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Resumen

Introduccidn: En Europa se calcula que en torno a un 20% de la poblacion sufre dolor crénico,
de ellos entorno al 7% encajaria con un dolor crdnico con caracteristicas neuropaticas. Dentro
de las neuropatias periféricas mas comunes y que pueden ser frecuente causa de dolor
neuropatico estan las neuropatias por atrapamiento. La etiologia de las neuropatias por

atrapamiento sigue siendo en gran medida desconocida.

Objetivos: Identificar cambios estructurales y funcionales en el sistema somato-sensorial en
funcidén de la presencia y la severidad del dolor neuropatico. Identificar alteraciones centrales
en el procesamiento del dolor en pacientes con Sindrome del Tunel del Carpo (STC) mediante
medidas sensoriales, psicofisioldgicas y mapas de dolor. Describir la eficacia que las diferentes
intervenciones de fisioterapia tienen sobre los principales biomarcadores de dolor
neuropatico periférico en modelos preclinicos. Comprobar la eficacia de la movilizacién
neural activa, la movilizacién neural mediante terapia espejo, movilizaciéon neural mediante
observacion de acciones y un protocolo clasico de ejercicios de mano (movilidad y fuerza)

sobre la mecanosensibilidad neural, umbral de dolor a la presién a nivel proximal y distal.

Métodos: Se realizaron cuatro estudios. Dos observacionales transversales con cohortes de
pacientes con sindrome del tunel del carpo. En estos dos se realizaron diferentes pruebas
somatosensoriales y de procesamiento del dolor, asi como la realizaciéon de diferentes
cuestionarios relacionados con la funcién y la salud emocional. En otro ensayo se llevé a cabo
una revision sistemdtica para analizar los efectos de la fisioterapia en modelos animales de
dolor neuropatico periférico. Por ultimo, se llevd a cabo un ensayo clinico aleatorizado ciego

simple. En él se realizaron pruebas de mecanosensibilidad neural, procesamiento del dolor,
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pruebas funcionales y de capacidad de imaginar movimiento en voluntarios sanos. Estos
fueron sometidos a tratamiento de movilizacidn neural mediante técnicas de representacién

de imagen.

Resultados: Los pacientes con sindrome del tunel del carpo, presentaron perdida de funcion
correspondiente tanto a neuropatias de fibras grandes como pequenas. Ademas, presentaron
alteraciones en el procesamiento del dolor a nivel central mediante la presencia de
hiperalgesia extraterritorial y alteraciones en la modulaciéon condicionada de dolor. En
comparacion con los sujetos sanos, presentaron una peor salud emocional, aunque estas no
fueran puntuaciones clinicamente relevantes. El cuestionario de sensibilizacion central no es

util para detectar esa caracteristica en este tipo de pacientes.

Los modelos animales de dolor neuropatico periférico presentan alteraciones en distintos
tipos de biomarcadores. Las distintas técnicas de fisioterapia se han mostrado eficaces a la
hora de regular las sobreexpresiones de los diferentes sistemas que se asocian a la presencia

de dolor neuropatico.

Todas las intervenciones (movilizaciones neurales activas, movilizaciones neurales a través de
terapia de espejo y observacion de acciones y un protocolo de fuerza y movilidad de mufieca)
testadas fueron capaces de disminuir la mecanosenbilidad neural y la hiperalgesia proximal,
sin embargo, no consiguieron mejorar el procesamiento del dolor o la hiperalgesia al frio.

Tampoco fueron eficientes en la mejora de la capacidad de imaginar.

Conclusiones: Los pacientes con sindrome del tunel del carpo presentan una alteracién de
ambos tipos de fibras (mielinicas y amielinicas). Ademas, presentan sintomas

extraterritoriales que podrian deberse a alteraciones en el sistema nervioso central y la

Vil



Actualizacion de la fisiopatologia de las neuropatias por atrapamiento y propuesta de nuevos métodos
de intervencion.

presencia de neuroinflamacién u otros biomarcadores. Estos biomarcadores descritos en los
modelos preclinicos de dolor neuropatico periférico son susceptibles de modularse mediante
los diferentes tratamientos de fisioterapia (ej.: ejercicio o movilizaciones). Las nuevas técnicas
de representacion de imagen pueden mejorar el procesamiento del dolor y Ia
mecanosensibildad neural en sujetos sanos en el area del nervio mediano. Aunque estas se
necesitarian testar en pacientes con lesion focal de nervio, podrian ser una buena opcién

terapéutica en el futuro.

VIl
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Abstract

Introduction: In Europe it is estimated that around 20% of the population suffers from chronic
pain, of which around 7% would qualify as chronic pain with neuropathic characteristics.
Among the most common peripheral neuropathies that can lead to neuropathic pain are
entrapment neuropathies. The etiology of entrapment neuropathies remains largely

unknown.

Objectives: To identify structural and functional changes in the somatosensory system
depending on the presence and severity of neuropathic pain. To identify central alterations
in pain processing in patients with CTS by means of sensory and psychophysiological measures
and pain maps. To describe the efficacy of different physiotherapy interventions on the main
biomarkers of peripheral neuropathic pain in preclinical models. To test the efficacy of active
neural mobilization, neural mobilization by mirror therapy, neural mobilization by action
observation and a classical hand exercise protocol (mobility and strength) on neural

mechanosensitivity, proximal and distal pressure pain threshold.

Methods: Four studies were conducted. Two cross-sectional observational cohorts of patients
with carpal tunnel syndrome. Different somatosensory and pain processing tests were
performed as well as different questionnaires related to function and emotional health. A
systematic review was also conducted to analyze the effects of physiotherapy in animal
models of peripheral neuropathic pain. Finally, a single-blind, randomized clinical trial was
conducted. Neural mechanosensitivity, pain processing, functional tests and imagery were
performed on healthy volunteers. Healthy volunteers underwent neural mobilization

treatment using motor imagery techniques.
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Results: Patients with carpal tunnel syndrome showed loss of function depending on both
large and small fiber neuropathies. They also presented alterations in central pain processing
through the presence of extra-territorial hyperalgesia and alterations in conditioned pain
modulation. Compared to healthy subjects, they had higher scores on the emotional health
guestionnaires even though they were not scores exceeding the cutoff. The central

sensitization questionnaire is not useful to detect this feature in this type of patients.

Animal models of peripheral neuropathic pain show alterations in different types of
biomarkers. Different physiotherapy techniques have been shown to be effective in
regulating the overexpression of the different systems associated with the presence of

neuropathic pain.

All the interventions tested were able to reduce neural mechanosensitivity and proximal
hyperalgesia but failed to improve pain processing or cold hyperalgesia. They were also

ineffective in improving the ability to imagine.

Conclusions: Patients with carpal tunnel syndrome present a mixed fiber type alteration. They
also have extra-territorial symptoms that could be due to alterations in the central nervous
system and the presence of neuroinflammation or other biomarkers. These biomarkers
described in preclinical models of peripheral neuropathic pain are susceptible to modulation
by different physiotherapy treatments (e.g., exercise or mobilization). New imaging
techniques may improve pain processing and neural mechanosensitivity in healthy subjects
in the median nerve area. Although these would need to be tested in patients with focal nerve

injury, they could be a good therapeutic option.
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1. INTRODUCCION

1.1 Dolor neuropatico

El dolor neuropatico (DN) se define, segin la IASP (Asociacion Internacional para el Estudio
del Dolor) como " dolor causado por una lesion o enfermedad del sistema somatosensorial"
(Jensen et al., 2011). El sistema somatosensorial permite percibir estimulos tales como la
presion, el dolor, o la temperatura la vibracién. Estos son recogidos por las terminaciones
nerviosas como los mecanorreceptores, termorreceptores o nociceptores que envian las
sefales a la medula espinal, nucleo taldmico y finalmente a la corteza cerebral (Colloca et al.,

2017).

Normalmente, tras una afectaciéon en los tejidos, se puede producir cambios
adaptativos en el sistema nervioso sensorial que pueden conducir a una hipersensibilidad al
dolor. Un mecanismo de proteccién para garantizar la cicatrizacion. En cambio, puede haber
ciertas situaciones en las que lo que esté afectado sea el propio sistema nervioso, generando
una hipersensibilidad, dolor espontdneo o descenso de umbrales, que pueden llegar a
provocar que estimulos inocuos como una caricia produzcan sensacion de dolor, en definitiva,

manifestaciones propias de DN (von Hehn et al., 2012).

El DN suele ser un tipo de dolor crénico o persistente. Puede tener diferentes
etiologias que pueden afectar al sistema nervioso. Las mas comunes suelen ser metabdlicas,
enfermedades degenerativas, autoinmune, tumor, traumatismo etc. (Colloca et al., 2017;

Scholz et al., 2019) (Fig. 1).
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Independiente de la etiologia, los pacientes con dolor neuropatico experimentan dolor mas
severo que los pacientes sin él, con una intensidad de 6,4 versus 4,6 en una escala del 0 al 10,
siendo en el 60% de los casos dolor localizado (Mick et al., 2011).La depresidén, ansiedad y
trastornos del suefio son también significativamente mas prevalentes en pacientes con dolor
neuropdtico comparado con otros tipos de dolor. Es asi como el impacto del dolor
neuropatico en diversos aspectos de la vida es relevante, el 41% de los pacientes han
sufrido dolor por mas de 5 afios, el 60% tiene trastornos del suefio, 34% se siente deprimido,
25% estd ansioso, 27% se siente constantemente debilitado, 65% ha restringido sus
actividades diarias y el 82% refiere impacto significativo en su calidad de vida debido al dolor

(Freynhagen et al., 2006; O’connor, 2009)

Etiology Contributing Factors Individual Pathophysiology Neuropathic Syndrome

Metabolic Disorders diabetic neuropathy

diabetes mellitus Sensory Nerve Damage

vitamin B deficiency Genotype vitamin deficlency-induced neuropathy
Injuries . . traumatic nerve injury

trauma Ectopic Activity

entrapment syndromes dorsal root compression
Infections / Sensitization post-herpetic neuralgia

varicella zoster virus o

HV Peripheral & Central HIV neuropathy

Environmental
Factors o alcohol-induced neuropathies
alcohol abuse Altered Brain Connectivity
chemotherapy che hy induced thi

Figura 1. Etiologia de los sindromes neuropdticos (von Hehn et al., 2012)

Debido a la complejidad de este tipo de dolor la IASP en colaboracién con la Organizacién
Mundial de la salud introdujo una clasificacion acorde a la CIE. La clasificacion esta dedicada
a sindromes de dolor crénico o recurrente de mas de tres meses. Por ello la mayor
diferenciacion sera en funcién de la localizacién, pudiendo distinguir entre dolor neuropdtico

central y dolor neuropatico periférico (figura 2). El diagnéstico del DN crénico requiere una
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historia de lesidon o enfermedad del sistema nervioso y una distribucidon neuro-anatémica
plausible del dolor. Suele ir asociado a una presencia de sintomas o signos negativos (pérdida
de funcién) y positivos (ganancia de funcién) que indican el mal funcionamiento del sistema

somatosensorial (Scholz et al., 2019).

n
H
!
i

T

I

H

Figura 2. Clasificacion dolor neuropdtico ICD-11 de la IASP. (Scholz et al., 2019)

1.2 Mecanismos patobioldgicos del DN

El DN central se desarrolla como consecuencia de una lesion o enfermedad a nivel medular
y/o cerebro. Las mas comunes suelen ser enfermedades cerebrovasculares, enfermedades
neurodegenerativas o trastornos cerebrales capaces de provocar cambios en el

procesamiento del dolor (Borsook, 2012). Las patologias mds comunes a nivel medular,
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capaces de desarrollar DN incluyen enfermedades desmielinizantes como la mielielitis

transversa o la esclerosis multiple o lesiones como la siringomielia (Watson & Sandroni, 2016).

El dolor neuropatico periférico responde a una afectacion de las fibras nerviosas C, Ad
y AB (Finnerup et al., 2016). Sera sobre este tipo de DN sobre el que nos centraremos en este

trabajo de tesis doctoral.

Es comun que una vez que se manifiesta el DN, persista aun cuando la causa etiolégica
original haya desaparecido hace tiempo. No obstante, el sindrome puede progresar si la
enfermedad primaria sigue danando el sistema nervioso. El dolor asociado a una lesién neural
aguda suele convertirse en dolor neuropdatico crénico en una minoria de los pacientes. Esta
transicién a la cronicidad es mas evidente tras las lesiones nerviosas quirurgicas (Kehlet et al.,

2006; Michael Costigan, Joachim Scholz, 2009).

Una caracteristica importante del DN es el dolor en ausencia de un estimulo
identificable. El dolor espontaneo surge como resultado de la generacidn de potenciales de
accidén ectdpicos dentro de las vias nociceptivas y no se origina en los terminales periféricos
en respuesta a un estimulo (Michael Costigan, Joachim Scholz, 2009). Aunque normalmente,
las sensaciones espontaneas suelen generarse como resultado de la hiperexcitabilidad de la
neurona sensorial primaria, provocando una descarga ectdpica del potencial de accion en el
lugar de la lesién y en regiones proximas (Amir et al., 2005). Este tipo de impulsos anormales
es una de las principales actividades espontaneas consecuencia de lesion/enfermedad del
sistema nervioso. Suele generar dolor que puede presentarse a rafagas, aunque puede

presentarse también con otras caracteristicas (continuo, superficial/profundo, quemante...)
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lo que pone de manifiesto la actividad de los distintos tipos de fibras (Figura 3) (von Hehn et

al., 2012).

Ectopic activity

S * Low-threshold neuron
No peripheral ®
stimulus Nociceptor

® Sensitized Dysesthesia and
Low-threshold neuron B central pathway spontaneous pain

Paresthesia,
dysesthesia

|

Spontaneous pain

y

Figura 3. Actividad ectdpica tras lesion de nervio periférico (Michael Costigan, Joachim Scholz, 2009)
El aumento de la sensibilidad de las neuronas sensoriales lesionadas a los estimulos

térmicos y quimicos enddgenos puede iniciar un dolor espontaneo, mientras que el aumento

de la sensibilidad mecdanica puede provocar disestesia o dolor en respuesta a la puncién de

un nervio lesionado (signo de Tinel) (Michael Costigan, Joachim Scholz, 2009).

El DN implica un cambio en la sensibilidad, por lo que un estimulo de baja intensidad
puede generar dolor, una alteracién del patrén normal de dolor (Perl, 2007). La sensibilizacion
periférica suele venir precedida de inflamacién, lo que lleva a una reduccidn de los umbrales
y un aumento de la excitabilidad de las terminaciones nociceptivas debido a los mediadores
inflamatorios. En ocasiones puede producir alodinia o hiperalgesia en la zona de la
inflamacién. Por otro lado, también puede producirse la sensibilizacion periférica en
ausencia de inflamacidn en los tejidos y que sea por una lesion en el nervio, lo que daria lugar

a un aumento de la sensibilidad en el dermatoma correspondiente (von Hehn et al., 2012) .

La neuropatia puede provocar alteraciones en los canales idnicos de los nervios

afectos. Pudiendo afectar a los tres tipos de fibras aferentes (Yang et al., 2004). Estas
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alteraciones pueden llevar al desarrollo de sintomas relacionados con ganancia de funcién
como los impulsos ectdpicos o de pérdida de funcién como el adormecimiento del area

correspondiente (Tesfaye et al., 2013).

Las lesiones axonales periféricas impulsan a las neuronas sensoriales a un estado de
crecimiento activo al aumentar la expresién de genes asociados a la regeneracion (Costigan
et al., 2002). El aumento de la concentracion de estas sustancias ayuda a la reconexion de los
axones periféricos dafiados con sus objetivos. Sin embargo, el aumento de la capacidad de
crecimiento también puede conducir a un aumento de los axones centrales terminales de las
neuronas lesionadas en la médula espinal (Woolf et al., 1992). Estos cambios en la
proliferalizacion de axones en la médula junto con la actividad ectdpica y el aumento de
biomarcadores inflamatorios y de regeneracién axonal podria dar lugar a la sensibilizacidon

central, sin que el sistema nervioso central esté directamente involucrado (Baron et al., 2010).

El aumento de la excitabilidad de las neuronas espinales produce un incremento de
las respuestas sensoriales, provocando que fibras aferentes de bajo umbral (AB y Ad) activen
neuronas de nociceptivas de segundo orden, ampliando la sefial para que un estimulo
concreto excite a mds neuronas nociceptivas de segundo orden, dando lugar a la

sensibilizacién central (Baron et al., 2013; Woolf, 2011).

Las fibras AB, mielinizadas, normalmente hacen sinapsis en las laminas ventrales del
cuerno dorsal (lamina lll-V), mientras que las fibras A6 menos mielinizadas y los nociceptores
de fibras C, amielinicas, terminan en las laminas superficiales (I y Il). Tras la lesion del nervio
periférico, se ha sugerido que las fibras AP pueden generar nuevas conexiones en la [dmina Il

(Kohama et al., 2000; Woolf et al., 1992).
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Tras una lesidn nerviosa, las aferentes primarias reducen su expresién de receptores
K opioides, y las neuronas del asta dorsal son menos sensibles a la inhibicién de los agonistas
1 opioides (Kohno et al., 2005). Ademas de una pérdida de la inhibicion GABAérgica pre y
postsindptica en la médula espinal (Michael Costigan, Joachim Scholz, 2009). Lo que produce

una reduccion de la actividad inhibitoria nociceptiva.

En el SNP, la vigilancia inmunitaria corre a cargo de los macréfagos, que identifican y
eliminan residuos celulares y presentan antigenos de superficie para activar los linfocitos T.
Tanto los macréfagos como los linfocitos T se comunican a través de citocinas y quimiocinas
con las neuronas, las células de Schwann y las células satélite del ganglio de la raiz dorsal
(GRD). Esta activacién contribuye a la hipersensibilidad al dolor (Marchand et al., 2005; Scholz
& Woolf, 2007). Tras una lesion neural se produce una respuesta inmunitaria que provoca un

aumento de sustancias proinflamatorias (Figura 4) (J. N. Campbell & Meyer, 2006).
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Figura 4. Rol de la neuroglia y sistema inmune en el mantenimiento del dolor neuropdtico. (J.
N. Campbell & Meyer, 2006).
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1.3 Prevalencia del Dolor Neuropatico

Aunque la prevalencia exacta del DN es desconocida, se estima que puede afectar entre un
6,9 y 10% de la poblacidon general (Song et al., 2017; van Hecke et al., 2014). En Europa se
calcula que en torno a un 20% de la poblacién sufre dolor crénico, de ellos entorno al 7%
encajaria con un dolor crénico con caracteristicas neuropaticas. De los pacientes afectados,
entre el 40-60% llegarian a alcanzar un alivio adecuado del mismo (Dieleman et al., 2008). El
dolor neuropatico periférico se esta volviendo mas prevalente debido al envejecimiento de la
poblacidn mundial, el impacto de la diabetes y por el aumento de la supervivencia al cancer

debido a la quimioterapia (Colloca et al., 2017).

Dentro de las neuropatias periféricas mas comunes y que puede ser frecuente causa
de dolor neuropatico estdn las neuropatias por atrapamiento (Matesanz et al., 2021). La
lesion focal de nervio de este tipo mas prevalente es el sindrome del tunel del carpo, con una
incidencia de 276 casos por cada 100.000 habitantes cada afio (lbrahim et al., 2012), lo que
podria llegar a suponer entorno a un 10% de la poblacién mundial. Esta cifra podria aumentar
al 85% en personas diabéticas (Singh et al., 2005). La segunda neuropatia por atrapamiento
mas comun es el sindrome del tunel del cubital (Mondelli et al., 2005). Otra condicion comun

es la "cidtica", con prevalencia que oscila entre el 1,6% y el 43% (Konstantinou & Dunn, 2008).

1.4 Neuropatias por atrapamiento

La etiologia de las neuropatias por atrapamiento sigue siendo en gran medida desconocida.
Comparten varios factores de riesgo entre las afecciones, como el aumento del indice de masa
corporal, factores laborales o fisicos y enfermedades sistémicas predisponentes, como la

mencionada diabetes o el hipotiroidismo. Recientemente, la predisposicién genética estd
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emergiendo como uno de los factores de riesgo mas fuertes para neuropatias por
atrapamiento (Kozak et al., 2015; Lemmela et al., 2016; Parreira et al., 2018; Pourmemari &

Shiri, 2016; Wiberg et al., 2019).

La fisiopatologia de este tipo de lesién neural suele tener un origen multifactorial (Figura 5.)

Physical

factors Ischaemia
Oedema
Central nervous
system Fibrosis
conlributions
Systemic
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Neuro- Axon
Inflammation \ degeneration

Psychosocial factors

Figura 5. Factores relacionados con el origen y mantenimiento de las neuropatias por
atrapamiento (Schmid et al., 2020)

Gracias a modelos animales de neuropatias por atrapamiento, ha quedado claro la
influencia de la neuro-inflamacién en el lugar de la lesién mediada por los linfocitos T y los
macroéfagos en el mantenimiento del DN (Moalem et al., 2004). La presencia de citoquinas
reduce el umbral de disparo e inducen la actividad ectépica de las neuronas mecanosensibles
y nociceptivas (Sorkin et al., 1997). Dicha inflamacién también puede extenderse al ganglio
de la raiz dorsal, donde las células del sistema inmune junto con las células gliales pueden
seguir aumentando la sefial eléctrica (Hu & McLachlan, 2002). En la tabla 1 se puede ver un

resumen de los principales mediadores del sistema inmune y su funcién. La actividad glial y
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del sistema inmune no solo se ha descrito en lugares anatémicos pertenecientes al sistema
nervioso periférico tales como el nervio o el ganglio de la raiz dorsal (GRD), también se ha
podido observar el aumento de la sefial de dichas sustancias en lugares pertenecientes al
sistema nervioso central como son la asta posterior de la médula (APM) (Rothman et al., 2010;

Rothman & Winkelstein, 2007), el talamo o el cerebro (LeBlanc et al., 2011; Mor et al., 2010).

Tabla 1. Células del sistema inmune y su ro [(Schmid et al., 2013)).

Overview of the role of the most common immune cells and immune competent cells after peripheral nerve injury.

Cell type Role after peripheral nerve injury
Neutrophils Leukocytes Acute local immune response. Phagocytic function and secretion of
inflammatory mediators (e.g., TNF, IL-1f, IL-2 and IL-6) that attract other immune cells.
Mast cells Acute local immune response. Secretion of mediators, which sensitise nociceptors (e.g_ histamine,
TNF) or directly activate them (e.g. serotonin). Recruitment of other immune cells
Macrophages Leukocytes Acute and chronic immune response. Phagocytosis and antigen presentation to other immune cells.

Secretion of mediators that sensitise nociceptors or attract other immune cells (e.g., prostaglandins,
LT[, IL-6, IL12, TNF and reactive oxygen species).

T-lymphocytes Leukocytes Acute and chronic immune response. Destruction of pathogens or cells directly or by secreting cytokines
{eg IL-1[, IL-2 and TNF or IL-4, IL-5, IL-10). Activation of other immune cells (e.g., B-cells, macrophages
and other leukocytes).

Schwann cells Glial cells of Secretion of nerve growth factors, proinflammatory cytokines (e.g. IL-1, IL-6, IL-8) as well as prostaglandins
the peripheral and ATP which can directly sensitise nociceptors. Recruitment of other immune cells and presentarion of antigens.
Tervous system

Satellite glial cells Glial cells in the DRGs Secretion of cytokines and chemokines (e.g. IL- 1[5, TNF) that increase ectopic firing of neurones

Astrocytes Clial cells in the central Release of substances (ATP, nitric oxide, IL-1fi, TMF and IL-6), which modulate the firing threshold of neurons.
nervous system Facilitation of synaptic transmission and communication with other immune cells.

Microglia Clial cells in the central Tssue repair by phagocytosing cellular debris and pathogens. Communication with neurones and immune cells,
nervous system release of several neuro-active mediators including cytokines, chemokines and growth factors.

Estos cambios a nivel bioquimico también han sido medidos en humanos,
presentando cambios similares a los modelos de dolor animal aumento de las sustancias pro-
nociceptivas y disminucidon de las citoquinas anti-inflamatorias (Held et al., 2019). La
diferencia es que en humanos las medidas son indirectas, puesto que no somos capaces de
medirlas en el lugar de la lesidn y los resultados hay que interpretarlos con precaucidn, puesto
que los biomarcadores podrian cambiar de rol dependiendo de donde se encuentren
presentes. Por ejemplo, para el factor de crecimiento derivado del cerebro (BDNF), se ha
descrito un efecto de hiperalgesia cuando esta presente en el GDR o en el APM (Siniscalco et
al., 2011), mientras que si estd en el cerebro tiene un caracter neuro-protector asociado a

neuroplasticidad (Knaepen et al., 2010; Szuhany et al., 2015).
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La isquemia intraneural es tipica de las neuropatias por atrapamiento leves (Schmid
et al., 2020). En animales demuestran que presiones extraneurales tan bajas como 20 a 30
mm Hg interrumpen la circulacién venosa intraneural (Rydevik et al., 1981). En humanos
también se ha registrado alteraciones en la presién del tunel, incluso variando esta en
distintas posiciones. El mayor aumento de presion dentro del tunel del carpo se asocia a
posiciones que impliquen una flexién dorsal de mufieca, pudiendo alcanzar hasta 110mmHg,
cuando los valores registrados en posiciones neutras de mufieca estan en torno a 2,5mmHg
(Gelberman et al., 1981). También se han registrado valores altos en la prueba ortopédica

clasica de phalen 100-150mmHg (Williams et al., 1992).

La isquemia prolongaday el compromiso mecanico pueden inducir efectos posteriores
como la desmielinizacidn y, finalmente, la degeneracion de los axones (Schmid et al., 2020).
Por ello en un principio, también en base a los modelos animales de lesidon por constriccién
cronica, se pensaba que solo podia afectar a las fibras mas mielinicas (Basbaum et al., 1991).
Aunque investigaciones mas recientes han demostrado la afectacién de fibras C en este tipo
de neuropatias (Schmid et al., 2014). Ademas, se ha descrito un cambio en la morfologia que
afecta a los nodos de Ranvier tras la compresidn pudiendo afectar esto a los canales idnicos

(Calvo et al., 2016; Schmid et al., 2014).

La compresion de los nervios periféricos junto con la posible inflamacién puede llegar
a bloquear el nervio, provocando un aumento de la mecano-sensibilidad asociado al aumento
de los canales idnicos en el lugar de la lesion (Ando, 1990; Armstrong et al., 2004; Dilley &

Bove, 2008).

La perpetuacién de todos los procesos anteriormente descritos puede dar lugar a la
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manifestacion de signos clinicos compatibles con sensibilizacidn central, pese a que en origen
la lesidn tuviese lugar en la periferia. La sensibilizacién central se define como un aumento de
la respuesta a un estimulo doloroso, amplificando la sefial en el sistema nervioso central, esto
puede ocurrir por dos vias: aumentando la sefial dolorosa (sensibilizacion) o reduciendo las
sefales de inhibicion del dolor (modulacion descendente) (Fernandez-de-las-Pefias et al.,
2016). Primero presenta un aumento de la actividad neuronal que conlleva hipersensibilidad
al dolor y alodinia, posteriormente hiperalgesia a la presién y aumento de la sumacién

temporal (Woolf, 2011).

La primera demostracion de la sensibilizacién central en dolor neuropatico fue la
realizada por Campbell con una presion isquémica de fibras mielinizadas, produce una
reduccién de la movilidad del nervio causando alodinia (J. Campbell et al., 1988). Desde
entonces estudios de distintas patologias han demostrado sensibilidad bilateral vy

extraterritorial.

En el sistema nervioso central se produce un aumento de la excitabilidad neuronal,
hipersensibilidad y cambios estructurales y sindpticos mediados por receptores de N-metil-D-
aspartato y glutamato, junto con la muerte de neuronas inhibitorias que son remplazadas por
neuronas excitadoras estableciendo conexiones sindpticas aberrantes (Melzack & Wall,
1965). Estos cambios son en mayor o menor medida, influenciados por comorbilidades como

la depresidn, ansiedad, el grado de actividad fisica o la medicacién (Henry et al., 2011).

1.5 Sindrome del tunel del Carpo (STC)

Como ya hemos sefialado con anterioridad, el sindrome del tinel del carpo es la neuropatia

por atrapamiento mas comun (Jenkins et al., 2012; Singh et al., 2005). Dicho sindrome se
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define como la compresién o traccién del nervio mediano a su paso por la mufieca (Bland,

2007).

La prevalencia del STC en la poblacién general es del 3.8%, si se diagnostica atendiendo
a su clinica y de 2.7% cuando se realizan estudios neurofisioldgicos (Atroshi et al., 1999),
siendo mas prevalente en mujeres que en hombres (Gelfman et al., 2009) y afectando en un

rango de edad comprendida entre los 40 y los 60 aifios (Chammas et al., 2014)

El tunel carpiano se situa en la cara palmar de la mufieca. Esta delimitado por el
pisiforme y el ganchoso en la parte medial y la tuberosidad del escafoides y del trapecio en la
parte radial. Cubriendo estos cuatro huesos hay una fina capa de tejido conectivo, el
retinaculo flexor, que crea el tunel por el que pasa el flexor profundo de los dedos, el flexor
superficial de los dedos y el flexor largo del pulgar. El nervio mediano es el mayor nervio
periférico de la extremidad superior. Inerva la eminencia tenar, la palma de la mano, el dedo
indice, el medio y la parte media del anular (Newington et al., 2015). El nervio mediano a su
paso por la mufieca va acompafado por los cuatro tendones de los flexores superficiales de
los dedos, los cuatro tendones de los flexores profundos y el flexor largo del pulgar (Chammas

et al.,, 2014)

Los pacientes clinicamente presentan sintomas sensoriales y/o motores en la mano y
en la muneca. Y frecuentemente experimentan dolor, parestesias u hormigueo en una
distribucién distal del pulgar, el indice y el dedo medio y la mitad radial del anular. Los
sintomas sensoriales y el dolor en regiones extra- territoriales del nervio mediano se han
encontrado en el 37,5% de los pacientes (Fan et al., 2015; Zanette et al., 2010). En estadios

avanzados se observa atrofia de la zona tenar y debilidad de musculatura de la mano (lbrahim
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etal., 2012).

Las teorias mds comunes sobre la patologia sefalan que viene provocada por
compresidon mecanica, insuficiencia microvascular o vibraciones (Aroori & Spence, 2008). Es
probable que el origen sea multifactorial y que influyen varios procesos: fuerzas mecanicas,
compresion isquémica, inflamacién, edema e hipoxia (Duncan et al., 2017). Se ha
comprobado en laboratorio que una presién aguda afecta mas a las fibras AB (fibras mielinicas
sensitivas de mayor tamafio, mientras que las de menor tamafo, mielinicas o no (AS y C
respectivamente), son mas sensibles a la hipoxia (Osborne et al., 2018). Investigaciones han
encontrado hipoestesia o pérdida de sensibilidad en la mano patoldgica de los pacientes de
tunel del carpo, lo que indica que podrian estar afectadas ambos tipos de fibras. El aumento
de deteccidén mecdnica o vibracion se asociaria con dafio de las fibras AR mientras que los
cambios térmicos (calor o frio) tendrdn mayor relacién con las fibras C y Ad (Clarke et al.,

2017).

En la regidén cerebral también se ha encontrado alteraciones, por ejemplo, en
imagenes del cerebro de los pacientes con sindrome del tunel del carpo han demostrado
alteraciones corticales en el area de representacién de la mano afectada en el cértex
somatosensorial primario (S1) (Maeda et al., 2013). Estudios con resonancia magnética
funcional muestran que el mapa cerebral en estos pacientes estd amplificado con respecto a
los sujetos sanos (Tecchio et al., 2002). También se han observado cambios estructurales,
disminucién de la sustancia gris en varias regiones del cértex somatosensorial. Una pérdida
en dicha area esta relacionada con la velocidad de conduccién nerviosa del nervio mediano
(Maeda et al., 2013). Otro estudio con este tipo de pacientes demostrd que los sujetos con

STC presentaban una disminucion de la velocidad a la hora de reconocer si las imagenes que
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les presentaban pertenecian a MMSS e MMII de izquierda o derecha (Schmid & Coppieters,

2012).

1.6 Tratamiento

Para su tratamiento, las posibilidades terapéuticas contemplan tanto el abordaje quirurgico
como el conservador. Las intervenciones quirurgicas se dividen en dos tipos: la liberacion
abiertay las endoscdpicas. Enlas cirugias abiertas el ligamento del tinel del carpo es dividido
por una incision palmar, en los ultimos afios se han comenzado a realizar cirugias
minimamente invasivas, para minimizar los efectos adversos de la cirugia y mejorar la
recuperacion. Las cirugias endoscépicas llevan a la incisidon del ligamento transverso del
carpo, pudiendo dejar intactas las otras estructuras. Se cree que se reduce el dolor
postoperatorio y un retorno mas rdpido al trabajo (Sanati et al., 2011). La cirugia estd indicada
principalmente en individuos que tienen sintomas persistentes que no han respondido a un
tratamiento conservador, aquellos que tienen sintomas mas severos (mayor frecuencia de
adormecimiento o pérdida de fuerza de la musculatura tenar) o en aquellos que el estudio
electrofisiolégico determina un deterioro de conduccién neural severa (Scholten et al., 2007;
Verdugo et al., 2008).

Por otro lado, en las cirugias del tunel del carpo, se han observado complicaciones
postquirdrgicas que incluyen: lesiones nerviosas, formacidon de neuromas, lesiones del arco
palmar, hematomas, sindrome de dolor regional complejo, adherencias de los tendones,
acortamiento de los tendones flexores, dolor en la base de la mano, dolor de la incisién y
otras complicaciones de la cirugia (Braun et al., 2002).

Las posibles razones para la persistencia de los sintomas después de la cirugia son:

diagndstico incorrecto, descompresion inadecuada del nervio mediano, lesién nerviosa o
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compresion iatrogénica, sindrome del doble atrapamiento o la patologia en etapa terminal
(Louie et al., 2012).

Por el contrario, el tratamiento conservador se ofrece a pacientes que presentan
sintomas leves o intermitentes, embarazadas o aquellos que no pueden o no quieren una
intervencion quirdrgica (Page, O’Connor, et al., 2012). Dentro de las opciones terapéuticas
conservadoras se han propuesto: el ultrasonido, inmovilizacién con férula, prescripcién de
ejercicio, movilizacién neural, modificacién ergondmica, medicacién via oral, inyeccién de
corticosteroides y vitaminas (Marshall et al., 2007; Page, Massy-Westropp, et al., 2012; Page,
O’Connor, et al., 2012)

En los ultimos afios, se han utilizado dentro de las terapias conservadoras los ejercicios
dirigidos a los nervios mediante movilizaciones o automovilizaciones (Brininger et al., 2007,
Huisstede et al., 2010; Piazzini et al., 2007). Estos ejercicios van dirigidos a la mejora de las
caracteristicas mecanicas y fisioldgicas del nervio. Una caracteristica mecdanica esencial de los
nervios periféricos es su capacidad de deslizamiento longitudinal (Millesi, 1984; Millesi et al.,
1990) y una disminucién de la movilidad del nervio tanto local como general desencadenara
lesion nerviosa. Los pacientes con STC presentan reducida la capacidad de deslizamiento del
nervio mediano (Hough et al., 2007; Korstanje et al., 2012). Por tanto y relacionado con estos
hechos, los ejercicios de deslizamiento del nervio podrian beneficiar a los pacientes que lo
padecen.

Se ha demostrado que el nervio mediano sufre un deslizamiento cuando se realizan los
ejercicios de deslizamiento de los nervios. La mayoria de los estudios han evaluado el
deslizamiento del nervio mediano a la altura del antebrazo (Coppieters et al., 2009; Dilley et

al., 2003). Un grupo diferente ha evaluado el movimiento del nervio mediano en diferentes
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niveles del brazo entre el tlinel de carpo y el musculo pronador redondo. En este estudio, han
medido la cantidad de deslizamiento del nervio cuando se realizan unos ejercicios nuevos de
deslizamiento neural que consisten en la abduccién y aduccion de los dedos de la mano,
previa puesta en tension del recorrido de los nervios del miembro superior en abduccién de
hombro de 902 con rotacién externa y flexion de codo. Los autores han demostrado que los
ejercicios convencionales suponen una movilizacion del nervio proximal en el tinel del carpo
y a nivel de la cabeza del pronador redondo (12 y 13.8mm, respectivamente) pero menor
dentro del tunel del carpo (6.6mm). En cambio, el nuevo disefio de ejercicios, consistentes en
realizar la abduccion y aduccion de los dedos, en sustitucion de la flexo-extensiéon de muneca,
llega a producir un desplazamiento de 13.8mm dentro del tunel del carpo, sin detectarse
mayores deslizamientos del nervio cuando se afiaden inclinaciones de la cabeza (Meng et al.,
2015). Sin embargo, los efectos de estos nuevos ejercicios no se han probado todavia en
pacientes con STC.

En cuanto a comparacion de los beneficios del tratamiento quirdrgico frente al
conservador, presenta resultados contradictorios, una revisidn sistemdatica muestra que el
tratamiento quirurgico es superior al conservador a medio y largo plazo, pero no a corto plazo
(3 meses) (Shi & MacDermid, 2011) .En cambio, en un estudio en el que someten a pacientes
de forma aleatoria a tratamiento quirdrgico o conservador mediante técnicas de terapia
manual en el cuello y ejercicios de movilizacién neural en el miembro superior, demuestran
gue los dos grupos tienen los mismos resultados de mejora a medio-largo plazo (6-12 meses),
pero el grupo de tratamiento conservador mejora mucho mds en los primeros 3 meses
(Fernandez-de-las Pefias et al.,, 2015). Sin embargo, existen datos contradictorios a esos

resultados en una revision Cochrane donde comparan las férulas nocturnas con la cirugia;
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encuentran que la cirugia es mejor al principio hasta el 62 mes, pero al afio los dos
tratamientos producen efectos similares (Page, Massy-Westropp, et al., 2012). Ademas, en
otro ensayo realizado en 2009 en el que comparan la terapia manual multimodal frente a la
cirugia obtuvieron muy pocas diferencias (Jarvik et al., 2009). Y en una revisidn sistematica
han comprobado que ambos tratamientos son similares a los 3 meses, pero concluyen que la
cirugia tiene un efecto superior entre los 6 a 12 meses, en la disminucion en la sensacién del
dolor y mejora de la funcion (Shi & MacDermid, 2011). Recientemente un estudio donde
realizaban educacidn al paciente con tratamiento activo combinado con férulas logré reducir
la lista de espera de cirugia al mejor la percepcién de los pacientes sobre su estado y
satisfaccion sobre el tratamiento conservador (K. J. Lewis et al., 2020).

El tratamiento conservador no solo se ha aplicado de forma aislada, sino como
tratamiento posterior a la cirugia. En una revision Cochrane publicada en 2016 (Peters et al.,
2016); evaluaron la efectividad y seguridad de la rehabilitacién postquirdrgica en pacientes
con STC. Concluyen que hay una evidencia muy baja que apoye el uso de rehabilitacion
después de la cirugia del tunel del carpo, mostrando que los estudios eran heterogéneos en
cuanto a la intensidad, el tipo de terapia, la dosis, la duracion del tratamiento, el tiempo y los
resultados. Recomiendan en futuras investigaciones el uso de la cirugia, estudios con tamafios
muestrales mds grandes y mejor disefiados, con el fin de poder detectar diferencias
estadisticamente significativas entre los grupos. Por otro lado, hay una variedad de resultados
pobres con la cirugia en los que no se alivian los sintomas o se producen complicaciones
postquirdrgicas, por tanto, en esos pacientes que pueden seguir teniendo dolor, es
importante que se investiguen los efectos de la rehabilitacidn post cirugia del STC.

La justificacién para realizar rehabilitacion postquirurgica es la de acelerar la resolucién de los
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sintomas y la recuperacién funcional de los pacientes.

Las terapias mas recomendadas son:

1.- La inmovilizacidn con értesis para minimizar el dolor postquirurgico, el atrapamiento del
nervio, adherencias tendinosas de los flexores.

2.- El Laser y la electroterapia, para estimular la cicatrizacién de la herida y la regeneracion
neuronal y el control del dolor postoperatorio (Gordon et al., 2010).

3.- También se ha utilizado la movilizacién precoz de la mano y la mufieca (Ritting et al., 2012).
Todos los consejos de la movilizacién precoz después de la cirugia de la mufieca y de los dedos
promueven el deslizamiento longitudinal del nervio mediano a través de lecho quirurgico y
previenen adherencias entre el nervio y los tendones flexores (Nathan et al., 1993) y la
irritacion neural (Santos et al., 2012).

4.- El masaje, la presion y la aplicacidn de productos de base de silicio se han propuesto para
disminuir adherencias entre la piel y tejidos profundos y ayudar a la mejora de la sensibilidad
en la zona de la incisidn. Posteriormente se incorporan ejercicios de fortalecimiento vy
actividades funcionales progresivas para mejora la realizacién ocupacional(Nathan et al.,

1993)

19



Actualizacion de la fisiopatologia de las neuropatias por atrapamiento y propuesta de nuevos métodos
de intervencion.

2. Justificacion

A dia de hoy no esta claro por qué algunos pacientes con neuropatias por atrapamiento
manifiestan dolor neuropatico y otro dolor nociceptivo. Se ha teorizado sobre este fenédmeno
planteando que la neuropatia es mas severa en aquellos pacientes con sintomas de DN. La
gran parte de los estudios no han encontrado correlaciones entre la severidad ni ningun tipo
de prueba, principalmente neurofisiolégica (Giirsoy et al., 2013; Oteo-Alvaro & Marin, 2018;
Sonohata et al.,, 2014). Hay que tener en cuenta que las pruebas electrofisioldgicas solo

aportan informacion sobre la pérdida de sensibilidad.

