
(c)2017 IRANZU MUGUETA AGUINAGA











	

XV	
	

 

 

 

 

 

 

 

 

 

 

 

“The important thing is not to stop asking questions” 
A. Einstein 
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I see trees of green, red roses too 
I see them bloom for me and you 

And I think to myself what a wonderful world. 
 

I see skies of blue and clouds of white 
The bright blessed day, the dark sacred night 

And I think to myself what a wonderful world. 
 

The colors of the rainbow so pretty in the sky 
Are also on the faces of people going by 

I see friends shaking hands saying how do you do 
But they're really saying I love you. 

 
I hear baby's cry, and I watched them grow 
They'll learn much more than I'll ever know  

And I think to myself what a wonderful world. 
Yes, I think to myself what a wonderful world.  

  Louis Armstrong. 
 
 
 

Songwriters: GEORGE DAVID WEISS, GEORGE DOUGLAS, BOB THIELE 
What A Wonderful World lyrics © CARLIN AMERICA INC, BMG RIGHTS MANAGEMENT US, LLC, IMAGEM U.S. LLC. 
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ABSTRACT	
	

INTRODUCTION 

According to the World Health Organization (WHO), it is estimated that there are 

more than 605 million people over 60 years of age in the world. The proportion of 

elderly persons will go on increasing over the coming decades – by the year 2025 it is 

estimated that there will be 1,200 million elderly persons throughout the world, and two 

out of every three will be living in developing countries. 

The percentage of the population over 65 years old is projected to make up 18.2% 

of the total population in 2029 and 38.7% in 2064. 

Spain is currently one of the countries in the world with the highest life expectancy, 

but when one speaks of life expectancy in terms of good health, the situation worsens in 

relation to other countries such as France, Sweden, Australia and Japan. For this reason, 

it is important to highlight the fact that living longer is not always a synonym for good 

quality of life and health. 

Life expectancy at the time of birth in Spain is projected to reach 84.0 years in men 

and 88.7 in women by 2029, which is an increase of 4.0 and 3.0 years respectively. By 

2064, if the current trend continues, the life expectancy of men would be over 91 years 

of age and nearly 95 in women. 

Human ageing is a process that is characterized by the gradual loss of physical and 

cognitive capacities. Maintaining functional independence until the end of a person’s 

life has been and remains the most ambitious goal pursued by geriatrics. 

Despite accounting for a large sector of the population, there are gaps in our 

knowledge with regard to elderly persons. Specifically, there is a group of elderly 

persons who are on the edge of decline - what is referred to after 70 years of age as a 

frail elderly person. 

The frailty in elderly persons has witnessed exponential growth in research and 

clinical practice in recent years, with there being consensus about the definition of 

frailty as a deregulated (potentially correctable or improvable) situation in many 
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biological systems, an accumulation of deficits, a reduction in physiological reserve and 

proneness to a range of adverse events. 

Frailty is more related to biological age than to chronological age. 

Frailty is currently defined as a biological clinical syndrome with a 

pathophysiological basis where multiple and interrelated body systems are affected. 

Such as process determines a decrease in the homeostatic reserve and the response to 

stressors, which causes an increase in vulnerability, being rehabilitated of disability and 

presentation of adverse health events. 

Studying the phenomenon of frailty is also relevant because it is a powerful 

predictor of disability, hospitalization, falls, loss of mobility, cardiovascular disease and 

even mortality. Numerous studies have suggested that frailty is a detector of functional 

decline and mortality, and there are those that also show that the prevalence of frailty 

increases significantly as age increases, from 3.2% at 65 to 16.3% at 80 and 23.1% at 91 

years of age. 

As with the rest of the world, in Spain there are also a few studies on the prevalence 

of frailty in institutionalized settings, such as nursing homes. In the population of 

Cuenca, a 53.7% frailty rate, measured with the Fried’s phenotype, was in their 

institutionalized settings. 

Frailty is different from both comorbidity and disability, but they are all intimately 

interrelated. Both frailty and comorbidity predict disability. Disability can exacerbate 

frailty and comorbidity perfectly, and additionally the comorbidity of disease may favor 

the development of frailty. Fried et al. (2001) in the Canadian Health Study highlighted 

that the largest proportion of frail people are among those who are disabled. 

Within the diagnosis of frailty, different evaluation tools may be described. On the 

one hand, there are numerous models of frailty in literature. An analysis of them has 

been made to conclude the model to be used in the present work. The model based on 

the appearance of functional impairment in the execution tests has been chosen because 

it presents more predictive capacity. Once the different indices and instruments for 

assessing and measuring frailty have been analyzed, the performance-based index Short 

Physical Performance Battery (SPPB) has been chosen because it is the instrument with 
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the highest predictive capacity. It allows the monitoring of the evolution of a subject 

over time. Additional technical material is not required. 

In an ageing society it is necessary to establish new alternatives that may somehow 

try to meet the needs of elderly persons while increasing their perceived quality of life. 

In this respect, new technologies have become a basic tool in our society. 

At present, many countries have a strong interest in having frail elderly people 

receive care in their own homes, trying to avoid unnecessary expense and 

institutionalization as much as possible and allowing them to live as independently as 

possible as long as possible. 

Taking into account the above, it is necessary to create a technological solution. In 

this way, this research intends to reduce the risk of frailty or, in the case where frailty 

already exists, decreasing the degree that is present. 

MATERIAL AND METHODS 

After obtaining the approval of the Ethics Committee and permission from the 

management of the institutions where the study was to take place, informative talks and 

brochures were given to residents. 

At the end of the diffusion period, 65 subjects showed interest. Of these, 46 

subjects met the inclusion criteria.  

Subjects who achieved the inclusion criteria (46) were cited to perform frailty 

screening tests with the Short Physical Performance Battery (SPPB) and to complete the 

EuroQol 5D-5L questionnaire. After frailty screening 40 subjects were classified 

according to age, sex, and Barthel Index, resulting in a study group (20) and a control 

group (20) of subjects respectively. 

The sample proved to be homogeneous in terms of the age, sex, Barthel Index, 

frailty risk, EuroQol 5D-5L, and medical history of cardiovascular risk.   

Two studies were proposed: Study 1: A pilot three-week randomized controlled 

trial (Phase 1) and Study 2: A pilot six-week randomized controlled trial with 

biofeedback (Phase 2) 
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The following evaluation tests were used for both groups (study and control): the 

Short Physical Performance Battery (SPPB), Barthel Index, and EuroQol 5D-5L 

questionnaire. In addition, biofeedback has been recorded in the intervention group with 

the following physiological constants: systolic blood pressure, diastolic blood pressure, 

heart rate, and blood oxygen saturation. The study group also passed the scale of 

usability of the software to evaluate the game with another tool, in addition to the two 

simple questions that were daily asked. 

RESULTS 

Study 1: A pilot three-week randomized controlled trial (Phase 1) 

• Results obtained from the short physical performance battery (SPPB) after 3 

weeks 

By the third week, it was noted that the 19 (100%) subjects from the control group 

evidenced frailty risk, whereas the 20 subjects from the study group only evidenced 

40% risk of frailty risk.  The results confirmed the fact that 60% of subjects from the 

study group (12 of the 20 subjects) no longer evidenced frailty risk after the third week. 

Within the general framework, 85% (17 of the 20 subjects) of subjects from the study 

group showed some type of improvement in terms of their SPPB results. 

On the other hand, in terms of game satisfaction, two questions were asked. As 

regards the first question, except on days 1 and 2 when there was a 10% percentage (2 

subjects) and 5% (1 subject) respectively who gave a negative response, the 20 subjects 

from the study group responded YES on the other days. As regards the second question, 

except on days 1 and 2 when there was a 20% percentage (4 subjects) and 5% (1 

subject) who gave a negative response, the 20 subjects from the study group responded 

YES on the other days. 

Study 2: A pilot six-week randomized controlled trial with biofeedback (Phase 2) 

• Results obtained from the short physical performance battery (SPPB) after 6 

weeks 

By the sixth week, it was noted that 100% of subjects from the control group 

continued to evidence frailty risk, whereas only 5% of subjects from the study group 

evidenced this. No subject from the control group evidenced any improvement (increase 
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in score) in their SPPB results, whereas 100% of subjects from the study group 

evidenced improvements in their results after 6 weeks. 

• Results obtained from the EuroQol 5D-5L after 6 weeks 

Analysing the difference in results in each group after 6 weeks, the mean EQ-5D-

5L Index for the control group was less by 0.045, whereas in the study group the EQ-

5D-5L Index produced a more stable mean (the mean of the differences was +0.012). 

Analysing the difference in results in each group after 6 weeks, the mean EQ-VAS 

for the control group decreased (-12.63), whereas the EQ-VAS mean for the study 

group increased (12.05). 

• Results obtained from the Barthel Index after 6 weeks 

The results obtained from the Barthel Index in the study group improved after 6 

weeks with statistically significant evidence, with a value of p < 0.003906. 

In contrast, the results obtained from the Barthel Index worsened in the control 

group after 6 weeks with statistically significant evidence, with a value of p < 0.001952. 

• Results obtained from the compliance with suitable parameters to ensure that 

physical exercise is cardiac healthy and safe after 6 weeks 

1440 measurements were taken (4 physiological constants x 20 subjects x 18 days). 

Safety compliance of the exercise exceeded 87% in the 3 intervals and improved even 

more so as the days passed. Attention should be drawn to the fact that in no case was the 

activity abandoned due to physical discomfort. 

• Results obtained from the Software usability scale (SUS) after 6 weeks 

The lowest score obtained was 70 while the highest was 100. The mean was 81.5. 

The results showed major acceptance in terms of usability of the FRED game among 

subjects from the study group. 

• Results	obtained from the game satisfaction after 6 weeks 

As regards the first question, except on days 1 and 2 when there was a 10% 

percentage (2 subjects) and 5% (1 subject) respectively who gave a negative response, 

the 20 subjects from the study group responded YES on the other days. As regards the 

second question, except on days 1 and 2 when there was a 20% percentage (4 subjects) 
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and 5% (1 subject) who gave a negative response, the 20 subjects from the study group 

responded YES on the other days. 

DISCUSSION 

The results, both in the 3-week feasibility study and in the 6-week follow-up 

support the hypothesis that FRED, exergame designed ad hoc, significantly reduced the 

presence and severity of risk for frailty in a sample of sedentary elders, thus potentially 

modifying their risk profile. 

Authors like Cesari el al., Giné-Garriga et al., Clegg et al., Fairhall et al., Milte et 

al., Bieryla KA combine different types of physical activity which were performed over 

longer periods of time and at greater weekly frequency than the physical activity in our 

study using the FRED game.  Although they manage to reduce frailty, they do so 

requiring far more time, and none of them contemplates exercise using an exergame.  

Only in the three previous ones is reference made to the EuroQol 5D-5L (EQ-5D-5L) 

questionnaire, in which no significant differences are shown, whereas with the FRED 

game, the study group remained stable after 6 weeks while the control group slightly 

worsened. Unlike the other two authors referred to above, the EuroQol-visual analogue 

scale (EQ-VAS) was recorded in the study, in which the control group worsened 

whereas the study group significantly improved. Furthermore, the degree of 

independence for activities of daily living also evidenced an improvement after 6 weeks 

carrying out physical activity using the FRED game. Therefore, the degree of frailty is 

able to be reduced in less time using the FRED game, while the perception of one’s 

state of health and degree of independence in activities of daily living is much greater. 

Regarding other studies such as the one made by Van Diest et al., used the 

exergame for unsupervised balance training at home - a virtual ice skater for 30 

minutes, three times per week for six weeks. FRED game, highlights the ad hoc feature 

of FRED in terms of the design and putting together of exercises, placing importance on 

the types of scenario to ensure they are creative and intuitive and capture the subject’s 

attention and interest. 

As regards physiological constants such as heart rate, systolic blood pressure, 

diastolic blood pressure and blood oxygen saturation, there are no studies in the 

literature reviewed that have measured these constants in elderly people in order to 
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ascertain whether the physical exercise involved lies within certain safety parameters 

and whether it is in turn cardiac healthy. 

CONCLUSIONS 

The study undertaken confirms the fact that the FRED game proves to be a valid 

technological solution for reducing frailty risk. 

Based on the study conducted, the exergame may be considered to be an effective, 

safe and entertaining alternative with which an improvement is made not only in terms 

of the physical and functional capacity of the individual, but also an improvement in 

psychological and social aspects which, in short, make the individual evidence a greater 

degree of independence over a longer time, i.e. “bring more life to the years”. 

The present work brings to the scientific community a new approach in the use of 

games as therapy, since it stands out by the ad hoc design for a concrete profile of 

people, in this case frail elderly people. 

This approach aims to direct the game as a therapy under the expert analysis of 

health professionals working within interdisciplinary groups can achieve really 

successful designs thus avoiding the use of standard games that are not designed 

specifically for health but for general leisure of the society. 

This thesis has the first journal paper accepted which has been published in April 

2017: Mugueta-Aguinaga I, Garcia-Zapirain B. Is Technology Present in Frailty? 

Technology a Back-up Tool for Dealing with Frailty in the Elderly: A Systematic 

Review[J]. A&D, 2017, 8(2): 176-195. 

The game FRED is registered in the Copyright registry office of the Basque 

Government. 

Collaboration in the SUNFRAIL European Project (Reference Site Network for 

Prevention and Care of Frailty and Chronic Conditions in community dwelling persons 

of EU countries). Project number: 664291. Funding Entity: CHAFEA Consumer, 

Health, Agriculture and Food Executive Agency.  

