent on the
strength of the electric field produced by intermittent pulses of fixed voltage (typically 45-60V), and not on the tissue
temperature reached.’® In a sham-controlled rodent spared nerve injury model study, PRF at the level of the peripheral nerve
was associated with an upregulation in anti-inflammatory and anti-nociceptive mediators at the level of the peripheral nerve,

DRG, and spinal cord as compared to the sham arm, which noted an increase in inflammatory and nociceptive mediators.”’

Pulsed radiofrequency has been used on peripheral nerves with a case series for neuromas and myofascial trigger points.’®’®

In general, PRF is a low-risk procedure without a clear indication and with a host of anecdotal evidence supporting its use.

Cryoablation

Cryoablation or cryoanalgesia is a technique where a hollow probe with nitrogen gas is placed adjacent to nerve
structure, leading to creation of an ice ball that causes neural destruction and Wallerian degeneration.”” However, unlike
other neurodestructive approaches, the myelin sheath and endoneurium remain intact, allowing regrowth along the neural
framework and reduced potential for neuroma formation.

The clinical application includes trigeminal neuralgia, post-thoracotomy syndrome, entrapment of ilioinguinal, pudendal, and
various other peripheral nerve structures. However, evidence is primarily anecdotal in the form of case reports or case series with
one successful case report discussing the use of cryoanalgesia for sural neuroma.®® Two retrospective case series showed success
for Morton’s neuroma using cryoablation.*'*** A prospective study of lower extremity neuromas in 20 patients showed success
with percutaneous cryoanalgesia with 38.7% complete relief and 45.2% partial relief.*®

Perioperative Considerations
Chronic post-surgical pain (CPSP) or post-traumatic Complex Regional Pain Syndrome (CRPS) affect approximately
10% of post-surgical patients.** The majority of CRPS cases occur after orthopedic trauma and/or surgical procedures.®®
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The anesthetic plan to limit post-surgical pain is not limited to a choice between general anesthesia and regional anesthesia, but
also involves selecting medications used during anesthesia. In addition, studies have shown that an early manifestation of
neuropathic postoperative pain may predict the risk of persistent pain with neuropathic features in the future and early
management of postoperative pain has the role of controlling the incidence and severity of postoperative pain.*®

The use of regional anesthesia or nerve blocks that provide for a perioperative sympathectomy may be advantageous in
addition to general anesthesia alone. Regional blocks are already recommended as a component of multimodal analgesia for
CRPS patients who are undergoing surgery because the disease process might be aggravated by surgery under general
anesthesia.®” Multiple authors have reported cases in which patients with CRPS had recurrence with general anesthesia but
not with regional or neuraxial techniques.*®®® Brachial plexus blockade was used for upper extremity surgery and epidural
anesthesia for lower extremity procedures. The use of these blocks may reduce the incidence of postoperative CRPS by providing
for a perioperative sympathetic block and possibly reducing the neuroendocrine “stress response” to surgery.™

In addition to including regional anesthesia, more and more protocols are using preventive analgesia, which includes
oral medicines before surgery and continuing these medicines into the postoperative period. Also included is multi-
modal analgesia during the procedure. The thought is brief perioperative interventions may protect the patient from
developing new chronic postsurgical pain.”® Medicines that have been used in protocols include acetaminophen,
nonsteroidal anti-inflammatory drugs (NSAIDS), gabapentinoids, perioperative antidepressants, alpha 2 adrenergic
agonists, ketamine, and systemic lidocaine. It has been hypothesized that one mechanism of CRPS is an ongoing
barrage of nociceptor input from the peripheral to the central nervous system leading to a state of central
hyperexcitability.*>*' Preventing this central hyperexcitability through the perioperative period is difficult to achieve
with a single method or drug.”?

Acetaminophen is a non-opioid analgesic. It has been shown that preoperative usage provides effective analgesia for
acute postoperative pain and reduces opioid requirements.”® There is however not a lot of evidence for prevention of
post-surgical chronic pain.

NSAIDS inhibit spinal and peripheral cyclooxygenase (COX-1 and COX-2) enzymes needed for production of prostaglan-
dins, which give them anti-inflammatory and analgesic properties. These drugs also have been shown to help reduce narcotic
consumption postoperatively but not evidence for being protective in preventing chronic post-surgical pain.”*

Alpha-2-adrenergic agonists, which include clonidine and dexmedetomidine, decrease sympathetic tone and have
both central and peripheral actions. Intrathecal or epidural clonidine appears to be more effective with fewer hypotensive
side effects than intravenous clonidine. Clonidine combined with either local anesthetic or opioid in a spinal reduces
early pain and postoperative opioid requirements and also prolongs the time needed until first rescue analgesic.’” Studies
have also shown that perioperative analgesia with dexmedetomidine reduced the occurrence and intensity of chronic pain
and its effect on the quality of life.”®

Ketamine is a noncompetitive N-methyl-D-aspartate (NMDA) glutamate receptor antagonist, which has been used as
a general anesthetic but more often used as short acting analgesic. The NMDA receptor plays a key role in activating and
sensitizing pain-carrying neurons in the dorsal horn of the spinal cord. There are multiple studies showing that low dose
perioperative ketamine results in improved analgesia and has opioid sparing effects. Also, giving intraoperatively may
reduce incidence of chronic post-surgical pain.®’

Lidocaine is a sodium channel blocker and local anesthetic. Intravenous lidocaine given intraoperatively reduces
immediate postoperative pain. The greatest benefit has been seen in patients undergoing major abdominal procedures.”®

Lastly, vitamin C has been added to some perioperative protocols. Vitamin C is a free radical scavenger that has
decreased tumor necrosis factor alpha and interleukin-6 in experimental models of inflammation.