La sensibilizacion central es un mecanismo que no se puede medir directamente en
seres humanos. La propagacion de los sintomas, la valoracién psicofisioldgica y sensorial
puede darnos una idea sobre los mecanismos del dolor presentes en los pacientes. Un clasico
ejemplo es la utilizacion de los umbrales de dolor a la presién, donde la presencia de
hiperalgesia mecanica estd asociada a la sensibilizacidn central (Sorkin & Willis, 1991; Treede
et al., 1992). Otra de las pruebas mas extendidas es la sumacidon temporal, que valora la
plasticidad dependiente del sistema nervioso central (Arendt-Nielsen et al.,, 1994;
Koltzenburg & Handwerker, 1994). En el STC se han reportado resultados contradictorios al

respecto (Nir & Yarnitsky, 2015; Schmid et al., 2012).

La alteracion de los procesos inhibitorios del dolor es uno de los mecanismos
principales que pueden acarrear un aumento de la intensidad del dolor. La variable que se
utiliza mas frecuentemente es la modulacién condicionada de dolor (CPM). Que evaluar los
mecanismos enddgenos de modulacién (Nir & Yarnitsky, 2015). Y que consiste en comprobar

si un estimulo doloroso puede ser influido por un estimulo condicionante nocivo aplicado en
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una parte remota del cuerpo. Se ha reportado que aproximadamente el 70% de los pacientes
con dolor crénico muestran una reduccidn en la eficacia de dicho sistema (G. N. Lewis et al.,

2012).

El cuestionario de sensibilizaciéon central se ha utilizado en los Ultimos afios para
identificar pacientes con estas caracteristicas como por ejemplo la fibromialgia o la fatiga
cronica. Recientemente ha estado en el punto de mira por su validez de constructo. Estudios
realizados sobre diferentes patologias, tales como dolores temporomandibulares, dolor de
hombro, latigazo cervical o dolor de espalda, no han encontrado relacidn entre esta
herramientay las variables fisiologicas (dos Santos Proencaa et al., 2021; Hendriks et al., 2020;

Kregel et al., 2018; Rogelio A. Coronado, 2018).

Para hacer frente al DN la primera linea de tratamiento suele ser el tratamiento
conservador (Colloca et al., 2017). Entre ellos el grupo especial sobre dolor neuropatico de la
IASP, " THE NEUROPATHIC PAIN SPECIAL INTEREST GROUP " recomienda la farmacologia
como primera opcion, pero esta opcion ha mostrado en ocasiones no ser muy eficaz y con
efectos secundarios importantes en su uso a largo plazo (Finnerup et al., 2010, 2018; Percie
Du Sert & Rice, 2014). En la ultima década la fisioterapia ha ganado terreno y crecido en
interés como nueva herramienta de tratamiento para hacer frente al dolor neuropatico
(Jesson et al., 2020). Aunque la fisioterapia, como nueva opcién terapéutica ha mostrado
resultados prometedores en la mejora de la calidad de vida y el dolor (Cleland et al., 2006;
Fernandez-De-Las Pefas et al., 2015), poco se sabe de los mecanismos de accion. Un mejor
entendimiento de estos mecanismos podria ayudar a ser mas efectivos en el tratamiento de

estos pacientes tan complejos.
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La movilizacion neural (MN) ha mostrado ser eficaz a la hora de reducir la alodinia
mecanica, las citoquinas proinflamatorias, modular el sistema opioide endégeno en la
sustancia gris periacueductal y reducir la expresiéon de las células gliales y del factor
neurotrofico derivado del cerebro en modelos animales de DN (G.-C. et al., 2018; Giardini et
al., 2017; Santos et al., 2012; Zhu et al.,, 2018). En humanos los resultados han sido

contradictorios (Basson et al., 2017).

El uso de técnicas de representacién de movimiento como la observacién de acciones
(OA) o la terapia espejo han crecido en popularidad en los ultimos afios. Las dos han obtenido
resultados interesantes y prometedores en voluntarios sanos y en pacientes con dolor
musculoesquelético (Sarasso et al., 2015; Suso-Marti et al., 2020) La OA simula el movimiento
motor en tiempo real de los movimientos visualizados (Buccino 2014). Consiguen activar
areas relacionadas con el movimiento y respuestas autondmicas similares al movimiento real

(Shinoura et al., 2008).
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3. Hipdtesis

La hipotesis principal de esta tesis es que en las neuropatias por atrapamiento existen
procesos periféricos que pueden llevar a desarrollar alteraciones centrales del
procesamiento del dolor y a disfunciones somatosensoriales fuera de sus dermatomas
correspondientes. Y que, una vez detectada la presencia de dichos fendmenos, estos
pueden ser revertidos mediante técnicas de imagen dirigidas a la reorganizacién del sistema

nervioso central.

De la hipdtesis surgieron 4 hipodtesis distintas que fueron puestas a prueba a través de

los siguientes estudios:

» Estudio I: Se llevé a cabo un estudio observacional transversal en el cual la hipdtesis
planteada consistia en que existian distintos fenotipos sensoriales dentro de los
pacientes diagnosticados de sindrome del tunel del capo, siendo estos dependientes

de la intensidad y el tipo de dolor que sufrian los pacientes.

» Estudio Il: Se realizé un estudio observacional transversal en pacientes con sindrome
del tunel del carpo en el cual la hipdtesis era que en dichos pacientes presentaban una
alteracion de los mecanismos centrales de procesamiento del dolor que podria

contribuir a la extraterritorialidad de los sintomas.

» Estudio lll: Se realizd una revisidn sistematica en modelos animales de dolor
neuropatico periférico cuya hipétesis principal era evaluar los efectos de la terapia

fisica sobre los biomarcadores moleculares de dolor neuropatico.

23



Actualizacion de la fisiopatologia de las neuropatias por atrapamiento y propuesta de nuevos métodos
de intervencion.

» Estudio IV: Se realizd un ensayo clinico aleatorizado a simple ciego. En el cual, la
hipétesis consistia en verificar la posibilidad de que técnicas clasicamente dirigidas al
sistema nervioso periférico como es la movilizacion neural, presentadas en el paciente
mediante técnicas de imagen, mas dirigidas al sistema nervioso central, eran capaces

de mejorar el procesamiento del dolor.
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4. Objetivos

El objetivo principal de esta tesis doctoral es describir los distintos procesos fisioldgicos que
ocurren durante el dolor neuropatico periférico. Asi como intentar hallar una nueva linea de

tratamiento que pueda ser efectiva frente a las neuropatias por atrapamiento.

Con dicho fin se llevaron a cabo los siguientes estudios de investigacion:

Estudio I:

Objetivo principal: Identificar cambios estructurales y funcionales en el sistema somato-

sensorial en funcidn de la presencia y la severidad del dolor neuropatico.

Objetivo secundario: Explorar las diferencias demograficas, clinicas y salud emocional

relacionados con la severidad del dolor neuropatico.

Estudio Il:

Objetivo principal: Identificar alteraciones centrales en el procesamiento del dolor en

pacientes con STC mediante medidas sensoriales, psicofisioldgicas y mapas de dolor.

Objetivos secundarios: Investigar si el cuestionario de sensibilizacion central tiene alguna
asociacién con las variables psicofisioldgicas y la distribucion del dolor que indican la
presencia de sensibilizacién central. Investigar la asociacion del cuestionario de

sensibilizacién central a través de los parametros psicolégicos.

Estudio lll:

Objetivo principal: Describir la eficacia que las diferentes intervenciones de fisioterapia tienen

sobre los principales biomarcadores de dolor neuropatico periférico en modelos preclinicos.
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Estudio IV:

Objetivo principal: Comprobar la eficacia de la movilizacién neural activa, la movilizacion
neural mediante terapia espejo, movilizacién neural mediante observacion de acciones y un
protocolo clasico de ejercicios de mano (movilidad y fuerza) sobre la mecanosensibilidad

neural, umbral de dolor a la presidn a nivel proximal y distal.

Objetivo secundario: Valorar el efecto de las terapias sobre la fuerza de presién
manual, hiperalgesia al frio, modulacion condicionada, tolerancia al dolor y sumacién

temporal.
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5. MATERIAL Y METODOS

Los estudios de la presente tesis fueron realizados en laboratorios de distintos centros. El
estudio | tuvo lugar en el centro de investigacion de la universidad de Oxford, John Radcliffe
of Clinical Neuroscience. El estudio Il se llevd a cabo de manera conjunta entre los hospitales
Severo Ochoay 12 de Octubre y la Universidad Rey Juan Carlos. El estudio lll tuvo lugar en la
Universidad Rey Juan Carlos, en el campus de Alcorcén. El estudio IV se realizd en las

universidades Rey Juan Carlos y La Salle Campus Madrid.

El estudio | contaba con la aprobacion del comité ético nacional de ética (London
Riverside, Ref. 10/H0706/35). El estudio Il contaba con la aprobacién de los hospitales del
servicio de Salud de la Comunidad de Madrid, Hospital Universitario Severo Ochoa vy el
Hospital Universitario 12 de Octubre (ANEXO |, n® aprobaciéon CPMP/ICH/135/95 y 20/092) El
estudio Ill se registré previamente a su realizacién en la pagina de registro de revisiones
sistematicas PROSPEORO (n2 CDR42019142878 ). El estudio IV contaba con la pertinente
aprobacion del comité de ética de la Universidad Rey Juan Carlos (ANEXO I, n2 aprobacion

(2703201906919) y se registré debidamente en la pagina Clinicaltrials.org (n2 (NCT04086563).

Todos los estudios se llevaron a cabo conforme a la declaracion de la Asociacion
Médica Mundial de Helsinki y su posterior actualizacion en Fortaleza. Se informd a cada sujeto
acerca de la naturaleza de los estudios, voluntariedad de la participacién en los mismos, de
los objetivos propuestos, asi como de los posibles efectos adversos que pudieran tener lugar
durante su realizacion. A cada sujeto se le solicité que diera su consentimiento a participar en
los estudios por escrito. Los experimentos eran suspendidos en cualquier momento, si asi lo

deseaba el paciente.
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De esta manera se llevaron a cabo los siguientes estudios que componen esta tesis:

l. Matesanz, L., Hausheer, A. C., Baskozos, G., Bennett, D. L., & Schmid, A. B. (2021). Somatosensory and

psychological phenotypes associated with neuropathic pain in entrapment neuropathy. Pain, 162(4), 1211.

Il. Matesanz-Garcia, L., Cuenca-Martinez, F., Simén A-l., Cecilia, D., Goicoechea-Garcia, C., Fernandez-Carnero,

J & Schmid, A. B. (2022). Signs indicative of central sensitization are present but not associated with the Central

Sensitization Inventory in patients with focal nerve injury. The Journal of Clinical Medicine 11(4), 1075.

Il. Matesanz-Garcia, L., Schmid, A. B, Caceres-Pajuelo, J. E, Cuenca-Martinez, F., Arribas-Romano, A., Gonzalez-
Zamorano, Y., Goicoechea-Garcia, C., Fernandez-Carnero, J. "Effect of Physiotherapeutic Interventions on Biomarkers
of Neuropathic Pain: A Systematic Review of Preclinical Literature" (Aceptado en la revista The Journal of Pain)

IV. Matesanz-Garcia, L., Caceres-Pajuelo, J. E., Cuenca-Martinez, F., La Touche, R., Goicoechea-Garcia, C., &

Ferndndez-Carnero, J. (2021). Effects of neural mobilizations through movement representation techniques for the
improvement of neural mechanosensitivity of the median nerve region: a randomized controlled trial. Somatosensory

& Motor Research, 1-10.
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5.1 Sujetos de Estudio

5.1.1 Participantes estudio |

Para este estudio se incluyeron 108 pacientes. Los participantes que cumplian los criterios
electrodiagndsticos y criterios clinicos de STC. Los pacientes fueron reclutados en los
departamentos de neurofisiologia y de cirugia de la mano de los hospitales universitarios de
Oxford. También se utilizaron medios de comunicacién locales y los tablones de anuncios
publicos. Los pacientes fueron excluidos si los hallazgos electrodiagndsticos eran indicativos
de otras neuropatias periféricas distintas del STC, si existia otra enfermedad que afecta a las
extremidades superiores o el cuello (por ejemplo, codo de tenista o artrosis osteoartritis de
la mano), si existian antecedentes de cirugia o traumatismo en la extremidad superior o el
cuello, o si el STC estaba causado por el embarazo o la diabetes. Controles sanos (n=32)
proporcionalmente emparejados por edad y sexo fueron reclutados a través de tablones de
anuncios publicos y anuncios en los medios de comunicacion. Todos los participantes dieron

su consentimiento informado por escrito antes de participar.

5.1.2 Participantes en el estudio Il

Para este estudio se reclutaron 30 pacientes con STC unilateral de las unidades de cirugia de
mano y codo del Hospital 12 de Octubre y del Hospital Severo Ochoa, ambos situados en
Madrid. Para determinar ese numero se realizo el calculo del tamafio muestral en base a la
potencia del efecto de 0,74 de los PPTs del estudio de Llave Rincdn et al. (Llave-rincén et al.,
2011), con un poder estadistico del 80% (alpha=0.05, independent t-test). La muestra fue de 30
sujetos, suficiente para detectar grandes cambios en el analisis de correlacion. (rho=0.44,
power 80%, alpha 0.05). Todos los pacientes estaban en lista de espera quirurgica, con al

menos un afno de persistencia de los sintomas, tenian signo de Tinel y Phalen positivos y
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tenian confirmacién electro diagndstica de STC de moderado a grave segun la Asociacién
Americana de Medicina Neuromuscular y Electrodiagndstica. Los pacientes fueron excluidos
si las pruebas electro diagndsticas identificaban déficits sensoriales y/o motores del nervio
radial y/o cubital, o si los pacientes informaban de cirugias previas de la mano, infiltraciones
previas de esteroides, fracturas de mufieca, diagndsticos relacionados con la columna cervical
y la extremidad superior (por ejemplo: radiculopatias cervicales, lesiones de hombro), u otras
comorbilidades musculoesqueléticas (por ejemplo: artritis reumatoide y fibromialgia). Y por

ultimo se excluyeron del estudio las mujeres embarazadas.

Los pacientes fueron emparejados en edad y sexo con controles sanos (HC, n=30).
Estos fueron reclutados a través de anuncios en los hospitales y la universidad y de los
familiares de los pacientes participantes. Todos los participantes dieron su consentimiento
informado por escrito antes de participar y el estudio recibié la autorizacién ética de los dos

comités de los hospitales participantes.

Los datos de este estudio fueron extraidos del “baseline” de un estudio de
intervenciéon que cuenta con la aprobacién de los comités de ética de ambos hospitales

Severo Ochoa y 12 de Octubre.

5.1.3 Participantes estudio Il

Se incluyeron ensayos clinicos en animales, sin limitacién en cuanto al tipo de animal o sexo
del mismo. El idioma se restringid a inglés y castellano. El modelo animal debia ser de dolor
neuropatico periférico, admitiendo cualquier tipo de modelo (ej.: neuropatia diabética,
neuropatia por tratamiento, neuropatia post-quimioterapia). Los estudios deberian incluir al

menos un grupo control y un grupo que solo hubiese sido tratado con fisioterapia (e;j.:
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movilizacién neural, ejercicio, electroestimulacién, etc.). Como variables deberian reportar
un algun biomarcador relacionado con el dolor neuropdtico (ej.: sistema neuro-inmune,
factores neurotréficos, sistema opioide, etc.). Como criterios de exclusién se tuvieron en
cuenta: que el modelo fuese de dolor neuropatico central, las intervenciones de fisioterapia
estuviesen en combinacidén con tratamiento farmacolégico (ej.: opioides) u otra técnica

invasiva (ej.: electroestimulacion espinal).

5.1.4. Participantes estudio IV

El tamafio de la muestra se estimd utilizando el programa GPower 3.1.7 para Windows
(GPower de la Universidad de Dusseldorf, Alemania) (Faul et al. 2007). El calculo del tamafio
de la muestra se consideré como un calculo de potencia para detectar diferencias entre
grupos en una medida de resultado primaria (ULTN1). Se consideraron tres grupos y dos
mediciones para los resultados primarios, para obtener una potencia estadistica del 80%
(probabilidad de error 1-b) con una probabilidad de nivel de error de 0,05 utilizando el andlisis
de la varianza (ANOVA) de medidas repetidas, la interaccién intra-entre, y un tamano del
efecto de gp2 % 0,202 (Tamafio del efecto f % 0,503) obtenido a partir de los resultados de un
ensayo clinico anterior (Suso-Marti et al. 2019). Esto generd un tamafio de muestra de un
total de 48 participantes mds una pérdida estimada del 20% en el seguimiento, lo que arrojo
un total de 57 participantes (12 por grupo). Entre septiembre de 2019 y febrero de 2020, se
reclutaron participantes voluntarios sanos. Para ello se utilizaron anuncios, redes sociales y
correos electrdnicos. Antes de la inclusion final, todos firmaron el consentimiento informado.
Los criterios de inclusién fueron 1) tener entre 18 y 65 afios. Los criterios de exclusién fueron
1) padecer cualquier patologia que presente dolor, 2) padecer patologias de origen

neuroldgico, 3) tener algun trastorno musculoesquelético en las extremidades superiores y 4)
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enfermedades metabdlicas. La aleatorizacidon se llevd a cabo mediante una tabla de
secuencias aleatorias generada por ordenador y proporcionada por GraphPad Software Inc,
CA, USA. Un miembro del equipo no implicado en el tratamiento o las evaluaciones se encargd

de generar y mantener la lista.

5.2 Disefio de los estudios

5.2.1 Estudio |

El disefio experimental consistié en un estudio observacional de seccién transversal. Los
pacientes fueron divididos en aquellos que presentaban dolor neuropdtico o no mediante el
cuestionario DN4. Para la posterior subdivision de la intensidad de dolor (leve vy
moderado/severo) se utilizé la escala visual analdgica de dolor. Se pidié al paciente que

marcase la intensidad del dolor durante las 24 horas previas a la medicidn.

Para la valoracién de la severidad de los sintomas, los déficits funcionales y las
caracteristicas del dolor neuropatico se utilizaron los siguientes cuestionarios: BOSTON,
cuestionario de los sintomas de dolor neuropatico y un diagrama corporal. También se
pasaron los cuestionarios correspondientes a la salud emocional: Depresion, ansiedad vy
perspectivas positivas, el cuestionario de catastrofismo de dolor y alteraciones del suefio.

Una vez completado todos los cuestionarios se realizd el examen clinico consistente
en valorar el tacto fino, pinprick, tinnel, phalel, presencia de hipotonia en la eminencia tenar
y el balance muscular. La siguiente variable registrada fue el test cuantitativo sensorial, se
realizé tal y como establece el protocolo marcado por la German Research Network on
Neuropathic Pain (Rolke et al., 2006). El electromiograma fue realizado con el ADVANCE

System (NEUROMATRIX) y unos electrodos convencionales y se utilizé la clasificacion
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publicada por Bland en el 2000 (Bland, 2000). Para terminar, se realizdé una biopsia de piel
bajo anestesia local de la falange proximal del dedo indice. El anadlisis de inervacion

intradermal se realizé bajo microscopio.

5.2.2 Estudio Il

El disefio experimental consistio en un estudio observacional de seccion transversal. Los
pacientes fueron reclutados durante sus visitas a la consulta del traumatdlogo especialista de
la unidad. Durante esa visita se le ofrecia la posibilidad de participacién. Una vez firmado el
consentimiento informado, se realizan las mediciones psicofisioldgicas. Las primeras
mediciones realizadas fueron los PPTS en ambas manos, entre mediciones se realizd una
pausa de 30 segundos para evitar el efecto sumatorio de sensibilizacion en el tiempo.
Seguidamente se realizé la modulacién condicionada de dolor y la sumacién temporal. Para
la CPM se midié el umbral de dolor a la presion en la falange distal del 12 dedo, tras la cual,
con la ayuda de un esfingomandmetro se realizé el estimulo condicionante en el brazo
contralateral hasta que el paciente referia dolor en dicho brazo. Con el estimulo aln presente,
se vuelven a medir los PPTs en la misma area del dedo. Un resultado negativo al realizar la
diferencia entre ambas mediciones seria indicativo de un mal funcionamiento del sistema
inhibitorio. La sumacion temporal se realiz6 mediante la observacién entre la diferencia del
dolor percibido durante un estimulo aislado y un estimulo en tren. En la misma consulta el
paciente también dejé constancia mediante la EVA de su intensidad de dolor. El resto de los
cuestionarios y mapas de dolor, debido a la situacidon de pandemia en la que se desarrolld el
estudio se permitié que los pacientes lo pudiesen rellenar en sus domicilios, previa explicacidon
de las instrucciones pertinentes y permitiendo el contacto telefénico para la resolucién de

dudas.
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5.2.3 Estudio Il

El disefio de este estudio fue una revisidn sistematica. Debido a la heterogeneidad de los
biomarcadores, formas de medirlos y lugar donde se llevaron a cabo dichas mediciones no
fue posible realizar el metaanalisis. Dicha revisidn, se llevd a cabo mediante una busqueda en
las bases de datos “Pubmed” “MEDLINE”, “EMBASE”, “CINAHL”, “Web of Science”,
“Psycinfo”, “Scopus”, y “Cochrane”. Se utilizd una combinacién de términos (MeSH) vy
palabras clave (ANEXO lll). Dos investigadores revisaron independientemente los titulos y los
resimenes de los estudios de la busqueda para identificar inicialmente si estos cumplian los
criterios de seleccién establecidos. Cualquier desacuerdo entre los revisores fue resuelto
mediante consenso. Debido a la alta heterogeneidad de los biomarcadores, asi como de los
medios utilizados para su valoracidn y localizacion anatdmica, se hizo imposible meta-analizar
los resultados. Finalmente, los resultados fueron reportados en un mapa de calor que

analizaba la frecuencia de cambios en las concentraciones en los distintos tejidos.

5.2.4 Estudio IV

El estudio se realiz6 como un ensayo controlado, aleatorio y a ciegas, de acuerdo con las
normas de las directrices CONSORT. La aleatorizacion se llevé a cabo mediante una tabla de
secuencias aleatorias generada por ordenador y proporcionada por GraphPad Software Inc,
CA, USA. Un miembro del equipo no involucrado en el tratamiento o las evaluaciones fue
responsable de generar y mantener la lista. Las mediciones y los tratamientos fueron
realizados por dos investigadores independientes. Las mediciones fueron realizadas por un
terapeuta experimentado. El miembro encargado de las mediciones no conocia el
tratamiento que seguian los participantes. Y se realizaron seis sesiones a razén de 3 sesiones

por semana a cada uno de los participantes.
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Una vez firmado el consentimiento informado. Se realizaron las mediciones basales,

tal y como viene reflejado en la Figura 6:

Figura 6
*PPTs N
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Tras las mediciones basales el voluntario pasaba a una sala contigua para iniciar las 6

sesiones de tratamiento correspondientes a la intervencién que le hubiese tocado.

-Movilizacién neural activa consistia en la realizacion de los ejercicios neurales propuestos
por Totten and Hunter (Totten & Hunter, 1991). Los ejercicios se realizaron a un ritmo de
0.5Hz marcados por un metrénomo. Una duracion de 3 minutos por ejercicio descansando 5

segundos cada minuto y 30 segundos entre ejercicios.

-La terapia de espejo consistia en realizar los mismos ejercicios que durante la movilizacién

neural activa, pero con unas gafas modelo Prims Glases™. Los ejercicios se realizaron con la
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mano contralateral, pues el efecto de esas gafas consiste en crear una ilusion éptica de que
se mueve el mano objetivo (contralateral). La dosis de tratamiento es la misma que en el

grupo anterior (cumpliendo los mismos tiempos).

-La observacién de acciones consistidé en la visualizacion de una grabacién de una mano
realizando los mismos ejercicios al mismo ritmo y dosis que los dos grupos anteriores (con

una duracion igual al tiempo invertido en los ejercicios del primer grupo).

-El grupo del programa clasico de rehabilitacién consistié en realizar una combinacién de

ejercicios de movilidad de mufieca y mano junto con ejercicios de fuerza.
Los ejercicios detallados se encuentran en el ANEXO IV.
Seguidamente de la tltima sesidn se realizé la valoracion post tratamiento. Esta siguié

el mismo orden de la valoracion basal.

5.3 Equipos y procedimientos empleados:

5.3.1 Estudio |

Los siguientes aparatos componen la valoracién cuantitativa sensorial utilizada en el estudio
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Figura 7. Termotest modelo Somedic, Sweden, 25x 50mm thermode.

Utilizado para las variables de deteccion térmica y umbrales de dolor térmico.
También registramos sensaciones de calor parciales sensaciones de calor durante la prueba

del limite sensorial térmico.

BARAAAN AAR ppanen

1]
MMM L3 2

Figura 8. Filamentos de Von Frey utilizados para la deteccion mecdnica.

Figura 9. Pinprick utilizado para la sumacion temporal.
La sensibilidad al dolor mecanico se examind con una escala numérica del dolor (0-
100) durante 5 series de 7 estimulaciones de pinchazos pseudoaleatorios. Entremezclados
con estas estimulaciones de pinchazos, se realizaron 5 series de 3 estimulaciones con una
mecha de algoddn, una punta de algoddn y un cepillo estandarizado cepillo normalizado
(Sense-lab) para determinar la presencia de alodinia. El coeficiente de wind-up se midié como
la calificacion numérica media del dolor de 5 trenes de 10 estimulos de pinchazos, dividida

por la puntuacién media de 5 estimulos individuales.
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Figura 10. Algdmetro digital Wagner Instruments, Greenwich, CT.

Utilizado para evaluar los umbrales de dolor a la presion.
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Figura 11. Diapason Rydel-Seiffer.
Utilizado para medir los umbrales de deteccidon a la vibracién. Los pacientes se
familiarizaron con la prueba sensorial cuantitativa (QST) en el dorso de la mano no

experimental, seguida de una prueba en la cara palmar del dedo indice afectado (inervado
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por el nervio mediano). También se evalud la QST en una zona extraterritorial sobre el dorso
de la mano (inervada por el nervio radial). Mientras que la zona de prueba de los umbrales
de temperatura era mas pequefia en el dedo indice (10 x 50 mm) que en el dorso de la mano
(25x 50 mm), las dreas eran comparables entre los grupos de grupos de participantes, por lo
gue no influyen en nuestros resultados. Los umbrales de dolor por presion se registraron en
la eminencia tenar y en el musculo braquiorradial y los umbrales de deteccion de vibraciones
en la cara palmar del extremo distal del segundo metacarpiano o la estiloides cubital para las

zonas mediana y extramediana, respectivamente.

39



Actualizacion de la fisiopatologia de las neuropatias por atrapamiento y propuesta de nuevos métodos
de intervencion.

Figura 12. Electromiograma.

La temperatura de la mano se estandarizé a 31°C. Los registros ortédromos sensoriales
se realizaron estimulando el dedo indice y registrando desde la mufieca. Los estudios motores
se realizaron registrando desde el abductor pollicis brevis estimulado desde la muiieca y la
fosa antecubital. Para determinar la presencia de una anomalia muy leve del TCE, se considero
anormal una latencia mixta aumentada del potencial de accién del nervio sensorial mediano
en comparacién con el potencial de accion del nervio sensorial cubital en la estimulacion del
digito IV, mostrada por un "doble pico". Ademas, una diferencia de 0,4 ms en la latencia
motora mediana frente a la cubital, medida en una distancia fija de 8 cm y registrada en los
musculos interéseos lumbricales y palmares, se consideré anormal. La gravedad de la prueba
de electrodiagndstico se calificd en una escala de 1 (muy leve) a 6 (extremadamente severa)

segun los criterios publicados anteriormente.
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Figura 13. Microscopio Axio LSM 700 con sistema de observacion Z1 (Zeiss, Cambridge, United

Kingdom).

Se utilizd para determinar el nimero de fibras intradermales. Se tomd una biopsia de
piel de 3 mm de didmetro bajo anestesia subcutdnea en la cara ventromedial de la falange
proximal del dedo indice inervada por el nervio mediano. La biopsia se fijé en periodato-lisina-
paraformaldehido fresco durante 30 minutos. A continuacién, se lavé el tejido en tampdn
fosfato y se almacend durante 2 o 3 dias. Después de la incrustacion en gel a temperatura de
corte Optima, el tejido se congeld y se almacend a 280°C. La tincion se realizd mediante el
método de flotacién libre descrito anteriormente, utilizando el producto genético de la

proteina 9.5 (PGP 9.5 Ultraclone, Isle of Wight, United Kingdom, 1:1000; Zytomed, Berlin,
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Germany 1:200) y la proteina de mielina bdsica (Abcam, Cambridge, United Kingdom 1:500)
como anticuerpo primario y Cy3 (Stratech, Ely, United Kingdom 1:1000) junto con Alexa Fluor
488 (Abcam, 1:500) como anticuerpos secundarios. La densidad de fibras nerviosas
intraepidérmicas (IENFD) se cuantificé en secciones de piel de 50- mm determinando la
cantidad de fibras por milimetro de epidermis segun las directrices actuales. También
cuantificamos la inervacién dérmica de Meissner por milimetro de epidermis, el porcentaje
de milimetro de epidermis, el porcentaje de haces nerviosos dérmicos PGP1 que contienen

MBP, y la longitud media de los nédulos.

5.3.2 Estudio |l

En este estudio se utilizé el mismo algémetro que el mostrado en la figura 10 del estudio I.
Este instrumento utiliza kg/cm? como unidad de medida. Las mediciones se realizaron
bilateralmente (lado afecto y lado no afecto). Se calculd la media de tres mediciones sobre el
tunel del carpo que se realizaron con un intervalo de 30 segundos para evitar la sumacién
temporal. La sumaciéon temporal se aplicd mediante los PPTs en el punto medio de la cara
dorsal de la primera interfalangica de la mano afectada. Se le pidié al paciente que
cuantificara la intensidad de dolor en una escala numérica de 0-10. Seguidamente se
realizaron 10 mediciones con la misma intensidad y a un ritmo de 1 Hz. Tras el estimulo en
trenes se volvid a preguntar por la intensidad de dolor. La sumacién temporal se calculé como

el ratio de dolor durante el tren entre el estimulo aislado.
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Figura 14. Esfigmomandmetro Riester.

Modulacién condicionada del dolor: Para realizar el estimulo condicionado de dolor
en el brazo no afecto de los pacientes se utilizo el esfigmomandmetro Riester (figura 14). Para
la evaluacion de la modulacién condicionada de dolor, se utilizaron la media de tres
mediciones de los PPTs sobre la falange distal del primer dedo, en la cara dorsal de la mano
afectada. El estimulo condicionante se aplicé en el lado no afecto mediante el
esfigmomandémetro. Se insuflé hasta 200 mmHg, hasta provocar un dolor de una intensidad
5/7 sobre 10 en la escala de dolor. Una vez alcanzada esa intensidad y con el manguito puesto,
se vuelve a realizar la medicién de los PPT. El protocolo ha demostrado ser adecuado para
valorar la modulacidn condicionada previamente en otras patologias (Foucher et al., 2019).
La eficacia de la CPM se calculd restando los PPT después del estimulo condicionante menos
el PPT aislado. Valores positivos indicarian un buen funcionamiento del sistema inhibitorio

descendente (Tuveson et al., 2006).
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5.3.3 Estudio IV
Los materiales y protocolos utilizados para la medicién de las variables psico-fisiolégicas

fueron los mismos que los empleados para el estudio .
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Figura 15. Gonidmetro.

La mecanosensibilidad neural fue evaluada a partir de la amplitud valorada en grados
de extensién del codo con un goniémetro convencional, utilizando la prueba neurodinamica
del miembro superior 1, que es una herramienta de diagndstico para evaluar la
mecanosensibilidad del nervio mediano (Schmid et al., 2009). Para medir el angulo del codo,
el eje se colocé en el epicéndilo medial con el brazo fijo del gonidmetro mirando hacia el
acromion y el brazo mévil hacia la apdfisis estiloides cubital. Un cambio superior a 7,16 puede

considerarse debido a la intervencion (Oliver & Rushton, 2011).
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Figura 16. Dinamdmetro Jamar, Sammon Preston, Canada.

La fuerza de prensiéon manual se midié utilizando el dinamdémetro JAMAR. Este
dinamoémetro presenta una excelente fiabilidad intra-observador (ICC 174 0,94 y 0,98) y una
excelente fiabilidad intercalar (ICC 174 0,98) (Peolsson et al., 2001). El dinamdmetro se ajustd
a la mano dominante del sujeto. Se ha establecido que el cambio minimo significativo seria

una diferencia de 2,8 kg (Baldwin et al., 2013).

5.4 Instrumentos de recogida de datos y analisis de estudios.

Durante las investigaciones que componen este proyecto de tesis se utilizaron los siguientes

instrumentos de recogida de datos.

-Cuestionario DN4 de dolor neuropatico: la version espafiola de la Douleur Neuropathique 4
(DN4). Esta version ha mostrado una buena consistencia interna (Pérez et al., 2007). El
cuestionario consta de una parte inicial con preguntas que evallan una serie de descriptores
de sintomas neuropaticos (dolor ardiente y frio, descarga eléctrica, hormigueo, pinchazos,
entumecimiento, picor), seguida de una breve exploracién clinica sensorial (hipoestesia al

tacto, hipoestesia al pinchazo y alodinia por cepillado). Una puntuacién de DN4 >=4 se
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interpretdé como dolor neuropatico (Bouhassira et al., 2005) y una puntuacién <4 se interpreto

como dolor nociceptivo.

-Cuestionario del sindrome tunel del carpo BOSTON: se utilizé para evaluar la gravedad de
los sintomas y los déficits funcionales. El cuestionario del tinel carpiano de Boston consta de
una subescala de sintomas y otra de funcién (Levine et al., 1993). Este cuestionario ha sido
validado en espafiol, con buenos niveles de consistencia interna y reproducibilidad (Oteo-
Alvaro et al., 2016). La intensidad del dolor actual de la mano se registré mediante una escala

visual analégica (EVA), siendo 0 la ausencia de dolor y 100 el peor dolor imaginable.

-Cuestionario de sintomas de dolor neuropatico: distingue el dolor superficial, profundo,
paroxistico o evocado, asi como la parestesia y la disestesia. Cada una de ellas en una escala

de 0 a 10, con una puntuacion total que va de 0 a 100 (Bouhassira et al., 2004).

-Diagramas corporales: los pacientes marcaron la localizacidon de los sintomas en un diagrama
de manos y cuerpo (Katz et al.,, 1990). Los resultados se dicotomizaron en distribucién

mediana y extramediana.

-Cuestionario de sensibilizacion central: es una herramienta disefiada originalmente para
identificar a los pacientes con "sindrome de sensibilidad central" (Moser et al., 2012). La
traduccion al espafiol muestra una buena fiabilidad y consistencia interna (Cuesta-Vargas et
al., 2016). El paciente puntua cada pregunta de 0 a 4: nunca, rara vez, a veces, continuamente
y siempre. La puntuacion total oscila entre 0y 100, y se considera que los valores superiores

a 40 indican la presencia del "sindrome de sensibilidad central" (Moser et al., 2012).

-indice de la severidad de insomnio: esta escala clasifica a los pacientes en sin insomnio (0-

7), subumbral (8-14), moderado (15-21) o insomnio grave (22-28). El cuestionario demostro
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gue tiene una consistencia interna adecuada y es una medida de autoinforme fiable para

evaluar las dificultades de suefio percibidas (Bastien et al., 2001).

-Cuestionario sobre catastrofismo de dolor: esta compuesta por 13 items, cada item puntua
del 0 al 4. El rango de puntuacién total se encuentra de 0 a 52, donde las puntuaciones
mayores indican mayor nivel de catastrofismo. Este instrumento presentd la misma
estructura factorial original presentando tres factores (rumiacién, magnificacién vy
desesperanza), asi como unas adecuadas propiedades psicométricas (Garcia Campayo et al.,

2008)

-Cuestionario de depresion BECK: es el cuestionario mas empleado a nivel mundial y nacional
para evaluar la depresion (Whisman, Perez, & Ramel, 2000). Empleamos la adaptacion al
castellano del inventario de depresion de Beck Il, que consta de 21 items para medir la
situacion afectiva, cognitiva y los signos y sintomas de depresién durante las dos ultimas
semanas. Altas puntuaciones indican niveles altos de sintomas depresivos. Este inventario ha
demostrado unas excelentes propiedades psicométricas con una buena consistencia interna
(Cronbach a = 0,89) con una divergencia adecuada y validez divergente (Melipillan Araneda,
Cova Solar, Rincén Gonzélez, & Valdivia Peralta, 2008). Con respecto al punto de corte, no se
puede establecer uno concreto, ya que depende de la poblacién a estudio y el propésito de
este, pero se sitla en un rango de 12 a 19 para indicar la presencia de sintomatologia
depresiva (Melipilldn Araneda et al., 2008; Sanz, Garcia-Vera, Espinosa, Fortun, & Vazquez,

2005)

-Cuestionario Ansiedad (Stai): Se utilizo la versidon adaptada al castellano del “State and Trait

Anxiety Inventory” (STAIES) (Rossi & Pourtois, 2012; Charles D Spielberger, 1983). El “STAI-
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ES” es una escala bien conocida de autoinforme, que comprende dos subescalas de
autoevaluaciéon que miden dos conceptos de la ansiedad: estado (E) y rasgo (R). Esta
compuesto por 40 items con 4 posibles respuestas cada uno (puntuacién de 0 a 3). Las
puntuaciones totales de cada una de las subescalas oscilan entre 0 y 60 puntos.
Concretamente la “STAI-ES” es apta para evaluar la ansiedad-estado en una gran variedad de
situaciones (Rossi & Pourtois, 2012). Ademas, presenta una buena fiabilidad y validez
demostrada previamente (C. D. Spielberger & Vagg, 1984). La consistencia interna oscila entre
0,90 y 0,93 para la escala de estado, y entre 0,84 y 0,87 para la escala de rasgo (C. D.

Spielberger & Vagg, 1984; Vélez, Garzon, & Ortiz, 2008)

-Cuestionario miedo al movimiento TSK: Para evaluar el miedo al movimiento o a la (re)lesion

relacionada con el dolor se utilizard la escala Tampa de kinesiofobia (ETK) validada al
Castellano (Gémez-Pérez, Lopez-Martinez and Ruiz-Pdarraga, 2011). Se usara la versién de 11
items que mostré buenas propiedades de fiabilidad en pacientes con dolor crénico (Gémez-
Pérez, Lopez-Martinez and Ruiz-Pdrraga, 2011). Cada item se califica en una escala de cuatro
puntos tipo Likert que va desde "muy de acuerdo" a "totalmente en desacuerdo". Las
puntuaciones totales oscilan entre 11 y 44, y las puntuaciones mas altas indican mds miedo
de movimiento y/o (re) lesién. Para el dolor crénico en la version inglesa, el cambio minimo

detectable es de 5,6 puntos (Hapidou et al., 2012).

-Habilidad de imaginar movimiento (MIQ-R): Para evaluar la capacidad de imaginar
movimiento, se utilizd la versién espaiiola del Cuestionario de Imagen de Movimiento
Revisado (MIQ-R) que consiste en 4 movimientos repetidos en 2 dominios (visual y
cinestésico). Los participantes puntian los movimientos de 1 a 7, siendo 1 la maxima

dificultad y 7 la menor o minima dificultad. Las caracteristicas psicométricas del de la MIQ-R
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han sido consistentemente adecuadas, con coeficientes de Cronbach superiores a 0,84 para

toda la escala (Campos y Gonzalez 2010).

-Escala de riesgo de sesgo SYRCLE: para valorar el riesgo de sesgo de los estudios en animales
se utilizé la escala SYRCLE. Dicha escala valora los diferentes tipos de sesgos: seleccion,
realizacion, deteccion, pérdidas y reporte. También deja la opcidn abierta a otro tipo de
sesgos que se pudiesen identificar. La escala no cuenta con un puntaje, por lo que lo deja

abierto a la interpretacién de los investigadores (Hooijmans et al., 2014)

5.5 Analisis de datos

Para todos los estudios incluidos en este proyecto de tesis se utilizd el programa Statistics

Package for Social Science (SPSS 20.00 o0 27.00, IBM Inc.).

5.5.1 Estudio |
La normalidad de los datos se evalué mediante inspeccion visual y utilizando la prueba de

normalidad de Shapiro-Wilk.

Se compararon variables demograficas, datos histologicos de la piel, cuestionarios
psicolégicos del sueiio y parametros de la electromiografia de los grupos (sanos, sin DN, DN
leve y DN moderado/grave) con un analisis de varianza de una via (ANOVA) o estadisticas de
Kruskal-Wallis seguido de contrastes planificados. Como estabamos interesados en efectos
de 1) la presencia de DN y 2) la gravedad del DN, utilizamos contrastes de Helmert para las
comparaciones de seguimiento previstas. Este tipo de contraste compara cada nivel de
nuestra variable categdrica "grupo de grupo de pacientes" con la media de los niveles
siguientes. Los contrastes previstos incluian 1) grupos sanos frente a grupos combinados de

pacientes (para confirmar diferencias entre los pacientes y los controles sanos), 2) grupos sin
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DN vs grupos combinados de DN (para evaluar el efecto de la presencia de DN y 3) DN leve
frente a DN moderado/grave (para evaluar el efecto de la gravedad del DN). El equivalente
no paramétrico del contraste de Helmert se utilizé para datos no distribuidos normalmente,
y el punto de corte de la significacion se ajustd para las pruebas multiples (correccidn de
Bonferroni). La gravedad de los sintomas y de la funcién sélo se evalué en los 3 subgrupos de
pacientes mediante pruebas de Kruskal-Wallis seguidas de 2 contrastes de Helmert (grupos
sin DN frente a DN combinado y DN leve frente a moderado/grave). Los resultados del
examen clinico y de la medicacién se compard entre los grupos con la estadistica chi-cuadrado
o pruebas exactas de Fisher, segln el caso. A continuacidn, se realizaron 2 comparaciones
planificadas, ajustadas por Bonferroni para pruebas multiples (grupos sin DN vs. grupos

combinados de DN y DN leve vs DN moderado/grave), reflejando los contrastes de Helmert.

