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CONCEPTOS Neuro

¢ Qué entendemos por Tecnologia?

conjunto de conocimientos, técnicas, herramientas y procedimientos
aplicados de forma sistematica para resolver problemas practicos y mejorar procesos.

No se limita a dispositivos digitales o electronicos

3 E Incluye cualquier aplicacion sistematica del conocimiento cientifico

Evoluciona constantemente segun las necesidades y avances

Herramientas tecnoldgicas emergentes que integran software y
hardware especializado con metodologias innovadoras tanto en la evaluacion como en el
tratamiento de alteraciones cognitivas, conductuales y emocionales.
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D.J. Albert muestra que la DC transcraneal
modifica excitabilidad cortical y que tenia efecto
sobre la consolidacion de informacion en la
memoria.

Morton Heilig construye el Sensorama, primer
sistema multisensorial inmersivo, aun no clinico.
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Abstract

Neuropsychology has fallen reliant on outdated and labor intensive methods of data collection that are slow, highly inefficient, and expen-
sive, and provide relatively data-poor estimates of human behavior despite rapid technological advance in most other fields of medicine.
Here we present a brief historical overview of current testing practices in an effort to frame the current crisis, followed by an overview of
different settings in which technology can and should be integrated. Potential benefits of laboratory based assessments, remote assessments,
as well as passive and high-frequency data collection tools rooted in technology are discussed, along with several relevant examples and
how these technologies might be deployed. Broader issues of data security and privacy are discussed, as well as additional considerations to
be addressed within each setting. Some of the historical barriers to adoption of technology are also presented, along with a brief discussion
of the remaining uncertainties. While by no means intended as a comprehensive review or prescriptive roadmap, our goal is to show that
there are a tremendous number of advantages to technologically driven data collection methods, and that technology should be embraced by
the field. Our predictions are that the comprehensive assessments of the future will likely entail a combination of lab-based assessments,
remote assessments, and passive data capture, and leading the development of these efforts will cement the role of neuropsychology at the

ESTANCAMIENTO HISTORICO

COMPARACION
Desfase frente a otras disciplinas. Estimulos
muy desfasados

RESISTENCIA A LA TECNOLOGIA
Fiabilidad y Validez (Lapiz y papel VS
Digitales)

COSTO DE CAMBIO $
Dispositivos, equipos y capacitacién

DIGITALIZACION
Automatizacion, precision y eficiencia

INTERVENCIONES REMOTAS
Telerehabilitacion. Accesibilidad

RECOPILACION PASIVA DE DATOS

forefront of cognitive and behavioral science.

Keywords: Computer science; Cognition; Behavior; Neuroscience; Information technology; Neurology; Assessment 2 0 1 ?
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VENTAJAS Y DESVENTAJAS: GENERALES

CLiNICO TECNICO
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VENTAJAS Y DESVENTAJAS: GENERALES

CLINICO TECNICO

Mayor motivacion/adherencia Feedback inmediato Mejora digital VS Mejora real
Mayor validez ecoldgica Medicion objetiva continua (participacion)
Entrenamiento seguro Capacidad de registro/analisis Validez ecologica exagerada
Intensidad Ajuste adaptativo de difiucultad Mide mucho pero entiende poco
Accesibilidad / Democratizac. Estandarizacion de tareas Candidatos (prerequisitos)
Efecto WOW
CONCEPTUAL CONCEPTUAL Caja negra
Neuroplasticidad diregida Modelos predictivos de 1A Curva de aprendizaje del prof.
(biomarcadores) Deteccién subclinica Actitud de prof.
Intervencion preventiva Sensores pasivos Dependen / coste oculto - brecha
Avatares y agentes terap. Entornos adaptativos Tiempo robado a la relacion ter.

Hogar/Ciudad entorno terap. Integracién con EEG/RM Privacidad



VENTAJAS Y DESVENTAJAS: GENERALES

Lo medible objetivamente no siempre es lo mas importante:
“tolerancia a la frustracion, participacion social, identidad, iniciativa, estado

de animo...”

“La tecnologia puede ampliar la rehabilitacion, pero también puede

volverla mas superficial, mas sesgada o mas desigual si se confunde

herramienta con intervencion.”
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ACCESIBILIDAD ECONOMICA Neuro
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. A H H H & frontiers | Froniersin 19 estudios — solo 4 incluidos
¢Queé dice la evidencia sobre las plataformas i ———
d|g|ta|es7 Sin supgrioridad clara vs terapia

Systematic review on convencional X
post-stroke computerized Alta heterogeneidad
cognitive training: Unveiling the metodolégica

La tecnologia mejora la medicién y la intervencién,
pero su impacto clinico depende del disefio y del uso.

impact of confounding factors

1. Alta capacidad de medicion # comprension
clinica

2. Evidencia prometedora, pero con variabilidad
metodolégica e

The Effectiveness of Computerized Cognitive Training in Patients
With Poststroke Cognitive Impairment: Systematic Review and
Meta-Analysis

3. Mayor impacto en adherencia que en
transferencia funcional

19 RCTs (n = 875)

Mejora cognicién global (SMD =
. 0.46

4. El valor depende mas del protocolo que de la Mejo)ra atencion (SMD = 0.45) y

tecnologia FFEE (SMD = 0,39)

Sin mejora clara en memoria
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Neuropsicologia, logopedia,
demencia leve y centros de
neurorrehabilitacion.

