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Abstract

Study Design: Randomized, single-blinded, multi-center, parallel-group trial.
Background: Manual therapy, exercise and acupuncture have been found to be moderately
effective for knee osteoathrtitis (OA) when applied in isolation. No study has previously
investigated the effectiveness of the combination of electrical dry needling in addition to
manual therapy and exercise in patients with knee OA. Similarly, the isolated application of
electrical dry needling, manual therapy, exercise, and ultrasound has been found to be
effective for plantar fasciitis (PF). However, no study has investigated the combined effect
of these interventions in patients with PF.

Objectives: 1, To compare the effects of adding electrical dry needling into a manual
therapy and exercise program on pain, stiffness, function, and disability in individuals with
painful knee OA; 2, To compare the effects of adding electrical dry needling into a program
of manual therapy, exercise and ultrasound on pain, function and related-disability in
individuals with PF.

Methods: For study 1, two hundred and forty-two participants (n=242) with painful knee
OA were randomized to receive electrical dry needling, manual therapy and exercise (dry
needling group, n=121) or manual therapy and exercise (non-dry needling group, n=121).
The primary outcome was the related-disability as assessed by the Western Ontario and
McMaster Universities (WOMAC) Osteoarthritis Index at 3 months. Secondary outcomes
were knee pain intensity as measured by the Numeric Pain Rating Scale (NPRS), WOMAC
subscales (pain: WOMAC-P; stiffness: WOMAC-S; and physical function: WOMAC-PF)
medication intake, and the Global Rating of Change (GROC). The treatment period was 6

weeks with follow-up assessments at 2 weeks, 6 weeks, and 3 months after the first



treatment session. Both groups received between 8-10 sessions of manual therapy (passive
joint mobilizations and muscle stretching) and exercise (riding a stationary bicycle, range
of motion and strengthening exercises to the lower extremity). In addition, the dry needling
group also received electrical dry needling using a standardized 9-point protocol for 30
minutes on each treatment session. For study 2, 111 patients with PF were randomized to
receive electrical dry needling, manual therapy, exercise and ultrasound (n=58) or manual
therapy, exercise and ultrasound (n=53). The primary outcome was first-step pain in the
morning as measured by the Numeric Pain Rating Scale (NPRS). Secondary outcomes
included resting foot pain (NPRS), pain during activity (NPRS), the Lower Extremity
Functional Scale (LEFS), the Foot Functional Index (FFI), medication intake, and the
Global Rating of Change (GROC). The treatment period was 4 weeks with follow-up
assessments at 1 week, 4 weeks, and 3 months after the first treatment session. Both groups
received 6 sessions of impairment-based manual therapy directed to the lower limb, self-
stretching of the plantar fascia and the Achilles tendon, strengthening exercises for the
intrinsic muscles of the foot, and therapeutic ultrasound. In addition, the dry needling group
also recieved 6 sessions of electrical dry needling using a standardized 8-point protocol for
20 minutes. The primary aims were examined with a 2-way mixed-model ANCOVA with
group as the between-subjects variable and time as the within-subjects variable after
adjusting for baseline outcomes.

Results: For study 1, the analysis revealed that individuals receiving the combination of
electrical dry needling, manual therapy and exercise experienced significantly greater
improvements in related-disability (WOMAC: F=35.504; P<0.001) than those receiving
manual therapy and exercise alone at 6 weeks and 3 months. The dry needling group also

experienced greater improvements in all the secondary outcomes (knee pain intensity:
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F=29.094, P<0.001; WOMAC-P: F=30.13, P<0.001; WOMAC-S: F=39.665, P<0.001,
WOMAC-PF: F=30.114; P<0.001). In addition, patients receiving electrical dry needling
were 1.7 times more likely to have completely stopped taking medication for their pain at 3
months than individuals receiving manual therapy and exercise (OR: 1.6; 95%CI: 1.24-
2.01; P=0.001). Based on the cutoff score of +5 on the GROC, significantly (X?=14.887;
P<0.001) more patients (n= 91, 75%) within the electrical dry needling group achieved a
successful outcome compared to the manual therapy and exercise group (n=22, 18%) at 3
months follow-up. Effect sizes were large (SMD>0.82) for all outcome measures in favor
of the electrical dry needling group at 3 months. For study 2, the 2X4 ANCOVA revealed
that individuals with PF receiving the combination of electrical dry needling, manual
therapy, exercise and ultrasound experienced significantly greater improvements in first-
step morning pain (F=22.021; P<0.001), resting foot pain (F=23.931; P<0.001), pain during
activity (F=7.629; P=0.007), LEFS (F=13.081; P<0.001), FFI Pain Subscale (F=13.547;
P<0.001), FFI Disability Subscale (F=8.746; P=0.004), and FFI Total Score (F=10.65;
P<0.001) than those who received manual therapy, exercise and ultrasound at 3 months No
differences in FFI Activity Limitation Subscale (F=2.687; P=0.104) were observed.
Patients in the electrical dry needling group were 1.2 times more likely than patients
receiving manual therapy, exercise and ultrasound to have completely stopped taking
medication for their pain at 3 months (OR: 1.22; 95%CIl: 1.02-1.51; P=0.01). Based on the
cutoff score of >+5 on the GROC, significantly (X?=45.582; P<0.001) more patients within
the electrical dry needling group (n=45, 78%) achieved a successful outcome compared to
the manual therapy, exercise and ultrasound group (n=11, 21%). Effect sizes were medium

to large (0.53<SMD<0.85) at 3 months in favor of the electrical dry needling group.



Conclusions: The inclusion of electrical dry needling into a manual therapy and exercise
program was more effective for improving pain, function and related-disability than the
application of manual therapy and exercise alone in individuals with painful knee OA at
mid-term (3 months). Similarly, the inclusion of electrical dry needling into a program of
manual therapy, exercise and ultrasound was more effective for improving pain, function
and related-disability than the application of manual therapy, exercise and ultrasound alone

in individuals with PF at mid-term (3 months).
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Resumen

Disefio: Ensayo clinico aleatorizado, a simple ciego, multicéntrico, con grupo paralelo.
Antecedentes: Se ha encontrado que la aplicacion de manera aislada de terapia manual,
ejercicio y acupuntura tiene eficacia moderada en la artrosis de rodilla. Ningln estudio ha
investigado previamente la eficacia de combinar electro-puncion, terapia manual y ejercicio
en pacientes con artrosis de rodilla. De igual modo, la aplicacion aislada de electro-puncién
seca, terapia manual, ejercicio y ultrasonido ha resultado ser eficaz en la fascitis plantar.
Sin embargo, ningun estudio ha investigado el efecto combinado de estas intervenciones en
pacientes con fascitis plantar.

Objetivos: 1, Comparar los efectos de afiadir electro-puncion seca a un programa de terapia
manual y ejercicio para el dolor, rigidez, funcion y discapacidad en pacientes con artrosis
de rodilla; 2, Comparar los efectos al afiadir electro-puncion a un programa de terapia
manual, ejercicio y ultrasonido para el dolor, funcion y discapacidad en pacientes con
fascitis plantar.

Métodos: Para el estudio 1, se eligieron de manera aleatoria doscientos cuarenta y dos

participantes (n=242) con artrosis de rodilla, que recibieron electro-puncidn, terapia manual
y ejercicio (grupo de puncion seca, n=121) o terapia manual y ejercicio (grupo sin puncién
seca, n=121). La variable principal fue la discapacidad-relacionada a los 3 meses segun el
Western Ontario y McMaster Universities (WOMAC). Las variables secundarias fueron la
intensidad de dolor de rodilla medida por la escala numérica de dolor (NPRS), las
subescalas WOMAC (dolor: WOMAC-P; rigidez: WOMAC-S; y funcion fisica: WOMAC

PF), la toma de medicacion y la puntuacion global de cambio (GROC).
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El periodo de tratamiento fue de 6 semanas con evaluaciones de seguimiento a las 2
semanas, 6 semanas y 3 meses desde la primera sesion de tratamiento. Ambos grupos
recibieron entre 8-10 sesiones de terapia manual (movilizaciones articulares pasivas y
estiramientos musculares) y ejercicio (bicicleta estatica y ejercicios de movilidad y
fortalecimiento de la extremidad inferior). Ademas, el grupo de puncién seca también
recibio electro-puncion seca utilizando un protocolo estandarizado de 9 puntos durante

30min en cada sesion de tratamiento. Para el estudio 2, se seleccionaron de manera

aleatoria 111 pacientes con fascitis plantar que recibieron electro-puncién seca, terapia
manual, ejercicio y ultrasonido (n=58) o terapia manual, ejercicio y ultrasonido (n=53). La
variable principal fue el dolor al primer paso por la mafiana, medido por la escala numérica
de dolor (NPRS). Las variables secundarias incluyeron el dolor en reposo (NPRS), el dolor
durante la actividad (NPRS), la escala funcional para la extremidad inferior (LEFS), el
indice funcional del pie (FFI), la toma de medicacion y la puntuacién global de cambio
(GROC). El periodo de tratamiento fue de 4 semanas con evaluaciones de seguimiento a 1
semana, 4 semanas y 3 meses desde la primera sesion de tratamiento. Ambos grupos
recibieron 6 sesiones de terapia manual basada en las deficiencias y dirigidas al miembro
inferior, auto estiramientos de la fascia plantar y el tendon de Aquiles, ejercicios de
fortalecimiento de la musculatura intrinseca del pie y ultrasonido terapéutico. Ademas, el
grupo de puncién seca también recibié 6 sesiones de electro-puncion seca utilizando un
protocolo estandarizado de 8 puntos durante 20min. Se emple6 un modelo mixto ANCOVA
con el grupo como variable entre-sujetos y el tiempo como variable intra-sujeto, después de

ajustar las variables al inicio.
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Resultados: Para el estudio 1, el analisis revelo que los individuos con artrosis de rodilla
que recibieron combinacion de electro-puncion seca, terapia manual y ejercicio
experimentaron mejorias significativamente mayores en la discapacidad a las 6 semanas y a
los 3 meses (WOMAC: F=35.504; P<0.001) que aquellos que recibieron solo terapia
manual y ejercicio. El grupo de puncion seca también experimentd mejorias mayores en
todos los resultados secundarios (intensidad del dolor de rodilla: F=29.094, P<0.001;
WOMAC-P: F=30.13, P<0.001; WOMAC-S: F=39.665, P<0.001, WOMAC-PF: F=30.114;
P<0.001). Ademas, los pacientes que recibieron puncion seca tuvieron una probabilidad 1.7
veces mayor de haber dejado de tomar la medicacion para su dolor a los 3 meses,
comparados con los individuos que recibieron terapia manual y ejercicio (OR: 1.6; 95%CI:
1.24-2.01; P=0.001). Basandonos en la puntuacion de corte de +5 del GROC, en el grupo
de electro-puncion seca, mayor numero de pacientes (n=91, 75%) consiguieron resultados
de éxito (X?=14.887; P<0.001) comparado con el grupo de terapia manual y ejercicio
(n=22, 18%) a los 3 meses de seguimiento. Los tamafios del efecto fueron grandes
(SMD>0.82) para todas las medidas de resultado a los 3 meses, a favor del grupo de

electro-puncion seca. Para el estudio 2, el 2X4 ANCOVA revel6 que los individuos con

fascitis plantar que recibieron la combinacion de electro-puncién seca, terapia manual,
ejercicio y ultrasonido experimentaron mejorias significativamente mayores a los 3 meses
en el dolor al primer paso (F=22.021; P<0.001), dolor en reposo (F=23.931; P<0.001),
dolor durante la actividad (F=7.629; P=0.007), LEFS (F=13.081; P<0.001), escala FFI para
dolor (F=13.547; P<0.001), subescala FFI para discapacidad (F=8.746; P=0.004) y
puntuacion total del FFI (F=10.65; P<0.001) que aquellos sujetos que recibieron terapia
manual, ejercicio y ultrasonido. No se observaron diferencias en la subescala de limitacion

de la actividad del FFI (F=2.687; P=0.104).
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Los pacientes en el grupo de electro-puncion seca tuvieron 1.2 mayor probabilidad de haber
abandonado totalmente la toma de medicacion para su dolor a los 3 meses que aquellos
pacientes que recibieron terapia manual, ejercicio y ultrasonido (OR: 1.22; 95%CI: 1.02-
1.51; P=0.01). Basandonos en la puntuacién de corte >+5 en el GROC, significativamente
(X?=45.582; P<0.001) mas pacientes del grupo de electro-puncion seca (n=45, 78%)
consiguieron resultados exitosos comparados con el grupo de terapia manual, ejercicio y
ultrasonido (n=11, 21%). Los tamarios del efecto fueron intermedios a grandes.

Conclusiones: La inclusién de electro-puncion seca en un programa de terapia manual y
ejercicio fue mas eficaz para mejorar el dolor, la funcion y la discapacidad que la aplicacion
de sélo terapia manual y ejercicio en individuos con artrosis dolorosa de rodilla a medio
plazo (3 meses). Igualmente, la inclusion de electro-puncion seca en un programa de terapia
manual, ejercicio y ultrasonido fue maés eficaz para la mejoria del dolor, la funcién y la
discapacidad que la aplicacién de sélo terapia manual, ejercicio y ultrasonido en individuos

con fascitis plantar a medio plazo (3 meses).
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Epidemiology of Knee Osteoarthritis

Osteoarthritis (OA) of the knee affects up to 37% of adults in the United States
between 45 and 60 years of age.! A recent meta-analysis found that the crude prevalence of
knee OA was 25% in subjects aged >20 years and 39% in people aged >30 years.? In
addition, hip and knee OA are ranked as the 11" highest contributors to global disability in
patients with chronic pain.® The physiological changes in OA have been well documented
and are characterized by degeneration of the articular cartilage with osteophyte formation,
microfractures, subchondral sclerosis and plate thickening, and exposure of the articular
end of the bone.*® The clinical manifestations of knee OA are joint pain, stiffness in the
morning or after rest, restricted/limited joint motion, night pain, and/or joint deformity. The
categorization or diagnosis of knee OA is typically made using the American College of
Rheumatology clinical criteria developed by Altman, which has been found to be 89%
sensitive and 88% specific,”® or those who self-report knee OA on the basis of chronic joint
pain (with/without radiographic confirmation).® The pathogenesis and temporal relationship
of subchondral bone damage, chronic inflammation of synovial tissue, and cartilage erosion

is largely unknown, and there are currently no curative treatments for osteoarthritis. 1%

Management of Knee Osteoarthritis

Long-term use of oral non-steroidal anti-inflammatory (NSAIDs) drugs has been
discouraged, and many subjects with chronic pain want non-pharmacological management
options.*?*® Notably, exercise therapy®!4® and acupuncture'®? are two of the main non-
pharmacological interventions recommended for people with knee OA in meta-analyses

and international clinical guidelines.
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In a randomized controlled trial of 134 subjects with radiographically confirmed
knee OA, Deyle et al?®® found that a 4-week program of manual therapy and supervised
exercise was more effective than a home exercise program for increasing function and
decreasing pain and stiffness at 4-weeks and 8-weeks; however, no significant between
group differences were evident in WOMAC scores or medication intake at 1-year outcome.
While Deyle et al®® utilized specific manual therapy techniques (i.e. passive physiological
and accessory joint mobilizations, static muscle stretching, and soft tissue mobilization
interventions) and a semi-standardized approach to the type, dosage and progression of
exercise prescribed (i.e. active range of motion exercises, weight and non-weight bearing
muscle strengthening exercises, static muscle stretching, and riding a stationary bicycle), a
recent systematic review and meta-analysis** of 12 randomized controlled trials concluded
that the duration of the treatment period, the treatment frequency, and the type of exercise
(weight bearing versus non-weight bearing) each had no significant influence on the size of
the effects for pain and physical function in knee OA patients Exercise therapy plus manual
mobilization showed a moderate effect size (SMD 0.69) which was significantly higher
than the small effect sizes for exercise alone (SMD 0.34), i.e., the combination of strength
training, aerobic activity exercises, and strength training alone (SMD 0.38).1

In a Cochrane review of 44 trials (n=3537 subjects) that examined the effectiveness
of various forms of exercise in individuals with mild to moderate knee OA, Fransen et al®
concluded that the pooled results demonstrated a statistically significant benefit, with
moderate effect sizes for pain (SMD 0.49) and physical function (SMD 0.52) immediately
after treatment. This was equivalent to an immediate post-treatment reduction of 12 points
(on a 0 to 100-point VAS pain scale) for pain and 10 points (on a 0 to 100-point scale) for

physical function.® In addition, the pooled results from 12 trials (n=1468 participants)
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demonstrated statistically significant benefit for exercise at 2-6 months’ post-treatment
initiation; nevertheless, small effect sizes were found for pain (SMD 0.24) and physical
function (SMD 0.15) that were equivalent to 6% and 3% improvements in pain and
physical function, respectively.® Notwithstanding the favourable immediate and medium
term results for exercise in individuals with knee OA, the pooled results of 6 longer term
studies (n=1104 subjects) demonstrated a non-significant effect (SMD 0.08) for pain; that
is, the pain-relieving benefit of exercise was not maintained 6 or more months after
treatment, but improvements in physical function were maintained with a small effect size
(SMD 0.20).° Notably, the meta-analysis by Fransen et al® found no significant differences
in the magnitude of treatment effects for pain and physical function between different types
of exercises (i.e. weight bearing vs. non-weight bearing quadriceps strengthening, general
lower extremity muscle strengthening, aerobic exercise, concentric-eccentric strengthening
exercises versus isometric strengthening exercises) and their delivery modes (home-based,
class-based program or individually physiotherapy-led exercise sessions). Furthermore,
specific recommendations cannot be made regarding the optimal exercise dosage (i.e.
frequency, duration and intensity of treatment sessions) in patients with knee OA.°

The mechanisms by which exercise favourably affects pain and physical function in
patients with knee OA remains unclear; however, it is suggested that regular exercise is
able increase bone morphogenetic proteins (i.e., modify structural disease progression),®?’
elongate restricted periarticular and muscular connective tissue,?®?® and alter synovial fluid
cytokine levels.?® In addition, enhanced strength of the lower extremity muscles may lessen
the forces around the knee, modify the biomechanics and improve the arthrokinematics in
the knee, to reduce loading rates and stress on the articular cartilage, and thereby reduce

pain and improve physical function in patients with knee OA 272%-%
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Epidemiology of Plantar Fasciitis

Plantar fasciits (PF) is the most common cause of heel pain and is estimated to
affect 10% of the general population during their lifetime.3” During the years 1995 to 2000,
PF accounted for 1 million patient visits per year to medical physicians in the United
States.®® In 2007, the cost of treatment for PF in the United States was between $192 and
$376 million.®® There is an ongoing debate regarding the proper nomenclature, mainly as to
whether the disorder should be referred to as plantar fasciitis, plantar fasciosis or plantar
heel pain. Imaging and histological findings support the premise that plantar “fasciitis” is
actually a degenerative “fasciosis” without inflammation;*®* thus, several studies have
used the broader and nonspecific term plantar heel pain.*>*® Nevertheless, many trials,*>3
literature reviews®*>” and clinical practice guidelines®® have reverted back to the “well
established phrase® and more common clinical term of plantar fasciitis; therefore, we will
use the term ‘plantar fasciitis’ (PF).

The plantar fascia is a tight band of connective tissue that supports the medial
longitudinal arch of the foot like a windlass.*® The plantar fascia extends from the medial
tubercle of the calcaneus to the plantar plates of the metatarsal phalangeal joints, the bases
of the proximal phalanges and the flexor tendon sheathes.®® PF is characterized by intense
sharp pain over the medial plantar heel with intial steps in the morning or after inactivity
that increases with prolonged weightbearing activities; in addition, localized pain on
palpation occurs primarly where the plantar fascia attaches to the medical calcaneal
tubercle.**54%658 PE can be mainly categorized as an enthesopathy, i.e. an attachment
dyfunction of ligament or tendon to bone, with the enthesis being the interface between the

periosteum and ligament (plantar aponeurosis) or tendon (flexor digitorum brevis).*45°%
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According to the clinical practice guidelines from the Orthopaedic Section of the
American Physical Therapy Association (APTA),%® the diagnosis of PF is made using the
following history and physical examination findings: plantar medial heel pain (most
noticeable with initial steps after inactivity, but also worse following prolonged weight-
bearing activities); heel pain precipitated by a recent increase in weight-bearing activity;
pain with palpation of the proximal insertion of the plantar fascia at the medical calcaneal
tubercle; limited active and passive ankle dorsiflexion range of movement; abnormal Foot
Posture Index score; high body mass index in nonathletic individuals; positive windlass
test; and negative tarsal tunnel tests. Most of time the diagnosis of PF is straightforward;>®
however, in cases where pain localization is poor, differential diagnosis may include: tarsal
tunnel syndrome, entrapment of the first branch of the lateral plantar nerve, subtalar
arthritis, S1 nerve root impingement, central heel pain syndrome, fat pad atrophy, proximal
plantar fibroma, fat pad contusion, calcaneal bruise, or calcaneal stress fractures,4455°6:%8
Diagnostic imaging can be also used for PF; however, it usually is not necessary and rarely
changes management. That is, although heel spurs on x-ray,®-:5? thickened plantar fascia on
ultrasound,®® and “hot” bone scan on the calcaneus bone are more common in patients with
PF, many asymptomatic subjects can have the same imaging findings.

The etiology of PF remains unclear; however, it appears multi-factorial with several
risk factors.>* Obesity is thought to be a factor in 70% of cases of PF,%* but the condition
seems to be most common in younger people, predominately male athletes and middle-aged
women.®® Reduced ankle dorsiflexion,! prolonged standing,® and tightness of the calf and

hamstrings®® appear also to be factors associated with the development of PF.
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Management of Plantar Fasciitis

The 2008 Clinical Practice Guidelines for PF proposed by the Orthopedic Section of
the APTA did not recommend one treatment over another.®® However, based on “strong
evidence” from level I and II studies, the revised 2014 APTA guidelines recommend the
following interventions for the management of PF: manual therapy (joint and soft tissue
mobilization), plantar fascia-specific and gastrocnemius/soleus stretching, antipronation
taping, prefabricated or custom orthoses, and night splints. In addition, iontophoresis with
dexamethasone or acetic acid, rocker bottom-shoes in conjunction with a foot orthosis,
ultrasound, phonophoresis with ketoprofen gel, low-level laser are supported by “weak” or
“conflicting evidence” in the same guidelines.*®

A Cochrane review on PF concluded that high quality evidence of efficacy for any
one treatment modality is still lacking.®” Treatment options for PF remain controversial and
the preferred or recomemended method of intervention is inconsistent.*45455%888 There js
limited evidence for the effectiveness of dorsiflexion night splints in reducing pain.®’
Several trials have observed that manual therapy, i.e., passive joint mobilization, soft tissue
mobilization, stretching, when included in a multimodal rehabilitation program, to be more
effective at reducing pain and improving function in patients with PF than comparative
interventions.*2438%70 Eyrthermore, the findings of a recent systematic review suggest that
manual therapy (i.e. joint mobilization/manipulation, soft tissue mobilization, manual
stretching, trigger point release) may be effective in treating patients with PF; however, the

dosing (i.e. frequency, intensity, duration) of the manual therapy remains unclear.’*
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Further, according to a another systematic review,’? stretching is no more effective
than other interventions, including sham or control groups, in relieving plantar heel pain.
No clear conclusions can be drawn regarding the most effective stretch position, duration,
frequency or optimum number of repetitions; however, plantar fascia stretching may be
more effective than tendon Achilles stretching in the short term.”?> Moreover, in a recent
randomized controlled trial of 83 patients with PF, eight weeks of strengthening exercises
of the intrinsic and extrinsic muscles of the feet and the abductors and lateral rotators of the
hip combined with stretching exercises were no better than application of stretching alone
for improvements in pain, function and quality of life.*® Nevertheless, a 2017 systematic
review suggested strength training of the intrinsic foot musculature may be effective for
improving pain and function in patients with plantar fasciitis;”® however, this conclusion
was based primarly on the findings of a single trial.”* Notably, in a randomized controlled
trial, Cleland et al found manual therapy and exercise to be superior to iontophoreiss with
dexamethasone and exercise for the treatment of plantar fasciitis.*?

Although the APTA clinical practice guideline does not recommend ultrasound
therapy for PF,% a recent trial found the addition of ankle and foot joint mobilization aimed
at improving dorsiflexion range of motion was not more effective than stretching and
ultrasound alone in treating PF;*° furthermore, a recent trial in individuals with calcaneal
spurs reported mean decreases in first-step morning pain of 3.72 points (NPRS 0-10) in
those receiving 10 sessions of ultrasound therapy and soft-tissue therapy.” Moreover, a
recent systematic review concluded that “the available higher-quality evidence suggests
that patients with persistant plantar fasciitis may benefit from ultrasound”’® and it is still
commonly used by many physical therapists in the USA as part of a multimodal approach

in PF.7778
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The 2010 revised clinical practice guidelines for PF by the American College of
Foot and Ankle Surgeons (ACFAS),** recommend treatment options be graded according
to 3 progressive tiers. The first treatment tier includes: padding and strapping of the foot,
prefabricated arch support insoles/heel cup, oral anti-inflammatory medication, cortisone
injections, home-based physical therapy, Achilles and plantar fascia stretching. The second
tier of the treatment ladder includes continuation of the tier 1 treatment options with the
consideration of adding night splints, custom orthotics, repeat corticosteroid injections,
botox injections, a course of physical therapy, cast immobilization for 4 to 6 weeks or use
of walking boot, and referral for an appropriate weight loss program. It is thought that a
positve clinical response to tier 2 options will usually occur within 2 to 3 months in 85% to
90% of the individuals.** After 6 months of failed conservative treatments, the third tier of
treatment begins with the consideration for extracorporeal shock wave therapy (ESWT) or
surgical plantar fasciotomy with or without nerve release.

Most non-invasive treatments have demonstrated limited effectiveness; therefore,
invasive and novel approaches have been investigated for PF. For cases of persistent plantar
fasciitis, physicians often recommend corticosteroid injections;**”® however, while steroid
injections may be useful for managing the symptoms of plantar fasciitis in the short-term,
long-term outcomes appear to be lacking.8”881 Moreover, steroid injections have been
linked with plantar fat pad atrophy, calcaneal osteomielitis, plantar fascia weakening and
rupture.82-8 While a meta-analysis found extracorporeal shock wave therapy (ESWT) to be
an “ideal alternative” for treating plantar fasciitis,®® a number of trials have led to
inconsistent results®-8 and its effectiveness remains equivocal.®”"® Platelet rich plasma
treatment was found to be a superior alternative to corticosteroid injections for PF,% and it

may be one of the preferred treatment options for long term outcomes.&°
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Nevertheless, platelet rich plasma injections are considered controversial, expensive
and are not normally covered by insurance plans.?® In addition, the injection of botulinum
toxin type A has been shown to yield superior results for pain associated with PF compared

to placebo®® and corticosteroid injections.®?