Las puntuaciones z de las pruebas sensoriales cuantitativas se analizaron con 4
ANOVAs multivariantes de una via (MANOVAs) utilizando los umbrales de combinados de
deteccién de QST o umbrales de dolor como variables de respuesta y grupo de pacientes
como variable independiente para los territorios mediano como para los territorios medianos
y radiales. Se realizd la estadistica de rastreo de Pillai, que es robusta para los disefios
desequilibrados. Los MANOVAs significativos fueron acompafiados de ANOVAs
unidireccionales seguidos de Helmert para comprobar la hipétesis de que los fenotipos
clinicos son mas pronunciados en los pacientes con DN moderado/grave, seguidos de los que
tienen DN leve y no tienen DN, mientras que los participantes sanos muestran los menores
déficits.

También utilizamos un algoritmo publicado recientemente que incluye a cada

paciente en 1 de 3 fenotipos sensoriales: 1) pérdida de deteccién térmica y mecdnica
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("pérdida sensorial"), 2) funcion sensorial intacta, a menudo combinada con hiperalgesia o
alodinia térmica ("hiperalgesia térmica"), y 3) pérdida de deteccién térmica, pero no
mecdnica, acompafiada de hiperalgesia o alodinia mecdanica ("hiperalgesia mecdnica"). Se
utilizdé la version determinista en la que cada paciente se clasifica en un fenotipo y no son
posibles los fenotipos mixtos. Se utilizaron las pruebas exactas de Fisher para comparar la

frecuencia de los fenotipos de QST entre los grupos.

5.5.2 Estudio |l
No se pudo realizar el meta-andlisis. Se realizé un andlisis descriptivo mediante mapas de

calor.

5.5.3 Estudio lll
Se comprobd la normalidad de los datos mediante la inspeccién visual de los histogramas vy la
prueba de Kolmogorov-Smirnov. Las caracteristicas sociodemograficas y clinicas de los

participantes se resumieron mediante estadisticas descriptivas.

Para determinar la presencia de signos indicativos de un procesamiento central del
dolor alterado, se emplearon pruebas t de Student independientes para identificar las
diferencias entre los grupos de sanos y de pacientes para las variables psicofisicas. Se informé

de la frecuencia de propagacion extraterritorial de los sintomas (mediana/extramediana).

Para identificar las asociaciones entre el CSly los signos psicofisicos indicativos de una
alteracion del procesamiento del dolor, realizamos estadisticas de correlacién de Pearson sélo
en los datos de los pacientes. Los coeficientes de 0,5 o superiores se interpretaron como una
correlacién fuerte, 0,3 moderada y 0,1 pequefia. Se corrigié la tasa de falsos descubrimientos

mediante la correccion de Benjamini Hochberg (FDR=25%). También agrupamos a los
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pacientes con STC en aquellos con CSI >=40y <40y exploramos las diferencias en las pruebas
psicofisicas y la propagacién de los sintomas con pruebas t independientes y estadisticas de

la prueba de Chi cuadrado o exacta de Fisher, segun el caso.

Para explorar la relacién entre el CSl y el bienestar emocional (BECK, TSK, STAI) en los
datos de los pacientes, se calcularon los coeficientes de correlacién de Pearson y se utilizo la
correccion de Benjamini Hochberg para corregir la tasa de falsos descubrimientos. Los valores

p no ajustados se presentan para facilitar la interpretacion.

5.5.4 Estudio IV

Se empled un intervalo de confianza del 95% y considerando estadisticamente significativos
todos los valores con un valor p inferior a 0,05. La estadistica descriptiva se empled para
resumir los datos de las variables continuas, se presentaron como media + desviacién
estandar y el intervalo de confianza del 95%. Se realiz6 un ANOVA de medidas repetidas para
estudiar el efecto del factor inter-sujeto "grupo de intervencion" con 4 categorias (NM activo,
MT, AO y CR) y el factor intra-sujeto tiempo", también con 2 categorias (pre y post) sobre las
variables dependientes. Se realizé un analisis post hoc con correccidn de Bonferroni en el caso

de resultados significativos del ANOVA para comparaciones multiples entre variables.

El tamafio del efecto se calculé6 mediante el Eta Cuadrado Parcial (gp2) cuando era
significativo. Un tamafo del efecto de 0,01 se considerd pequefio, 0,06 como medio y 0,14

como grande (Gray y Kinnear, 2012).

Se realizd un andlisis por protocolo porque nos interesaba conocer los datos de los
participantes que completaron el estudio asumiendo que en la realidad clinica se producen

pérdidas. De este modo, se conoce con mayor precision el efecto de la intervencién, ya que
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se ha demostrado que los pacientes con niveles bajos de adherencia tienden a tener un peor
prondstico que los que tienen mayores niveles de adherencia. Esto fue considerado como una

pequefia limitacidn porque se trata de personas sanas y no pacientes.
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6. Resultados

6.1 Resultados del estudio |

54



Actualizacion de la fisiopatologia de las neuropatias por atrapamiento y propuesta de nuevos métodos
de intervencion.

D0 L0 =8 +AUADAHE HHER D AW DARI DS A L ARPOOIE IOHEIPE0E WA VL W DAD W -0 H BETIUTH = B D UFRSI T AP H RS TIUE AU LD W o 0 W0y e

Research Paper

PAIN
Somatosensory and psychological phenotypes
associated with neuropathic pain in

entrapment neuropathy
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Abstract \I
It currently remainz unclear why some patiants with entrapmnent neuropathies develop neuropathic pain (neuP), whereas others have

non-neuF, presumaby of nociceptive character. Studying patients with carpal tunne syndrome [CTS), this cross-sectional cohort
study investigated changes ir somatosersory structure and function as well as emotiona well-being specific to the oresence and
severity of neuP. Patients with CTS (n = 108] were subgrouped by 1he DN4 guestionnare into those without and with neuP. The
latter group was further subdvided inte mild and moderate/severe neuP using a pain visual analegue scale. N = 32 particpants
served ashealthy cortrols. Al parficipants underwent a cinical examnation, guantitative sensory testing, electrodiacnostic testing
([EDT), and skin Liopsy to determine the structural integrity of dermal and intraepidermal rerve fibres. Palients also completed
questionnaires evaluating symptam seventy and functional daficils, pain distibution, sleep quality, and emctional well-being. The
overall prevalence of neuP in patienta with CTS was 80%, of which 83% had mild neuP. Symptom severity and functicnal deficits as
well as somatosensory dysfunction was more pronounced with the presenca and increasing severity of neuP. No difference was
idantified among patiznt groups for EDT and newe fibre integrity on biopsies. The severity of neuP was accompanied by more
pronouncad deficts inemotional well-being and sleep guality. Intriguirgly, extrateritonal soread of sympicms wasmaore prevalentin
patients with moderate/severe neuP, ndicatirg the presence of central machanisms. NeuP iscommon in patients with CTS, and its

severity is related to the extent of somatcsensory dysfunction and a compromise of 2amotional well-being.
Keywards: Nauropathic pain, Quantitative sensory testing, Fnfrapment neuropathy, Carpal tunnal syndrome

1. Background

Entrapment neuropathies represent the most prevaent pericheral
newrcpathy and are the most common cause of neurcpathic pain
(neuP). Carpal tumel syndrome (CTS) = the mogt prevalent
entrapment neuropathy with a lifletime risk of ~1086 that increases
to 85% in patiznts with diabetes.”® Patients mostly experience
tingling and numbness in the hand and loss of dexterty. In addition,
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some patents experence pan, which can impact on thair daily
functioning.

According 1o the neuP grading system,'® patients with eleciro-
diagnostically confirmed CTS and sympioms in their hand are
automatically classed as having at ‘east probable neuP and definite
neuP if sensory abnonrnaiiies ae present. Howenar, De patients’
descriofion of their pain sometimes indicates the presence of
nociceptive rather than neuP.®' Indeed. the use of screening
questionnaires revealed that tha prevalence of neuP in patients with
CTS varies with values reporied from 31% to 77971 5958 Thig
togetrer with the absence or at best weak correlation between pain
and measures of nerve pathology (eg, nerveconduction studies)™ !
hae led to the hypothesis that n some patients, pain may orginate
from structures other than the nene sich as the flexor tendons™

[t currently rmains unclear why some patients with CTS develop
neuP, wrereas others do not expenence nelP but pan of
predominant rociceptive character. Ore hypothesis iz that neurop
aty is more severe in patients with neuP compared with those
without neuP. However, the evidence for this is currently controver-
sial,?"*™* wih most studies reporting ro association betwsaen
electrodiagnostic test severity and the presence of neuP. Of note,
electrodiagnostic testing only examines loss of function of large
nerve fibres, thus provding only limited infarmation on the potential
spectum of nerve pathology.

A better undestanding of the prevakence of neuP and its
underling disease prccess is crudal to determine risk factors and
guide management for these patients. This cross-sectona cohort
study provides an in-deoth ewaluation of the somatosensory
phenclype of patients with CTS wit ard without neuP. We hersby

waww. painjnumaloniine com 1
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am to (1) identify changes in the somaiosensary structure and
function specific o the presence and severily of neuP and (2) explore
whether differences in demographic, clinical, and emctional well-
beirg are related to the presence and seveity of neuP.

2. Methods

2.1. Participants

©One hundred and eight patients who met electrodiagnostic’ and
clinical criteria® for CTS paricipated in the study. Pafients were
reciuited through the neurophysiology and hand surgery
departments at Oxford University Hospitals, local print media,
and public nofice boards. Patients were excluded if electro-
diagnostic findings were indcative of other peripheral neuropa-
thies than CTS, if another madical condition affecting the upper
exfremity or neck was present (eg, lennis elbow or hand
osteoarthritis), if a previous nistory of surgery or trauma to the
upper imb or neck existed, orif CTS was caused by pregnancy or
diabetes. Propotionally age- and sex-matched healthy controls
(n = 32) were recruited through public notice boards and media
advartisements. The study was approved by the national ethics
committee (London Riverside, Ref 10/HO706/35), and al
parficipants gawe informed written congent before participating.
Primary publications containing paris of the Oxford CTS cohort
have been previously published.®®

2.2. Patient subgroups

Patiants were divided into those with and without neuP using the
DN4 guestionnaire.'® This guestionnaire is composed of questions
evaluating a range of sensory descriptors and a short sensory
examination. Sersory descriptors include the presence or absence
of buming and painfully cold-li<e pain, electric shocks, tingling, pins
and needes, numbness, and itching. The sensory examination
evaliates the presence o absence of nypoesthesia to touch,
hypoesthesia to pinprick, and brush allodynia. A DN score of =4
was interpreted as neuP. Because the DN4 was designed to
differentiate neuropathic from somatic pair, we interpreted a score
of <4 (no neuP) to represant pain of likely nociceptive character. We
specifically decidad against the use of the neuP grading system,'®
which has previously been applied to classify patients in similar
afiidies #4255 This was particularly imporiant in our enhort, as the
grading system would automafically classifv all patients with CTS as
having at least probable neuP because of the presence of nerve
conduction abnarmalities. Moreover, our guestion was focused on
neu” vs no neuP (nociceptive pain) rather than painful vs pain-free
neuropathies as in previous studies.

To examine the impact of neuP saverty on the clinical
phenotype, we further classad those with neuP as having mild
(=<4) or moderate/severe neuP using a cutoff of =4 on a visual
anaogue scale for average pain during the past 24 hours.™

2.3. Symptom severity, functional deficits, and
characteristics of neuropathic pain

The Boston Campal Tunnel Questionnaire was used fo assess
sympiom severity and funciional deficits in patients with CTS.™
Characteristics of neuP were evaluated with the Neurcoathic Pain
Symptom Inventory, " which distinguishes superficial, deep, parox-
ysmal, or evoked pain as well as paraesthesia and dvsaesthesia
each on a scale from O fo 10 with the tofal score ranging from O to
1007 Patients also marked their spread of symptoms on a hand
and body diagram. The pattems were dichotomized into median and
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exframedian spread and the presence or absence of proxdmal
spread of symptoms beyond the hand.®® Spread of sympioms
outside tha distribution of the medan nerve has previously been
associated with central sensitisation in patients with CTS.52

2.4. Clinical examination

Light touch and pinprick were tested with catton wool and a
neurctip over the palmar surface of the index fingerip. As
sensation may be altered even in hand areas not innervated by
the affected median nerve in patierts with CTS,"® sensation was
recorded as nomal or reduced compared with the proximal
ventral forearm. We futher performed 3 commonly used clinical
provocation tests: Tinel sign involved light percussion over the
median nerve just proximal to the carpal tunnel. A positive test
was recoded if characteristic paraesthesia or shooting pain
radiating into the fingers was provcked. The Phalen test involved
active end of range wrist flexion. A reproduction of symptoms (eg,
paraesthesia and numbnesgs) inthe median nerva territory witiin 1
minute was considered a positive test® For the carpal
compression test, moderate pressure was exeried with the
investigators’ thumbs over the transverse carpalligament with the
wrist in a neutral position.’® The test was deemed positive if
paraesthesia or numbness was provoked in the median rerve
territory of the hand within a maxmum period of 30 seconds.
Thenar wasting was graded as present or absent. Muscle
strength of the abductor pollicis brevis was graded according to
the Medical Research Council Manual Muscle Testing scale
ranging from MU to Mo, with M3 indicating fJll range against
gravity and M5 indicating activation against the examiner's full
resistance with a full range of motion.3®

2.5. Emotional well-being and sleep quality

To evaluate emotional well-being, participants completed the
Depressicn Anxiety and Positive Outlook Scale.*® They also
completed the 13-item Pain Catastrophizing Scale,®® which
containe subscales for rumination, magnification, and helpess-
ness, as well as the short form Pain Arxiety Symptoms Scale
(PASS-201*" with subscales describing cognitive factors, escape,
fear, and physiological anxiety. Sleep disturbance was evaluated
with the Insomnia Severity Index, which classifies patients into no
ingomnia (0-7), subthreshold (8-14), moderate (15-21), or severe
insomnia (22-28).7

2.6. Quantitative sensory testing

Quantitative sensory testing was used to determine somatosensory
phenotypes according o the previously published profocol by the
German Rasearch Network on Neuropathic Pain.** Cold and wamm
detection thresholds as well as cold and heat pain thresholds and
thermal sensory imen were measured with a ThemnoTester (Some-
dic, Sweden, 25 X 50 mm thermode). We also recorded paradoxical
heat sensafions during thermal senzory limen testing. Mechanical
detection was measured with von Frey hairs and mechanical pain
thresholds with weighled pin-prick stimulators. Mechanical pain
sensithity was examined with a numerical pain rating scale (0-100)
during 5 sets of 7 pseudorandom pin-prick simulations. Intermingled
with these pin-prick stimulations were 5 sets of 3 light touch
stimulations with a cotton wisp, a cotion wod tip, and a standardized
brush (Sense-lab) to determine the presence of allodynia. Pressure
pain thresholds were evaluated with a manual agometer (Wagner
Instruments, Greenwich, CT) and vibration detection threshald with a
Rydel-Seiffer tuning for<. The wind-up ratio was measured as the
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mean numencal pain rating of 5 trains of 10 pin-prick stimuli divided
by the mean rating of 5 single stimuli.

The patients were familiarised with the quantitative sensory testing
(QST) on the dorsum of the nonexpermental hand followed by
testing on the palmar side of the affectedindex finger (innervated by
the median nerve). We also evaluated QST in an extratenitorial area
over the dorsum of the hand (innervated by the radial nerve).
Whereas the testing area for temperature threshdds was smaller
over the index finger (~10 x 50 mm) than the dorsum of the hand
(25 x B0 mm), the areas were comparable between parficipant
groups, hence not influencing our findings. Pressure pain thresholds
were recorded over the thenar eminence and brachioradial muscle
and vibration detection threshalds over the palmar side of the distal
end of the second metacarpal or ulnar styloid for the median and
exiramedian areas, respectively.

Quantitatve sensory testing data (except for cold and heat pain
and vibration detection thresholds) were log transformed to
achieve normally distributed data.>** Z scores (jvalue of the
participant-mean  value of healthy controls)/SD of  headthy
controlg)*® were calculated using the proporticnally matched
healthy control group. A small constant of 0.1 was added to the
MPS to avod loss of zero rafing values.™

2.7. Electrodiagnostic tests

Blectrodiagnostic testing (EDT) was performed with an ADVANCE
system (Neurometfrix) and conventional reusable electrodes.
Hand temperature was standardized 1o >31°C. Sensory ortho-
dromic recordings were made by stimulating the index finger and
recording from the wrist. Motor studies were performed by
recording from the abductor pollicis brevig stimulated from the
wrist and antecubital fossa. To determine the presence of a very
mild EDT abnormality, an increased mixed latency of the median
sensory nerve action potential compared with ulnar sensory nerve
action potential on digit [V stimulation shown by a “double peak”
was considered abnormal.>® In addition, a difference of =0.4 ms
in median ve ulnar motor latency measured over a fixed distance
of 8 cm and recorded over the lumbrical and palmar interossei
muscles was considered abnormal.’! Electrodiagnostic test
severity was graded on a scale from 1 {very mild) to 6 (extremely
severe) according to previously published criteria.®

2.8. Skin histology

A 3-mm diameter skin biopsy was taken under subcutanecus
anaesthesia on the ventroradial side of the proximal phalanx of the
index finger nnervated by the median nerve. The biopsy was fixed in
fresh periodate-lysine-paraformaldehyde for 30 minutes. The tissue
was then washed in phosphate buffer and stored for 2 to 3 days in
sucrose in phosphate buffer. After embedding in optimal cutting
temperaturegel, the tissue was frozen and stored at —80°C. Staining
was performed using a previously described free-flcating method, *®
using protein gene product 9.5 (PGP 9.5 Ultraclone, Isle of Wight,
United Kingdom, 1:1000; Zytomed, Berin, Germany 1:200) and
myelin basic protein (Abcam, Cambridge, United Kingdom 1:500) as
primary antibodies and Cy3 (Stratech, By, United Kingdom 1:1000)
and Alexa Fuor 4838 (Abcam, 1: 500) as secondary antibodies.
Intragpidermal nerve fibre density (IEMFD) was quantified in 50-
wm skin sections using an Axio LSM 700 microscope with an
Observer 21 imaging system (Zeiss, Cambridge, United Kingdom)
by determining the amount of fibres per milimeter epidermis
according 1 curent guidelines.®® We also guantified dermal
innervation by evaluating the number of Meissner corpuscles per
milimeter epidermis, the percentage of PGP dermal nerve bundles
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containing MBP, and the mean nodal length as previously
reported.*®

2.9. Statistical analysis

SPSS Version 27 (BM) was used for stafistical analyses.
Nomality of data was assessed by visual inspection and using
the Shapirc-Wilk test for nomality.

Demographic varables, skin histology data, psychological and
sleep quesfionnaires, and EDT parameters were comoared among
groups (healthy, no neuF, mild neuP, and moderate/severe neuP)
with one-way analysis of variance (ANCWVA) or Kruskal-Wallis
statistics followed by planned contrasts. As we were interested in
effects of (1) the presence of neuP and (2) the severity of neuP, we
used Helmeri contrasts for planned follow-up comparisons. This type
of confrast compares each level of our categorical vaiable "patient
group” with the mean of the subseguent levels. As such, the planned
contrastsincluded (1) healthy vs combined patient groups (to confim
differences between pafients and healthy conirds), (2) no neuP vs
combined neuP groups o evaluate the effect of the presence of
neuP), and (3 mild neuP vs moderate/severe neuP (to evaluate the
effect of neuP severity). The nonparametric equivalent for the Helmert
contrast was used for non-nomally distributed data,” and the
significance cutoff was adjusted for multiple testing (Bonferroni
corection). Symptomandfunction severity were only evaluated in the
3 patient subgroups using Kruskal-Wallis tests folowed by 2 Helmert
contrasts (no neuP vs combined neuP groups and mild neuP vs
moderate/severe neuP). Findings of the clinical examination and
medication intake were compared among groups with chi-square
statistics or Fisher exact tests as appropriate. This was followed by 2
planned comparisons, Borfenoni adjusted for multipgle testing (no
neuP vs combined neuP groups and mild neuP vs moderate/severe
neuP), reflecting Helmert contrasts.

Quantitative sensory testing z scores were analysed with 4
one-way muliivariate ANOVAs (MANOVAs) using the combined
QST detection or pain thresholds as the response variables and
patient group as the independent varable for both the median
and radial territories. Pilai's trace statistics, which is robust to
unbalanced designs, is reported. We followed the significant
MANOVAs up with one-way univariate ANCOVAs followed by
Helmert contrasts to test the hypothesis that clinical phenotypes
are most proncunced in patients with moderate/severe neuP,
followed by those with mid and no neuP, whereas healthy
participants show the least deficits.

Wealso used a recently published algorithm®° that allocates each
pafient info 1 of 3 sensory phenotypes: (1) loss of thermal and
mechanical detection (“sensory loss”), (2) intact sensory function,
often combined with themmal hyperalgesia or alodynia (“thermal
hyperalgesia®), and (3) Inss of thamal detection, hut not mechanical
detection, accompanied by mechanical hyperalgesia or allodynia
(“mecharical hyperalgesia’).®® The deterministic version of the
algorithm was used, in which each pafient is sorfed to 1 phenotype
and no mixed phenotypes are possible. Fisher exact tests were used
o compare the frequency of QST phenctypes among groups.

3. Results

3.1. Most patients with carpal tunnel syndrome have
neuropathic pain

The demographic data are described in Table 1. Most patients with
CTS had likely neuP (BU%), whereas 20% were classified as unlikely
neuP by the DN4 and therefore presumably have pain of nociceptive
character. Of those patients with neuP, 63% were classfied as having
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mild neuP, whereas 37% had moderate/savere neuP. The groups
were comparable in regard fo age, sex, height, and weight. Duration
of symptoms was different among groups H(2) = 10.1, P = (.00E),
with Helmert contrasts demonstrafing that this was caused by shorfer
symptom durafion in patentswith moderate/severe neuPthan those
with mild neuP.

Pan medication fo aleviate CTS symptoms was taken by 36%
of patients (Supplemertary Table 1, available at http:/links.lww.
com/PAIN/B203). Whereas no differences were apparent be-
tween patients with and without neuP, patients with modarate/
severe neuP reported more analgesic diug uvse than those with
mild neuP; however, this marginally faled to reach staiistical
signifcance. There were no differences among groups for the
types of medications used apart from paracetamol ard opioids,
which were more frequenty ta<en by patients with modzrate/
severe neuP compared with those with mild neuP.

3.2. Symptom severity and functional deficits are more
pronounced with the presence and increasing severity of
neuropathic pain

Data for symptom severty and functional deficits are summarised n
Table 2. Planned corirasis revealed that patients with neuP
[combined group) experenced more pronounced symptoms than
those with no neuP, except for the deep and evoked pain domain of
the NPSI. In addition, sympiom sewverity was consistenty higher n
patients with moderate/severe neuP compared with thoss with mild
neuP.  Similary, functional deficits measured by the Eoston
Funciional Staius Scale werehigher in patients with neuP compared
with those without neuf.

Patients with moderate/severa neuP had a higher tendency to
have axiraterritoria symptoms (66%)compared with patients with
mild neuP (35%) but not those without nauP [46%, P = 0.024).

3.3. Clinical examination findings

Patients with neuP exhibited mare sensory abnomalities o0 light
touch and pin-prick testing comparad with those without neuP
(Table 2). The freguencies of motor signs as well as a positive
Phalen test and compression sign were comparable among
groups. The overall chi-square test for Tinel sign was significant;
however, planned confrasts were not significant after Sonierroni
comectior for the number of planned comparisons.

3.4. Somatosensory dysfunction of some parameters is
greater in neuropathic pain

Quantitative sensory testing data are shown in Figure 1. The
most common somatosensory phenotype in patents with CTS
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was thermd hyperagesia (45.4%), followed by sensory loss
(33.3%) and mechancal hyperalgesia (21.3%).

In the median nerve temitory, the MANCWA for the detection
thresholds showad a significant effect (V = 0.32, F{15, 402 =
0.327, P =< 0.0001). Univariate ANOVAs followed by Helmert
contrasts (Fig. 1A) revealed d=ficits in all detecton thresnolds in
the combined patiert groups compared with healthy controls
(1(136) = 3.20, P = 0.002). Patienis with moderate/sevee neuP
were different from those with mild neuP for cold detection ((136)
= 2.09, P = 0.032). Of note, al 3 Helmert contrasis were
significant for mechanical detection thresholds in the median
nerve femitory, indicating that mechanical sensory deficits
intensify with the presence and increasing severity of neuP
(1(136) > 2.18, P < (.03).

In tha radial nerse temitory, the MANOVA for detection
thresholds was significant WV = 024, F(15,402) = 2.36,
P = 0.003). Univariate ANOVAs followed by Helmert contrasts
(Fig. 1B) demonstrated deficits in all detection threskolds excapt
for ibration in the combined patient groups compared with
healthy controls it(136) = 2.98, P < 0.003). In addition, patients
with moderate/severe neuP had stronger deficits in mechancal
detection and thermal sensory imen compared with patients with
mid neuP (t136) = 5.65, P < 0.012).

No differences bstween groups were apoarent for pain
thresholds in beth the median (V = 0.13, F"8,387) = 1.00,
P = 0.452, Fig. 1C) and radial (¥ = 0.14, F(18,384) = 1.01,
F =0.452, Fig. 1D) territories. Paradox cal heat sensations inthe
median territory were only exparierced by 3 patiznts, all of which
had neuP (2 mildand 1 moderate/savere). Inthe radid nerve area,
6 partidpants (3 moderate/severe, 1 mild, 1 no neuP, and 1
healthy contrel) had paradoxical heat sensations. None of the
patients presented with allodynia in either innenaticon teritory.

There was no difference in the proportions of somatosensory
profles among patient suogroups (Fisher exact test, P = 0.540,
Supplementary Table 2, available at hitp:/Ainks.ww.com/PAIN/
B203).

3.5. Electrodiagnostic test severity is comparable

There were no differences n electrodiagnostic tast severity
among oatient groups (no neuP median [interguartile range] 3.0
[2.0], mid neuP 3.0 [2.0], and moderate/severe neuP 3.0[2.0], P
= (.744, Supplemertal Fig 1, avalable af hitp:/links.lww.com/
PAIN/B203).

Kruskal-\Wallis tests showed significart group effects for
sensory newve action potential amoliudes (H(3) = 33.3,
F = 0.0001), sensory nerve conduction wvelocities
(H(3) = 51.67, P < 0.0001), and compound motor latencies
(H(3) = 40.57, P < 0.0001), but not motor action potertial

<
<

Demographic data.
Healthy Mo neuP Mild neuP Mod/sev neuP P

MNo. of participants, n (%) 32 22 (20 54 (50) 32 (30)

Sex femalk (%) 24 (75) 12 (55 37 (69) 23 (72) 0.426¢#
Mezn age (SD), yrs 57.2 (12.4) 50.0 (14.5) 594 (13.5) 57.2(10.1) 0.725*
Mezn height (S0}, cm 163.02(29.9) 168.3 9.6) 1657 (104) 168.0(9.0) 0.599°
Mezn weight (S0), kg 73.8 (16.9) 751 (9.8) 730 (17.0) 79.6 (16.8) 0.307*
Mecian symptom duration [QR], mo 40 [B3 48 [42]1 18 [30] 0.006*

* Pyalues are presented for ane-way ANOVAS. # P xalue represants 7 test assasaton alues Significant overall comparisons are highlighted in bokd
1 Significant Bosferronk adjused Hedmert contrasts e indicated for mild v moderate/savere neuP grosps. Covrasts between no neuP vs combined neuP groups wene ot significant.

ANOVA, analysks of varance; KR, interquartils range; neuP, neurgpathic pain; SO, sandard deviabon
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Symptom severity, functional deficits, and clinical findings.
No neuP Mild neuP Mod/sev neuP P
Symmom severity, median [I2F)
Boston Symptom Scale 21 [ 24 [0.9)8 3209 <0.0001#
NP3 total 10,0 17.51F 16.0 [15.8]§ 38.5[20.8] <0.0001#
NP3l buming 0.0 [0.0 0.0 [2.0] 201[6.0 0.001#
NP3l deep 0.0 [21] 0.0 2008 25[4.0 0.007#
NP3| paroxysmal 0.0 [01)F 0o 21§ 3.0 (4.0 <(.0oun#
NP3 evoked 0.0 [0.7] 0.0 2008 27 [3.7] <(.0001#
NP3l paraesthesia 353 5.3 [5.5)§ 7043 <0.0001#
Functional deficits, median [I2R]
Roston Funcfion Seala 16 [NAt 14049 2R [1.4) 0.004#
Sympiom distribution, n %)
Bxt-amedian spread 10(46) 19 (35)5 21 (66) 0.024°
Proximal spread 11(50) 31 (57) 23(72) 0.229*
Clinical examination, n (%) abnormal
Lignt touch 1(8¢ 30 (56) 16 (50) 0.0041
Pinprick 6 (27} 38 (72 19 (59) <(.0001*
Phalen test 13(62) 37 (E2) 24 (B0) 0.169*
Tingl sign 7 (33) 23 (96) 20 (67) 0.050°
Compression sign B (38) 27 (55) 13 (43) 0.354*
Muscle strengthll
VRC3 00 0{0) 144
VRC4 3 (20) 12 (30 5 (20) 0617t
VRCS 12 (B0) 29(1N) 19 (76)
Thenar wasting & (29) 19 (35) 7 (23 0.423*

Data are shown asmedian [KIR] or n %)

* Pyalues iefiect ° associations. £ values reflect Kruskal Wallis nesuits.

1 Pvalues reflect Fisher exact test assec Athons Significant overall comparisons are highlighiedin bold.

I Significart Bonfernond-adjusied Helm et contmsts are indicaed for no neuP vs combined neuf groups.

& Significart Bonferrond-adjusted Helm et contmsts are indicated for mild vs moderate/severe reuP groups.
i Data for #7 patients not recorded.

I0R, interguartile range; MRC, Medical Research Councl Muscle Srength Scale; neuP, neuropathic pain; NIPSI, Neuropathic Pain Symptom Inveniory.

amplitudes for the medan nerve (Supplementary Table 3, avail-
able at hitp://links.lww.com/PAIN/B203). Planned contrasts
revealed differences between healthy controls and the combined
patient groups for all parameters (sensory nerve action potential
amplitude: U = 557, z = —5.72, P = 0.0001; sensory nerve
conduction velocity, U = 102, z = —7.18, P < 0.0001,; distal
motor atencies, U = 3084.5, z = 7.24, P < 0.0001; compound
motor action potentials, U = 1178,z = —2.73, P = 0.006),but no
other contrasts were significant (P = 0.451).

3.6. Nerve structure is comparable

There was an effect of group on IENFD (H(3) = 25.34, P = 0.0001),
with planned contrasts confirming a reduction in IENFD in pafients
with CTS compared with healthy controls (U = 755,z = —4.75, P <
0.0001, Supplemental Fig. 2, available at htip:/Ainks lww.com/PAIN/
B203), with no other contrasts being significant (P > 0.137, Table 3).
No differences were present among groups for dermal measures
including density of Messner corpuscles, dermal nerve bundles
contairing myelin, or nodal length.

3.7. Emotional well-being and sleep quality are more
impaired with increasing neuropathic pain severity

Data of questionnaires evaluating the psychological domain and
sleep disturbance are shown in Table 4 and Figure 2.

Whereas no differences among groups were apparent for al
domains of the Depression Anxety and Positive Outlook Scale,
significant effects were identified for the PASS-20 total score H(3) =
18.061, P < 0.0001) and the cognitive (H3) = 23.65, P < 0.0001)

and escapedomains (Hi3) = 12.93m P =0.008). Planned contrasts
confimed higher ratingsin patients with CTS compared with healthy
confrols in 2 PASS-20 measures (otal U = 2379, z = 3.35,
P =0D1; cognitive U = 25095, z = 4.02 P < 0.0001). In addition,
patients with moderate/severe neuP had higher ratings than patients
with mild neuP in several PASS-20 domains (fotal U = 1125,
z =252, P =0.012; cognition U = 1124.5,z = 251, F = 0.01;
escape U = 1114.5, z = 2.44, P = 0.015), indicating a stronger
compromise in emotional well-being with increasing neuP severity.
No other planned conirasts were significant.

Thera was alzn an effact of grmup on the PCS (fotal scora H(3)
= B.72, P = 0.033; rumination H3 = 820, P = 0.042;
helplessness H(3) = 11.684, P = 0.009), with more severe
rumination (U = 1114.5, z = 2.45, P = 0.014), helplessness
(U=1160,z = 2.86,F = 0.004), and total PCS scores (U = 1130,
z = £.57, P = 0.10) in patients with moderate/severa neur
compared with those with mid neuP, although the other
contrasts were not significant.

Forthe Insomnia Severity Index (H(3) = 26.24, P < 0.0001), a
more pronounced sleep disturbance was apparent in the
combined patient groups compared with healthy confrols
(U = 2478, z = 3.839, P < 0.000") and in patients with
moderate/severe neuP compared with those with mild neuP (U =
12225, z = 3.402, P = (0.001), indicating more pronounced
sleep difficulty with increasing intensity of neul.

4. Discussion

In our cohort of patients with CTS, 20% have no neuP, 50% have
mild n2uP, and 30% have moderate/severe neuP. The presence
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Figure 1. Somatosensory phenotypes as determined with quantitative sensory testing (QST Z-scores): (A) Detection thresholds in the median nenve teritory
demonstrating a larger deficit for all detection threshalds in patients with carpal tunnel syndrome compared with healthy controls. Patients with moderate/severe
neuP have more pronounced CDT deficits compared to patients with mild neuP. All Helmert contrasts were significant for MDT, suggesting that mechanical
deficits intensify with the presence and increasing severity of neuP. 8) Detection thresholds in the radial nerve territory demonstrating a larger deficit in CDT, WDT,
TSL, and MDT for patients with carpal tunnel syndrome compared with healthy controls. Patients with moderate/severe neuP have a more pronounced deficit in
TSI and MDT eomparad with those withmild nenP. (C) Pain threshnlds intha madian narvatarriinry are comparable among groups. (N) Pain threshaoldsin tharadial
nenve territory are comparable among groups. Straight lines represent significant Helmert contrasts. CDT, cold detection threshold; CPT, cald pair threshold;
HPT, heat pain threshold; MDT, mecharical detection threshad; MPS, mechanical pain sensitivity; MPT, mechanical pain threshold; neuP, neuropathic pain; PPT,
pressure pain threshold; TSL, themal sensory imen; VDT, vibration detection threshold; WD™, wam detection threshold; WUR, wind-up ratio.

of neuP was associated with increased symptom sewerity and
functional deficits as well as deficits in bedside sensory testing.
Apart from a more pronounced deficit in mechanical detection,
somatosensory profiles were largaly comparable among patients
with and without neuP. However, an increasing neuP severity was
associated with more pronounced loss of function deficits in both
the median and radial nerve territcries. By contrast, no differences
were ideniified in neurophysiologcal variables or structural nerve

fibre integnity in skin biopsies among patient groups. Notably,
many aspects of emotional well-being (eg, PCS rumination and
helplessness, as well as PASS cognition and escape) and sleep
were morz2 affected with increasing neuP severity. Ou- findings
indicate that apart from clear differences in symptom severity and
function deficits, structural and functional somatosensory mea-
sures are largely comparable in oatients with and without neuP.
The severity of neuP is associated with somatosensory nerve

Histological findings in skin biopsies.

Healthy No neuP Mild neuP Mod/sev neuP P
IENFD (per mm epidermis) 7.8 (35" 4.0 [3.0] 46 [41) 36 [38] <0.0001
Meissner corpuscle density (per mm epidermis) 0404 0.3 [0.5) 0.3 [0.5) 0.4 (0.6 0.454
PGP+ bundles containing MBP 1.2 (0.4 1.1 (0.6 1.2 (03] 1.2 [04] 0621
Nodal lengh 25(0.9 25 (1.5 25[1.7) 23[1.0) 0.442

Data are presenied as median [I0R). Avalues refiect kruskal-Wallls results. Significant overall

ae

in bod.

No significant coatrasts were found between no neu? vs combined neuf groups and mild vs moderate/sever najP Qoups.
* Significant Bonfarroni-adusted Helmert contrasts (P< 0.017) are indcated for healthy vs combined patient groups.
IENFD, intraepidermal nenve fibre density; MBP, myelin basic protein; neuP, neurapathic pain; PGP, prokein gene product 9.5.
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Emotional well-being and sleep quality.
Healthy No neuP Mild neuP Mod/sev neuP P
Insomnia severity 3.0 6.0 6.5 [7.8] 7.0 [F.0t 13.0 [B.5] <0 0001
PCS wtal 6.5 [13.0 75110 3.5 3.0+ 11.0 [23.0] 0033
Rumination 2.5 [6.0] 3.5 [5.0] 1.5 [6.0)t 4.0 [10.0] 0042
Magnification 0530 2.0 [20] 1.0 [3.0) 2030 0244
Helplessness 1.5 [6.0] 2.5 [4.0] 1.0 [5.00t 4.0 [B.0) 0.009
DAPOS
Depression 5.0 [2.0) 5.0 [3.0] 6.0 [2.0] 6.0 [6.0] 0555
Arxiety 3.0[1.0 3.0 [20] 3000 30[3.0 0572
Outlogk. 12.5[4.0 14.0 [4.0) 12.0 [3.0) 12.0 [5.0] 0128
PASE-20
Total 1.5 18.4"* 130185 105 [29 8]t 19.0 (47.0] <0 0001
Cognition 0.0 (B IR R B.o et 130 [24.0] <l
Escape 0.5 [7.0) 3.0 [40] 2.5 [6.0)t 8.0 [10.0] 0.005
Fear 0.0 4.0 2.0 [5.0] 1.0 [5.0] 1.0 [6.0] 0245
Arxiaty 0000 0.0 [2.0) 0.0 0.0 1.0 [5.0] 0060

Data are shown as median [KR). Avalues refiect Knskal-Wallks test results Significant overall comparisons are highlighted in boid.
= Significant nonparametric Helmet contrast Bonfemond adusted for muitiple testing are indicated for healthy vs combined patient groups.
+ Significant nonparametic Hemer contrasts Borfemoni adjusted for muliple ©3ting are indicated for mild vs moderate/severe neuP goups. No significant contrast were apparent beween no neuP vs comibined neuP

groups.

DAPOS, Depression Anxdety and Pesitive Outock Scale: I0R interquartile range: neu, neurapathic pain: PASS-20, Short Form Pain Avdety Sympioms Scale: PCS, Pain Catistrophizing Scale.

dysfunction, but not structural nerve integrity. Of note, an
increasing severity of neuP was accompanied by reduced
emotional well-being, increased seep disturbance, and the
presence of extrateritorial symptoms, indicating a more domi-
nant contribution of central mechanems.

The reported prevalence of neuP in patients with CTS varies
substantially (21%-7796).77-9%50.54 Thiz is most likely attributable
o the different screening tools used to detect neuP, none of
whichhas been validated in patientswith CTS. In theabsenceofa
validated screening tool for patients with CTS, we decided to use
the DN4. Unlike the painDETECT, it focuses on the number of
neuropathic features rather than their severity, which iz often low
in patiznts with CTS and may thus underestimate the prevalence
of neuP. Furthermore, the painDETECT was originaly developed
for spinally referred leg pain,'® whereas the DN4 was validated in
a mixed group of nerve disorders,'® thus ircreasing its

generalisability. The here-identified 80% of patients having neuP
is cormnparablz with olther studies thal alkso used the DN4 ool in
patients with CTS (85%-77%).%™*% The sample of corvenience
used in our study does not allow inferences about the general
prevalence of neuP in CTS. Nevertheless, our data suggest that
although most patients have neuP, a significant proportion has
non-neuP, presumably of nociceptive origir.

Compared with healthy controls, patients with CTS show loss
of function to themal and mechanical stimuli in the median nerve
innervation teritory independent of the presence of neuF. This
represents the characteristic dysfunction of both small and large
nerve fibers az previously reported in CTS*®*® and other focal and
systemic peripheral neuropathies.®®**%%5 57 Ahough somato-
sensory function was largely comparable between patients with
and without neuP except for mechanical detaction, the increasing
severity of neuP was associated with a mechanical and thermal
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Figure 2. Emotional well-being and sleep quality: (4) The PASS-20 and its subscales demonstrate higher scores for the PASS total and the cogniion subscale in
patients with carpal tunnel syndrome compared with healthy controls. Patients with moderate/ severe neuP have higher scores on PASS total as well as escape
and cognition subscores than those with mild neuP. (B) Pain Catastrophizing Scale (PCS) showing mostly higher scores in patierts with moderate/severe
neuropathic pain comparad with those withmild neuP. (C) The Insomnia Severity Index indicates that patients with carpal tunnel syndrome have higher insomnia
ratings than healthy controls. Patients with moderate/severe neuP have a more pronounced sleep deficit compared with patients with mild neuP. Violin plots
depicting median (solid ling), first and third guantiles (dotted lines), and single data points; straight lines represent significant Helmer! contrasts. 131, Insomnia

Severity Index; neuP, neuropathic pain; PASS-20, Pain Anxely Symptoms Scak.
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loss of function phenotype. This progressive loss of function
phenotype with increasing neuP severity iz in line with previous
reports in patients with focal and systemic peripheral nerve
injuries®™ 2% and has been interpreted as an indication that
increasing nauP severity is associated with a more pronounced
neuropathy. Intriguingly and consistent with previous reports from
systemic polyneuropathies, ***° changes in nerve fibre integrity in
the skin or the extent of neurophysiclogical changes were not
associated with the presence or severity of neuP.