The scale up of the English version of FRED in USA has already started. It 

presented the project Exercise Games with Biofeedback to Institutional Research Board 

and it has obtained the approval of the Ethical Committee from the University of 
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Louisville. Therefore, it will continue to be followed up until publishing the results in a 

journal paper. In addition, it has been necessary to pass the exams to obtain Human 

Subjects and HIPAA Research-Stage 1 - Basic Course which it was required from 

Collaborative Institutional Training Initiative (Citi Program) - Ethical Committee 

(University of Louisville). 

Research Disclosure in USA: the research disclosure form is already under review 

and hopefully will be approved. 

Attempt to present the project in every congress and day related to frailty in the 

elderly people, eg: Oral Communication in: XVI Congress of Zahartzaroa and IX 

Congress of the Navarre Society of Geriatric and Gerontology. Vitoria-Gasteiz, May   

4-6, 2017. 

The possibility of carrying out a study in the near future is under consideration, in 

which prevention of the onset of frailty could be studied.  
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RESUMEN	
	

INTRODUCCION 

Según la Organización mundial de la Salud (OMS), se estima que en el mundo hay 

unos 605 millones de personas de más de 60 años. La proporción de personas de edad 

seguirá aumentando durante las próximas décadas. Para el año 2025 se estima que habrá 

1.200 millones de personas de edad en todo el mundo y dos de cada tres vivirán en 

países en desarrollo. 

El porcentaje de población mayor de 65 años, que actualmente se  sitúa en el 18,2% 

pasaría a ser el 24,9% en 2029 y del 38,7% en 2064. 

Actualmente, España es uno de los países con mayor esperanza de vida en el 

mundo tras Japón, pero cuando se habla de esperanza de vida en buena salud, la 

situación empeora respecto a otros países como Francia, Suecia, Australia y Japón. Por 

esto, es importante señalar que añadir vida no siempre es sinónimo de buena calidad de 

vida y salud. 

La esperanza de vida al nacer en España alcanzaría 84,0 años en hombres y 88,7 en 

mujeres en 2029, lo que significa un aumento de 4,0 y 3,0 años, respectivamente. Para 

el año 2064, si la tendencia actual continúa, la esperanza de vida en los hombres sería 

mayor de 91 años de edad y casi 95 en las mujeres. 

El envejecimiento humano es un proceso que se caracteriza por la pérdida 

progresiva de las capacidades físicas y cognoscitivas, y el mantener la independencia 

funcional hasta el final de la vida, ha sido y continúa siendo la meta más ambiciosa de la 

geriatría. 

A  pesar  de  ser  un  gran  sector  de  la  población, existen  lagunas  de 

conocimiento en relación  con los ancianos.  En  concreto hay un grupo  de ancianos  

que se encuentran justo en el límite, al borde  del deterioro, es lo que desde  los años  70 

se denomina anciano  frágil. 

La fragilidad en las personas mayores ha experimentado un crecimiento 

exponencial en la investigación y la práctica clínica en los últimos años, 

consensuándose la definición de fragilidad, como una situación (potencialmente 
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corregible o mejorable) de desregulación en múltiples sistemas biológicos, acumulación 

de déficits, disminución de la reserva fisiológica, y propensión a diversos eventos un 

adversos. 

La fragilidad está más en relación con la edad biológica que con la cronológica. 

Actualmente podemos definir la fragilidad como un síndrome clínico biológico a 

con base fisiopatológica donde se afecta múltiples e interrelacionados sistemas 

corporales un determinando disminución de la reserva homeostática y de la respuesta 

estresores, provocando un incremento de la vulnerabilidad, siendo rehabilitado de 

discapacidad y de presentación de episodios adversos de salud. 

La fragilidad tiene una relevancia pronostica, anticipatoria, clínica, asistencial y 

epidemiológica. En gran medida, el interés generado por la fragilidad en los últimos 

años, estriba en que los sujetos frágiles tienen un riesgo elevado de eventos adversos 

sobre la salud a corto, medio y largo plazo. 

La fragilidad es también relevante por ser un poderoso predictor de discapacidad, 

de hospitalización, de caídas, de pérdida de la movilidad, de enfermedad cardiovascular 

e incluso de mortalidad. 

Hay diferentes estudios que demuestran que conforme aumenta la edad aumenta 

significativamente la prevalencia de fragilidad, desde 3,2% a los 65 años, 16,3% a los 

80 años y 23,1% a los 90 años de edad. 

Al igual que en el resto del mundo en España también hay pocos estudios 

realizados sobre la prevalencia de fragilidad en institucionalizados. Uno de ellos, en la 

población de Cuenca, se encontró un 53.7% de fragilidad en sus institucionalizados 

medido con el fenotipo de Fried. 

Así pues la fragilidad es distinta tanto de comorbilidad como de discapacidad pero 

están íntimamente interrelacionadas. Tanto la fragilidad como la comorbilidad 

pronostican la discapacidad. La discapacidad puede exacerbar perfectamente la 

fragilidad y la comorbilidad, y la comorbilidad de las enfermedades puede favorecer, al 

menos de forma adicional, el desarrollo de la fragilidad. Fried et al. en 2001, ya 

apuntaban a esta distinción en su Canadian Health Study, resaltando que la mayor 

proporción de personas frágiles está entre las que se encuentran discapacitadas. Por 
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tanto, existe una alta probabilidad de encontrar una mayor proporción de personas 

frágiles entre las que están discapacitadas que entre las que no están discapacitadas. 

Dentro del diagnóstico de fragilidad, se pueden encontrar descritas diferentes 

herramientas de evaluación. Por un lado, en la literatura existen numerosos modelos de 

fragilidad. Se ha realizado un análisis de los mismos para concluir el modelo a utilizar 

en el presente trabajo. El modelo basado en la aparición de deterioro funcional en las 

pruebas de ejecución ha sido el modelo elegido porque presenta más capacidad de 

predicción. Por otro lado, se encuentran también los índices e instrumentos de 

valoración y medida de la fragilidad. Una vez analizados los distintos índices e 

instrumentos de valoración y medida de la fragilidad, el índice basado en pruebas de 

ejecución: Short Physical Performance Battery (SPPB), ha sido el modelo elegido 

porque es el instrumento que presenta más capacidad de predicción, Permite monitorizar 

a lo largo del tiempo la evolución de un sujeto. No requiere material técnico adicional. 

En una sociedad envejecida es necesario establecer nuevas alternativas que de 

alguna manera, traten de satisfacer las necesidades de las personas mayores, a la vez que 

incrementen su calidad de vida percibida. En este sentido, las nuevas tecnologías, se han 

convertido en una herramienta básica de nuestra sociedad. 

Actualmente son muchos países los que tienen gran interés en que las personas 

mayores frágiles reciban atención en sus propios hogares, intentando evitar al máximo 

los ingresos e institucionalizaciones innecesarias y permitiendo vivir de la forma más 

independiente el máximo tiempo posible. 

Teniendo en cuenta lo anterior, resulta necesario poder contribuir creando una 

solución tecnológica. De esta manera, se decide diseñar un juego cuyos contenidos 

sirvan para que las personas mayores puedan mejorar su capacidad física, mejorar su 

estado de salud e independencia en las actividades de la vida diaria, a través del juego 

en el que toman parte. De esta manera, se pretende reducir el riesgo de presentar 

fragilidad o en el caso de que la fragilidad ya existiera, mejorando el grado que se 

presente. 
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MATERIAL Y METODOS 

Una vez obtenido el visto bueno del Comité de Ética y los permisos de la dirección 

de las residencies donde iba a tener lugar el estudio, se impartieron charlas informativas 

y folletos. 

Al finalizar el periodo de difusión, 65 sujetos mostraron interés. De ellas, 46 sujetos 

cumplieron los criterios de inclusión.  

Los sujetos que cumplieron los criterios de inclusión (46) fueron citados para 

realizar las pruebas de cribado de fragilidad con la Short Physical Performance Battery 

(SPPB) y para cumplimentar el cuestionario EuroQol 5D-5L. Los sujetos resultantes del 

cribado de fragilidad (40) fueron clasificados según rango de edad, sexo e Índice de 

Barthel. Resultando un grupo estudio (20) y un grupo control (20) de sujetos 

respectivamente. 

La muestra ha resultado homogénea en cuanto al Índice de Barthel, edad, sexo e 

riesgo de fragilidad (Short Physical Performance Battery (SPPB), EuroQol 5D-5L y 

antecedentes cardiovasculares.   

Se plantearon dos estudios: Estudio 1: Ensayo clínico controlado aleatorizado de 

3 semanas (Fase 1) y Estudio 2: Ensayo clínico controlado aleatorizado de 6 semanas 

(Fase 2) con biofeedback. 

Se utilizaron los siguientes test de evaluación: la Short Physical Performance 

Battery (SPPB), Índice de Barthel y el cuestionario EuroQol 5D-5L para ambos grupos, 

estudio y control. En el grupo estudio además se registraron datos de biofeedback con 

las siguientes constantes fisiológicas: presión arterial sistólica, presión arterial 

diastólica, frecuencia cardiaca, saturación de oxigeno en sangre. Al grupo estudio 

también se le paso la escala de usabilidad del software para valorar el juego con otra 

herramienta, además de las dos sencillas preguntas que se les hacía a diario. 

RESULTADOS 

Estudio 1: Ensayo clínico controlado aleatorizado de 3 semanas (Fase 1) 

Resultados de la Short Physical Performance Battery (SPPB) a las 3 semanas 

A la tercera semana, se observó que los 19 (100%) sujetos del grupo control 

continuaron presentando riesgo de fragilidad, mientras que de los 20 sujetos del grupo 
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estudio, sólo presentaban riesgo de fragilidad el 40%. Los resultados confirmaron que el 

60% de los sujetos del grupo estudio (12 de los 20 pacientes) ya no presentaba riesgo de 

fragilidad al finalizar la tercera semana.  En el marco general, cabe destacar que, el 85% 

(17 de los 20 pacientes) de los sujetos del grupo estudio presentaron algún tipo de 

mejoría en sus resultados SPPB. 

Por otro lado, en cuanto a satisfacción del juego,   se realizaron dos preguntas. A la 

primera pregunta, excepto en los días 1 y 2 en los que hubo un porcentaje de 10% (2 

sujetos) y 5% (1 sujeto) respectivamente que respondieron de forma negativa. El resto 

de los días, los 20 sujetos del grupo estudio respondieron SI. A la segunda pregunta, 

excepto en los días 1 y 2 en los que hubo un porcentaje de 20% (4 sujetos) y 5% (1 

sujeto) respectivamente que respondieron de forma negativa. El resto de los días, los 20 

sujetos del grupo estudio respondieron SI. 

Estudio 2: Ensayo clínico controlado aleatorizado de 6 semanas (Fase 2) con 

biofeedback 

• Resultados a las 6 semanas de la Short Physical Performance Battery (SPPB) 

A la sexta semana, se observó que el 100% de los pacientes del grupo control 

continuaron presentado riesgo de fragilidad, mientras que solo el 5% de los pacientes 

del grupo estudio presento riesgo de fragilidad.  Ningún paciente del grupo control 

presento una mejora (aumento de puntuación) en sus resultados SPPB, mientras que el 

100% de los pacientes del grupo estudio presento mejoras en sus resultados SPPB en el 

transcurso de 6 semanas. 

• Resultados a las 6 semanas del EuroQol 5D-5L 

Analizando la diferencia de los resultados en cada grupo después de 6 semanas, en 

el grupo control en el EQ-5D-5L Index promedio es menor para  0.045, mientras en el 

grupo de estudio el EQ-5D-5L Index en promedio manchado más estable (La media de 

las diferencias es +0.012). 

Analizando la diferencia de los resultados en cada grupo después de 6 semanas, se 

observó que la media del EQ-VAS del grupo control disminuyó (-12.63), mientras que 

la media del grupo estudio el EQ-VAS aumentó (12.05). 
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• Resultados a las 6 semanas del Índice Barthel 

Los resultados del Índice Barthel en el grupo estudio mejoraron después de 6 

semanas con evidencia estadísticamente significativa, con un valor p < 0.003906. 

En cambio, los resultados del Índice Barthel en el grupo control empeoraron 

después de 6 semanas con evidencia estadísticamente significativa, con un valor p < 

0.001952. 

• Resultados a las 6 semanas en relación al cumplimiento del ejerccio de forma 

segura y cardiosaluble 

Se realizaron 1440 mediciones (4 constantes fisiológicas x 20 sujetos x 18 días). En 

los tres intervalos el cumplimiento de seguridad del ejercicio físico superó el 87%, e 

incluso fue mejorando a medida que avanzaron los días. En ningún caso se abandonó la 

actividad por malestar físico. 

• Resultados a las 6 semanas de la usabilidad del software [(Software usability 

scale (SUS)] 

La puntuación más baja fue de 70 mientras que la más alta fue 100. La media fue de 

81.5. Este valor indica un buen resultado en el cuestionario SUS. 

• Resultados a las 6 semanas de la satisfacción del juego 

A la primera pregunta, excepto en los días 1 y 2 en los que hubo un porcentaje de 

10% (2 sujetos) y 5% (1 sujeto) respectivamente que respondieron de forma negativa. El 

resto de los días, los 20 sujetos del grupo estudio respondieron SI. A la segunda 

pregunta, excepto en los días 1 y 2 en los que hubo un porcentaje de 20% (4 sujetos) y 

5% (1 sujeto) respectivamente que respondieron de forma negativa. El resto de los días, 

los 20 sujetos del grupo estudio respondieron SI. 