Mayores, deterioro cognitivo leve,
demencia leve y centros
sociosanitarios.

Rehabilitacion cognitiva en
hospitales y centros de dafo
cerebral.

Telerrehabilitacion neuropsicolégica
en dafo cerebral y otros trastornos
neurologicos.

Uso mixto profesional y particular;
cribado y entrenamiento cognitivo.

Amplio banco de actividades,
personalizacion y tareas para casa.

Trayectoria clinica espafiola 'y
enfoque estructurado.

Programas protocolizados para
atencién, memoria y funciones
ejecutivas.

Tratamiento remoto supervisado y
alta personalizacion.

Acceso sencillo y amplia difusion.
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Domética e Independencia
CONTROL DEL MOVIMIENTO DESPLAZAMIENTO

Unidad Unica

Sefial de Unidad Unica e

Teclado Virtual /
Sintetizador de Voz

Sefal Digitalizada

Protesis Robdtica Controlada Silla de Rliedas Eléctrica
NEURORREHABILITACION

? RETROALIMENTACION

<
Sistema de Entrenamiento Motor

Las interfaces cerebro-ordenador (BCl,
Brain-Computer Interface) son sistemas que
traducen senales neurales directamente en
comandos que controlan dispositivos externos
(exoesqueletos, estimuladores eléctricos
funcionales, entornos virtuales)

Meta-analisis de 38 ensayos clinicos aleatorizados con
2,472 participantes evaluados mediante medidas cegadas.

Sin mejoria significativa en sintomas
nucleares (inatencion e hiperactividad)

Research

JAMA Psychiatry | Original Investigation
Neurofeedback for Attention-Deficit/Hyperactivity Disorder
A Systematic Review and Meta-Analysis

Samuel J. PhD; Pascal-M. i PhD; Anna Kaiser, PhD; Peter Nagy, MD, PhD;

Federica Donno, PhD; Déra Merkl, MD; Carla Balia, PhD; Allison Goujon, MSc; Elisa Bousquet, MD;

Agata Maria Capodiferro, MD; Laura Derks, MSc; Diane Purper-Ouakil, MD, PhD; Sara Carucci, MD, PhD;
Martin Holtmann, PhD; Daniel Brandeis, PhD; Samuele Cortese, MD, PhD; Edmund J. S. Sonuga-Barke, PhD;
for the European ADHD Guidelines Group (EAGG)

Supplemental content
IMPORTANCE Neurofeedback has been proposed for the treatment of attention-deficit/
hyperactivity disorder (ADHD) but the efficacy of this intervention remains unclear.

OBJECTIVE To conduct a meta-analysis of randomized clinical trials (RCTs) using probably
blinded (ie, rated by individuals probably or certainly unaware of treatment allocation) or
neuropsychological outcomes to test the efficacy of neurofeedback as a treatment for ADHD
in terms of core symptom reduction and improved neuropsychological outcomes.

DATA SOURCES PubMed (MEDLINE), Ovid (PsycInfo, MEDLINE, Embase + Embase Classic),
and Web of Science, as well as the reference lists of eligible records and relevant systematic
reviews, were searched until July 25, 2023, with no language limits.

STUDY SELECTION Parallel-arm RCTs investigating neurofeedback in participants of any age

with a clinical ADHD or hyperkinetic syndrome diagnosis were included.

DATA EXTRACTION AND SYNTHESIS Standardized mean differences (SMDs) with Hedges g 2 0 2 5

correction were pooled in random effects meta-analyses for all eligible outcomes.
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TECHNOLOGIES

Clinico

+ Robustez y tradiciéon
en neurofeedback

— Mas costoso y menos
accesible

nu-e"  emoTiv

Portatil/Consumo

+ Facilidad de uso y
menor barrera de entrada

— Menor orientacion
clinica

#}0renBC

+ Maxima flexibilidad y
personalizacion

— Requiere mas
conocimientos técnicos



SENSORES: EYE TRACKER

" i SYSTEMATIC REVIEW
- frontlers published: 22 March 2022
mn Psycholog y doi: 10.3389/fpsyg.2022.787382
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updates.

Evaluacion objetiva de la exploracion visual
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La evidencia es mas solida para evaluacién Unilateral Spatial Neglect:

que para tratamiento Systematic Review and Future
Prospects
Paclentes con SOSpGCha de neglect Sutil, Alexander Pilgaard Kaiser2!, Kristian Westergaard Villadsen!, Afshin Samani,
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Edited by:
H ~ Adrana Salatino, | jpjjateral spatial neglect (USN) is a disorder characterized by the failure to report,
Pe rfl I es - Catholic University of Louvain, . ; ) )
" Belgium respond to, or orient toward the contralateral side of space to a brain lesion. Current
H em | n e g I | g e n Cl a Reviewed by:  @ssessment methods often fail to discover milder forms, cannot differentiate between

Hanne Huygelier, unilateral spatial neglect subtypes and lack ecological validity. There is also a need
KU Leuven, Belgium

- Ap raXIa Ocular Michele Scandola, for treatment methods that target subtypes. Immersive virtual reality (VR) systems in
University of Verona, Italy ~ combination with eye-tracking (ET) have the potential to overcome these shartcomina:

*Correspondence: by providing more naturalistic environments and tasks, with sensitive a
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EYETRACKING EYE am

Consumo/Neurmark Clinico/Accesibilidad
+ Mas potente para + Mas accesible y mejor
investigacion y métricas orientado a comunicacion/AAC
avanzadas

— Menos orientado a analisis
— Mas caro y menos centrado experimental avanzado
en accesibilidad clinica (game)



NEUROMODULACION: tDCS y TMS

tDCS y TMS son técnicas de neuromodulacion no invasiva que modulan la actividad cerebral mediante

corriente eléctrica o pulsos magnéticos.