Extramedian but not proximal spread of sympioms was
more common in patients with moderate/severe neuP. Such
extramedian spread of symptoms has previously been shown
to be associated with extramedian mechanical and thermal
hyperalgesia® and has thus beer attributed to central
mechanisms.® % |n addition, we found a more pronounced
hypoaesthesia in the radial nerve teritory in patients with
moderate/severe neuP compared with those with mild neuP.
We have previously reported such extramedian hyposensitivity
in a smaller cohort of patients with CTS.*® Although wide-
spread hyperalgesia is commonly accepted as asign of ceniral
mechanisms, hyposensitivity as a sign of nerve dysfunction is
usually expected to be resfricted to the area of the affected
nerve. There is, however, growing evidence that sensory loss
can also be found in unaffected areas in patients with
neup 22T #8808 | g0k jnstances, the extraterritorial
sensory loss has been aftributed fto centrally mediated
mechanismg, for instance, to the suppression of normal
sensitivity by ongoing pain.®® Taken together, our data
suggest that central mechanisms are more prominent in
patients with moderate/severe neuP. More pronounced
central mecnanisms may thus be an alternative interpretation
to an increased neuropathy severity in driving symptoms in
patients with more severe neuP.

Patients with neuP had more pronounced sympiom severity
and functional deficits than patients without neuP throughout a
range of guestionnaires. Thig is in line with previous reports in a
range of chronic pain conditions.* As expected due to the neuP
subgroup dlocation being governed by symptom severity,
increasing neuP severity was associated with more pronounced
symptoms, but this was also the case for functional deficits. In
addition, emotional well-being and sleep impairment was maore
compromised with increasing neuP severnity. These results are in
line with previous reports of patients with CTS¥ and other
peripheral neuropathies. #2255 Nevertheless, the average
ratings in our cohort were low. Also, it remains unanswered
whether the deficits in emotional well-being are a conseguence of
or a risk factor for more severe neuP. The previously reported
decrease of depressive symptoms after carpal tunnel decom-
pression and its correlation with symptom resolution’® suggests
that depression may be secondary to CTS. This is further
comroborated in our own prospective data, which confirm
improvements in most emotional welkbeing parameters after
carpal tunnel decompression (Supplementary Table 4, available
at hitp://links. w.com/PAIN/B203).

Some limitations of this study need to be considered. Qur
study is a post hoc analysis of 2 published cohoris of
exploratory character and did therefore not include an a priori
sample size calculation. Nevertheless, our study contains the
largest deeply phenotyped CTS cohort to date, and its size
was large enough to detect moderate effect sizes among
patient groups. However, numbers in some patient subgroups
were relatively low. This may have contributed to the absence
of group difierences for instance in the planned contrasts of
neuP and no neuP groups. Another limitation to consider is

PAIN®

that analgesic intake was not stopped before somatosensory
profiing and may thus have influenced our readings, partic-
ularly related to hyperalgesia.

4.1. Clinical implications

Althoughit is clear that there are a proportion of patients with CTS
who do not experience neuP (20%), most patients do. Treatment
for patients with CTS is cumrently not stratified forthe presence of
neuP. Our data suggest that particularly patients with moderate/
severe neuP have a distinct phenotype characterised by a more
pronounced and widespread somatosensory dysfunction and
exacerbated deficits in emotional well-being and sleep quality.
Given the excessive wait imes for carpal tunnel surgery” and the
detrimental effects of poor emotional wel-being and sleep quality
on general health and quality of life,"*** these patients may need
to be pricritised. Indeed, in our cohort that was mostly recruited
from surgery waitlists, symptom duration was over fwo-fold
shorierin the moderate/savere subgroup, potentiallyreflecting an
earlier escalation to surgery.

Although surgical deccmpression is successful in around 75%
of patients,” nonsurgical management including phamacological
options remains first-line treatment.*® Current guide ines recom-
mend corticosteroid injections but not oral nonstaroidal anti-
inflammatory drugs without mentioning neuP drugs.® In our
cohort, pafients with moderate/severe neuP took more para-
cetamol and opioids, which are not first-line phamacological
options for neuP.™ It could be argued that patients with
moderate/severe neuP may benefit from specific neuP drugs,
which often target centra mechanisms that seemed common in
that group. However, tials into neuP medications such as
gabapentin for patients with CTS show controversial results.'®2°
Future studies are required to determine whether stratification by
the neuP phenotype may lead to more promising effects of these
medications for patients with CTS and whether the risk/benefit of
neuP medications outweghs that of surgery.

QOf note, our results suggest that the routine diagnostic tests for
CTS (Phalen test, Tinel sign, carpal compression test, and
electrodiagnostic tests) are not able to identify the presence of
neuP. Therefore, simple screening tools such as the DN4 will
facilitate the identification of patients who are more severaly
affected by neuP and may help guide management.

4.2. Conclusions

Qur cohort has shown that neuP is common in patients with CTS
and its presence is accompanied by more severe svmptom and
function deficits. Apart from a deficit in mechanical dztection, the
presence of neuP was not associated with substantial changes in
somatosensory function or structural nerve pathology. The
severity of neuP was accompanied by a more pronounced
somatosensory dysfunction. Of note, neuP severity was related to
more pronounced deficits in emotional well-being and sleep
quality and the presence of exiraterritorial spread of symptoms
suggesting a more dominant contribution of central mechanisms.
These differences between subgroups raise the guestion
whether treatment stratification may help improve management
for patients with CTS.
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1. Introduction

Carpal tunnel syndrome (CT5) is the most common focal nerve injury [1,Z). Ttis
defined as a compression of the median nerve as it passes through the carpal tunnel in the
wrist. Classically, CTS symptoms manifest themsebres in the median nerve area, although
extramedian or proximal spread of symptoms is frequently reported [3]. This spread of
symptoms has been attributed to changes in the central nervous system such as central
sensitization [4].

Central sensitization is a neurophysiclogical mechanism that cannot be directly de-
termined in humans. However, in addition to the spread of symptoms, psychophysical
sensary testing can be used to infer the contribution of central pain mechanisms to patients"
presentations. For instance, local and remote mechanical hy peralgesia such as measured
with pain thresholds has been associated with central sensitization [5,6] Additionally;
temporal summation is related to activity-dependent plasticity within the central nervous
systemn [7,8]. Several studies have examined the presence of such local and widespread
hyperalgesia in patients with CTS with conflicting results [5,10].

In addition to increased facilitation, a disruption of inhibitory mechanisms is another
central mechanism that can lead to hypemexcitability Conditioned pain modulation (CPM)
is a psychophysical measure that examines the efficacy of endogenous inhibitory sys-
tems [11]. CFM evaluates whether a painful test stimulus can be modulated by a nocious
conditioning stimulus applied at a remote part of the body. About 70% of patients with
chronic pain show signs of reduced CPM efficacy [12]. To date, only one publication has
examined possible alterations of the descending inhibitory system by means of CPM in
patients with CTS and found reduced efficacy [13].

Whemeas these psychophysical sensory tests can provide information about the poten-
tial imvobrement of central pain mechanisms, they ame time consuming and imvolve costly
equipment. Thus, self-completed questionnaires have been developed to identify the pres-
ence of “central sensitization”. For instance, the central sensitization inventory (CSI) has
been suggested to identify patients with ” central sensitivity syndrome” such as fibromyal-
gia, chronic fatigue syndrome, irritable bowel or temporomandibular joint disorders [14].
In addition, the C5l is associated with outcomes after spinal surgery [15]. Howewer, recent
studies question its construct validity. The CSI was originally validated by demonstrat-
ing increasing C5I scores in conditions thought to represent increasing degrees of central
sensitization (e.g., healthy controls, regional chronic low back pain, chronic widespread
pain, fibromyalgia) [14]. Similarly, the cutoff to identify “central sensitivity syndrome” was
determined by receiver operating curve analyses, best distimguishing patients with diag-
noses that are thought to be characterised by central mechanisms (e.g., fibromyalgia) from
healthy controls [16]. Arguably, a more compelling way of evaluating the construct validity
of a tool that is meant to identify central sensitisation is to examine its associations with psy-
chophysical testing. Howewer, recent studies in patients with temporomandibular disorders,
shoulder pain, chronic whiplash and chronic spinal pain found no relationship between the
(5] and psychophysical tests indicating the presence of central pain mechanisms [17-20].
In contrast, other studies have identified a weak cormelation of the CSI with mechanical
hyperalgesia and CPM in patients with knee ostecarthritis [21], and 51 scores seem higher
in patients with musculoskeletal pain and more impaired CPM [22]. Of note, evidence is
grow ing that the C5I is mome strongly associated with psychological measures rather than
psychophysical measures indicating central pain mechanisms [158-21,23]. To date, construct
wvalidity of the 5] has only been evaluated in populations with musculoskeletal pain. It
remains unclear how the CSI performs in patients with peripheral nerve injuries.

To improve our know ledge of alterations in pain processing in focal nerve injuries
and the construct validity of the CSI, this study has the following objectives: (1) Identify
alterations in central pain mechanisms in patients with CT5 using psy chophysical sensory
testing and pain mapping,. (2) Investigate whether the C5l is associated with psychophysical
parameters and pain distributions indicative of central pain mechanisms. (3) Investigate
whether the C5I is associated with psychological parameters.
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2. Materials and Methods
11. Participants

Thirty patients with unilateral CTSwere recruited from Hand and FElbow surgery units
from 12 Octubre Hospital and Severo Ochoa Hospital, both located in Madrid. All patients
were on the orthopaedic surgery waitlist, with at least one year of persistency of symptoms,
had positive Tinel’s and Phalen’s sign and had electrodiagnostic confirmation of moderate
to severe (TS on the affected side according to the American Assocation of Neuromuscular
and Electrodiagnostic Medicine [24]. Patients were excluded if the electrodiagnostic testing
identified sensory and/ or motor deficits of the radial and /or ulnar nerve, if any indication
for nerve root invohrement was present (e, needle EMG) or if patients reported previous
hand surgeries, previous steroid infiltrations, wrist fractures, diagnoses related to the
cervical spine and upper limb (e.g., cervical radiculopathies, shoulder injuries), or other
musculoskeletal comorbidities (e.g., theumatoid arthritis and fibromyalgia). Women who
were pregnant were excluded from the study:

The patients were matched for age and sex with healthy controls (HC, n = 30). Those
were recruited through advertisements around the hospitals and university and through
relatives of participating patients. All participants gave informed written consent prior
to participating, and the study received ethical clearance from the two committees of the
participating hospitals CPMP/ICH/ 135,95 (Severo Ochoa Hospital, December 2017) and
20,/092 {12 Octubre Hospital, March 2020).

22 Symptom Characteristics and Funcfional Deficits

The Boston carpal tunnel questionnaire was used to assess symptom severity and
functional deficits. The Boston carpal tunnel questionnaire consists of a symptom and
a function subscale [25]. This questionnaire has been validated in Spanish, with good
levels of internal consistency and reproducibility [26]. The current hand pain intensity was
recorded using a visual analogue scale (VA S), with @ being no pain and 100 being the worst
pain imaginable.

The presence of neuropathic pain was assessed with the Spanish version of Douleur
Meuropathique 4 (DMN4). This version has shown good internal consistency [27]. The
questionnaire consists of an initial part with questions that evaluate a series of neuropathic
symptom descriptors (bumning and cold-like pain, electric shock, tingling, pins and needles,
numbness, itching) followed by a short sensory clinical examination (hypoesthesia to touch,
hy poesthesia to pin prick and brush allodynia). 4 DN4 score of >4 was interpreted as
neuropathic pain [28] and a score < 4 was interpreted as nociceptive pain

The central sensitization inventory (CS]) is a tool originally designed to identify pa-
tients with “central sensitivity syndrome” [14]. It includes a wide range of 25 questions
covering pain and stiffness, daily function, psychological factors (e.g., anxiety, depres-
sion), fatigue and memory. The Spanish translation shows good reliability and internal
consistency [29]. The patient scores each question from 0 to 4 never, rarely, sometimes,
continuously and always. The total score ranges from 0 to 100 with values over 40 thought
to indicate the presence of * central sensitivity syndrome™ [14].

13 Signs Indicative of Altered Central Pam Processing
23.1. Pressure Pain Threshold (FFT)

FFT is defined as the minimum amount of pressure needed to elicit pain. Measure-
ments of PPT were made using a digital algometer (Model FDX 10%, Wagner Instruments,
Greenwich, CT, USA). This instrument measures the pressure in I:E..l"zml. The measure-
ments were made bilaterally (affected and unaffected side) over the carpal tunnel (Supple-
mentary Figure 51). The average of three measurements was recorded, with an interval of
30 s between each measurement to avoid a temporal summation effect. FPT has shown
good meliability and internal consistency [30].
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For the evaluation of CFM efficiency, an average of three FFT measures was used as
a test stimulus over the base of the dorsal side of the distal phalanx of the thumb of the
affected side (Supplementary Figure 51). The conditioning stimulus involbved ischemic pain
using a sphygmomanometer applied on the unaffected arm with a pressure of 200 mmHg
until the subjects reported pain intensity between 5-7,/10 on a numerical pain rating scale.
While the sphygmomanometer was still inflated, the PPT measurements weme repeated on
the dorsal side of the distal phalanx of the thumb on the affected side. This protocol has
been shown to be adequate to assess the endogenous inhibitory system in patients with
knee osteoarthritis [31]. CFM efficacy was caloulated by deducting the FFT after applying
the conditioning stimulus from the PFT obtained before the conditioning stimulus. Positive
values indicate effective pain modulation [32].

2 3.3. Temporal Summation

The measurement of temporal summation was performed using a Model FDX 10
digital algometer, Wagner Instruments, Greenwich, CT, USA applied to the intensity of the
PPT at the midpoint between the nail and the interphalangeal joint on the dorsal side of the
distal phalarx of the first finger of the affected side (Supplementary Figure 51). Numerical
pain ratings from 0-10 weme obtained for a single stimulus followed by a rating after
10 stimuli with a repetition rate of 1 Hz. For the isolated stimuli, the patients were asked to
indicate the onset of pain and rate it from 0-10. The repetitive stimuli were performed in
an area around the same point of the finger with the same pressure that induced the first
onset of pain during the isolated stimulus. The average pain intensity after 10 iepetitions
was recorded. The temporal summation ratio was calculated by dividing the average pain
produced by the train of stimuli by the pain produced by the single stimulus, A similar
method has been used and validated previcusly [33].

234 Symptom Spread

Patients marked the localization of symptoms on a hand and body diagram [34].
Results were dichotomized into median and extramedian distribution
24, Emotional Welbeing

To evaluate emotional wellbeing, patients completed the Beck Depression Inventory
(BECK) and the State-Trait Anxiety Inventory (STAI). The BECK consists of 21 elements
related to depressive symptoms (e.g., hopelessness and imritability), specific thoughts
(e.g., guilt or feelings of being punished) and physical symptoms [35,36]. STAT has demon-
strated acceptable psychometric properties in its Spanish version [37].

To assess pain-related fear of movement, the validated Tampa kinesiophobia scale
(T5K) was used. Each item is rated on a four-point Likert scale ranging from “strongly
agmee” to “strongly disagmee” with a cutoff of 29 points. This questionnaire has shown a
good consistency [38,39].

2.5 Statistiodl Analyses

The sample size was estimated using the program G*Fower 3.1.7 (G*power from
University of Dusseldorf, Germany) [40]. The sample size calculation was powered to
detect between-group differences in PPT measumes. Using previously published data
measured over the carpal tunnel area in healthy controls and patients with CT5 [41], n=30
participants are required in each group to detect an effect size of 074 with 80, statistical
power (alpha = 0.05, independent f-test). This sample size is sufficient to detect large effects
in correlation analyses (rho = 044, power 80%, alpha 0.05).

We performed the data analysis using the Statistics Package for Social Science (SPSS
20.00, IBM Inc., Armmonk, NY, USA). We checked data normality by visual inspection of
histograms and the Kolmogorov—Smimov test. Participants” sododemographic and dinical

characteristics were summarized using descriptive statistics and summary tables.
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To determine the presence of signs indicative of altered central pain processing, we
employed independent Student’s {-tests to identify differences between healthy and patient
groups for psychophysical variables. The frequency of extraterritorial spread of symptoms
(median/extramedian) was reported.

To identify associations between U5l and psychophysical signs indicative of altered
pain processing, we performed Pearson’s cormelation statistics in patient data onby. Coeffi-
cients of 0.5 or above wem interpreted as a strong correlation, 0.3 moderate and 0.1 small
correlation. We corrected for false discovery rate using the Benjamini-Hochberg cormection
(FDE = 25%). We also grouped patients with CTS into those with OS] = 40 and <40 and
explored differences in psychophysical tests and symptom spread with independent {-tests
and Chi squared or Fisher's exact test statistics as appropriate.

Toexplore the relationship between CSl and emotional wellbeing (BECE, TSK, 5TAL} in
patient data, we caloulated Pearson correlations coefficients and used Benjamini-Hochberg
oorrection to correct for a false discovery rate. Unadjusted p-values are reported for ease
of interpretation

3. Results

Thirty participants wene healthy controls (8 men and 22 women with a mean age of
46.23 £ 1.36 years), and 30 patients diagnosed with CTS (8 men and 22 women with a
mean age of 48,67 + 1.19years, Table 1). According to the Boston questionnaine, patients
had on average mild to moderate symptoms and moderate to severe function deficits. The
mean pain intensity was 4.2/10 (5 2.7). Using the N4 questionnaine, the most common
pain descriptor was tingling (100%), followed by numbness (96.6%) and electric shocks
(90%). In contrast, hypoesthesia to touch and pinprick was present only in 50% and 60% of
patients, respectively. Twenty-eight patients (93.3%) wene classified as having neuropathic
pain according to the DN4

Table L Participant characteristics.

Healthy (n = 30) CTS (n=30)
Fernale, n (%) 2F7H 277
A g Yoars) 462 +1.36 467+ 1.2
Boston

Sav erity 2a+011

Functional deficits s+l
Visual Analogue Scale 42(27)
DN total scom 59(1.6)
Burning, n (%) 11 (36.6)
Painful cold, n (%) 9 (300
Electric shocks, n (%) 7 (S
Tanghineg, 01 (%) 30 [ 100y
Pins and needles, n (%) 22733)
MNumbrness, n (%) 29 (96.6)
Iiching, n (%) O (30
Hy possthesia to touch, n (%) 15 (5000
Hypoesthesia to pinprick, n (%) 18 (B0.0)
DN4 neurnspathic, n (%) 28 (93.3)

Data are shown as mean and standard deviabion or m (%)
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3.1. Patients with CTS Have Signs Indicatioe of Altered Central Pam Processing

There were statistically significant differenoes betw een patients with CTS and healthy partic-
pants in the psychophysical variables related to central pain processing. FFTs wemre reduced in
patients with CTS, indicative of mechanical hyperalgesia compared to healthy controls both on
the ipsilateral (t = —4.06; p < Q0001) and contralateral side (t= —458; p= 0.0001).

Similarly, CPM efficiency was reduced in patients with CTS compared to healthy
controls {t = —7.31; p < 0.01). No differences were found for temporal summation (t = 0.52,
p=0.60) Data are shown in Table 2.

Table X Variables indicative of changes in central pain processing.

Healthy (n=30) CTS (n =300 p-Value
FPT affected side (Kg/ cm?) 5.9 (20 34017) < (000
FPT contralateral side (Kg/'cm?) 5.9 (20) 3.8 (200 = (L0001
CFM 21020 01 (0.9 < (000

Temporal summation ratio 1.5 (0.9 L& (0.9) p= 060

[hata are shown as mean (standard deviation): PFT: pressure pain threshold; CPME conditionsd pain mod ulaticn;
pvalues reflect Student' s f-iests

3.1 Association befiesn Cenfral Seaitization Inventory ad Signs of Alfered Central Pain Processmyg

The mean TSl in patients with CTS was 32.4 (SD 11.8). Eight patients (26.67%:) had a
score = 40,

The C5I did not correlate with any psychophysical signs of altered pain processing
(Table 3). Similarly, there were no differences in psychophysical signs of allered pain
processing if patients were grouped according to the CSI cutoff of 240 (p > 0.600).

Table 3. Correlations bebween C51and signs of allered central pain protessing in patients with CT5.

Pearson Correlation Coe fhcient Unadj p-Value
C5lva PPT affected side 23 0503
51 va. PPT unaffected side —( 042 0838
C5lwa CPM X6 0.140
C5lva temporal summation e 071e

CSE cenitral sensitieation imeentory; FET: pain pressame theeshaold: CPME conditionsd pain modulstion

Extramedian distribution of symptoms was eported by 25 (83%) of patients with the
remaining patients reporting a median distribution. No difference was identified for the
proportion of patients with median/extramedian spread of symptoms according to the (CS1
cutoff (Table 4).

Table 4 Association between U5 and sy oxptom spread.

C51 Median Extramedian rYalue
=40 1 L]

0511
<4l 4 17

pvalues reflact Fisher evact et OS5 central sensitization inventory:

3.3, Assodation betwem Central Senstization Inventory and Emotiona] Wellbeing

The mean BECEK, STAI and TSK scores in patients with CTS wem 7.87 (S 491), 24.30
(S} 5.05), and 25.93 (5D 7.62), respectively (Supplementary Table 51). The CSI did not
comelate with the level of anxiety according to STAI (r = 0.026; p = 0.893) and kinesiophobia
according to TSK (r= 0.109; p = 0.566). Theme was, however, a moderate correlation between
(5l and depression according to BECK (r = 0.426; p= 0.019, Table 5), which survived the
Benjamini- Hochberg comection.
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Table 5 Corelations between OS] and emotional wellbeing,

CTS
Pearson Corme lation Coeficient Unadj p-Value
CSlwith BECK 0426 oie=
51 with STAI 0026 08493
5] with TSE 010 0.566

* reflects p-value that remains significant after Benjamini- Hochberg comection.
4. Discussion

Cur cohort of patients with CT5 has clear indications for the presence of central pain
mechanisms as apparent by local and widespread mechanical hyperalgesia and impaired
CPM comipared to healthy volunteers. Mo changes were apparent for temporal summation.
Of note, there was no association of the CSI with psychophysical measures or symptom
spread indicative of central pain mechanisms. There was, however, a moderate correlation
between the CSI and depression scomes, suggesting that the OS] may be mome closely
related to psychological parameters than psychophysical measures indicative of central
pain mechanisms in patients with focal nerve injury.

Our cohort of patients with CTS had clear indication of a presence of central pain
mechanisms, although there was heterogeneity among patients. We identified mechanical
hyperalgesia both locally as well as remotely, extraterritorial spread of symptoms and lower
efficacy of CPM. Extraterritorial spread of symptoms in patients with CT5 is consistently
reported in the literature [4,42,43] and has been associated with the presence of central
mechanisms. Mechanical hyperalgesia is also commonly interpreted as a sign of central
sensitization [44,45]. Local (and remote) mechanical hyperalgesia has previously been
reported in focal peripheral neuropathies including CT5 [,43,46]. However other patient
oohorts could not confirm this at group level [47,48] This discrepancy may be attributed to
different recruitment pathways as well as different sites of PPT measurements (e.g., palmar
aspect of index finger, carpal tunnel). Importanthy, the large variation in mechanical
hyperalgesia within patients with CTS suggests differing extents of central contributions. in
individual patients.

Intriguingly, this is the second study demonstrating impaired CPM efficacy in patients
with CT'5 (see also Soonet al, 2007) [13]. On the other hand, temporal summation, which is
related to activity-dependent plasticity within the central nervous system [7,8] mmained
unaltered in patients with CT'S. Whereas we assessed temporal summation with PPTs as
used in other cohorts [33], more established protocols using pinprick stimulators also did
not find group differences between patients with CT5S and healthy participants [47]. In
line with our results, emporal summation is often found to be comparable at group level
in other peripheral neuropathies including systemic polyneuropathies [49,50] and other
focal nerve injuries [46,51]. Again though, there is variation within patients, suggesting
that some patients have elevated temporal summation, which may be washed out in
ETOUp COMparisomns.

Of note, we did not identify an association between the C5] and psychophysical
measures and symptom location indicative of altered central pain processing. The C5I was
originally developed as a tool to identify central sensitization characteristics [52] Itwas
developed in patients with fibromyalgia, chronic widespread pain and chronic low back
pain, who presumably have stronger clinical phenotypes than the here studied patients
with entrapment neuropathies. Some studies in musculoskeletal pain report a cormelation
between the 51 and the spread of pain [21,53]. However, similar to our findings in
patients with peripheral nerve injury, other studies do not find a corelation of the CSI with
symptom spread in people with shoulder pain [20] and whiplash injury [15], questioning
its construct validity.

A recent systematic review meports a high construct validity of the CSI [54]. However
the included studies compared the TSI to other questionnaires related to pain severity;
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general health, emotional wellbeing or sleep. There may be a reciprocal relationship of these
measures with central pain mechanisms. However, these constructs are not measures of
central sensitisation, which the C5] is meant to evaluate. Surprisingly, not even the original
development of the C5l involved psychophysical measures of central pain mechanisms,
which are considered to be best practice when assessing the manifestation of central
sensitisation in humans [55]. Recent studies have compared the CSIwith psychophysical
tests indicative of central pain mechanisms. (f note, most studies find no [17-19] or
onby a weak correlation [21,53] between the CSI and psychophysical tests in patients with
musculoskeletal pain This, together with our findings of no assodation between the CS]
and psychophysical tests in patients with focal nerve injury, further questions the validity
of the C5l in detecting human correlates of central sensitization.

Intriguingly though, the CS]was associated with depressive symptoms determined
on the BECK in our cohort. Such an association of C5I with psychological wellbeing
has been consistently reported in the literature [17-21,23]. This may not be surprising as
several questions of the CSI explore peychological constructs such as anwiety, feeling sad or
depressed. Whereas, indeed, a decrease in emotional wellbeing is frequently associated
with chronic pain including neuropathic pain [46,49,50,56-58], came has to be taken to not
confuse changes in emotional wellbeing with the presence of central sensitisation [59].
Unfortunately, these two distinct principles are often equated in the clinical literature. We
should note though that wheneas psychological parameters were mome pronounced in
patients with CTS compared to healthy wolunteers in our study; average scores were not
considered clinically relevant. These findings are in line with previous reports in patients
with CTS [42].

4.1. Limitations

Some limitations have to be taken into account. The sample size was calculated to
detect differences in central pain processing between healthy people and patients with
CT5. Whereas it was adequately powered to detect large effects on cormelations between
the C5I and psychophysical testing, small or moderate correlations would have been
missed. Inspection of the data, however, clearly demonstrated the absence of trends, and
even if larger samples may have detected significant correlations, these would likely have
beenweak

We recruited patients from surgery waiting lists, which is likely to include more
severe profiles. However, symptom and function severity in our study was comparable
with previous CTS cohorts from primary came [60] and secondary care [42]. The examiner
who performed psychophysical testing could not be blinded to group allocation (CTS vs.
healthy). To minimise bias, the examiner was not aware of the outoome of the C51 and other
guestionnaires until after psychophysical testing was performed. As per routine practice in
participating hospitals, the electrodiagnostic test was only performed on the affected side.
Subclinical cases of CT5 on the contralateral side may therefore have been missed [61].

4.2 Clinical Impications

Owur study confirms the presence of central pain mechanisms in patients with focal
nerve injury. This is of clinical relevance as their presence may be associated with poorer
prognosis in some musculoskeletal conditions [6Z]. [t has also been suggested that the
identification of central pain mechanisms may help personalise management strategies [53],
an area of active research. For instance, dulmetine may be particularly effective in patients
with peripheral diabetic neuropathy who have altered CP'M efficacy [64]. Similarly, CPM
efficacy may predict the analgesiceffect of non-steroidal antirheumatic inflammatory drugs
plus acetaminophen in patients with knee ostecarthritis [55], and temporal summation
seems to predict pain relief from ketamine in patients with neuropathic pain [66]. Future
studies will hawve to examine whether the identification of central pain mechanisms may be
important not only for pharmacological management but also beyond (e. g, physiotherapy).
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Most studies of personalised management according to central pain mechanisms
use time-consuming psychophysical testing. A low-cost self-reported questionnaire that
identifies central sensitisation as measured by psychophysical tools would be ideal Unfor-
tunately, our study adds to the increasing body of evidence that questions the usefulness of
the U5l in identifying central sensitisation according to psychophysical measures. Rather,
our data, together with other studies, consistently suggest that the C5l better meflects
emotional wellbeing. It is crucial that the distinct concept of emotional wellbeing is not
conflated with the neurophysiological concept of central sensitisation in clinical practice.
Meverthe less, even though the TSI may not be detecting “central sensitisation™ in a strict
sense, it may still be of value clinically For instance, CSl scores seem to be assodated with
prognostic outcome in certain musculoskeletal conditions [67,68], and this could be further
explored in focal nerve injuries.

5 Conclusions

Our results suggest that patients with CTS have changes indicative of altered central
pain processing. The C5S] does not seem to be associated with psychophysical measunes
of central sensitization. Rather, the CSI correlates with emotional wellbeing, in particular,
depression scores. These data question the construct validity of the (51 in detecting central
sensitisation in patients with focal peripheral nerve injury:
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ABSTRACT

é The pwrpose of this systematic review was fo evaluate the effects of physiotherapeutic

; mterventions on biomarkers of newropathic pain m prechmcal models of peripheral

E newopathic pamm (FMP). The search was performed in Pubmed, Web of Science,
13 EMBASE, Cochrane, Cinhal Psyeinfo, Scopus, Medline and Scence Dhirect. Studies
E evaluating any type of physiotherapy intervention for PNP (systemic or traumatic) were
i; included Eighty-one articles were included in this review. The most common PNP
ig model was chronic constnction mmyuwry, and the most frequently studied bromarkers were
EE related to neurc-immune proceszes. Exercize therapy and Electro-acupuncture were the
jé two most frequently studied physiotherapy mterventions while acupuncture and joant
Ez mobihization were less frequently examined Most physictherapeutic interventions
= modulated the expression of biomarkers related to neuropathic pain. Whereas the results
EE seam promising; they have to be considered with cauntion due to the hagh n=k of bias of
s included studies and high heterogensity of the type and anatomical localization of
g? biomarkers reported. The review protocel 15 registered on PROSPERO
EE (CRD4201914287E).
';3 Perspective: This article presemts the cwmrent evidence about phyvsiotherapeutic
E; mterventions on biomarkers of newopathic pain m preclimcal models of peripheral
:f neuropathic pain Existing findings are reviewed, and relevant data are provided on the
EE effectivensss of each physiotherapentic modality, as well as its cerfainty of evidence
i and clinical applicability.
:‘; EEYWORDS: Newopathic pain; Physical Therapy Modabifies; Amimal medsl;
E:_ Prechmical study; Biological factor; Pain measurement
=
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Introduction
é Heuropathoe pain (NF) 15 defined as pan caused by a lesion or a disease of the
: somatosensory system''® and is estimated to affect between 6.9 and 10% of the general
E population. *'" Peripheral neuropathic pain 15 becoming more prevalent due to an
13 ageing world population the nismg impact of diabetes mellitus as well as higher
E survival rates of cancer and the implications of chemotherapy.?' Management of NP
i; remains challenging, a5 many patients do not expenence adequate pain relief.
i: Treatment of newropathic pain wsually focuses on symptom management ' MNon-
EE surgical infervenfions are recommended as first-lme treatments for patents with
- neuropathic pain *! Among the non-surgical inferventions, the Newropathic Pain Special
EZ Inferest Group of the International Association for the Study of Pan recommends
ﬁf, pharmacology as first-line treatment *** However, efficacy is hmited* with often
EE nnacceptable side effects 3041%
b Orver the past decade, the role of Physiotherapy has gained increasing interest in the
EE: treatment of neuropathic pain.® Several studies kave been published on the efficacy of
:E physiotherapy on peripheral newropathic pain resulting from systemic™ or focal nerve
gg damage *** Although some studies suggest that physiotherapy provides sipmificant
EZ mprovements m pam, guality of hfe and disabibty i patents with peripheral
ae neuropathies and neuropathic pain 7 other studies did not report similar findings®
EE and the mixed quality of studies prevents firm conclusions.® Whereas buman studies
i evaluating physiotherapy for neuropathic pain focus on improving pain, function and
g; quality of life, the mecham=ms= by which phy=iotherapy mterventions work remams
E:_ poorly understood. A better understanding of the mechamisms of achon of
:: physiotherapy would help the selection of the most proousing disease modulating
%5 physiotherapy mterventions for future climical tnals.
€0
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The body of hierature explonng the mechanisms of achon of physictherapeutic
mterventions using prechimical models has grown substantially over the past years. The
mam objective of this systematic review 15 therefore to summarise this hiterature by
aszessing the effect of physiotherapeufic mterventions on momarkers of newropathic
pain m pre-climeal models.

Methods

Thiz systematic review was conducted following the pmdelines of the Systematic
Review Center for Laboratory Ammal Expermmentation (SYRCLE), the Cochrane
Handbook for Systematic Rewiew of Intervention ™ the original pmde "Preferred
Reporting Items for Systematic Reviews, PRISMA™ and the most recent update from
2021 (Page, McEenme Bossuyt, Boutron, Hoffmann Mulrow, Shamseer, Tetzlaff,
2021). The protocol has been prospectively registered m the International Prospectrve
Register of Systematic Reviews (FROSPERO, CED420191423878).

Literature search

A systematic search was developed followmg the step by step gmde suggested by
Leenaars et al.™ The following databases were searched from inception to 13 Janmary
2020: MEDLIME EMBASE, CINAHL, 5COPUS, Web of Science, PubMed, Cochrane
hibrary and PsyeINFO. The search strategy is deseribed in Appendix 1.

Selection Criferia

Types of studies

Omiginal ammal studies reporting the effect of physiotherapeutic interventions compared
to a confrol group on penpheral newropathoc pamn were mmeluded. Case studies, cross-
over studies, and studies without a separate control group wers excluded Latters,
reports, or abstracts from congresses were not included. Only articles with access to the

full-text in Englich and Spanish language were meluded.
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Animal models

é Invive ammal modals of newropatiie pamm mduced by both systemic (eg., diabetic or

; chemotherzapy induced neurcpathy) and focal merve myury (e.z., nerve higation, crushing

E or fransechon) were mmcluded We excluded studies where due to the model or
13 vahdation tests (e.g., sensory thresholds), we could not ascertamn that the amimals had
E developed newropathic pain. We also excluded studies with amimals with co-morbadities
- (eg- pre-ischemic physiologic conditions such as ischemic injury) and studies that
if.- evaluated the prevention rather than the treatment of already exnsting newropathic pam.
EE Interventions
i; We mchided any physiotherapy mtervention (e.z., exercize, acupuncture, electro-
gz acupuncture, joint mobilization, peural mobihzation, physical agents), independent of
ig tinngs and deosage Siudies evaluatng wvasrve treatments (e.g, radiofrequency or
EE spmal stimulahion) or pharmacolozical treatments were exchuded.
g; Comparater
gf: The control population was defined as a2 cohort of ammals m which the same
EE newropathic pain model was mduced, but who did erther receive no treatment or a sham
a intervention (e gz electroacupuncture without electrical stimulation). Studies comparing
E; physiotherapy  interventions to other substanimre control mfervenfions such as
:? pharmacology were excluded.
EE Outcome measures
i Studies were included if they reported on the effect of the physiotherapy inferventions
;2 on biomarkers related to newropathic pain. Studies were mot included if they only
Ei. reported behaioral outcomes. Examples of newropathic pain iomarkers could include:
:.Eg 3} Immune system: Immmune cell markers (eg., CD6E, CD3), markers of momune
Eg competent cells (e.z., OX-42 GFAP), cyiokines/chemokmes
£0
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b) Neurotrobpins (eg: NGF)

é ¢} Opeoid systemn: Newropeptides (eg: B-endorphime) and receptors (ez: MOR)

; d} Neurotrasnmitters (eg: substance P}

E ) lon chamnels (eg: TEFPV1, TEFVE)
13 Study Selection
E Before canrving out the article selection procedure, a search for duplicates was camed
g out with MENDELEY®. In a first phase, two independent reviewers (LM and A A)
ig assessed the elimbility of the studies based on information from title, abstract and
;3 keywords. During the second phase, the full text was independently reviewed by both
%E revierwers for elizihlity. A third reviewer (C.G) acted as 2 mediator when there were
i; differences of opimon betwesn the two reviewers, with the three reviewers reaching
ig consensus
28
‘;g Daia Extraction and management
b Data of included studies were extracted by two independent reviewers (LM and A A ).
EE: Thi= mvohred registered ibliographic data such as first author and vear of publication,

5
e animal characteristic (species, ags, weight mnd zender), newropathic pain model
gg treatment groups and infervenhon charactenstics (physiotherapeutic interventon, iming
Eg of mtervention, mumber of treatment sessions, duwration, dose and location). We also
:E: extracted the tyvpe of biomarkers inchiding m wich tissue they were measwred We
EE attempted to extract means, standard deviations, and p values for all biomakers. If
:2 avallable, we recorded behavicural test outcomes to confirm the presemce of
%; newropathic pam. Finally, both authors reached consensus on each item of extracted
:':‘:_ data. In case of disagreement between the authors, a third auther (C.G.) made the final
:.Eg decision.
%2 Methodological guality assessment
€0
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Rizk of bias assessment

é The rick of bias of each study was assessed using SYRCLE's risk of bias tool ™ scored
: by two mndependent reviewers (Y.G and EC). If there was any dizapreement or
E discrepaney, 1t was resolved by a thurd reviewer (JF). The tool does not mve any
13 cutoff, however we considered studies to have low nsk of bias of they were rated as lugh
E bias om less than the half of the sconng critenia (= 4 out of 10).
o Reporting quality
if To evaluate the reporting quality of the studies we used the "Anmmals in research:
zg reporting in vive experments" (ARRIVE) pmdelines’! scored by two independent
jg reviewers (1. and E.C.). Any discrepancies were resobved by consensus with a thid
Ez reviewer (F.CM). Each ARRIVE ttem was graduated info three descriptive levels:
b complete (zreen) when all sub-ifems in the topic have been described: partial (yellow)
EE when one or more of the sub-items have been desenbed; and mcomplete (red) when
b nome of the sub-items have besn described. We considered articles to have good
EE: reporting quality if thev report at least 60% of items completely.
:E Qualitative analvsis
b For the description of the results_ the studies were srouped by type of intervention (.2,
EZ exercise, electro-acupuncture) as well as type and location of reported bromarkers.
:z Due to the heterogeneity of reported biomarkers, amatoowcal mezsurement sites and
EE measurement methods (e.g., gene expression, mmmumobistochemistry, protein level),
. and the missing summary statistics in many studies, a meta-analysis could not be carried
= out.
52
= Instead, we report these findings with heat maps for sach infervention and at sach
:2 location (eg.: spinal cord, dorsal root ganglia): colowr codng was assigned according to
=
59
€0
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the frequency of studies reportimg any change on individual biomarker expression (eg.:
merease, decrease or oo change) after the infervention.

Eesult:

Selecrion of the Studies

The database search refneved a total of 4633 articles. Afier reviewing the fitles and
abstracts, 175 studies were assessed for eliphility. Of those, 94 were excluded because
they did not satisfy the elisibility cntena. Thos resulted in the melusion of 81 full-text
articles. The flow diagram 15 shown m Figure 1. The country that produced most
ehgible studies 15 China (35.8%), followed by Braml (20.9%) and Tarwan (17.3%).
Italy, the United States and Japan contnbuted with 4.9% each while Spain, South Eorea
and Turkey produced 3.7% of included studies.

Risk af Bias Analysis

Only two of the 3] papers had a low nsk of bias, obtaming a 5/10 score on the
SYRCLE tool. The remaming articles had a bagh risk of bias (Table 1).

Reporting Quality according to ARRIVE

Fifty-eight (71.6%) out of ] articles were rated as 60% or more “complete” according
to the ARRIVE gudelines. Twenty-one (§0.8%) of the 26 articles explonng the effect
of exercise are of good quahty. Fifty percent {1 out of 2} of the acupuncture and joumt
mobihzation arficles have low quahity. Of the reports on electroacupuncture, 26.9% (7
of the 26} have low methodological quality. All articles on newral mobilisation showed
good methodological quality (3 out of 5). Of studies includmg physical agents, 37.9 %
(11 out of 19) were of good quality (Supplementary table 1).

Characteristics of the Snudies
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Characteniztics of the meluded articles such as details of ammal species, newopathic
pain models and freatment groups and mterventions are shown in supplementary table
L

The majonty of studies reported on electrozcupunciure, and exercise (32%) followed by
physical agents (23.5%), pewral mobihzation (6.2%) apd acupuncture and joint
mobihzation (2.5%).