Needling Therapies

Pain may be a potential barrier leading to underdosage of strength training and
aerobic exercise stimulus in individuals with painful knee OA, therefore, needling therapies
may be a reasonable non-pharmacologic adjunct intervention for the reduction of chronic
pain in people participating in exercise programs for knee OA.1°2%222 Similarly, needling
therapies may be a reasonable adjunct therapy for the reduction of pain in individuals who
are already receiving manual therapy, exercise, or electrophysical agents for the treatment
of PF.

Needling therapy refers to the insertion of thin monofilament needles, as used in the
practice of acupuncture, without the use of any injectate.®*°” Dry needling is typically used
to stimulate muscles, ligaments, tendons, subcutaneous fascia, scar tissue or peripheral
nerves for management of pain and related-disability associated with neuromusculoskeletal
disorders.®3%-9 Interestingly, the most common term used to describe dry needling is
“acupuncture”, i.€., “acu” literally translates to needle and “puncture” to penetration.®” On
the contrary, injection therapies, often referred to as “wet needling”, use hollow-bore
needles to deliver corticosteroids, anaesthetics, sclerosants, botulinum toxins, or any other

agents, %100
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Physiotherapists and/or medical physicians within both government administered
national health services and mainstream university health systems!®1% in the United
Kindogm,?>%-116 Canada,%® USA and Germany!0-104106-109 yy5e the term “acupuncture” to
describe dry needling methodologies. The same is true in articles published in mainstream,
highly respected journals, such as British Medical Journal,*10113116-119 Eyropean Journal of
Pain,'t+20 Archives of Physical Medicine & Rehabilitation,%81%1-1%5 pajn,%:104108,126-131
Annals Internal Medicine, 114132135 Headache,*¢13" Rheumatology,?>!3-140 Spine,%>105.141-
146 and Cochrane Database of Systematic Reviews.'4"48 It would be therefore a mistake to
ignore findings of high-quality, randomized clinical trials,03105-107.110.113,114,119,131,132,144,149-
156 systematic reviews,2+101:121.142.145,157-159 mata-gnalyses,'?%140 Cochrane reviews,!47148.160
the British practice guidelines,''® the European practice guidelines,*6%1%2 or the joint clinical
practice guidelines from the American College of Physicians/American Pain Society!3
simply because they used the term “acupuncture” instead of the term “dry needling” in their
title or methods sections.

The terminology, theoretical constructs and philosophies may differ; however, dry
needling and acupuncture overlap in some terms of needling technique with the use of thin
monofilament needles.'®® Notably, several previous meta-analyses and literature reviews
have chosen to consider “acupuncture and dry needling” as one (the same) category of
interventions,120142.147.159.164 Therefore, from a technical perspective, and for evaluating and
comparing the efficacy and effect sizes within the literature on the use of needling without
injectate in individuals with knee OA published by acupuncturists, medical physicians and
physiotherapists, “electroacupuncture” and “electrical dry needling” will be considered as
interchangeable terms, but not rely on diagnoses from Oriental medicine (e.g. bi syndrome,

blood stagnation, or kidney yang deficiency***16%), or theoretical movement of gi along
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traditional Chinese acupuncture meridians. %1%” Importantly, none of the knee OA studies
cited herein used injectate in conjunction with their needling procedure; therefore, all
studies fit within the definition of dry needling, acupuncture, or “noninjection needling” (as
opposed to “injection needling” or “wet needling”), regardless of the used terminologies,

theoretical constructs, or philosophies.%397:163

Chinese Acupuncture Points vs Western Dry Needling

Neither dry needling attempts to move energy or “qi” along meridians, nor does it
rely on diagnoses from traditional Chinese acupuncture or Oriental medicine.%61%” Dry
needling also relies on Western medical diagnoses such as chronic neck pain!68169-176
plantar fasciitis}’"1781°  knee OA00110.119.128180-189 " ang carpal tunnel syndrome,90-194
instead of traditional Chinese, Oriental or East Asian medicine diagnoses such as bi
syndrome, gji, blood stagnation, and kidney yang deficiency.66:167

The Chinese originally established a set of 349 acupoints between 259 and 282 AD,
while trigger points were first described as “nodular tumors or thickenings” by Balfor!® in
1816 and “fibrosis” by Gowers'% in 1904. While Steindler is widely recognized as coining
the term “trigger point” in 1940, Dr. Karel Lewit, a medical physician and physiatrist from
Czechoslovakia, published the first article on dry needling in 1979, noting that the needle
insertion itself rather than the injectate appeared to be the cause of the analgesic response.®
Despite the unique developmental lineage of acupoints and trigger points, a number of
journal articles have noted significant anatomical and clinical similarities between the

phenomena.
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In 1977, Melzack et al*®” compared 48 known trigger points locations to acupoints
for pain, giving a 100% anatomic correspondence and a 71% clinical correlation to pain
patterns. While 48 trigger points is certainly less than the 255 myofascial trigger points
documented by Travell and Simons,'®® Dorsher et al***?% provided a more comprehensive
comparison of trigger points and acupoints, reporting 92% agreement for location and
79.5% agreement for pain referral patterns. Moreover, another recent study reported a 70%
correlation between trigger points and classical acupoints.?%

Following a 3-part analysis for the anatomical location, pain location and referred
pain patterns of acupoints and trigger points, and using graphic software, Dorsher?4
superimposed 255 of the most common myofascial trigger points from the Travell and
Simons Trigger Point Manual*® with 361 classical acupoints. Dorsher concluded that 238 of
the classical acupoints matched with the 255 myofascial trigger points, with 89, 107 and 32
acupoints falling within 1, 2 and 3cm of myofascial trigger points, respectively.***> Dorsher
then took the 238 corresponding anatomical points and cross-referenced their indications
for pain with the Travell and Simons Trigger Point Manual*® and classical acupuncture
texts. Dorsher found 221 of 238 points (93%) had myofascial trigger point pain indicators,
208 of 221 points (94%) had similar regional pain indicators, and 180 of 238 points (81%)
had complete or near complete pain referral patterns.44°

Notably, recent investigations by Western-based medical practitioners report a lack
of robust evidence validating the clinical diagnostic criteria for trigger point identification
and/or diagnosis. In a systematic review on the reliability of physical examination for the
diagnosis of myofascial trigger points, Lucas et al?® concluded, “There is no accepted
reference standard for the diagnosis of trigger points, and data on the reliability of physical

examination for trigger points is conflicting.”
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Lew et al?® further reported that the inter-examiner agreement was only 21%, and
Sciotti et al**° reported error rates of 3.3-6.6 cm among examiners attempting to identify the
specific location of trigger points in the upper trapezius muscle. In another literature
review, Myburgh et al?® found poor inter-examiner reliability of manual palpation of
trigger points in various muscle groups. Only ‘tenderness’ of the upper trapezius, not the
actual location of the trigger point, was found to be moderately reliable. Therefore, high-
quality evidence suggests that manual examination for identification of the specific location
of the trigger point is not a valid?%+2% or reliable*3%292-204 process between-examiners. This
is perhaps a potential reason why medical physicians and physical therapist researchers
have chosen to use the acupoint nomenclature to more reliably identify the exact insertion
location, angulation and depth of the needle placement, which is of course required when
using standardized interventions or needling protocols in the confines of randomized
controlled trials.
In review paper on similarities and differences between dry needling and acupuncture,
Zhu et al?®®" recommended “collaboration and integration should be strengthened between
dry needling practitioners who are not physicians and acupuncturists so that the patients can
receive safe and high quality acupuncture treatment”. Consistent with the remarks of Zhou
et al,!®® several healthcare providers, i.e. physical therapists, chiropractors, nurse
practitioners, naturopaths, osteopaths, or medical physicians, should possess a fundamental
and working knowledge of the acupoint nomenclature so as to more reliably treat
myofascial pain located throughout the body. Therefore, that is, without using the
principles or theories of traditional Chinese acupuncture or Oriental medicine (i.e.
movement of qi or energy along Chinese meridians to alter function of all 10 organ

systems; use of tongue and pulse diagnosis; use of Oriental medicine diagnoses such as bi
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syndrome, kidney yang deficiency, blood stagnation etc), physical therapists can achieve
greater accuracy in needle placement (due to the poor inter-examiner reliability associated
with localizing muscle trigger points) by becoming more familiar with the location of
acupoints that correspond, in the main, to the same trigger point locations.***" In the words
of Zhou et al, “Because of the close relationship between dry needling and acupuncture,
collaboration rather than dispute between acupuncturists and other healthcare professionals
should be encouraged with respect to education, research, and practice for the benefit of

patients with musculoskeletal conditions who require needling therapy.”®3

Attorney General Opinions

Dry needling and acupuncture dramatically differ in their origins, theoretical and
scientific underpinnings; however, “dry needling and acupuncture overlap in terms of
needling technique with solid filiform needles.”*? Notably, in response to an Attorney
General Opinion request made by the Texas State Board of Acupuncture Examiners in
2016, the Attorney General of Texas opined, “it should not be assumed that the practice
scope of physical therapy and the scope of practice of acupuncture are mutually exclusive;
that is, overlap between the scopes of practice of acupuncture and physical therapy may
exist (recognizing that the scopes of practice of medicine and physical therapy overlap with

regard to a procedure called needle electromyography).”’2%
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Moreover, at the request of the Chiropractic Examining Board, the Attorney General
of Wisconsin concluded that “chiropractors do not have a monopoly on the application of
therapeutic touch to the neck, back and joints™; furthermore, “even if nearly identical
physical motions were performed by a chiropractor”, the “terms such as adjustment and
manipulation have a variety of appropriate meanings to various healing disciplines”, that is,
it is “the principles of physical therapy science” versus “chiropractic science” that separates

the two disciplines, not the actual performance of the manipulation technique itself.?%

Acupuncture and Dry Needling for Knee Osteoarthritis

The current body of evidence strongly supports the use of acupuncture for treating
pain, stiffness and disability associated with knee OA,; that is multiple high quality RCTs,
systematic reviews and meta analyses have concluded such.1923.2597.106.119.128 7hanq et ]210
cited a 69% consensus following a Delphi study recommending the use of acupuncture for
the symptomatic treatment of joint OA and reported a moderate effect size for the modality
(i.e. acupuncture). Witt et al’'! reported on the data from 304,674 patients with knee or hip
OA, and in short follow-up, those treated with acupuncture in addition to usual care showed
significantly greater improvements in pain compared to patients who received usual care
only, demonstrating acupuncture is an effective adjunct to usual care alone. Additionally,
the acupuncture group showed significantly greater pain reduction compared to the waiting-

list control group.
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In a comprehensive network meta-analysis, Corbett et al*® evaluated 22 treatment
interventions across 114 RCTs for treatment of pain due to knee OA, and based on a
primary sensitivity analysis of better quality studies, acupuncture was found to be one of
the more effective physical treatments for reducing pain at short-term. Moreover, verum or
real acupuncture was significantly superior for reductions in pain when compared to
standard care and sham acupuncture. In addition, acupuncture was significantly better than
muscle strengthening exercise, weight loss, aerobic exercise or no intervention.*® Notably,
Corbett et al'® alluded to the pitfalls of sham controlled acupuncture trials and reported that
the effects of acupuncture in their study may have been underestimated due to the inclusion
of 2 large sham controlled studies that used a placebo that likely was physiologically active.

There are 8 systematic reviews and/or meta-analyses,'%21:24134140212-214 1 Cochrane
review,?t and 7 randomized controlled trials06:119.128.183,184189.211 that have reported some
positive effects for acupuncture in patients with joint OA.?*> Of the 8 reviews, Manheimer
et al provide the weakest support for the use of acupuncture in patients with knee OA.?113
Notably, the two reviews?:'3* reported statistically significant and clinically meaningful
improvements in pain and function compared to usual care and a wait-list control; however,
these were clinically irrelevant improvements when compared to sham acupuncture. The
Manheimer reviews highlight the verum versus sham acupuncture debate. Certainly, patient
expectations and values concerning acupuncture may play a critical factor,?'® especially if
patients are able to distinguish the difference between real and sham acupuncture.
However, as Dincer et al?!’ points out, designating sham acupuncture interventions as
placebo controls is “misleading and scientifically unacceptable”. In addition, Lundeberg et
al**® remind us, the danger of placebo acupuncture is to assume that it is a true, non-inert

control and conclude that, in many trials, acupuncture is either no better than or modestly
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better than sham, thereby committing a type 2 error, i.e., accepting a false null hypothesis
or falsely concluding that the treatment is useless.?*® Corbett et al'® further alluded to the
pitfalls of sham controlled acupuncture trials and reported that the effects of acupuncture in
their study may have been underestimated due to the inclusion of 2 large sham controlled
studies that used a placebo that likely was physiologically active.?°

Of the 8 systematic reviews on acupuncture for knee OA, one of the strongest came
from White et al.?® Interestingly, White et al combined the results of 5 RCTs and found that
acupuncture for knee OA resulted in significant reductions in pain and disability ( WOMAC
subscale) compared to sham acupuncture and no treatment at both short-term (12 weeks)
and at long-term follow-up (26-52 weeks).?> Importantly, White et al® only included
studies with a “true sham”, defined as a treatment that avoided stimulating neural structures
in the same neurological segments of the knee joint. As White stated, “even superficial
penetration with needles is regarded as unacceptable because it has the potential to be
physiologically active.” In fact, White et al® only included studies that adequately treated
knee OA with a sufficient dosage of acupuncture. White et al defined “adequate” dosage of
acupuncture for knee OA as at least 6 treatments (1 treatment per week) that incorporated 4
points in the region of the knee for at least 20 minutes with either manual stimulation (de
qi) or electric stimulation. Given that these parameters of “adequate” acupuncture are also
supported by other investigators,?2%??! it begs the question of whether previously published
RCTs on acupuncture for individuals with knee OA have incorporated suboptimal needling
protocols, thereby “watering down” the results reported in some of the systematic reviews
and meta-analyses. For example, although Hinman et al??? concluded that “needle and laser
acupuncture were no more efficacious that sham laser acupuncture” for knee pain, it should

be noted that they did not standardize the number and placement of needles, did not report
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whether the needles were manual manipulated, and did not use electric current stimulation.
Furthermore, and of major importance, unlike 11 of the 13 randomized controlled trials in
the Cochrane Database systematic review?! that found acupuncture effective in patients
with knee OA, Hinman et al??? did not radiographically confirm the clinical diagnosis of
knee OA.” Importantly, these trials are in agreement with the large scale Cochrane review
on acupuncture for knee OA by Manheimer et al?! that compared the effects of verum
acupuncture with sham acupuncture, another active treatment, and waitlist control from 12
RCTs. Although the effects of verum acupuncture vs. sham acupuncture were statistically
significant in the short-term and at 6 months; however, the benefits were considered as
clinically irrelevant.?* A subgroup analysis found that the effects of verum acupuncture
were clinically relevant when compared to several active treatments and waitlist controls,
and the authors suggest that patients with OA will find meaningful benefits from
acupuncture.?!

Statistical significance is one thing and effect size is another; however, the OARSI
guidelines??® for hip and knee OA reported a moderate effect size for pain (0.51), stiffness
(0.41), and function (0.51). In addition, Zhang et al??® reported a pooled effect size for
acupuncture compared to usual care and wait lists from the data provided by Manheimer et
al of 0.58.13* MacPherson further reported a 0.27 larger effect of acupuncture with electric
stimulation compared to controls.??® As expected, the effect size of acupuncture versus
sham acupuncture was less (0.35 to 0.40), but this effect size is still comparable to that of
NSAIDs (0.32) for knee OA.?5 While it is not always appropriate to compare effect sizes
among various treatments,??® to our knowledge, a pooled standard effect size of 0.58 for

acupuncture in individuals with knee OA is higher than any other treatment traditionally
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provided by a physical therapist, to include strengthening exercises (0.32) and aerobic
exercises (0.52).210223

Although the mechanisms by which electroacupuncture improves pain and physical
function in knee OA remain to be elucidated; Zhang et al’®* found significantly lower T2
values at the anteromedial and anterolateral tibial areas of 100 knees following 20min
sessions over 4weeks of low frequency electroacupuncture, that is, electroacupuncture
appears to play a role in cartilage repair in individuals with knee OA.??* Many researchers
articulate that the general effect of acupuncture for patients with OA is due to increased
blood flow to the peri and intra-articular tissues. For example, following acupuncture,
Loaiza et al measured a significant increase in vasodilation over the medial aspect of the
knee.?®

Electroacupuncture may improve vascularity of the joint via CGRP and nitric oxide,
thereby inhibiting and/or reversing symptoms associated with OA. A number of studies
have also shown a significant reduction in inflammatory cytokines in the synovial fluid of
osteoarthritic joints following acupuncture. The increased blood flow likely facilitates the
recruitment of opioid producing immune cells required to reduce the level of inflammatory
cytokines. Furthermore, Ahsin et al reported a significant increase in plasma B-endorphin
levels after electroacupuncture to local points at the knee that correlated with reductions in
pain, stiffness and disability, which is likely due to vasodilation.!?®® Electroacupuncture
further blocks the local release of IL-1 p and TNF-o in the synovia of osteoarthritic joints?%
and the systemic release of IL-1 B and TNF-a by inhibiting melanocortin-4 in the
periaqueductal gray of the brain stem.??” Lastly, there is limited evidence suggesting
acupuncture may stimulate an increase in hyaluronic acid, allowing the synovial fluid to

better lubricate the joint.??
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Acupuncture and Dry Needling for Plantar Fasciitis

Although the 2014 clinical practice guidelines®® concluded that “the use trigger
point dry needling cannot be recommended for people with PF,” a recent meta-analysis of
seven trials concluded that trigger point dry needling is effective in patients with PF, and
reported a pooled estimate of -15.5 points (VAS 0-100) for pain reduction.??® Furthermore,
in a recent randomized controlled trial of 84 patients with PF, Cochett et al*® reported
statistically significant differences in first-step pain and foot pain in favor of trigger point
dry needling over sham dry needling.

Nevertheless, the palpatory methods used by Cochett et al*® to identify the location
of trigger points, and therefore the entry point, angulation, and depth of needle insertion,
have not yet been found to possess accurate diagnostic validity®®182% or acceptable inter-
examiner reliability®®130158231 for muscles in the foot or lower leg. In addition, although the
etiology of PF remains unclear, the proximal attachment of the plantar aponeurosis at the
medial tubercle of the calcaneus is the most often reported by the patients as the origin of
symptoms and the site of greatest discomfort.5%232233 That is, had Cotchett et al*® targeted
the insertion of the plantar fascia at or near the medial tubercle of the calcaneus?®**2*® and
left the needles in place for 15 minutes,**? 20 minutes,?%2%" or 30 minutes®®* as previous
studies have done in chronic PF patients, perhaps the between-group difference in first-step
pain (i.e., the primary outcome measure at the primary end-point of 6-weeks) of -14.4mm
(VAS 0-100) would have shown a larger effect size and exceeded the minimum clinically
important difference for that measure.?®2%° Moreover, according to Lucas et al, “It is not
yet evident that examiners can agree on the precise location of an active TrP; hence, they

cannot be relied upon to accurately insert the needle into the nodule of the taut band.”?%
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Given the 21% inter-examiner agreement?®® and 3.3 cm to 6.6 cm error rate of locating
trigger points within the upper trapezius,'® it is doubtful that Cotchett was able to reliably
needle trigger points in muscles such as the quadratus plantae, flexor digitorum brevis and
abductor hallicus. Notably, when Cotchett et al compared his consensus driven dry needling
model?* for a prospective randomized controlled trial, they reported statistically significant
improvements in pain and function.?*? However, neither the 14.4 mm improvement in first-
step morning pain nor the 10.0 point improvement on the pain subscale of the Foot Health
Status Questionnaire (FHSQ) reported by Cochett et al*® exceeded the 19 mm?* (VAS 0-
100 mm) and 13-point?** minimum clinically important difference (MCID), respectively.
Notably, a randomized controlled trial of patients with chronic PF reported a 69%
reduction in foot pain and an 80% success rate following 10 sessions of electroacupuncture
over 5 weeks targeting the most tender points over the medial plantar aspect of the
calcaneus with 2 to 6 needles left in place for 30 minutes.?® It is perhaps worth noting that
periosteal “pecking” or “peppering”, a technique that stimulates bleeding via multiple
penetrations at or near the proximal attachment of the plantar fascia at the medial tubercle
of the calcaneus, has also been performed in conjunction with injection therapies for
PF.2%2% |n the case of corticosteroid injections, peppering resulted in significantly greater
reductions in pain secondary to PF than corticosteroid injection alone.?*¢?4" Moreover, a
trial found miniscalpel-needle release (“over the most painful tender point at the medial
calcaneal tubercle”) was superior to steroid injections in the short and long-term (1-, 6- and

12-month outcomes) for improving first-step morning pain in recalcitrant PF patients.*’
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Objectives
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Electrical dry needling and the combination of manual therapy and exercise have
each been found to be moderately effective for knee OA. However, no previous study has
investigated the combination of the effectiveness of electrical dry needling in addition to
manual therapy and exercise in patients with knee OA. Similarly, although there is limited
evidence upon which to base clinical practice, and in the absence of high-quality evidence
for any one treatment modality, it may still be possible to achieve a high success rate with a
combination of the treatments for PF. Electrical dry needling, manual therapy and exercise,
and combination of stretching and ultrasound, when applied separately, have been found to
be moderately effective for PF. However, again no study has investigated the effectiveness
of combining electrical dry needling, manual therapy, exercise and ultrasound in PF.
Therefore, the objectives of this PhD thesis were:

1. To compare the effects of adding electrical dry needling, into a manual therapy and
exercise program on pain, stiffness, function and disability in people with knee OA.

2. To compare the effects of adding electrical dry needling, into a program of manual
therapy, exercise and ultrasound on first-step pain and related-disability in people
with chronic PF.

The hypotheses of this PhD thesis were:

1. Individuals with knee OA receiving electrical dry needling combined with manual
therapy and exercise would exhibit greater improvements in pain, stiffness, function
and disability than those receiving only manual therapy and exercise.

2. Subjects with PF receiving electrical dry needling combined with manual therapy,
exercise and ultrasound would exhibit greater improvements in pain and related-

disability than those receiving only manual therapy, exercise and ultrasound.
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Study 1 - Knee OA
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Study Design

This randomized, single-blinded, multi-center, parallel-group trial compared two
treatment protocols for the management of painful knee OA: manual therapy and exercise
vs. manual therapy and exercise plus electrical dry needling. The primary outcome was
related-disability as assessed by the Western Ontario and McMaster Universities (WOMAC
total score) Osteoarthritis Index at 3 months. Secondary outcomes included knee pain
intensity as measured by the Numeric Pain Rating Scale (NPRS), all WOMAC subscales
(pain: WOMAC-P; stiffness: WOMAC-S; physical function. WOMAC-PF), medication
intake, and the Global Rating of Change (GROC). The current clinical trial was conducted
following the Consolidated Standards of Reporting Trials (CONSORT) extension for
pragmatic clinical trials.?*® The study was approved by the ethics committee at Universidad
Rey Juan Carlos, Madrid-Spain (URJC) and the trial design was prospectively registered

(ClinicalTrials.gov: NCT02373631).

Participants

Consecutive individuals with painful knee OA from 18 outpatient physical therapy
clinics in 10 different states (Arizona, Florida, Georgia, lllinois, New Hampshire, New
York, North Carolina, Rhode Island, South Carolina, Virginia) were screened for eligibility
criteria and recruited over a 24-month period (from February 2015 to February 2017). For
patients to be eligible, they had to have met the American College of Rheumatology criteria
for the diagnosis of knee OA”® and have had chronic pain in the knee joint for more than 3

months.
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Patients had to have at least 3 of the following criteria’®?*® to be included in the
study: 1, >50 years of age; 2, less than 30 minutes of morning stiffness; 3, crepitus on
active motion; 4, bony tenderness; 5, bony enlargement; and 6, no palpable warmth of
synovium.” In addition, participants had to have a minimum knee pain intensity score of 2
points and be older than 18 years of age. Patients were excluded if they exhibited: 1, a
history of surgery in the knee; 2, a history of surgery to either of the lower extremities in
the last 6 months; 3, any red flags to manual therapy, dry needling or exercise; 4, had
received physical therapy, acupuncture, massage therapy, chiropractic or intra-articular
injections for the painful knee in the last 3 months; 5, presented with 2 or more positive
neurologic signs; or 6, had involvement in litigation or worker’s compensation regarding
their knee pain. Patients were also excluded if they were pregnant. All participants signed
an informed consent prior to their participation in the study. All participants were naive to
the use of dry needling procedures and had not previously experienced needling without

injectate for their knee pain.

Treating Therapists

Eighteen physical therapists (mean age, 38.4 years, SD 10.44) participated in the
delivery of treatment for patients in this study. They had an average of 12.5 (SD 9.54) years
of clinical experience, an average of 4.3 (SD 1.88) years using dry needling, and all had
completed a 54-hour post-graduate certification program that included practical training in
electrical dry needling for knee OA. All participating physical therapists were required to
study a manual of standard operating procedures and participate in a 6-hour training session

with the principal investigator.
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Randomization and Blinding

Following baseline examination, patients were randomly assigned to receive manual
therapy and exercise alone or in combination with electrical dry needling. Concealed
allocation was conducted using a computer-generated randomized table of numbers created
by a statistician who was not otherwise involved in the trial and did not participate in
analysis or interpretation of the results. Individual and sequentially numbered index cards
with the random assignment were prepared for each of the 18 data collection sites. The
index cards were folded and placed in sealed opaque envelopes. Blinded to the baseline
examination, the treating therapist opened the envelope and proceeded with treatment
according to the group assignment. The examining therapist remained blind to the patient’s
treatment group assignment at all times; however, based on the nature of the interventions it

was not possible to blind patients or treating therapists.