Hara et al., 2021: rTMS: 6 estudios, n=221; tDCS: 4
estudios, n=196; efecto significativo de rTMS en
atencién, memoria y cognicién global

diagnostics ﬁn\n\py

Review

The Effect of Non-Invasive Brain Stimulation (NIBS) on
Attention and Memory Function in Stroke Rehabilitation
Patients: A Systematic Review and Meta-Analysis

Takatoshi Hara 1230, Aturan Sk 1i 2,40, Amanda Mcl 3 and Amer M. Burhan %%5%6:*

1 Department of Rehabilitation Medicine, School of Medicine, Jikei University, Tokyo 105-8461, Japan;

t_haral019@jikei.acjp
St. Joseph's Health Care, Parkwood Institute Mental Health, London, ON N6A 4V2, Canada;
o 3 . T

Parkwood Institute Research, Parkwood Institute, London, ON N6C 0A7, Canada;

Amanda Melntyre@sjhe.london.on.ca

4+ Department of Psychiatry and Medicine, Schulich School of Medicine and Dentistry, Western University,
London, ON N6A 5C1, Canada

Ontario Shores Centre for Mental Health Sciences, 700 Gordon Street, Whitby, ON LIN 559, Canada
Department of Psychiatry, University of Toronto, Toronto, ON M5T 1R8, Canada

+ C i .

Abstract: Background: In recent years, the potential of non-invasive brain stimulation (NIBS) for
therapeutic effects on cognitive functions has been explored for populations with stroke. There are
various NIBS methods depending on the lati

check for there is no systematic NIBS review of post-stroke cognitive impairment with a focus on stimulation
updates 3

site and P However,

sites and stimulation parameters. The purpose of this study is to conduct a systematic review
and meta-analysis on effectiveness and safety of NIBS for cognitive impairment after a stroke to
obtain new insights. This study was prospectively registered with the PROSPERO database of
systematic reviews (CRD42020183298). Methods: All English articles from MEDLINE, Scopus,
CINAHL, Embase, PsycINFO, and CENTRAL were searched from inception up to 31 December
2020. Randomized and prospective controlled trials were included for the analysis. Studies with

Citation: Hara, T; Shanmugalingam,
A; Mclnty, Burhan, AM. The
Effect of Non-Tnvasive Brain
Stimulation (NTBS) on Attention and

Memory Function in Stroke

Rehabilitation Patients: A Systematic

Luo et al., 2025: 11 ECA, n=663; mejora en MoCA: +3,03
puntos (p < 0,0001)

TYPE Systematic Review

& frontiers | Frontiers in Neurology ST, 1 e 2055
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NEUROMODULACION: tDCS y TMS

N ﬂ%’ neurocare

neuroelectrics® neuro l@ onn

Clinico/ +fisio Investigacion/ +EEG Estandar clasico
+ Mas economica y + Recogida de datos y + Mayor numero de
versatil con CE, analisis estudios
protocolos
— Complejidad, precio, — No actualizada

— Objetivos inicialesg¢,? menor uso clinico
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REALIDAD VIRTUAL DE MODA

Virtual Reality Cognitive Rehabilitation|

;) VIRTUAL REALITY

¢ || > - & o

Illll‘ 845 RESULTADOS
Og_ T re— —ﬂﬁﬂu.'lll O 230 ECA

1996 2025




REALIDAD VIRTUAL

-~

Createc 3D / Virtual Brain
Dynamics

, Re-Cognition

Realidad Aumentada Primeros entornos inmersivos con

De modo autodidacta / Software

. . interaccion a través de
Unity y el primer DK1 de Oculus Primera aplicacién para afasia .. handtracking
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2016 2018 NEUROINN
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Gafas adaptadas para méviles Nesplora

Herramienta de evaluacién
cognitiva (Conocida por Aula).
AQUARIUM, SUITE y ICE CREAM

Trabajando con técnicos e
ingenieros. TMT
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¢QUE ES LA REALIDAD VIRTUAL?

Full field of view displays

A IVR new generation HMD IVR force plates IVR Treadmill

AR smart glasses - W
(7 £ * |
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' 1 usuario la sensacién de ser reales.
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Grado OBJETIVO que tiene el sistema:

Bloquear sensaciones externas
Emular sensaciones reales

PARAMETROS TECNICOS:

Bloque el exterior

Angulo de visién > 90°

Latencia de movimiento fotén < 20msg
Gran resolucion FullHD por ojo

Vision estereoscopica

Sonido binaural

INMERSION

INMERSION

CONJUNTO DE TECNOLOGIAS
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REALIDAD VIRTUAL Neuro

Cualidad SUBJETIVA que se experimenta al
sentirse inmerso en la experiencia.