The most widely used model of neuropatic pain was traumatic perve injury {78.9%5),
with clwonic constriction imjury being the most studied model (35.8%) followed by
sciatic merve cut (13%). Other modsls reported were diabetic neurcpathy, complex
regional pain and chemotherapy mduced newropathy. 82.72% of the articles confirmed
the presence of NeuP with behavioural tests before treatment started.

Rats were the most prevalent species studied (85.2%) followed by mice (14.8%). Cnly
one report with rabbits was included. Whereas 92.5% of studies inchoded only male
amimals, 7.4 % of studies studied female animals. None of the studies included both
Sexes.

Biomarkers tvpe and site examinad

The main biomarkers reported related to the immune system (67.9%) followed by
newrotrophms  (27.2%), newrofransmitters (16%) and opioid pathways (7.4%,
Supplementary table 3). The anatomical sites where the biomarkers were measured
meluded spinal cord (53.0% of studies), followed by the penpheral nerve and dorsal
root gangha (both 30.9%3), the bram (13.6%) and blood (4.9%) (Table 2).

Qualiranive analysis

Table: 3a-3f contamn heat maps reflecting the frequency of studies showing specific
directions of effects (up vs downregulaton vs no change) of each physiotherapy

mtervention on biomarkers of newropathic pam.
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Exercize

é Two types of exercices were mvestigated m the studies, swimming and treadmill

: nnning.

E Swimming was one of the two actnities studied by 4 out of 26 studies (15.4%). The
13 dose for swimping exercise ranged from 40 to 60 munutes and was perfomed on 5 days
E per week. Swimmimg reduced the concentration of pro-inflammatory cytokmes n the
i; mjured nerve tissue,™ as well as the concentration of newroptrophins in spinal cord,
i: dorsal root gangha and peripheral nerve tissue in the medium term *'"7 Only one article
EE found no post-treatment differences in BDFM concentrations ** One paper found an
s increase of GAP-43 in the peripheral perve *

Ez Treadmull zercbic framming was the most used by the studies (23 out of 26 studies,
i 88.5%), both in isolation and using it against other therapies. The dose of treadmill
EE mnming ranged from &0 minates to exhanston and was performed between 3 to 5 days
b per week over a period of 3 to § wesks. Treadmill mnning was able to reduce pro-
:E: mflamymatory cyiokines and increase anti-inflamatory cytokmes mainly m peripheral
EE nerves 'S goth chanpes m DRG and spinal cord alse reported 214194573116 Op)y
: one article found increased pro-inflammatory cytokines in nerve and dorsal hom of the

E; spmal cord '* Only one study found no difference n the sub-group “other mflammatory
i markers® of the immune system® The concentration of newrotrophins was lowered afier
EE treadmill exercize ™*"""*""" Ope study reported increased expression of at least one of
- these biomarkers when treadmill running was combined with electrical stimulation **
:.:.? Treadoull moming was also effective i reducing the activaton of ghal cells m DREG
52
:‘:.:_ and spinal cord #4954 Only one article did not find changes in the spinal cord after
:.Eg mntervention.*” In that experiment, the animals ran until exhaustion, ™ while in the others
%5 it was of a fixed duwration #5981 Siydie: reported a direct relationship between
&0
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mereased expression of mhibitory newrotransmrtters such as serotonin in the brain and
spinal cord and exposure to treadmill rumming. ™ *1"* Only one study found a decrease
in neurctrophin expression in the penpheral nerve.'* In contrast, the effect on excitatory
newrotransmitters was only evaluated m two articles, with mixed results, however
different nenrotransmitters were measured (GABA and Sustance F)5*2% Tuo articles
reported a decline in the expression of inflammatory markers in the dorsal horm 19
Neural mobilization

Frve articles studied newral mobilizatton. The most frequently reported dose was 20
oscillations per mimite for 2 minutes and 25 seconds of rest, for 10 minutes for a total of
10 sesmions. Only ome showed no difference n post-treatment biomarkers of
newropathic pain** Whereas Giardimi et al#* evaluated changes m the thalamms,
midbrain and PAG, the other studies examimed biomarkers in SCOH, DEG and sciatic
nerve. Meural mobilization consistently reduced the concentration of nearctrophic
factors and the expression of substance P, TRFV] and MOR** in the spinal cord. One
article reported an increased concentration of NGF in the sciatic nerve '™ Whereas
most studies used the chromie constrichion model, one wsed a diabetic nenropathy model
135 and reported a decrease in intrameursl pro-inflammatory cytokines on the treated
side.

Joint mobilization

Two studies evaluated the effect of joint mobhsaton on biomarkers of neuropathic pam.
The dose for jomt meobihzation ranged from 1 senes of 10 repetiions to 3 munutes
senes with 30 seconds’ rest. The frequency ranged from every 2 days to 5 consecutrve
days for a total of 12 to 15 davs. Joint mohbzation consistently reduced actvation of
the immune system (glial eells mainly) m the SCDH* Ther effect on cytokine

expression revealed controversial results; while the concentration of cytokines m the
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DRG remained the same after treatment, only anti-mflamatory cytokines mereased thenr

é expression in the spinal cord'' Omne of the ? studies used rhythmic mobilization
; techmgues* and the other high-speed manipulations.'"! The place of application was
E different as well as the dose, so the results must be mterpreted with caution.
13 Physical agentz
E HNmeteen studies investigated a range of physical agents inchuding laser, therspeutine
i; ultrasound, and trapseranial direct current stimulstion. The dose for ultrasound most
ig frequently reported was 1MHz 0.5-1 wiem® duing 5 min.
EE Therapeutic ultrasound reduced the expression of substance P in both studies 250
e Further, a reduction of cytokines (TNF and IL-6)" and TRPVI] expression & was
gz apparent af sciatic perve and dorsal root ganglia respectively.
: Of the 5 articles including laser therapy, only one measured the changes generated on
EE enkephalines* with no changes after treatment. Three papers report a decrease of
b evtokine concentration. ®-%* A1l laser treatments increased the concentration of NGF m
Ef: the sciatic nerve regardless of the time of intervenfion or parameters applied **%!%*
:E Cidral et al ® found a decrease in the concentration of THF but not I-1B in the SC and
a the sciatic nerve while Hsich et al** reported a decraase of several cytokines measured
Ez m the scatic merve. This difference could be due to the different infensifies apphed m
i the studies. Cidral et a1 ™ used 50 mW/cm2 and 2.5 Vem? vs 30 mWiem? and 9 Vem?
EE used by Hsieh ef al ™ in both studies.
. 2 studies investigated DCS. tDCS increased TNF-a concentrations in the brain and
:‘; spmal cord, whereas IL.-1b and IL-10 only chanped sizrificantly in the spinal cord, wath
E:_ a decreasing concentration of both cytokines  tDCS also reduced the activation of glial
,":,2 cells in spinal cord dorsal hom'* and decreased BDNF concentrations both in the
EEI central nervous system and in blood serum
En
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Three studies reporfed on the effect of TENS therapy. TENS could not reduce

é proinflammatory eytokines (THNF-a) in the seiatic nerve. ™ in fact one study reported an
; merease in that biomarker. ' However, TENS did reduce the concentration of pro-
E inflanmmatory cytokines in the spinal cord * The glial activity in the spinal cord was
1: reduced after the apphcation of TENS, and the expression of opioid receptors increased
E in the same location.”” Contradictory results were reported regarding the presence of
L excitatory nenrctransmitters in the spinal cord. '™
if The pulse electromagnetic field was consistent i modulating the cytokme
EE concenfrations, m both the spinal cord and the penpherzal perve fissue that caused the
EE mmjury. ****
23
i; Electro-acupunciure
- Electroacupuncture reduced the concentrations of proinflammatory cykines. The doses
EE reported ranged from 1-2 mA | fluctuating between 2 and 100 Hz, 1.05-2.85 ms for 30
b min Most of the changes seem to ocowr in the dorsal horn® 12512052 J)thoysh changes
EE: in the merve ' blood* and DREG'™ were also reported. In contrast, four articles did not
j‘" find changes in cytokine concentrations following elactroacupuncture, 44123
: The effect of electroacupuncture reported on neurotrophins has been mixed Articles
E; reported decreased concentrations of nerve growth factors (MGF and BDMF) in dorsal
i root ganglia and spinal cord dorsal hom® %1212 ghile others obtained significant
EE increases in the same anatomical sites for MGF,'™ BDNF™ and GDNF.* These
i differences may be due to the starting imes and dwration of treatment It seems that
;; most of the articles that reported a decreased concentration®**15.1% had 3 treatment
53 duration greater or equal to 2 weeks. In contrast those that increased pain markers
:.:.: expression only treated the animals for one week 4%
Egl Acupumciure
&0
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The two acupuncture articles inchoded were very heterogeneous. Only Wang et al ¥

é found a sigmificant decrease in the concentrations of cyvtokines. Whale Wang et al.

; performed the treatment one day after surgery and for a period of 14 days," Chang et

E al. started the mtervention 24 days after surgery, during a period of 5 days."" The
13 location of biomarker measuwrement were different; Wang et al. measured cytokines m
E the blood, Chang et al measuwred Cde? and P-vim mn the sciatic nerve and DEG with no
i; difference after treatment.” In both articles, the same 30-minute daily dose was zpplied,
if but the doration of treatment varied between cne and two weeks.
EE Discussion
i This systematic review summarises the results of 81 studies that report the influence of
EZ different= tvpes of physiotherapy modalibes on omarkers of penpheral neuropathic
b pain in pre-clinical models. The two most studied interventions were electro-
EE acupuncture and exercise, with newal mobihzation, joint mebihsaton and physical
gé agents being less commonly studied The most frequently measured biomarker group
EE: was related to the peuro-immmne system, specifically cytokines. The dorsal hom 15 the
jg anatomical site where biomarkers were measured most frequently. Most studies, despite
32 thewr beterogenecus nature, report sigmficant post-infervention changes of the
E; biomarkers of newropathic pam. Our findings indicate that physiotherapy inferventions
:f downregulate the expression of pro-pociceptive (eg. immmne system or newroirophins)
Eg markers and upregulate the expression of markers that dampen newropathic pain {eg.
:2 opicid system). However, risk of bias was high in 97 5% of studies.
:‘E; Our findings about the most common model 15 similar to previous reviews about pre-
E:_ chinical models of WP were raumatic injury (78.9%) is the most commun * Although
:.Eg newropathic pan induced by chemotherapy''" or diabetic painful newopathy are
Eé growing problems,’! the models of newropathic pain mduced by chemotherapy and
&0
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diabetic neuropathy have not been wsed very offten in prechmical phy=siotherapy

é studies (2.5% and 11.1% respectivaly).

Effects of Physiotherapy

E Exercise was one of the main mterventions studied, specifically seimming and running
13 (treadoull}. It 15 well established that asrobic exercise mduces analgesic effects in pre-
E clinical models *® Crur results demonstrate that aerobic exercise has promising effects on
L. biomarker modulation in newopathic pain. There seems to be 2 consistent effect of
if aerobic exercise on the modulation of markers of neuwro-inflaimmahion m the penpheral
;E and central nervous system (ther biomarkers such as pewotrophims and
b newrotransmitters are also modulated by exercise. Of pote, studies which did mot
Ez demonstrate an effect on biomarkers used exercise duration of less than 40 min ***
ifj perhaps meufficient time to generate changes. In contrast, studies showing an effect on
EE biomarkers included sessions with a duration between 60 to 90 mm ™" For treadmill
b rurming, only one article did not find changes after infervention 3 In this experiment the
EE: animals ran until exhausntion * while in the others it was of a fixed duratipn 145706881
:E It could thus be speculated that reaching exhauston may counteract the positive effacts
: of physical activity in regulating glial cell activity.
E; Neural Mobalizations have shown efficacy in human mals of patients with referred leg
:f or arm pain of newral origin® however their exact mechanisms of action remam
Eg speculative. In line with findings in animal models, ™" neural mobilizations improve
jg mechanical hyperalgesia in patients after neural mobilization intervention ' Cur
:‘; findmgs mdicate that peural mobibsations may exert thewr beneficial effect throngh
E% modulating nenromflammation, opicid system and neurotrophins. The ability of neural
:2 mobilization to disperse fluids has been reported with cadaveric models.' In patients,
%é there 1z also some mdication that meuroinflammation may be a target. Schmid et al
&0

96



Actualizacion de la fisiopatologia de las neuropatias por atrapamiento y propuesta de nuevos métodos
de intervencion.

reported a reduction of mireanueral edema after one week of newal mobilization m

é patients with carpal tunnel syndrome. '

; Although Jomnt mobibization techmiques are often used, they seem to have only short

E term analgesic effects in humans '™ In additon they are not wsually used for
1: newropathic pain, but for nociceptive pain ** Both preclinical studiss included in our
E systematic review reported a decrease of mechamical hyperalgesia after the
i interventions #!11 Similarly, Krouwsl at 3l reported an increase on the pain preassure
ig thresholds in humans after a hambar joint mobilization '™ Interestingly, our data
EE mdicate that joint moblizaton may exert their beneficial effects through modulation of
% slial cells and cytokines. However, only two articles were included. both using different
Ez techmaues which make 1t difficult to draw firm conclusions.
i Physical agents are often used clinically as analgetic treatments. However, their clinical
EE benefit remams contradictory. For instance, a Cochrane review about the use of TENS
b in adults with newrcpapthic pain eould not draw firm conchusions whether TENS is
g? effective for pain control due to the very low quality of the evidence ** Another review
EE from Akyur et zl. conclude that physical modalities such as ultracund or laser are not
33 effective for the treatment of newropathic pain when applied alone ® Owr data suggest
Eg that phy=ical agents mamly seems to modulate newropathic pam through regulation of
:3 neurcinflammation such as 2 downregulation of TNF and TL-1P wich are associated
EE with the mamtenance of pewropathic pain after peripheral mjury.'™ Nevertheless,
a physical agents could also modulate other biomarkers, for instance newotrophins or
%f Electroacupunture has shown some evidence In reducing pain m patents with
:‘:,2 ostesarthriis mediated by p-endorphins® Human evidence for the effect of
Eg electroacupunchre on neuropathic pam remains controversial. Penza et al. did not find
&0
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pain improvements following electroacupunture treatment in patients with sicfeen™
whereas Galanfino et al reported some mprovement m patients with HIV-related
peripheral neuropathy.** In both reports the number of patients included was small, so
these results remain prelimanary. Char findings mdicate that electroacupuncture mmay
exert beneficial effects through modulating newroinflammation, regulating peurotropins
and neutrotransmitters as well as decreasing ATP and ion channels such as TRPV1.™
THIZ-IM 3351 Anpther possible mechanizm is that this type of electrical stimulation
may be activating the endogenus opioid system by the release of enkephalins and b-
endorphins *

A5 we only identified two articles about acupuncture, 1t 15 difficult to hypothesize about
its mechanizme of achon. Prelminay data suggest that simmilar to electro-acupunciure
this technique might modulate the activation of the newro-immune system ™" but
further research 15 needed. In lme with owr preclimcal findings, a Cochrane review
about the wse of acupuncture m bumas with any tvpe of newropathic pam reports limated
evidence 7 Another review about acupuncture and its effect on pam could also not
establish a clear relationship between the techmique and the analgesics effects m
humans *

Implications for humans

The mmportance of specific biomarkers to mantam newopathic pam 15 not only clear m
praclinical models, ™ but also in bumans "™ Cur findings suggest that Phy=istherapy can
modulate biomarkers related to neuwropathic pain m prechnical medel=. Although the
most studied biomarkers related to the immune system and peurotrophins, this review
identified other targets such as newrctransmitters or the opioid system. In recent vears,
several publications have reported the possible relationship between the presence of

newropathic pan and some of the here reported biomarkers humans. For imstance,
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newrsinflammation is thought to play a crucial role in the generstion and maintenance of

é newropathic pain in preclinical models® Similarly, there i a growing body of evidence
; confirming the importance of nenromnflammation in newropathic pain in bumans. '™ This
E is apparent both in patients with focal nerve imjunes *, but also m patients with
. polynewropathies 1% A such our findings indicate that physiotherapy can modulate
E biomarkers that are relevant in patients with nenropathic pain.

:; In addition to the newroimmmne svstemn, other systems may mfluence the presence of
ig NP. For example, newrotrobpins have been mmplicated with newropatioe pamm For
EE Instance, MGF acts as a pathogenic pain mediator™ and also in humans, high levels of
e NGF have been associated with pain. ! BDNF shows similar hyperalzesic effacts and
gz Itz presence in the dorsal root gangha and the spinal cord comelate with meuropathic
: pain  behaviour.!™ The dysfunction of the opioid system has been describe in
EE preclinical® and in bumans with NP *. An ohter indirect measure from the opioid
b system is the conditioned pain modulation wich is mediated by the endogemus opioid
Ef: system.'™ This type of alteration has been reported in patients with different types of
:E NP such as complex regional pain syndrome'™ or carpal tunnel syndrome. ' These two
a systems look like 3 promising target which required firther investization in human
Ez trials.

i So far, pharmacological managent has been the first line of trestment for NP in bumans.
EE Tncyche antdepressants (eg amgimphlyne), and serctonin-noradrenaline reuptake
. inhibitors (eg duloxetin) or anficonvulsants (eg pragabaline) have been use as first line
:‘; option.! Also opioids, like tramadol have been use to target the opisid system ¥ Fven
E:_ Combinahion therapy have been used in these kind of patients, for instance the use
,":,2 mixed of morphine and gabapentin provided better pain relief together but that zain was
EEI also modest®” Despite of this evidence, some tnals have report controversial
En
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resoults™* in addition of the concerns about side effects reported of long term used *

é advises on looking for new, safer treatment options.

; Future targets to mvestigate are the endogenous cannabiomdes such as CB2 receptor

E wich recently have been shown to increase hypersensitrvity i models of newopathic
13 pain®! and we have not found this to have been evaluated in physiotherapy studies.
E Whereas the results of this study seem to suggest promusing effects of biomarker
i; modnlation of physiotherapy interventions for penpheral newropathic pam, these
ig findings carmot be directly translated to understand the mechanism of these therapies m
EE bumans. Nevertheless, these findings can provide gmdance on the type and design of
e future physiotherapy interventions in clinical trials.
Ez Limitations
i We have identified some limitations in our review. Only studies written in English were
EE meluded. The heterozenaity of the measurement metheds as well as the larpe number of
b different biomarkers analyzed challenges the interpretation. OF note, 92.5% of studies
gf: cnly mecluded male rats. It is well established that pain behavior and underlying
EE mechanisms differ according to sex,” thus limiting the generalizability of our findings.
: Tmportantly, risk of bias was high and reporting according to the ARRIVE guidelines
Eg was poor In the majonty of studies. The imconsistent reporing of summary statishies
i prevented a mets-analysis. Poor reporting and methodological quality have been
EE identified as major challenges in preclinical research ncluding in the pain field ®1!
. With the recent publication of the ARRIVE guidelines, it is hoped that the quality of
;2 preclimical studies and thesr reporiing will improve, thus facilitating fiture systematic
£ e
:‘:.2 Conclusion
=
EE
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Our results suzgest that exercises, electro-acupuncture, newral mohibzation, and
physical agents modulate biomarkers of neuropathic pam in preclinical models.
Only few studies were available for joint mobibzation and acupuncture, thus preventing

firmy conclusions. Physiotherapy inferventions seem to regulate the expression of a

(TSR CES B~ U [T O U B

10 range of momarkers parhicularly associated with the newo-mmmune system, opioad
12 system, peurctrasnomiters, newotrophine and receptors. The ugh nsk of bias and poor
14 reporting quality however prevents firm conchusions. Nevertheless, our findings may be
17 used to mform the desizn of fubore buman studies. Future prechnical studies need to
1g follow higher standards of methodological gquality and reporting to advance this

23 promi=meg field
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Tables

Table 1. Characteristics and findings of the meluded stadies in relation to biomarkers

Click here to access/dewnload, Tables Table 2.doox 2

Reference Groups Anatomical Biomarkers Main Results P value
Level
Chang, NC POD 7
2013 HC + acupuncture Sciafic nerve NF-200-stained axons Increased by acupunciure p=0.05
DRG (Cuanfification of axonal Mo difference
Seiatic Nerve regeneration) 7
%2 pumber of labelled neurons 7
Quantfication of Hoechst-
stamed nucle
Cde2
P-vim
Wang, 2009 CCI POD 15
CCl+amupuncture bload I-1B Decrease CCl+acupuncture p=0.01
Cha, 2010 NT POD? p=0.05
NT+EA Spmal cord Meurcnal nitric oxide Decrease by EA in Rexed area I-II but
synthase-positive neurons no difference in Fexed area III-V and
X
Cha, 2012 NT POD?
NT+EA Peripheral nerves IL-1b Decrease by EA p=0.05
-6 Decrease by EA =005
THF-Alfa Decrease by EA =005
DRG IL-lbeta Decrease by EA =0.05
IL-6 No difference .
THE-Alfa Mo difference
XAAL CCI POD 14
Chen, 2015 CCHEA Spmal cord PYHAR Decrease by EA =001
IFN-g Decrease by EA p=0.01
Dong, 2005 CCI POD 14,21 and
(a) CCHEA 18 GDINF (WB) Increase by EA at day 14 =005
DRG Increase by EA at days 21 and 28 p=0.01
GDNF (IR) Increase by EA at day 21 =005
Increase by EA at day 28 p=0.01
GDNF (PCE) Increase by EA at days 14 and 21 =001
Increase by EA at day 28 p=0.001
GFRao-1 (WB) Increase by EA at day 14 =005
Increase by EA at days 21 and 28 p=0.01
GFRa-1 (PCE) Increase by EA at days 14 and 21 =005
Increase by EA at day 28 p=0.01
Spimal cord GDNF (IR) Increase by EA at days 14 and 21 p=0.01
Increase by EA at day 28 p=0.001
Dong, 2005 CCI POD 14,21 and
L) CCHEA 18 SOM (IB) Increase by EA at days 14, 21 and 28 =0.01
DRG Increase by EA at days 14 and 21 p=0.01
SOM (PCR) Increaze by EA at day 28 p=0.001
Increase by EA at day 14 p=0.05
Spmal cord SOM (IR) Increase by EA at days 21 and 28 p=0.01
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Li, 2019 CIPN POD 14
CIPN +EA L4-6DRGs TEPV] (normalized Decreased by EA vs sham EA p0.01
CIPN + sham EA fluorescence intensity{¥a)) Decreased by EA vs sham EA p=0.01
TREV1 (% of TRPV] + Decreased by EA vs sham EA p=0.01
Meuron({zmong neuron+)) Decreased by EA vs sham EA p=0.01
TRPV] (Western blotting) Decreased by EA vs sham EA p=0.01
Spmal cord dorsal TLE4 Decreased by EA vs sham EA p=0.01
horn (SCDH) MyDEE Decreased by EA vs sham EA p=0.01
GFAP (staining mtensity) Decreased by EA vs sham EA p=0.01
GFAP (number of positive Decreased by EA vs sham EA p=0.01
cells)
0342 (staining intensity)
OX42 (number of positive
cells)
Liang, 2015 CCI POD 3-14
CCI-EA Dorsal Hom 1-IT GFAP CCIHEA decrease 3, 7 and 14 days p=0.05
ipsilateral Ox-42 CCI+EA decrease 3,7, day p=0.01
IL-1B /IL-6 no change,
042 CCHEA  decrease day 3 p0.01
Dorsal Hom 1-IT 0342 CCHEA  decrease p=0.01
contralateral
Liang, 2016 CcCl POD After 73
CCI+EA hours pp38 MAPE Decreased by EA p=0.01
CCI+shamEA Laminae -1 of 0X-42 Decreased by EA 005
pstlateral Spinal Decreased by EA p=0.01
cord dersal hom
(SCDH)
Liu, 2019 CcCI POD S
CCHEA Spmal cord THNF-a Decreased by EA p=0.01
IL-1B Decreased by EA p=0.001
IL-§ Decreased by EA p=0.001
CHICR1 Decreased by EA p=0.001
Manmi, 12 STZ group POD 28 Mo difference
2011, 12 8TZ skin MNGF zkin Decreased by EA p0.05
group+E4 DRG NGF Spimnal Cord Decreased by EA
substance P (5P) skin Decreased by EA
substance P (SP) spimal cord Decreased by EA
NGF receptor TrkA skin Decreased by EA
pTyrd96-Tekd Increased by EA
transient receptor potential Decreased by EA
vanilloid 1 (TRPV1) skin Decreased by EA
spinal TrkA Decreased by EA
pTy496-TrkA in the spinal Increased by EA
cord
TRPV] in spinal cord
GABA-GAD-&7
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Neri, 2013, DN POD:23 NGF Protem. Decreased by EA =005
DN=EA DRG NGF mENA production. Mo difference
NGF Receptor:
Trkd mRNA Decreased by EA
TrkA protein Mo difference
pTyrd96-TrkA Decreased by EA
mENA-pTSNTR Mo difference
pTINTE protein Decreased by EA
ERE]l-2 Mo difference
Akt Mo difference
THEp38 Increased by EA
phospho-IxB-a Increased by EA
phosphorylation of the IxB-a Increased by EA
TRPV-1 Decreased by EA
phosphorylated p38 Mo difference
Shae, 2015 CCI POD ?
EA Spmal cord p-ERE GFAP Decrease (zmA =MA) p= 001
strong marmal Brain (anterior p-ERE 0342 smA=MA
acupuncure cmgulate cortex)
(smA)
mild manual
acupuncture
(A
Shi, 2013 Dhabetes POD 30 . . .
Diabetes+EA Dorsal root CBS (cystathionine b Decrease EA P =0.05
ganglia L4-L5 synthase) Decrease EA P =005
pbs Decrease EA P =005
b-actin HNo dufference
NF-LB
Sun, 2004 CCI+PES POD 48
CCl+ needling L5 spinal NMDA (NR1) Decrease PES group P =0.001
superficial
lamyimae I-IT
Tu, 2015 cc POD 14
CCI+EA ipsilatera]l 14-6 NT-3 Increaze EA p=0.001
DRGs NT-3 Increase EA p=0.001
L4-L5 lumbar IL-18 Decrease EA p=0.001
spinal cords, GFAP Decrease EA p=0001
dorzal homn 0OX-42 Decreasze EA p=0003
Decrease EA
Tu, 2018 CCI POD 14
CCI+EA Spinal Cord L4- BDNF Decrease EA p=0.001
Ls TkB Decrease EA p=0.001
Wang, 2014 CCI POD 14 ATP
CCI=+ LA4-L6 Darsal ATP Decrease EA p=0.001
contralateral EA Root Ganglia Direcrease EA p=0.001
CCI +ipsilateral ipsilateral
EA contralateral
(P2X3)
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Wang, 2016 CcC1 POD 14
CCl+shamEA  L4-L5 spinal cord IL-B decrease EA =005
CCI+EA (dorsal horn) GFAP decrease EA =005
THNF-a EA no difference
IL-& decrease EA p=0.05
BDNF decrease EA p=0.05
MNGF decrease EA p =005
NT3 decrease EA p <0.05
NT4 decrease EA p =005
Wang, 2018 CCl FOD 21
CCI+EA Spinal Cord L4- aTnACHhR Increase EA =001,
L& IL-1B Decrease EA p= 0001
Xia, 2019 cc1 POD 21
CC+EA L4-Ls. HMGEI1 Decrease EA =001
TLE4 Decrease EA p=0.001
CcD Suppressed EA =001
MvyDEE Suppressed EA p=0.05
NF-kB Inhibited EA 005
Xu, 2016 CCI POD 14
CCI+EA LA4-L5 Spmal PIXTR Decrease EA = 0.0001
cord ipsilateral IL-1B Decrease EA p=0.0026
IL-18 Decrease EA p=0.0023
Xue, 2015 Cccl POD ?
CCI+EA Spmal cord BDNF Increase CCI+EA p005
P2N4 Mo significant difference
Yongz-Hui, CCI POD ?
2014 CCI+3EA Blood ILl-B Decreaze 12EA p=0.05
CCH5EA IL-2 Mo significant difference
CCI-12EA ImL-12 No sigmificant difference CCI
Im-15 Mo significant difference CCI
INF-y 12 EA reduce to normal p=005
IL-4-I-10 Mo sigmficant upregulated
TGF-B EA 12 EA upregulated p=0.05
beta-endorphin AN EA upregulated p=0.05
Hypothalamus beta-endorphin AN EA upregulated p= 0105
Yu, 2013 CCI group FOD 10
CCHlow- Spinal Cord P23 protein EA decrease LEA p=0.045
fraquency EA P23 receptor EA decreaze HEA p=0.047
CCI+ high- Lea vs Hea
frequency EA p=0.05 to
LEA
Zhang, NT POD 7-28
2014 NT+EA Bram (arcuate B-endorplin EA increase p=<0.05
mucleus)
Zbang, 2018 CCl POD 7
CClHEA L4-L6 spinal cord GFAP CCIHEA decrease p=001
IL-& CCIEA decrease p=10.01
THF-a CCIEA decrease p=10.01
IL-1p CCHEA decreaze p=001
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Almeida, CCI POD 42 and 70
015 CClSwimpumg DRG BDNF Decrease by swimpung at day 42;
CCT+Swimoming+ GDNF Decraaze by swimming+detraining at P=0.05
Detraming MNGF day 70
No difference P=0.05
Decrease by swimmmeg at day 42; No
difference by swimming+detraming
Belmonte, CPIP POD 11
2018 CPIP+Exercize Spmal cord THF-alfa Decrease by Exercise contimuous P=0.05
contineuns IL-lbeta protocol and Exercise mterval protocol
CPIP+Exercize -6 No difference P=0.05
mterval protocol Im-10 Decreasa by Exercize contimuouns P=0.05
ERE12 protoce] and Exercise mterval protocol P=0.05
AETLS Increase by Exercise confinuous
protocol and Exercise mnterval protocol
Increase by Exercise confinuous
protocol; decrease by Exercise interval
protocol
No difference
Bobinzky, Non-Exer POD 15
011 NC+Exercise- Seciafic nerve THF-alfa Decrease by Exer 2 and Exer 3 B=0.05
precperative IL-1beta Decrease by Exer 1, Exer 2 and Exer 3 B=0.03
(Exer 1) IL-5R Mo difference
NC~+Exercise- THF-alfa No difference
precperative- Spmal cord IL-lbeta Diecrease by Exer 2 and Exer 3 P=0.01
postoperative IL-5R Decrease by Exer 1, Exer 2 and Exer 3 B=0.05
(Exer 2) IL-10 Diecrease by Exer 1, Exer 2 and Exer 3 P=0.03
NC+Exercise- No difference
postoperative
(Exer 3)
Bobinzky, NC+Sedentary POD 15
015 MNC+Exercize Brainstem 5-HT Increase by exercize P=0.001
5-HIAA Increase by exercise B=0.01
5-HTIA Mo difference
5-HT1B Increase by exercise B=0.05
5-HT2A Increase by exercise P=0.05
5-HT2C Increase by exercise B=0.03
5-HT3A Mo difference
THF-alfa Diecrease by exercize P=0.05
IL-1beta Diecrease by exercise B=0.05
SERT Diecrease by exercize P=0.01
Medullary raphe SERT Decrease by exercize B=0.05
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Bobinsky, NC+Sedentary POD 15
018 MC+Exercize Sciafic nerve -4 Increaze by exercize P=0.05
II-lra Increase by exercise P=0.05
IL-3 Mo difference
IL-6 HNo difference
Spmal cord -4 Increaze by exercize P=0.01
IL-lra Increase by exercise P=0.01
IL-5 Increase by exercise P=0.05
-6 No difference
BDNF Deecrease by exercise P=0.01
B-NGF Decrease by exercise P=0.001
GFAP Deecrease by exercise hilateral I-II P=0.05
Tba-1 ipsilateral M-V P=0.05
Decrease by exercise hlateral I-II/ p<0.01
pstlateral IIT-VI
-, Sedentary+DIN POD 14, 28 or
Chen, 2013 Exercise+DM 56 HspT2 Increase by exercise P=0.05
Spmal cord THNF-alfa Mo difference
IL-6 HNo difference
HspT2 Increase by exercise P=0.05
Penpheral nerves THNF-alfa Mo difference
IL-6 No difference
W Sedentary+DN POD 14 and 23
Chen, 2015 Exercize+DN Seiafic nerve IL-10 Increase by Exercise at days 14 and 28 P=A.0051
-6 Decrease by Exercise at days 14 and 28 B=0.01
THF-a Decrease by Exercise at days 14 and 28 P=0.01
MDA Decreasze by Exercize at day 14 but not B=0.01
28
T-W. CCl POD 21
Chen, 2012 CCHSwimming Seiafic nerve HspT2 Increase by CCISE P=0.05
Exercize (CCISE) Increase by CCITE B=0.01
CCT+Treadmill TMNF-alfa Decrease by CCISE and CCITE B=0.05
Exercise (CCITE) IL-lbeta Decrease by CCISE B=0.05
Decreasze by CCITE B=0.01
Cobianchi, CCl POD: TAND 17 Cdllb IR 7 days: Decreased by exercize =001
2010, CCI+EX day3-7 Dorsal horn 17 days: Decreased by exercise
CCI+Ex day3-56 ipsilateral
Ventral hom
1psilateral GFAPIR 7 days: decreased by exercise
Dorzal horn 17 days: Mo difference
contralateral
Ventral hom
contralateral
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Cobianchi, NT POD1,3and 8
3= NT+TR DRG MNGF Decrease by ES at day 3 but not at day P=0.01
NT-+ES NT-3 1; No difference at day 8
BDNF Mo difference at day 1. day 3 and day § P=0.05
GDNF Decrease by ES at day 3 but not at day P=0.01
Spmal cord NGF 1; Decrease by TR at day 8
NT-3 Mo difference at day 1 and day 3; P=0.05
BDNF Diecrease by TR (compared to NT and P=0.01
ES)atday 8 P=0.01
No difference P=0.05
Increasa by ES at day 1 but not at day
GDNF 3; Mo dufference at day 8
Mo difference at day | and day 3
Increase by ES atdayv § P=0.001
Decrease by TR {compared to NT+ES )
at day B
Decrease by ES+TR (compared to ES) P=0.01
at day 8
No difference
Inecrease by ES+TR (compared to NT
and TR) atday §
Increase by ES+TE. (compared to ES)
at day 8
Coradini, CCl POD ?
1018 CCI+Swim Right median GAP43 Increased by CCI + swim vs CCIT p=0.05
CCI (Obese) nerve Mo difference between CCI + swim
CCI+5wim BDNF {(obese) and CCT (obesa)
(Obese) Mo difference between CCI+ swim
and CCT
Mo difference between CCI + swim
{obese) and CCI (obesa)
Gong, 2017 CCl PFOD 31
CCT+exercize (Postuatal day IL-1B Diecreaszed by exercize p=0,05
41 THNF-a Decreased by exercise p=0,05
Spinal dorsal hom CDEs No difference p=0,05
CD6s Dlecreased by exercize p=0,05
INOS Deecreased by exercize p=0,05
IL-4 Increased by exercize p=0,05
IL-10 Increased by exercise p=0,05
CD2016 Increased by exercise p=0,05
Arg Increased by exercize p=0,05
Yml Increased by exercise p=0,05
CD206 + Microgha Increased by exercise p=0,05
lon Increased by exercise p=0,05
Ipsilateral spimal IL-10 {western blet) Decreased by exercise p=0,05
cord. THF-a (western blot)
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Huang, CCI POD:= 14 and 218
01T CCI+TUD Sciatic nerve THF-a PODs 14 and 28: Decreased by TU, =003
CCI+TU IL-6 TE, TURTE, TU+TE
CCI+TE POD14: Decreased by TU, TE, 0.05
CCI+TUO+TE IL-10 TUO+TE, TU+TE
Ca+TU+TE POD23: Decreased by TE, TUNTE, p=0.03
TU+TE
POD14: Inereased by TU, TE, =005
TUG+TE, TU+TE
POD28: Mo difference P=036
Hung, 2014 CCI POD 14orl8
CCHTT Spimal cord -6 Decrease by TT,TU and TT+TU at day p=0.008
CC+TU IL-10 14 and 28
CCHTT+TU Iba-1 No difference at day 14; Increase by
TT, TU and TT+TU at day 28
Decrease by TT,TU and TT+T; p=0.01
Decrease by TI+TU ({ecompared to p=0.01
CCHTT and CCI+TU)
Hung, 2016 CCI PODs 14 and 25
CCITU Spinal cords (L4 IL-& PODs 14 and 28: Decreased by TT, p=0.008
CCI+TT -L5) TU, TT+TU
CCI+TT+TU IL-10 POD28: Greater decrease with TT+TU p=0.05
compared to TT and TU
POD14: No difference p=0.58
Tbal IR POD28: Increased by TT, TU and p=0.01
TT+TU
POD28: Greater increase with TT+TU p=0.05
compared fo TT and TU
PODs 14 and 28: Decreased by TT, TU =001
and TT+TU
POD28: Greater decrease with TT+TU p=0.01
compared fo TT and TU
Kami, CCl-sedentary POD 7
2016a CCI+ running Lumbar spinal GABA Increased by runming p=0.01
cord (L4-5), GADS5/67 Increased by running p=0.01
superficial dorsal
boms
Kami, CC_Pl-sedentary POD 7
2016k CCI_P+ nmning Lumbar spinal HDAC1+ nucle Decreazed by running p=0.01
cord (L4-5), HDAC1+/GEAP+ astrocytes No difference
superficial dersal HDAC1+CD11b+ muerogha Decreased by rmunning p=0.01
boms= CDI11b+ Ho difference
H3E%ace+/CD11b+ Increased by runming =001
microghia Mo difference
CD11b+
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Korb 2010 NT+tramed POD 35-26
NT sedentary 5C, nmbosacral Serotonin (3-HT) Increased by fraining 005
ventral bom Imrmumareactvity Mo difference
SC, lumbosacral, {lumbosacral veniral horm) Mo difference
dorsal hom, Serotonm inmmoreactivity Mo difference
superficial (superficial laminze of Increases by trainmg p=0.05
laminzes hmbosacral 5C)
Magous raphe Serotonm inmmoreactivity
nucleus (magnus raphe nucleus)
Dorsal raphe Serotonm innmmoreactivity
nuclens {dor=al raphe muclens)
Soleus muscles Cifrate synthase enzyme
activity (soleus muscle)
Lopez- CCIHITRI POD 8 and 15 NGF ski
Alvarez, CCI+ITR2 paw skin Western blot of NGF 8 days: Decreased by TTE.1 0,05
2015, CCI L3-L5 dorsal root MNGF in DRG 15 days: Decreased by ITEL/TTR2 0,05
zangha GAP43 i DRG 8 days: Decreased by ITE1 p=0,05
pMECC] 8 days: Decreased by ITR1 p=0,05
8 days: Decreased by ITR1 p=0,01
NECC1 8 days: Decreased by ITE1 p=0,01
pKCC2 15 days: Decreased by TTR1 p=0,001
8 days: Decreased by ITR1 p=0,05
ECC2 8 days: Decreased by ITE1 0,01
BDNF L3 15 days: Decreased by ITE1 0,05
15 days: Increased by ITR1 p=0,05
BDNF LS 8 days: Decreased by ITR1 p=0,05
15 days: Decreased by ITR1 p=0,01
Tbal 13 8 days: Decreased by ITE1 p=0,05
15 days: Decreased by ITRLTTR2 p=0,0001
Tbal 15 8 days: Decrease by ITR1 p=0,05
15 days: Decreased by ITR.1 p=0,05
8 days: Decreased by ITR1 p=0,01
15 days Decreasad by iTR1 p=0,05
15 days Decreased by ITR2 0,01
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Lépez- SNTRATR POD 14 .
Alvarez, SNTE.-sedentary  Spunal Cord DH ol A Immunoreactivity - -
2018. lamize I-IT. ipsilateral bom: Increased by ITE. p=0,001
Bram. LC and DEN: Increased by ITR 0,05
(peraqueductal ald
Zrey matter Mo difference
(PAG) the B2 receptor
locus coerulens lamina II: increased by ITR
LC) the contralateral lanuna I: Increased by p=0,001
the dorsal raphe ITR p=001
(DRI SHT2A 1C: Increased by ITR. p=0,01
the raphe magnus
nuclens (EM) p=0.01
laminza II- Inereased by ITR. p=0,05
Ipsilateral lamyma I Increased by ITR p=0,01
PAG and DRN: Increased by ITR.
Ma, 2018. DN POD 35 IL-1b Decreased by exercise 0,05
DMN+EX DRG IL-6 Diecreased by exercize
THF-a Decreased by exercise
ILIR Dlecreaszed by exercise
ILSR Decreased by exercise
TNFE1 Deecreased by exercise
Martins, NC POD 63 IL-1p Mo difference
017 NC+ sccentric sciafic nerve
exercise 6 m/mm tissues THF-a Muscle: Decreazed by Exercize p=0.03
HNC + ecceninic triceps suras Merve: No difference
exercise 10
m/mim -4 Ho difference
HNC + ecceninic
exercise 14 II-1Ra Mo difference
m/mn
IGE-1 Merve: Increased by exercise p=0.01
Muscle: no difference
Sumizono, CCI POD 21 and 35
2018 CCI+ high- Dorsal HORN BDNF Decreaze HFE 5w p=005
frequency laminae I-IT MOR Decreasze all exercise 5w p=005
exercise GFAP Decrease all exercise 3w p=005
CCI+ low- Tbal Decrease all exercize 3Sw p=005
frequency B-endorphin Increase all exercize 3w 5w p=005
exercise met-enkephalin Increase allexercize 3w 5w p=0.05
midbramn PAG
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Tiamn, 2018 NT POD: 11, 42 and
NT+swimmmg 49 MNGF (protein levels, Day42: Decreased by swimming p=0.01
SCL4-Ls ipsilateral SC) Day49: Decrease by swimming p=0.05
Diay2l: No difference
Diays 42 and 49: Decreased by p=0.01
BDNF (protem levels, swimmmng Day21: No difference
ipsilateral SC) Diay21: Decreased by swimming p=0.05
DRG L4-LS Days 42 and 49: No difference p=0.05
MNGF (protein expression, Diay21: Decreased by swimming p=0.01
ipsilateral DRG) Days 42 and 49: No difference p=0.05
Diay21: Decreased by swmmming p=0.05
Tibial nerve BDNF {protem expression, Days 42 and 49: No difference p=005
(neuroma) ipsilateral DRG) Diay21: Decreased by swmmming p=0.01
Days 42 and 49: No difference p=005
NGF (protein expression,
ipsilateral neuroma))
BDNF (protem exprassion,
ipsilateral nenroma)
Thakur, ldizbates BOD 42
2016 Jdiabetic+exercis  Spmal cord dorsal IL-1B Decrease exercise p=0.05
e hom macrophage(CD11b,CDE) Decraase axercize p=0.001
CGEP Preservation exercise
Tzai, 2017 CCl POD 26
CCI+ 0%- sclafiec nerve IL-10 Increase £% treadoull p <0.05
inchine treadmill IL-6 Decrease §% treadmmll p=0.01
CCI+ 8%-incline TNF-a Decrease 8% treadmill p0.05
treadmmil
Wang, 2016 HNC POD 31 . Decrease by exercise and exercise+EA p=0.05
MNC+Ex Tibia Substance P Diecreaze exercise+EA vs exercise p=0.05
NC+EX+EA
Martins, NC POD 35
2011 MNC+Anesthesia Spmal cord GFAP Decrease by ATM 001
MNC+ATM Deecrease by ATM (compared to p0.05
CD1lb/e Anesthesia) p=0.01
Decrease by ATM p=0.05
Decrease by ATM (compared to
Anesthesia)
Song, 2016 CCI POD 18
de-CCI Diarsal Root c-FOS Decrease de-CCD=SMT p=0.01
de-CCT+ASMT Ganglia neurons IL-10 DRG Suppressed de-CCD+SMT p=0.01
L4L5 IL-1B,JL-10, Tonfa SMT same
IL-1B (DRG and 5C) SMT reduce
Blood TNF-a (DR.G and 5C) SMT same P =005
Spinal cord L3- IL-10(5C) SMT increase
Ls p=0.01
da Silva, CCl POD 24
1018 CCI+NM Sciafic nerve MWGF Increase by NM =001
MPZ Increase by MM p=0.01
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Giardini, CcCI POD ?
2017 CCHNM Thalamus GFAP Mo difference B=0,05
OX-42 Mo difference B=0,03
BDNF Mo difference B=0,05
Midbrain GFAP Mo difference B=0,05
OX-42 Mo difference B=0,03
BDNF Mo difference B=0,05
VPL and PAG GFAP
042
BDNF
Samtos, CCI POD 24
012 CCl+ MM Darsal root MNGF Decrease MM P =005
gangha GFAP
NGF
Spmal cord GFAP
Santos, CCI POD 24
2018 CCl+ MM Daorsal root substance P Decrease MM p =0.001
ganglia L4-L6& expression of TRPV] Decrease NM p <0.001
protein expression MOR Decrease NM p <0.001
protein expression DOR Mot observe immunoreactivity of
protein expression KOR These receptors not observe
b-achn Impmunoreactivity of these receptors
No differences were observed
Zhu, 2017 dizbetes POD 31 .
diabetes+nearal  Sciatic nerve left IL-1B No significant different
mobibization (no treatment) TNF-a
IL-1B MM decrease vs contralateral side P=1023
Sciatic nerve right THF-a MM decrease vs contralateral side P= 004
(treatment) IL-1B
THNF-a
Dorsal root
ganghon
Chen, 2015 CCI POD 18 THEF-a
CCI+TU-0 sclatic nerve IL-6 TU-1 decrease
CCI+TU-0.25 NE-IR TU-1 decrease
CCHTU-0.5 substance P ANTU decrease
CCHTU-1 ANTU decrease
Cidral, NC POD 13
013 NC+LEDT Spmal cord TNF-alfa Decrease by LEDT 005
IL-lbeta Mo difference
I-10 No difference
Sciafic nerve THNF-alfa Decrease by LEDT 005
IL-lbeta No difference
IL-10 Mo difference
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Cioato, CCl POD 24 and 29
2016 CClsham tDCS Cortex THF-alfa Increase by tDCS at day 29 but not at P=0.05
CCI+DCS II-lbeta 24
IL-10 Mo difference
Spmal cord THF-alfa No difference P=0.05
IL-lbeta Increase by tDCS at day 29 day but not P=0.05
IL-10 at 24 P=0.05
Bramnstem THF-alfa Deecrease by tDCS at days 24 and 29
IL-lbeta Decrease by tDICS at day 29 but not
IL-10 at24
No difference
No difference
No difference
Filho, 2016 CClI POD 24 or 29
CCl+Sham tDCS Semum BDNF Decrease by tDCS at day 29 but not at P=0.05
CCIHDCS Spmal cord BDNF 24 P=0.05
Cortex BDNF Inerease by tDCS at day 29 but not at P=0.05
Brainstem BDNF 24 P=0.05
Deecrease by tDICS at day 24 but not at
29
Decrease by tDCS at days 24 and 29
Giuliani, CCI POD?
004 CCI + laser Laminae ] and IT Enkephalin mRNA Mo difference
of the dorsal hom
of spmal cord
@L3L5)
Hzieh, 2012 CCl+laser POD 14
CCl+sham Seciatic nerve HE&E study (muclea Decreased by laser p=0.05
percentage) Decreased by laser p0.05
ED1 immunoreactivity Decreased by laser p=0.05
THNF-a Decraased by lasar p=0.05
IL-1B Deecreased by laser p= 0.0001
Cytokine Decreased by laser p=0.006
HIF-la-positive calls Decraased by lasar p=0.006
{Inmunoreactivity) Increased by laser p=0.009
HIF-1a (protein levels, Increased by laser p=0.002
immunobloting) Increased by laser p=0.005
VEGF positive cells Increased by laser p=0.009
(inmunoreactvity) Increased by laser p=0.002
NGF pesitive cells
{inmunoreactvity)
5100 pozitive cells
{iImmunoreactivity)
VEGF (protein levels,
mmmunobloting)
NGF (protein levels,
mmmunobloting)
Hisieh, 2017  Oxabplatn+TUS POD 24
Oxaliplatin+sham L2-L6DRG. TRPMS Decreased by TUS =005
TUS - TREV1 Mo difference p=0.05
Superficial
lammae (dorsal SP-like immmmoreactvity Decreased by TUS P=0.03
horn) in hunbar
spinal cord (at
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segments L2-1.6)
Lin, 2015 cCc1 POD 7 Mo difference
CCI+HFS affected sciatic TNF-a
Derve
Liu, 2017 CCI+ sham FOD 14 Mo difference
PEMF Sciatic nerve HCN1 mRNA Mo dufference
CCI+PEMF Dorsal root HCH2 mRNA
ganglion
Spmal cord
Matsuo, CCI POD 8§ Tbal immunoreactivity decreased by TENS p=0,05
2014, CCHTENS 1w  spmal corddorsal  BrdU-positiveTbal -positive decreased by TENS
CCITENS 2w hom GFAP immmunoreactivity decreased by TENS
p-p38 in mucroglia decreased by TENS
PEC-v decreased by TENS
p-CREB decreased by TENS
MAP kinases (p-p38, p- decreased by TENS
ERE12, p-TNE) decreased by TENS
promflammatory cytokmes increased by TENS
(IL-1, TNF-, IL-6)
opioid receptors (WOR. and
OR)
Mert, 2015 sham PMF POD  28-32 IL-1 beta Decreased by PMF p=0.05
(a) (SPME) sciafic nerve IL-6 Decreased by PMF
PMF-AD tissues IL-10 mereased by PMF
PMF-AW
PMF-AD = PMF-AW
Mert, 2015 POD: 35 THF-alpha =005
{b). STZ-induced Spinal cord Spinal cord: decreased L-PMF
diabetic seiafic nerve decreased by H-PMF
L-PMF-treated tissues Setatic nerve: decreased by L-PMF
diabetic Mo difference by H-PMF
H-PMF-treated IL-1beta
diabetic Spinal cord: decreased by L-PMF
increased by H-PMF
Saiatic nerve: decreased by L-PMF
decreased by H-PMF
IL-6
Spinal cord: decreased by L-PMF
Mo difference by H-PMF
Sciatic perve: No difference by L-PMF
Increased by H-PMF
I-10
Spmal cord: increased by L-PMF
Mo difference by H-PMF
Seciatic pever: No difference by L-PMF
decreased by H-PMF
Mert, 2017 CCHPMF POD: 35 IL-1b Decreasad by PMF =005
CCHSPMF selatic narve IL-6 Decreased by PMF =005
tissues IL-10 Increase by FMF p=0.05
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da Silva D+Sham POD 35
Dliveira, DN+PEM Sciafic nerve HNGF Increase by FBM p=0.0133
018
Somers, CClI POD 12
2003 CCI+TENS Spimal cord Aszpartate Decraasza by TENS p=0.05
Glutamate Decrease by TENS p=0.05
Glycine Decrease by TENS p=0.05
GABBA No difference
Somersz, CCI POD 7
1008 CClhigh Dorsal Horn Aspartate Increase randomly TENS p=.001
frequency TENS Glutamate Increzse randomly TENS p =001
contralateral Glyeins Increzse randomly TENS p= 001
CCT + lowr- GABA Increase high frequency TENS p=.014
frequency TEMNS
CCI +randomly
TENS
Su, 2018 NC POD:-4 weaks
NC + High- after treatments 5-100 Increased by HFI and HFL v= NC and =001
frequency The distal end of Neurofilament (NF) LFI p=0.01
immediately{HFT) the nerve TNF-a Increased by HFI and HFL v= MNC and p=0.01
NC + High- Synaptophysm LFI =001
frequency 7 days Dorsal root TNF-a Increased by HFI s NC and HFL p=0.01
after{HFL) ganghon Synaptephysm Increased by HFI wvs NC and HFL p=0.01
MWC + Low- Increased by HFI ws NC and HFL
frequency Somatosensory Increased by HFI ws NC and HFL
immediataly cortex and
(LFD hippocampus
MC + Low-
fraquency 7 days
after (HFL)
Yang, 2018 CCl+sham-rTMS POD 13 B .
group L4-L6 Dorsal N O=B-actin CCE 20HZ Decrease 20HZ B=0.01
CCl+ 1 Hz group Floot Ganglia GFAP CCI+20 Hz decrease p <0.05
CCl+20H= ipsilateral Dersal
sroup hom I-IV
Yueh-Ling, CCIand treated POD B B
2012 with laser sclatic nerve I-1B Decresa after lazer P = 0.0001
CCT and treated THF-a Diecrease after laser P = 0.0001
with sham HIF-1a Decreased after laser P=0.006
oradiation VEGF Increase in laser P=0.009
NFG Increase n laser P=0.002