Interventions

All participants received between 8 and 10 treatment sessions at a frequency of 1-2
times per week over a 6-week period. Both groups received manual therapy (passive joint
mobilizations and muscle stretching) and exercise (riding a stationary bicycle, range of
motion and strengthening exercises to the lower extremity) on each session. In addition, the
dry needling group also received electrical dry needling using a standardized 9-point

protocol for 20-30 minutes on each treatment session.
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Although specific recommendations cannot be made regarding the type of exercise'*
or the optimal exercise dosage in patients with knee OA,° patients received the following
interventions at all treatment sessions: 30 minutes of lower extremity strengthening (weight
bearing, non-weight bearing, concentric, eccentric), range of motion (riding a stationary
bicycle), stretching exercises (static muscle stretching) and passive accessory/physiological
joint mobilizations.?® The exercise program was taught to the patient by an experienced
physical therapist on the first session and supervised on subsequent sessions. Strengthening,
range of motion and stretching exercises were gradually progressed according to tolerance
of each individual patient. That is, progression only occurred if patients reported a decrease
in symptoms and in the absence of excessive soreness. Details regarding the exercise and
manual therapy program have previously been described by Deyle et al.?®

All patients in both groups were asked to complete a daily home exercise program.?
The home exercise program consisted of the same strengthening, range of motion and
stretching exercises that were prescribed and supervised in the clinic.?® Patients were asked
to complete the home exercise program during all days that they did not receive supervised
physical therapy in the clinic. Patients were asked to monitor their compliance with the
home exercise program by maintaining a home exercise program logbook.

In addition to manual therapy and exercise, patients allocated to the dry needling
group also received 8-10 sessions of periosteal electrical dry needling at a frequency of 1-2
times/week over 6 weeks. Electric dry needling included a 9-point standardized protocol as

depicted in Figure 1.
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Figure 1: Standardized 9-point protocol of periosteal electrical dry needling for knee OA
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Description of 9-point electrical dry needling intervention for knee OA

The technique is performed with the patient supine with the treated knee slightly
flexed over a towel roll. The following 9 needles were inserted:
(1) superolateral and anterior insertion within the popliteus, with periosteal stimulation over
the posteromedial aspect of the medial tibial condyle;
(2) inferolateral insertion angle within the distal adductor magnus, with periosteal
stimulation within the depression posterosuperior to the femoral epicondyle;
(3) perpendicular insertion within the tibialis anterior, with periosteal stimulation over the
anterolateral crest of the tibia one fingerbreadth lateral to the tibial tuberosity;
(4) perpendicular insertion within the quadriceps tendon, one fingerbreadth proximal to the
superior border of the patella;
(5) perpendicular insertion within the vastus lateralis, three fingerbreadths proximal to the
superolateral border of the patella;
(6) perpendicular insertion within the vastus medialis, three fingerbreadths proximal to the
superomedial border of the patella;
(7) perpendicular insertion at the level of the tibiofemoral joint margin within the medial
infrapatellar sulcus;
(8) perpendicular insertion at the level of the tibiofemoral joint margin within the lateral
infrapatellar sulcus; and
(9) perpendicular insertion within the extensor digitorum longus, one thumb width distal

and anterior to the fibula head.
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Unlike the first 8 needles that were electrically connected in pairs, and for the
purpose of standardization, the last ninth needle was not paired with one of the 4 electrical
channels; nevertheless, it was manually manipulated and left in situ for the duration of the
treatment (Figure 1). In addition to the obligatory 9-point standardized protocol, clinicians
were also permitted to insert needles at up to 4 additional locations based on the presence of
the symptoms.

Sterilised disposable stainless steel Seirin J-type acupuncture needles were used
with three sizes: 0.25 mm x 30 mm, 0.30 mm x 40 mm, and 0.30 mm x 50 mm. The depth
of needle insertion ranged from 15mm to 45mm and depended on the point (intramuscular,
periosteal, joint line, intra/periarticular) and the patient’s constitution (i.e. size and bone
depth, muscle or connective tissue thickness). Following topical skin cleansing with sterile
alcohol prep pads, all needles were inserted and then manipulated bi-directionally to illicit a
sensation of aching, tingling, deep pressure, heaviness or warmth.?*%20 |n addition, at least
3 of 9 obligatory needles (i.e. over the posteromedial aspect of the medial tibial condyle,
within the depression posterior to the femoral epicondyle, and over the anterolateral crest of
the tibia one fingerbreadth lateral to the tibial tuberosity) were repeatedly thrusted and
tapped on to the respective bone using a “periosteal stimulation” technique.?! Notably,
with the exception of the 2 obligatory needles inserted at the level of the tibiofemoral joint
margin within the medial or lateral infrapatellar sulcus, and depending on the patient’s
physical constitution, the needle length selected by the practitioner and the patient’s
tolerance to such, the remaining obligatory needles were also advanced towards the

underlying bone to facilitate direct mechanical and electrical “periosteal stimulation”. %>
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The needles were then left in situ for 20-30 ming!0®119128.252254 \yith electric
stimulation (ES-160 electrostimulator ITO co.) in pairs (crossing through the knee joint in a
superior-inferior and diagonal orientation) using 4 channels to 8 of the needles using a low
frequency (2 Hz), moderate pulse duration (250 microseconds), biphasic continuous
waveform at a maximum tolerable intensity.?>32°* In cases of bilateral knee OA, both knees
were treated, but only the most painful side at baseline was recorded and analyzed through-

out the study to satisfy the assumption of independent data.?>®

Outcome Measures

The primary outcome was the related-disability as assessed with the WOMAC total
index score, whereas each WOMAC subscale [pain (WOMAC-P), stiffness (WOMAC-S)
and physical function (WOMAC-PF)] were considered secondary outcomes. The WOMAC
is a valid and reliable instrument and has been used extensively to evaluate 3 dimensions
(pain, stiffness, and physical function) in patients with hip or knee OA.2°52% |n patients
with OA of the lower extremities participating in rehabilitation programs, the minimum
clinically important difference (MCID) for the WOMAC has been calculated to range from
9% to 12% of the baseline score.?>%61 However, in our study, we used 36% change in the
WOMAC (i.e. triple the value of the 12% MCID) to represent a successful outcome.

Secondary outcomes included the intensity of knee pain, the 3 WOMAC subscales,
medication intake, and the GROC. A Numeric Pain Rating Scale (NPRS) measured knee
pain intensity. Patients were asked to indicate the average intensity of knee pain over the
past week using an 11-point numerical scale ranging from 0 (“no pain”) to 10 (“worst pain

imaginable™) at baseline, 2 weeks, 6 weeks, and 3 months following the initial session.?
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The NPRS is a reliable and valid instrument to assess pain intensity.?632%° The
MCID for the NPRS has been shown to be 1.74 in patients with chronic pain conditions;?®
however, the MCID for knee-related pain has not yet been established. Nevertheless, a
change of 2 points or a 30% decrease in pain from baseline can be considered as a MCID in
subjects with chronic musculoskeletal pain.265266

Medication intake was measured as the number of times that the patient had taken
prescription or over-the-counter analgesic or anti-inflammatory medication in the past week
for their knee pain, with five options: (1) not at all, (2) once a week, (3) once every couple
of days, (4) once or twice a day, or (5) three or more times a day. Medication intake was
assessed at baseline and at 3 months after the first treatment session.

At 2 weeks, 6 weeks and 3 months following the initial treatment session, patients
completed a 15-point GROC question based on a scale described by Jaeschke et al?®’ to rate
their self-perceived improved function. The MCID for the GROC has not been specifically

reported but scores of +4 and +5 have typically been indicative of moderate changes in

patient status.?®’

Treatment Side Effects

Patients were asked to report adverse events that they experienced during any part
of the study. In the current study, an adverse event was defined as a sequelae of one-week
duration with any symptom perceived as distressing and unacceptable to the patient that
required further treatment.?®® Particular attention was given to the presence of ecchymosis

and post-needling soreness within the group receiving electrical dry needling.
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Sample Size Determination

The sample size calculations were based on detecting a between-groups moderate effect
size of 0.4 at 3 months, assuming a 2-tailed test, an alpha level (a) of 0.05 and a desired
power () of 90%. The estimated desired sample size was calculated to be 105 subjects per

group. A dropout percentage of 15% was expected, so 120 patients were included.

Statistical Analysis

Statistical analysis was performed using SPSS software, version 24.0 (Chicago, IL,
USA) and it was conducted according to intention-to-treat analysis. We performed Little’s
Missing Completely at Random (MCAR) test?®® to determine if missing data associated
with dropouts were missing at random or missing for systematic reasons. Intention-to-treat
analysis was performed by using Expectation-Maximization whereby missing data was
computed using regression equations. The effects of treatment on pain, stiffness, physical
function and related-disability were each examined with a 2-by-4 mixed model analysis of
covariance (ANCOVA) with treatment group as the between-subjects factor, time as the
within-subjects factor, and adjusted for baseline data. Separate ANCOVAs were performed
with each outcome as the dependent variable. For each ANCOVA, the main hypothesis of
interest was the 2-way interaction (group by time) with a Bonferroni-corrected alpha level
of 0.0125 (4 time points). We used y2 tests to compare self-perceived improvement with
GROC and changes in medication intake. To enable comparison of between-group effect
sizes, standardized mean differences (SMDs) were calculated. Numbers needed to treat
(NNT) and 95% confidence intervals (CI) were also calculated at the 3-months follow-up

period using each definition for a successful outcome.
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Study 2 - Plantar Fasciitis

65



66



Study Design

This randomized, single-blinded, multi-center, parallel-group trial compared two
treatment protocols for the management of PF: manual therapy, exercise and ultrasound vs.
manual therapy, exercise and ultrasound plus electrical dry needling. The primary end-point
was first-step pain in the morning as measured by the Numeric Pain Rating Scale (NPRS).
Secondary outcomes included mean resting foot pain intensity (NPRS), pain during activity
(NPRS), the Lower Extremity Functional Scale (LEFS), the Foot Functional Index (FFI),
medication intake, and the Global Rating of Change (GROC). The current clinical trial was
conducted following the Consolidated Standards of Reporting Trials (CONSORT)
extension for pragmatic clinical trials.?*® The study was approved by the ethics committee
at Universidad Rey Juan Carlos, Madrid, Spain and the trial was prospectively registered

(ClinicalTrials.gov: NCT02373618).

Participants

Consecutive individuals with PF from 10 outpatient physical therapy clinics in 6
different states (Arizona, Florida, Georgia, Kentucky, North Carolina, Texas) were
screened for eligibility criteria and recruited over a 27-month period (from February 2015
to February 2017). For patients to be eligible, they had to meet the following criteria: 1, a
clinical diagnosis of PF in accordance with the clinical practice guidelines from the
Orthopaedic Section of the American Physical Therapy Association (APTA):% 2, plantar
heel pain for longer than 3 months; 3, first-step pain in the morning during the previous
week rated at least 2 on the numeric pain rating scale (NPRS 0-10);?° and 4, aged 18 years

or older.

67



Patients were excluded if any of the following criteria were present: 1, a history of
surgery to the ankle, foot or lower leg; 2, potential contraindications to manual therapy, dry
needling, exercise or ultrasound; 3, had received conservative treatment (i.e. physical
therapy, acupuncture, massage therapy, chiropractic treatment or local steroid injections)
for PF within the previous 4 weeks; 4, presented with 2 or more positive neurologic signs
consistent with nerve root compression (muscle weakness involving a major muscle group
of the lower extremity, diminished lower extremity deep tendon reflex, or diminished or
absent sensation to pinprick in any lower extremity dermatome); 5, other causes of heel
pain (including tarsal tunnel syndrome, calcaneal fracture, ankle or foot instability, arthritis
of the foot or ankle, rheumatioid arthritis, neurogenic claudication, peripheral neuropathy);
or 6, had involvement in litigation or worker’s compensation regarding their heel pain.
Patients were also excluded if they were pregnant. All participants signed an informed

consent prior to their participation in the study.

Treating Therapists

Ten physical therapists (mean age, 34.5 years, SD 5.4) participated in the delivery
of treatment for patients in this study. They had an average of 8.0 (SD 4.4) years of clinical
experience and all completed a 54-hour post-graduate certification program that included
practical training in electrical dry needling for PF. All therapists delivering treatment were
Fellows-in-Training within the APTA-accredited American Academy of Manipulative
Therapy Fellowship in Orthopaedic Manual Physical Therapy post-graduate program. To
ensure all examination, outcome assessments, and treatment procedures were standardized,
all participating physical therapists were required to study a manual of standard operating
procedures and participate in a 6-hour training session with the principal investigator.
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Examination Procedure

All patients provided demographic information and completed a number of self-
reported measures followed by a standardized history and physical examination at baseline.
The primary self-rated outcome was first-step pain (when getting out of bed in the morning)
as measured by the Numeric Pain Rating Scale (NPRS). Secondary outcomes were resting
pain intensity (NPRS), pain during activity (NPRS), the Lower Extremity Functional Scale
(LEFS), the Foot Functional Index (FFI), medication intake (number of times the patient
had taken prescription or over-the-counter analgesic or anti-inflammtory medication for
their PF during the last week), and the Global Rating of Change (GROC). Participants
recieved a standardized physical examination during which the affected foot, ankle and
lower extremity were examined for conditions other than PF; that is, other causes of heel
pain were ruled out. The physical examination included, but was not limited to,
assessments for the impairments of reduced ankle dorsiflexion range of motion® and
tightness of the calf and hamstrings musculature.®® Most of time the diagnosis of PF is
straightforward;> however, in cases where pain localization is poor, differential diagnosis
includes tarsal tunnel syndrome, entrapment of the first branch of the lateral plantar nerve,
subtalar arthritis, S1 nerve root impingement, central heel pain syndrome, fat pad atrophy,
proximal plantar fibroma, fat pad contusion, calcaneal bone bruise, or calcaneal stress

fractures. 4555658
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Randomization and Blinding

Following baseline examination, patients were randomly assigned to receive manual
therapy, exercise and ultrasound alone or combined with electrical dry needling. Concealed
allocation was conducted using a computer-generated randomized table of numbers created
by a statistician who was not otherwise involved in the trial and did not participate in
analysis or interpretation of the results. Individual and sequentially numbered index cards
with the random assignment were prepared for each of the 10 data collection sites. The
index cards were folded and placed in sealed opaque envelopes. Blinded to the baseline
examination, the treating therapist opened the envelope and proceeded with treatment
according to the group assignment. Patients were instructed not to discuss the particular
treatment procedure received with the examining clinician. The examining clinician
remained blinded to the patient’s treatment group assignment at all times; however, based

on the nature of the interventions it was not possible to blind patients or treating therapists.

Interventions

All participants received up to eight treatment sessions at a frequency of once or
twice per week over a 4-week period. Both groups received an impairment-based manual
therapy approach directed to the lower limb,*2498671271 an exercise program?348:49.72-74
including self-stretching of the plantar fascia, gastrocnemius, soleus and Achilles tendon
and strengthening exercises for the intrinsic muscles of the foot, and therapeutic
ultrasound*>™>7¢ (3 MHz, 1.5 W/cm?, 20% duty cycle for 5min to the most tender region of

the proximal portion of the plantar fascia).
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Therefore, both groups received an impairment-based manual therapy approach
directed primarily to the foot/ankle, but also to the hip and knee, including but not limited
to passive anterior to posterior talocrural joint mobilizations in weight-bearing and non-
weight-bearing positions and/or distraction thrust talocrural joint manipulation to improve
ankle dorsiflexion, subtalar joint lateral glide mobilizations for eversion and inversion, and
anterior and posterior first tarsometatarsal joint glide mobilizations for pronation and
supination of the midfoot.

While not required, clinicians were permitted to apply ice to the plantar fascia over
its proximal insertion in the region of the medial calcaneal tubercle for a period of 10min at
the completion of the treatment session.*> The exercise program was taught to the patient
by an experienced physiotherapist on the first treatment session and supervised on
subsequent sessions. Strengthening and stretching exercises were gradually progressed
according to tolerance of each individual patient. That is, progression only occurred if
patients reported a decrease in symptoms associated with PF and in the absence of
excessive soreness, defined as soreness lasting longer than a few hours post-treatment.
Notably, the findings of a recent systematic review suggest that manual therapy (i.e. joint
mobilization and/or manipulation, soft tissue mobilization, stretching, trigger point pressure
release) may be effective in treating people with PF; however, the dosing (i.e. frequency,
intensity, duration) of manual therapy remains unclear.”* Further, no clear conclusions can
be drawn regarding the most effective stretch position, duration, frequency or optimum
number of repetitions; however, plantar fascia stretching may be more effective than tendo

Achilles stretching in the short term.”
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All patients in both groups were instructed to complete a home exercise program
during the 4-week treatment period. The home exercise program consisted of the same
strengtheing and stretching exercises that were prescribed and supervised in the clinic, but
without the supervision. Patients were told to complete the home exercise program 3 times
daily on the days that they did not receive supervised physical therapy in the clinic.4266:2%
Patients were asked to monitor their compliance with the home exercise program by
maintaining a home exercise program logbook.

In addition to manual therapy, exercise and ultrasound, patients allocated to the dry
needling group also recieved up to 8 sessions of electrical dry needling at a frequency of 1-
2 times/week for 4weeks using a standardized protocol of 8 points for 20min,112229:235.237.241

Electrical dry needling included an 8-point standardized protocol as depicted in Figure 2.

Figure 2: Standardized 8-point protocol of electrical dry needling for PF
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Description of 8-point electrical dry needling intervention for PF

The technique is performed with the patient in prone or side lying. The plantar and
medial surface of the foot and ankle were cleaned with alcohol. The following 8 needles
were inserted:
(1) superoposterior and slightly lateral insertion angle toward the proximal attachment of
the plantar fascia at the medial tubercle of the calcaneus. PF has been categorized as an
enthesopathy, with the enthesis being the interface between the periosteum and ligament
(plantar aponeurosis) or tendon (flexor digitorum brevis); thus, the primary target for dry
needling was the insertion of the plantar fascia at or near the medial tubercle of the
calcaneus. Therefore, “periosteal stimulation” or “periosteal pecking” at or near the
proximal attachment of the plantar fascia at the medial tubercle of the calcaneus, was
performed for 30sec over the most painful tender point at the medial calcaneal tubercle;
(2) medial to lateral perpendicular insertion within the distal abductor hallucis, immediately
plantar and proximal to the head of the first metatarsal, common myofascial trigger point
location and perineural for the medial plantar nerve;
(3) medial to lateral perpendicular insertion within the abductor hallucis, immediately
plantar and distal to the base of the first metatarsal, common myofascial trigger point
location and perineural for the medial plantar nerve;
(4) medial to lateral perpendicular insertion, immediately inferior to the sustentaculum tali
(approximately two fingerbreadths inferior to the inferior apex of the medial malleolus),

near the bifurcation point of the tibial nerve and posterior tibial artery;
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(5) medial to lateral perpendicular insertion in the depression midway between the
prominence of the medial malleolus and the Achilles tendon, perineural point for the tibial
nerve at the ankle;

(6) plantar to dorsal perpendicular insertion in the mid belly of flexor digitorum brevis and
quadratus plantae muscles, two to three fingerbreadths distal to the anterior and plantar
border of the calcaneus, common myofascial trigger point within the flexor digitorum
brevis and perineural stimulation for the lateral plantar nerve;

(7) plantar to dorsal perpendicular insertion within the distal plantar aponeurosis near its
attachment at the metatarsophalangeal plates, within the depression on sole of the foot one
third of the distance from the tip of the second toe to the posterior calcaneus;

(8) medial to lateral perpendicular insertion within the abductor hallucis, within the
depression immediately plantar to the navicular tuberosity, common myofascial trigger
point and perineural for the medial plantar nerve.

Notably, PF has been categorized as an enthesopathy, with the enthesis being the
interface between the periosteum and ligament (plantar aponeurosis) or tendon (flexor
digitorum brevis);*555€ thus, the primary target for dry needling was the insertion of the
plantar fascia at or near the medial tubercle of the calcaneus bone.*”2%42%  Therefore,
“periosteal stimulation” or “periosteal pecking” at or near the proximal attachment of the
plantar fascia at the medial tubercle of the calcaneus,?*?*°> was performed for 30 seconds
over the most painful tender point at the medial calcaneal tubercle.*”246:247 |n addition to the
obligatory 8-point standardized protocol, clinicians were also permitted to insert needles at
up to 4 additional locations in the foot and/or lower leg based on the presence of trigger
points or presence sensitivity by the patient. Notably, the medial head of the gastrocnemius

was recommended as one of the four optional needle insertion sites.*122%
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Sterilized disposable stainless-steel acupuncture needles were used (Seirin®, City,
State) with three sizes: 0.18 mm x 15 mm, 0.25 mm x 30 mm, 0.30 mm x 40 mm. The
plantar and medial surface of the foot and ankle were cleaned with alcohol. The depth of
needle insertion ranged from 10mm to 35mm and depended on the point selected (intra-
muscular, periosteal, perineural) and the patient’s constitution (i.e. size and bone depth,
muscle and/or connective tissue thickness). Following insertion, needles were manipulated
bi-directionally to ellicit a sensation of aching, tingling, deep pressure, heaviness or
warmth, 112241249250 The needles were then left in situ for 20 mins!2235-237 with electric
stimulation (ES-160 electrostimulator ITO co.) in pairs to all 8 of the obligatory needles
using a low frequency (2 Hz), moderate pulse duration (250 microseconds), biphasic
continuous waveform at an intensity described by the patient as “mild to moderate”. 23523
In cases of bilateral PF, both feet were treated, but only the most painful side at baseline

was recorded and analyzed through-out the study to satisfy the assumpton of independent

data 45,255

Outcome Measures

As a modification of the trial registration, we considered just one primary outcome.
Among all outcomes included in the clinical trial registry, the primary outcome of the
current trial was first-step pain®>484975237.272 quring the morning as measured by the
Numeric Pain Rating Scale (NPRS). Patients were asked to indicate the average intensity of
first-step pain when getting out of bed in the morning over the past week using an 11-point
scale ranging from 0 (“no pain”) to 10 (“worst pain imaginable”) at baseline, 1 week, 4

weeks, and 3 months following the initial treatment session.26?
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The NPRS is a reliable and valid instrument to assess pain intensity.?632%° The
MCID for the NPRS has been shown to be 1.74 in patients with a variety of chronic pain
conditions;?®® thus, a change of 2 points or a 30% decrease in pain from baseline can be
considered as a MCID in individuals with chronic musculoskeletal pain.?6>2% Furthermore,
the MCID in individuals with PF for the VAS (0-100 mm) has been found to be 19 mm for
first-step pain and 8 mm for average pain.?*> When compared with the VAS, the NPRS has
higher compliance rate, responsiveness and ease of use, and less practical difficulties;?’32™
thus, for these reasons we used the NPRS and chose to only include patients with a score of
2 points or greater for first-step pain.*

Secondary outcomes included resting mean foot pain (NPRS), pain during activity
(NPRS), the Lower Extremity Functional Scale (LEFS), the Foot Functional Index (FFI),
medication intake, and the Global Rating of Change (GROC) and were each collected at
baseline, 1 weeks, 4 weeks and 3 months after the initial treatment. The Lower Extremity
Functional Scale (LEFS) is a commonly used outcome measure in patients with PF4249.58
and has been found to have excellent validity, test-retest reliability, and responsvieness to
change in patients with lower extremity disorders.?’>?"” The LEFS consists of 20 questions
involving everyday functional activities each worth 0-4 points; therefore, the range for the
LEFS is 0-80 points, with higher scores indicating greater levels of function.?® The MCID
for the LEFS has been reported to be 9 points.?’

The FFI was developed to measure the impact of foot pathology on pain, disability
and activity limitation.?”® The FFI is the most widely used foot-specific self-reporting
measure?’® and is a commonly used outcome measure in patients with PF.5880235 The FFI
has been shown to be valid, reliable and sensitive to change in various populations with a

variety of foot and ankle disorders.2°?8 Subscale scores range from 0% to 100%, with
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higher scores indicating lower levels of function and poorer foot health-related quality of
life.2’® The FFI Total Score is derived by calculating the mean of the 3 subscale scores.?’
In patients with PF, the MCID (on a 0 to 100 scale) has been reported to be 12.3%, 6.7%
and 6.5% for the Pain Subscale, Disability Subscale, and Total Score, respectively.?!
Notably, the MCID for the FFI Activity Limitation Subscale was reported to be 0.5%,
indicating that for PF, interpretation of this subscale alone is likely inappropriate.?*

Medication intake was measured as the number of times the patient had taken
prescription or over-the-counter analgesic or anti-inflammatory medication in the past week
for their heel pain, with five options: (1) not at all, (2) once a week, (3) once every couple
of days, (4) once or twice a day, or (5) three or more times a day. Medication intake was
assessed at baseline and at 3 months after the first treatment session.

In addition, 1 week, 4 weeks and 3 months following the intial treatment session,
patients completed a 15-point GROC question based on a scale described by Jaeschke et
al.?®” The scale ranges from -7 (a very great deal worse) to zero (about the same) to +7 (a
very great deal better). Intermittent descriptors of worsening or improving are assigned
values from -1 to -6 and +1 to +6, respectively. The MCID for the GRC has not been
specifically reported but scores of +4 and +5 have typically been indicative of moderate
changes in patient status.?’” The GROC may not correlate with changes in function in

populations with hip and ankle injuries;?® nevertheless, it has been used in a number of PF

studies 42,283,284
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Treatment Side Effects

Patients were asked to report adverse events that they experienced during any part
of the study. In the current study, an adverse event was defined as a sequelae of one-week
duration with any symptom perceived as distressing and unacceptable to the patient that
required further treatment.?® Particular attention was given to the presence of ecchymosis

and post-needling soreness within the group receiving electrical dry needling.

Sample Size Determination

The sample size calculations were based on detecting treatment differences of 2
points on the main outcome (MCID for NPRS on first-step pain), assuming a standard
deviation of 3 points, a 2-tailed test, an alpha level (o) of 0.05 and a desired power () of
90%. The estimated desired sample size was calculated to be at least 49 subjects per group.

A dropout percentage of 10% was expected, so 53 patients were included in each group.

Statistical Analysis

Statistical analysis was performed using SPSS software, version 24.0 (Chicago, IL,
USA) and it was conducted according to intention-to-treat analysis for patients in the group
to which they were first allocated. Mean, standard deviations and/or 95% confidence
intervals were calculated for each quantitative variable. The Kolmogorov-Smirnov test
revealed a normal distribution of the variables (P>0.05). Baseline demographic and clinical
variables were compared between both groups using independent Student t-tests for

continuous data and y2 tests of independence for categorical data.
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The effects of treatment on first-step pain intensity, resting foot pain, pain during
activity, physical function, and related-disability were each examined with a 2-by-4 mixed
model analyses of covariance (ANCOVA) with treatment group (manual therapy, exercise
and ultrasound versus manual therapy, exercise and ultrasound plus electrical dry needling)
as the between-subjects factor, time (baseline, 1 week, 4 weeks and 3 months follow-up) as
the within-subjects factor, and adjusted for baseline data for evaluating between-groups
differences in the outcomes. Separate ANCOVAs were performed with first-step pain
intensity (NPRS), mean heel pain at rest (NPRS), pain during activity (NPRS), the Lower
Extremity Functional Scale (LEFS), the FFI Total Score, the FFI Pain Subscale, the FFI
Disability Subscale, and the FFI Activity Limitation Subscale as the dependent variable.
For each ANCOVA, the main hypothesis of interest was the 2-way interaction (group by
time) with a Bonferroni-corrected alpha of 0.0125 (4 time points). We used y2 tests to
compare self-perceived improvement with GROC and changes in medication intake. To
enable comparison of between-group effect sizes, standardized mean score differences
(SMDs) were calculated by dividing mean score differences between groups by the pooled
standard deviation. Numbers needed to treat (NNT) and 95% confidence intervals (CI)
were also calculated at the 3-months follow-up period using each definition for a successful

outcome.
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Results
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Study 1 - Knee OA
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Participants

Between February 2015 and February 2017, 431 consecutive individuals with knee
pain were screened for eligibility criteria. Two hundred forty-two (56.15%) satisfied all the
inclusion criteria, agreed to participate, and were randomly allocated into the manual
therapy and exercise (n=121) or manual therapy and exercise plus electrical dry needling
(n=121) group. Randomization resulted in similar baseline characteristics for all variables

(Table 1).