La credibilidad va ser el factor mas
importante en este aspecto.

e Corporal
e Interactiva
¢ Emocional
e Social
Q
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VALLE INQUIETANTE

w VALIDEZ ECOLOGICA
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PRESENCIA

PRESENCIA
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BASADA EN LA EVIDENCIA
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REALIDAD VIRTUAL

INVESTIGACIONES PROPIAS

RE-COGNITION: A VIRTUAL REALITY INTERVENTION FOR THE
REHABILITATION OF COGNITIVE AND FUNCTIONAL OUTCOMES IN
ACQUIRED BRAIN INJURY
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REALIDAD VIRTUAL Neuro

PRIMER ESTUDIO PILOTO 3 . L o= ion QU@ v
METAQUEST 2° SOFTWARE ACTIVID. ATENCION —

10 pacientes DCA (> 1ano) RE-COGNITION PAPELYIAPZ oMY
® o o o o

Grupo Randomizado y ﬂﬂﬂﬂﬂ

contrabalanceado

5 ACV 4 TCE 1 ANOXIA
EXTRA: 15 min’
(2 semanas/8 sesiones)

l

RESULTADOS
d2 Omisiones * CONCLUSIONES
TMT A/ TMT B * MEJORA COGNITIVA ATENCION
Digitos T NO EN MEMORIA DE TRABAJO
Corsi MEJORA FUNCIONAL wuncrzox mask

Tarea Funcional **
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REALIDAD VIRTUAL Neuro

SINGLE CASE (with
withdrawal of treatment)

Mujer 64 anos

lctus ACMD

>10 anos de evolucioén
Centro de dia DCA

TTO Semanal: 1 neuro, 2
fisio, 2 TO, talleres

\

SECUELA PRINCIPALES

Atencion (Heminegligencia)
FF.EE (Impulsividad y WM)
Sintomatologia Depresiva

Mean Nr. of Omissions
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CONCLUSIONES

MEJORA EN ATENCION ¢
MEJORA FUNCIONAL (uncHsox Task)
MEJORA EN ESTADO DE ANIMO

(Goldberg)

INVESTIGACIONES PROPIAS

AVirtual Reality Intervention on Chronic

CONCLUSION
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REALIDAD VIRTUAL Neuro

SINGLE CASE (with
withdrawal of treatment)

Mujer 64 anos

lctus ACMD

>10 anos de evolucion
Centro de dia DCA

TTO Semanal: 1 neuro, 2
fisio, 2 TO, talleres

\

SECUELA PRINCIPALES

Atencion (Heminegligencia)
FF.EE (Impulsividad y WM)
Sintomatologia Depresiva

Mean Nr. of Omissions
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CONCLUSIONES
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MEJORA FUNCIONAL (uncrsox Task)
MEJORA EN ESTADO DE ANIMO

(Goldberg)

INVESTIGACIONES PROPIAS

Test PRE POST Significative RCl
Change
CIm 195 183
CIT2 215 197 e 52
Line Bisection Test 02 013
Attention Line Cancellation Test 3 0 -
(Omissions)
50T - Reading 38(0) 30(0)
50T - Counting 37(1) 35(0)
50T - Choosing 12 (14) 72 (5) e 4,45
50T - Alternation 85 (34) 90 (14) *** errors
50T - Inhibition 74 42 ol 471
BectEiocione . R & 60
Key Search (BADS) 4 4
west >Pcl >Pcl
Digit Span Forward 4 4
Memory Span & Digit Span Backward 2 2
R e oo Fo exd 3 3
Visual Span Backward 2 2
Functional
Outcome ';‘"b"f:ja" L 410 910 -
Meassures
Depression Goldberg Depression ) 9 —
Symptoms Questionnaire



http://ff.ee
https://youtu.be/5kpsjTJg1Tk

REALIDAD VIRTUAL

LEJ%QTQCUW‘CS@ Combinando tecnologl'as INVESTIGACIONES PROPIAS
(preliminar) R’ -

ervencion con Realidad Virtual (RV) y tDCS
ara mejorar las funciones cognitivas y la

iutonomia post-ictus: i Caso Unico
atne e e

Saez a Mefistsfeles Conesa Martin-

re—
cognition

T

METODO

Disefio  Caso tiea con etirada d tratamientoy cambio de ritero

INTRODUCCION

& Espan

Instrumentos

1

OBJETIVO

Participante

RESULTADOS

Bandas de EEG
Pre

¢Por qué utilizar Realidad
Virtual? & L]

H Delta
Beta
Alfa

sasaki et al., 2013; schuhmann et al., 2022

AUTOMATIZACIONY.
PRECISION:

logi .
o0 Las Actidtades Bésicas de f Vida

% % ngredoce
s UNIVERSIDAD

Socedsd Andszsde
Neuropsicoiogla br GRANADA

1 D




REALIDAD VIRTUAL Neuro

PLANIFICACION INHIBICION u INVESTIGACIONES PROPIAS

SINGLE CASE (with change of
criteria)

RE-COGNITION: A VIRTUAL REALITY INTERVENTION FOR THE
REHABILITATION OF COGNITIVE AND FUNCTIONAL OUTCOMES IN

la-Josuis';Ibanez-Garcia, Ana’; Mefist6foles-Conesa-Martin-

INTRODUCTION

Hombre 55 anos

Anoxia (post paro cardrespi) 'NTﬁRFERENC'A
Lesién axonal difusa |
>8 anos de evolucion