WC nerve crush; CCT chronic constriction mjury ; NT nerve transection; CPIP chromic post-ischemia pain; STZ streptozocin DN diabetic

pathy; SNTE. sciatic nerve

iransaction and repair, POD post operative day, 7 not reporied,ES elecirical stimulation; PES percutaneus electrical stimulation ; HFE high fecuency exercise; PMF pulse
mapmetic field. SPMF sham pulse magnetic field; EX exercise; EA eleciro-acupunciure; ATM ankle joint mobilization: SMT spinal manipulative therapy. HFI High-

frequency immediately; HFL Low-frecusncy immediately; f0:C5 trasncransal direct current stimulation DRG darsal root zan glia; PAG periaqueductal grey; SC spinal cord;

SCDH spinal cord dorsal hom: WEB westem blot: PCE. polymerase chain reaction; IL intrlsukin THF tumor necrosis factor, TGF transformin growth factor MyD-88 mysloid

diffarentiation primary response 58, WGF nerve growth factor, NT-3 neurotrophin 3, BDNF brain derived neurotrophic factor, GDNF glial cell derived neurotrophic factor, GAP-

43 growth asociated protein 43

VEGF vasoular endothelial growth factor, GFAP plial fribillary acidic protein, MDA mor M-opioid receptar, ,dor D-opioid receptor, kor k-opioid receptar,
TEPV] tramsiant recepinr potential cation channal sebfamily V mamber 1, MDA N-nitrosodimethylaming, TRPVE transisnt recaptor potential cation chanse] sbfmity V membar 8, 4 TF
adenosine triphosphate, 0X-52, IFN-y intrfarcn gamma, NF-kb muclear factor-kb, CX3ICR] chameling mcepter 1, cdllb, CO6E, clmter of difierencisnon &3 , CDE6 chister of differentistion 36

143



Actualizacion de la fisiopatologia de las neuropatias por atrapamiento y propuesta de nuevos métodos
de intervencion.

Tables Click here to accessidownload, Tables:Table 3.docx 2

Table 3a. Variation in the concentration of biomarkers after Exercize inz on the sita. Bi froquancy is colowr coded with red reprusenting not meamred,

Tncrease Decrease Mo difference
Nerve DRG DorsalHom Brain Neme DEG DorsalHom Brm Nemve DRG Domal Hom  Emin

Impmne

SysiEm
Impmne competent cells
Cvioki bemoki
COrther mflamatmry
markears
eurpirohins

N

HNGFNT-3
BDNF
GDNF

NGF nerve growth factor; WT-3 newrotrophin 3; BDNF brain dermved neursirophic factor; GOWNF ghial cell derved newrotrophic factor, GAP-43 growth aseciated protein 43, VEGF vascular
endothalial prowth factor TRFV] sansent receptor potantial cation chazmel] subfamily V mambar 1, NMD A N-nitrcsodimetiylaming, TRPUE fransiant teceptor potntial cation channal subfamily ¥
membar §; ATP adenosine triphosphate

Table 3b. Variation in the concentration of biomarkers after Neural Mobilization depending on the measurement site. Bi is colour codied with red ing mot

Increase Decrease No difference
Merve DRG DorsalHomm Brain Merve DRG Dorsal Hom Brain Nerve DRG Dorsal Hom Brain
Immune system
Immune competent
cells
Cvokines chemoki

‘Other inflamarory
markers
Heurctrohins

NGFNT-3

BDNF

GDNF

GAP-43

VEGF
Heurotransmitters

Excitador

Inkibitor
Opioid pathways

Feceptors
- |
Bleceptors

Tomic

Cationi
ATP
Actins (b-actm) WGF nerve prowth factar; NT-
3 neurotrophin 3; BD'NF brain derved neurctrophic factor; GDNF glial cell derived neurotrophic factor, GAP-43 growth asociated protein 43, VEGF vascular endothelial growih factor
TRPV] mamsiant racapanr potaxtial cation chamns] ssbfamily V mansber 1, NMDA N-zi E ing, TRPVE transi potantial carinn channal suhfamily V nsember B
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‘Table 3c. Variation in the comcentration of biomarkers after JToint Mobilization depending on the 1 site. Bi is colour coded with red representing not
maxsured, yallow low ion green high i
Increase Decrease Mo difference
Nerve DRG Dorsal Hom B];Dij.nNerw DRGDmsal]IumB]"imBnmNme DRG DorsalHom Brain Blood

Table 3d. Variation in the concentration of biomarkers after Physical Agents depending on the measurement site. Biomarker frequency is colowr coded with red representing not
4, yallew loar on esn high -

Increase Decrease Mo difference
Nerve DRG Dorsal Homm Bram Nerve DRG Dorsal Hom Brain Nerve DEG  Dorsal Hom  Bram

Opioid pathwrays

i

Peptidest
Channeks sctivation

Tomic (TRFV1 WMDA)

_—

ATP
TGE nerve Erowth facter, I-3 newotrophin 3; BLNF brain derived neurctrophic factor, GOMNF ghal cell derived neurotrophic factor, GAP-43 growth asociated protein 43:VEGF vascular
endothelial growth factor TREV1 i potential cation chazmel 'V mumbar 1, NMDA N-oi i ing, TRPVE i poteatial cation channal subfmily V
membear §
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Table 3e. Variation in the concentration of biomarkers after Electro-acupuchire depending on the measurement site. Biomarker froquency is colour coded with md repmesanting not
d, yullow low o grean bigh =

Increase Decrease Mo difference
Nerve DRG Dorsal Hom Bleod Bram Merve DRG Dorsal Hom Bloed Bran Nerve DRG Dorsal Hom Brain Bloed

Table 3£ Variation in the concentration of biomarkers after Acupuctore depending on the measurement site. Bicmarker freguency is colour coded with red representing not measured,

Increase Decrease Mo difference

BEloo

MNerve DRG DosalHom Bloed Bram Newe DRG  Dorsal Hom d Brain Merve DRG DasalHom Brain Blood
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Supplementary 1. ARRIVE reporting quality.

Referese  Titke  Abst  Bgrnd  Objetives  Ethical  Study  Procedures  Amissals  Housing  Sesple  Allocs  outcosse  Stamdics  Baselise  Musshers  Estimatsen  Advers
M desing. tiom snsl €

Interpeet  Traied  Fund
stion ation  ng
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Ve
Hial, 2004

Y, A3

Green: complete; Yellow: partizh Red: Incomplete; Abst sbetraer, Bgrad: buek promd, (ute: ogomss
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Supplementary 1. Charactensties of the included studies (T)

Animals NenP Model CGroups Intervention
Chang, Sprague-Dawley mts, Nerve crush inpury; WC-sciatic perve NC Acupuncture: POD 14,
2013 male, 200-230g WeuP not confirmed by behavioural st WC + acupunchure 30 min with a slow roation every 5 mi. GB30
Once a day for 5 days
Wang, 2008  Sprazue-Dawley, male, Chronic consmiction injury; CCI-L3 CCI Acupunctare: POD 1 lumbago
adult, 220 = 10z WeuP confirmed by behavioural test CCT+ acupune tore pain, hip pain™ point. Daily for 30 min 14 days
Cha, 2010 Sprague-Dawley mats, Werve ransaction; NT-5ural and tibial nerves NT Electroacupunctore: POD 14, 1 Hz, 0.1 m=
male, young adule, 200- WenP confirmed by behavioural test NT+EA pulse, 0.6 mA, 10 min, acupuncture points ST36
130g (Choksamni) and 5P2 (Eumlemngcheon). Tweeks
Tsezsions
Cha, 2012 Sprague-Dawley ms, Nerve transeciion; NT-sural and tibial nerves NT Electroacupuncture: POD 14. 1 Hz, 0.1 ms
male. adult, 220-250g WeuP confirmed by behavioaral test NT+EA pulse 0.6 mA, 10 min, acupuncture points ST36
(Choksamni) and SP? (Eumleungcheon). Tweeks
Tsessions
XA Sprague-Dawley mats, Chronic constriction injury, CCI-Sciatic nerve CCl Electroacupancture: POD 1, 2 Hz, 2md 30
Chen, 2015 male, adult, 200-250g NeuP confirmed by behavieural test CCIEA min, acupuncfure points GB 30 (Huantiao) 2
weeks, Tsessions
Dong, 205 Sprague-Dawley mts, Chronic constriction imjury CCI-Sciatic nerve CcCl Electroacupuncture: POD 7, <1 mA. 60 Hz for
(2) male, adult, 200-220g Meu® net confirmed by behavioural test CCI+EA 1.05 5 and 2Hz for 2 85 s alternately. 30 min,
acupeints GB-30 and GB-34 Daily to the end of
EEperiment
Dong, 2005 Sprague-Dawley rats, Chranic constriction infury CCI-Sciatic nerve CCI Electroacupunctare: POD 7, =1 mA_ 60 Hz for
&) male, adult, 200-220g NeuP confirmed by behavieural test CCIHEA 1.05 5 and 2Hz for 2.85 s alternately, 30 min,
arupoints GB-30 and GB-34 Daily to the end of
eXperiment
Li, 2019 Sprague-Dawley rats, Model of paclitavel-indured peripheral neuropathic CIPN Electroacupancture: 1 Hz, square wave
male, 3-8 weeks, 180— pain CIPN  Antineoplastic neuropathy CIPN+EA 0.2 ms pulze from 0.5 to 1.5mA (increased by
g WenP confirmed by behavioural test CIPN +sham B4 0.5 mA every 10 min, for
a total of 30 min). Neadles of 0.25mm, inserted 5
mm i bilateral $T36 and BLS0.Once daily for 7
consarutive days.
Liang, 2015 Sprague-Dawley, mals, (Chronic constriction injury; CCI-LS CCcI Electroacupunctare: POD 1 . square wave
220-260 WeuP confirmed by behavioural test CCI+EA cumrent output (pukse width: 0.6 ms at 2 Hz, 0.2
ms at 100 Hz); intensities from 1 to 2 mA (15
min each, total 30 min); 2 and 100 Hz alternating
frequencies y shifting between 2 and 100 Hz
stimulation for 3 s each). ST36 bilaterally. BLS0
hilaterally 11 days daily seszion.
Liang, 2016 Sprague-Dawley rats, Chronic constriction injury; i1 L4-L§ spinal nerves CCIL Electroacupunciure: POD 1. square wave: 0.2
male, 220-240 g WeuP confirmed by behavioural test CCI+EA ms pulse intensities from 1to 2 mA (15 min each,
CCI+ sham EA totalling 30 min) at alternating (automatically
shifting every 3 5) frequencies of 2and 100 Hz.
Bilateral 5T35 and BL60The stimulation was
givemat 24, 48 and71 b once per day.
Lim, 2019 Sprazue-Dawley mats, Chronic constriction mjury; CCI-scatic nerve CCI Electroacupuncture: POD 1,7 2 Hz/1WHz
male, 180-220g WenP confimmed by behaviowral test CCI+EA pulses for 30 mimies. The intensity < 1 ma

“Weizhong Acupoint” and “Huantiae Acupeint 3
days 1w
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Manmi,
1L

Nori, 2013,

Shan, 2015

Sprgus-Dawley rats,
femals, 200-120 g

Sprague-Dawley mts.
Femals, 200-220 g1

Sprague-Dawley, male,
adule 70

days old, 220-230

Diabetes Neuropathy
NenP confirmed by behavioural test

Diabetes Neuropathy
WenP not confirmed by behavioural test

Chronic constriction injury;, CCI-L5
WeuP confirmed by behavisaral test

Electroacapunctare POD 7 square wave with
duration 0. 15 ms, a burst lenzth
0.1 5, and internal burst frequency of 30 Hz. The
intemsity
(1.0-1.5 mA burst frequency of 2 Hz30) min

121 5TZ group
12 5TZ proup +EA

‘bilaterally at
the traditional acupoint Tusan] twice a wesk for
3 weeks.

DM Eleciroacupanciure: BOD 7 30 mimates
DN+EA low barst frequency of 2Hz: pulse square slactric
wawe {180 psec, a length of 0.1 sec. and internal
burst frequency of B0 Hz. intensity (1.0-1.5mA)
bilaterally ST36. twice a week for
3 weeks

CCI Eleciroacupunciure: POD 3 GB30. 0.6ms at
EA 1Hz, 0 2ms at 100Hz,; imtensities at 1 +0.5mA;
strong manual acupunciure  alternating frequencies of JHz and 100Hz. Imin
mild mannal acupuneture ata rate of 120 times per min, followed
by an interval af 1 3min with needles retainad
and then
another 2 min fwisting stimulation. Daily
session, © days.

Shi, 7013

San, 2004

Tu, 2015

Tu, 2018

‘Wang, 2014

Sprague-Dawley, female,
160-180 g

Sprazus—Dawley, Mals,
130-230g

Sprague Dawley, male,
00-250 g

Sprague Dawley, male,
200-250g

Sprague Dawley, male,
130-1350g

‘Wang, 2016 Wistar, male, adult, 200

150 g

Diabetes Neuropathy
WenP confirmed by behavioaral test

Chromic constriction injury; OCT-L5 and L6 spinal
nerves NeuP confimmed by bebavioural test

Chronic constriction injury; CCI- sciatic nerve
WeuP confirmed by behavionrl test

Chronic copstriction injury; CCI- sciatic nerve
NenP confimmed by behavioural test

Chronic constriction imjury, COCT- sciatic nerve
NenP confirmed by behavioural test

Chronic constriction mjury, COCT- sciatic nerve
NenP ot confirmed by behawioural test

Diabetes
Diabetes +EA

Electroacupunciure: POD 1. 100 Hz for 1.05 5
and 1 Hz for .85 s alternately, pulse 0.1 ms 30
min each day 5T-361 week.

CCI+ PES Peripheral electrical stimulation, POD §
CCT+nesdling frequency 2 Hz, pulse 0.6 ms. The intensity
3, increasing arder (0.5, 1 and 2 mA) 10 min
each, 5T 35, and Jiaji om both sides. 5T 36 and
Jiaji oo the same side 30 min. Once every 4
days 10 session

CCI Electreacupuncture: POD 7. sguares wave at
CCI+EA 2/100Hz, intensity 3 mA for 30 min 5T36 and
GB34. Daily seszion, 1 week

electroacnpunctore: POD £ low (2 Hz) and
high (100 Hz) frequencies 2/100 EA ST-36 and
GB-34. Daily seszion, | week

CCI
CCHEA

Electroacupunciure: POD 7. 4 Square wave at

CCI
CCI+ coniralateral EA 1100 Hz, ntensity 2 mA 30 min 5T-3 and GB-

CCT +ipsilateral EA 3. Daily seszion. 1 wesk
CCI Electroacapuncture: POD 5. (2/100Hz, lmA)
CCI+ sham EA was applied for 30 min 5T34 and GB34 daily,
CCI+EA for 2 weeks
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Wang, 2018 Spragne-Dawley, mals, Chronic constriction injury;, CCI-sural and tibial netve CCI Electroacupunciure: POD 1. frequency 1 Hz
adult, 190-220 g NeuP confimmed by behavioural test CCI+EA pulze 0.6 Ms, intensity increased in a stepwise
manmer at 1-2-3
mA, each lasting for 10 min 30. min ST346 and
SP§. Daily session, 3 weeks
Xia, 2019 Sprague-Dawley, male, Chronic constriction injury;, CCI-sural and tibial nerve CCI Electroacupuncture: POD] day. JHz polse £
adult 7 o § weeks old, NeuP not confirmed by behavioural test CCI+EA 0.6 Ms, at 1-2-3 mA, each intensity 10 min
160-180g ST36 Daily 21 days.
Xuo, 2016 Sprague-Dawley, male, Chromic constriction injury; CCI- sciatic nerve CCI Electroacopunciure: POD 1 A -Hz frequency
adule, 200t 250 g MenP confimed by behavioaral test CCI+EA and a J-mA 30 mimutes. GB30. Daily session,
Tweek
Nue, 2015 Sprague Dawley, male, Chronic constriction injury; CCI-L3 CCI Electroacupunciure: POD 7. 2 Hz -1 mA 30
2M0-250g NenP confirmed by behavioural test CCI+EA min Huantize and muzanti Daily session, Jweek.
Yong-Hui  Wistar, male, 24030 g Chronic constriction mjury; CCI- sciatic nerve CCI Electroacupunciure: FOD 7 1 mA and 15 He,
014 NeuP confirmed by behavioural test CCI+3EA 30min 5T34 and GB34. once daily
CCH5EA comtinuonshy
CCI+12EA for 3, 5 or 12 consecutive days
Yu, 2013 Sprague Dawley, male, Chromic constriction injury; CCT- sciatic nerve CCI group Electroacupuncture: POD 4. frequency 2 Hz ar
200=20 WenP confirmed by behavioural test CCHlow-frequency EA 15Hz intensity fless than 1.5 mA 30 min
CCT+ high-frequency EA 5T36and GB34. Daily session, 5 days.
Thang, Spragne- Dawlsy, male, Werve ransection; NT-C4T1 NT Electroacupuncture: POD 1 . Dilatational wave
014 130=138g MenP confimed by behavioaral test NT+EA (8 ma 2-100 Hz) 15-20 mimat=s LI11, LT04,
ST36, GB34. Alternating the injured and
uninjured sides on different days of the week 3
sessipnsiwesk 2 weeks.
Thang 2018  Sprague-Dawley, mals, Chromic constriction mnjury; CCI- sciatic nerve CCT Electroacupuncture: POD 7. 1 mm intensity
200-250, NeuP confirmed by behavioural test CCIEA and 215 Hz frequencyll. 30 mimotes. St 36and
Lr3.7 Session, 7 week
i BALB/c mice, male, Chronic consiriction mjury; CCT-Sciatic nerve NeuP CCI Swimming: POD7s. 12103 sessiens of 10, 20,
s 213 5-6024g confimmed by behavioural test OCT+ Swimming 30, 40 mimutes and 13 of 50 mimies). 25 session
CCI+ Swimming+ 5 szesions‘wesk 1 day rest
Detraming
Belmonte, Swisz mire, male, 40- Complex pain syndrome; CPIP PP Continons and interval treadmill -, day 7, for
1z 50g NenP confirmed by behavioural test CPIP+ Exercise contimious 1, 3 aliemate days or 5 consecutive days with 2
(CPIP+ Exercize mterval (two) days interval Continuous exercise was at
pratecol 16m/min. The interval exercizse was 3:1 mato at
16 and 19 m/min. Each ssssion 30 min
Bobinsky, Swiss mice, male, -9 Nerve cush injury. WC-Sdatic nerve Ener Low-intensify aerobic treadmill :POD 3, 30
11 weeks old 15-35g HNeuP confirmed by bebavioural test NC+ Exarcise-preoperative min at 1{0m'min with no mclination 5 days per
(Exer 1) weak 1 weeks
NC+ Exsrcise-preoperative-
postoperative (Exer 1)
NC+ Exercise-postoperative
(Exar 3)
Bobinsky, Swiss mice, male, 8-9 Merve crush injury;  NC-Sciatic nerve NC+ Sedentary Low-intensity aerobic treadmill:, POD 3.k for
015 weeks old 25-35g NenP confirmed by behavioural test WC+ Exercize 30 min at 10m'min with no inclinaton. § days

perwes
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Bobinsky, Swiss mice, male, 10- Merve cush injury; WC-Soatic nerve NC+ Sedentary Low-intensity aerobic treadmill:, POD 3, 5 for
013 30g NeuP confirmed by behavioural test WC+ Exercize 30 min at 10m/min with no mclination days per
week
Y-W.Chen, Wistar rats, male, 285- Diabetes Newropathy Sedentary DN Treadmill:, PODT starting at 20 m/min for 30
013 33sg WenP confirmed by behavioural tast Exercise +TN min and praduoally increasing to 20 m' min for 50
min first 2 weeks. 7 Sessions/week 8 weeks
Y-W.Chen, Wistar rats, male, 2900- Diabetes Newropathy Sedentary +DIN Treadmill: POD3, , 1.2 km'h for 30 min (st 2
015 340g NeuP confirmed by behavioural test Exerciss 0N weeks), 1.5 kmh for 60 min (second 2 wesks) T
Sessions/week 4 weeks
Y-W. Chen, Sprague-Dawley mats, Chronic constriction injury; CCI-Sciatic nerve CcI Swimming: POD 1,. starting with & s2czions of
012 male. 150-300g NeuP confirmed by behavioural test CCI+ Swimming Exarcise 10 min 15 min rest increasing day 7: 1 session
(CCISE) of &0 min withoat res. 38 weeks, 5 days per
CCT+ Treadmill Exercise week
(CCITE) Treadmill: POD 1, sarting at 1.2
km'h during 15-30 min increasing 1.8 kmh
during 60 min at days 33-39. 39 weeks, 5 days
per week
Cobiamchi, CD1 mire Male, 40-45 Chromic constriction imjury; CCT-soatic netve CCI TREADMILL. POD 3 20cm's that were
2010. Er NeoP' confirmed by behawioural test CCI+EX day3-7 increased 2 cmy's every 5 min (out off 60 min).
CCI+Ex day3-56 speed at the end of moming was 51 cm/s.
Faumning continued until exhastion. §
dasy/oreek 53 days.
Cobianchi, Sprague-Diawley rats, Nerve transection; NT-Sciatic nerve NT Electrical stimulation: start inmediately, 1
013 female, adult, 210-270g NeuP confimeed by behavioural test (only in NI+TR seszion, 0.1 Mz, 3V, 2Hz, 4 b, anode: neadle near
Treadmill) mmscle, cathode: wire bared at the ip
Treadmill POD, 5 e days, 10 cms increasing 2
cm's every 5 minunill 32 cm’s, 1h
Coradini, Wistar, male, 73 = 4 days Chropic constriction mjury, CCT Median nerve CCI Swimming: POD 3
015 WeuP confirmed by behavioural test CCT+ Swim loads adjusted for swimminz. first week. started
CCI {Oese) with 20 min
CCT+ Swim (Obese) second wesk 30 min and in the third week they
exercised for 40 min,
with a load of 10%; of BW. Daily 5/week
Gomg, 2017  Wistar, male, 10 days Chropic constriction injury, CCT-tibial and peroneal CCI Treadmill: Initiated 11 days after the mjury.
NenP confirmed by behavionral test CCT+ emerrize Posmatal day (F) 21P.
11-13 (P Sm/min % 10 min
24-16 (P): Sm/min % 20 min
28-33 () 10m/min % 30 min
3540 (F): 15m/min % 30 min
Huang, Sprague-Dawley mts, Chronic constriction imjury; CCI of the sciatic nerve CCI Ultraseund: POD § 1 MHz with pulze (20%
ik male, 120-270g NewP cenfirmed by behavioural fest CCI+=TUD dury cycle) 1 Wiem?2 intensity and 100-Hz
CCI+TU frequency (beam no anifammiry ratio = 3.6) for §
CCI+TE mimies a day
CCI+TUO+TE TU: therapeutic ulrasound fumed off
CCI+TU+TE TE: Treadmill exercise. 30 mimies

Starting on postoperative day § and lasting daiby
for the next 3 weeks
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Hung, 2014

Hung, 2016

Eami,
W16a

Kami
2016b
(Jpain)

Sprague-Dawley rats,
male, 120-270g

Sprague-Dawley mts,
male, 120-270g

Adult C37TBLA I mice

Adult CSTBL/'S T mice,
12 week

Chromic constriction mjury; CCT-Sciatic nerve
NeuP confirmed by behavioural test

‘Chronic constriction mjury, CCl-sciatic perve
WenP confirmed by behavioural test

CCI partial sciatic nerve ligation; CCT_P-sciatic
Hi confirmed by behanvioural test

CCI partial sciatic nerve lipation; CCT_P-sciatic
WeuP confirmed by behavioural test

CCI
CC+TIT
CCI+TU

CCHTT+TU

CCI
CCI+TU
CCI+TT

CCHTT+TU

(CCT-sedentary

CCT+ muoming

CC_Pl-sedentary
CCI _P+ mmoning

Treadmill Traiming -POD 3, at 14-16 m/min,
&% inclination, 30 min 5 days per week during 4
week

5
Tirasound -POD 3., | MHz with pulse (20%
dury cycle), 1-Wiem2 intensity, 100-Hz
frequency 5 mimges. 5 days per week during 4
weeks

Ulirasound: The parameters were 1 MHz with
(0% duty cycle), 1-Wiem? intensity, and
100-Hz frequency (beam no uniformity mtio 3.6)
for § mimmtes a day.
TT: treadmill traiming: FOD 3t 14 to 16 m'min
with an 8% incle for 30 mimpes.
5 days a week for the next 4 wesks.

Treadmill: POD 2. 1° week 7 m/min

for 10 minday ,2* week 7 m/oin for 20-60

min/day 3* week? m/min for 60 minday. 5
days/wask

Treadmill: POD 2. 1° week 7 m/min

for 10 min/day 3 wesk 7 m/min for 2060

min/day 3* weak] m/min for 50 minday. 3
days/wesk

Korb 2010

Lapez-
Abvarez,
2015,

Wistar, adult male 200-
150g

Sprague-Dawley, female,
180+-30g

Sprague-Dawley rats,
female, 240 =30 g

Sprague-Dawley rats,
Male, 200-250 gr

Nerve transaction; W1 - Sciafic nerve
NenP confirmed by behavioural test

Chrenic constriction injury; CCI- sciatic nerve
NeuP confirmed by behavioural test

Siatic nerve transection and repair
SNTR
WeuP confirmed by behavioural test

Diabetes Neuroapathy
WenP confirmed by behavioural test

NT+ trained
NT sedentary

CCI+ITR1
CCI+ITR2
CCI

SNTR-TR

DN+EX

Treadmill: r 2 min on the first day, increased

every day up to 30 min 5 day and 60 min in the

next 4 weeks. wanm-up period of 5 min moming
at 30% of the maximal speed reached in the
MET (5.5 m'min}, 10-50 min nnning at 45—
55% (*9 m/min} and 5 min recovery ar 30%
again (5.5 m'min), § sessions per week, once a

day during 4 wesks.

Treadmill: starting speed of 10 cov's mcreased

1 s every 5 mimites, until a marimal speed

of3] om's. 0 min. Gl POD3 daily session
5 days. G2 POD 10-14

Treadmill: POD Istartting speed of 10 cm's
inereased 1 cm's every 5§ mimates, until a
marximal speed ofv3] cmy's. 60 min daily ssssion
12 days

Treadmill: POD 4 . speed was gradually
increased from § m'min ata 10% grade, and
exercise duration
was maintained at 10 min. By the third week, the
intensity increased to 10 m/min for 10 min, 4
days/week for 5 weeks
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Marfins,  Swiss mice, 3 weeks old, MNerve crush injury, NC-sciafic NC Eccentric: (Downhill Eunning) Program: 30 min
017. Male, 25-30 gr NeuP confirmed by behavioaral test WO+ eccenric exercize § at a speed of &, 10, or 14 m/min with — 16*
m/min slope, 5 days per week, for B weeks.
NC + eccentric exercise 10
m/min
NC + eccentric exercise 14
m/min
Smmirons, Sprague Dawley, male, 8 Chrenic constriction injury; CCT-sciatic nerve CCI Treadmill" speed of 20 m/min, for either § days
018 weeks, 2743212 NeuP cenfirmed by behavioural fest CCI + high-frequency (HFE) ar 3 days (LFE) a week, for a total of 5
exercise weeks
CCT + low-frequency
exercise
Tian, 2018 Sprague-Dawley mis, Nerve transacied; NT- Tibial nerve NT Swim: POD 7 1°week 10-min swimming
male, 200-250g MenP confirmed by behavionral test NT+ swimming exercise 17 day, gradually increased r§0 min. In
the following 4 wk, ratz swam daily for 5 d
followed by 2-d rest.
weeks swimming exsrcise
Thakur, SprazueDawley. male, Diabetes N 1diabetes Treadmill- POD 14, speed](m/min, $0min per
piol 250-280 g MeuP oot confirmed by behavioural fest 2diabetic+exarcise day five days‘week, for § weeks break for
waterafter}(min
Tsai 2017 Sprague-Dawley, male, ‘Chropic constriction mjury, CCI- sciatic nerve CCI Treadmill: POD . 14-16 m'min with/without
285335 NeuP confirmed by behavicurl test CCT + 0%-incline treadmill 8% incline grade for 30 min . Daily sessions 3
CCT+ 8%-incline treadmdll weeks
Wang, 2016 Mew Zezaland white Nerve crush injury, NC-sciaiic nerve NC Treadmill: POD 3 for 20 minues a day at a rate
rabbit, male, 11=12 NeuP not confirmed by behavieural test NC+Ex of 10m/min for 3
wesks-old, 1.78 WC+EX+EA days, at a rate of 15m/min for 20 min'day from
=.12kg the fourth to sixth day, and then at a rate of
20m/min for 20 min‘day fom the seventh day
onward, § days/wesk for a total treatment cycle
duration of 4 wesks
EX+EA-3 days post-surgery. & Jiaji
acupoints3Hz's electrical current for 30 min/day,
(i days/week for a total treatment duration of 4
wesks
Martins, ‘Wistar rats, male, adult, Neqve crush, WC-Sciatic perve NC Ankle joint mobilization: POD] dorsal and
011 250-280g NeuP confirmed by behavioural test NC+Anesthesia plantar flexion.. 5. 3 oeaments of 3 mimutes with
NC+ATM 30 seconds rest, 48 b rest between sessions. 13
sEssion
Somg, 2016 Sprague-Dawley, male, ‘Chronic constriction injury and decompresion CCI- CCI Chirepractic spinal manipulative therapy.
adult, 200-250 DRG de-CCT BOD10. bl.1 ms mechanical force, manually
de-CCI-DRG de-CCT+5MT assisted spinal manipulative thrusts, LS and L§.
NenP confirmed by behavioural test 10 ASMT. Daily for consecutive 5 days
da Silva, Wistar rats, male, two ‘Chronic constriction infury, CCI-Sciatic nerve NeuP CCI Neoral mobilisation: POD 14, 10 seszians, 20
15 weeks, 180-220g not confirmed by behaviowral test CCHNM osrillations per minate during Jmin, followed by

2 25-5 pamse, fotal of 10 minntes, ankle jomt in
dorsifiexion (3043 degress)
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Giardini, ‘Wistar, male, 2 menth, ‘Chromic constriction mjury, CCT-sdatic nerve CCI Nenral Mobilization: POD14 20 escillations per
i 200-220g NeuP not confirmed by behavioural test CCHNM minute for 2 mimutes 15-second rest ten minutes
total initiated 14 days after the injury. Every
other day for a total of 10 sessions.
Samtos, wistar, make, 2 months- Chronic constriction injury; CCI-sciatic nerve CCI Nenral Mobilization- POD14. 20 oscillations/
012 old 180 and 220 g WeuP confirmed by behavioural test CCT+ MM min }min 23-ar rest 10 min total last minate
the
cervical spine was folly flexed, 10 seszions.
Samtos, wistar, male, 200 and Chronic constriction injury, CCT-sciatic nerve CCI Neural Mobilization: 10 sessions. 10
08 g NeuP not confirmed by behavioural test CCI+ MM oscillations’ min 2 min, 25-srrest.
Thu, 2017  Sprague-Dawley, mals, Diabetes Neurapthy Diabetes Neural Mobiization: POD 10. .20 times/min.
mature, 300t 320z NenP confirmed by behavionral test Driabetes +neural 2-min oscillation, 25-x break; 5 repetitions for
mobilization each reatment session. 1 session’d, 5 dwk. 3
weeks
Chen, 2015 Sprpue-Dawley, mals, Chronic constriction injury; CCI- sciatic nerve CCI Ultrasonnd: POD 5. 1-MHz frequency intensity
200-250 g HenP confirmed by behavioural test CCI+ TU-0 of 70.25, 0.5 ar 1 Wiem2 and 100% on—off cycle
CCI+ TU-D23 5 min once a day, 12 days
CCETU-DS
CCI+TU-1
Cidral Swiss mice, male, adult, Nerve cush injury. NC-Sdiafic nerve NC Light-emitting diede therapy: POD 7, 50 om,
1013 25-35g NewP cenfirmed by behavioural fest NC+LEDT 80 mWcm? and 2.5 I'om?, Daily sessions 15
days.
Cioato, ‘Wistar rats, male, 55-635 Chronic constriction injury; CCI-Sciatic nerve CCI ranial direct corrent stimulation:
1016 days, 200-250g WeuP confirmed by behavioural test CCFs ham DCS PODIS. ,0.5mA, 1.5 cmd electrodes, 20 min,
CCEtDCS anode: head, cathode: supraarbital area. Daily 8
day
Filho, 2006  Wistar rats, male, 33-65 Chronic constriction injury, CCI-Sciatic nerve CCl Tramscranial direct current shmulaton: POD
days, =250g HNeuP not confirmed by behawioural test CCT+ Sham tDCS 14, B days, 0.5 mA, 1.5 cm? electrodes, 240 min,
CCHtDCS anpde: parietal cortex, cathede: supraorbifal area.
Daily § days
Ginliani, Sprague-Dawley rats, Chronic constriction infury; CCT-sciatic nerve CCT Laser: POD § power 0.03 mW, wavelength of
1004 male, 2 month, 250-275g NeuP cenfirmed by behavioural fest CCI+ laser §70mm, 1% duty l:yd.emndn.]ammufa 3-oW
peak power diods, 100Hz.
each point lasted 35 sec (1.05mT) t area is lass
than Smm?. Density less than 0,21 ml/mm3
1 zelected points every 3 days
Heieh, 2012 Sprague-Dawley mts, ‘Chronic constriction mjury, CCT-sdatic nerve CCT+laser Laser: POD 7
male, 250-300g WenP confirmed by behavioural test CCT+sham continaous 550 nm Ga-Al-
orsham  size was 0.2 cmd aprox. power
imadiation was 30 mW per session for 60
seronds per spot, 4 spots . The ensrpy density
was 9 Jicm2. Comiral zroup with power setat 0.
daily 1 week
Hiieh, 2017 Sprague-Dawley mts, Omaliplatin administration: Antineoplasic neurcpatiny Oraliplatin +TUS Ultrasennd: POD 4 bours Pulzed-mode TUS (1
male, 200-250g NeuP not confirmed by behavioural fest Onaliplatin +shamTUS H[ELspmaJn\mgz‘Imnpan average infensity

[ISATA] 5 0.5 W/em2, 50% dury cyele) was
applied for 5 min. somicationnon-somication
times of 1 ms2 ms.