Table 1: Baseline characteristics by treatment assignment

Manual Therapy +
Baseline Variable Néig‘;?:;?ﬁ[i%; Exercise + Electrical
a Dry Needling (n=121)
Gender (male/female) 55/56 56/55

Age (years) 58.1+13.1 57.1+£13.2

Weight (kg) 83.8+16.6 834156

Height (cm) 172.0+8.9 172.1+8.6
Years with knee pain 46+5.1 45+47

Medication intake n (%)
Not at all 39 (32%) 36 (30%)
Once a week 13 (11%) 13 (11%)
Once every couple of days 29 (24%) 28 (23%)
Once or twice a day 37 (31%) 40 (33%)
Three or more times a day 3 (2%) 4 (3%)

Number of treatment sessions 89+19 87+18
Mean intensity of knee pain (NPRS, 0-10) 54+18 57+16
WOMAC Pain Scale (0-20) 8.0x33 8.7+3.2
WOMAC Stiffness Scale (0-8) 38x14 40+1.6

WOMAC Physical Function Scale (0-68) 28.1+11.1 28.9+10.6

WOMAC Total Score (0-96) 39.9+14.6 416 +14.3

Data are mean (SD) except for gender and medication intake. NPRS= Numeric Pain Rating Scale,
0-10, lower scores indicate less pain; WOMAC= Western Ontario and McMaster Universities
Osteoarthritis Index, 0-96, lower scores indicate less pain and related-disability.
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The reasons for ineligibility are found in Figure 3, which provides a flow diagram

of patient recruitment and retention.

Figure 3: Flow diagram of patient recruitment and retention.
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There were no significant differences (P=0.468) between the number of completed
treatment sessions for the manual therapy, exercise plus electrical dry needling group
(mean: 8.7+1.8) and the manual therapy and exercise group (mean: 8.9+1.9). Two hundred
thirty-five of the 242 patients completed all outcome measures through 3 months (97%
follow-up). Of the 7 patients that dropped out or failed to complete outcome measures, 3
were from the electrical dry needling group and 4 were from the manual therapy and

exercise group (see Figure 3).

Adverse Events

Eighty-seven patients assigned to the manual therapy and exercise plus electrical
dry needling group (71.9%) experienced post-needling muscle soreness and 57 (47.1%)
experienced mild bruising (ecchymosis) which most commonly resolved spontaneously
within 48 hours and 2-4 days, respectively. In addition, 6 patients (4.9%) in the electrical
dry needling group experienced drowsiness, headache or nausea, which spontaneously

resolved within several hours. No other adverse events were reported.

Changes in WOMAC Index

Adjusting for baseline outcomes, the mixed-model ANCOVA revealed a significant
Group*Time interaction for the primary outcome (WOMAC: F=35.504; P<0.001): patients
with painful knee OA receiving electrical dry needling experienced significantly greater
improvements in related-disability at 6 weeks (A -10.4, 95%CI: -13.7, -7.1, P<0.001) and 3
months (A -13.9, 95%Cl: -17.4, -10.4, P<0.001) than those receiving manual therapy and

exercise alone (Figure 4).
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Figure 4: Evolution of the WOMAC throughout the course of the study stratified by randomized treatment assignment. Data

are means (standard error).
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Similarly, significant Group*Time interactions were also found for all WOMAC

subscales (WOMAC-P: F=30.131, P<0.001; WOMAC-S: F=29.665, P<0.001; WOMAC-

PF: F=30.114, P<0.001) in favor of the dry needling group (Table 2).

Table 2: Western Ontario and McMaster Universities (WOMAC) Osteoarthritis Index at

baseline, 2-weeks, 6-weeks and 3-months after the first treatment sessions as well as

within-group and between-groups mean scores by randomized treatment assignment

Outcomes

Timeline Scores: Mean + SD (95% ClI)
Within-Group Change Scores: Mean (95% CI)

MT + EX (n=121)

MT + EX + EDN (n=121)

Between-Group
Differences:
Mean (95% CI)

WOMAC-P: Pain (0-20)

Baseline 8.0+ 3.3 (7.4, 8.6) 8.7+3.2(8.1,9.3)
2 weeks 6.1 +3.0 (5.6, 6.6) 5.4+32(4.8,6.0)

Change baseline - 2 weeks -1.9+25(-1.5,-2.3) -3.3+2.6 (-2.8,-3.8) -14(-2.1,-0.7)
6 weeks 48+28(4.3,5.3) 3.4+26(29,3.9)

Change baseline = 6 weeks -3.2+3.1(-3.8,-2.6) -5.3+3.0(-5.9, -4.7) -2.1(-2.9,-1.3)
3 months 52+32(4.7,5.7) 2.8+25(2.3,3.3)

Change baseline = 3 months -2.8+3.2(-3.4,-2.2) -5.9+3.3(-6.5, -5.3) -3.1(-3.9, -2.3)

WOMAC-S: Stiffness (0-8)

Baseline 3.8+1.4(3.6,4.0) 40+16(3.7,4.3)
2 weeks 3.0+15(2.7,3.3) 25+1.4 (2.2, 2.8)

Change baseline > 2 weeks -0.8+1.4(-1.1,-0.5) -15+1.3(-1.8,-1.4) -0.7 (-1.0, -0.4)
6 weeks 24+15(2.1,2.7) 1.7+1.4(15,1.9)

Change baseline > 6 weeks -14+16(-1.7,-1.1) -2.3+1.5(-2.6, -2.0) -0.7 (-1.0, -0.4)
3 months 2.4+15(2.2,2.6) 1.3+13(1.1,15)

Change baseline > 3 months -1.4+16(-1.8,-1.2) -2.7+15(-3.0,-2.4) -1.3(-1.6, -0.9)

WOMAC-PF: Physical Function (0-68)

Baseline 28.1+11.1(26.1,30.1) 28.9 +10.6 (27.0, 30.8)
2 weeks 22.3+11.6 (20.3, 24.3) 17.1+10.6 (15.1, 19.1)

Change baseline = 2 weeks -5.8+8.7 (-7.0, -4.6) -11.8 £ 9.6 (-13.6, -10.0) -6.0 (-8.4, -3.6)
6 weeks 18.7 +10.9 (16.8, 20.6) 12.1+9.8 (10.2, 14.0)

Change baseline - 6 weeks -9.4+9.0 (-11.0, -7.8) -16.8 £ 10.2 (-18.7, -14.9) -7.4(-9.9, -4.9)
3 months 18.7 +11.7 (16.8, 20.6) 10.1+9.3 (8.2, 12.0)

Change baseline = 3 months -9.4+98(-11.1,-7.7) -18.8 £ 10.6 (-20.7, -16.9) -9.4 (-12.0, -6.8)

WOMAC: Total Index (0-96)

Baseline 39.9+14.6 (37.4,42.4) 41.6 +14.3 (39.0, 44.2)
2 weeks 31.4 +15.1 (28.8, 34.0) 25.0 +14.3(22.3, 27.7)

Change baseline > 2 weeks -8.5+ 11.0 (-10.5, -6.5) -16.6 £ 12.3 (-18.9, -14.3) -8.1 (-11.1, -5.1)

6 weeks

25.9 +14.3 (235, 28.3)

17.2+13.1 (14.7, 19.7)

Change baseline > 6 weeks

-14.0 +12.4 (-16.2, -11.8)

-24.4+13.4 (-26.9, -21.9)

-10.4 (-13.7, -7.1)

3 months

26.4 +15.6 (23.9, 28.9)

142 +125 (117, 16.7)

Change baseline = 3 months

-135+13.3 (-15.9, -11.1)

-27.4+14.1 (-29.9, -24.9)

-13.9 (-17.4, -10.4)
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For the WOMALC total score and all its subscales, between-groups effect sizes were
moderate (0.53<SMD<0.76) at 6-weeks and large (0.82<SMD<0.94) at 3-months after the
first treatment session in favor of the electrical dry needling group (Table 3). Within-group
percentage change from baseline to 3 months for the primary outcome (WOMAC) was
67.0% and 32.9% for the electrical dry needling group and non-dry needling group,

respectively.

Table 3: Between-group effect sizes (SMD) in favor of the dry needling group when

compared to the combination manual therapy and exercise

Outcome WOMAC WOMAC WOMAC WOMAC NPRS Pain
Total Pain Stiffness Function

6 weeks 0.76 0.67 0.53 0.74 0.60

3 months 0.94 0.90 0.82 0.87 0.96

Large between-group effect size: Cohen’s d = .8 or greater. Medium effect size:
Cohen’s d = .5 or greater. Small size: Cohen’s d = .2 or greater. Effect size provides
information about the magnitude or strength of the difference between the two groups.

Changes in Pain Intensity

The intention-to-treat analysis also revealed a significant Group*Time interaction
for knee pain (NPRS) intensity (F=29.094; P<0.001): individuals receiving electrical dry
needling experienced significantly greater decrease in knee pain at 6 weeks (A -1.2, 95%ClI:
-1.7, -0.7, P<0.001) and 3 months (A -2.7, 95%ClI: -3.4, -2.0, P<0.001) than those receiving

manual therapy and exercise alone (Figure 5).
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Figure 5: Evolution of knee pain intensity (NPRS, 0-10) throughout the course of the study stratified by randomized

treatment assignment. Data are means (standard error).



For knee pain intensity (NPRS), between-groups effect sizes were moderate (SMD:
0.60) at 6 weeks and large (SMD: 0.96) at 3 months in favor of the dry needling group (see
table 3). Within-group percentage change from baseline to 3 months for knee pain intensity
(NPRS) was 67.2% and 28.9% for the electrical dry needling group and non-dry needling

group, respectively.

Changes in Medication Intake

Patients with knee OA receiving electrical dry needling were 1.7 times more likely
to have completely stopped taking medication for their pain at 3 months than individuals

receiving manual therapy and exercise alone (OR: 1.6, 95%CI: 1.24, 2.01; P=0.001).

Self-perceived Improvement

Based on the cutoff score of >+5 on the GROC, significantly (X?=14.887; P<0.001)
more patients (n= 91, 75%) in the electrical dry needling group achieved a successful
outcome compared to the non-dry needling group (n=23, 19%) at 3 months (Table 4).

Therefore, based on the cutoff score of >+5 on the GROC, the NNT was 1.78 (95%
Cl: 1.50, 2.18) in favor of the electrical dry needling group at 3-month follow-up. Likewise,
based on the cutoff score of 36% improvement (i.e. triple the MCID) on the WOMAC, the
NNT was 2.37 (95% CI: 1.89, 3.19) in favor of the electrical dry needling group at 3-month

follow-up.
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Table 4: Self-perceived improvement with Global Rating of Change (GROC) in
both groups [n (%)]

bl Faungu e | Ml TRy | Curin ki
’ Dry Needling (n=121)
2 weeks after first treatment session
Moderate changes (+4 / +5) 18 (14.9%) 49 (40.5%)
Large changes (+6 / +7) 2 (1.7%) 11 (9.1%)
6 weeks after first treatment session
Moderate changes (+4 / +5) 39 (32.2%) 59 (48.8%)
Large changes (+6 / +7) 8 (6.6%) 36 (29.8%)
3 months after first treatment session
Moderate changes (+4 / +5) 27 (22.3%) 45 (37.2%)
Large changes (+6 / +7) 10 (8.3%) 57 (47.1%)
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Study 2 - Plantar Fasciitis
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Participants

Between February 2015 and February 2017, 219 consecutive patients with PF were

screened for eligibility criteria. One hundred eleven (50.7%) satisfied all the inclusion

criteria, agreed to participate, and were randomly allocated into the manual therapy,

exercise and ultrasound (n=53) or manual therapy, exercise, ultrasound plus electrical dry

needling (n=58) group. Randomization resulted in similar baseline features (Table 5).

Table 5: Baseline characteristics by treatment assignment

Manual Therapy +

Manual Therapy +
Exercise + Ultrasound +

Baseline Variable Exercise + . .
Ultrasound (n=53) Electrical [zry Needling
(n=58)
Gender (male/female) 27126 37121
Age (years) 42.6+£11.6 39.1+£104
Weight (kg) 81.6 +16.3 81.9+14.3
Height (cm) 172.0+9.1 173.4+9.2
Duration of symptoms (days) 336.4 + 288.8 386.1 +451.1
Medication intake n (%)
Not at all 28 (52.8%) 26 (44.8%)
Once a week 2 (3.8%) 5 (8.5%)
Once every couple of days 15 (28.3%) 18 (31%)
Once or twice a day 8 (15.1%) 7 (12.2%)
Three or more times a day 0 (0%) 2 (3.5%)
Number of treatment sessions 6.2+2.4 5925
Mean intensity of heel pain (NPRS, 0-10) 6.1+1.6 58+1.38
First step pain intensity (NPRS, 0-10) 6.4+1.8 6.3+2.0
Pain intensity during activity (NPRS, 0-10) 58+21 55+21
LEFS (0-80) 48.9+13.1 50.4+12.8
FFI Pain Scale (0-100) 59.3+16.2 57.8+19.38
FFI Disability Scale (0-100) 50.7 + 18.4 44,9 + 24.3
FFI Activity Limitation Scale (0-100) 16.3+£12.2 15.1+£12.6
FFI Total Score (0-100) 42.1+12.7 39.3+16.9
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The reasons for ineligibility are found in Figure 6, which provides a flow diagram

of patient recruitment and retention.

Figure 6: Flow diagram of patient recruitment and retention
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No patients were lost at any of the follow-up periods in either group. None of the
participants in any group reported receiving other interventions during the study, excluding
the use of NSAIDs, as needed and recorded. There was no significant difference (P=0.432)
between the mean number of completed treatment sessions for the manual therapy, exercise
and ultrasound group (mean: 6.25) and the manual therapy, exercise and ultrasound plus
electrical dry needling group (mean: 5.88). One hundred three patients (92.8%) reported

compliance with the home exercise program.

Adverse Events

Thirty-nine patients assigned to the manual therapy, exercise and ultrasound plus
electrical dry needling group (67.2%) experienced post-needling muscle soreness and 15
(25.9%) experienced mild bruising (ecchymosis) which most commonly resolved
spontaneously within 48 hours and 2-4 days, respectively. In addition, 1 patient (1.7%) in
the electrical dry needling group experienced drowsiness, headache or nausea, which

spontaneously resolved within several hours. No other adverse events were reported.

Changes in Pain Intensity and Relaed-Disability

Adjusting for baseline outcomes, the mixed-model ANCOVA revealed a significant
Group*Time interaction for the primary outcome (F=22.021; P<0.001): patients with PF
receiving electrical dry needling experienced significantly greater improvements in first-
step morning pain at 4 weeks (A -1.6, 95%CI -2.4 to -0.8, P<0.01) and 3 months (A -2.2,
95%CI -3.0 to -1.6, P<0.001) than those receiving manual therapy, exercise and ultrasound

alone (Figure 7).
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Figure 7: Evolution of first step pain intensity (NPRS) throughout the course of the study stratified by randomised treatment

assignment. Data are means (standard error).
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Between-groups effect sizes were medium (SMD: 0.68) at 4 weeks and large (SMD:
0.85) at 3 months after the first treatment session in favor of the dry needling group.

Similarly, significant Group*Time interactions were also found for resting foot pain
(F=23.931; P<0.001), pain during activity (F=7.629; P=0.007), LEFS (F=13.081; P<0.001;
Figure 8), FFI Pain Subscale (F=13.547; P<0.001), FFI Disability Subscale (F=8.746;
P=0.004), and FFI Total Score (F=10.676; P<0.001), but not for FFI Activity Limitation
Subscale (F=2.687; P=0.104), in favor of dry needling (Table 6).

For the LEFS, FFI Total and all significant FFI Subscales, between-groups effect
sizes were small to medium (0.32<SMD<0.55) at 4 weeks and medium (0.53<SMD<0.66)

at 3 months after the first treatment session in favor of the dry needling group (Table 7).
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Table 6: Foot Functional Index (FFI) within-group and between-groups mean
scores by randomized treatment assignment

Timeline Scores: Mean + SD (95% ClI)
Within-Group Change Scores: Mean (95% CI)

Between-Group
Differences:

Outcomes
MT + EX +US (n=53) | MT +EX+US + EDN (n=58) | Mean (95% CI)
Foot Functional Index - Pain Scale (0-100)
Baseline 59.3 + 16.2 (54.3, 64.3) 57.8 + 19.8 (53.0, 62.6)
1 week 51.5+17.9 (45.9, 57.1) 48.7 +22.9 (43.3, 54.1)

Change baseline > 1 week

-7.8+15.0 (-11.9, -3.7)

-9.1+14.6 (-12.9,5.3)

-1.3(-6.9,4.3)

4 weeks

40.3 +21.6 (34.9, 45.7)

27.4+18.6 (22.1, 32.7)

Change baseline > 4 weeks

-19.0 + 20.4 (-24.6, -13.4)

-30.4 +19.3 (-35.5, -25.3)

-11.4 (-18.8, -4.0)*

3 months

34.6 +22.2 (28.9, 40.3)

19.2 +20.1 (13.7, 24.7)

Change baseline = 3 months

-24.7 +21.0 (-30.5, 18.9)

-38.6 +21.4 (-44.2, -33.0)

-13.9 (-21.8, - 6.0)*

Foot Functional Index

- Disability Scale (0-100)

Baseline 50.7 +18.4 (44.8, 56.6) 44.9 + 243 (39.3, 50.5)
1 week 41.3+18.9 (35.2, 47.4) 37.6 +25.2 (31.8, 43.4)

Change baseline = 1 week -9.4 +£16.3 (-13.9, -4.9) -7.3+14.7 (-11.2, -3.4) 2.2(-3.6,9.0)
4 weeks 30.9+20.2 (25.9, 35.9) 18.4 +16.5 (13.6, 23.2)

Change baseline > 4 weeks -19.8 £ 19.0 (-25.0, -14.6) -26.5 £ 22.0 (-32.3, -20.7) -6.7 (-14.4, 1.0)

3 months

29.3 £21.0 (24.3, 34.3)

11.5+15.6 (6.7, 16.3)

Change baseline = 3 months

-21.4+20.8 (-27.2, -15.6)

-33.4 +23.2 (-39.5, -27.3)

-12.0 (-20.3, -3.7)*

Foot Functional Index - Activity Limitation Scale (0-100)

Baseline 16.3+£12.2 (12.9,19.7) 15.1+£12.6 (11.9, 18.3)
1 week 13.3+11.4 (10.2,16.4) 12.9+11.2 (9.9, 15.9)

Change baseline > 1 week -3.0+7.0(-4.9,-1.1) -22+75(-4.2,-0.2) 0.8 (-1.9, 3.5)
4 weeks 8.1+7.6(6.0,10.2) 55+7.9(35,75)

Change baseline > 4 weeks -8.2+9.9(-10.9, -5.5) -9.6 £11.4 (-12.6, -6.6) -1.4 (-5.5, 2.7)
3 months 8.5+11.8(6.1,10.9) 3.7+54(1.3,6.1)

Change baseline = 3 months -7.8+12.8(-11.3,-4.3) -11.4+ 119 (-14.6, -8.2) -3.6(-8.3,1.1)

Foot Functional Index — Total Score (0-100)

Baseline 42.1+12.7 (38.0, 46.2) 39.3£16.9 (35.3,43.3)
1 week 35.4 £13.5(30.9, 39.9) 33.1+18.6 (28.8,37.4)

Change baseline > 1 week -6.7 £ 10.7 (-9.7, 3.7) -6.2+9.9 (-8.8, -3.6) 0.5(-4.4,3.4)

4 weeks

26.5+14.6 (22.7, 30.3)

17.2 +12.8 (135, 20.9)

Change baseline > 4 weeks

-15.6 + 14.2 (-19.6, -11.6)

-221+15.4 (-26.2,-18.0)

-6.5 (-12.1, -0.9)*

3 months

24.2 +16.3 (20.2, 28.2)

11.5+12.9 (7.6, 15.4)

Change baseline = 3 months

-17.9+16.0 (-22.4, -13.4)

-27.8+16.8 (-32.2,-23.4)

-9.9 (-16.0, -3.8)**
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Figure 8: Evolution of lower extremity funtion (LEFS, 0-80) throughout the course of the study stratified by randomised

treatment assignment. Data are means (standard error).
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Table 7: Between-group effect sizes (SMD) in favor of the dry needling group when compared to conventional physical

therapy
Outcome | 1%Step Pain | LEFS | FFITotal | FFIPain | FFI Disability F'L:.' BTN
Imitation
4 weeks 0.68 040 | 043 0.55 0.32 0.13
3 months 0.85 0.66 | 058 0.62 0.53 0.30

Changes in Medication Intake

Participants with PF in the electrical dry needling group were 1.2 times more likely to have completely stopped taking

medication for their pain at 3 months than patients receiving manual therapy, exercise and ultrasound (OR: 1.22; 95%ClI: 1.02-1.51;

P=0.01).
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Self-perceived Improvement

Based on the cutoff score of +5 or higher on the GROC, significantly (X>=14.887;

P<0.001) more patients with PF in the electrical dry needling group (n=45, 77%) achieved

a successful outcome compared to manual therapy, exercise and ultrasound group (n=11,

21%) at 3 months follow-up (Table 8). Therefore, based on the cutoff score of >+5 on the

GROC at 3-month follow-up, the NNT was 1.76 (95%CI: 1.39, 2.41) in favor of the

electrical dry needling group. Likewise, based on a 50% improvement from baseline to 3

months in first step morning pain on the NPRS, the NNT was 2.44 (95%Cl: 1.75, 4.02) in

favor of the electrical dry needling group.

Table 8: Self-perceived improvement with Global Rating of Change (GROC) in

both groups [n (%)]

Global Rating of Change
(GROC, -7 to +7)

Manual Therapy +
Exercise +
Ultrasound (n=53)

Manual Therapy + Exercise +
Ultrasound + Electrical Dry
Needling (n=58)

1 week after first treatment session

Moderate changes (+4 / +5) 8 (15%) / 3 (5.5%) 5 (8.5%) / 4 (7%)
Large changes (+6 / +7) 1 (2.0%) / 0 (0%) 3 (5.5%) /1 (1.5%)

4 weeks after first treatment session

Moderate changes (+4 / +5) 7 (13.5%) /5 (9.5%) 9 (15.5%) / 15 (26%)
Large changes (+6 / +7) 3 (5.5%) /1 (2.0%) 15 (26%) / 5 (8.5%)

3 months after first treatment session

Moderate changes (+4 / +5) 8 (15%) / 4 (7%) 6 (10.5%) / 13 (22.5%)
Large changes (+6 / +7) 6 (11.5%) / 1 (2.0%) 19 (32.5) / 13 (22.5%)
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Discussion
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Study 1 - Knee OA
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Findings

To our knowledge, this is the first randomized clinical trial comparing compare the
effectiveness of manual therapy and exercise plus electrical dry needling to manual therapy
and exercise alone in patients with painful knee OA. The results suggest that a mean of 9
sessions of manual therapy and exercise plus electrical dry needling, using a 9-point
standardized protocol targeting the knee locally at a frequency of 1-2 times per week over 6
weeks, resulted in greater improvements in pain, stiffness, function, related-disability, and
medication intake than manual therapy and exercise alone??®. For the primary outcome
(WOMAC), between-groups effect sizes were moderate at 6 weeks and large at 3 months in
favor of the dry needling group. The between-groups difference for change in related-
disability, as measured by the WOMAC (34.1%, 95%CI: 26.6, 41.4) exceeded the reported
MCID (i.e. 12%%°) at 3 months. In addition, for knee pain intensity, the between-groups
change (3.23 points, 95%ClI: 2.4, 4.0) also exceeded the reported MCID (i.e., 1.74
points?®>2%%) at 3 months. Finally, the NNT suggests for every 2 patients treated with
electrical dry needling, rather than manual therapy and exercise alone, one additional
patient with painful knee OA achieves clinically important reductions in related-disability
at 3 months follow-up.

Three previous studies found non-superior results when adding acupuncture as an
adjunct therapy to exercise-based physical therapy in knee OA.1101%.285 Notably, Foster et
al*1 reported no significant between-groups difference in WOMAC pain subscale scores
after adding a course of acupuncture to exercise in knee OA. Nevertheless, in the Foster et
al*1? trial, the acupuncture points were not standardized but selected based on the “clinical

opinion” of 67 different physiotherapists at different centers.
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Considering the recent findings regarding the influence of acupuncture on cartilage

224 251

repair-=* and the efficacy of periosteal stimulation=- in patients with knee OA, it is possible
that the needles in the Foster et al (0.5 to 2.5cm*%), Chen et al (0.2 to 3cm?®) and Scharf et
al (0.5 to 3.5cm?®) trials were not inserted deep enough.

A meta-analysis concluded electroacupuncture is superior to manual acupuncture
for improving pain and function in knee OA.%% Eleven RCTs with 695 participants were
included. The meta-analysis indicated that electroacupuncture was more effective than
pharmacological treatment (RR=1.14; P=0.03) and manual acupuncture (RR=1.12; P=0.02)
for pain reduction and functional improvement in patients with knee OA. Likewise, in a
secondary analysis that pooled data from the Manheimer et al Cochrane review,?! Langevin
et al’®” concluded that electroacupuncture was superior to the use of manual acupuncture
(pooled effect of 5 trials; n=1215; p=0.042).28" Notably, this may be one reason why the

Foster et al'’® and Chen et al?®® studies found unfavorable results when investigating the

effects of acupuncture in knee OA.