Servicio ambulatorio

TTO Semanal: 1 neuro, talleres

Cuenta los 0s qui
pasan por la ventana

RESULTS

\ CONCLUSIONES
MEJORA EN INHIBICION (stroopy 5 dig) m:"’"‘-‘f"”i‘f",“‘“‘f‘” -
SECUELA PRINCIPALES : ol
_ o _ MEJORA FUNCIONAL (LuNcHBOX TASK) SN e
Sindrome disejecutivo de ]
predomino amnésico) / MEJORA EN ESTADO DE ANIMO
FF.EE (Impulsividad, (Goldberg)
deshinibion y WM) MEJORA EN PARTICIPACION

Totalmente dependiente (PART-O)


http://ff.ee
https://youtu.be/5kpsjTJg1Tk

REALIDAD VIRTUAL

PROCEDIMIENTO INVESTIGACIONES PROPIAS
SINGLE CASE (ABA) Evaluacién  Linea Base P Realizacién Evaluacién

PRE 10 sesiones  ° r—J de tareas POST
11 sesiones RV (15 min)

Disciio AB tarea atencional, tiempos (seg)

s M
,M\A/“-«m A

Mujer 67 anos s
Ictus (Parietal Derecho)
Beneflclos de Ia Realldad Vlrlual en la Recuperauon Post I:tus

o] ai - S e Sl e seciins,
1 anos de evolucién L.

Centro de dia DCA o La - Nelrorebiaion e S o ey s s

(RV).
Manaing. Co

Sosiones 6 é como el 3pizy papel, &
trabajo. La RV ofrece entornos simulados que permiten al paciente interactuary recbir retroalimentacién, faciltandola
6 nivelde difiuitad,
v

OBJETIVO [“meTono |
i

procesamiento a través de la RV. pARnc\PANTE

TTO Se ma n a l: 1 n e u ro, 1 . Disefio AB tarea atencional, n° erorres
iR ot S

fisio, 2 TO, talleres : -

SECUELA PRINCIPALES

*  Laintervencién a travs de RV muestra diferencias
significativas en tareas atencionales y de velocidad de
procesamiento, en comparacion a la ntervencion sin

,004).

Atencion (Atencion
soss/select/dividid/altern,
Heminegligencia)

« PROCEDIMIENTO
: P Evaluacién  Linea Base j i alvac
EVALUACION NEUROPSICOLOGICA el e W
21 sesiones RV (15 min)
PR posT
L . —

MGl CONCLUSIONES



https://youtu.be/5kpsjTJg1Tk

REALIDAD VIRTUAL

ULTIMO ESTUDIO

34 pacientes DCA (> 1ano)

Grupo Randomizado y
contrabalanceado

EVALUACION

Condiciones

Realidad Virtual Inmersiva (RV-1):
Experiencia con gafas Meta Quest 2.

° .

lidad Virtual Semi iva (RV-SI):
mismo entorno proyectado en pantalla.

Comparacién de Fluidez Verbal: RV vs 20

1. FLUIDEZ o
VERBAL

2.RECUERDO

Recverde s

Relacién entre MOCA y la Mejora en Memoria

s & 8 ¥ 8
.

Mejora en Memoria (RV - 2D)
»

°

75 100 125 150 175 200 225 250 275
Puntuacién MOCA

Resultados
[ wraswero

FV60sg t=9.40 p<0.01*
FV 12059 t=876 p<001*
Memo §' =732 p<001*

Ermores FV 60 zesm2 p<0or*
Emores FV 120 Z#6.15 p<001*
Errores Memo Zea97 p<001*
| Teracciones |
MOCA - FV r=.0312 p=0225
MOCA - Memo r=-0217 p=007
nraye-F | Qo | p-osers
™HTAYB-Mero | [Todr | peoiese

INVESTIGACIONES PROPIAS

CONGRESONACIONAL | . Aol
NEUROPSICOLOGIA | Miaisrissasestssy Mn‘

Diferencias del impacto de la Realidad Virtual Inmersiva vs
Sel

Introduccién Metodologia Condiciones.
e it TP
La realidad virtual (RV) se ha convertido en una Participantes ‘Experiencia con gafas Meta Quest 2.
b wevse (WS -
i - BEEa s
o revon b demonade cue 1a vy [N e :
= & B
semi-inmersivos en la rehabilitacion postictus y la SeoVESci & ponmpcli. Realidad 1L

1aluacién de la memoria.

e 507120 e

Conclusién

Los resultados apoyan el uso de la RV Inmersiva para
potenciar la memoria y la fluidez verbal en pacientes con
dafio cerebral. Se recomienda explorar su aplicacion en
programas de rehabilitacién personalizados.



REALIDAD VIRTUAL Neuro

https://youtu.be/ZusZoTiYrK4

REHABILITACION MOTORA

RESTRICCION DEL MIEMBRO SANO

Consiste en limitar temporalmente
el uso del miembro sano — por
ejemplo, con una manopla o
férula— para obligar a la persona
a utilizar mas el miembro afectado
tras un dano neurolégico. Al
aumentar el uso del miembro débil
en tareas funcionales y repetitivas,
se promueve la reorganizacion
cerebral y la recuperacién motora.
Es una técnica intensiva,
estructurada y con evidencia sélida
en ictus y otros trastornos
neurolégicos.



https://youtu.be/ZusZoTiYrK4

EXPERIENCIA DE USUARIO Neuro

TECNOLOGIA DESARROLLADA PARA NEUROPSICOLOGOS

C% Para el profesional

S\ o Facilidad de uso
R Interfaz intuitiva y curva de aprendizaje baja.