Daily 10 sessions.
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Lin, 2015 Sprague-Dawley mats, Chronic constriction injury; CCI- sciatic nerve CCI TENS: POD 1 80% of that enough to elicit an
male, 200-250g NenP confirmed by behawioural test CCI+ HFS obvious muscle contraction. The pulse duration
was set at 100us for 20 min
Daily 13 d
Lim, 2017 Sprague-Dawley mats, Chronic constriction injury. CCT- sciatic nerve CCT + sham PEMF Pulsed electromagnetic field therapy: POD 1
male, 300-350g WenP confirmed by behavioural test CCI+ PEMF Setas 3.8mT, BHz, 30min The reatment began
from the first day and sustained 2 weeks
Matsno,  ICE.mice (Clea. Tokyo).  Chronic consiniction injury. CCI-ibial and peroneal CCI TENS:POD 7
014, 0 wesks, male, 396530 nerves NeuP confinmed by behawvioural test CCI+TENS 1w frequency 100 Hz and the intensity defined by
E CCHTENS 2w ihe sensory threshold. 30min. OFf 1w or 2w
Mert, 2005 Wistar rafs, 8-12 wesks, ‘Chropic constriction myury, CCT-sdatic perve sham PMF (SPMEF) Pulse magnetic field: POD 1- 7. Thres
(a). Male, 270-280 gr WeuP confirmed by behavioaral test PMF-AD sequences. Each saquence
PMF-AW inrluded four different consecative pulse mains
(1. 10, 20, 40 Hz). The each puke
train was 4 min, and the interval 1| min 50 min.
dailyl for 4 weeks
Mert, 2015 Wistar rars, 10-12 weeks, Driabetes N Pulzed magmetic field. POD3 Thres saquences.
Male, 280-300 a1 WenP confirmed by behavioural test STZ-induced diabetic Earh sequence
L-PMF-treated diabetic included four different consecative pulse trains
H-PMF-treated diabetic (1, 10, 20, 20 Hz). The sach puke
train was 4 min, and the inferval | min 60 min.
daily for 5 weeks
Mert, 2017 Wistar rats, 10-12 weaks, ‘Chronic constriction mjury; CCT-soatic pemve CCI+PMF Pulzed Magnetic Field: POD1 Thres
Male, 280-200 gzr NeuP confirmed by behavioural test CCI+5PMF sequences. Each sequence
inrluded four different consecative pulse trains
(1, 10, 20, 40 Hz). Tha sach pake
train was 4 min, and the inferval 1 min. §0 min.
daily for 4 wesks.
da Silva C37BLS mice, male, 20- Diiabetes Newropathy DN+ Sham Photobiomodulation: POD 14, | 650 om, 0.28
Olived 26g WeuP confirmed by behavioural test CHN+PEM cm?, 30 mW, 1.6 J/cm?, 15 sec in a contimmous
2018 frequency, plantar repion of the left hind paw. 21
sessioms
Somers, Sprague-Dawley rats, Chrenic constriction injury; CCI-Sciatic nerve CCI High-Frequency TENS POD 0, 5, 300 40 nd,
1003 male, adult, 150-165g HNeuP not confirmed by behavieural fest CCI+TENS 100Hz, &) min per day, Para spimal musculature.
11 days.
Somers, Sprague-Dawley mis, Chrenic constriction njury; CCI-sciatic nerve CCI Electrical Nerve Stimulation: POD 0 5. 1
1002 male 15010175 g Meu® not confirmed by behavioural test CCI+ hizh frequency TENS day90 min 10 days 60 min
contralateral 100 Hz
CCI+ low-frequency frequency 30-40
TENS

CCT +randomly TENS

micreamperes delivered through 45 mm  5-mm
electrodes
2Hz Low

frequency 3040 mirroamperes delivered
through 45 o 5-mm electrodes 11 Daily days
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Sm, 2018 Sprague-Dawley mts, Werve crush injury; WC- sciatic narve Electrical stimulation: POD 400 ms of biphasic
male, 250-300g NenP confirmed by behavioural test NC + H.Lghﬁuqtmx:\' pulzes at 200 ps per phase HF use 100hz and LF
immediate]l y(HEFL) 5 Hz frequency and with § s of rest 30 min per
NC + High-frequency 7 days ; for Iws
after(HFL)
NC + Low-frequency
immediately (LFT)
WC + Low-frequency 7 days
after (HFL)
Yang, 2018 Sprague-Dawley, male, Chronic constriction injury. ‘CCI- sciatic nerve CCH sham-1TMS proup Transcramial Magnetic Stimnlation: POD 3.
180 w0250 g MenP confirmed by behavioural test CCT+ 1 Hz group right primary motar cortex (M1) conmralateral to
CCI+ 20 Hz group the pain side with 0% EMT stmulation
intensiry (40% of the maximum outpar), and
1600 pulses for each treatment. | Hz group was
1 Hz with contimwous stinmlation for total 26.7
min, and that of 20 Hz group was 20 Hz, with 4 5
for each sequence and a 30 s interval, 20
sequences intotal for each reamen Daily 10
days
Yoeh-Ling, Sprapue-Dawley, mals, Chropic constriction injury; CCI- sciatic nerve ‘CCT and treated with laser Lacer: POD 7 day. continnous §60 nm Ga-Al-
012 adult, 350-300 g HenP confirmed by behavioural test CCT and treated with sham ~ As diode laser. Size 0.3 em2. 30 mW per session
imradiation for §0 seconds per spot . The energy density was

0 Jem 7 days

NC perve crush; CCI chronic constriction imjury ; NT nenve transection;, CPIP chronic post-ischemia pain: STZ streptozocin DN diabetic neurepathy; SWTR soiatic nerve
transection and repair, POD post operative day, 7 not reporied; PMF pulse magmetic feld. SPMF sham pulse magnetic field; EX. exercise; EA electro-acupuncrure; ATM ankle
joint mobilization;, SMT spinal manipulative therapy, HFI High-frequency immediately, HFL Low-frequency i

Supplementary 3. The oumber [%a] of each biomarker fype according to infervention

Acupuncture Electro- Exercise Joint Neural Physical
acupuncture mobilization mohilization Agents
Tmmune system 2 [100.0] 16 [61.5] 20[76.3] 1[50.0] 2 [40.0] 14[73.7]
Immune competent cells 1 [50.0] 5 [31.3] 7[35] 1 [100.0] 1 [50.0] 3 [21.4]
[eg: astrocytes)
{mmune eells (eg: 1[63] 3[15] 1[100.0]
macrophagunes)
!i':-';nlinesmemkines (- 1[50.0] 8 [50] 15[75] 1[100.0] 1 [50.0] 11[78.6]
Other inflammatory 1[&3] 3 [15]
markers [IFN.y)
Neurotrophins (eg: NGF, 8 [30.9] 8 [30.9] 1[20.0] 5 [26.3]
BONF)
Opioid system (eg: j - 2 [7.7] 1[3.9] 1[z20.0] 2 [10.5]
endorphin)
Neurctransmitters (eg: 2 [7.7] 7 [26.9] 1[z0.0] 3 [15.8]
serotonin)
Enzymes (egHDAC1) 1[3.9] 1[3.9] 1[50.0]
Receptors (eg: TRPV1) 5 [19.3] 1[3.9] 1[20.0] 1[5.3]
Actins (J-actin) 1[3.9] 1[20.0] 1[5.3]
Hormone [Arg) 1[3.9] 1[3.9]
Oxidative markers (eg: 1[3.9]
MDA)
Heat shock protein 2[7.7]
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ABSTRACT ARTICLE HISTORY
Purpose: The main objective was to compare the effects of newral mobilization (NM1 NM performed  Reosved 25 bay 200
through mifror thempy IMTL NM parormed thiough sction observation (AD) training and finally clss-  Acoepted I August X121
s neha bilita tion am (mobility and strength] exendies on newsl mechanosenditivity, wide spread
ﬂpﬂnﬂﬂﬁphaﬂmph“ﬂﬂhmﬂ%wgmmﬁ mmm

effects of these intervertions on handgrip sirength, conditionsd pain moduation, motor imagey abil- % m’:‘"
ity and tempoml summation.

Materials and methods: Single-blinded randomized contrdled trisl Fifty-four healthy subjects were o e
randomly asmigned © each group. Newal mechanodendtivity, widesprasd pain and PPT were the Main  rewcdyramic mobiiztio

varisbles. The seamndary varisble included handgrip srength, conditioned pain modulstion, motor
imagery ability and tem poel summat on
significant differences in timeYactor for newral mecha nos endtivity

pressue paim theeshold

Results Al 1 howred
{p=0001] PPT in the dermatome of the median newve (p=000T1 PPT at canpal tunned o< @05 and
Wmlmwm-nﬂ-umﬂkmmhmhm mneditionsd pain

huuﬁ mmmmﬂwuwﬂmmiﬂ}MLTﬁmhm
ahumeuf ;:‘ﬂ’m s ey eprosupe

Condusions MW wmmmwunmmm and
mmechanical hyperalgesia in the medisn nerve dermatome and foreanm, sithough no differences wene

found betwean groups

Introduction

The indidence of Canpal Tunnel Syndrome (CT5) s 276 cases
per 100000 people each wear fbrahim et al. 2012
Enhancing perinewral inflammation without axonal nerve
damage increases spontaneous acthity and maostly induces a
mechamo-sendtivity in the mydinated axon (Hiav et al
2001). Intrameural ischaemia is characteristic of mild entrap-
ment newropathies. Mechanical entrapment can induce sub-
sequent affects such as demyelination and eventually axon
degeneration Schmid e al 2000) This mechanosend thity in
the median nerve was not always higher in subjects with a
dlinical diagnosis of CTA Some patients have negative neuns-
dymamic tests aven though there & a dear impairment of

the median nerve as proven by dectrodisgnostic tests
(Baselgia et a. 20171

Patients with mild 1o moderate disgnosed CT5, demon-
strated altered pain fdilitation and inhibition process and
nommally tend to show the exiraterritorial spread of the
symptoms, affecting the whole hand or the prosimal upper
limb and imcreased paim sensitivity in the upper region of
the shoulder (Zanette & al 2007, 2010: Soon et al 2M7),
besides presenting bilateral thermal hyperalgesia (De La
Lizve-Rimcdn et al 2009,

In sevesal trials, meursdynamic mobilization (MM with
neurspathic pain models, attenuates mechanical allodynia
and decreases proinflammatory cvtokines, modulates the
expression of endogenous opioids in the penagueductal

CONTALT Feman CuemcaMartiez )

alcom ) Moton i Brars Feseach Goup, irstitee of Herorence and Saences of e Mowemnent

fequeritdgm
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grey matter, and decreases the expression of glial cells and
lbrain-derived meurotrophic factor Santos et al. 2012; Glardini
e al 27 Thu et al 20ME). NM has shown therapewtic
dffects in the treatment of CT5, being one of the main tech-
migues regarding a conservative treatment [(Walny 2017).
Although the findings of some reviews suggest contrad ictory
results (Basson et al. 2017; Lim et al. 2017).

The we of movement representation techniques such as
action observation (AQ) or minmor therapy MT) has increased
im recemt years. Both technigues hawe shown promising
results in healthy subjects and patients with musculoskeletal
conditions improving motor function (Sarasso et al 2015;
Cuenca-Martinez et al 2020b) and pain intensity (Park et al.
201 4; Boesch et al 2016).

AD evokes a realtime internal motor simulation of the
movements that the observer perceives visually (Bucdino
2014) MT s defined a5 the reflective ilhsory movement per-
ception im one limb upon viewing the moving opposite limb
im a midsagittal mimor (Ramachandran et al  1995;
amac handran and Ahschuler 200%9). These techmigques have
im commaon they lead 1o an acthation of planning-related
areas, as wdl as, adjustment amd aubomation of woluntary
movement in a very similar manner as to when the move-
ment oocwrs im a real way (Shimowra et al. 2008; Ge et
al 2008,

The authors hypothesize that this newnophysiclegical
activity can produce somatosensory and semsorimobor per-
ipheral dhamges, leading to a decrease in newral mechamo-
sersitivity in a very similar way to a real NM.

It is therefore that the main objective of the present study
was o compare the effects of MM, NM performed throwgh
MT, HM performed through AO trainimg and finally dassic
rehabilitation program (mobility and strength] on pewral
mechanosendtivity, widespread of proximal and distal pain
amd pressure pain thresholds [FEFTL The second objective
was 1o asmes the effects of these interventions on handarip
arength, cold hyperalgesia, conditioned pain modul ation,
jpain tolerance and temporal summation.

Method s

The study was conducied a5 a single-blind, randomized, con-
trolled trial, according to the COMSORT guidelines standards
Moher e al 2010). The wial was approved by the ethics
commitiee removed for peer review] and subsequenily reg-
istened in clinical trial gov [removed for peer review]

Participants

Between September 2019 and February 2020, healt by volun-
tesf participants were recruited. Advertsements, socal net-
works, and emails were used for this purpose Prior to final
imclusion, all sigmed the informed consent. All the procedures
were carmied out acoording to ethical procedurnes for medical
reseanch with human beings, in accordance with The Helsinkd
D Lara tion.

Indusion and exclusion criteria

The criteria for inclusion were: 1) be aged between 18 and
65, The exdusion critefia were: 1) suffering from amy path-
ology that presents pain, 2 suffering pathologies of a neuno-
logical origim, 3] having any musculoskeletal disorders in the
upper limbs and 4) Metabolic diseases.

Randomization

Randomization was conducted wsing a compu ter-generated
random sequence table provided by GraphPad Software Inc.,
CA USA. A team member not involved in teatment or
assesaments was responsible for generating and maintaining
thie list.

Blinding

Mezsurements and treatments were peformed by two inds-
pendant researchers. The measurements were Camtied out by
an experienced therapist The member in charge of the
mezsurements was blind to the treatment fallowed by the
participants.

Interventions

All the volunteers had Six sessions at the rate of 3 sessons
per wesk

Active NM

The subjects performed an active mobilization of the median
narve according to (Totten and Hunter 19911 NM was per-
formed at a rate of 0.5HE following the rhythm of a metro-
nome, 3 min per exercise, resting 55 every minute and 305
betwesn ewsrcises. This group aced as the control

group (CG).

MT. Far the MT, Prims Glasses™ was usad. The glasses weais
placed so that they focused on the non-dominant upper
limb. The exercises fooussed on the hand on the dominant
side. The glasses create the illusion for the patients that they
are mowving their dominant hand, but in reality, the exsrcises
are parformed by the non-dominant one. Mobilizations wene
paformed in the same parameters as the NM group but on
the non-dominant upper limb.

AQ. The subjects were shown videos with the same exsrcises
and on the @ame parameters as the previous groups. These
videos showed upper limb performing exercises aimed at
mobilizing the median merve at carpal tunnd level

Classic rehabilitation program [CR)
Participant s performed a combination of exercises of mobility
and strength of wrist and fingers with their dominant hand.

The protocol s detailed in Supplementary data.
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Owtcome measunes

Primary outcomes

MNeural mechanosensitivity. Meural mechan csensitivity was
evaluated from the amplitude asesed in degrees of exten-
son of the elbow with a conventional goniometer, using the
upper limb neursdynamic test 1 which s a diagnostic tool
wied to ames the mechanosendtiity of the mediam nerve
Gehmid e al 2005 To measure the angle of the elbow, the
ads was positioned on the medial epicondyle with the sta-
tionary anm pointing to the acromion and the mobile am to
the wlnar styloid process A change greater than 7.16° can be
considered due to intervention (Oliver and Rushton 20111

Widespreod provimal and distal pain. The thres PEFT meas-
urements were made with a Model FDX 100 digital slgo-
meter, Wagner Instruments, Greenwich, CT, USA. Subjects
were placed in a seated position with their arms supporned
and thar elbovs bent to 9F. The prosimal widespread was
defined by three pointe metacanpophalangeal joint of the
Index finger, canpal tunnel, and the tunk of the median
nerve at the dbow. The first point was in the metacanpopha-
langeal joint of the Index finger, the second in the trunk of
the median nerve as it passes throwgh the canpal tunne, the
third was located in the medial ulnar fossa just next to the
temdon of the biceps. Two complete measurements of the
path of each point were made, leaving 305 of resting to
avoid temporal summation (Binderup et al 2010). Regarding
the widespread distal paim, two FPT meassrements were
made. The first point was in the acromioclavicular joint and
the second at the O spinous process. Two complete meas-
urements of the path of sach point were made leaving 305
of rest to avoid temporal summation (Binderup et al 20100

PPT. PPT is defined a5 the minimum amount of presswre
meeded to cawse pain Measurements of PPT were made
wing a digital alpometer Model FDX 0% Wagner
Instruments, Greemwich, CT, USAL This insbrument measures
the pressure in ko with the pain threshold being expressed
in kglom®. Thies measurements were recorded, within an
interval of 305 between each measurement to avoid a tem-
poral summation effect. The measurements were made bilat-
erally on the canpal tumnel

Secondary outcomes

Handgrip strength (HG5. The HGS was camied out with a
dynamometer (JAMAR, Sammon Preston, Canada). The Jamar
Cynamometer presents excellent intra-rater reliability (ICC =
094 and 098 and excallent inter-rater reliability (ICC = 098]
{Peokson et al. 2001). The dynamometer was adjusted to the
dominant hand of the subject it has been established that
the minimum significant change would be a difference of
28 kg (Baldwin et al 2013).

Conditional pain modulation (CPM). For the evaluation of
the diffuse descending inhibitory system, tomic pain was pro-
wvoked in 3 mon-painful area Measurements were made with
a Modd FOX 107 digital algometer, Wagner Instruments,

SOMATCEENSORY & MOTOR FESEARDH EI ]

Greemwich, CT, USA. Firstly, the FPT was measured on the
base of the dorsal side of the distal phalanx of the thumb.
Faollowed by the PPT a conditioned stimulus by an schaemic
pain with an intensity betwesn 5 and 7/10 wsing a sphya-
mamanometer. While the sphygmomanometer was inflated,
the FFT measurement was repeated on the dorsal side of
the distal phalanx of the thumb. This procedure has shown
to be an adequate stimulus 1o assess the endogenous. | nhibi-
tory system. Once the data was obtained, the thresholds dur-
ing the conditioned stimulus were deducted minus the
thresholds obtained in the prestimulation [Tuvesonm & &l
2006 Lindstedt et al 2011).

Motor imagery (MI) ability. To assess M ability, the Spanish
vergon of the Revised Movemen t-image Questionnaire MIQ-
H) was used which consists of 4 movements repeated in 2
domains (visual and kinesthetic). Participants soore the move-
ments from 1 to 7, with being 1 the maximum difficulty and
7 the least of minimum difficulty. The psychometric proper-
ties of M- havwe been consistently adeguate, with
Cronbach’s @ coefficients ranging abowe 084 for the entire
scalle ICampos and Gonzalez 2010).

Temporal summation [TS) The measurement of the TS was
done wing a Model FOX 107 digital algometer, Wagner
Instruments, Greemwich, CT, USA. The TS was obtained from
10 applications with the algometer to the intensity of the
PET, applied at the midpoint between the nail and the inter-
phalangeal joint on the dorsal side of the distal phalanx of
the first finger at a repetition rate of 1 He Before the first
pulse, subjects were instructed to verbally rate the pain leve
of the isolated stimulus and the tenth pulse according to a
visual analogue scale (VAS]). The stimuli were performed in
an area of 1cm® The ratio was caloulated by dividing the
average pain produced by the training stimulus by the pain
produced by the individual stimulus This method has been
used and validated in several imvestigations on time add itlon
{Mager et al 1998).

Sample sire caloulation

The ample size was estimated wsing the program G* Power
3.1.7 for Windows (GHPower from University of Dussedorf,
Germany] (Faul et al 2007). The sample sire caloulation was
considered a5 a power calculation to detect between-group
differences in a primary outcome measure [ULTN1). Three
qroups and two measurements for primary oubcomes were
considered, to obtain 80% satistical power (1§ aror prob-
ability] with an @ eror level probability of 0,05 wsing anabysis
of varance [ANOVA] of repeated measures, within-between
interaction, and an effect size of gp’ = 0202 (Effect size
f=0503) obtained from the results of a previous climical trial
(Suso-Marti et al 201%). This generated a sample sive of a
total of 48 participants plus an estimated 209 loss in foll ow-

up, vielding a total of 57 participants (12 per group).

163



Actualizacion de la fisiopatologia de las neuropatias por atrapamiento y propuesta de nuevos métodos
de intervencion.

o @ L MATESANT-GARCA ET AL

Data analysis

We paformed the data analysis with the Statistics Package
for Social Sdence (SPSS 2500, IBM Chicago, IL. USAL emiploy-
ify a 29% confidence interval and considening all values
with a pvalue les than 005 to be statistically skgnificant
The descriptive statistics employed to summarize the data
for continuouws varables are presented as mean +standand
dewation amd the 95% confidence interval We performed a
repeated-measure ANOVA to study the offec of the
betwean-subject factor ‘intervention group’ with 4 categories
factive MM, MT, AQ, and CR) and the within-subject factor
time, also with 2 categories (pre and post] on the depend-
ent variables. The partisl efa was caboulated squared as a
measure of effect dre Etrength of assodation) for each main
effect and interaction in the ANOVAs, with 000100059 repre-
senting a small effect, Q0600139 a medium =ffect, and
=014 a lange offect. A post boc analysis with Bonferroni o
rection in the case of significant ANCVA findings for multiple
comparisons betwesn varables was performed too. The
effect size was caboulated using the Partial Eta Squared (np2)
when significant. An effect size of 0,01 was considered as
small, 006 as a medium, and 0.14 a5 large fGray and Kinnear
20121 It was performed a per-protocol analysis because we
were interested in knowing the data of the participants whao
completed the study assuming that in dinical reality we
have losses Im this way, we know mone precisely the effect
of the intervention as it has been shown that patients with
loweer levels of adherence tend to have a worse prognosis
than those with higher levels of adherence. We consider this
2 a small limitation becawse they are healthy and
ot patherts.

Results

A total of 55 particdpants were induded and randomly
asdgned to 4 groups (15 partidpants in the AO group, 12
participants in the MT group, and 15 in the CR and finally 13
participants in the CGL Figure 1 shows the process of recruit-
ment and diopouts. Mo adverse events were reported in any
of the groups. Thene were no statistically sgnificant differen-
o= in the demographic data among the groups of the saif-
report vaiables in the basdine messursment [Table 1), All
primary and secondary measures presented a mormal distri-
bution, and there were no differences among the groups in
the predntervention measurement (g > 005).

Primary owtcomes

Newral mechanosensitivity

The AMOVA did not reveal sgnificant differences in the
group*time interaction (F=023, p=0871, no"=0.04) all
groups  improved owver  time  (F=3540,  p=0.0001,
e =0.419) for the newral tension test. Figure 2 shows the
results for each of the groups. The post hoc analysis revealsd
significant within-group differences in all groups between
pre- and post-intervention measures, with a mediom-large
effect sive for the AD group fp=0.014, d=-0.77), MT group

(p=00007, d=—085), CR (p=0.6B, J4=076) and MM
{p=0.000, d=—0.83) (Table 2).

Local hyperalgesia PPT over carpal tunnel

The ANOVA did not reveal significant differences in the
group*time interaction (F=2.12, p=011, 5p°=0211) all
groups improved over time (F =398, p< 0.05, ng" =0075) for
PPT in the canpal tunnel Fgure 3 shows the comparative
results for each of the groups. The post hoc analysis revealed
significant withingroup differences in the MT  group
betwesn pre and post-intervention measwres, with a
medium effect size (p= 01024, d=—067) Table 2).

Proximal widespread

The ANOVA did not reveal significant differences in the
group*time interaction (F=13236, p=030, 5p°=006) all
groups improved over time (F= 431, p=0.04, np" =0079) for
FET in hand +foreamm. The post hoc analysis revealed signifi-
cant within-group differences in all groups between pre- and
postdntervention measures, with a medium-large affect size
for the NM group (p=0011, np"=0.124). The post hec ana-
lysis revealed significant within-group differences in the MM
group between pre- and post-interention measures, with a
medium effect dre (p=0011, d=—0.50) (Table 2). Figure 4
shiowes the comparative results for each of the groups.

Distal widespread
The AMOVA did mot reveal significant differences over time
(F=062, p=0433, np*=0013) and neither in the group-
*time interaction (F=2267, p=00%0, pp'=0122) for distal
widespread [sho ulder + cervical spinel

Secondary outoomes

HGS and M ability variables

The AMOVA did mot show significant differences over time
for HGS (F=3.02 p=008, gp" =006 and also for Ml ability
{F=004, p=083, qp"=001) and neither in the group™time
interaction (F=025, p=085, gp"=001) for HGS measure-
ments and (F=06%, p=055, gp°=003) for Ml ability. Table
2 shows the results for eadch of the groups.

CPM and TS

The AMOVA did mot show significant differences over time
for CPM F=182 p=0.18 np"=08) or TS (F=00001,
=097, gp*=00), and neither in the group*time inteaction
for CPM (F=032, p=081, 5p'=001] o TS5 (F=2000,
p=012, gf"=0.11) {Table 2).

Discussion

As fr as the authors kivow, the present study is the first to
combine MM with mowement representation technigues.
Owerall, the results showed that newral hand exerdises
applied through AO and MT, a5 well as the dasic
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rehabilitation program, showed an improvement in the
mechanosensithity and local and proximal hypoalgesia as
well a5 the application of active MM. Mo changes in CPM, TS,

HES and M1 ability were obtained in the four groups.

Reganding meural mechanosensitivity and medhanical
hyperalgesda, results showed that all groups cam produce a

poditive effect In this regard, MM of the median nerve had
already shown positive effects in reducing mewral mec hano-
sensitivity in healthy subjects Benediuk et al found that NM
of the medial nerve showed an imnorease of the range of
maotion [ROM with a change magnitude percentage of
approsimately 6% (Benediuk et al 2009). In the actual studys
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case, the change magnitude percentage was superion, with a
total value of 17.5% in the NM group. In the AQ, MT, and CR
groups, the values were slightly inferior to the previous high-
lighted ome, however, these diferences were not statistically
sgnificant.

These findings appear to suggest that both real exercise
and that performed through movement representation tech-
nigues seem to share neurophysiobogical unspecific mecha-
nitsms mediated at least by a central level component due to
the fact that AD waining lacks real movement Movement
representation technigues produce an activity of the cerelbral
cortex similar 1o the one that produces when performing a
real movement (Wright o al. 2014), and it &5 posible that
this is associated with a hypoalgesic effect and as well to a
reduction of the mechanosen stivity (Hardwick et al. 20018L

Fesearched evidence sugoests that an MT intervention
may have a posithe impact on pain management (Witthopf
and Johmson 2017). Larsen ot al (2019) have shown an anal-
gesic effect of the AD and the motor imagery associated
with pain perception. These studies can help us understand
wihry mechan csensitivity could change for a modification of
cortical excita bil iy

Fegarding local and prosimal widespread hyperalgesia,
one first study Humes et al 2018] where mechanical hyper-
algesia pre and post-NM were measured jusing the VAS), it
wias obtained a percentage chamge of the variables meas-
wred of a 25.58%, then obtaining statistically positive and
significant results in this case. In addition, Beliran-Alacreu et
al (2015) did measurements of the PFT in different areas,
abo involving pre and post-treatment with newral gliding.
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Change percentages (valued in the suboodipital zone, then
valuing a distal joint] were 2.48% [right side] and 524% (left
dde). Owr study, however, threw values of 14.7% partially
caused by the measurement in the carpal tunnel region of
the FPTL In these studies NM was performed in other aneas
of the arm than owr imtervention, so the mesults should be
companed with caution

S0, therefore it can be affirmed that the wvaluables
obtained regarding hyperalgesia, and PPTs measwrement,

induding proximal and distal ones, in this study, are faidy
superion 1o the ones done in previous studies and in which
the same variables are measured (being concemed that
some of them are measured in different joints to the pre-
et study)

Regarding secondary outcomes, the results obtained on
CPM are contradictony to those obtained in a previous study
conducted by Morales Tejera et al (20200 in which they
found that both AD and MI have a positive effect similar to
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the exercise im the cerdcal region. In this study, we have
found mo effect on the time'factor but the NM group
obtained a parcentage of change of 20.41%, while the MT
group obtained a percentage of change greater than 54.54%
and the 55 showed a megative effect with a percentage of
change of —55% This may be because it has been applied
in different areas, a5 well a5 the type of exsrcise is ako differ-
anit. In addition, in another study that applied NM verss a
placsho in patients with nedk pain, there was an improwe-
ment in OFM [Fermdndez-Camero et al. 20019).

Om the other hand, in the TS all the groups obtain an
increase of a worsening of it except the MM group, which
obtaing 3 reduction of 3448%. These results do not readh
those obtained in the study conducted by Beneduk et al
(2009 where they found a percentage of change of 87.7% in
the temporal summation after applying nine MM sessons in
Iealthy subjects.

Regarding the improvement of MI ability, no significant
differences. were found in any of the groups. The scentific
literature has reported that introducing visual inputs cam
favour the imagination process (Holmes and Calmels 2008).
In addition, motor variables such s stremgth, activity levels
of the person’s general physical condition can modulate the
imagination activity (Cuenca-Martimez et al  2020a).
Therefore, the results seem to be contradictory in this aspect
snce an improvement in the cognitive process could be
apected. However, it i likely that heahhy subjecs, ako
showing a good ability to imagine could be the factors that
aplain the absence of improvement in this varable despite
the intervention perfomed.

Fimally, regarding HGS, it seems that NMs, as well as HMs
carried out through AQ or MT, were not able to promote sig-
nificant chamnges im this varable. AD has been shown to
engage the motor system. Di Rienzo et al. (2019) found an
improvement of the maximum sometric force in an AD ses-
son. Thess findings were also found when AQ was com-
bired with MI (Shimada et al 2019 of both with real
everdise compared to only real exercise (Losana-Ferrer et al.
18] It ssems, therefore, that there may be some leval of
specificity i causing peripheral sensorimotor  changes
acconding to the type of exercie-traimed.

Clinical implications

The impact of the findings suggests that meural exencises
using movement representation technigues could be wsed in
antrapment neuropathies swch as carpal tunne syndiome,
espedially in patients with severe or recaldtrant neuropathic

jpain with an inability to perform physiological movements

Limitations

Some limitations must be consdered in this study, the first
one, has been camied out in asympiomatic subjects, and the
regulfts cammot be extrapolated to a population in the pres-
ence of pathology. Secondly, it has only been measuned
immediately, and it &5 necessary to evaluate thelr medium-

and long-term effects.

Conclusion

Fesults showed that AD, MT, strength esxercises and active
HM could induce within-group chamges in newral mechano-
sensitivity and local and prosdmal hyperalgesia im a similar
wiay. However, there was no difference in OPM, T5, HGS and
M1 ability. Although it seems that newral medhanosensitivity
can be improved with movement representation technigues,
it is unpredictable to verify this in patients with entrapment
meurapathy such as canpal tunne] syndr ome.
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7. Discusion

En las dos cohortes de pacientes con STC (nwtai= 138) incluidas en esta tesis, la mayoria de
estos presentaba DN. Con respecto al primer grupo de pacientes (del estudio I) el 20% no
tiene DN, el 50% tiene DN leve y el 30% tiene DN moderada/grave. En el estudio Il el
porcentaje de pacientes con caracteristicas neuropaticas ascendié al 93%. La presencia de
DN se asocié con una mayor gravedad de los sintomas y déficits funcionales, asi como con
déficits en las pruebas sensoriales. Las pérdidas mas pronunciadas se dieron en la deteccion
mecanica. Los perfiles somatosensoriales eran en gran medida comparables entre los
pacientes con y sin DN. Sin embargo, un aumento de la gravedad del DN se asocid a una
pérdida mas pronunciada de las capacidades funcionales en los territorios de los nervios
mediano y radial. Por el contrario, no se identificaron diferencias en las variables
neurofisioldgicas ni en la integridad estructural de las fibras nerviosas en las biopsias de piel
entre los grupos de pacientes. Para completar los perfiles sensoriales, en el estudio Il se
realizaron pruebas de procesamiento del dolor. En esta segunda cohorte, los pacientes
mostraron claros indicios de la presencia de mecanismos de dolor central, tal y como se
desprende de la hiperalgesia mecanica local y de la MCD en comparacién con los voluntarios
sanos. Por el contrario, no se observaron cambios en la sumacion temporal. Cabe destacar
gue no hubo asociacion del CSI con las medidas psicofisicas o la propagacion de los sintomas
indicativos de los mecanismos centrales del dolor. Con relacidon a los cuestionarios, muchos
aspectos del bienestar emocional (p. ej., la rumiacién y la impotencia del PCS, asi como la
cognicién y la evasién del PASS) y el suefio se vieron mds afectados con el aumento de la
gravedad del DN. Nuestros resultados indican que, aparte de las claras diferencias en la

gravedad de los sintomas y los déficits funcionales, las medidas somatosensoriales
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estructurales y funcionales son en gran medida comparables en los pacientes con y sin DN.

La gravedad de la DN esta asociada a la disfuncidn nerviosa somatosensorial, pero no
a la integridad nerviosa estructural. Cabe destacar que el aumento de |la gravedad del DN se
acompanoé de una reduccion del bienestar emocional, un aumento de los trastornos del suefio
y la presencia de sintomas extraterritoriales, lo que indica una contribucion mas dominante
de los mecanismos centrales. Hay que resefiar que, el CSl si tuvo una correlacion con la salud
emocional. Se hallé una correlacién moderada entre el CSl y las puntuaciones de depresion,
lo que sugiere que el CSI puede estar mas estrechamente ligado a parametros psicolégicos
gue las medidas psicofisicas indicativas de los mecanismos centrales del dolor en pacientes

con lesiones nerviosas focales que cursen con dolor.

En ambos estudios encontramos una presencia de DN alta del 80% (Matesanz et al.,
2021) y el 93% (Matesanz-garcia et al., 2022) respectivamente. Estudios previos mostraron
una prevalencia de DN en neuropatias por atrapamiento mads bajas y con amplias diferencias
(31-77%) (Gursoy et al., 2013; Sonohata et al., 2014, 2017; Tampin et al., 2018b). Esto se ha
atribuido al uso de distintos cuestionarios, a lo que se afiade que ninguno de ellos ha sido

validado en la patologia del STC.

Los pacientes con STC mostraron una pérdida de funcidn ante estimulos térmicos y
mecanicos en el territorio de inervacién del nervio mediano, dicha pérdida es independiente
de la presencia de DN. Las alteraciones previamente mencionadas, concuerdan con la
disfuncién de fibras nerviosas pequefias y grandes. Esto confirma resultados previamente
descritos en otros grupos de pacientes con STC (Lang et al., 1995; Schmid et al., 2014) y en
otras neuropatias periféricas focales y sistémicas (Held et al., 2019; Raputova et al., 2017,

Tampin et al., 2018a; Themistocleous et al., 2016; Tschugg et al., 2015).
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La expansion fuera del territorio del mediano de los sintomas fue mas frecuente en
los pacientes con DN moderada/grave (Matesanz et al., 2021). Dicha propagaciéon ha
demostrado estar asociada con la hiperalgesia mecanica (Matesanz et al., 2021; Matesanz-
garcia et al., 2022) y térmica (Zanette et al., 2010) y, por tanto, se ha atribuido a mecanismos
centrales (Zanette et al., 2006, 2010). La severidad del dolor también se asocia a la
hipoestesia presente en el territorio del nervio radial (Matesanz et al., 2021). Este fenédmeno
se habia observado previamente fuera del territorio del nervio mediano en una cohorte mas

pequena de pacientes con STC (Schmid et al., 2014).

Aunque la hiperalgesia generalizada suele aceptarse como signo de mecanismos
centrales, normalmente se espera que la hiposensibilidad como signo de disfuncién nerviosa
se restrinja a la zona del nervio afectado. Sin embargo, cada vez hay mas pruebas de que la
pérdida sensorial también puede encontrarse en zonas no afectadas en pacientes con DN
(Krause et al., 2016; Landmann et al., 2017; Matesanz-garcia et al., 2022; Tampin et al., 2012;

Westermann et al.,, 2011; Younis et al., 2016).

En el segundo estudio de esta tesis, se describe la presencia de hiperalgesia mecanica
tanto local como remota y una menor eficacia de la MCD (Matesanz-garcia et al., 2022). La
propagacion extraterritorial de los sintomas en pacientes con STC se ha descrito previamente
(Zanette et al., 2006, 2010) en la literatura y se ha confirmado en dos estudios de la presente
tesis (Matesanz et al., 2021; Matesanz-garcia et al., 2022). Este fendmeno se ha asociado a la
presencia de mecanismos centrales. La hiperalgesia mecdnica también suele interpretarse
como un signo de sensibilizacion central (Baron et al.,, 2017; Baumann et al.,, 1991). La
hiperalgesia mecanica local (y remota) se ha descrito anteriormente en neuropatias

periféricas focales, incluido el STC (Fernandez-De-Las-Pefias et al., 2009; Held et al., 2019;
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Zanette et al., 2010). Sin embargo, otras cohortes de pacientes no pudieron confirmarlo
(Baskozos et al., 2020; Schmid et al., 2014). Esta discrepancia puede atribuirse a diferentes
vias de reclutamiento, asi como a las diferentes localizaciones de las mediciones del PPT (por

ejemplo, la cara palmar del dedo indice, el tunel carpiano, etc.).

Los resultados somatosensoriales descritos en esta tesis se ven reforzados tras la
reciente publicacion de una revisidn sistematica en la que concluyen que en general, los
pacientes con STC presentan aumento significativo de la sensibilidad al dolor mecénico en los
territorios del nervio mediano y a distancia en el antebrazo (P < 0,05) y un aumento
significativo de los umbrales de dolor por presion y calor en la zona del carpo (P < 0,05)

(Sobeeh et al., 2021).