Physiology of Electrical Dry Needling

According to Weiner et al, periosteal stimulation with needles inhibits peripheral
pain processing, stimulates local vasodilation and alters vascular sympathetics.>! More
specifically, electroacupuncture has been shown to activate A3, C and AP pain fibers,
facilitating diffuse noxious inhibitory control and gate control within the dorsal horn of the
spine.?88-2% Electroacupuncture has also been shown to facilitate endogenous anandamide,
increasing local opioid production while decreasing pro-inflammatory factors such as TNF-

a, IL-41 IL'6, IL‘8 and IL'10.227’291
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In addition, electroacupuncture can also cause the release of substance-P and CGRG
predominantly from non-neural structures, facilitating a negative feedback loop to neural
and neuroactive components of the target tissue.??2?% In the case of periosteal needling,
this may lead to decreased inflammation of the densely innervated periosteum. Notably,
CGREP in high quantities causes inflammation, but the concurrent release of substance-P
combined with electric stimulation in the vicinity of the periosteum may provide sustained,
low levels of CGRP required for an anti-inflammatory effect.?°*2°” CGRP also initiates a
cascade of events mediated by protein kinase A (PKA) in vascular smooth muscle, leading
to vasodilation.?®® Moreover, PKA stimulates nitric oxide synthase, increasing the
production of nitric oxide, thereby exaggerating the vasodilation effect.?® The improved
vasodilation enhances the microcirculation of degenerative joints, resulting in increased
opioid delivery and decreased inflammatory factors in the synovia.126:226

Limited evidence suggests that acupuncture may stimulate an increase in hyaluronic
acid, allowing the synovial fluid to better lubricate the joint.?®® Mechanical and electric
needle stimulation at, or close to, the periosteum may be particularly advantageous in joint
OA, as acupuncture has been shown to reduce IL-6 mMRNA expression in bone marrow,
limiting inflammation and inhibiting myelogenic osteoclast activity driving degeneration.3®

At a cellular level, electroacupuncture has been found to stimulate immune cells,
fibroblasts and keratinocytes to release CGRP and substance-P,?*® altering CGRP
stimulation of TTX receptors to reverse hyperalgesia.?®* Furthermore, acupuncture
encourages the supraoptic nucleus to release oxytocin to quiet ASIC receptors peripherally
and stimulate opioid interneurons spinally.3°:-3%  Moreover, acupuncture facilitates
mechanotransduction of fibroblasts and peripheral nerves via TRPV1®®* and P2X/Y-

mediated intercellular Ca®* wave propagation and subsequent activation of the nucleus
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accumbens, and this inhibits spinal pain transmission via glycinergic and opioidergic
interneurons.%3% The increased ATP is metabolized to adenosine, which activates P1
purinergic receptors, events considered key to acupuncture mediated analgesia and rho
kinase-based tissue remodeling.3%’

Electroacupuncture to local points at the knee has been found to modulate knee joint
microcirculation, significantly increase endogenous opioid levels, and significantly reduce
plasma cortisol levels.'?63% |n addition, electroacupuncture has been found to block the
local release of inflammatory cytokines (i.e. IL-1 B and TNF-o) in the synovia of
osteoarthritic joints?® and the systemic release of inflammatory factors in the

periaqueductal gray of the brain stem.??” Acupuncture may also stimulate an increase in

hyaluronic acid, allowing the synovial fluid to better lubricate the joint.?*

Mechanisms of Intra-articular Dry Needling

Given the physiologic mechanisms at play in periosteal needling, it is perhaps worth
noting that the needle insertions at the medial and lateral eye of the knee, consistent with
acupoints Xiyan and ST35, are widely considered the two most important points for knee
OA.2%-31 Taechaarpornkul et al. found that electroacupuncture performed only at the
medial and lateral eye of the knee resulted in equivalent therapeutic outcomes as a 6-point,
local needling protocol.3® While generally considered a precaution in the acupuncture
profession to contact bone or enter the joint capsule with the needle at these locations, the
angle and depth (25-30mm) of insertion described in most acupuncture textbooks®® is
consistent with the depth used by physicians to perform intra-articular joint injections.3'?

Therefore, acupuncture at these locations are likely intra, or at a minimum, peri-articular.’'®
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Moreover, needle insertions at the medial and lateral eye of the knee are at the joint line,
facilitating stimulation of the periosteum of the articulating bones at the source of
degeneration.®'® Needling at these locations also allows access to the anterior cutaneous
branch of the femoral nerve, the recurrent articular nerve from the common peroneal nerve
and the infrapatellar branch of the saphenous nerve along with the medial and lateral
anastomosis, connecting the superior medial and lateral genicular arteries. 31334
Interestingly, Liu et al. reported a quicker and more robust therapeutic effect after deep
needling with electricity at Xiyan and ST35 compared to more traditional, superficial
needling with electricity at the same locations.®!* Thus, needling at the medial and lateral
eye of the knee area may be particularly advantageous because of their close anatomical
relationship with peri-osteal, neural and vascular structures that support the knee and may

help explain the robust short-term and long-term outcomes reported in the present study.

Mechanisms and Effects of Periosteal Dry Needling

The underlying mechanisms as to why the electrical dry needling group in the
current study experienced greater improvements than the manual therapy and exercise
group remains to be elucidated. However, appropriate needle depth may be an important
component to consider when using dry needling therapies for knee joint OA. A number of
studies have demonstrated that periosteal needling, i.e., getting the needle close to the bone,
cartilage or joint line, or tapping the needle repeatedly on to the bone, leads to significant
and clinically meaningful improvements in pain and disability in hip and knee OA.2°1:315316
Periosteal needling is a needle technique originally described by Felix Mann that targets the

richly innervated periosteum of bone, typically with electric stimulation.®!’ Zhang et al?*
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recently reported significantly lower T2 values on MRI at the anteromedial and antero-
lateral tibial sub-regions of 100 knees following 20 minute sessions over 4 weeks of 7-
point, low frequency electroacupuncture; that is, electroacupuncture appears to play a role
in cartilage repair in individuals with knee OA.?** Similarly, 10 sessions of periosteal
electric stimulation (i.e. 4 acupuncture needles touching the bone of the tibiofemoral joint)
with monthly “booster” sessions have been found in the medium and long term (9 months
post treatment initiation) to significantly decrease WOMAC pain, stiffness and function
scores in patients with severe (i.e. Kellgren-Lawrence grade 3 or 4) knee OA.%!

A number of studies have attempted to delineate physiologic processes responsible
for pain reduction following acupuncture. While needling muscle tissue with trigger points
in an effort to elicit local twitch responses has been shown to reduce pain and inflammation
in the short-term,®331° it has also been found to systemically reduce pain by activating
opioid-based pain reduction??"320-322 that is mediated by endogenous cannabinoids?%%:323324
and the sympathetic nervous system,3?>32¢ and to activate non-opioid pain relief via
serotonin and norepinephrine pathways in the brain stem.?2:228288:327 Fyrther, acupuncture
triggers the HPA-axis centrally®?® and the CRH-POMC-corticosteroid axis locally®?® to
inhibit cox-2 and reduce inflammatory cytokines.

In the Cochrane review on acupuncture for knee OA, Manheimer et al?* compared
the effects of verum acupuncture with sham acupuncture, another active treatment, and
waitlist list from 12 randomized controlled trials. Although the effect of verum acupuncture
versus sham acupuncture was statistically significant in the short term and at 6 months, the
benefits were considered clinically irrelevant.?! Nevetheless, a subgroup analysis found the

effects of verum acupuncture were clinically relevant when compared to several active
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treatments and waitlist controls, and the authors suggest that patients with OA will find
meaningful benefits from acupuncture.?

In addition, and according to the study by Vickers et al* that evaluated data from
17,922 individual patients with non-specific back/neck pain, OA, shoulder pain or chronic
headache, acupuncture was found to be superior to sham acupuncture and no-acupuncture
controls. Notably, Vickers et al* concluded that while there are specific effects of
acupuncture beyond placebo, non-specific effects also exist. Furthermore, it should be
noted that several of the largest trials in this study had a sham intervention arm that likely
was active.>* Therefore, according to the findings of multiple trials and systematic reviews,

acupuncture demonstrates both effectiveness and efficacy for the treatment of pain.

Biochemical Changes Following Electrical Dry Needling

The physiological changes in OA have been well documented and are characterized
by degeneration of articular cartilage with osteophyte formation and subchondral plate
thickening.*® Yet, the pathogenesis and temporal relationship of subchondral bone damage,
chronic inflammation of synovial tissue, and cartilage erosion is largely unknown, and there
are currently no curative treatments for OA.1°

However, pro-inflammatory cytokines have been implicated as a major causal factor
of cartilage destruction and the inflammatory cascade, particularly involving Interleukin
(IL)-1p and tumor necrosis factor alpha (TNF-o)), among others.*°

Given that most occurrences of OA are mechanically based (i.e. “wear and tear”
related), it is ironic that manual therapy and exercise are useful in relieving pain and

disability.?”® Movement stimulates synthetic chondrocyte activity and internal tissue

117



remodeling, resulting in a reduction of proteoglycan synthesis and loss of cartilage.®3* As
Burr et al reported, intramuscular stimulation of the quadriceps in immobilized rabbit knees
resulted in a significant reduction of cartilage atrophy compared to controls.®*? However,
therapeutic modalities that decrease the spatial summation of nociceptive input associated
with low grade, C-fiber mediated chronic inflammation may also be useful in relieving
pain. As Schaible suggested, reducing peripheral inflammation to stop and or reverse
central mediated chronic changes may be key to effectively treating the pain associated
with osteoarthritis.®*® In this regard, dry needling may be a powerful intervention for
physical therapists to utilize in conjunction with exercise and manual therapy to additively
treat OA conditions.

The mechanical stimulation from needling without injectate has been shown to
cause the early release of substance P and CGRP from both neural and non-neural cells,
which may contribute to peripheral sensitization and inflammation.?®22% There are two
primary theories for the early increase in substance P and CGRP following acupuncture
(i.e. “needle puncture” or dry needling without injectate without the intent of moving Qi
along traditional Chinese acupuncture meridians). First, the additional neuropeptides
provided by non-neurologic sources could provide negative feedback onto auto receptors
located on nerve endings.?®® Second, the increase in substance P may function to regulate
peripheral levels of CGRP.?* The latter is particularly intriguing, given that CGRP has
been shown to propagate inflammation in high quantities but provides potent anti-
inflammatory actions in low concentrations via tetrodotoxin (TTX) channel inhibition.2%+2%

The fact that CGRP promotes inflammation acutely is somewhat of a paradox, as
the ability of CGRP to increase blood flow through vasodilation has been shown to

contribute to tissue healing.?®® Moreover, a study demonstrated that acupuncture is able to
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promote tendon healing via angiogenesis and fibroblast migration via CGRP release from
sensory nerve endings and mechanical stimulation of collagen fibers, respectively.®*33% In
short, CGRP causes vasodilation by binding to CGRP1 receptors on vascular smooth
muscle, resulting in the increase of phosphokinase-o. (PKA). The subsequent opening of K*
channels and reduction of Ca?* results in smooth muscle relaxation and vasodilation.?®® The
increase in PKA also stimulates nitric oxide synthase, an enzyme responsible for producing
nitric oxide, thereby enhancing the response.?® Zhang et al further hypothesized that
acupuncture may directly stimulate the sympathetic nervous system to release nitric oxide
by creating an “axon reflex” within densely innervated tissue.?*

The role of CGRP in OA is particularly counterintuitive, as the pain associated with
OA has been linked to an upregulation of vascular and neural tissue (with CGRP and
substance P) in the vicinity of joint structures that are typically aneural.®*® The CGRP
expression has been shown to increase in animals injected with monosodium iodoacetate, a
model of OA pain;*¥" however, the effects of acupuncture for OA have also been shown to
increase blood flow. While the effects of acupuncture on OA have yet to be fully realized, a
previous study demonstrated an equivalent positive outcome of needling at acupoint and
non-acupoint locations around the hip joint.® This finding suggests that acupuncture may
also provide a nonspecific effect in patients with OA.

Furthermore, many researchers articulate that the general effect of acupuncture for
patients with OA is due to increased blood flow to the peri and intra-articular tissues. For
example, following acupuncture, Lazaro et al found a significant increase in vasodilation
over the medial aspect of the knee.??® Since the vasodilation disappeared upon application
of L-NAME, a nitric oxide synthase inhibitor, the resulting change in vasodilation was

likely due to an increase in nitric oxide. Whether CGRP also plays a role has yet to be
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determined, but given the numerous studies that report an increase of CGRP post-
acupuncture and the potential for CGRP to mediate nitric oxide release from endothelial
cells,?®>2% jt is also a likely player in the vasodilation. Importantly, the vasodilation was
also inhibited by blocking neuromuscular junctions with succinylcholine, a nicotinic ACh
receptor blocker, suggesting that muscle contraction via electroacupuncture may be
required for CGRP and nitric oxide mediated vasodilation.??®

The increased blood flow likely has three primary effects on joints with OA. First,
while the role of microvascular restriction is unclear, a recent study by Hussain et al found
that patients with retinal arteriole narrowing were twice as likely to develop knee OA and
require a knee replacement.* This finding suggests that reduced microcirculation of the
knee is likely a factor in the development of OA, to include the muscles that surround the
joint. 33234 Similarly, Biberthaler et al found reduced microcirculation in degenerative
rotator cuff lesions.®*' That is, electroacupuncture/electrical dry needling may improve
vascularity of the joint via CGRP and nitric oxide, thereby inhibiting and/or reversing
symptoms associated with OA. Second, a number of studies have shown a significant
reduction in inflammatory cytokines in the synovial fluid of osteoarthritic joints following
acupuncture. The increased blood flow likely facilitates the recruitment of opioid producing
immune cells required to reduce the level of inflammatory cytokines.

Ahsin et al reported a significant increase in plasma B-endorphin levels after
electroacupuncture to local points at the knee that correlated with reductions in pain,
stiffness and disability, which is likely due to vasodilation.'?® Electroacupuncture further
blocks the local release of IL-1 B and TNF-a in the synovia of osteoarthritic joints??® and

the systemic release of IL-1 B and TNF-a by inhibiting melanocortin-4 in the

periaqueductal gray of the brain stem.??” Third, there is limited evidence suggesting
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acupuncture may stimulate an increase in hyaluronic acid, allowing the synovial fluid to
better lubricate the joint.??®® Therefore, acupuncture (i.e. dry needling without injectate, but
not for the purpose of moving gi along one traditional Chinese acupuncture meridians) may
be a viable and cost effective treatment for knee OA, especially when combined with
traditional physical therapy interventions such as exercise and non-thrust joint mobilization.
The total effects of most interventions consist of non-specific and specific effects.
Acupuncture and dry needling work to systemically reduce pain by activating opioid-based
pain reduction,??"-320321 mediated by endogenous cannabinoids?®123324 and the sympathetic
nervous system,?®32% and non-opioid pain relief via serotonin and norepinephrine from the
brain stem.??7228.288321 Dry needling also triggers the HPA-axis centrally®?® and the CRH-
POMC-corticosteroid axis locally®?® to inhibit COX-2, reducing inflammatory cytokines.
At a cellular level, electrical dry needling stimulates immune cells, fibroblasts and
keratinocytes to release CGRP and substance-P,%*® altering CGRP stimulation of TTX
receptors to reverse hyperalgesia.?®* It also encourages the supraoptic nucleus to release
oxytocin to quiet ASIC receptors peripherally and stimulate opioid interneurons
spinally.2°12% Mechanotransduction of fibroblasts and peripheral nerves via TRPV13% and
P2X/Y-mediated intercellular Ca?* wave propagation and subsequent activation of the
nucleus accumbens inhibits spinal pain transmission via glycinergic and opioidergic
interneurons.%3% The increased ATP is metabolized to adenosine, which activates P1
purinergic receptors, events considered key to dry needling analgesia and rho kinase-based
tissue remodeling.2” Even trigger point dry needling has been shown to reduce some of
biochemicals associated with pain and inflammation.3%342343 Specific to treatment for pain

due to knee OA, Ahsin et al'?® found significant increases in plasma B endorphin levels
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after electroacupuncture to local points at the knee that correlated with reductions in pain,

stiffness and disability, which is likely due to vasodilation.

Strengths and Limitations

Major strengths of the current study include the inclusion of a large sample size with
18 treating physical therapists from 18 clinics in 10 different geographical states, and the
use of the same standardized 9-point needling protocol and dosage parameters. However,
we only assessed mid-term follow-up; thus, we do not know if the significant between-
groups differences observed at 3 months would be sustained in the long-term. We also
cannot be certain that the results are generalizable to other dry needling protocols, dosages,
techniques or needle placements. Additionally, we did not include a dry needling placebo
group; which should be included in future studies. Lastly, therapist and patient treatment

preferences were not collected and could potentially affect the results.
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Study 2 - Plantar Fasciitis
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Findings

To our knowledge, this study is the first randomized clinical trial to investigate the
combined effectiveness of electrical dry needling in addition to manual therapy, exercise
and ultrasound in patients with PF. The results suggest that a mean of 6 sessions of manual
therapy, exercise, and ultrasound plus electrical dry needling, using an 8-point standardized
protocol targeting the foot locally at a frequency of 1-2 times per week over 4 weeks,
resulted in greater improvements in first step morning pain, resting heel pain, pain during
activity, function, medication intake, related-disability and foot health-related quality of life
than manual therapy, exercise and ultrasound alone. For the primary outcome of first step
morning pain, between-groups effect sizes were medium at 4 weeks and large at 3 months
in favor of the dry needling group. The between-groups difference for change in first step
pain, as measured by the NPRS (2.15 points, 95%CI 1.3, 3.0) exceeded the reported MCID
(i.e. 1.74%%° for the 0-10 NPRS in a variety of chronic pain conditions and 19 mm?* for the
0-100 VAS for first step pain in PF) at 3 months. In addition, for level of function (LEFS),
pain (FFI Pain Subscale), related-disability (FFI Disability Subscale) and foot health-
related quality of life (FFI Total), the point estimates for the between-groups change (LEFS
(9.26 points, 95%CI 4.2, 14.3); FFI Pain (13.83%, 6.0, 21.8); FFI Disability (12.0%, 3.7,
20.3); FFI Total (9.85%, 3.8, 16.0) also exceeded the respective MCID (i.e., 9 points2’® for
the LEFS; 12.3%%8! for FFI Pain; 6.7%2% for FFI Disability; 6.5%% for FFI Total) for
each of the measures at 3 months. Finally, the NNT suggests for every 2 patients treated
with electrical dry needling, rather than manual therapy, exercise and ultrasound alone, one
additional patient with plantar fasciitis achieves clinically important reductions in first step

pain and related-disability at 3 months follow-up.
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Similar to the findings of the current study, another randomized controlled trial of
patients with chronic PF reported a 69% reduction in foot pain and an 80% success rate
following 10 sessions of electroacupuncture over 5 weeks targeting the most tender points
over the medial plantar aspect of the calcaneus with 2 to 6 needles left in place for 30
minutes.? Likewise, a recent randomized controlled trial of 84 patients with PF reported
statistically significant differences in first-step pain and foot pain in favor of trigger point
dry needling over sham dry needling;*® nevetheless, neither the 14.4 mm improvement in
first-step pain nor the 10.0 point improvement on the pain subscale of the Foot Health
Status Questionnaire reported by Cochett et al*® exceeded the 19 mm?*® (VAS 0-100 mm)
and 13-point?** minimum clinically important difference (MCID), respectively. In addition,
the palpatory methods used by Cochett et al* to identify the location of target trigger
points, and therefore the entry point, angulation, and depth of needle insertion, have not yet
been found to possess accurate diagnostic validity®18:230 or acceptable inter-examiner
reliability®®130:158231 for muscles in the foot or lower leg.

The underlying mechanisms as to why the electrical dry needling group in our study
experienced greater improvements than the manual therapy, exercise and ultrasound alone
group remains to be elucidated. However, mechanical and electric periosteal stimulation,
peri-neural needling of the tibial and lateral plantar nerves, and the duration that the needles
are left in situ may be important components to consider when using dry needling therapies

in patients with PF.
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Periosteal Pecking at the Medial Tubercle of the Calcaneus

Although the etiology of PF remains unclear, the proximal attachment of the plantar
aponeurosis at the medial tubercle of the calcaneus is most often reported by patients as the
origin of symptoms and the site of greatest discomfort.°®2233 Moreover, 3 of the 5
previous studies on dry needling in patients with PF have specifically targeted the insertion
of the plantar fascia at or near the medial tubercle of the calcaneus.?**2% Therefore, for 1 of
the 8 mandatory needle placements, we used periosteal “pecking” or “peppering” to target
the enthesis, i.e. the interface between the periosteum and plantar aponeurosis and/or the
tendons of the flexor digitorum brevis and quadratus plantae,*°>¢ by tapping the needle
repeatedly onto or near the periosteum of the medial tubercle of the calcaneus bone as this
technique has been previously used and appears to be an important component of the
needling treatment in patients with PF.244-247

Periosteal “pecking” or “peppering”, via mutliple penetrations with dry needles at or
near the proximal attachment of the plantar fascia over the medial tubercle of the calcaneus,
is intended to stimulate microtrauma and local inflammation,®** augment the fibroblastic
reparative process,>*® increase the concentration and reorganization of collagen fibers,345-34
and mediate the proliferative and remodeling phase of healing at the interface between the
periosteum and plantar aponeurosis (i.e. enthesis or teno-osseus junction).4%-%! Periosteal
stimulation (i.e. pecking/peppering) has previously been performed in conjunction with
injection therapies for PF.242% |n the case of corticosteroid injections, peppering resulted
in significantly greater reductions in pain secondary to PF than corticosteroid injection

alone 246,247
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Similarly, another trial found that miniscalpel-needle release (“over the most painful
tender point at the medial calcaneal tubercle”) was superior to steroid injections in the short
and long-term (1-, 6- and 12-months) for improving first step morning pain in patients with
chronic recalcitrant PF.#” Additionally, for the management of OA of the knee and/or hip, a
number of studies demonstrated that periosteal needling leads to greater improvements in

pain and disability than superficial needling approaches targeting muscle tissues.?%315316

Peri-neural Needling

Importantly, a number of needle points that targeted peri-neural tissue associated
with the posterior tibial nerve and lateral plantar nerve were used in our dry needling
protocol, which provides the sensory innervation to the medial tubercle of the calcaneus.®>?2
A study found ultrasound-guided pulsed-radio frequency energy of the posterior tibial
nerve to be a useful strategy for improving pain and tissue thickness secondary to PF.33 In
a separate study, Arslan et al also reported that pulsed-radio frequency ablation of the
lateral plantar nerve is an effective technique for reducing pain associated with PF.34
While peri-neural needling of the posterior tibial nerve and the proximal medial and lateral
plantar nerve was not enough to achieve full pain relief in 18 patients with chronic PF, Tillu
and Gupta noted that 61% of patients reported a reduction in pain after only 4 treatments,3>®
Thus, a comprehensive dry needling approach for PF should likely consider peri-neural

tissue associated with the condition.
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Duration of Needle Placement

Aside from one cohort study that treated PF people with a single lidocaine injection
in which the needle was immediately removed upon dispensing the injectate,?** other
studies have left the needles in place for 5 minutes,* 15 minutes,*? 20 minutes, %% and
30 minutes.> Notably, Cotchett et al*® left the needles in place for a much shorter duration
than the others (15-30 minutes®2%¢237) and did not target the insertion of the plantar fascia
at or near the medial tubercle of the calcaneus;?423¢3% hence, this may be one reason why
the between-groups difference in first-step pain intensity in the current study (i.e. 2.15
points on the 0-10 NPRS) exceeded the MCID, whereas the between-groups difference (i.e.
14.4 mm on the 0-100 VAS) in first-step pain (the primary outcome measure at the primary
end point of 6-weeks) reported by Cotchett et al*® did not exceed the minimum MCID for
that measure. 8240 |t is perhaps worth noting that one of the most robust trials to date on
the use of electroacupuncture for chronic PF inserted needles at the anteromedial aspect of
the heel (i.e. at the location of greatest tenderness) and left the needles in situ for 30min.
Following 5 weeks of convention treatment, including stretching exercises, orthotics and
rescue meds plus 10 sessions of electroacupuncture, twice weekly, the authors reported an
80% success rate in treating chronic refractory PF vs a 13.3% success rate in a group only

receiving convention treatment.>
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Periosteal Needling and Tissue Repair

Periosteal needling may also help to augment a fibroblastic reparative response as it
has been preiovusly discussed.?#9:303%-358  The plantar fascia is fibrous connective tissue
consisting primarily of type | collagen fibers, a primary component of tendons and
ligaments, and is a key player in wound healing and tissue repair.>"3%3%3 Similar to the
common extensor tendon in lateral epicondylalgia,®** the plantar fascia has been shown to
soften in patients with PF.3653%¢ However, a recent study by Kim et al reported a significant
hardening of the plantar fascia via sonoelastography following collagen injections in the
vicinity of the medial calcaneal tubercle, which was associated with improvements in VAS
in PF.3! Notably, a number of studies have also demonstrated mechanotransduction of
fibroblasts via needle manipulation®%37-3"1 ‘which leads to an increased concentration and
reorganization of collagen fibers and mediates the proliferative and remodeling phase of

healing.34%-31

Rationale for Electrical Dry Needling

Electrical dry needling has been found to cause the release of substance-P and
CGRG predominantly from non-neural structures, facilitating a negative feedback loop to
neural and neuroactive components of the target tissue.?®2?® In the case of periosteal
needling, this may lead to decreased inflammation of the densely innervated periosteum,
I.e. at the proximal attachment of the plantar aponeurosis at the medial tubercle of the
calcaneus which is most frequently reported by patients as the origin of symptoms and the

site of greatest discomfort.
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Notably, CGRP in high quantities causes inflammation, but the concurrent release
of substance-P combined with electric stimulation in the vicinity of the periosteum may
provide sustained, low levels of CGRP required for a anti-inflammatory and therefore anti-
nociceptive effect.?%42%” CGRP also initiates a cascade of events mediated by protein kinase
A (PKA) in vascular smooth muscle, leading to vasodilation.?®® Moreover, PKA stimulates
nitric oxide synthase, increasing the production of nitric oxide, thereby exaggerating the
vasodilation effect.?®® The improved vasodilation may improve the microcirculation in the
plantar foot, resulting in increased opioid delivery and decreased inflammatory factors in
the vicinity of the plantar aponeurosis.'?%?26 Mechanical and electric needle stimulation
close to the periosteum of bone may be particularly advantageous, as acupuncture has been
shown to reduce IL-6 mMRNA expression in bone marrow, thereby limiting inflammation,

and inhibiting myelogenic osteoclast activity driving degeneration.®

Strengths and Limitations

Major strengths of the current study include the inclusion of a large sample size with
10 treating physical therapists from 10 clinics in 6 different geographical states, and the use
of the same standardized 8-point needling protocol and dosage paramenters. However, we
only assessed mid-term follow-up; thus, we do not know if the significant between-groups
differences observed at 3 months would be sustained in the long-term. We also cannot be
certain that the results are generalizable to other needling protocols, dosages, techniques or

needle placements.
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The results of the current PhD thesis include the following conclusions:

1. Patients with painful knee OA who received manual therapy, exercise and electrical
dry needling experienced significantly greater improvements in pain intensity,
related-disability, stiffness, physical function, and medication intake as compared to

patients with painful knee OA receiving manual therapy and exercise alone.