Para el paciente

Accesibilidad

Instrucciones simples y manejo adaptado al déficit.

Motivacion
Tareas atractivas que favorecen adherencia.

Integracion clinica

Encaje real en la sesion y en el flujo de trabajo.
Steve Krug

Datos utiles

! il
3 0 Resultados claros, interpretables y accionables.

-0—

o

-o—

Seguridad

Uso comodo, tolerable y sin sobrecarga innecesaria.

Feedback

Retroalimentacién clara e inmediata.

o Personalizacion
Ajuste rapido de tareas, niveles y objetivos.

NO ME
HAGAS

Sentido funcional
Actividades relevantes para la vida diaria.

Eficiencia
Menos tiempo de preparacion y de registro manual.

@O@XFBDO

PENS
2 AR

Ketualiz-acion

Indicadores clave de UX

Tiempo de Errores - » g% . . / Transferencia
@ sprendizaje & deias @ Satisfaccién Adherencia D Fatiga O oy

ilina l wabiidad eny e los




EXPERIENCIA DE USUARIO

Para el profesional

Facilidad de uso
Interfaz intuitiva y curva
de aprendizaje baja.

Integracion clinica
Encaje real en la sesion y
en el flujo de trabajo.

Datos dtiles
Resultados claros,
interpretables y accionables.

Personalizacion
Ajuste rapido de tareas,
niveles y objetivos.

Eficiencia

Menos tiempo de preparacion
y de registro manual.

Indicadores clave de UX

’l“ ;;:se"r‘lg?zgfe e Satisfaccion w Adherencia @/ Tr?::::;?;ﬁ:f'a

Para el paciente

Accesibilidad
Instrucciones simples y
manejo adaptado al déficit.

$.4 Motivacion
* Tareas atractivas que

/) /8 \,/ favorecen adherencia.

/ Seguridad
iy Q Uso cémodo, tolerable y sin
b 4 \./ sobrecarga innecesaria.

Feedback
,_‘ Retroalimentacion clara e
N /4 inmediata.
Sentido funcional
ﬁ Actividades relevantes para
A ' lavida diaria.




ITERACION EN LOS DESARROLLOS Neuro

Deteccidn del
problema

@ EJEMPLO REAL
Calibraciéon automatica

@ Definitivo

~ = @ Testing
\\/
Brainstorming de posibles >y & ‘ BI
soluciones nv IOom



http://www.youtube.com/watch?v=u0iLv1Iz2ps
http://www.youtube.com/watch?v=OLp3hqtt5yc
http://www.youtube.com/watch?v=XaeZ9Wm3wK4
http://www.youtube.com/watch?v=s87i8MYwAqU

EJEMPLO Neuro

Necesidad Busca el Requisitos Requisitos ITERACION
perfil Funcionalesy Técnicos
Jerarquizacion
Asociacion
| Dadio
CErebral
Adquirido i
Provini de Alcante Regulatoria || Testde | __ Test _de vl Piloto
N mercado usabilidad
IMPLEMENTACION )

Step2Work - Gestion Terapia VR

Gréaficas de Evolucién del Usuario

M. Martinez
Pascual

(Smeses )



https://youtu.be/nCWIsIjQJGc
https://youtu.be/nCWIsIjQJGc
https://youtu.be/_592XB6U8eM
https://youtu.be/_592XB6U8eM

REGULATORIA Neuro

C€

MDR europeo + Real Decreto 192/2023

Clasificacion de productos sanitarios

Clase Qué implica Ejemplo
I Bajo riesgo Venda / férula
lla Riesgo moderado Audifono / ecografo
b Riesgo medio-alto = Respirador

1l Alto riesgo Marcapasos / implante

ON

No*

Si

Si

Si

Coste

3k-15k €

25k-75k €

35k-120k €

50k-250k+ €

EU
Medical

Device
Regulation vk




IA: NEUROPSICOLOGIA DE PRECISION Y ASISTENTE DE DESARROLLO

Lundervold, 2025: Articulo de perspectiva: propone la “neuropsicologia
de precision” y resume estudios de IA con precisiones >80%, incluyendo
83% en reloj digital AD y >90 % en cribado de TDAH (18 var > 8 var)

Wang et al., 2025: En 161 participantes, el test del reloj
digital distinguié AD-MCI de PD-MCI con AUC = 0,923
(0,968 en alta escolaridad). (18 biomarcadores)

& frontiers | Frontiers in

@ Check for updates

OPEN ACCESS

EDITED BY
Szczepan Iwanski,

Institute of Psychiatry and Neurology (IPiN),
Poland

REVIEWED BY
Amanda Sacks-Zimmerman,
NewYork-Presbyterian, United States
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CITATION

Lundervold AJ (2025) Precision
neuropsychology in the area of Al
Erant Poychol. 16:1537368,