Una de las herramientas mas utilizadas en el dmbito clinico para evaluar la presencia
de sensibilizacidn central es el CSI. Esto se debe a una mayor facilidad para el diagnodstico, y
que los equipos utilizados en investigacion suelen ser caros y con protocolos muy largos. Una
reciente revisidn sistematica informa de una alta validez de constructo del CSI (Scerbo et al.,
2018). Sin embargo, los estudios incluidos compararon el CSI con otros cuestionarios
relacionados con la intensidad del dolor, la salud general, el bienestar emocional o el suefio.
Es posible que exista una relacién reciproca de estas medidas con los mecanismos centrales
del dolor. Sin embargo, estos constructos no son medidas de sensibilizacién central, que es lo
qgue pretende evaluar el CSl. Sorprendentemente, ni siquiera el desarrollo original del
desarrollo del CSl incluia medidas psicofisicas de los mecanismos centrales del dolor, que se
consideran las mejores practicas para evaluar la manifestacidn de la sensibilizacién central en
humanos (Arendt-Nielsen et al., 2018). En los ultimos afos, diversos trabajos han comparado

el CSI con pruebas psicofisicas indicativas de los mecanismos centrales del dolor. Cabe
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destacar que la mayoria de los estudios no lo encontraron (dos Santos Proencaa et al., 2021;
Hendriks et al., 2020; Kregel et al., 2018) o esta era una correlacién débil (Gervais-Hupé et al.,
2018; Zafereo et al., 2021) entre el CSl y las pruebas psicofisicas en pacientes con dolor
musculoesquelético. Esto, junto con nuestros hallazgos de ausencia de asociacién entre el CSI
y las pruebas psicofisicas en pacientes con lesiones nerviosas focales, cuestiona aun mas la

validez del CSI para detectar los correlatos humanos de la sensibilizacion central.

Hay que tener en cuenta algunas limitaciones en el estudio I. Es un andlisis post hoc
de 2 cohortes publicadas de caracter exploratorio y, por tanto, no incluyé un cdlculo del
tamafio de la muestra a priori. No obstante, nuestro estudio contiene la mayor cohorte de
STC profundamente fenotipada hasta la fecha, y su tamano fue lo suficientemente grande
como para detectar tamafios de efecto moderados entre los grupos de pacientes. Sin
embargo, las cifras de algunos subgrupos de pacientes fueron relativamente bajas. Esto
puede haber contribuido a la ausencia de diferencias de grupo, por ejemplo, en los contrastes
previstos de los grupos con DN y sin DN. Otra limitacién a tener en cuenta es que la ingesta
de analgésicos no se interrumpid antes de la elaboracién del perfil somatosensorial y, por lo
tanto, puede haber influido en nuestras lecturas, en particular las relacionadas con la

hiperalgesia.

Para el estudio Il, el tamafio de la muestra se calculé para detectar diferencias en el
procesamiento central del dolor entre personas sanas y pacientes con STC. Mientras que tenia
una potencia adecuada para detectar grandes efectos en las correlaciones entre el CSl y las
pruebas psicofisicas, se habrian pasado por alto correlaciones pequefias o moderadas. Sin

embargo, la inspeccién de los datos demostré claramente la ausencia de tendencias e incluso
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si muestras mas grandes pudieran haber detectado correlaciones significativas, éstas habrian

sido probablemente débiles.

Se reclutaron pacientes de las listas de espera de cirugia, lo que probablemente
incluya perfiles mds graves. Sin embargo, la gravedad de los sintomas y de la funcion en
nuestro estudio era comparable con cohortes anteriores de STC de atencién primaria (Shetty
et al., 2020) y de atencion secundaria (Zanette et al., 2010). El examinador que realizo las
pruebas psicofisicas no podia estar cegado a la asignacién de grupos (STC frente a sanos). Para
minimizar el sesgo, el examinador no conocia el resultado del CSl y otros cuestionarios hasta
después de realizar las pruebas psicofisicas. Segun la practica habitual en los hospitales
participantes, la prueba de electrodiagndstico sélo se realizé en el lado afectado. Por lo tanto,
es posible que no se hayan detectado casos subclinicos de STC en el lado contralateral (Enax-

Krumova et al., 2021).

Con el fin de analizar los efectos fisiolégicos de la fisioterapia y poder entender mejor
los cambios bioquimicos, se realizé una revision sistematica en modelos animales de dolor
neuropatico periférico (estudio Ill). Las dos intervenciones mdas comunes fueron electro-
acupuntura y ejercicio. También se identificaron estudios con intervenciones tales como
movilizacién neural, movilizaciones articulares y diferentes agentes fisicos como ultrasonidos
o laser. La mayoria de los trabajos analizados observaron que las distintas intervenciones de
fisioterapia son capaces de regular la sobreexpresién de sustancias pro-nociceptivas. Pese a
los resultados tan prometedores, hay que tener cierta cautela, debido al alto riesgo de sesgo

presentado en la mayoria de los trabajos.
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La importancia de los biomarcadores especificos para mantener el dolor neuropatico
no sélo lo sabemos gracias a modelos preclinicos (Clark et al., 2013), sino también en
humanos (Sommer et al., 2018). Los hallazgos pertenecientes a nuestro estudio Il sugieren
que la fisioterapia puede modular los biomarcadores relacionados con el dolor neuropatico
en modelos preclinicos. Aunque los biomarcadores mas estudiados estan relacionados con el
sistema inmunitario y los neurotrofinas, esta revisién identificé otras dianas como los
neurotransmisores o el sistema opioide. En los ultimos afos varias publicaciones han
informado de la posible relacién entre la presencia de dolor neuropatico y algunos de los
biomarcadores humanos aqui sefialados. Por ejemplo, se cree que la neuroinflamacién
desempeiia un papel crucial en la generacién y el mantenimiento del dolor neuropatico en
modelos preclinicos (Austin & Moalem-Taylor, 2010). Asimismo, cada vez hay mas pruebas
gue confirman la importancia de la neuroinflamaciéon en el dolor neuropatico en humanos
(Sommer et al., 2018). Esto es evidente tanto en pacientes con lesiones nerviosas focales
(Held et al., 2019) pero también en pacientes con polineuropatias (Hubertus Koéller, M.D.,
Bernd C. Kieseier, M.D., Sebastian Jander, M.D., and Hans-Peter Hartung, 2019; Ziegler et al.,
2019). Por tanto, nuestros hallazgos indican que la fisioterapia puede modular biomarcadores

gue son relevantes en pacientes con dolor neuropatico.

Ademas del sistema neuroinmune, otros sistemas pueden influir en la presencia de
DN. Por ejemplo, las neurotrofinas se han relacionado con este tipo de dolor. Para ejemplo,
el NGF actia como mediador del dolor patolégico (Herzberg et al., 1997) y también en
humanos, los niveles elevados de NGF se han asociado con el dolor (Svensson et al., 2003). El
BDNF ha mostrado efectos hiperalgésicos similares, ademas su presencia en los ganglios de

la raiz dorsal y la médula espinal se correlaciona con el comportamiento del dolor neuropatico
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(Siniscalco et al., 2011). La disfuncién del sistema opioide se ha descrito en preclinica (Porreca
et al., 1998) y en humanos con DN (DosSantos et al., 2012). Otra medida indirecta del sistema
opioide es la modulacién condicionada del dolor. Esta disfuncién ha sido tratada y descrita en

el estudio Il de |la presente tesis.

Aunque el estudio Ill arroja resultados prometedores no esta libre de limitaciones.
Sélo se incluyeron estudios escritos en inglés. La heterogeneidad de los métodos de medicion,
asi como el gran numero de diferentes biomarcadores analizados desafia la interpretacion.
Cabe destacar que el 92,5% de los estudios sélo incluia ratas macho. Esta bien establecido
gue el comportamiento del dolor y los mecanismos subyacentes difieren seguin el sexo (Rosen
et al., 2017), lo que limita la generalizacion de nuestros resultados. Es importante destacar
gue el riesgo de sesgo fue alto y que la informacion segun las directrices ARRIVE fue deficiente
en la mayoria de los estudios. El informe inconsistente de los datos estadisticos de resumen
impidio realizar un metaanalisis. La mala informacién y la baja calidad metodoldgica se han
identificado como retos importantes en la investigacidén preclinica, incluso en el campo del
dolor (Macleod et al., 2009; Vollert et al., 2020). Con la reciente publicacion de las directrices
ARRIVE, se espera que la calidad de los estudios preclinicos y sus informes mejore, facilitando

asi futuras revisiones sistematicas (Kilkenny et al., 2010).

Debido a las caracteristicas centrales que sufren la mayoria de los pacientes con
neuropatia periférica por atrapamiento. Se planted la posibilidad de empezar a testar una
nueva intervencién. En el estudio IV, se planted la combinacidn de técnicas de imagineria
motora y terapia de espejo con la movilizacidon neural tan utilizada previamente y con
resultados a veces contradictorios (Basson et al., 2017). La combinacion de dichas técnicas

redujo la mecanosensibilidad neural y la hiperalgesia mecanica tanto proximal como distal.
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Estos resultados parecen sugerir que tanto el ejercicio real como el realizado mediante
técnicas de representacidn del movimiento parecen compartir mecanismos neurofisiolégicos
especificos mediados al menos, por un componente de nivel central, debido al hecho de que
el entrenamiento de AO carece de movimiento real. Las técnicas de representacion del
movimiento producen una actividad de la corteza cerebral similar a la que se produce al

realizar un movimiento real (Wright et al., 2014).

Cabe la posibilidad que la modulacién de los sintomas encontrados en nuestro estudio
IV (Matesanz-garcia et al., 2021) esté asociada a un efecto hipoalgésico y también a una
reduccién de la mecanosensibilidad, los cual reforzaria las conclusiones planteadas por
Hardwick y col. (Hardwick et al.,, 2018). Otros autores con Priscilla y col. o Larson y col.
también apuntan en esa direccidn, sugieren que una intervencién de terapia espejo puede
tener un impacto positivo en el manejo del dolor. Han demostrado un efecto hipoalgésico de
la OAy laimagineria motora asociada con la percepcion del dolor (Larsen et al., 2019; Priscilla
& Johnson, 2017). Estos estudios, en los que todo gira en torno al movimiento, pueden
ayudarnos a entender por qué la mecanosensibilidad y el dolor podria cambiar por una

modificacion de la excitabilidad cortical.
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8. Conclusiones

Estudio |

Our cohort has shown that neuP is common in patients with CTS and its presence is
accompanied by more severe symptom and function deficits. Apart from a deficit in
mechanical detection, the presence of neuP was not associated with substantial changes in
somatosensory function or structural nerve pathology. The severity of neuP was accompanied
by a more pronounced somatosensory dysfunction. Of note, neuP severity was related to
more pronounced deficits in emotional well-being and sleep quality and the presence of
extraterritorial spread of symptoms suggesting a more dominant contribution of central
mechanisms. These differences between subgroups raise the question whether treatment

stratification may help improve management for patients with CTS.

Estudio Il

Our results suggest that patients with CTS have changes indicative of altered central pain
processing. The CSI does not seem to be associated with psychophysical measures of central
sensitization. Rather, the CSI correlates with emotional wellbeing, in particular depression
scores. These data question the construct validity of the CSI in detecting central sensitization

in patients with focal peripheral nerve injury.

Estudio Ill

Our results suggest that exercises, electro-acupuncture, neural mobilization, and physical
agents modulate biomarkers of neuropathic pain in preclinical models. Only few studies were

available for joint mobilization and acupuncture, thus preventing firm conclusions.
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Physiotherapy interventions seem to regulate the expression of a range of biomarkers
particularly associated with the neuro-immune system, opioid system, neurotrasnmitters,
neurotrophins and receptors. The high risk of bias and poor reporting quality however
prevents firm conclusions. Nevertheless, our findings may be used to inform the design of
future human studies. Future preclinical studies need to follow higher standards of

methodological quality and reporting to advance this promising field.

Estudio IV

Results showed that AO, MT, strength exercises and active NM could induce within-group
changes in neural mechano-sensitivity and local and proximal hyperalgesia in a similar way.
However, there was no difference in CPM, TS, HGS and MI ability. Although it seems that
neural mechanosensitivity can be improved with movement representation techniques, it is
unpredictable to verify this in patients with entrapment neuropathy such as carpal tunnel

syndrome.
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Motora vs ejercicio en la mejora del dolor en drea del nervio Mediano. V Congreso
Fisioterapia y Dolor 14 feb. 2020

Comparacion de la efectividad de “ejercicios neurales post cirugia” vs “ejercicios neurales” vs
“cirugia” para la mejora del dolor y la activacion del sistema inhibitorio descendente del
dolor en pacientes con sindrome del tunel del carpo: Ensayo clinico Comparacion de la
efectividad de “ejercicios neurales post cirugia” vs “ejercicios neurales” vs “cirugia” para la
mejora del dolor y la activacion del sistema inhibitorio descendente del dolor en pacientes
con sindrome del tunel del carpo: Ensayo clinico. V Jornadas Doctorales Universidad de
Murcia 29 may. 2019

Influencia del ejercicio en la modulacidon de biomarcadores de dolor en modelos preclinicos
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Vocal, Presidente de la Comision de Investigacion

Vocal adunto de Pediatria v Areas Especificas.

Vecal, Farmacologa Climea

Vocal, médico de Atencion Primaria.
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ANEXO Il Estrategia de busqueda estudio IlI

CINAHL Search Formula via EBSCO. Results: 165

("Models, Animal’[Mesh] OR “animal*” OR “mice” OR “rat*” OR *“transgenic mice”) AND
(“nerve block method*” OR “nerve crush” OR “nerve constriction” OR “nerve crush” OR “nerve
cut” OR “nerve constriction” OR “nerve injury” OR “nerve ligation” OR “constriction pathologic*”
OR *“chronic constriction injury” OR “peripheral neuropathy” OR “nerve inflammation” OR
“neuropathy” OR "diabetic*" OR "chemotherapy" OR "metabolic*") AND (“neuropathic pain”
OR “Neuralgia” [Mesh] OR “neuropathic*” OR “sciatica” OR “pain”) AND (“Physical therapy
modalities’[Mesh] OR “physical therap® OR “physiotherap™ OR "Musculoskeletal
manipulations" OR "Manual therap*™ OR “exercise therapy” OR “exercise® OR “run*” OR

“swim*” OR *“strength*” OR “endurance” OR “resistance” OR “physical conditioning” OR

*N *9

"neural tension technique*" OR “neural mobilization*” OR “neural mobilisation” OR “neural

*7

stretching” OR “neural gliding” OR “massage® OR “massotherapy” OR “peripheral nerve
therapy” OR "Electric Stimulation Therapy"[Mesh] OR electrotherap* OR “TENS” OR
“Acupuncture’[Mesh] OR “dry needling” OR "manipulation®*” OR “mobilization*" OR
"mobilisation*") AND (“biomarker*” OR “biological factor*” OR “nerve tissue protein” OR “nerve
regeneration” OR “pain measurement” OR “glial cell line-derived neurotrophic factor” OR “glial
cell line-derived neurotrophic factor receptor*” OR “brain-derived neurotrophic factor” OR
“‘nerve growth factor receptor*” OR “receptor trkB” OR “nerve growth factor®” OR
“neurotrophin®” OR “receptor trkA” OR “receptor trkC” OR “neuropeptide*” OR “cytokine*” OR

*7

“‘interleukin®” OR “interleukin receptor” OR “macrophage*” OR “immunology*” OR “glial cell*”

OR “astrocyte™ OR “schwann cell*” OR “microglia” OR “oligodendroglia*” OR “satellite cell*”)

PsycINFO Search Formula via EBSCO: Results:180
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("Models, Animal’[Mesh] OR “animal*” OR “mice” OR “rat*” OR *“transgenic mice”) AND
(“nerve block method*” OR “nerve crush” OR “nerve constriction” OR “nerve crush” OR “nerve
cut” OR “nerve constriction” OR “nerve injury” OR “nerve ligation” OR “constriction pathologic*”
OR *“chronic constriction injury” OR “peripheral neuropathy” OR “nerve inflammation” OR
“neuropathy” OR "diabetic*" OR "chemotherapy" OR "metabolic*") AND (“neuropathic pain”
OR “Neuralgia” [Mesh] OR “neuropathic*” OR “sciatica” OR “pain”) AND (“Physical therapy
modalities’[Mesh] OR “physical therap* OR “physiotherap®™ OR "Musculoskeletal
manipulations" OR "Manual therap* OR “exercise therapy” OR “exercise® OR “run*” OR
“swim*” OR *“strength*” OR “endurance” OR “resistance” OR “physical conditioning” OR
"neural tension technique*™ OR “neural mobilization*” OR “neural mobilisation” OR “neural

*9

stretching” OR “neural gliding” OR “massage® OR “massotherapy” OR “peripheral nerve
therapy” OR "Electric Stimulation Therapy"[Mesh] OR electrotherap® OR “TENS” OR
“‘Acupuncture’[Mesh] OR “dry needling” OR "manipulation®” OR “mobilization*" OR
"mobilisation*") AND (“biomarker*” OR “biological factor*” OR “nerve tissue protein” OR “nerve
regeneration” OR “pain measurement” OR “glial cell line-derived neurotrophic factor” OR “glial
cell line-derived neurotrophic factor receptor*” OR “brain-derived neurotrophic factor” OR
‘nerve growth factor receptor*” OR “receptor trkB” OR “nerve growth factor®” OR
“neurotrophin®” OR “receptor trkA” OR “receptor trkC” OR “neuropeptide*” OR “cytokine*” OR

*9

“‘interleukin*” OR “interleukin receptor” OR “macrophage*” OR “immunology*” OR “glial cell*”

OR “astrocyte™ OR “schwann cell*” OR “microglia” OR “oligodendroglia*” OR “satellite cell*”)

Medline Search Formula (EBSCO). Results: 489

("Models, Animal’[Mesh] OR “animal®* OR “mice” OR “rat*” OR “transgenic mice”) AND
(“nerve block method*” OR “nerve crush” OR “nerve constriction” OR “nerve crush” OR “nerve
cut” OR “nerve constriction” OR “nerve injury” OR “nerve ligation” OR “constriction pathologic*”

OR “chronic constriction injury” OR “peripheral neuropathy” OR “nerve inflammation” OR
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“neuropathy” OR "diabetic*" OR "chemotherapy" OR "metabolic*") AND (“neuropathic pain”
OR “Neuralgia” [Mesh] OR “neuropathic*” OR “sciatica” OR “pain”) AND (“Physical therapy
modalities’[Mesh] OR “physical therap* OR “physiotherap® OR "Musculoskeletal
manipulations" OR "Manual therap* OR “exercise therapy” OR “exercise® OR “run*” OR

“swim* OR *“strength*” OR “endurance” OR “resistance” OR “physical conditioning” OR

*n *9

"neural tension technique* OR “neural mobilization*” OR “neural mobilisation” OR “neural

*7

stretching” OR “neural gliding” OR “massage® OR “massotherapy” OR “peripheral nerve
therapy” OR "Electric Stimulation Therapy"[Mesh] OR electrotherap®* OR “TENS” OR
“‘Acupuncture’[Mesh] OR “dry needling” OR "manipulation®*” OR ”mobilization*™ OR
"mobilisation*") AND (“biomarker*” OR “biological factor*” OR “nerve tissue protein” OR “nerve
regeneration” OR “pain measurement” OR “glial cell line-derived neurotrophic factor” OR “glial
cell line-derived neurotrophic factor receptor*” OR “brain-derived neurotrophic factor” OR

“‘nerve growth factor receptor*” OR “receptor trkB” OR “nerve growth factor®” OR

“neurotrophin*” OR “receptor trkA” OR “receptor trkC” OR “neuropeptide*” OR “cytokine*” OR

*9 *9

“‘interleukin*®” OR “interleukin receptor” OR “macrophage*” OR “immunology*” OR “glial cell*”

OR “astrocyte™ OR “schwann cell*” OR “microglia” OR “oligodendroglia*” OR “satellite cell*”)
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PubMed Search Formula via NLM. Results: 1405
("Models, Animal’[Mesh] OR “animal* OR “mice” OR “rat*”” OR “transgenic mice”) AND

(“nerve block method*” OR “nerve crush” OR “nerve constriction” OR “nerve crush” OR “nerve
cut” OR “nerve constriction” OR “nerve injury” OR “nerve ligation” OR “constriction pathologic*”
OR “chronic constriction injury” OR “peripheral neuropathy” OR “nerve inflammation” OR
“neuropathy” OR "diabetic*" OR "chemotherapy" OR "metabolic*") AND (“neuropathic pain”
OR “Neuralgia” [Mesh] OR “neuropathic*” OR “sciatica” OR “pain”) AND (“Physical therapy
modalities’[Mesh] OR “physical therap*” OR “physiotherap*” OR "Musculoskeletal

*7

manipulations" OR "Manual therap* OR “exercise therapy” OR “exercise® OR “run*” OR
“‘swim* OR “strength*” OR “endurance” OR “resistance” OR “physical conditioning” OR
"neural tension technique™ OR “neural mobilization*” OR “neural mobilisation” OR “neural
stretching” OR “neural gliding” OR “massage*” OR “massotherapy” OR “peripheral nerve
therapy” OR "Electric Stimulation Therapy"[Mesh] OR electrotherap®* OR “TENS” OR
“Acupuncture’[Mesh] OR “dry needling” OR "manipulation® OR ”mobilization™ OR
"mobilisation*") AND (“biomarker*” OR “biological factor*” OR “nerve tissue protein” OR “nerve
regeneration” OR “pain measurement” OR “glial cell line-derived neurotrophic factor” OR “glial
cell line-derived neurotrophic factor receptor*”” OR “brain-derived neurotrophic factor” OR
“‘nerve growth factor receptor*” OR “receptor trkB” OR “nerve growth factor”” OR
“neurotrophin® OR “receptor trkA” OR “receptor trkC” OR “neuropeptide™” OR “cytokine* OR
“interleukin*” OR “interleukin receptor” OR “macrophage*” OR “immunology*” OR “glial cell*”

%77

OR “astrocyte™ OR “schwann cell*” OR “microglia” OR “oligodendroglia*” OR “satellite cell*”)

Scopus Search Formula via ELSEVIER: Results: 1046
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method*" "nerve crush" "nerve constriction" "nerve crush"
"nerve cut" "nerve constriction" "nerve injury" "nerve ligation" "constriction
pathologic*" "chronic constriction injury" "peripheral neuropathy" "nerve
inflammation" "neuropathy" "diabetic*" "chemotherapy" "metabolic*"
"neuropathic pain" "Neuralgia" "neuropathic*" "sciatica"
"pain” "Physical therapy modalities" "physical therap*"
"physiotherap™" "Musculoskeletal manipulations" "Manual therap*" "exercise
therapy" "exercise*" "run*" "swim*" "strength*" "endurance"
"resistance" "physical conditioning" "neural tension technique*" "neural
mobilization*" "neural mobilisation" "neural stretching" "neural gliding"
"massage*" "massotherapy" "peripheral nerve therapy" "Electric Stimulation
Therapy" electrotherap* "TENS" "Acupuncture" "dry needling"
"manipulation*" "mobilization*" "mobilisation*" "biomarker*"
"biological factor*" "nerve tissue protein" "nerve regeneration” "pain
measurement" "glial cell line-derived neurotrophic factor" "glial cell line-derived
neurotrophic factor receptor*" "brain-derived neurotrophic factor" "nerve growth
factor recept "animal*" "mice" "rat*" "transgenic mice"

"nerve block or*" "receptor trkB" "nerve growth factor*" "neurotrophin*"
"receptor trkA" "receptor trkC" "neuropeptide*" "cytokine*"
"interleukin*" "interleukin receptor" "macrophage*" "immunology*" "glial

cell*" "astrocyte*" "schwann cell*" "microglia" "oligodendroglia*"

"satellite cell*"
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Wos Searh Formula via ELSEVIER: Results: 327

Indices=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Periodo de

tiempo=Todos los afios
#111.064.724 TS=("animal*" OR "mice" OR "rat*" OR "transgenic mice")

Indices=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Periodo de
tiempo=Todos los afios

# 2 1.380.208 TS=("nerve block method*" OR "nerve crush" OR "nerve constriction" OR "nerve crush"

OR "nerve cut" OR "nerve constriction” OR "nerve injury" OR "nerve ligation" OR "constriction

*x 1

pathologic*" OR "chronic constriction injury" OR "peripheral neuropathy" OR "nerve inflammation" OR

"neuropathy" OR "diabetic*" OR "chemotherapy" OR "metabolic*")

Indices=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Periodo de
tiempo=Todos los afios

# 3 642.424 TS=(“neuropathic pain” OR"neuralgia" OR “neuropathic*” OR “sciatica” OR “pain”)

Indices=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Periodo de
tiempo=Todos los afios

# 4 4.273.448 TS= (“Physical therapy modalities” OR “physical therap*” OR “physiotherap*” OR

*

"Musculoskeletal manipulations" OR "Manual therap*” OR “exercise therapy” OR “exercise*” OR “run™”

OR “swim™” OR “strength*” OR “endurance” OR “resistance” OR “physical conditioning” OR "neural

*n *

tension technique*" OR “neural mobilization*” OR “neural mobilisation” OR “neural stretching” OR

*9

“neural gliding” OR “massage*” OR “massotherapy” OR “peripheral nerve therapy” OR "Electric
Stimulation Therapy" OR electrotherap* OR “TENS” OR “Acupuncture” OR “dry needling” OR

"manipulation*” OR "mobilization*" OR "mobilisation*")
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# 5 1.387.467 TS=(“biomarker*” OR “biological factor*” OR “nerve tissue protein” OR “nerve
regeneration” OR “pain measurement” OR “glial cell line-derived neurotrophic factor” OR “glial cell line-

derived neurotrophic factor receptor*” OR “brain-derived neurotrophic factor” OR “nerve growth factor

* 99

receptor*” OR “receptor trkB” OR “nerve growth factor*” OR “neurotrophin*” OR “receptor trkA” OR

* 93

“receptor trkC” OR “neuropeptide*” OR “cytokine*” OR “interleukin*” OR “interleukin receptor” OR

* ) *)

“macrophage™*” OR “immunology*” OR “glial cell*” OR “astrocyte*” OR “schwann cell*” OR “microglia”
OR “oligodendroglia*” OR “satellite cell*”)

Indices=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Periodo de

tiempo=Todos los afios
# 6 327 #5 AND #4 AND #3 AND #2 AND #1

Indices=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC Periodo de

tiempo=Todos los afios

#6

W
N
~

#5 AND #4 AND #3 | Editar

AND #2 AND #1
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Indices=SCI-

EXPANDED, SSCl,
A&HCI, CPCI-S, CPCI-
SSH, BKCI-S, BKCI-
SSH,  ESCI,  CCR-
EXPANDED, IC
Periodo de
tiempo=Todos los

afos

#5

1.387.467

TS=(“biomarker*”
OR “biological
factor*” OR “nerve

tissue protein” OR
“nerve
regeneration” OR
“pain
measurement” OR
“glial cell line-
derived
neurotrophic
factor” OR “glial
cell  line-derived
neurotrophic
factor receptor*”

OR “brain-derived
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neurotrophic
factor” OR “nerve
growth factor
receptor*” OR
“receptor trkB” OR
“nerve growth
factor*” OR
“neurotrophin*”
OR “receptor trkA”
OR “receptor trkC”
OR
“neuropeptide*”
OR “cytokine*” OR
“interleukin*” OR
“interleukin
receptor” OR
“macrophage*” OR
“immunology™*”
OR “glial cell*” OR
“astrocyte*”  OR
“schwann  cell*”
OR “microglia” OR

“oligodendroglia

OR “satellite cell*”)
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de intervencion.

Indices=SCI-

EXPANDED, SSCl,
A&HCI, CPCI-S, CPCI-
SSH, BKCI-S, BKCI-
SSH,  ESCI, CCR-
EXPANDED, IC
Periodo de

tiempo=Todos los

* 9

“physical therap
OR
“physiotherap*”
OR
"Musculoskeletal
manipulations” OR

"Manual therap*”

OR “exercise
therapy” OR
“exercise*” OR

“run*” OR ((SWim*n
OR “strength*” OR

“endurance” OR

afios

#4 4.273.448 TS= (“Physical | Editar
therapy
modalities” OR
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“resistance”  OR
“physical
conditioning” OR
"neural  tension
technique*  OR
“neural
mobilization*” OR
“neural
mobilisation” OR
“neural stretching”
OR “neural gliding”
OR “massage*” OR
“massotherapy”
OR “peripheral
nerve therapy” OR
"Electric
Stimulation
Therapy" OR
electrotherap* OR
“TENS” OR
“Acupuncture” OR
“dry needling” OR
"manipulation™”

OR ”mobilization*"
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OR
"mobilisation*")
Indices=SCI-
EXPANDED, SSCl,
A&HCI, CPCI-S, CPCI-
SSH, BKCI-S, BKCI-
SSH,  ESCI, CCR-
EXPANDED, IC
Periodo de
tiempo=Todos los

afos

#3

642.424

TS=(“neuropathic
pain”
OR"neuralgia" OR
“neuropathic*” OR
“sciatica” OR
“pain”)
Indices=SClI-
EXPANDED, SSCl,
A&HCI, CPCI-S, CPCI-
SSH, BKCI-S, BKCI-
SSH,  ESCI,  CCR-
EXPANDED, IC
Periodo de
tiempo=Todos los

afos
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#2

1.380.208

TS=("nerve block
method™*" OR
"nerve crush" OR
"nerve
constriction" OR
"nerve crush" OR
"nerve cut" OR
"nerve
constriction"  OR
"nerve injury" OR
"nerve ligation" OR
"constriction
pathologic*"  OR
"chronic
constriction
injury" OR
"peripheral
neuropathy" OR
"nerve
inflammation" OR
"neuropathy" OR
"diabetic*" OR
"chemotherapy"

OR "metabolic*")
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Indices=SCI-

EXPANDED, SSCl,
A&HCI, CPCI-S, CPCI-
SSH, BKCI-S, BKCI-
SSH,  ESCI,  CCR-
EXPANDED, IC
Periodo de
tiempo=Todos los

afos

#1

11.064.724

TS= ("animal*" OR
"mice" OR "rat*"
OR "transgenic
mice")

Indices=SCI-
EXPANDED, SSCl,
A&HCI, CPCI-S, CPCI-
SSH, BKCI-S, BKCI-
SSH,  ESCI,  CCR-
EXPANDED, IC
Periodo de
tiempo=Todos los

afos
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EMBASE: Results:897

No.
Query
Results
2,901,286
#90

#30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44 O
R #45 OR #46 OR #470R #48 OR #49 OR #50 OR #51 OR #52 OR #53 OR #54 OR #55 OR #56 OR #57 OR #58
1,308,928
#89
#25 OR #26 OR #27 OR #28 OR #29
2,305,231
#88

#8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR

#23 OR #24
12,278,126
#87
#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7
11,838
#86
‘cytokine receptor’
702
#85
‘glial cell line derived neurotrophic factor receptor"
4,512
#84
'nerve growth factor receptor"
6,305
#83
‘satellite cell’
21,647
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#82

‘oligodendroglia’

#81

‘microglia’

#80

'schwann cell*

#79

‘astrocyte’

#78

‘glia cell’

#r7

‘immunology”

#76

'macrophage’

#75

‘cytokine receptor antagonist'

#74

‘interleukin receptor’

#73

interleukin

#72

‘cytokine'

53,164

17,266

69,005

34,553

1,262,931

370,799

1,515

3,402

669,310

523,111

56,941
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#71

‘neuropeptide’

#70

'neurotrophin’

#69

"brain derived neurotrophic factor receptor’

#68

'protein tyrosine kinase a'

#67

‘receptor trkb*

#66

'nerve growth factor’

#65

'brain derived neurotrophic factor'

#64

‘glial cell line derived neurotrophic factor'

#63

‘pain measurement’

#62

'nerve regeneration’

#61

'nerve tissue protein’

18,438

58629

3,217

1,033

33,151

39,314

9,029

8,865

26,469

44

4,816
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#60

‘biological factor®

#59

‘biological marker*

#58

'mobilization’

#57

mobilisation

#56

manipulation*

#55

‘dry needling’

#54

‘acupuncture’

#53

tens

#52

‘electrostimulation

#51

‘electrotherapy”

#50

‘peripheral nerve therapy"

291,640

93,459

9,272

144,443

674

49,637

16,019

85,616

14,461

23,397
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#49

'massage’

#48

‘neural gliding®

HAT

'neural stretching'

#46

'neural mobilisation’

#45

'neural mobilization®

#44

'neural tension technique

#43

‘physical conditioning’

#42

resistance

#41

‘endurance

#40

‘strength’

#39

swim*

11

15

113

1,130

1,195,994

45,855

395,263

54,887

47,871
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#38

‘treadmill’

#37

run*

#36

exercise*

#35

'kinesiotherapy'

#34

‘manipulative medicine’

#33

‘manual therap*

#32

'musculoskeletal manipulation’

#31

‘physical therap™"

#30

‘physiotherapy*

#29

‘pain’

#28

'sciatica’

337,640

568,836

33,694

11,028

5,740

318

89,891

133,444

1,285,188

6,476

52,626
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#27

‘neuropathic**

31,397
#26
‘neuralgia’
40,160
#25
'neuropathic pain’
72,223
#24
‘metabolic disorder’
866,443
#23
metabolic*
886,136
#22
‘chemotherapy’
430,426
#21
‘diabetic**
197,530
#20
'neuropathy’
307
#19
'nerve inflammation’
57,586
#18
‘peripheral neuropathy"
2,469
#17
‘chronic constriction injury*
7,254
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#16

'stenosis, occlusion and obstruction’

#15

‘constriction pathologic**

#14

'nerve ligation'

#13

‘nerve injury"

#12

‘nerve cut’

#11

'nerve constriction’

#10

'nerve compression

#9

'nerve crush’

#8

'nerve block method*"

#7

‘transgenic mice’

#6

rat*

102

3,051

54,329

248

228

15,583

3,943

154

65,081

8,107,007

1,177,969
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#5
mice
82,727

#4
'transgenic mouse’

1,963,922
#3
‘mouse’

6,274,624
#2
animal*

1,372,929
#1

‘animal model‘/exp OR *animal model*

Final del formulario

Cochrane Library Search Formula. Results: 124

MeSH descriptor: [Models, Animal] explode all tres
(“animal*”):ti,ab,kw
(“mice”):ti,ab,kw
(“mice”):ti,ab,kw
(“transgenic mice”):ti,ab,kw
(“nerve block method*”):ti,ab,kw
(“nerve block method*”):ti,ab,kw
(“nerve constriction”):ti,ab,kw
(“nerve crush”):ti,ab,kw
. (“nerve cut”):ti,ab,kw
. (“nerve constriction”):ti,ab,kw
. ("Nerve injury"):ti,ab,kw
. (“nerve ligation”):ti,ab,kw
. (“constriction pathologic*”):ti,ab,kw
. (“chronic constriction injury”):ti,ab,kw
. (“peripheral neuropathy”):ti,ab,kw

LN EWNRE

O S T
O Uh WNRO
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17. (“nerve inflammation”):ti,ab,kw

18. (“neuropathy”):ti,ab,kw

19. ("diabetic*"):ti,ab,kw

20. ("chemotherapy*"):ti,ab,kw

21. ("metabolic*"):ti,ab,kw

22. MeSH descriptor: [Neuralgia] explode all tres
23. (“neuropathic pain”):ti,ab,kw

24. (“neuropathic*”):ti,ab,kw

25. (“sciatica”):ti,ab,kw

26. (“pain”):ti,ab,kw

27. MeSH descriptor: [Physical Therapy Modalities] explode all tres
28. (“physical therapy”):ti,ab,kw

29. (“physiotherapy”):ti,ab,kw

30. ("Musculoskeletal manipulations"):ti,ab,kw

31. (Manual therap*):ti,ab,kw

32. (“exercise therapy”):ti,ab,kw

33. (“exercise*”):ti,ab,kw

34. (“run*”):ti,ab,kw

35. (“swim*”):ti,ab,kw

36. (“strength*”):ti,ab,kw

37. (“endurance”):ti,ab,kw

38. (“resistance”):ti,ab,kw

39. (“physical conditioning”):ti,ab,kw

40. ("neural tension technique"):ti,ab,kw

41. (“neural mobilization*”):ti,ab,kw

42. (“neural stretching”):ti,ab,kw

43. (“neural stretching”):ti,ab,kw

44. (“massage*”):ti,ab,kw

45. (“massotherapy”):ti,ab,kw

46. (“peripheral nerve therapy”):ti,ab,kw

47. MeSH descriptor: [Electric Stimulation Therapy] explode all tres
48. (electrotherap®*):ti,ab,kw

49. (“TENS”):ti,ab,kw

50. MeSH descriptor: [Acupuncture] explode all tres
51. (“dry needling”):ti,ab,kw

52. (manipulation):ti,ab,kw

53. (mobilization*):ti,ab,kw

54. ("mobilisation*"):ti,ab,kw

55. (“biomarker*”):ti,ab,kw

56. (“biological factor*”):ti,ab,kw

57. (“nerve tissue protein”):ti,ab,kw

58. (“nerve regeneration”):ti,ab,kw

59. (“pain measurement”):ti,ab,kw

60. (“glial cell line-derived neurotrophic factor”):ti,ab,kw
61. (“glial cell line-derived neurotrophic factor receptor*”):ti,ab,kw
62. (“receptor trkB”):ti,ab,kw
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63. (“nerve growth factor*”):ti,ab,kw
64. (“neurotrophin*”):ti,ab,kw
65. (“receptor trkA”):ti,ab,kw
66. (“receptor trkC”):ti,ab,kw
67. (“neuropeptide*”):ti,ab,kw
68. (“cytokine*”):ti,ab,kw
69. (“interleukin*”):ti,ab,kw
70. (“interleukin receptor”):ti,ab,kw
71. (“macrophage*”):ti,ab,kw
72. (“immunology*”):ti,ab,kw
73. (“glial cell*”):ti,ab,kw
74. (“astrocyte*”):ti,ab,kw
75. (“schwann cell*”):ti,ab,kw
76. (“microglia”):ti,ab,kw
77. (“oligodendroglia*”):ti,ab,kw
78. (“satellite cell*”):ti,ab,kw
{OR #1-#5} AND {OR #6-#26} AND {OR #27-#54} AND {OR #55-#78}
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ANEXO IV Ejercicios estudio IV

Active neural mobilization
The movements will be made at a rate of 0.5 HZ. 3 minutes per exercise, resting 5
seconds every minute. And 30 seconds between exercises.

Open and close your fingers.
Forearm supported on the table, neutral prone/supination position, perform
finger extension.

e From a neutral prone-supination position. Performing wrist and finger flexo-
extension.

e Hand in supination, back of the hand resting on the table and in cubital
deviation. Perform ABD of the 1st finger.

e [Forearm in neutral prone/supination position and wrist neutral. Perform flexion
of the metacarpophalangeal joints.

e Forearm in neutral prone/supination position and neutral wrist perform flexion
of the interphalangeal joints.

e Forearm supported on the table and supination. Perform ABD/ADD of the
fingers of the hand.

Action observation and Mirror glasses will be base on the same exercise tan active
neural mobilization.
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ANEXO V Carta de invitacidn estancia internacional

8%
'.i‘-{j‘...
|L ‘-:|: MLTTILLD DLUART LA T O

v CLINICAL NEURQSCIENCES

e

Wast wing, Level 6, John Raddiffe Hospital, Oxford, 0x3 DU
weh: www._ndon.oocac uk | Tel: +44{0)1865 223254 | Email: annina.schmid@ndon.oxac.uk

Oxford, 290092020

Re: Internship of Luis Matesanz Garcia at Oxford University

To whom it may concern,

Unfortunately, the already organised intemnship of Luis Matesanz to the Nuffield Department of
Clinical Meurosciences at Oxford University, which was meant to start in April 2020, had to be
postponed due to COVID-19. Qur department at Oxford University has completely dosed to external
visitors and is only just now starting to reopen at reduced capacity.

We have now approval from the head of department to start Luis’ internship on the 18™ of January
2021 for 3 months. Of course, this internship remains subject of most recent developments in
regards to COVID-19 restrictions, but | am hopeful that it will go ahead as planned.

| am delighted to host doctoral candidate Luis Matesanz Garda for this international internship and
predoctoral training in my laboratory. Luis will be working alongside my team on one of our current
projects, with the aim to gain experience in translational neurosciences. We look forward to
welcoming Luis in Oxford.

Yours sincerely,
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AfProf Annina Schmid
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Wast wing, Level 6, John Raddliffe Hospital, 0xford, 003 sDU
web: www.ndon.ox.ac uk | Tel: +44{0)1865 223254 | Email: annina.schmid@ndon.ox.ac.uk

18/05/2021
Ra: Activity report doctoral candidate Luis Matesanz Garcla
To whom it may concemn,

I confirm that the doctoral candidate Luis Matesanz Garcla has completed his intemational internship
with me at the Nuffield Department of Clinical Neuroscience at the University of Oxford from 18" of
January to 18™ of April 2021. During his intemational research internship, he camried out the following
activities:

Active collaboration with different members of my research group during the development of a

preclinical systematic review and meta-analysis about the efficacy of exercise in neuropathic

pain.

Participation in research group sessions including presentations and journal clubs.

Training in research methodology.

Co-supervision of a MSc student

I have been impressed by Luis’ enthusiasm, commitment and careful scientific work and | am looking
forward to continuing my collaboration with Luis beyond his intarnship.

Yours sincaraly,
A [lueaid

¢
4

Annina Schmid, Ph.D.

Wellcome Clinical Career Development Fellow, Medical Research Foundation Fellow, Senior NIHR
BRC fellow

Associate Professor in Clinical Neurosciences
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