DISCUSION 

Los resultados, tanto en el estudio de factibilidad de 3 semanas como en el 

seguimiento realizado durante 6 semanas apoyan la hipótesis de que FRED, exergame 

diseñado ad hoc, reduce significativamente la presencia y gravedad del riesgo de 

fragilidad en una muestra de ancianos sedentarios, modificando potencialmente su perfil 

de riesgo. 
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Autores como Cesari el al., Giné-Garriga et al., Clegg et al., Fairhall et al., Milte et 

al., Bieryla KA han presentado trabajos en los que combinan distintos tipos de actividad 

física, realizada durante periodos de tiempo y frecuencia semanal superior a la actividad 

física realizada en nuestro estudio, a través del juego FRED. Aunque consiguen 

disminuir la fragilidad, lo consiguen precisando mucho más tiempo. Ninguno de ellos, 

contempla la realización de ejercicio físico utilizando exergame. Sólo en tres de los 

anteriores, se hace referencia al cuestionario EuroQol 5D-5L (EQ-5D-5L), donde no se 

muestran diferencias significativas mientras que con el juego FRED, al finalizar las 6 

semanas, el grupo estudio permaneció estable mientras que el grupo control se deterioró 

ligeramente. Pudiendo añadir también en relación al EuroQol-Escala Visual Analógica 

(EQ-VAS), porque a diferencia de los otros autores anteriormente citados, si se registró 

en el estudio, que el grupo control empeoro mientras que el grupo estudio mejoro 

notablemente. Por otra parte, el grado de independencia para las actividades de la vida 

diaria, presento también una mejoría notable tras las 6 semanas realizando ejercicio 

físico con el juego FRED. Por tanto, con el juego FRED se consigue reducir el grado de 

fragilidad en menos tiempo y a su vez la percepción del estado de salud y grado de 

independencia en las actividades de la vida diaria es mucho mayor. 

En relación con otros estudios como el dirigido por Van Diest et al., que utilizó 

como exergame para el entrenamiento sin supervisión del equilibrio en el hogar – con 

un patinador de hielo virtual, durante 30 minutos, tres veces por semana durante seis 

semanas. Esta conclusión, resalta sin duda la característica ad hoc de FRED en cuanto al 

diseño y elaboración de los ejercicios, dando importancia al tipo de escenarios para que 

sean creativos e intuitivos y capten la atención y el interés del sujeto.  

En relación al biofeedback mediante el registro de los signos vitales tales como: 

frecuencia cardiaca, presión arterial sistólica, presión arterial diastólica y saturación de 

oxígeno en sangre, no hay en la literatura revisada, estudios que hayan recogido los 

signos vitales de personas mayores frágiles con el objetivo de comprobar que el 

ejercicio físico realizado se encuentra dentro de unos parámetros de seguridad y que a 

su vez es cardiosaludable. Los estudios que se han encontrado al respecto son muy 

diversos. En el juego FRED el control del biofeedback se realizó teniendo en cuenta 4 

signos vitales, los cuales facilitaron información para asegurar que el ejercicio se 

realizaba dentro de parámetros seguros y cardiosaludables. 



XLVIII	
	

CONCLUSIONES 

El estudio realizado confirma que el juego FRED es una solución tecnológica 

válida para disminuir el riesgo de fragilidad y prevenir su aparición. 

En base al estudio realizado, se puede considerar el exergame como una 

herramienta alternativa  segura, divertida con la que se logra mejorar no sólo la 

capacidad física y funcional del individuo, sino que también consigue mejorar los 

aspectos psicológicos y sociales, que en definitiva, hacen que el individuo presente 

mayor grado de independencia durante más tiempo. Esto es, “dar más vida a los años”. 

El presente trabajo aporta a la comunidad científica un nuevo enfoque en el uso de 

los juegos como terapia, puesto que destaca por el diseño ad hoc para un perfil concreto 

de personas, en este caso las personas mayores frágiles. 

Este enfoque pretende dirigir el juego como terapia bajo el análisis experto de 

profesionales sanitarios que trabajando dentro de grupos interdisciplinares pueden 

lograr diseños realmente exitosos evitando de este modo, el uso de juegos estándar que 

no están diseñados específicamente para la salud, sino para el ocio general de la 

sociedad. 

Con este trabajo se ha realizado la siguiente publicación y otras dos publicaciones 

enviadas en proceso de ser aceptadas: Mugueta-Aguinaga I, Garcia-Zapirain B. Is 

Technology Present in Frailty? Technology a Back-up Tool for Dealing with Frailty in 

the Elderly: A Systematic Review[J]. A&D, 2017, 8(2): 176-195. 

El juego FRED está inscrito en el registro de la propiedad del Gobierno Vasco. 

Colaboración en el Proyecto Europeo SUNFRAIL (Red de Referencia para la 

Prevención y Atención a la Fractura y Condiciones Crónicas en las personas que viven 

en la comunidad de los países de la UE). Número de proyecto: 664291. Entidad 

Financiadora: Agencia Ejecutiva CHAFEA, Consumo, Salud, Agricultura y 

Alimentación. 

Actualmente, se ha comenzado la ampliación de la versión inglesa de FRED en 

USA. Se ha presentado el proyecto Exergames con Biofeedback a la Junta de 

Investigación Institucional y se ha obtenido la aprobación del Comité de Ética de la 

Universidad de Louisville. Por lo tanto, se continuará en el seguimiento hasta la 
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publicación de los resultados. Además, ha sido necesario aprobar los exámenes para 

obtener los certificados de Investigación Humana y la Investigación HIPAA-Etapa 1 - 

Curso Básico que fue requerido por el Comité de Ética (Universidad de Louisville) de 

Iniciativa Institucional de Formación Colaborativa (Programa Citi). 

Patente en USA: el formulario de solicitud de patente en USA, se ha presentado, se 

encuentra en proceso de revisión, pendiente de aprobación. 

Gran interés por presentar el proyecto en cada congreso relacionado con la 

fragilidad de las personas mayores, p.ej.: Comunicación Oral en: XVI Congreso de 

Zahartzaroa y el IX Congreso de la Sociedad Navarra de Geriatria y Gerontología. 

Vitoria-Gasteiz, 4-6 Mayo 2017. 

La posibilidad de realizar un estudio en un futuro próximo, en el que se pueda 

estudiar la prevención de la aparición de la fragilidad. 
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PREFACE	
	

The enclosed document is the result of many years work on my Ph.D in the 

Department of Neuroscience in the Faculty of Medicine and Nursing in the University 

of the Basque Country (UPV/EHU). 

The development of software that has been created and designed in the PHD 

otherwise known as game FRED has been partly funded by Emakor through Beaz and 

has been carried out by a group in Deusto University called eVIDA. 

The document presents the introduction, which is divided into two important areas, 

the medical history and technological history. To do this various bibliographic searches 

were carried out and the most relevant information has been taken and used. Following 

this a hypothesis has been formulated with investigative questions and their objectives. 

Then we have described the methods and materials that have been used, and explained 

the results found, comparing them to other authors. Finally the conclusion will be 

presented and discussed.  

At the end of the document you will find the references used and the annex 

containing complimentary material that has been used in the thesis and in the 

investigative project.   
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“I believe in innovation and that the way you get innovation is you fund research and 
you learn the basic facts”. 

Bill Gates 
 

1.	INTRODUCTION	 	
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1 INTRODUCTION	
Nowadays, frailty in our modern-day society, is a top-rated question. At the 

international level, it is considered a strategic line. 

For this reason, in 2013, six major international (International Association of 

Gerontology and Geriatrics; Society on Sarcopenia, Cachexia, and Wasting Diseases; 

and the International Academy of Nutrition and Aging), European (European Union 

Geriatric Medicine Society), and US societies (American Medical Directors Association 

and American Federation for Aging Research) provided delegates to attend a consensus 

meeting. Based on this consensus, a preliminary manuscript was developed and whose 

title said: ”Frailty Consensus: a call to action” [1]. 

1.1 Medical	background	
Frailty represents an important challenge for aging populations. Pragmatically, at 

some point, the number of physical and psychological ailments people have becomes 

more important than the exact nature of those ailments, at least with respect to what they 

need and how their medical care is best administered. This is so even though, for 

subjects, it will always be important to know what exactly is wrong. Still, at some point, 

understanding the complexity of needs in frail people entails knowing exactly what is 

wrong, which is best achieved by allowing complexity to be embraced. This approach 

of embracing complexity by looking at measures of whole-system function (cognition, 

mobility, balance, independence in daily activities) is in contrast to the “problem list” 

method, a long and widely used approach in medicine. 

1.1.1 Search	keys	
Taking into account the above, it is interested in establishing knowledge about the 

frailty: concept, definition, relevance, prevalence, risk factors, evaluation tools, 

relationship between frailty, function, disability and morbidity, among others. 

It decided to conduct a search by way of a review from January 2005 to December 

2015, in the course of which two databases were consulted: 
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The search was undertaken in accordance with the following strategy, owing to the 

features of the databases selected: 

(1) Medline and EMBASE: natural language and using the following 

keywords: frailty, elderly people, diagnosis, evaluation tool, risk factor, 

prevalence, functionality, disability, morbidity.  

• Filters: date (2000-2015), language (English) 

The following results were obtained from the review: (Figure 1) 

• OVID Medline <1946 to December week 4 2015>: n=175 

• EMBASE via OVID < 1974 to 2015 week 53>: n=152 

 

Figure	1.	Percentage	of	results	according	to	the	data	base	reviewed.	

Inclusion criteria: Articles that deal with information in relationship with frailty. 

Exclusion criteria: Articles that do not deal with information in relationship with 

frailty. 

MEDLINE 
(via Ovid)

70%

EMBASE (via 
Ovid)
30% n=152

n=175

• OVID Medline <1946 to December week 4 2015> 

• EMBASE via OVID < 1974 to 2015 week 53> 

The two previous databases include Pubmed Open Access 
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Figure	2.	Flow	Diagram.	Strategy	carried	out	in	this	review.	

The 120 documents were analyzed meticulously so as to classify their content. 

Thus, the following terms related to frailty were the ones mainly observed: frailty, 

elderly people, diagnosis, evaluation tool, risk factor, prevalence, functionality, 

disability, morbidity. 

Right after, the strategy and result of this search is shown. 

1.1.2 Frailty	concept	
According to the World Health Organization (WHO), it is estimated that there are 

more than 605 million people over 60 years of age in the world. The proportion of 

elderly persons will go on increasing over the coming decades – by the year 2025 it is 

estimated that there will be 1,200 million elderly persons throughout the world and two 

out of every three will be living in developing countries [2]. 

The percentage of the population over 65 years old, which currently stands at 

18.2% in 2029 and 38.7% in 2064 [2]. 

Spain is currently one of the countries in the world with the highest life expectancy 

after Japan, but when one speaks of life expectancy in terms of good health, the 

situation worsens in relation to other countries such as France, Sweden, Australia and 
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Japan. For this reason, it is important to highlight the fact that living longer is not 

always a synonym for good quality of life and health [3]. 

Life expectancy at the time of birth in Spain would reach 84.0 years in men and 

88.7 in women by 2029, which means an increase of 4.0 and 3.0 years respectively. By 

2064, if the current trend continues, life expectancy in men would be over 91 years of 

age and nearly 95 in women [2]. 

Human ageing is a process that is characterized by the gradual loss of physical and 

cognitive capacities, and maintaining functional independence until the end of one’s life 

has been and remains the most ambitious goal pursued by geriatrics [4]. 

Despite accounting for a large sector of the population, there are gaps in our 

knowledge with regard to elderly persons. Specifically, there is a group of elderly 

persons who are just on the limit, on the edge of decline - what is referred to after 70 

years of age as a frail elderly person. 

There is no consensus as to the definition of "frail"; it is sometimes referred to as 

“vulnerable,” “incapable,” “weak,” “at-risk elderly.” However, the importance of 

reaching a consensus is fundamental since it is impossible to pose a solution to 

problems without knowing exactly what health professionals understand by “frail,” 

“elder” or “frailty.” Obtaining consensus on the concept of frailty could help to propose 

preventive measures and actions to prevent frail populations’ deterioration and to 

promote their independence. 

There has been little evaluation of management strategies, diagnostic tools, frailty 

assessment scales, etc. Without properly investigating the current protocol for frailty 

diagnosis and subsequent management practices, it cannot be known whether the 

current methods are as effective as possible. 

Authors such as Ho, Williams and Hardwick [5] estimate that primary prevention 

of age-related impairment can occur in up to 50% of the elderly, if diagnostic tools or 

risk indicators are obtained. 

Therefore, the identification of risk factors, causes, markers and / or predictors of 

frailty could be useful in the diagnosis of frailty in the elderly and, as a consequence, 
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this would mean an improvement in their quality of care and creation of preventive 

measures suitable.  

1.1.3 Frailty	definition	
Since the 1990s many concepts of frailty have been proposed. 

According to the classic Brocklehurst frailty model[6,7], this was understood as a 

cause or risk of losing the ability to continue living in the community. In other words, 

frailty was understood as the precarious balance between the state of health and the 

health and social resources that are needed to keep the individual at home. The 

breakdown of this delicate balance can lead to dependency, institutionalization and, 

later, death. 

In the 1990s, the Barber questionnaire was important because it directed the 

development of clinical studies in our environment towards social vulnerability [8,9].  

The frailty in elderly persons has witnessed exponential growth in research and 

clinical practice in recent years, with there being consensus about the definition of 

frailty as a deregulated (potentially correctable or improvable) situation in many 

biological systems, accumulation of deficits, a reduction in physiological reserve and 

proneness to a range of adverse events[10,11]. 