TYPE Perspective
PUBLISHED 14 May 2025
pol 10.3389/fpsyq.2025.1537368

Precision neuropsychology in the
area of Al

Astri J. Lundervold*

This perspective paper introduces the term “precision neuropsychology” to
reflect on an approach that integrates Al-driven assessment tools with traditional
neuropsychological frameworks—an integration expected to become crucial in
future clinical practice. The paper outlines the technological evolution from basic
computerized testing to sophisticated machine learning applications that could
enable clinicians to more accurately detect subtypes of neuropsychological
conditions. Key opportunities include enhanced pattern recognition in traditional
assessments (e.g., digital clock drawing), continuous monitoring of symptom
fluctuations (e.g., Attention Deficit Disorder), and personalized assessment and
treatment procedures based on individual needs (e.g., learning disorders). The

)’ frontiers | Frontiers in Neuroscience

(®) Check for updates

OPEN ACCESS

EDITED BY
Elisa Tatti

City College of New York (CUNY),
United States

REVIEWED BY
Francesco Neri,

University of Siena, ltaly

Rwei-Ling Yu,

National Cheng Kung University, Taiwan
Alessandra Cinti,

University of Florence, ltaly

“CORRESPONDENCE

K Li
Kaili@fudan.edu.cn

Tong Chen
2261098556@qq.com
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this work and share first authorship
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CrTATION
Wang C, Li K, Huang S, Liu J, Li'$, Tu Y,

Wang B, Zhang P, Luo Y and Chen T (2025)
Differential cognitive functioning in the digital
clock drawing test in AD-MCI and PD-MCI
populations.

Front. Neurosci. 19:1558448,

doi: 10.3389/fnins 20251558448

TvpE Original Research
PUBLISHED 13 March 2025
Dol 10.3389/fnins. 20251558448

Differential cognitive functioning
in the digital clock drawing test in
AD-MCI and PD-MCI populations

Chen Wang", Kai Li>**!, Shougiang Huang*, Jiakang Liu?,
Shuwu Li%, Yuting Tu?, Bo Wang?, Pengpeng Zhang?,
Yuntian Luo? and Tong Chen**

School of Medical Technology and Information Engineering, Zhejiang Chinese Medical University,
Hangzhou, China, 2School of Information Engineering, Hangzhou Medical College, Hangzhou, China,
3Zhejiang Engineering Research Center for Brain Cognition and Brain Diseases Digital Medical
Instruments, Hangzhou Medical College, Hangzhou, China, “Department of Neurology, The Second
Medical Center and National Clinical Research Center for Geriatric Diseases, Chinese PLA General
Hospital, Beijing, China

Background: Mild cognitive impairment (MCI) is common in Alzheimer's disease
(AD) and Parkinson's disease (PD), but there are differences in pathogenesis and
cognitive performance between Mild cognitive impairment due to Alzheimer's
disease (AD-MCI) and Parkinson'’s disease with Mild cognitive impairment (PD-
MCI) populations. Studies have shown that assessments based on the digital
clock drawing test (dCDT) can effectively reflect cognitive deficits. Based on
this, we proposed the following research hypothesis: there is a difference in
cognitive functioning between AD-MCI and PD-MCI populations in the CDT,
and the two populations can be effectively distinguished based on this feature.

Methods: To test this hypothesis, we designed the dCDT to extract digital
biomarkers that can characterize and quantify cognitive function differences

[589/fpsyg.2025.1537368




IA: NEUROPSICOLOGIA DE PRECISION Y ASISTENTE DE DESARROLLO

Biomarcadores visuoespaciales

PoObd=

® N oo

1.
12.
= 13.
14,
15.
16.
17.
18.

Puntuacioén global del dibujo
Puntuacién del dibujo de los numeros
Puntuacién del contorno del reloj
Puntuacion del dibujo de las agujas

Biomarcadores ejecutivos

Tiempo total para completar la tarea

Tiempo total de pausas durante el dibujo

Tiempo de pausa inicial antes de empezar a dibujar
Tiempo total de pausas durante el proceso de dibujo
Duracion maxima de una pausa durante el dibujo
Duracién media de las pausas durante el dibujo
Ndmero de pausas durante el dibujo

Tiempo efectivo de dibujo

Numero de trazos realizados

Eficiencia del dibujo

Longitud total de las lineas dibujadas

Velocidad inicial de dibujo

Velocidad media de dibujo

Variabilidad de la velocidad de dibujo



GAMIFICACION Neuro

JMIR Publications

¢, Qué entendemos por Gamificacion?
el uso de elementos de juego (puntos, niveles, retos, feedback Mm @
inmediato) en contextos no ludicos, como la rehabilitacion.
PublQed -
“No se trata de jugar por jugar, GAMIFICATION

sino de jugar con un objetivo

terapéutico claro.” Il | I |||||||||| ||

2014 2026 1995 2026 1983 2026
Feedback inmediato Generalizacion
Motivacion /Adherencia Motivacion extrinseca

Monitorizacion en tiempo real Impulsividad / Decisiones rapidas



GAMIFICACION

Serious Games in Attention Rehabilitation (systematic review) shanmoradiet al., 2022

Mejoras en atencion: Varios estudios muestran mejoras

Review Artide significativas en medidas atencionales.

A Systematic Review on Serious Games in Attention
Rehabilitation and Their Effects

o Mayor motivacién del paciente: Los elementos de juego
Leila Sh s F ,~ and Mey Katigari . .
Sparment o HislihTnfrmatln; Maagame sl of Alled Mica Sinces Tebran Unlverstyof Mdicl Scences aumentan adherencia al tratamiento.