2. Patients with plantar fasciitis who received manual therapy, exercise and ultrasound
plus electrical dry needling experienced significantly greater improvements in first
step morning pain intensity, resting heel pain, pain during activity, function, related-
disability and foot health-related quality of life, and medication intake as compared

to the group that received manual therapy, exercise and ultrasound alone.

135



136



References

137



138



References

1.

Zhang Y, Jordan JM. Epidemiology of osteoarthritis. Clin Geriatr Med.
2010;26(3):355-369.

Kobayashi S, Pappas E, Fransen M, Refshauge K, Simic M. The prevalence of
patellofemoral osteoarthritis: a systematic review and meta-analysis. Osteoarthritis
Cartilage. 2016;24(10):1697-1707.

Cross M, Smith E, Hoy D, et al. The global burden of hip and knee osteoarthritis:
estimates from the global burden of disease 2010 study. Ann Rheum Dis.
2014;73(7):1323-1330.

Martel-Pelletier J. Pathophysiology of osteoarthritis. Osteoarthritis Cartilage.
1999;7(4):371-373.

Carter DR, Beaupre GS, Wong M, Smith RL, Andriacchi TP, Schurman DJ. The
mechanobiology of articular cartilage development and degeneration. Clin Orthop
Relat Res. 2004(427 Suppl):S69-77.

Ene R, Sinescu RD, Ene P, Cirstoiu MM, Cirstoiu FC. Synovial inflammation in
patients with different stages of knee osteoarthritis. Rom J Morphol Embryol.
2015;56(1):169-173.

Altman R, Asch E, Bloch D, et al. Development of criteria for the classification and
reporting of osteoarthritis. Classification of osteoarthritis of the knee. Diagnostic
and Therapeutic Criteria Committee of the American Rheumatism Association.
Arthritis Rheum. 1986;29(8):1039-1049.

Altman RD. Criteria for classification of clinical osteoarthritis. J Rheumatol Suppl.

1991:27:10-12.

139



10.

11.

12.

13.

14.

15.

16.

Fransen M, McConnell S, Harmer AR, Van der Esch M, Simic M, Bennell KL.
Exercise for osteoarthritis of the knee. Cochrane Database Syst Rev.
2015;1:CD004376.

Kapoor M, Martel-Pelletier J, Lajeunesse D, Pelletier JP, Fahmi H. Role of
proinflammatory cytokines in the pathophysiology of osteoarthritis. Nat Rev
Rheumatol. 2011;7(1):33-42.

Michael JW, Schluter-Brust KU, Eysel P. The epidemiology, etiology, diagnosis,
and treatment of osteoarthritis of the knee. Dtsch Arztebl Int. 2010;107(9):152-162.
Hsu C, Sherman KJ, Eaves ER, et al. New perspectives on patient expectations of
treatment outcomes: results from qualitative interviews with patients seeking
complementary and alternative medicine treatments for chronic low back pain.
BMC Complement Altern Med. 2014;14:276.

Pound P, Britten N, Morgan M, et al. Resisting medicines: a synthesis of qualitative
studies of medicine taking. Soc Sci Med. 2005;61(1):133-155.

Jansen MJ, Viechtbauer W, Lenssen AF, Hendriks EJ, de Bie RA. Strength training
alone, exercise therapy alone, and exercise therapy with passive manual
mobilisation each reduce pain and disability in people with knee osteoarthritis: a
systematic review. J Physiother. 2011;57(1):11-20.

Smidt N, de Vet HC, Bouter LM, et al. Effectiveness of exercise therapy: a best-
evidence summary of systematic reviews. Aust J Physiother. 2005;51(2):71-85.

van Baar ME, Assendelft WJ, Dekker J, Oostendorp RA, Bijlsma JW. Effectiveness
of exercise therapy in patients with osteoarthritis of the hip or knee: a systematic

review of randomized clinical trials. Arthritis Rheum. 1999;42(7):1361-1369.

140



17.

18.

19.

20.

21.

22.

23.

24.

Thomas KS, Miller P, Doherty M, Muir KR, Jones AC, O'Reilly SC. Cost
effectiveness of a two-year home exercise program for the treatment of knee pain.
Arthritis Rheum. 2005;53(3):388-394.

Hay EM, Foster NE, Thomas E, et al. Effectiveness of community physiotherapy
and enhanced pharmacy review for knee pain in people aged over 55 presenting to
primary care: pragmatic randomised trial. Bmj. 2006;333(7576):995.

Corbett MS, Rice SJ, Madurasinghe V, et al. Acupuncture and other physical
treatments for the relief of pain due to osteoarthritis of the knee: network meta-
analysis. Osteoarthritis Cartilage. 2013;21(9):1290-1298.

Hochberg MC, Altman RD, April KT, et al. American College of Rheumatology
2012 recommendations for the use of nonpharmacologic and pharmacologic
therapies in osteoarthritis of the hand, hip, and knee. Arthritis Care Res (Hoboken).
2012;64(4):465-474.

Manheimer E, Cheng K, Linde K, et al. Acupuncture for peripheral joint
osteoarthritis. The Cochrane database of systematic reviews. 2010(1):CD001977.
Zhang W, Moskowitz RW, Nuki G, et al. OARSI recommendations for the
management of hip and knee osteoarthritis, Part 1I: OARSI evidence-based, expert
consensus guidelines. Osteoarthritis Cartilage. 2008;16(2):137-162.

Lin X, Huang K, Zhu G, Huang Z, Qin A, Fan S. The Effects of Acupuncture on
Chronic Knee Pain Due to Osteoarthritis: A Meta-Analysis. J Bone Joint Surg Am.
2016;98(18):1578-1585.

Ezzo J, Hadhazy V, Birch S, et al. Acupuncture for osteoarthritis of the knee: a

systematic review. Arthritis Rheum. 2001;44(4):819-825.

141



25.

26.

217.

28.

29.

30.

31.

White A, Foster NE, Cummings M, Barlas P. Acupuncture treatment for chronic
knee pain: a systematic review. Rheumatology (Oxford). 2007;46(3):384-390.

Deyle GD, Allison SC, Matekel RL, et al. Physical therapy treatment effectiveness
for osteoarthritis of the knee: a randomized comparison of supervised clinical
exercise and manual therapy procedures versus a home exercise program. Phys
Ther. 2005;85(12):1301-1317.

lijima H, Ito A, Nagai M, et al. Physiological exercise loading suppresses post-
traumatic osteoarthritis progression via an increase in bone morphogenetic proteins
expression in an experimental rat knee model. Osteoarthritis Cartilage.
2017;25(6):964-975.

Deyle GD, Henderson NE, Matekel RL, Ryder MG, Garber MB, Allison SC.
Effectiveness of manual physical therapy and exercise in osteoarthritis of the knee.
A randomized, controlled trial. Ann Intern Med. 2000;132(3):173-181.

Zhang SL, Liu HQ, Xu XZ, Zhi J, Geng JJ, Chen J. Effects of exercise therapy on
knee joint function and synovial fluid cytokine levels in patients with knee
osteoarthritis. Mol Med Rep. 2013;7(1):183-186.

Bennell KL, Hunt MA, Wrigley TV, et al. Hip strengthening reduces symptoms but
not knee load in people with medial knee osteoarthritis and varus malalignment: a
randomised controlled trial. Osteoarthritis Cartilage. 2010;18(5):621-628.

Bennell K, Dobson F. Review: Exercise interventions improve pain and function in
people with knee osteoarthritis compared with no exercise. Evid Based Nurs.

2014;17(4):109.

142



32.

33.

34.

35.

36.

37.

38.

Roos EM, Herzog W, Block JA, Bennell KL. Muscle weakness, afferent sensory
dysfunction and exercise in knee osteoarthritis. Nat Rev Rheumatol. 2011;7(1):57-
63.

de Rooij M, van der Leeden M, Cheung J, et al. Efficacy of Tailored Exercise
Therapy on Physical Functioning in Patients With Knee Osteoarthritis and
Comorbidity: A Randomized Controlled Trial. Arthritis Care Res (Hoboken).
2017;69(6):807-816.

Knoop J, Steultjens MP, Roorda LD, et al. Improvement in upper leg muscle
strength underlies beneficial effects of exercise therapy in knee osteoarthritis:
secondary analysis from a randomised controlled trial. Physiotherapy.
2015;101(2):171-177.

Pisters MF, Veenhof C, Schellevis FG, De Bakker DH, Dekker J. Long-term
effectiveness of exercise therapy in patients with osteoarthritis of the hip or knee: a
randomized controlled trial comparing two different physical therapy interventions.
Osteoarthritis Cartilage. 2010;18(8):1019-1026.

Bartholdy C, Juhl C, Christensen R, Lund H, Zhang W, Henriksen M. The role of
muscle strengthening in exercise therapy for knee osteoarthritis: A systematic
review and meta-regression analysis of randomized trials. Semin Arthritis Rheum.
2017;47(1):9-21.

Crawford F. Plantar heel pain and fasciitis. Clin Evid. 2005(13):1533-1545.

Riddle DL, Schappert SM. Volume of ambulatory care visits and patterns of care
for patients diagnosed with plantar fasciitis: a national study of medical doctors.

Foot Ankle Int. 2004;25(5):303-310.

143



39.

40.

41.

42.

43.

44,

45.

46.

Tong KB, Furia J. Economic burden of plantar fasciitis treatment in the United
States. Am J Orthop (Belle Mead NJ). 2010;39(5):227-231.

Lemont H, Ammirati KM, Usen N. Plantar fasciitis: a degenerative process
(fasciosis) without inflammation. J Am Podiatr Med Assoc. 2003;93(3):234-237.
Grasel RP, Schweitzer ME, Kovalovich AM, et al. MR imaging of plantar fasciitis:
edema, tears, and occult marrow abnormalities correlated with outcome. AJR Am J
Roentgenol. 1999;173(3):699-701.

Cleland JA, Abbott JH, Kidd MO, et al. Manual physical therapy and exercise
versus electrophysical agents and exercise in the management of plantar heel pain: a
multicenter randomized clinical trial. J Orthop Sports Phys Ther. 2009;39(8):573-
585.

Renan-Ordine R, Alburquerque-Sendin F, de Souza DP, Cleland JA, Fernandez-de-
Las-Penas C. Effectiveness of myofascial trigger point manual therapy combined
with a self-stretching protocol for the management of plantar heel pain: a
randomized controlled trial. J Orthop Sports Phys Ther. 2011;41(2):43-50.

Thomas JL, Christensen JC, Kravitz SR, et al. The diagnosis and treatment of heel
pain: a clinical practice guideline-revision 2010. J Foot Ankle Surg. 2010;49(3
Suppl):S1-19.

Cotchett MP, Munteanu SE, Landorf KB. Effectiveness of trigger point dry
needling for plantar heel pain: a randomized controlled trial. Phys Ther.
2014;94(8):1083-1094.

Fraser JJ, Glaviano NR, Hertel J. Utilization of Physical Therapy Intervention
Among Patients With Plantar Fasciitis in the United States. J Orthop Sports Phys

Ther. 2017;47(2):49-55.
144



47.

48.

49.

50.

51.

52.

53.

54.

55.

Li S, Shen T, Liang Y, Zhang Y, Bai B. Miniscalpel-Needle versus Steroid
Injection for Plantar Fasciitis: A Randomized Controlled Trial with a 12-Month
Follow-Up. Evid Based Complement Alternat Med. 2014;2014:164714.

Kamonseki DH, Goncalves GA, Yi LC, Junior IL. Effect of stretching with and
without muscle strengthening exercises for the foot and hip in patients with plantar
fasciitis: A randomized controlled single-blind clinical trial. Man Ther. 2016;23:76-
82.

Shashua A, Flechter S, Avidan L, Ofir D, Melayev A, Kalichman L. The effect of
additional ankle and midfoot mobilizations on plantar fasciitis: a randomized
controlled trial. J Orthop Sports Phys Ther. 2015;45(4):265-272.

McMillan AM, Landorf KB, Gregg JM, De Luca J, Cotchett MP, Menz HB.
Hyperemia in plantar fasciitis determined by power Doppler ultrasound. J Orthop
Sports Phys Ther. 2013;43(12):875-880.

Chen H, Ho HM, Ying M, Fu SN. Association between plantar fascia vascularity
and morphology and foot dysfunction in individuals with chronic plantar fasciitis. J
Orthop Sports Phys Ther. 2013;43(10):727-734.

Chen CM, Chen JS, Tsai WC, Hsu HC, Chen KH, Lin CH. Effectiveness of device-
assisted ultrasound-guided steroid injection for treating plantar fasciitis. Am J Phys
Med Rehabil. 2013;92(7):597-605.

Kumnerddee W, Pattapong N. Efficacy of electro-acupuncture in chronic plantar
fasciitis: a randomized controlled trial. Am J Chin Med. 2012;40(6):1167-1176.
Grieve R, Palmer S. Physiotherapy for plantar fasciitis: a UK-wide survey of current
practice. Physiotherapy. 2017;103(2):193-200.

Orchard J. Plantar fasciitis. Bmj. 2012;345:e6603.
145



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Petraglia F, Ramazzina I, Costantino C. Plantar fasciitis in athletes: diagnostic and
treatment strategies. A systematic review. Muscles Ligaments Tendons J.
2017;7(1):107-118.

Li Z, Xia C, Yu A, Qi B. Ultrasound- versus palpation-guided injection of
corticosteroid for plantar fasciitis: a meta-analysis. PL0oS One. 2014;9(3):e92671.
Martin RL, Davenport TE, Reischl SF, et al. Heel pain-plantar fasciitis: revision
2014. J Orthop Sports Phys Ther. 2014;44(11):A1-33.

De Garceau D, Dean D, Requejo SM, Thordarson DB. The association between
diagnosis of plantar fasciitis and Windlass test results. Foot Ankle Int.
2003;24(3):251-255.

Singh D, Angel J, Bentley G, Trevino SG. Fortnightly review. Plantar fasciitis. Bmj.
1997;315(7101):172-175.

Irving DB, Cook JL, Menz HB. Factors associated with chronic plantar heel pain: a
systematic review. J Sci Med Sport. 2006;9(1-2):11-22; discussion 23-14.

Shama SS, Kominsky SJ, Lemont H. Prevalence of non-painful heel spur and its
relation to postural foot position. J Am Podiatry Assoc. 1983;73(3):122-123.

Akfirat M, Sen C, Gunes T. Ultrasonographic appearance of the plantar fasciitis.
Clin Imaging. 2003;27(5):353-357.

Rosenbaum AJ, DiPreta JA, Misener D. Plantar heel pain. Med Clin North Am.
2014;98(2):339-352.

Labovitz JM, Yu J, Kim C. The role of hamstring tightness in plantar fasciitis. Foot

Ankle Spec. 2011;4(3):141-144.

146



66.

67.

68.

69.

70.

71.

72.

73.

McPoil TG, Martin RL, Cornwall MW, Wukich DK, Irrgang JJ, Godges JJ. Heel
pain--plantar fasciitis: clinical practice guildelines linked to the international
classification of function, disability, and health from the orthopaedic section of the
American Physical Therapy Association. J Orthop Sports Phys Ther.
2008;38(4):A1-A18.

Crawford F, Thomson C. Interventions for treating plantar heel pain. Cochrane
Database Syst Rev. 2003(3):CD000416.

Myburgh C, Larsen AH, Hartvigsen J. A systematic, critical review of manual
palpation for identifying myofascial trigger points: evidence and clinical
significance. Arch Phys Med Rehabil. 2008;89(6):1169-1176.

Ajimsha MS, Binsu D, Chithra S. Effectiveness of myofascial release in the
management of plantar heel pain: a randomized controlled trial. Foot (Edinb).
2014;24(2):66-71.

Saban B, Deutscher D, Ziv T. Deep massage to posterior calf muscles in
combination with neural mobilization exercises as a treatment for heel pain: a pilot
randomized clinical trial. Man Ther. 2014;19(2):102-108.

Mischke JJ, Jayaseelan DJ, Sault JD, Emerson Kavchak AJ. The symptomatic and
functional effects of manual physical therapy on plantar heel pain: a systematic
review. J Man Manip Ther. 2017;25(1):3-10.

Sweeting D, Parish B, Hooper L, Chester R. The effectiveness of manual stretching
in the treatment of plantar heel pain: a systematic review. J Foot Ankle Res.
2011;4:19.

Huffer D, Hing W, Newton R, Clair M. Strength training for plantar fasciitis and the

intrinsic foot musculature: A systematic review. Phys Ther Sport. 2017;24:44-52.
147



74.

75.

76.

77.

78.

79.

80.

81.

82.

Rathleff MS, Molgaard CM, Fredberg U, et al. High-load strength training improves
outcome in patients with plantar fasciitis: A randomized controlled trial with 12-
month follow-up. Scand J Med Sci Sports. 2015;25(3):e292-300.

Twarowska N, Niemierzycka A. Effectiveness of using ultrasound therapy and
manual therapy in the conservative treatment of calcaneal spur — pilot study.
Postepy Rehabilitacji. 2015;2:63-74.

Yu H, Randhawa K, Cote P, Optima C. The Effectiveness of Physical Agents for
Lower-Limb Soft Tissue Injuries: A Systematic Review. J Orthop Sports Phys
Ther. 2016;46(7):523-554.

Higgins P. Common Clinical Treatment of Plantar Fasciitis: A Survey of Physical
Therapists Practicing in the Northeast Region of the United States. Journal of Novel
Physiotherapies. 2012;2(8):1-4.

Watson T. Ultrasound in contemporary physiotherapy practice. Ultrasonics.
2008;48(4):321-329.

Goff JD, Crawford R. Diagnosis and treatment of plantar fasciitis. Am Fam
Physician. 2011;84(6):676-682.

Assad S, Ahmad A, Kiani I, Ghani U, Wadhera V, Tom TN. Novel and
Conservative Approaches Towards Effective Management of Plantar Fasciitis.
Cureus. 2016;8(12):€913.

Celik D, Kus G, Sirma SO. Joint Mobilization and Stretching Exercise vs Steroid
Injection in the Treatment of Plantar Fasciitis: A Randomized Controlled Study.
Foot Ankle Int. 2016;37(2):150-156.

Sellman JR. Plantar fascia rupture associated with corticosteroid injection. Foot

Ankle Int. 1994;15(7):376-381.
148



83.

84.

85.

86.

87.

88.

89.

90.

91.

Acevedo JI, Beskin JL. Complications of plantar fascia rupture associated with
corticosteroid injection. Foot Ankle Int. 1998;19(2):91-97.

Tahririan MA, Motififard M, Tahmasebi MN, Siavashi B. Plantar fasciitis. J Res
Med Sci. 2012;17(8):799-804.

Sun J, Gao F, Wang Y, Sun W, Jiang B, Li Z. Extracorporeal shock wave therapy is
effective in treating chronic plantar fasciitis: A meta-analysis of RCTs. Medicine
(Baltimore). 2017;96(15):e6621.

Speed CA, Nichols D, Wies J, et al. Extracorporeal shock wave therapy for plantar
fasciitis. A double blind randomised controlled trial. J Orthop Res. 2003;21(5):937-
940.

Marks W, Jackiewicz A, Witkowski Z, Kot J, Deja W, Lasek J. Extracorporeal
shock-wave therapy (ESWT) with a new-generation pneumatic device in the
treatment of heel pain. A double blind randomised controlled trial. Acta Orthop
Belg. 2008;74(1):98-101.

Schmitz C, Csaszar NB, Milz S, et al. Efficacy and safety of extracorporeal shock
wave therapy for orthopedic conditions: a systematic review on studies listed in the
PEDro database. Br Med Bull. 2015;116:115-138.

Chiew SK, Ramasamy TS, Amini F. Effectiveness and relevant factors of platelet-
rich plasma treatment in managing plantar fasciitis: A systematic review. J Res Med
Sci. 2016;21:38.

Johnson RJ. New innovations in sports medicine: good for the patient or good for
the pocketbook? Curr Sports Med Rep. 2010;9(4):191-193.

Ahmad J, Ahmad SH, Jones K. Treatment of Plantar Fasciitis With Botulinum

Toxin. Foot Ankle Int. 2017;38(1):1-7.
149



92.

93.

94.

95.

96.

97.

98.

99.

100.

Elizondo-Rodriguez J, Araujo-Lopez Y, Moreno-Gonzalez JA, Cardenas-Estrada E,
Mendoza-Lemus O, Acosta-Olivo C. A comparison of botulinum toxin a and
intralesional steroids for the treatment of plantar fasciitis: a randomized, double-
blinded study. Foot Ankle Int. 2013;34(1):8-14.

Casanueva B, Rivas P, Rodero B, Quintial C, Llorca J, Gonzalez-Gay MA. Short-
term improvement following dry needle stimulation of tender points in
fibromyalgia. Rheumatol Int. 2013.

Manheimer E, White A, Berman B, Forys K, Ernst E. Meta-analysis: acupuncture
for low back pain. Ann Intern Med. 2005;142(8):651-663.

Gunn CC, Milbrandt WE, Little AS, Mason KE. Dry needling of muscle motor
points for chronic low-back pain: a randomized clinical trial with long-term follow-
up. Spine (Phila Pa 1976). 1980;5(3):279-291.

Lewit K. The needle effect in the relief of myofascial pain. Pain. 1979;6(1):83-90.
Dunning J, Butts R, Mourad F, Young I, Flannagan S, Perreault T. Dry needling: a
literature review with implications for clinical practice guidelines. Phys Ther Rev.
2014;19(4):252-265.

Neal BS, Longbottom J. Is there a role for acupuncture in the treatment of
tendinopathy? Acupunct Med. 2012;30(4):346-349.

Speed CA. Injection therapies for soft-tissue disorders. Best Pract Res Clin
Rheumatol. 2003;17(1):167-181.

Speed CA. Injection therapies for soft-tissue lesions. Best Pract Res Clin

Rheumatol. 2007;21(2):333-347.

150



101.

102.

103.

104.

105.

106.

107.

108.

Melchart D, Linde K, Fischer P, et al. Acupuncture for recurrent headaches: a
systematic review of randomized controlled trials. Cephalalgia. 1999;19(9):779-
786; discussion 765.

Melchart D, Linde K, Streng A, et al. Acupuncture Randomized Trials (ART) in
patients with migraine or tension-type headache--design and protocols. Forsch
Komplementarmed Klass Naturheilkd. 2003;10(4):179-184.

Melchart D, Thormaehlen J, Hager S, Liao J, Linde K, Weidenhammer W.
Acupuncture versus placebo versus sumatriptan for early treatment of migraine
attacks: a randomized controlled trial. J Intern Med. 2003;253(2):181-188.
Molsberger AF, Mau J, Pawelec DB, Winkler J. Does acupuncture improve the
orthopedic management of chronic low back pain--a randomized, blinded,
controlled trial with 3 months follow up. Pain. 2002;99(3):579-587.

Trinh K, Graham N, Gross A, et al. Acupuncture for neck disorders. Spine (Phila
Pa 1976). 2007;32(2):236-243.

Witt C, Brinkhaus B, Jena S, et al. Acupuncture in patients with osteoarthritis of the
knee: a randomised trial. Lancet. 2005;366(9480):136-143.

Witt CM, Jena S, Brinkhaus B, Liecker B, Wegscheider K, Willich SN.
Acupuncture in patients with osteoarthritis of the knee or hip: a randomized,
controlled trial with an additional nonrandomized arm. Arthritis Rheum.
2006;54(11):3485-3493.

Witt CM, Jena S, Brinkhaus B, Liecker B, Wegscheider K, Willich SN.

Acupuncture for patients with chronic neck pain. Pain. 2006;125(1-2):98-106.

151



109.

110.

111.

112.

113.

114.

115.

116.

Witt CM, Jena S, Selim D, et al. Pragmatic randomized trial evaluating the clinical
and economic effectiveness of acupuncture for chronic low back pain. Am J
Epidemiol. 2006;164(5):487-496.

Foster NE, Thomas E, Barlas P, et al. Acupuncture as an adjunct to exercise based
physiotherapy for osteoarthritis of the knee: randomised controlled trial. Bmj.
2007;335(7617):436.

Foster NE, Thomas E, Hill JC, Hay EM. The relationship between patient and
practitioner expectations and preferences and clinical outcomes in a trial of exercise
and acupuncture for knee osteoarthritis. Eur J Pain. 2010;14(4):402-409.

Tillu A, Gupta S. Effect of acupuncture treatment on heel pain due to plantar
fasciitis. Acupunct Med. 1998;16(2):66-68.

Vickers AJ, Rees RW, Zollman CE, et al. Acupuncture for chronic headache in
primary care: large, pragmatic, randomised trial. Bmj. 2004;328(7442):744.

White P, Lewith G, Prescott P, Conway J. Acupuncture versus placebo for the
treatment of chronic mechanical neck pain: a randomized, controlled trial. Ann
Intern Med. 2004;141(12):911-919.

Whitehurst DG, Bryan S, Hay EM, Thomas E, Young J, Foster NE. Cost-
effectiveness of acupuncture care as an adjunct to exercise-based physical therapy
for osteoarthritis of the knee. Phys Ther. 2011;91(5):630-641.

Wonderling D, Vickers AJ, Grieve R, McCarney R. Cost effectiveness analysis of a
randomised trial of acupuncture for chronic headache in primary care. Bmj.

2004,328(7442):747.

152



117.

118.

119.

120.

121.

122.

123.

124.

Irnich D, Behrens N, Molzen H, et al. Randomised trial of acupuncture compared
with conventional massage and "sham" laser acupuncture for treatment of chronic
neck pain. Bmj. 2001;322(7302):1574-1578.

Savigny P, Watson P, Underwood M. Early management of persistent non-specific
low back pain: summary of NICE guideline. British Medical Journal.
2009;338(June):1441-1445.

Vas J, Mendez C, Perea-Milla E, et al. Acupuncture as a complementary therapy to
the pharmacological treatment of osteoarthritis of the knee: randomised controlled
trial. Bmj. 2004;329(7476):1216.

Tough EA, White AR, Cummings TM, Richards SH, Campbell JL. Acupuncture
and dry needling in the management of myofascial trigger point pain: a systematic
review and meta-analysis of randomised controlled trials. Eur J Pain. 2009;13(1):3-
10.