Frailty is more related to biological age than to chronological age [12-14]. 

At present frailty can be defined as a biological clinical syndrome with a 

pathophysiological basis where multiple and interrelated body systems are affected, 

determining a decrease in the homeostatic reserve and the response to stressors, causing 

an increase in vulnerability and presentation of adverse health events [15]. 

Recent international consensus defines physical frailty as a major «medical 

syndrome with many causes and contributors that is characterised by a reduction in 

strength, resistance and biological function that increases individual vulnerability 

leading in turn to greater dependency and/or death»[1]. 

Numerous studies have suggested that frailty is a detector of functional decline and 

mortality [8-10], and there are those that also show that the prevalence of frailty 

increases significantly as age increases, from 3.2% at 65 to 16.3% at 80 and 23.1% at 91 

years of age [16-18]. 
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Until very recently, the research on frailty has been a slow process due to the 

absence of a valid definition. Two great references in this field arose: first, Linda P. 

Fried’s model in 2001 [19], the model in which the phenotype developed as a risk 

situation for developing disability. Second, Kenneth Rockwood’s model [20-22], a 

multidomain model, states that frailty consists of several health conditions including 

geriatric syndromes and disability measures, with 70 items, later grouped on a 

hierarchical scale. 

The most used and validated definition is the application of the phenotype 

described by Linda Fried in the Cardiovascular Health Study [19,21]. It holds that a 

subject is frail if it meets three or more criteria, pre frail if it meets one or two criteria 

and non frail if it does not fulfill any criteria. The criteria have shown good validity in 

different cohorts of the elderly. In decreasing order of frequency, the most permanent 

aspects of frailty in the community are weakness, slowness, low activity, exhaustion, 

and weight loss. The criterion that was most strongly associated with the development 

of frailty in non-frail subjects was weight loss, followed by exhaustion, weakness, low 

activity and slowness [23]. 

1.1.4 Relevance	of	frailty	
Frailty has a prognostic, anticipatory, clinical, care and epidemiological relevance 

[24]. To a large extent, the interest generated by frailty in recent years is that frail 

subjects have a high risk of adverse health events in the short, medium and long term. It 

is also verified that frailty is a predictor of mortality as demonstrated in the FRADEA 

study [25]. In the Hispanic Established Populations for Epidemiologic Studies of the 

Elderly (H-EPESE) study, 84% of the subjects labeled as frail died during the 10 years 

of follow-up, whereas during the same period, only 33% of the non frail people died. 

[26]. This relationship with mortality was also made objective by Fried, [19] in the 

Women's Health Initiative Observational Study (WHI-OS)[27] and by Ensrud in the 

Study of Osteoporotic Fractures (SOF) [28]. 

Frailty is also relevant because it is a powerful predictor of disability [19,28-30], 

hospitalization [19,29], falls [19,28], loss of mobility [19,31] and cardiovascular 

disease[32]. 

It should be noted that only a small minority of subjects with "multimorbidity" and 

multiple chronic diseases are frail. In the Canadian Health Study [19], only 9.7% of the 
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adults with "multimorbidity" were frail while 67.7% of the frail had "multimorbidity" 

among the 9 pathologies considered [19], which were: acute myocardial infarction, 

angina pectoris, heart failure, peripheral artery disease, arthritis, cancer, diabetes, 

hypertension and chronic obstructive pulmonary disease. The average number of 

pathologies that a frail subject suffers from is 2.1, compared to 1.4 among non-frail 

adults [33]. These findings suggest that the mechanisms that lead to frailty are not the 

same as those that lead to chronic diseases, unless they are in a severe-advanced stage or 

through interrelations between the different pathophysiological mechanisms of the 

pathologies interacting with each other. One of these mechanisms would not be a 

"precipitator" of frailty, except in very advanced stages [34]. Table 1 lists the chronic 

diseases associated with frailty published in different cohort studies [19,27,35,36]. 

	

Table	1.	Association	of	chronic	disease	with	frailty	in	women	and	in	general.	Source:	[34]	

1.1.5 Prevalence	of	frailty	in	elderly	people	
Numerous studies have suggested that frailty is a detector of functional decline and 

mortality [8-10], and there are those that also show that the prevalence of frailty 

increases significantly as age increases, from 3.2% at 65years to 16.3% at 80 years and 

23.1% at 91 years of age [37]. 

Different studies with a population of 61,000 elderly people over 65 years show 

results of 10.7% prevalence of frailty, that is higher in women while they age, which 

become greater than 25% when the women are over 85 years. Another no less important 

fact is the prevalence of pre-frailty, that is, the risk of becoming frail in the next two 

years, which is around 40-50% in the elderly. The importance of these striking figures 

on frailty does not lie in their high prevalence (800,000 frail elderly people in Spain and 
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more than three million pre-frail ones), but rather in their role as independent risk 

factors for adverse events. [11,25,38,39]. 

The frailty and dependence study in Albacete (FRADEA) has shown that, in 

comparison to the average-aged population, the frailty factor in populations of people 

over 70 years of age: implies an adjusted risk of mortality 5.5 times higher, a risk of 

new disability 2.5 times greater, and a risk of loss of mobility 2.7 times greater. In this 

same study it was objectified that frailty is associated with older age, female gender, 

higher disease burden, disability and cognitive function, among other factors. It must be 

taken into account that being frail is a state of pre-disability, which begins at an 

advanced age and closer to the end of life. This state of pre-disability can be prevented 

and treated, helping individuals to age with a better quality of life [11]. In the case of 

the studies conducted in Spain, six longitudinal cohorts pinpoint the prevalence of 

frailty in different proportions according to age groups and the criteria used to measure 

it. (Figure 3) 

 
Figure	3.	Prevalence	of	frailty	in	Spain.	Data	from	cohorts	of	longitudinal	aging	studies	in	Spain.	

Only two studies in Spain  [39,40], two in Canada [41,42], and one in Poland [43], 

have included the institutionalized, with a prevalence between frailty of 29.2 and 53.7%. 

The number of institutionalized older adults in Spain is 212,475 [44], 4.7% of the 

Spanish population. The elderly population of the institutions is quite heterogeneous, 

with variable rates of disability, multi-morbidity and quality of life [45]. The detection 

of frailty could be useful for the better management of institutionalized subjects and to 

try to reverse that frailty. A number of studies have investigated similar institutionalized 

populations. One of the first that analyzed the frailty of the institutionalized residents 
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was carried out in Canada. This cohort consisted of older adults (87.7 +/- 6.7 years), 

83% of whom were disabled and 83% of whom exhibited a high level of deterioration 

of mobility. For their study cardiovasculary health study, Rockwood et al.[42] describe 

frailty using the clinical scale of frailty (CSHA-CFS and Frailty Index (FI)), which 

characterizes frailty as an increased risk of mortality, disability and cognitive 

impairment. In Alberta, another study conducted in Canada, researchers using Fried's 

frailty criteria, identified the prevalence of frailty at 48% [41]. 

In Poland the prevalence of frailty was 34.9% according to the frailty clinical scale 

(CSHA-CFS). 

As in the rest of the world in Spain there are also few studies on the prevalence of 

frailty among the institutionalized. One of them found a 53.7% frailty measured with 

Fried’s phenotype in the institutionalized population of Cuenca [40]. Another study 

carried out in Albacete population in 2 residential settings with a sample of 332 subjects 

whose median age was 84 observed a prevalence of frailty of 68.8% and of 28.4% pre-

frail and 2.8% non-frail [45]. In the different national and international studies, a high 

prevalence of frailty in relation to non-institutionalized people is seen, so it would be 

interesting for more studies to investigate a better intervention in this population. 

Institutionalized older adults are a heterogeneous population in the rates of 

disability, multi-morbidity, quality of life, and vulnerability. Interventions in this 

population should be individualized. Detection and treatment of frailty could be useful 

in preventing disability, decreased mobility, falls, and mortality [41]. However, due to 

the scant studies on frailty specially designed for institutionalized older adults, many 

questions remain unresolved [46-48]. 

1.1.6 Factors	in	risk	of	frailty	
There are publications that review the diseases and risk factors that condition frailty 

[49], however they do not clearly differenciate between predictors of frailty and its 

consequences. 

In the CHSA-CFS [19], the predictors could be classified according to the damages 

in different organs and systems as well as in the pathologies that could be risk factors. 

The damages in different organs and systems include: cognitive impairment (with or 

without dementia), alteration of sense organs and language, sphincter incontinence, 

inability to perform the basic activities (instrumental or not) of daily living (BADL), 

poor balance and mobility problems which may be in relation to falls and fractures, 
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pathologies derived from cardiovascular problems (acute or chronic myocardial 

infarction, arrhythmias, peripheral vasculopathies, congestive heart failure, 

hypertension, angina), gastrointestinal diseases, renal diseases, musculoskeletal system 

diseases (arthritis, musculoskeletal problems, bursitis, rheumatism), respiratory system 

or malignant diseases, social isolation associated with or without psychological 

problems and memory problems, changes in behavior and sleep alterations, and 

nutrition and dental problems. Among the pathologies predictive of frailty, Fried 

pointed out the following: arterial hypertension, congestive heart failure, angina, 

arthritis, cancer, diabetes, peripheral vascular disease, and myocardial infarction. 

Using the GSS91 scale a predictor index was developed by McDowell in 2001 in 

the context of a prospective cohort study tracking 8,949 elderly people for 7 years. The 

index included the following conditions: high blood pressure, heart problems, diabetes, 

arthritis, bursitis or rheumatism, respiratory problems, skin problems or allergies, 

digestive problems or stomach ulcers, migraine, elevated cholesterol, emotional 

problems, vision, hearing, and language comprehension [50]. 

After thar, Fried with other authors, developed a classification of possible risk 

factors for frailty, including: physiological factors, activated inflammation, immune 

system dysfunction, anemia, endocrine system abnormality, being overweight or 

underweight, age, comorbidity or medical condition, cardiovascular disease, diabetes, 

stroke, arthritis, chronic obstructive pulmonary disease, cognitive impairment, cerebral 

changes, socio demographic and psychological aspects, female gender, low 

socioeconomic status, race, depression, and disability in activities of daily living (ADL) 

[51]. 

Using the Rockwood frailty index, the CHSA-CFS [22] obtained as results, that it is 

more frequent to present high score in their frailty scale the women who have cognitive 

alteration and incontinence, mobility problems, impairment in the functionality for 

ADL, and associated comorbidity. They added that high levels of frailty were associated 

with fewer falls, probably because a high proportion were bedded. 

Baztán Cortés in 2006, collects criteria of frailty used by other authors such as 

Hammerman, Ferrucci and Rockwood to use as risk factors of frailty. These were: 

advanced age (> 80/85 years), female sex, atypical presentation of diseases, dependence 

on others for Activities of daily living (ADL), high risk of dependence, and other 
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adverse health outcomes, reduction of physiological reserve, presence of chronic 

diseases, comorbidity and polypharmacy, presence of complex medical and 

psychosocial problems, presence of geriatric syndromes (falls, incontinence, delirium, 

malnutrition)[52]. 

1.1.7 Relationship	between	frailty,	function,	disability	and	morbidity	
The terms frailty, comorbidity, function (and the consequence of their loss, 

disability) are often used interchangeably to identify the physically vulnerable subset of 

older adults requiring specialized health care. However, from the point of view of 

geriatrics they are different clinical entities, although interrelated ones. Each one has a 

great clinical significance and clinical treatment because they have their own contents 

and challenges. Therefore, each one presents itself individually. 

Disability is defined as a difficulty or dependency in performing the essential 

activities of an independent life, including basic activities of daily living (BADL) and 

Instrumental activities of daily living (IADL). The World Health Organization 

recommends measuring the health of the elderly in terms of function, and more 

specifically in terms of loss of function. The degree of health of the elderly will be 

better or worse depending on their functional situation--that is, in relation to the greater 

or lesser degree of disability or dependence [53]. The Council of Europe's 

recommendation adopted in September 1998 defines dependency as "the need for 

assistance or important assistance for activities of daily living"--or, more precisely, "a 

state in which people need assistance and/or important assistance in order to carry out 

the ordinary acts of daily life, and in particular, those related to personal care" because 

of reasons related to lack or loss of physical, mental or intellectual autonomy.  It is an 

adverse result in health and it is an important predictor of dependence, mortality, 

hospitalization, and need for social care as well as frailty, without being the same as 

frailty. The Spanish population over 65 years old in 2050 will be around 32% of the 

total population [2]. This segment of the population has a high rate of disability and 

dependence, which is around 30%, with different degrees of severity[54]. Disability in 

Spain is more prevalent among those over 80 and among women [55]. 

Functionality includes two major domains, functional limitations as the difficulty to 

perform motor tasks by themselves, and the disability as limitations in performing 

defined social roles and tasks within a physical and socio-cultural environment [56,57]. 
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Functional limitations act as "bricks of activities"[58], because they are the basic motor 

and non-motor elements that allow the complex functions of the human being to be 

performed (mobility, learning, memories, vision, hearing and communication), although 

they are not enough by themselves to explain all the functionality since they do not take 

into account the interaction between individual and environment [59]. The evaluation of 

both domains in functional assessment has been demonstrated to identify elderly at risk, 

to characterize the progression towards dependence and to understand the appropriate 

moments to establish effective interventions [58]. Most of the indices used to assess 

frailty include functional items or elements that assess disability [19,22]. 