Studies showed that giving vitamin C for 50 days was superior to placebo in preventing the occurrence of CRPS
following wrist fracture surgery.”

Future Direction: Reversible Thermal Nerve Block

The concept of a reversible thermal nerve block is novel, yet intuitive. A study by Jia et al in 1999 showed that the
cooling of a nerve below 5°C or heating above 50°C has the potential to block nerve conduction 100. Although in theory
the ability to stop nerve conduction may be useful to treat a myriad of pain conditions, such extreme temperatures cause
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nerve damage within a few minutes (heating) or hours (cooling).'°>!'°! In an effort to reduce this nerve injury, Morgan
et al conducted studies to examine the effects that preconditioning with heating may have on the cold nerve block of
unmyelinated C fibers.'> This large animal study was conducted on feline tibial nerves, with results revealing that
axonal conduction of the unmyelinated C fibers can be suppressed at safe temperatures of 15-30°C following
a preheating period of 5-35 minutes at temperatures below 45°C. Though mechanisms involving TRPV1 receptors
are hypothesized to rationalize why unmyelinated fibers may be blocked at lower temperatures than myelinated nerves,
further research needs to be conducted regarding molecular mechanisms of reversible thermal nerve blocks. The ability
to use simple warming and cooling to control nerve conduction is a powerful tool that could benefit many chronic pain
conditions.

The clinical efficacy of reversible thermal nerve block has been evaluated by our research group for several targets,
including occipital nerves and peripheral nerves, including subjects with painful scar neuropathy. In a case of an
allodynic scar after multiple foot surgeries, a single thermal nerve block treatment achieved near-complete relief during
the treatment session. Interestingly, in this case, the patient achieved long-term complete relief of their left foot causalgia
at 4-month follow-up.'® In a prospective study of 42 subjects with occipital pain from any etiology, a proprietary
thermal nerve block protocol (Thermaquil, Philadelphia, PA) achieved an average 58% pain reduction. After a single
treatment session, nearly half of subjects (48%) completed with all head/neck pain regions at <1. Most subjects (62%)
ended with NRS < 3.'*

Surgical Interventions
When conservative and various non-surgical therapies have failed, there may be a need for surgical intervention.

Primary Repair
Various surgical techniques exist to eliminate or improve mature scars, burn scars, or scar contractures.

Some of these methods include Z-plasties, W-plasties, skin and fat grafting, and flap formation surgeries.

Z-plasty and W-plasty are surgical procedures intended to reduce tension from scars or relieve scar-related
contractures.'® Skin grafting may be needed when large scars are surgically removed. Fat grafting has shown numerous
beneficial effects with very little side effects, as illustrated by a study of Negenborn et. al, who used autologous fat
grafting for scar tissue treatment.'® Finally, the formation of flaps may be required to release scar contractures. In most
cases, the use of skin grafts or Z-plasty is considered prior to the use of flaps.'®” Although beneficial in various regions of
the body such as the extremities and the trunk, flap surgery carries additional risks in patients with comorbidities, such as
PAD, diabetes, or bleeding disorders. Overall, the use of a stepwise approach to surgical repair is strongly recommended,
and surgical intervention is reserved only for those instances where earlier-line conservative approaches have already
been tried and failed.

Neurolysis

Neurolysis refers to elimination of the scar tissue within or around the nerve; it is frequently considered for the main goal
to relieve scar-related pain. Different types of neurolysis exist with external neurolysis focusing on removal of scar tissue
that surrounds the nerve and internal neurolysis that is aimed at internal scar tissue between nerve fascicles.” In injuries
where scar tissue formation results in the decreased ability for nerve gliding but the interior structure remains intact, the
external neurolysis may be an excellent option to be considered.” In injuries where the nerve structure is damaged, an
internal neurolysis can be considered to address the pain that is caused by scar tissue formation.

Conclusion

Painful scar has the potential to occur after the development of scar tissue due to various triggers. Patients typically
experience a range of symptoms that can be treated with medical and interventional approaches. Typically, the workup
includes electrophysiological testing to rule out secondary conditions that may occur in presence of scar tissue.
Additionally, ultrasound imaging can be used to assess the extent of nerve injury and the amount of scarring in terms
of its depth and breadth. Management usually begins with conservative measures such as topical medications, SNRISs,
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and antiepileptics, although there is very little evidence of efficacy of systemic pharmacotherapies in treatment of painful
scars. In addition, several initial interventional approaches can be taken for management such as trigger point injections
with lidocaine or clonidine, corticosteroid injections, and botox injections. Other interventional methods have been
studied in management of scar-related pains, but none is clearly indicated for this purpose. Interventional methods
include neuromodulation, such as peripheral nerve stimulation, dorsal root ganglion stimulation and spinal cord
stimulation, and radiofrequency ablation. If a patient continues to have pain despite interventional pain procedures, the
final step of intervention includes the use of surgical intervention in the form of scar tissue resection, primary repair,
neurolysis and neurectomy. In the future, various randomized controlled trials can be conducted to the study to use
interventional procedures for the treatment of scar pain. In addition, many new future therapies exist for the potential
treatment of scar pain. Reversible drug-free thermal nerve block has the potential to be a first-line therapy as it
encompasses the tenets of local anesthetic with the non-invasive footprint of time-tested thermal modalities.
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