Cummings TM, White AR. Needling therapies in the management of myofascial
trigger point pain: a systematic review. Arch Phys Med Rehabil. 2001;82(7):986-
992.

Fishman LM, Dombi GW, Michaelsen C, et al. Piriformis syndrome: diagnosis,
treatment, and outcome--a 10-year study. Arch Phys Med Rehabil. 2002;83(3):295-
301.

Ingber RS. Shoulder impingement in tennis/racquetball players treated with
subscapularis myofascial treatments. Arch Phys Med Rehabil. 2000;81(5):679-682.
Rha DW, Shin JC, Kim YK, Jung JH, Kim YU, Lee SC. Detecting local twitch
responses of myofascial trigger points in the lower-back muscles using

ultrasonography. Arch Phys Med Rehabil. 2011;92(10):1576-1580 e1571.
153



125.

126.

127.

128.

129.

130.

131.

132.

Shah JP, Danoff JV, Desai MJ, et al. Biochemicals associated with pain and
inflammation are elevated in sites near to and remote from active myofascial trigger
points. Arch Phys Med Rehabil. 2008;89(1):16-23.

Ahsin S, Saleem S, Bhatti AM, lles RK, Aslam M. Clinical and endocrinological
changes after electro-acupuncture treatment in patients with osteoarthritis of the
knee. Pain. 2009;147(1-3):60-66.

Irnich D, Behrens N, Gleditsch JM, et al. Immediate effects of dry needling and
acupuncture at distant points in chronic neck pain: results of a randomized, double-
blind, sham-controlled crossover trial. Pain. 2002;99(1-2):83-89.

Mavrommatis CI, Argyra E, Vadalouka A, Vasilakos DG. Acupuncture as an
adjunctive therapy to pharmacological treatment in patients with chronic pain due to
osteoarthritis of the knee: a 3-armed, randomized, placebo-controlled trial. Pain.
2012;153(8):1720-1726.

Napadow V, Kettner N, Liu J, et al. Hypothalamus and amygdala response to
acupuncture stimuli in Carpal Tunnel Syndrome. Pain. 2007;130(3):254-266.

Sciotti VM, Mittak VL, DiMarco L, et al. Clinical precision of myofascial trigger
point location in the trapezius muscle. Pain. 2001;93(3):259-266.

Vas J, Aranda JM, Modesto M, et al. Acupuncture in patients with acute low back
pain: a multicentre randomised controlled clinical trial. Pain. 2012;153(9):1883-
1889.

Berman BM, Lao L, Langenberg P, Lee WL, Gilpin AM, Hochberg MC.
Effectiveness of acupuncture as adjunctive therapy in osteoarthritis of the knee: a

randomized, controlled trial. Ann Intern Med. 2004;141(12):901-910.

154



133.

134.

135.

136.

137.

138.

139.

140.

141.

Chou R, Qaseem A, Snow V, et al. Diagnosis and treatment of low back pain: a
joint clinical practice guideline from the American College of Physicians and the
American Pain Society. Ann Intern Med. 2007;147(7):478-491.

Manheimer E, Linde K, Lao L, Bouter LM, Berman BM. Meta-analysis:
acupuncture for osteoarthritis of the knee. Ann Intern Med. 2007;146(12):868-877.
Scharf HP, Mansmann U, Streitberger K, et al. Acupuncture and knee osteoarthritis:
a three-armed randomized trial. Ann Intern Med. 2006;145(1):12-20.

Allais G, De Lorenzo C, Quirico PE, et al. Acupuncture in the prophylactic
treatment of migraine without aura: a comparison with flunarizine. Headache.
2002;42(9):855-861.

Coeytaux RR, Kaufman JS, Kaptchuk TJ, et al. A randomized, controlled trial of
acupuncture for chronic daily headache. Headache. 2005;45(9):1113-1123.

Berman BM, Singh BB, Lao L, et al. A randomized trial of acupuncture as an
adjunctive therapy in osteoarthritis of the knee. Rheumatology (Oxford).
1999;38(4):346-354.

Kamanli A, Kaya A, Ardicoglu O, Ozgocmen S, Zengin FO, Bayik Y. Comparison
of lidocaine injection, botulinum toxin injection, and dry needling to trigger points
in myofascial pain syndrome. Rheumatol Int. 2005;25(8):604-611.

Kwon YD, Pittler MH, Ernst E. Acupuncture for peripheral joint osteoarthritis: a
systematic review and meta-analysis. Rheumatology (Oxford). 2006;45(11):1331-
1337.

Eisenberg DM, Post DE, Davis RB, et al. Addition of choice of complementary
therapies to usual care for acute low back pain: a randomized controlled trial. Spine

(Phila Pa 1976). 2007;32(2):151-158.
155



142.

143.

144,

145.

146.

147.

148.

149.

150.

Furlan AD, van Tulder M, Cherkin D, et al. Acupuncture and dry-needling for low
back pain: an updated systematic review within the framework of the cochrane
collaboration. Spine (Phila Pa 1976). 2005;30(8):944-963.

Garvey TA, Marks MR, Wiesel SW. A prospective, randomized, double-blind
evaluation of trigger-point injection therapy for low-back pain. Spine (Phila Pa
1976). 1989;14(9):962-964.

Giles LG, Muller R. Chronic spinal pain: a randomized clinical trial comparing
medication, acupuncture, and spinal manipulation. Spine (Phila Pa 1976).
2003;28(14):1490-1502; discussion 1502-1493.

Johnston BC, da Costa BR, Devereaux PJ, Akl EA, Busse JW. The use of expertise-
based randomized controlled trials to assess spinal manipulation and acupuncture
for low back pain: a systematic review. Spine (Phila Pa 1976). 2008;33(8):914-918.
Yuan J, Purepong N, Kerr DP, Park J, Bradbury I, McDonough S. Effectiveness of
acupuncture for low back pain: a systematic review. Spine (Phila Pa 1976).
2008;33(23):E887-900.

Furlan AD, van Tulder MW, Cherkin DC, et al. Acupuncture and dry-needling for
low back pain. Cochrane Database Syst Rev. 2005(1):CD001351.

Green S, Buchbinder R, Hetrick S. Acupuncture for shoulder pain. Cochrane
Database Syst Rev. 2005(2):CD005319.

Brinkhaus B, Witt C, Jena S, et al. Interventions and physican characteristics in a
randomized multicenter trial of acupuncture in patients with low-back pain. The
Journal of alternative and complementary medicine. 2006;12(7):649-657.

Brinkhaus B, Witt CM, Jena S, et al. Acupuncture in patients with chronic low back

pain: a randomized controlled trial. Arch Intern Med. 2006;166(4):450-457.
156



151.

152.

153.

154.

155.

156.

157.

158.

Ga H, Choi JH, Park CH, Yoon HJ. Acupuncture needling versus lidocaine
injection of trigger points in myofascial pain syndrome in elderly patients--a
randomised trial. Acupunct Med. 2007;25(4):130-136.

Haslam R. A comparison of acupuncture with advice and exercises on the
symptomatic treatment of osteoarthritis of the hip--a randomised controlled trial.
Acupunct Med. 2001;19(1):19-26.

Kumnerddee W, Kaewtong A. Efficacy of acupuncture versus night splinting for
carpal tunnel syndrome: a randomized clinical trial. J Med Assoc Thai.
2010;93(12):1463-1469.

Smith P, Mosscrop D, Davies S, Sloan P, Al-Ani Z. The efficacy of acupuncture in
the treatment of temporomandibular joint myofascial pain: a randomised controlled
trial. J Dent. 2007;35(3):259-267.

Yang CP, Hsieh CL, Wang NH, et al. Acupuncture in patients with carpal tunnel
syndrome: A randomized controlled trial. Clin J Pain. 2009;25(4):327-333.

Zhang S, Yip T, Li Q. Acupuncture treatment for plantar fasciitis: a randomized
controlled trial with six months follow-up. Evidence-based complementary and
alternative medicine. 2009;20(11):1-10.

Cotchett MP, Landorf KB, Munteanu SE. Effectiveness of dry needling and
injections of myofascial trigger points associated with plantar heel pain: a
systematic review. J Foot Ankle Res. 2010;3:18.

Lucas N, Macaskill P, Irwig L, Moran R, Bogduk N. Reliability of physical
examination for diagnosis of myofascial trigger points: a systematic review of the

literature. Clin J Pain. 2009;25(1):80-89.

157



159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Tough EA, White A. Effectiveness of acupuncture/dry needling for myofascial
trigger point pain--a systematic review. Physical therapy reviews. 2011;16(2):147-
154.

Trinh KV, Graham N, Gross AR, et al. Acupuncture for neck disorders. Cochrane
Database Syst Rev. 2006(3):CD004870.

Airaksinen O, Brox JI, Cedraschi C, et al. Chapter 4. European guidelines for the
management of chronic nonspecific low back pain. Eur Spine J. 2006;15 Suppl
2:5192-300.

van Tulder M, Becker A, Bekkering T, et al. Chapter 3. European guidelines for the
management of acute nonspecific low back pain in primary care. Eur Spine J.
2006;15 Suppl 2:5169-191.

Zhou K, Ma Y, Brogan MS. Dry needling versus acupuncture: the ongoing debate.
Acupunct Med. 2015;33(6):485-490.

Rathnayake T. Back pain (low): acupuncture and dry needling. Evidence Summaries
- Joanna Briggs Institute. 2009.

Moffet H. Traditional acupuncture theories yield null outcomes: a systematic review
of clinical trials. Journal of clinical epidemiology. 2008;61:741-747.

Deadman P, Al-Khafaji M, Baker K. A manual of acupuncture. 2nd ed. Hove, East
Sussex, UK: Journal of Chinese Medicine Publications; 2011.

O'Conner J, Bensky D. Acupuncture: a comprehensive text. Seattle, WA: Eastland
Press; 1981.

Tough EA, White A. Effectiveness of acupuncture/dry needling for myofascial

trigger point pain—a systematic review. Phys Ther Rev. 2011;16(2):147-54.

158



169.

170.

171.

172.

173.

174.

175.

Tough EA, White AR, Cummings TM, Richards SH, Campbell JL. Acupuncture
and dry needling in the management of myofascial trigger point pain: a systematic
review and meta-analysis of randomised controlled trials. Eur J Pain. 2009;13(1):3-
10.

Hong CZ. Lidocaine injection versus dry needling to myofascial trigger point. The
importance of the local twitch response. Am J Phys Med Rehabil. 1994;73(4):256-
263.

Kamanli A, Kaya A, Ardicoglu O, Ozgocmen S, Zengin FO, Bayik Y. Comparison
of lidocaine injection, botulinum toxin injection, and dry needling to trigger points
in myofascial pain syndrome. Rheumatol Int. 2005;25(8):604-611.

Franca DL, Senna-Fernandes V, Cortez CM, Jackson MN, Bernardo-Filho M,
Guimaraes MA. Tension neck syndrome treated by acupuncture combined with
physiotherapy: a comparative clinical trial (pilot study). Complement Ther Med.
2008;16(5):268-277.

Ga H, Choi JH, Park CH, Yoon HJ. Acupuncture needling versus lidocaine
injection of trigger points in myofascial pain syndrome in elderly patients--a
randomised trial. Acupunct Med. 2007;25(4):130-136.

Ga H, Choi JH, Park CH, Yoon HJ. Dry needling of trigger points with and without
paraspinal needling in myofascial pain syndromes in elderly patients. J Altern
Complement Med. 2007;13(6):617-624.

Ga H, Koh HJ, Choi JH, Kim CH. Intramuscular and nerve root stimulation vs
lidocaine injection to trigger points in myofascial pain syndrome. J Rehabil Med.

2007;39(5):374-378.

159



176.

177.

178.

179.

180.

181.

182.

183.

Itoh K, Katsumi Y, Hirota S, Kitakoji H. Randomised trial of trigger point
acupuncture compared with other acupuncture for treatment of chronic neck pain.
Complement Ther Med. 2007;15(3):172-179.

Cotchett MP, Landorf KB, Munteanu SE. Effectiveness of dry needling and
injections of myofascial trigger points associated with plantar heel pain: a
systematic review. J Foot Ankle Res. 2010;3:18.

Ebrahim AHM, Ahmed GM, Elsayed E, Sarhan R. Effect of electroacupuncture
TENS, stretching exercises, and prefabricated insole in patients with plantar fasciits.
Sci J Al-Azhar Med Univ. 2007;28(3):1-10.

Perez-Millan R, Foster L. Low-frequency electroacupuncture in the management of
refractory plantar fasciitis: a case-series. Med Acupunct. 2001;13(1):1-7.

Vas J, White A. Evidence from RCTs on optimal acupuncture treatment for knee
osteoarthritis--an exploratory review. Acupunct Med. 2007;25(1-2):29-35.

Tough EA, White AR, Richards S, Campbell J. Variability of criteria used to
diagnose myofascial trigger point pain syndrome--evidence from a review of the
literature. Clin J Pain. 2007;23(3):278-286.

Whitehurst DG, Bryan S, Hay EM, Thomas E, Young J, Foster NE. Cost-
effectiveness of acupuncture care as an adjunct to exercise-based physical therapy
for osteoarthritis of the knee. Phys Ther. 2011;91(5):630-641.

Berman BM, Lao L, Langenberg P, Lee WL, Gilpin AM, Hochberg MC.
Effectiveness of acupuncture as adjunctive therapy in osteoarthritis of the knee: a

randomized, controlled trial. Ann Intern Med. 2004;141(12):901-910.

160



184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

Berman BM, Singh BB, Lao L, et al. A randomized trial of acupuncture as an
adjunctive therapy in osteoarthritis of the knee. Rheumatology (Oxford).
1999;38(4):346-354.

Ezzo J, Hadhazy V, Birch S, et al. Acupuncture for osteoarthritis of the knee: a
systematic review. Arthritis Rheum. 2001;44(4):819-825.

Kwon YD, Pittler MH, Ernst E. Acupuncture for peripheral joint osteoarthritis: a
systematic review and meta-analysis. Rheumatology (Oxford). 2006;45(11):1331-
1337.

Manheimer E, Cheng K, Linde K, et al. Acupuncture for peripheral joint
osteoarthritis. Cochrane Database Syst Rev. 2010(1):CD001977.

Manheimer E, Linde K, Lao L, Bouter LM, Berman BM. Meta-analysis:
acupuncture for osteoarthritis of the knee. Ann Intern Med. 2007;146(12):868-877.
Scharf HP, Mansmann U, Streitberger K, et al. Acupuncture and knee osteoarthritis:
a three-armed randomized trial. Ann Intern Med. 2006;145(1):12-20.

Khosrawi S, Moghtaderi A, Haghighat S. Acupuncture in treatment of carpal tunnel
syndrome: A randomized controlled trial study. J Res Med Sci. 2012;17(1):1-7.
Kumnerddee W, Kaewtong A. Efficacy of acupuncture versus night splinting for
carpal tunnel syndrome: a randomized clinical trial. J Med Assoc Thai.
2010;93(12):1463-1469.

Yang CP, Hsieh CL, Wang NH, et al. Acupuncture in patients with carpal tunnel
syndrome: A randomized controlled trial. Clin J Pain. 2009;25(4):327-333.

Yang CP, Wang NH, Li TC, et al. A randomized clinical trial of acupuncture versus
oral steroids for carpal tunnel syndrome: a long-term follow-up. J Pain.

2011;12(2):272-279.
161



194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

Napadow V, Liu J, Li M, et al. Somatosensory cortical plasticity in carpal tunnel
syndrome treated by acupuncture. Hum Brain Mapp. 2007;28(3):159-171.
Stockman R. The Causes and Treatment of Chronic Rheumatism. Br Med J.
1904;1(2252):477-479.

Steindler A. The interpretation of sciatic radiation and the syndrome of low-back
pain. J Bone Joint Surg Am. 1940;22:28-34.

Melzack R, Stillwell DM, Fox EJ. Trigger points and acupuncture points for pain:
correlations and implications. Pain. 1977;3(1):3-23.

Travell JG, Simons DG. Myofascial Pain and Dysfunction: The Trigger Point
Manual. Vol 1. Baltimore, MD: Williams & Wilkins; 1983.

Dorsher, P. and J. Fleckenstein, Trigger Points and Classical Acupuncture Points.
Deutsche Zeitschrift fuer Akupunktur, 2009. 1(52): p. 9-14.

Dorsher, P.T., Myofascial referred-pain data provide physiologic evidence of
acupuncture meridians. J Pain, 2009. 10(7): p. 723-31.

Peter T. Dorsher. The Journal of Alternative and Complementary Medicine. May
2008, 14(4): 353-359.

Lucas N, Macaskill P, Irwig L, Moran R, Bogduk N. Reliability of physical
examination for diagnosis of myofascial trigger points: a systematic review of the
literature. Clin J Pain. 2009;25(1):80-89.

Lew PC, Lewis J, Story I. Inter-therapist reliability in locating latent myofascial
trigger points using palpation. Man Ther. 1997;2(2):87-90.

Myburgh C, Larsen AH, Hartvigsen J. A systematic, critical review of manual
palpation for identifying myofascial trigger points: evidence and clinical

significance. Arch Phys Med Rehabil. 2008;89(6):1169-1176.
162



205.

206.

207.

208.

209.

210.

211.

212.

Tough EA, White AR, Richards S, Campbell J. Variability of criteria used to
diagnose myofascial trigger point pain syndrome--evidence from a review of the
literature. Clin J Pain. 2007;23(3):278-286.

Myburgh C, Lauridsen HH, Larsen AH, Hartvigsen J. Standardized manual
palpation of myofascial trigger points in relation to neck/shoulder pain; the
influence of clinical experience on inter-examiner reproducibility. Man Ther.
2011;16(2):136-140.

Zhu H, Most H. Dry Needling in One Type of Acupuncture. Medical Acupuncture.
Volume 28, Number 4, 2016.

Paxton K. Whether licensed physical therapists are authorized to practice trigger
point dry needling. Austin, TX: Attorney General; 2016:KP-0082.

Doyle J. Spinal manipulation and spinal adjustment by physical therapists. Madison,
WI: Attorney General; 2001:0AG 1-01.

Zhang W, Nuki G, Moskowitz RW, et al. OARSI recommendations for the
management of hip and knee osteoarthritis: part I11: Changes in evidence following
systematic cumulative update of research published through January 20009.
Osteoarthritis Cartilage. 2010;18(4):476-499.

Witt CM, Jena S, Brinkhaus B, Liecker B, Wegscheider K, Willich SN.
Acupuncture in patients with osteoarthritis of the knee or hip: a randomized,
controlled trial with an additional nonrandomized arm. Arthritis Rheum.
2006;54(11):3485-3493.

Cao L, Zhang XL, Gao YS, Jiang Y. Needle acupuncture for osteoarthritis of the
knee. A systematic review and updated meta-analysis. Saudi Med J.

2012;33(5):526-532.
163



213.

214.

215.

216.

217.

218.

219.

220.

221.

Vas J, White A. Evidence from RCTs on optimal acupuncture treatment for knee
osteoarthritis--an exploratory review. Acupunct Med. 2007;25(1-2):29-35.

Vickers AJ, Cronin AM, Maschino AC, et al. Acupuncture for chronic pain:
individual patient data meta-analysis. Arch Intern Med. 2012;172(19):1444-1453.
Effectiveness of Acupuncture for Pain and Osteoarthritis: The Evidence in Full;
https://osteopractor.wordpress.com/2015/08/07/effectiveness-of-acupuncture-for-
pain-management-and-knee-osteoarthritis-the-evidence/. Accessed August 15,
2018.

Bauml J, Xie SX, Farrar JT, et al. Expectancy in real and sham electroacupuncture:
does believing make it so? J Natl Cancer Inst Monogr. 2014;2014(50):302-307.
Dincer F, Linde K. Sham interventions in randomized clinical trials of acupuncture-
-a review. Complement Ther Med. 2003;11(4):235-242.

Lundeberg T, Lund 1. Treatment recommendations should take account of
individual patient variation not just group responses. Acupunct Med. 2009;27(1):31-
32.

Corbett MS, Rice SJ, Madurasinghe V, et al. Acupuncture and other physical
treatments for the relief of pain due to osteoarthritis of the knee: network meta-
analysis. Osteoarthritis Cartilage. 2013;21(9):1290-1298.

Zhao ZQ. Neural mechanism underlying acupuncture analgesia. Prog Neurobiol.
2008;85(4):355-375.

MacPherson H, White A, Cummings M, et al. Standards for reporting interventions
in controlled trials of acupuncture: The STRICTA recommendations. STandards for
Reporting Interventions in Controlled Trails of Acupuncture. Acupunct Med.

2002;20(1):22-25.
164



222.

223.

224.

225.

226.

227.

228.

229.

Hinman RS, McCrory P, Pirotta M, et al. Acupuncture for chronic knee pain: a
randomized clinical trial. Jama. 2014;312(13):1313-1322.

Zhang W, Moskowitz RW, Nuki G, et al. OARSI recommendations for the
management of hip and knee osteoarthritis, Part 1I: OARSI evidence-based, expert
consensus guidelines. Osteoarthritis Cartilage. 2008;16(2):137-162.

Zhang Y, Bao F, Wang Y, Wu Z. Influence of acupuncture in treatment of knee
osteoarthritis and cartilage repairing. Am J Transl Res. 2016;8(9):3995-4002.

Loaiza LA, Yamaguchi S, Ito M, Ohshima N. Electro-acupuncture stimulation to
muscle afferents in anesthetized rats modulates the blood flow to the knee joint
through autonomic reflexes and nitric oxide. Auton Neurosci. 2002;97(2):103-1009.
Huang J, Zhuo LS, Wang YY, et al. [Effects of electroacupuncture on synovia IL-
1beta and TNF-alpha contents in the rabbit with knee osteoarthritis]. Zhen Ci Yan
Jiu. 2007;32(2):115-118.

Zhang R, Lao L, Ren K, Berman BM. Mechanisms of acupuncture-
electroacupuncture on persistent pain. Anesthesiology. 2014;120(2):482-503.

Li A, Wang Y, Xin J, et al. Electroacupuncture suppresses hyperalgesia and spinal
Fos expression by activating the descending inhibitory system. Brain Res.
2007;1186:171-179.

He C, Ma H. Effectiveness of trigger point dry needling for plantar heel pain: a
meta-analysis of seven randomized controlled trials. J Pain Res. 2017;10:1933-

1942.

165



230.

231.

232.

233.

234.

235.

236.

237.

238.

Myburgh C, Lauridsen HH, Larsen AH, Hartvigsen J. Standardized manual
palpation of myofascial trigger points in relation to neck/shoulder pain; the
influence of clinical experience on inter-examiner reproducibility. Man Ther.
2011;16(2):136-140.

Lew PC, Lewis J, Story I. Inter-therapist reliability in locating latent myofascial
trigger points using palpation. Man Ther. 1997;2(2):87-90.

Roxas M. Plantar fasciitis: diagnosis and therapeutic considerations. Altern Med
Rev. 2005;10(2):83-93.

Wearing SC, Smeathers JE, Urry SR, Hennig EM, Hills AP. The pathomechanics of
plantar fasciitis. Sports Med. 2006;36(7):585-611.

Imamura M, Fischer A, Imamura S, Kaziyama H, Carvalho A, Salomao O.
Treatment of myofascial pain components in plantar fasciitis speeds up recovery:
documentation by algometry. Journal of musculoskeletal pain. 1998.

Kumnerddee W, Pattapong N. Efficacy of electro-acupuncture in chronic plantar
fasciitis: a randomized controlled trial. Am J Chin Med. 2012;40(6):1167-1176.
Perez-Millan R, Foster L. Low-frequency electroacupuncture in the management of
refractory plantar fasciitis: a case-series. Medical Acupuncture. 2001;13(1):1-7.
Ebrahim A, Ahmed G, Elsayed E, Sarhan R. Effect of electroacupuncture TENS,
stretching exercises, and prefabricated insole in patients with plantar fasciits. The
Scientific Journal of Al-Azhar Medical University. 2007;28(3):1-10.

Copay AG, Subach BR, Glassman SD, Polly DW, Jr., Schuler TC. Understanding
the minimum clinically important difference: a review of concepts and methods.

Spine J. 2007:7(5):541-546.

166



239.

240.

241.

242.

243.

244,

245.

246.

247.

Beaton DE, Bombardier C, Katz JN, et al. Looking for important change/differences
in studies of responsiveness. OMERACT MCID Working Group. Outcome
Measures in Rheumatology. Minimal Clinically Important Difference. J Rheumatol.
2001;28(2):400-405.

Beaton DE. Understanding the relevance of measured change through studies of
responsiveness. Spine (Phila Pa 1976). 2000;25(24):3192-3199.

Cotchett MP, Landorf KB, Munteanu SE, Raspovic AM. Consensus for dry
needling for plantar heel pain (plantar fasciitis): a modified Delphi study. Acupunct
Med. 2011;29(3):193-202.

Cotchett MP, Munteanu SE, Landorf KB. Effectiveness of trigger point dry
needling for plantar heel pain: a randomized controlled trial. Phys Ther.
2014;94(8):1083-1094.

Landorf KB, Radford JA, Hudson S. Minimal Important Difference (MID) of two
commonly used outcome measures for foot problems. J Foot Ankle Res. 2010;3:7.
Ang TW. The effectiveness of corticosteroid injection in the treatment of plantar
fasciitis. Singapore Med J. 2015;56(8):423-432.

Kim E, Lee JH. Autologous platelet-rich plasma versus dextrose prolotherapy for
the treatment of chronic recalcitrant plantar fasciitis. PM R. 2014;6(2):152-158.
Kiter E, Celikbas E, Akkaya S, Demirkan F, Kilic BA. Comparison of injection
modalities in the treatment of plantar heel pain: a randomized controlled trial. J Am
Podiatr Med Assoc. 2006;96(4):293-296.

Kalaci A, Cakici H, Hapa O, Yanat AN, Dogramaci Y, Sevinc TT. Treatment of
plantar fasciitis using four different local injection modalities: a randomized

prospective clinical trial. J Am Podiatr Med Assoc. 2009;99(2):108-113.
167



248.

249.

250.

251.

252.

253.

254.

255.

256.

Zwarenstein M, Treweek S, Gagnier JJ, et al. Improving the reporting of pragmatic
trials: an extension of the CONSORT statement. Bmj. 2008;337:a2390.

Kong J, Gollub R, Huang T, et al. Acupuncture de qgi, from qualitative history to
quantitative measurement. J Altern Complement Med. 2007;13(10):1059-1070.
Zhou W, Benharash P. Significance of "Deqi™ response in acupuncture treatment:
myth or reality. J Acupunct Meridian Stud. 2014;7(4):186-189.