Finally, comorbidity is defined as the presence of two or more diseases diagnosed 

from the medical point of view in the same individual, with the diagnosis of each 

disease based on pre-established and known criteria, this has been associated with 

frailty, although they are not the same, since between 32% and 72% of frail elderly in 

the community do not present comorbidity [19,39] (Figure 4). 

The frailty is different from both comorbidity and disability but they are intimately 

interrelated. Both frailty and comorbidity predict disability. Disability can exacerbate 

frailty and comorbidity perfectly, and the comorbidity of disease may favor, at least in 

an additional way, the development of frailty. Fried et al. in 2001, in the Canadian 

Health Study, highlighted that the largest proportion of frail people are among those 

who are disabled [19]. 

The CHS indicates that the presence of disability or frailty could favor the 

development or progression of chronic diseases, possibly through the lower levels of 

activity associated with the two previous conditions or through other pathways that 

affect some fundamental biological mechanisms essential for the maintenance of 

homeostasis, such as inflammation or balance between sympathetic and 

parasympathetic [60,61].  

This causal relationship justifies the frequent presence of these conditions and 

indicates the clinical importance of differentiating them in order to identify the 

appropriate interventions that could avoid a condition, since its precursor is present.  
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Figure	4.	Venn	diagram	showing	degree	of	overlap	of	frailty	with	disability	in	ADL	and	comorbidity	(≥	2	diseases).	
Total	represented:	2,762	subjects	who	had	comorbidity	and	/	or	disability	and	/	or	frailty.	The	n	of	each	subgroup	is	
indicated	in	parentheses.	+	Frail:	general	n	=	368	frail	subjects	(both	cohorts).	*	Comorbidity:	general	n	=	2,576	with	
2	or	more	of	the	following	9	diseases:	myocardial	infarction,	angina	pectoris,	congestive	heart	failure,	claudication,	
arthritis,	cancer,	diabetes,	hypertension,	COPD.	Of	these,	249	were	also	frail.	**	Disabled:	total	n	=	363	with	a	
disability	in	ADL;	of	these,	100	were	frail.	Source:	Graphic	and	footer	[19].	

Given the above, there is a high probability of finding a greater proportion of frail 

people among those who are disabled than among those who are not disabled. 

1.1.8 Evaluation	tools	

1.1.8.1 Frailty	models	
It is difficult to find a general consensus for putting together criteria about frailty in 

a unified manner, although it is true that over the last 20 years, several models have 

been developed with a view to achieving this. The first of these is the one proposed in 

the Canadian Health Study by Fried [19], which is a model that focuses mainly on 

physical frailty by assessing the decline of the physical function in different domains 

(weight loss, tiredness, limited physical activity, muscular weakness and mobility), as 

will be described later. The second model is the one based on deficit accumulation 

theory, the purpose of which is to assess the burden of deficits that are present in the 

ageing process (illness, disability, physical performance, psychic performance and 

social assessment), with the data being constructed in the form of different frailty 

indexes such as that used in the National Population Health Survey of Canada [62], the 

Yale Precipitating Events Project (PEP)[63], the one used in the CSHA,[22] or the one 

put together from a subsample of the CSHA known  as Comprehensive Geriatric 

Assessment - Index of Frailty (CGA-IF)[64]. In the last few years, there has been a 

unifying model of domains of both physical function and psychological domains 

(cognition and humour) and of the social role [65]. The models outlined here that 

attempt to conceptualise uniform criteria to detect and assess frailty will be developed in 
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the following sections. Likewise, an attempt has been made to put together different 

frailty models based on biological criteria [66], defined as a geriatric syndrome [67] or 

by assessing deterioration in different functional tests [68]. 

In 2012 a "last" attempt was made to develop a standardised-general model for the 

screening and diagnosis of frailty using a Delphi model known as the Frailty Operative 

Definition-Consensus Conference Project [69]. In this study it was agreed that the 

definition of frailty should involve an assessment of physical performance, gait speed, 

mobility, nutritional status, mental health and cognition. Although agreement was 

reached as to the areas to be assessed, consensus was not reached as to the diagnostic 

methods needed to carry it out. There was also agreement as to the fact that there should 

be no single biomarker that by itself would "diagnose" frailty and that a combination of 

biomarkers would be necessary without remembering what the right combination was. 

Experts agreed that this is a multi-dimensional syndrome characterised by 

decreased reserve and decreased resistance to stressors and with an agreement 

percentage of 85-95%, insofar as frailty and disability are two distinct entities. A single 

operational definition of frailty was not agreed. There was also agreement on the need 

to assess the severity of frailty but not on the identification of specific markers for that 

task. There was agreement on the relationship between frailty and age but no age limit 

was established to assess it. Lastly, there was major disagreement when establishing a 

time to perform clinical evaluation and biomarkers in the diagnostic process. 

1.1.8.1.1 Frailty	phenotype	model	
The frailty phenotype arises within some large population-based studies about 

ageing. With the Canadian Study of Health and Aging (CSHA) the concept of frailty 

arises as an accumulation of deficits. Secondly, with CHS, a new model of frailty was 

developed, based on sarcopenia and energy imbalance, with a feedback relationship 

being established known as the "frailty cycle"[19]. 

Fried and Walston’s model [19] meets the criteria for the definition of frailty: it is a 

biological phenomenon that affects multiple systems and confers vulnerability on the 

individual. This model is able to determine vulnerability, predict adverse events and 

relate to the alteration of multiple biological systems that define the frailty syndrome. 

This was later confirmed in a cohort of women over 65 at the WHAS (Women’s Health 

and Ageing Study) [67]. The study lends support to the fact that it is treated as a 
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different syndrome of the disability, and can be deemed to be a precursor to this one 

owing to its key features of weakness, decrease in resistance and slowness in terms of 

performance. The presence of at least three of the five criteria was diagnosed as 

meaning frail, while the presence of one or two of them was considered as meaning pre-

frail. 

1.1.8.1.2 Model	of	deficit	accumulation	
Authors such as Rockwood and Mitnisky [22], within the context of the CSH, have 

developed the frailty model based on an accumulation of deficits at different levels. 

Physiological processes and systems accumulate deficits with ageing, just like cells. 

Over the years, humans have experienced an increase in the number of diseases and 

situations that condition their relationship with the environment and their response to 

internal and external stressors. The scale that emerges from this model is a predictor of 

mortality[62] and from the clinical point of view may be useful within comprehensive 

geriatric assessment for the purpose of identifying subjects at risk of adverse health 

events in the short and medium term, as well as contributing towards decision making in 

the allocation of resources.  Among the disadvantages is the inclusion of disability 

parameters, if one starts from the premise that frailty is a pre-disability state[22]. 

1.1.8.1.3 Model	based	on	biological	criteria	 	
Starting with biological criteria-markers, an attempt is made to detect the pre-

clinical state of frailty. The most commonly-used markers are the musculoskeletal 

system (sarcopenia and dysfunction of muscle fibres), the endocrine e system 

(testosterone, growth hormone / IGF-1, cortisol, dehydroepiandrosterone (DHEA) or 

vitamin D), inflammation and immunity mediators and even chromosomes. Of these, 

the most studied is the inflammatory component since it has been suggested that frailty 

is a low-grade inflammatory state[70]. 

In the MacArthur Study of Successful Aging (MSSA) [71], a series of biomarkers 

were collected, with which the allostatic load was found to be related to frailty, meaning 

that the possibility of frailty increased by 10% for each point that the allostatic load 

increased[72]. Other studies such as WHAS I and II also related the allostatic load to 

increased frailty by putting together 10 items in its model: blood pressure (systolic and 

diastolic), body mass index, total cholesterol / HDL, low creatinine clearance, IGF-1 

decrease, high glycosylated hemoglobin, high IL-6, increased triglycerides and a low 

amount of dehydroepiandrosterone[73]. 
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Immuno-endocrine biomarkers were used in the Hertfordshire Ageing Study . In 

this study, an increase in the number of leukocytes and the decrease in the cortisol / 

dehydroepiandrosterone ratio were related to the increased risk of frailty and mortality 

at 10 years. It was concluded that both measures could be used in programmes for early 

detection of the population at risk of frailty [74]. However, in spite of advances made in 

recent years, none of the clinical markers linked to frailty has shown clinical 

effectiveness in terms of their screening-diagnosis. 

1.1.8.1.4 Model	based	on	geriatric	syndromes	
The concept of geriatric syndrome is a relatively recent one, as this terminology 

started being used towards the end of the 1960s. At the beginning, within the term 

geriatric syndromes reference was made to the characteristics evidenced more often by 

the elderly who had received geriatric services than those receiving other services. This 

terms is currently used to refer to a set of pictures resulting from the combination of a 

series of diseases that are highly prevalent among the elderly, and that often lead to 

functional or social disability. The major geriatric syndromes, also known as the 4 

giants of geriatrics, include: immobility, instability-falls, urinary incontinence, and 

cognitive impairment. Up to 50% of those over 65 suffer from one or more of these 

syndromes[75]. 

To assess the extent to which the frailty phenotype conforms to the definition of a 

geriatric syndrome, the WHAS I and II study [67] analysed patterns which evidenced 

the 5 criteria that define this phenotype. By dividing the study population into three 

subgroups with similar profiles in terms of the frailty criteria provided, it was 

ascertained that the prevalence of each criterion increased progressively in each 

subgroup, thus indicating an increase in the severity of the frailty. These findings 

confirm the internal validity of frailty by matching frailty criteria with the geriatric 

syndrome, thus justifying the current division of these subgroups into non-frail, pre-frail 

and frail[76]. 

1.1.8.1.5 Model	based	on	the	appearance	of	deterioration	in	the	Performance-Based	tests	
These models are being used relatively often to detect frailty tests that assess gait, 

balance and mobility, and would appear to be in line with other functionality tests. Up 

to 17.7% of studies use such functional tests to screen frailty [68]. Among the most used 

are walking speed and the “timed get up and go” test. Gait velocity is an independent 
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predictor of short-term functional loss [16] and is part of the frailty phenotype, being the 

most important criterion according to the most recent publications [77]. 

1.1.8.2 Indices	and	instruments	for	valuation	and	measurement	of	frailty	

1.1.8.2.1 Fried’s	frailty	phenotype	
The frailty phenotype is a tool developed by the L. Fried group deriving from 

analysis of subjects from the Cardiovascular Health Study (CHS) [19]. It contains five 

sections: (Table 2) 

• Unintentional weight loss of >10 lbs (≥4.5 kg) or ≥5% of body mass in the last 

year (obtained from subject, caregiver or medical records). 

• Exhaustion (audited information based on two questions from the Center for 

Epidemiological Studies Depression (CES-D) scale [78]; a score from 1 [fatigue 

or exhaustion felt rarely or not at all] to 4 [fatigue or exhaustion felt most of the 

time]. 3 or 4 points means that the test is positive for decreased physical 

activity). 

• Low physical activity (energy expenditure weekly rate calculated on the basis of 

the modified Minnesota Leisure Time Activity Questionnaire) [79]. 

• Weakness (assessment based on measurement of handgrip strength; 

interpretation of results takes into account sex and body mass index [BMI]). A 

Kern digital dynamometer was used for grip strength measurement. 

• Slow gait (walking time over a distance of 15 ft [4.57 m]; interpretation of 

results takes into account sex and height). 

Subjects who fulfilled none of the criteria were considered non-frail, subjects who 

fulfilled 1 and 2 criteria were classified as pre-frail, and subjects who fulfilled ≥3 

criteria were classified as frail. 
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Table	2.	Fried	frailty	criteria.	Source:[19]	

1.1.8.2.2 Rockwood’s	Frailty	index	or	index	of	deficit	accumulation	
The frailty index proposed by Rockwood et al in 2001, based on a sub-analysis of 

the Canadian Study of Health and Aging (CSHA), was a prospective five-year study 

designed to study the epidemiology of dementia in Canada [22,80]. This is calculated 

based on the presence or absence of symptoms (such as sadness), signs (such as tremor), 

laboratory index abnormalities, illness or disability. Originally 92 variables were 

included, with the presence of frailty being more likely than the highest index of frailty. 

Later versions have been drafted to make it more manageable, reducing the number of 

variables without reducing the predictive value. The most recent version is based on 37 

variables [62,81]. 

The following table describes the classification of subjects according to 

Rockwood’s Frailty index or index of deficit accumulation. (Table 3) 
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Table	3.	Classification	of	subjects	according	to	Rockwood’s	Frailty	index	or		index	of	deficit	accumulation.	

1.1.8.2.3 Physiological	index	or	Sanders’	index	
Recently, a tool has been defined consisting of analytical or biological parameters 

to decrease the functional reserve of the renal, respiratory, vascular, cerebral and 

glucose metabolism systems, evidencing very good correlation with the frailty 

phenotype [66]. The accumulation of anomalous biological markers would have a non-

linear effect on the pathogenesis of frailty, being more relevant for the purpose of 

identifying the number of body systems with the functional reserve diminished than the 

system itself. 

1.1.8.2.4 Groningen	indicator	frailty	
Self-administered questionnaire comprising 15 items and 8 frailty factors: mobility, 

physical exercise, vision, hearing, food, morbidity, cognition and psychosocial aspects 

[13]. 