Tehran 1417744361, Iran
2Department of Psychiatry, Roozbeh Hospital, Tehran University of Medical Sciences, Tehran 13337159140, Iran

Correspondence should be addressed to Meysam Rahmani Katigari; meysamrahmani1987@yahoo.com
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propedyced Muestras pequenas y pocos RCT.

Attention is a basic and main mental task and can play an important role in the functioning of other brain abilities such as

imelligence memory, learning, and perception, and its deficit occurs in 80% of patients with traumatic brain injury. The use of
based tools for rehabili is rapidly ding. Cognitive rehabili via video games is an emerging hot topic in

cognmve science. Serious games serve a specific purpose in addition to entenammen( They can be more engagmg (han

exercises since they replace reward and ivation systems with real-world ions as a for

activities. This study was aimed at identifying and categorizing serious computer games used for attention rehabilitation and

evaluating their effects. Six electronic databases (Scopus, PubMed, ISI, Embase, IEEE, and Cochrane) were searched in August

2021. The search strategy consisted of three main concepts of “serious game’, “cognitive deficits”, and “cognitive Developmient of a serlous game-baseid :
cognitive rehabilitation system for patients e

RESEARCH, Open Access:

rehabilitation”. The inclusion criteria were (1) journal articles, (2) English language, (3) being published in the last 10 years, (4) Wwith brain njury
human participants, and (5) game-based intervention. In the 30 included studies, 22 unique games were utilized for attention
rehabilitation. Lumosity (20%), Brain Age (Dr. Kawashima’s Brain Training) (10%), and MoHRS (6.66%) were the most
common games among the studies. There were (57%) casual, (23%) action, (10%) simulation, and (10%) multiple genres. Of
the 47 tools used in the studies, 5 utilized cross-modal oddball attention tasks, 4 utilized game performance, 3 utilized the
paced auditory serial additional test (PASAT), and the rest employed mher tools. A total of 73 outcome measures were related
to attention, 42 measures did not have signil results, 30 were sij ly improved, 1 was significantly deteriorated, and
4 articles did not have any specific measures for attention evaluation. Thus, the results revealed the positive effect of serious

Algunos juegos se parecen demasiado a tests
imulzbf ddd&*h”dmmdl‘nlblkd“‘g,‘léu}ﬁmm” i{‘%diiiz‘iif ol | | E cognitivos, lo que puede generar efecto de
sho e considered when designing, developing, and using game-based systems to prevent bias. . . . . . -y
: aprendizaje y limitar la generalizacion.




VALIDEZ ECOLOGICA

¢ Qué entendemos por Validez Ecolégica?

almlkumm........_
Es el grado en que una prueba o intervencidn refleja y predice el
funcionamiento de la persona en situaciones de la vida real. by s

W Both Veridicality & Verisimilitude
@ Verisimilitude Alone

m Other Notions

L O Unspecified

Validez de Validez de Llamada
CRITERIC APARENTE

Journal of the International Neuropsychological Society (2024), 30, 499-522 .
§)ss.

T = ala SO AST/S T NGTS 3o

e

Validez ae =lee
o

CONSTRUCTO accion! Critical Review

Conceptualization of the term “ecological validity” in
neuropsychological research on executive function assessment:
a systematic review and call to action

Yana Suchy! @, Libby A. DesRuisseaux* @, Michelle Gereau Mora’, Stacey Lipio Brothers! and Madison A. Niermeyer?
“Department of Psychology, University of Utah, Salt Lake City, UT, USA and “Department of Physical Medicine and Rehabilitation, University of Utah, Salt Lake

. .
(Apariencia)
VALIDEZ
. ECOLOGICA ARSHmet
. S e parece a I a Vi d area I P Objectives“Fcologicalvliiy” (5V) s csicall definedas tess byt predit el word functioninsither alone o ogether with st
(J . similarity to real-world tasks. In ical literature on of executive functions (EF), EV is conceptualized inconsistently,
leading to misconceptions about the utility of tests. The goal of this systematic review was to examine how EV is conceptualized in studies of EF
tests described as ecologically valid. Method: MEDLINE and PsychINFO Databases were searched. PRISMA guidelines were observed. After
applying inclusion and exclusion criteria, this search yielded 90 articles. Deductive content analysis was employed to determine how the term
EV was used. Results: About 1/3 of the studies conceptualized EV as the test’s ability to predict functional outcomes, 1/3 as both the ability to
predict functional outcome and similarity to real-world tasks, and 1/3 were either unclear about the meaning of the term or relied on notions
. . g unrelated to classical definitions (e.g., slmll:mty to real-world tasks alone, association with other tests, or the ability to discriminate between
( P re d I Ctl b I I I d a d ) ‘Conclusis Ci f the term EV in EF vary grossly, the notions of criterion,
A i construct, and face validity, as well as sensitivity/specificity. Such inconsistency makes it difficult to interpret clinical utility of tests that are
INVESTIGACION CLINICA described as ecologically valid. We call on the field to require that, at minimum, the term EV be clearly defined in all publications. ~
with more concrete terminology (e.g., criterion validity)

(.I P red i Ce e I fu n Ci O n a m i e n to re a I ? Ei Keywords: executive functions; instrumental activities of daily living; face validity; predictive validity; criterion validity 9 0
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