Weiner DK, Moore CG, Morone NE, Lee ES, Kent Kwoh C. Efficacy of periosteal
stimulation for chronic pain associated with advanced knee osteoarthritis: a
randomized, controlled clinical trial. Clin Ther. 2013;35(11):1703-1720 e1705.
Zhang Q, Yue J, Lu Y. Acupuncture treatment for chronic knee pain: study by
Hinman et al underestimates acupuncture efficacy. Acupunct Med. 2015;33(2):170.
Mata J, Cabrera S, Sanchis P, et al. Electro-acupuncture for treatment of knee pain
from osteoarthritis and the possible endocrinology changes: a study protocol for a
randomized controlled trial. Trials. 2015;16:248.

Sangdee C, Teekachunhatean S, Sananpanich K, et al. Electroacupuncture versus
diclofenac in symptomatic treatment of osteoarthritis of the knee: a randomized
controlled trial. BMC Complement Altern Med. 2002;2:3.

Menz HB. Analysis of paired data in physical therapy research: time to stop double-
dipping? J Orthop Sports Phys Ther. 2005;35(8):477-478.

Sun Y, Sturmer T, Gunther KP, Brenner H. Reliability and validity of clinical
outcome measurements of osteoarthritis of the hip and knee--a review of the

literature. Clin Rheumatol. 1997;16(2):185-198.

168



257.

258.

259.

260.

261.

262.

263.

Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation study
of WOMAC: a health status instrument for measuring clinically important patient
relevant outcomes to antirheumatic drug therapy in patients with osteoarthritis of
the hip or knee. J Rheumatol. 1988;15(12):1833-1840.

McConnell S, Kolopack P, Davis AM. The Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC): a review of its utility and
measurement properties. Arthritis Rheum. 2001;45(5):453-461.

Angst F, Aeschlimann A, Stucki G. Smallest detectable and minimal clinically
important differences of rehabilitation intervention with their implications for
required sample sizes using WOMAC and SF-36 quality of life measurement
instruments in patients with osteoarthritis of the lower extremities. Arthritis Rheum.
2001;45(4):384-391.

Williams VJ, Piva SR, Irrgang JJ, Crossley C, Fitzgerald GK. Comparison of
reliability and responsiveness of patient-reported clinical outcome measures in knee
osteoarthritis rehabilitation. J Orthop Sports Phys Ther. 2012;42(8):716-723.
Abbott JH, Hobbs C, Moa Trial T. The ShortMAC: Minimum Important Change of
a Reduced Version of the WOMAC Osteoarthritis Index. J Orthop Sports Phys
Ther. 2017:1-16.

Jensen MP, Karoly P, Braver S. The measurement of clinical pain intensity: a
comparison of six methods. Pain. 1986;27(1):117-126.

Cleland JA, Childs JD, Whitman JM. Psychometric properties of the Neck
Disability Index and Numeric Pain Rating Scale in patients with mechanical neck

pain. Arch Phys Med Rehabil. 2008;89(1):69-74.

169



264.

265.

266.

267.

268.

269.

270.

271.

Young IA, Cleland JA, Michener LA, Brown C. Reliability, construct validity, and
responsiveness of the neck disability index, patient-specific functional scale, and
numeric pain rating scale in patients with cervical radiculopathy. Am J Phys Med
Rehabil. 2010;89(10):831-839.

Farrar JT, Young JP, Jr., LaMoreaux L, Werth JL, Poole RM. Clinical importance
of changes in chronic pain intensity measured on an 11-point numerical pain rating
scale. Pain. 2001;94(2):149-158.

Salaffi F, Stancati A, Silvestri CA, Ciapetti A, Grassi W. Minimal clinically
important changes in chronic musculoskeletal pain intensity measured on a
numerical rating scale. Eur J Pain. 2004;8(4):283-291.

Jaeschke R, Singer J, Guyatt GH. Measurement of health status. Ascertaining the
minimal clinically important difference. Control Clin Trials. 1989;10(4):407-415.
Carlesso LC, Macdermid JC, Santaguida LP. Standardization of adverse event
terminology and reporting in orthopaedic physical therapy: application to the
cervical spine. J Orthop Sports Phys Ther. 2010;40(8):455-463.

Rubin LH, Witkiewitz K, Andre JS, Reilly S. Methods for Handling Missing Data
in the Behavioral Neurosciences: Don't Throw the Baby Rat out with the Bath
Water. J Undergrad Neurosci Educ. 2007;5(2):A71-77.

McClinton SM, Cleland JA, Flynn TW. Predictors of response to physical therapy
intervention for plantar heel pain. Foot Ankle Int. 2015;36(4):408-416.

Young B, Walker MJ, Strunce J, Boyles R. A combined treatment approach
emphasizing impairment-based manual physical therapy for plantar heel pain: a case

series. J Orthop Sports Phys Ther. 2004;34(11):725-733.

170



272.

273.

274.

275.

276.

277.

278.

279.

Grecco MV, Brech GC, Greve JM. One-year treatment follow-up of plantar
fasciitis: radial shockwaves vs. conventional physiotherapy. Clinics (Sao Paulo).
2013;68(8):1089-1095.

Hjermstad MJ, Fayers PM, Haugen DF, et al. Studies comparing Numerical Rating
Scales, Verbal Rating Scales, and Visual Analogue Scales for assessment of pain
intensity in adults: a systematic literature review. J Pain Symptom Manage.
2011;41(6):1073-1093.

Williamson A, Hoggart B. Pain: a review of three commonly used pain rating
scales. J Clin Nurs. 2005;14(7):798-804.

Martin RL, Irrgang JJ. A survey of self-reported outcome instruments for the foot
and ankle. J Orthop Sports Phys Ther. 2007;37(2):72-84.

Binkley JM, Stratford PW, Lott SA, Riddle DL. The Lower Extremity Functional
Scale (LEFS): scale development, measurement properties, and clinical application.
North American Orthopaedic Rehabilitation Research Network. Phys Ther.
1999;79(4):371-383.

Watson CJ, Propps M, Ratner J, Zeigler DL, Horton P, Smith SS. Reliability and
responsiveness of the lower extremity functional scale and the anterior knee pain
scale in patients with anterior knee pain. J Orthop Sports Phys Ther.
2005;35(3):136-146.

Budiman-Mak E, Conrad KJ, Roach KE. The Foot Function Index: a measure of
foot pain and disability. J Clin Epidemiol. 1991;44(6):561-570.

Budiman-Mak E, Conrad KJ, Mazza J, Stuck RM. A review of the foot function

index and the foot function index - revised. J Foot Ankle Res. 2013;6(1):5.

171



280.

281.

282.

283.

284.

285.

286.

287.

Landorf KB. Reliability of the foot function index: a report of the AOFAS
outcomes committee. Foot Ankle Int. 2006;27(10):867-868.

Landorf KB, Radford JA. Minimal important difference: values for the Foot Health
Status Questionnaire, Foot Function Index and Visual Analogue Scale. Foot.
2008;18(1):15-19.

Schmitt J, Abbott JH. Global ratings of change do not accurately reflect functional
change over time in clinical practice. J Orthop Sports Phys Ther. 2015;45(2):106-
111, D101-103.

Looney B, Srokose T, Fernandez-de-las-Penas C, Cleland JA. Graston instrument
soft tissue mobilization and home stretching for the management of plantar heel
pain: a case series. J Manipulative Physiol Ther. 2011;34(2):138-142.

Drake M, Bittenbender C, Boyles RE. The short-term effects of treating plantar
fasciitis with a temporary custom foot orthosis and stretching. J Orthop Sports Phys
Ther. 2011;41(4):221-231.

Chen LX, Mao JJ, Fernandes S, et al. Integrating acupuncture with exercise-based
physical therapy for knee osteoarthritis: a randomized controlled trial. J Clin
Rheumatol. 2013;19(6):308-316.

Chen N, Wang J, Mucelli A, Zhang X, Wang C. Electro-Acupuncture is Beneficial
for Knee Osteoarthritis: The Evidence from Meta-Analysis of Randomized
Controlled Trials. Am J Chin Med. 2017;45(5):965-985.

Langevin HM, Schnyer R, MacPherson H, et al. Manual and electrical needle
stimulation in acupuncture research: pitfalls and challenges of heterogeneity. J

Altern Complement Med. 2015;21(3):113-128.

172



288.

289.

290.

291.

292.

293.

294.

295.

296.

Cagnie B, Dewitte V, Barbe T, Timmermans F, Delrue N, Meeus M. Physiologic
effects of dry needling. Curr Pain Headache Rep. 2013;17(8):348.

Guo ZL, Longhurst JC. Activation of reciprocal pathways between arcuate nucleus
and ventrolateral periaqueductal gray during electroacupuncture: involvement of
VGLUTS3. Brain Res. 2010;1360:77-88.

Zhang Y, Zhang RX, Zhang M, et al. Electroacupuncture inhibition of hyperalgesia
in an inflammatory pain rat model: involvement of distinct spinal serotonin and
norepinephrine receptor subtypes. Br J Anaesth. 2012;109(2):245-252.

Su TF, Zhang LH, Peng M, et al. Cannabinoid CB2 receptors contribute to
upregulation of beta-endorphin in inflamed skin tissues by electroacupuncture. Mol
Pain. 2011;7:98.

Erin N, Ulusoy O. Differentiation of neuronal from non-neuronal Substance P.
Regul Pept. 2009;152(1-3):108-113.

Zhang ZJ, Wang XM, McAlonan GM. Neural acupuncture unit: a new concept for
interpreting effects and mechanisms of acupuncture. Evid Based Complement
Alternat Med. 2012;2012:429412.

Bullock CM, Kelly S. Calcitonin gene-related peptide receptor antagonists: beyond
migraine pain--a possible analgesic strategy for osteoarthritis? Curr Pain Headache
Rep. 2013;17(11):375.

Zijlstra FJ, van den Berg-de Lange I, Huygen FJ, Klein J. Anti-inflammatory
actions of acupuncture. Mediators Inflamm. 2003;12(2):59-69.

Raud J, Lundeberg T, Brodda-Jansen G, Theodorsson E, Hedqvist P. Potent anti-
inflammatory action of calcitonin gene-related peptide. Biochem Biophys Res

Commun. 1991;180(3):1429-1435.
173



297.

298.

299.

300.

301.

302.

303.

304.

Butts R, Dunning J, Perreault T, Maurad F, Grubb M. Peripheral and Spinal
Mechanisms of Pain and Dry Needling Mediated Analgesia: A Clinical Resource
Guide for Health Care Professionals. International Journal of Physical Medicine
and Rehabilitation. 2016;216(4:2).

Lundeberg T. Acupuncture mechanisms in tissue healing: contribution of NO and
CGRP. Acupunct Med. 2013;31(1):7-8.

Li zZzD, Cao LH, Wang SC. [Effect of moxibustion in treating knee joint
osteoarthritis and its relation with contents of hyaluronic acid in serum and synovial
fluid]. Zhongguo Zhong Xi Yi Jie He Za Zhi. 2009;29(10):883-885.

Liu X, Shen L, Wu M, et al. Effects of acupuncture on myelogenic
osteoclastogenesis and IL-6 mMRNA expression. J Tradit Chin Med. 2004;24(2):144-
148.

Yang J, Yang Y, Chen JM, Liu WY, Wang CH, Lin BC. Effect of oxytocin on
acupuncture analgesia in the rat. Neuropeptides. 2007;41(5):285-292.

Qiu F, Qiu CY, Cai H, et al. Oxytocin inhibits the activity of acid-sensing ion
channels through the vasopressin, V1A receptor in primary sensory neurons. Br J
Pharmacol. 2014;171(12):3065-3076.

Yang J, Yang Y, Chen JM, Liu WY, Lin BC. Effect of hypothalamic supraoptic
nucleus on acupuncture analgesia in the rat. Brain Res Bull. 2008;75(5):681-686.
Wu SY, Chen WH, Hsieh CL, Lin YW. Abundant expression and functional
participation of TRPV1 at Zusanli acupoint (ST36) in mice: mechanosensitive
TRPV1 as an "acupuncture-responding channel”. BMC Complement Altern Med.

2014;14:96.

174



305.

306.

307.

308.

300.

310.

311.

312.

313.

Goldman N, Chen M, Fujita T, et al. Adenosine Al receptors mediate local anti-
nociceptive effects of acupuncture. Nat Neurosci. 2010;13(7):883-888.

Takano T, Chen X, Luo F, et al. Traditional acupuncture triggers a local increase in
adenosine in human subjects. J Pain. 2012;13(12):1215-1223.

Goldman N, Chandler-Militello D, Langevin HM, Nedergaard M, Takano T. Purine
receptor mediated actin cytoskeleton remodeling of human fibroblasts. Cell
Calcium. 2013;53(4):297-301.

Loaiza LA, Yamaguchi S, Ito M, Ohshima N. Electro-acupuncture stimulation to
muscle afferents in anesthetized rats modulates the blood flow to the knee joint
through autonomic reflexes and nitric oxide. Auton Neurosci. 2002;97(2):103-1009.
Taechaarpornkul W, Suvapan D, Theppanom C, Chanthipwaree C, Chirawatkul A.
Comparison of the effectiveness of six and two acupuncture point regimens in
osteoarthritis of the knee: a randomised trial. Acupunct Med. 2009;27(1):3-8.

Ng M, Mason C, Leung P, Poon D. The Effects of Electro-Acupuncture and
Transcutaneous Electrical Nerve Stimulation on Patients with Painful Osteoarthritic
Knees: A Randomized Controlled Trial with Follow-Up Evaluation. Journal of
Alternative and Complementary Medicine. 2004;9(5):641-649.

Liu N. Clinical Observations on Deep Needling of Points Dubi and Medial Xiyan
for the Treatment of Knee Osteoarthritis. Shanghai Journal of Acupuncture and
Moxibustion. 2013;32(10):857-858.

Rastogi AK, Davis KW, Ross A, Rosas HG. Fundamentals of Joint Injection. AJR
Am J Roentgenol. 2016;207(3):484-494.

Robinson N. Ineractive Medical Acupuncture. Jacksonville, WY: Tenton New

Media; 2016.
175



314.

315.

316.

317.

318.

310.

320.

321.

322.

Soc Suh C. Acupuncture Anatomy: Regional Micro-Anatomy and Systemic
Acupuncture Networks. Boca Raton, FL: Taylor & Francis; 2016.

Weiner DK, Rudy TE, Morone N, Glick R, Kwoh CK. Efficacy of periosteal
stimulation therapy for the treatment of osteoarthritis-associated chronic knee pain:
an initial controlled clinical trial. J Am Geriatr Soc. 2007;55(10):1541-1547.
Mcindoe A. A comparison of acupunture with intra-articular steroids injection as
analgesia for osteoarthritis of the hip. Acupuncture in Medicine. 1995;13(2).

Mann F. Reinventing Acupuncture (Second Edition) A new Concept of Ancient
Medicine. Cambridge: Felix Mann; 2000.

Itoh K, Katsumi Y, Kitakoji H. Trigger point acupuncture treatment of chronic low
back pain in elderly patients--a blinded RCT. Acupunct Med. 2004;22(4):170-177.
Shah JP, Gilliams EA. Uncovering the biochemical milieu of myofascial trigger
points using in vivo microdialysis: an application of muscle pain concepts to
myofascial pain syndrome. J Bodyw Mov Ther. 2008;12(4):371-384.

Cabot PJ, Carter L, Gaiddon C, et al. Immune cell-derived beta-endorphin.
Production, release, and control of inflammatory pain in rats. J Clin Invest.
1997;100(1):142-148.

Rittner HL, Brack A, Machelska H, et al. Opioid peptide-expressing leukocytes:
identification, recruitment, and simultaneously increasing inhibition of
inflammatory pain. Anesthesiology. 2001;95(2):500-508.

Gao P, Gao XI, Fu T, Xu D, Wen Q. Acupuncture: Emerging evidence for its use as

an analgesic (Review). Exp Ther Med. 2015;9(5):1577-1581.

176



323.

324,

325.

326.

327.

328.

320.

330.

Su TF, Zhao YQ, Zhang LH, et al. Electroacupuncture reduces the expression of
proinflammatory cytokines in inflamed skin tissues through activation of
cannabinoid CB2 receptors. Eur J Pain. 2012;16(5):624-635.

Chen L, Zhang J, Li F, et al. Endogenous anandamide and cannabinoid receptor-2
contribute to electroacupuncture analgesia in rats. J Pain. 2009;10(7):732-7309.

Song XJ, Luo MF, Jiang J, Zhang JL. [Effects of electroacupuncture stimulation of
"Zusanli" (ST 36) on the regional vascular intercellular Adhesion Molecule-1
MRNA expression and mast cell activity in normal rats]. Zhen Ci Yan Jiu.
2014;39(6):461-465.

Binder W, Mousa SA, Sitte N, Kaiser M, Stein C, Schafer M. Sympathetic
activation triggers endogenous opioid release and analgesia within peripheral
inflamed tissue. Eur J Neurosci. 2004;20(1):92-100.

Baldry P. Management of myofascial trigger point pain. Acupunct Med.
2002;20(1):2-10.

Lee JH, Jang KJ, Lee YT, Choi YH, Choi BT. Electroacupuncture inhibits
inflammatory edema and hyperalgesia through regulation of cyclooxygenase
synthesis in both peripheral and central nociceptive sites. Am J Chin Med.
2006;34(6):981-988.

Zhang GG, Yu C, Lee W, Lao L, Ren K, Berman BM. Involvement of peripheral
opioid mechanisms in electroacupuncture analgesia. Explore (NY). 2005;1(5):365-
371.

Vickers AJ, Cronin AM, Maschino AC, et al. Acupuncture for chronic pain:

individual patient data meta-analysis. Arch Intern Med. 2012;172(19):1444-1453.

177



331.

332.

333.

334.

335.

336.

337.

338.

330.

Huber M, Trattnig S, Lintner F. Anatomy, biochemistry, and physiology of articular
cartilage. Invest Radiol. 2000;35(10):573-580.

Burr DB, Frederickson RG, Pavlinch C, Sickles M, Burkart S. Intracast muscle
stimulation prevents bone and cartilage deterioration in cast-immobilized rabbits.
Clin Orthop Relat Res. 1984(189):264-278.

Schaible HG, Ebersberger A, Von Banchet GS. Mechanisms of pain in arthritis.
Ann N'Y Acad Sci. 2002;966:343-354.

Zhang BM, Zhong LW, Xu SW, Jiang HR, Shen J. Acupuncture for chronic
Achilles tendnopathy: a randomized controlled study. Chin J Integr Med.
2013;19(12):900-904.

Neal BS, Longbottom J. Is there a role for acupuncture in the treatment of
tendinopathy? Acupunct Med. 2012;30(4):346-349.

Hunter DJ, McDougall JJ, Keefe FJ. The symptoms of osteoarthritis and the genesis
of pain. Med Clin North Am. 2009;93(1):83-100, Xi.

Bullock CM, Wookey P, Bennett A, Mobasheri A, Dickerson |, Kelly S. Peripheral
calcitonin gene-related peptide receptor activation and mechanical sensitization of
the joint in rat models of osteoarthritis pain. Arthritis Rheumatol. 2014;66(8):2188-
2200.

Fink MG, Kunsebeck H, Wipperman B, Gehrke A. Non-specific effects of
traditional Chinese acupuncture in osteoarthritis of the hip. Complement Ther Med.
2001;9(2):82-89.

Hussain SM, Wang Y, Shaw JE, et al. Retinal arteriolar narrowing and incidence of
knee replacement for osteoarthritis: a prospective cohort study. Osteoarthritis

Cartilage. 2015;23(4):589-593.
178



340.

341.

342.

343.

344,

345.

346.

Findlay DM. Vascular pathology and osteoarthritis. Rheumatology (Oxford).
2007;46(12):1763-1768.

Biberthaler P, Wiedemann E, Nerlich A, et al. Microcirculation associated with
degenerative rotator cuff lesions. In vivo assessment with orthogonal polarization
spectral imaging during arthroscopy of the shoulder. J Bone Joint Surg Am.
2003;85-A(3):475-480.

Shah JP, Phillips TM, Danoff JV, Gerber LH. An in vivo microanalytical technique
for measuring the local biochemical milieu of human skeletal muscle. Journal of
applied physiology. 2005;99(5):1977-1984.

Hsieh YL, Yang SA, Yang CC, Chou LW. Dry needling at myofascial trigger spots
of rabbit skeletal muscles modulates the biochemicals associated with pain,
inflammation, and hypoxia. Evid Based Complement Alternat Med.
2012;2012:342165.

Hammerman M, Aspenberg P, Eliasson P. Microtrauma stimulates rat Achilles
tendon healing via an early gene expression pattern similar to mechanical loading. J
Appl Physiol (1985). 2014;116(1):54-60.

Langevin HM, Bouffard NA, Badger GJ, latridis JC, Howe AK. Dynamic fibroblast
cytoskeletal response to subcutaneous tissue stretch ex vivo and in vivo. Am J
Physiol Cell Physiol. 2005;288(3):C747-756.

Langevin HM, Bouffard NA, Badger GJ, Churchill DL, Howe AK. Subcutaneous
tissue fibroblast cytoskeletal remodeling induced by acupuncture: evidence for a

mechanotransduction-based mechanism. J Cell Physiol. 2006;207(3):767-774.

179



347.

348.

349.

350.

351.

352.

353.

354.

Langevin HM, Bouffard NA, Churchill DL, Badger GJ. Connective tissue fibroblast
response to acupuncture: dose-dependent effect of bidirectional needle rotation. J
Altern Complement Med. 2007;13(3):355-360.

Langevin HM, Churchill DL, Cipolla MJ. Mechanical signaling through connective
tissue: a mechanism for the therapeutic effect of acupuncture. Faseb J.
2001;15(12):2275-2282.

Prajapati RT, Chavally-Mis B, Herbage D, Eastwood M, Brown RA. Mechanical
loading regulates protease production by fibroblasts in three-dimensional collagen
substrates. Wound Repair Regen. 2000;8(3):226-237.

Langevin HM, Bouffard NA, Badger GJ, latridis JC, Howe AK. Dynamic fibroblast
cytoskeletal response to subcutaneous tissue stretch ex vivo and in vivo. Am J
Physiol Cell Physiol. 2005;288(3):C747-756.

Kim M, Choi YS, You MW, Kim JS, Young KW. Sonoelastography in the
Evaluation of Plantar Fasciitis Treatment: 3-Month Follow-Up After Collagen
Injection. Ultrasound Q. 2016;32(4):327-332.

Barrett SJ, O'Malley R. Plantar fasciitis and other causes of heel pain. Am Fam
Physician. 1999;59(8):2200-2206.

Wu YT, Chang CY, Chou YC, et al. Ultrasound-Guided Pulsed Radiofrequency
Stimulation of Posterior Tibial Nerve: A Potential Novel Intervention for
Recalcitrant Plantar Fasciitis. Arch Phys Med Rehabil. 2017;98(5):964-970.

Arslan A, Koca TT, Utkan A, Sevimli R, Akel I. Treatment of Chronic Plantar Heel
Pain With Radiofrequency Neural Ablation of the First Branch of the Lateral
Plantar Nerve and Medial Calcaneal Nerve Branches. J Foot Ankle Surg.

2016;55(4):767-771.
180



355.

356.

357.

358.

350.

360.

361.

362.

363.

Tillu A, Gupta S. Effect of acupuncture treatment on heel pain due to plantar
fasciitis. Acupunct Med. 1998;16(2):66-68.

Ten Cate AR, Freeman E. Collagen remodelling by fibroblasts in wound repair.
Preliminary observations. Anat Rec. 1974;179(4):543-546.

Almeida M, Aro A, Guerrra F. Electroacupuncture increases the concentration and
organization of collagen in a tendon healing model in rats Connective Tissue
Research. 2012;53:542-547.

Lesondak D. Connectivity: Fascia-related Therapies. Co-Kinetic. 2017;74(10):25-
32.

de Almeida BS, Sabatino JH, Giraldo PC. Effects of high-velocity, low-amplitude
spinal manipulation on strength and the basal tonus of female pelvic floor muscles.
J Manipulative Physiol Ther. 2010;33(2):109-116.

Bautista CM, Mohan S, Baylink DJ. Insulin-like growth factors | and Il are present
in the skeletal tissues of ten vertebrates. Metabolism. 1990;39(1):96-100.

Hay ED. Extracellular matrix. J Cell Biol. 1981;91(3 Pt 2):205s-223s.

Almeida Mdos S, Guerra Fda R, de Oliveira LP, Vieira CP, Pimentel ER. A
hypothesis for the anti-inflammatory and mechanotransduction molecular
mechanisms  underlying acupuncture tendon healing. Acupunct Med.
2014;32(2):178-182.

Almeida M, Freitas K, Oliveira L. Acupuncture increases the diameter and
reorganization of collagen fibrils during rat tendon healing. Acupunct Med.

2015;33:53-57.

181



364.

365.

366.

367.

368.

3609.

370.

371.

Ahn KS, Kang CH, Hong SJ, Jeong WK. Ultrasound elastography of lateral
epicondylosis: clinical feasibility of quantitative elastographic measurements. AJR
Am J Roentgenol. 2014;202(5):1094-1099.

Rios-Diaz J, Martinez-Paya JJ, del Bano-Aledo ME, de Groot-Ferrando A, Botia-
Castillo P, Fernandez-Rodriguez D. Sonoelastography of Plantar Fascia:
Reproducibility and Pattern Description in Healthy Subjects and Symptomatic
Subjects. Ultrasound Med Biol. 2015;41(10):2605-2613.

de Almeida Mdos S, de Aro AA, Guerra Fda R, Vieira CP, de Campos Vidal B,
Rosa Pimentel E. Electroacupuncture increases the concentration and organization
of collagen in a tendon healing model in rats. Connect Tissue Res. 2012;53(6):542-
547.

Langevin HM, Churchill DL, Cipolla MJ. Mechanical signaling through connective
tissue: a mechanism for the therapeutic effect of acupuncture. FASEB J.
2001;15(12):2275-2282.

Langevin HM, Churchill DL, Wu J, et al. Evidence of connective tissue
involvement in acupuncture. FASEB J. 2002;16(8):872-874.

Langevin HM, Yandow JA. Relationship of acupuncture points and meridians to
connective tissue planes. Anat Rec. 2002;269(6):257-265.

Langevin HM, Bouffard NA, Badger GJ, Churchill DL, Howe AK. Subcutaneous
tissue fibroblast cytoskeletal remodeling induced by acupuncture: evidence for a
mechanotransduction-based mechanism. J Cell Physiol. 2006;207(3):767-774.
Langevin HM, Bouffard NA, Churchill DL, Badger GJ. Connective tissue fibroblast
response to acupuncture: dose-dependent effect of bidirectional needle rotation. J

Altern Complement Med. 2007;13(3):355-360.
182