1.1.8.2.5 Frailty	trait	scale	
Developed within the framework of the TSHA (Toledo Study of Healthy Ageing) 

[82]. In this study, it is argued that the health condition with which we reach old age is 

built throughout life, and so when the involutive changes inherent in ageing become 

relevant, or disorders appear in the different systems deriving from the presence of 

diseases, each subject will be at greater or lesser risk of adverse health events depending 

on their biological reserve: it is this biological trait that is called a "trait of frailty", 

which is a continuous phenomenon where more decline in the biological reserve is 

apparent, the closer the threshold is to evidencing adverse effects deriving from it, 
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without this being a qualitative leap, but rather, a continuous intensification in terms of 

the risk. It was developed by collecting data regarding ADL, social support, co-

morbidity, physical activity, quality of life, depressive symptoms, cognitive function, 

anthropometric data, walking speed, strength in both upper and lower extremities and 

time to get up and sit in a chair. Under this premise, from this data, which was collected 

and based on the Fried model, the so-called "frailty trait" scale was developed with 12 

items that rate 8 frailty dimensions. The global score refers to the sum of the points of 

each item, and is normalised from 0 to 100 points, with 0 being the best score and 100 

being the worst. The score range was from 0 to 92. 

1.1.8.2.6 Instruments	used	in	primary	care	
Two frailty screening questionnaires were developed and validated between 2013 

and 2014 at the Gérontopôle Institute of Research of the Ageing in Toulouse (France). 

The two tools were designed to screen frailty in persons aged 65 years or older, without 

disability (Kartz test of basic activities of daily living greater than or equal to 5/6) and 

without acute pathology. 

The first tool, GFST (Gérontopôle Frailty Screening Tool) is divided into two parts 

[83]. The first part consists of six questions whose main objective is to draw the primary 

care physician's attention to the signs and symptoms that are potentially associated with 

frailty. The second part is passed if there is an affirmative answer, in which the doctor 

expresses his personal view of the subject. If that is the case, the possibility of 

consulting a specialist centre to rule out the presence of frailty is then rated. The 

benefits of this assessment of a collaborative decision mean that, as in the case of 

Toulouse, primary care physicians can especially count on at least a specialist structure 

for the detailed diagnosis of frailty and other geriatric syndromes, such as the 

Gérontopôle. 1108 people were rated after the first year this tool was implemented [84]. 

Full assessment has shown that nearly 94% of primary-age-elders were either frail or 

pre-frail according to the criteria used by L. Fried et al., demonstrating good sensitivity 

and specificity. 

It should be emphasized that GFST is a secondary prevention tool in frail subjects 

at an early stage of dependence. 

The second tool developed by the same group is the FiND questionnaire (Frail non-

Disabled), which is also divided into two parts [85]. 
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The first part assesses the presence of alterations in mobility at an early stage with 

two questions. The second part assesses the components of frailty with three questions. 

An affirmative answer to one of the questions implies presence of disability, while 

to one of the last three means the presence of frailty. 

1.1.8.2.7 Performance-Based	test	or	index	
On the one hand, the “TUG “  Timed Up and Go test was designed specifically to 

quantify mobility [86], and it has demonstrated its value for predicting deterioration in 

health status and activities of daily living as well as falls, similar to walking speed, 

although evidence of its success as a predictive tool for incident disability is more 

scarce [87]. Failure in this test seems to be the best predictor in the short term (at one 

year) and therefore more useful if associated with consequent interventions, as opposed 

to the lack of physical activity and physical exercise that it predicts in the longer term 

(to three years)[16]. There is experience of its use and it has been validated in our 

environment [88,89], and has also been validated for the purpose of assessing the risk of 

falls, having also recently been validated as a diagnostic tool for frailty [90]. 

On the another hand, the main clinical usefulness of the performance-based model 

is the detection of subjects at risk of functional impairment. The most validated and 

commonly-used test in our environment is the “Short Physical Performance Battery” 

(SPPB) or Guralnik test, the use of which is both widespread and validated. It is the 

only test specifically designed to predict disability [91], and has demonstrated its ability 

to predict adverse events, dependence, institutionalisation, and mortality[92-94]. In 

addition to predicting institutionalisation and death, it was shown as early as the 1990s 

that the SPPB was a tool that allows the subject’s evolution to be monitored over time 

(1 point changes are clinically significant), and significantly predicts the development of 

dependence, both in activities of daily living and in 4-year mobility [95]. This predictive 

capacity was demonstrated in different populations, always according to age, sex and 

co-morbidity [93]. 

For all the aforementioned reasons, the SPPB is one of the most validated and 

reliable tests for detecting frailty and predicting disability [96], and has been 

recommended as an objective measure of mobility limitations [97,98]. In a significant 

sample of non-dependent 74-year-olds who were attended to within a primary care 
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setting, 30.5% (36.6% women, 21% men) evidenced functional limitation based on this 

test. 

The SPPB consists of three very easy to perform parts that do not require that any 

specific instrument be used. (Figure 5) 

In the first part – the balance test - the participant tries to maintain 3 positions: 

side-by-side stand, semi-tandem and tandem stand for 10 seconds each. 

In the gait speed test, the participant walks a distance of 4 metres at their normal 

pace, this test is performed twice and the shortest time is recorded. Gait velocity is the 

objective test for assessing functional limitation that is most commonly-found in 

literature. In longitudinal studies, it has demonstrated its capacity to predict adverse 

events such as hospitalisation, frailty, falls, dependence and mortality [99-101]; it is also 

one of the components of the Fried frailty phenotype [19]. In a Spanish cohort of 70-

year-olds the P50 was 0.91 m/s for men and 0.67 m/s for women, while the P25 was 

0.69 m/s and 0.43 m/s respectively [39]. In the Toledo Study of Healthy Ageing, 

designed specifically to study frailty, Percentile 20 (which is the one used in the 

Cardiovascular Health Study to establish the cut-off point in the item "gait speed" of the 

frailty criteria) was placed between 0.37 and 0.5 m/sec[102,103], adjusted for sex and 

height. A recent Spanish study found that the cut-off point with the best predictive value 

of frailty would be between 0.8 and 0.9m / s, ultimately proposing a figure of 0.8 m / s 

for more general use. The most-used tests are those that calculate speed in distances of 

2.4 metres, 4 metres or 6 metres, calculated at the speed of usual step. The tests last 

between 2 and 3 minutes, and are tests that perform very well in terms of predictive 

validity and reliability test-retest (with coefficients between 0.8 and 0.9). Professionals 

who carry out the test must have undergone a minimum pre-training, and the test itself 

is widely-accepted among professionals and subjects because it is easy to conduct [104]. 

It is therefore a simple measure that could also be used clinically as a predictor of 

incident disability. 

Lastly, in the case of the chair stand test, the participant stands up from and sits 

down on a chair 5 times as quickly as possible, and the total time taken is recorded. 

Timing begins when the subject initiates the first survey. It counts up every time the 

participant gets up and finishes timing when the subject is standing upright the last time. 
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The stopwatch is stopped if the subject’s hands are helped, if after 1 minute the 

participant has not completed the test or if there is concern about their safety.  

Each test is given a score from 0 (worst performance) to 4 (best performance): for 

the balance test and according to a hierarchical combination of performance in the 3 

component subtests and the other 2 tests, a 0 score is assigned to those who do not 

complete or try out the test, and scores from 1 to 4 according to the time taken. A total 

score is obtained for the whole battery, which is the sum of that obtained from the 3 

tests, and ranges between 0 and 12. Scores below 10 evidence frailty [96,105] 

 

Figure	5.	Short Physical Performance Battery (SPPB) flowchart. Source: [106]. 

1.1.8.2.8 Instrument	for	use	in	nursing	homes	
The first specific scale for the diagnosis of frailty in subjects in residence was 

developed in 2014. 

The FRAIL-NH scale is a tool used to diagnose frailty in people in residence who 

evidence a reversible condition which, with appropriate treatment, could result in an 

improvement in results [107]. This scale assesses physical and psychological abilities, 

such as abilities, nutritional aspects and dependence in some basic activities of daily 

life, and consists of seven variables with a score between 0 and 2 (possible score 
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between 0 and 14, the higher the score, the greater the frailty), so that subjects are 

considered frail if the score is higher than 7 (Table 4). If residents evidence both 

criteria, they are given the highest score. 

 

Table	4.	FRAIL-NH	scale	for	the	diagnosis	of	frailty	in	residence.Source:[107].	

1.1.9 Analysis	of	evaluation	tools	
An analysis of the assessment tools needs to be carried out in order to draw 

conclusions so as to be able to choose the most appropriate ones for use in the studies 

that they intend to address in this project. 

Regarding frailty models, Table 5 analyses the advantages and disadvantages of the 

different models that have been developed regarding frailty. The conclusion is drawn 

that the model based on the appearance of functional impairment in the implementation 

tests will be the model that evidences the most predictive capacity and, therefore, the 

most complete one, with no drawbacks. 
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Table	5.	Frailty	models:	advantages	and	disadvantages.	

Table 6 analyses the advantages and disadvantages of the different instruments that 

have been developed according to the indexes and instruments used to assess and 

measure frailty. The conclusion is drawn that the Performance Testing Index: Short 

Physical Performance Battery (SPPB) is the most predictive instrument, as it allows a 

subject’s evolution to be monitored over time.  Additional technical material is not 

required and it has no drawbacks. 
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Table	6.	Evaluation	toools/frailty	instruments:	advantages	and	disadvantages.	

1.1.10 Summary	
Frailty is a status of extreme vulnerability to endogenous and exogenous stressors 

exposing the individual to a higher risk of negative health-related outcomes. Frailty may 

represent a transition phase between successful aging and disability, and a condition to 

target for restoring robustness in the individual at risk. Given its syndromic nature, 

targeting frailty requires a comprehensive approach. The identification of frailty as a 

target for implementing preventive interventions against age-related conditions is 

pivotal. Every effort should be made by health care authorities to maximize efforts in 

this field, balancing priorities, needs, and resources. Raising awareness about frailty and 

age-related conditions in the population is important for effective prevention, and 

should lead to the promotion of lifelong healthy behaviors and lifestyle. 

 

After this analysis of the evaluation tools, the decision is taken to use for 

the research project of this doctoral thesis the model based on the appearance 

of deterioration in the Performance-Based tests, which in turn presents as a 

tool the Performance-Based test or index: Short Physical Performance Battery 

(SPPB). 
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1.2 Technological	background	
In an ageing society it is necessary to establish new alternatives that may somehow 

try to meet the needs of elderly persons while increasing their perceived quality of life. 

In this respect, new technologies have become a basic tool in our society. 

At present, many countries have a strong interest in having frail elderly people 

receive care in their own homes, trying to avoid unnecessary income and 

institutionalization as much as possible and allowing them to live as independently as 

possible as long as possible [108-111]. 

At the same time, there is also a growing interest in the adoption of assistive 

technologies both to support and to improve the system of services and work of health 

professionals [112-116].  

Specialist literature contains many reviews of studies that include technology as 

support and tools that can be used to provide benefits to medical practice, thus taking 

into consideration new future challenges [117,118]. 

1.2.1 Search	keys	
By observing the major role played by technology in our modern-day society, it 

may ask the following question: to what extent is technology present in its relationship 

with frailty or, put another way, what technological resources are used to deal with 

frailty? There is interest in establishing which devices and programmes have been 

developed thus far to help deal with the issue of frailty that are related to prevention, 

diagnosis, care and treatment, among other areas.  

 

• OVID Medline <1946 to December week 4 2015> 

• EMBASE via OVID < 1974 to 2015 week 53> 

• Web of Science (2005-2015): gathering together all the databases included: 

main Web of Science™ collection, Current Contents Connect®, Derwent 

Innovation Index℠, Inspec® , KCI-Korean Journal Database, MEDLINE® and 

SciELO Citation Index 

• IEEE Xplore (2005-2015) 
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It decided to conduct a search by way of a review from January 2005 to December 

2015, in the course of which four databases were consulted:   

The search was undertaken in accordance with the following two strategies, owing 

to the features of the databases selected: 

(1) Medline and EMBASE: these databases permit the use of descriptors and even 

expand on them, combining them always with natural language and using the following 

keywords:  

• As expanded descriptors: frail elderly, software, computers (hardware term was 

included), telecommunications, videogames. 

• As natural language: frailty, software, telecommunications, kinect, videogames, 

wii, exergame, exergaming, sensors, serious games, robots, virtual reality.  

• Filters: date (2005-2015), language (English). 

(2) Web of Science and IEEE Xplore: conversely, these databases do not permit the 

use of descriptors, whereby exclusively natural language must be used using the 

following keywords:  

• As natural language: frailty, software, hardware, telecommunications, kinect, 

videogames, wii, exergame, exergaming, sensors, serious games, robots, virtual reality. 

• Filters: date (2005-2015), language (English). 

The following results were obtained from the review: 

• OVID Medline <1946 to December week 4 2015>: n=130 

• EMBASE via OVID < 1974 to 2015 week 53>: n=304 

• Web of Science (2005-2015) : n=271 

• IEEE Xplore (2005-2015) : n=136 

Inclusion criteria: Articles that deal with programmes and devices developed in 

relationship with frailty. 



Iranzu	Mugueta	Aguinaga																																																																																																INTRODUCTION	
	

29	
	

Exclusion criteria: Articles that do not deal with programmes and devices 

developed in relationship with frailty. 

The results were reviewed to control duplicates by noting that most papers in these 

databases could also be found in the Web of Science. (Figure 6) 

	

Figure	6.	Percentage	of	results	according	to	the	data	base	that	was	reviewed.	

For this reason, the decision was made to work with the results obtained from the 

Web of Science alongside those from EMBASE, as in this last-mentioned database can 

be found some European publications not found in the Web of Science. Following 

critical reading of the documents, the total number included in the review amounted to 

104 documents. (Figure 7) 
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Figure	7.	Flow	Diagram.	Strategy	carried	out	in	this	review	

The 104 documents were analyzed meticulously so as to classify their content. 

Thus, the following areas of work related to frailty were the ones mainly observed: 

prevention, diagnosis, care and treatment. These in turn require some type of hardware 

or software and in fact both in most cases. Studies exist in which the research covers 

one or more areas of care (Figure 8), although this review has tended to focus on those 

papers that deal with a single area of activity.  
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Figure	8.	Results	found	between	2005-2015	for	specific	areas	

Eighty documents devoted their research to the validation and/or ascertaining of 

different types of hardware, software or both, in the following areas: prevention, care, 

diagnosis and treatment.  

Of the documents reviewed, most were geared to researching and developing 

hardware and/or software related to diagnosis and prevention of frailty. To a lesser 

extent, they focused on treatment and care. (Figure 9) 

	

Figure	9.	Results	found	for	selected	areas	when	reviewing	2005-2015	and	yearly	results	and	selected	areas	found	for	
the	review.	

Despite taking into account results that date back to 2005, it was really between 

2011 and 2015 during which the greatest number was concentrated. (Figure 9) 

1.2.2 Technological	solutions	

1.2.2.1 Area:	Diagnosis	
The first studies aimed at researching into some tool or device that might help to 

diagnose frailty did not appear until 2011. (Figure 10) 



32	
	

	

Figure	10.	Results	found	by	year	and	by	area:	Diagnosis,	Prevention,	Care,	Treatment.	

On the one hand, papers were found that focused on an assessment of frailty taking 

into account the trial-based model. 

Ganea et al., 2011[119] conducted a study showing the parameters obtained via a 

small inertial sensor and portable data recorder (Physilog®, BioAGM, CH) fitted to the 

waist, to distinguish between elderly subjects with differing states of health and 

functional states.   

Martínez-Ramirez et al., 2011 [120] carried out a study, the purpose of which was 

to examine the orientation and acceleration of signals deriving from a triaxial inertial 

magnetic sensor during balancing trials conducted while the subject was standing up, 

among a frail, pre-frail and healthy population. The wavelet transform was used in data 

analysis [121]. The authors concluded by stating that the absolute sum of the wavelet 

coefficients of the details corresponding to orientation signals and acceleration were 

associated with the frailty syndrome.  

Chang et al., 2013 [122] conducted research, the purpose of which was to integrate 

wireless sensors and artificial neural networks in order to develop a system capable of 

gathering data and administering the information required to assess frailty as 

automatically as possible. To do so, they used a measuring device based on household 

goods in daily use, with a view to providing home-based means of measurement and 

thus ensuring that health controls would not be confined to healthcare establishments. 

The system consisted of five parts: (1) eScale: a scale for measuring the subject’s 
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reaction time; (2) eChair: a chair used to detect slowness of movement, weakness and 

weight loss; (3) ePad: to measure the subject’s capacity for balance; (4) eReach: to 

measure functional scope; (5) electronic questionnaire: to measure tiredness when 

performing an activity; (6) information base portal: a system based on information 

obtained from the gateway, so as to gather together all the data and predict the subject’s 

frailty. The analytical model proposed using an artificial neural network might 

effectively and easily estimate the level of functional decline. In the long-term, the 

variation in indicators monitored might permit early detection of frailty and, hence, its 

early treatment. 

Fontecha et al., 2013 [123] took advantage of the features and capacities of the 

mobile phone (accelerometer sensors, capacity for wireless communication and 

processing capacities, among others) to develop a new method that achieved an 

objective assessment of frailty in an elderly population – a model with   several mobile 

tools for assessing frailty, that would permit mobility in clinical environments and 

obtain assessments at any time.  

Galan-Mercant et al., 2013; Galan-Mercant et al., 2014 and Galan-Mercant et al., 

2015 [124-126] managed to identify a series of cinematic variables that demonstrated 

greater accuracy in discrimination in terms of functional capacity among two groups of 

elderly persons (frail and non-frail) in phases of the expanded trial involving standing 

up and leaving (ETUG), using inertial sensors integrated into the iPhone 4®. They 

reached the conclusion that the cinematic parameters obtained from the internal inertial 

sensors in the iPhone 4® proved promising for the purpose of carrying out the ETUG 

analysis and that there were encouraging signs insofar as these parameters in separate 

phases of the ETUG procedure might offer the chance to improve discrimination 

between frail and non-frail people. However, a further in-depth study was still needed to 

verify the findings. 

Zaffarana et al., 2014 [127] presented their work at the 10th International Congress 

of the European Union Geriatric Medicine Society - Geriatric Medicine Crossing 

Borders, in which they implemented a specific algorithm in the ETUG trial that helped 

to identify frailty more accurately using inertial sensors integrated into a Samsung 

Galaxy SII/III. 
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Castro et al., 2015 [128] designed an application known as InCense in which 

different technologies were found to be involved and integrated into smartphones such 

as an accelerometer, gyroscope, digital compass, camera, bluetooth, proximity sensors, 

GPS, microphones and WIFI. The application gathered together the physical activity 

carried out by subjects and transferred the resulting information in order to identify 

frailty.  

Papers were also found that focused on the assessment of frailty by taking into 

account one or more of Fried’s criteria [19]. 

Gallego et al., 2011 [129] presented a study at the 2011 Annual Scientific Meeting 

of the American Geriatrics Society, the purpose of which was to assess the strength of 

manual pressure as a predictor of mortality within  6 months in elderly persons 

following hospitalization as a result of serious illness. A hand-grip electronic 

dynamometer was used, and the aim was to ascertain whether pressing strength is linked 

to frailty insofar as it increases mortality. 387 elderly persons over 80 years of age took 

part. The conclusion was drawn that frailty was linked to a greater vulnerability towards 

factors involving stress, functional decline and inaccurate health diagnosis. It was 

shown that a frailty marker such as grip strength (pressing strength) was closely 

associated with mortality 6 months following hospitalization as a result of serious 

illness.  

Chang et al., 2011 [130] designed research using wireless sensors, the purpose of 

which was to develop a system to detect and assess frailty via interactive multimedia 

games that would enable users to gather and administer personal information 

automatically at home. The interactive games incorporated an electronic pressing 

strength sensor and an electronic pressure sensor that gathered information. They were 

compared to traditional methods used to measure frailty so as to put their validity and 

reliability to the test, and they concluded that the device accurately measures grip 

strength to help detect frailty.  

Zavala et al., 2012 [131] conducted a study, the purpose of which was to design and 

assess video games that would enable muscle strength to be measured in order to help 

detect the first signs of dynapenia (age-related loss of muscle strength). To do so, they 

created a device that could be incorporated into the remote control of the Wii™ or Xbox 

360 console that would measure grip strength. They designed two games with which to 
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measure grip strength and compared this to the traditional measuring method for grip 

strength using a dynamometer. They concluded that the device accurately measures grip 

strength and thus helps to detect the first signs of dynapenia – a criterion included in the 

assessment of frailty.  

Chkeir et al., 2013 [132] developed a device based on the Grip Ball dynamometer 

patented in 2008 by Hogrel & Duchêne et al., 2008 [133], whereby they more 

accurately measured grip strength and were able to transmit the data obtained via 

bluetooth to a PC or tablet. The results obtained helped to assess the degree of frailty, 

and they drew the conclusion that the device needed to be improved by carrying out 

studies on the relevant population in order to obtain a range of strength between sexes.  

 Hewson et al., 2013 [134] proposed the design of an innovative system in order to 

objectively quantify the level of frailty based on a series of remote tests, each of which 

use objects similar to those found in homes. A modified ball was used to assess 

maximum grip strength, while a smartphone equipped with triaxial accelerometer was 

used to estimate walking speed and the level of physical activity. Lastly, they used a set 

of bathroom scales to asses involuntary weight loss. All the data generated was then 

transferred via smartphone to a remote service provider in which the user, their 

environment and any authorized healthcare professional could access them.  

Jaber et al., 2013 [135] submitted the ARPEGE at the 2013 IEEE 15th International 

Conference on e-Health Networking, Applications & Services-Healthcom. This project 

consisted of a set of technological tools referred to as the ARPEGE package to assess 

frailty in elderly persons within their habitual environment, i.e. in their home, with 

reference to Fried’s physical frailty scale [19]. The ARPEGE package comprised 

different measuring devices connected wirelessly to a tablet-PC that would enable non-

professionals to handle them easily. Frailty assessment was of a maximum 8 minute 

duration, and an initial experiment involving 150 subjects was set in motion at the time 

the project was submitted. The aim was to demonstrate the acceptability and usefulness 

of the set of tools.  

Dapp et al., 2013 [136] presented a study at the 9th International Congress of the 

European Union Geriatric Medicine Society (EUGMS) that was carried out using the 

GAITRIte® system for analyzing walking speed that incorporates some wireless sensors 

attached to the body, whereby objective data about participants’ walking speed was 
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obtained. This objective data was added to other information obtained regarding leisure 

activities, health-related events, socio-economic, medical and professional aspects, 

lifestyle habits, limitations in terms of day-to-day activities, mobility problems and risk 

of falling. The results obtained were then assessed according to Fried’s frailty 

phenotype [19], and the results showed that the system had sufficient functional 

competence for the purpose of detecting pre-clinical signs of functional decline. 

Drubbel et al., 2013 [137] carried out a study to assess frailty in a cohort of 1580 

subjects over 60 years of age in primary care, to compare the results obtained between 

the Groningen Frailty Indicator (GFI) questionnaire and the FI score calculated 

previously by researchers, and using software designed by the authors in a prior study 

[49]. The FI and GFI results were moderately superimposed in identifying frailty in 

elderly community results. Based on the results, the authors suggested estimating an 

initial FI with recorded routine health data as a means of improving the identification 

and optimization of resources in primary care. Only subjects with a high FI score – i.e. 

with a high risk of frailty – completed the GFI questionnaire.  

Toosizadeh et al., 2014; Toosizadeh et al., 2015 and Toosizadeh et al., 2015 [138-

140] implemented a new method to objectively assess frailty using a wireless sensor 

connection and movement of the upper extremities. Subjects bent their elbow repeatedly 

for 20 seconds on each side. It was shown that frailty and pre-frailty can be predicted to 

94% sensitivity and 98% specificity if compared to Fried’s criteria. The physical 

assessment is easily made in less than 1 minute.  

1.2.2.1.1 Conclusions	Area:	Diagnosis	
A general frailty rate using technology is still to be created. However, we have been 

able to ascertain that a great deal of research has been carried out since 2011 and is still 

being carried out to establish the most suitable tool. In the papers reviewed, it has been 

ascertained that despite isolated developments to measure a variable such as pressing 

strength or walking speed, the integration of different measuring devices into a single 

tool is essential for establishing a comprehensive assessment method in which the 5 

criteria described by Fried are taken into consideration. From the studies analyzed in 

this area, the one that gets closest is the ARPEGE project presented by Jaber et al., 2013 

[135], at the IEEE 15th International Conference  on e-Health Networking, Applications 

& Services-Healthcom. Table 7 contains the studies analyzed.	
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1.2.2.2 Area:	Prevention	
Most results in this area focused on the design of devices and tools aimed at 

detecting situations of risk and/or falling. 

The increase in results was significantly greater after 2012. (Figure 10) 

Lee et al., 2005 [141] conducted research that involved placing some cameras on 

the ceiling of a room fitted out for the study with bedroom furniture such as a bed and 

chair, among others. The researchers asked the study group to adopt five positions and 

repeat them three times, and the results of the behavioural pattern were then compared 

to previous recordings that simulated falls. The system detected 77% of falls and lost 

23%. There were only false alarms on 5% of occasions.  

Reeves et al., 2007 [142] carried out a study in which they used 20 environmental 

sensors fitted in a home that detected participants’ daily activity with a view to 

designing algorithms to establish normal behavioural patterns among users – and thus 

be able to identify any deviations from these normal patterns in real time. When they 

detected deviations, an alarm went off to alert carers of a possible situation involving 

risk.  

Jun et al., 2009 [143], used the 3D Vicon movement capturing system and six 

markers, and to this system they added accelerometers and gyroscopes. The purpose of 

the study was to obtain detailed parameters in the laboratory that could then be used to 

detect falls. They studied walking patterns based on silhouettes taken from sequences of 

images. Three features of the walking patterns were researched from three different 

image capturing perspectives: shoulder height, spine tilt and centre of the silhouette. By 

assessing fourteen sequences of images that represented a range of healthy walking 

styles in frail people, features were extracted and compared to the results obtained when 

capturing movement using the 3D Vicon system. 

Zouba et al., 2009 [144] used cameras and sensors but incorporated them in a 

laboratory environment known as GERHOME comprising four rooms: kitchen, living 

room, bedroom and bathroom. The aim was to conduct a more exhaustive analysis of 

movement-related patterns in daily life in the search for changes in behaviour that might 

predict risky situations. The data obtained from 2 volunteers was analyzed (of 64 and 85 

years of age), and the accuracy in recognizing postures and events ranged from between 

62 and 94%, while sensitivity was within the 62-87% range.  
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Tolkiehn et al., 2011 [145] included an ADXL330 triaxial accelerometer, a 

barometric pressure sensor (VTI SCP 1000-D01) and a wireless sensor network (WSN) 

in their research, located in a device attached to the waist. The experimental results 

showed not only a reliable fall detector but also managed to ascertain the direction of 

fall, thus being able to predict the location of the affected joint. 

Menelas et al., 2012 [146] designed a game that would enable users to keep their 

balance on five different types of flooring (broken stone, stone powder, sand, concrete 

and wood). The proposed game combined elements from the real world with an 

interactive virtual one provided by a KinectTM sensor. When exposing the user to 

various destabilizing events (disturbances) provided by an interactive shoe, the purpose 

of the game was to strengthen the lower extremities and prevent falls. On the other 

hand, as a result of using interactive footwear, it was possible to record users’ dynamics 

and their capacity to maintain postural stability following a disturbance in real time. 

Nakajima et al., 2012 [147] carried out a study with the aid of some manipulated 

inner soles in which the results revealed that capturing walking pattern features may 

identify elderly persons with a high risk of falling. 

Tchalla et al., 2012[148]  simply ascertained that a system for switching a light on 

around the bed significantly reduced falls in the home when the subject placed their foot 

on the floor when getting in or out of bed, alongside an intercommunication system 

based on a medal-shaped switch used for assistance in the event of emergency. 

Sadasivam et al., 2014 [149] proposed the development of a remote-controlled 

robot (Spykee) equipped with video camera and different sensors that passed over all 

types of flooring, including carpets. The purpose of the study was to see whether the 

robot was able to make an assessment of risks in the home by detecting potential 

hazards and preventing falls.  

Ando et al., 2015 [150] carried out a laboratory study in which they used all 

possible capacities of a smartphone to not only detect the risk of falling but also to 

discriminate between the different types of fall in frail people. The fall detection 

methodology was based on an acceleration and orientation analysis, and the information 

gathered by the smartphone sensors was processed via threshold algorithms (TAS). The 

authors showed that the methodology developed was able to detect and classify three 
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types of possible fall (forwards, backwards, seated, on stairs and sideways). This work 

could be used both for indoors and outdoors in places such as museums, hospitals and 

public spaces, but also in the home (e.g. for monitoring subjects who have recently been 

discharged from hospital).  

Chaccour et al., 2015 [151] developed a Zimmer® frame equipped with acoustic 

signals, infrared sensors, an ultrasound sound, optic sensors and inertial accelerometers. 

The Zimmer® frame was validated in the laboratory with 5 students, and the results 

obtained showed the ability of the Zimmer® frame to detect obstacles by giving off an 

acoustic signal – very useful for preventing knocks and falls. 

Dubois et al., 2015 [152] proposed a system for preventing falls in the home. This 

system was based on an in-depth analysis of images provided by the Microsoft Kinect™ 

sensor, and was designed to detect whether the person being monitored has fallen or is 

performing a risky activity such as getting on a chair. The results obtained from 

previous research by Dubois et al., 2013 and Dubois et al., 2014 [153,154] showed that 

it was possible to identify a person’s activity and to analyze measurements of the 

walking parameters from in-depth images, although there was a problem with 

identifying the person being monitored. To recognize the person being monitored, the 

walking parameters of that person were used rather than facial recognition and 

algorithms were developed to enable the sensor to detect this, thus managing to 

personalized prevention of falling in the home without the need for them to carry any 

other type of device. 

1.2.2.2.1 Conclusions	Area:	Prevention	
Preventing risky situations and preventing falls in elderly persons is of the utmost 

importance so as to thus in turn prevent any increase in their degree of frailty and ensure 

they remain independent for as long as possible. 

With this aim in mind, we found devices in most of the studies reviewed – 

specifically wireless sensors of different types (motion, optic and pressure, etc.) that 

determine the risk of falling in elderly persons according to the data recorded and 

compared to normal behavioural patterns. 

In terms of new features, we found on the one hand the inclusion within the 

research analyzed of something as common in our day-to-day lives as smartphones and, 

on the other, recognition of the person being monitored from among others who may 
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share the household as obtained using the Microsoft KinectTM sensor. Lastly, the use of 

robots constitutes a challenge that is already starting to bear fruit. Table 8 contains the 

studies analyzed.	
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1.2.2.3 Area:	Care	
The number of results in this area has been very stable over most years since 2005, 

with there being a significant upswing in 2012. (Figure 10) 

Savenstedt et al., 2005 [155] established an internet protocol with broadband 

together with a conference system, the purpose of which was to set in motion a telecare 

service. In the results they found technical limitation in transferring communication, and 

they thought it necessary to carry out further studies in which the technical conditions 

could improve so as to quantitatively and qualitatively assess the results obtained. 

Finkelstein et al., 2006 [156] developed the VALUE programme in which they 

introduced the use of an internet portal that required a PC and video conferencing. The 

results obtained from this study successfully showed messages being sent and requests 

for product and care. 

Vincent et al., 2006 [157] ascertained that the telecare system proved to be far more 

effective and efficient when the service included healthcare professionals. 

Savolainen et al., 2008 and Magnusson et al., 2012 [158,159] presented the 

ACTION project in which they introduced information and communication technology 

(ICT) by developing a study with internet- and video conferencing-based education 

programmes. This programme successfully obtained the telecare service and 

communication among frail elderly persons. 

Lin et al., 2008 [160] carried out a study in which they used a physiological 

wireless sensor system. These biosensors were monitored remotely via WiFi, radio 

frequency and Universal Plug and Play (UPnP) technology. The results showed early 

detection of signs of decline, thus improving the quality of care and satisfaction of frail 

elderly persons. 

Mahoney et al., 2009 [161] developed the implementation of wireless sensors based 

on the ZigBee system in the home via the AT EASE programme, to promote care and 

environmental monitoring and responding to the demand for safety and wellbeing of 

elderly persons, family members and carers at residential care homes without violating 

privacy. The results pointed to a perception of the need and usefulness for residents of 

the system in order to retain their independence and avoid being transferred to a more 
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restrictive environment such as a hospital, this being the key to the programme’s 

success. 

Vacher et al., 2011 and Vacher et al., 2013 [162,163] presented the SWEET-

HOME audio technology-based smart home project. The results showed the detection of 

sound, movement and speech in real time – very promising for frail elderly persons with 

mobility difficulties. 

Robben et al., 2012 [164] implemented an innovative portal that encompassed e-

health technologies – an information portal about health and wellbeing (ZWIP). The 

results showed a very important medium for overcoming fragmentation of health care 

and for facilitating the participation of frail elderly persons. However, it was found to be 

limited insofar as it has so far been adopted very little in daily practice.   

Pigini et al., 2012 [165] implemented an SRS Mobile platform in the SHADOW 

multi-mission robot, whereby they managed to get the robot to accompany the frail 

elderly person in performing a range of daily tasks. The results concluded that robot 

care was positive in the scenarios involving daily life that had been experimented with, 

except for in the kitchen. Having said this, participants pointed out that interaction with 

professionals and/or carers offers greater independence.  

Clarke et al., 2013 [166] developed an expandable modular platform comprising 

integrated sensors: four physiological sensors and three environmental sensors. They 

did not submit any results because the study was still underway. They revealed the fact 

that initial data was encouraging for the purpose of providing care and detecting 

possible hazardous events in frail elderly persons. 

De Folter et al., 2014 [167] presented the InCasa project that was defined as an 

integrated network for care/independence of frail elderly persons. The system 

comprised a sensor for use in bed and two motion sensors, and the results demonstrated 

the system’s capacity for monitoring daily mobility – very useful for detecting 

hazardous events and signs of decline. 

Man et al., 2015 [168] presented an application platform via interactive software 

with eleven functions that can be used from any PC, tablet or smartphone. The results 

showed it to be a very useful and suitable platform for any device, and participants 
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highlighted the fact that it was easy to use as well as being useful as support for their 

independence and self-sufficiency.  

1.2.2.3.1 Conclusions	Area:	Care	
Technology is able to supervise indicators referring to state of health, provide 

warnings about events such as falls, and give early warning of potential problems and 

signs of decline in frail elderly persons.  

There is also broad recognition of technology’s potential for improving the safety 

and independence of frail elderly persons. This technology enables quality services to 

be accessed and the ability for such subjects to remain in their own homes to be 

extended, thus improving their quality of life by improving their independence. 

Technology complements the care work carried out by carers and healthcare 

professionals but does not yet replace it, because from the previously-described results 

we can deduce that interaction with professionals and/or carers offers still greater 

independence. Table 9 contains the studies analyzed.	  
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1.2.2.4 Area:	Treatment	
This is the area in which the least number of results were found in the course of the 

present review.  

The years in which the greatest number of results were concentrated were as in the 

case of the Diagnosis area, i.e. between 2011 and 2015. (Figure 10) 

Ganea et al., 2007 [169] carried out a study using a system of inertial sensors 

attached to a trunk with a data recorder to monitor the activity. The results indicated that 

the tool was simple yet accurate for the purpose of monitoring frail elderly persons and 

objectively assessing the effectiveness of a rehabilitation programme. 

Bondoc et al., 2011 [170] presented the study they had embarked on at the 

American Congress of Rehabilitation Medicine (ACRM)–American Society of 

Neurorehabilitation Annual Conference (ASNR), Progress in Rehabilitation Research. 

The purpose of this study was to determine the effect of the Nintendo® Wii™ console 

based on functional interventions regarding the participation and physical condition of 

frail elderly persons within an institutional environment. No results were obtained 

because the study was still underway. 

Conversely, Kwok et al., 2011 [171] did provide results in the study in which they 

made a comparison between the active Nintendo® Wii™ programme and gymnasium-

based standard rehabilitation in frail elderly persons so as to ensure a reduction in falls 

and also fear of falling. The study was the first randomized test conducted using the 

Nintendo® Wii™ as a tool for reducing falls and the fear of falling in frail elderly 

persons, and the results showed that use of Nintendo® Wii™ proved to be more 

effective than the traditional model as it successfully reduced the number of falls. The 

programme is suitably cost-effective. 

Szturm et al., 2011 [172] conducted a study in which they used pressure and motion 

sensors together with a biofeedback screen that included three types of video game. The 

purpose of the study was to ascertain whether balance training via interactive games 

would result in better control of dynamic balance compared to a standard physical 

strength and balance programme. The results indicated that (1) the biofeedback screen 

helped to improve balance; (2) improvement in response when tried out on different 

surfaces; (3) the movements required to complete the experimental tasks were selected 

randomly whereby new research is required that would take into account a detailed 
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design of the movements to be made; (4) the experimental tasks had levels of difficulty 

that could be manipulated so as to ascertain and challenge the performance of each 

individual. The authors plan to carry out future home-based studies. 

Daniel et al., 2011 [173] presented a study using the Nintendo® Wii™ at the 2011 

Annual Scientific Meeting of the American Geriatrics Society, in which they compared 

the activity carried out by the Geri-Fit® exercise programme to that done with the 

Nintendo® Wii™ and to a control group. The results indicated an improvement in the 

physical and muscular state of pre-frail participants both in terms of treatment using 

Geri-Fit® and the Nintendo® Wii™. 

Daniel et al., 2012 [174] conducted a study in pre-frail elderly persons in which the 

Nintendo® Wii™ console was combined with exercises performed in the seated position 

and a control group. The purpose of the study was to ascertain the effectiveness of a 

new rehabilitation programme using some popular games while the participant was 

wearing a waistcoat laden with weight, thus enabling the degree of frailty of pre-frail 

participants to be reduced. The results pointed to the fact that there was no difference 

between intervention groups, and the authors concluded by stating that the exercise 

programme using Nintendo® Wii™ was as effective as the exercise programme 

performed in the seated position. They also stressed that use of the console could prove 

to be very useful in rehabilitation at home following discharge from hospital and/or to 

perform the exercise in a group. 

Tsai et al., 2013 [175] carried out a study, the purpose of which was to assess the 

acceptability of an aptitude test application (iFit) in a game environment for installation 

in an assisted community. The games are based on trials that also serve as the following 

tests: grip strength; balance and reaction time. It was ascertained that the platform could 

be used to promote health and prevent the appearance of frailty, and the application 

could be installed both on PCs and tablets and smartphones. 

Jorgensen et al., 2013 [176] conducted a study to examine postural balance and 

muscle strength in elderly persons from the community. In the course of the study they 

compared the intervention group to another control group that were wearing ethylene 

vinyl acetate (EVA) inner soles for daily use. The results indicated significant 

improvements in maximum muscle strength of the leg and in overall functional 

performance. Bilateral static postural balance remained unaltered.  
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Kim et al., 2013 [177] carried out an unsupervised virtual reality study that 

consisted of a muscle strength exercise programme for the hip and balance control. The 

clinical group evidenced significant improvement in the trials conducted in relation to 

the control group. The authors insisted that a virtual reality-based exercise programme 

might prove to be a useful tool for improving the reduction in physical function in 

elderly persons as a home-based exercise, provided that this is supervised.  

Lauritzen et al., 2013 [178] took part in the GameUp: Game-Based Mobility 

Training and Motivation of Senior Citizens project with a work in which they 

researched into the use of the FitBit Ultra application as opposed to the Samsung 

Galaxy S3 pedometer smartphone application and some video cameras. The results 

showed that the FitBit Ultra application was advisable for carrying out physical activity 

such as walking in young adults and in more elderly persons who need a little technical 

assistance with walking (stick). However, this application was not considered advisable 

if a Zimmer® frame is used for walking.  

Padala et al., 2014 [179] presented a study at the 2014 Annual Scientific Meeting - 

American Geriatrics Society in which they conducted a retrospective review of 400 

subjects ≥ 60 years of age who had undergone rehabilitation in a specialist nursing 

home.  Of these, 63 subjects had the documentation for use of Wii Fit at their disposal 

during rehabilitation, while a further 63 subjects made up the control group and had no 

documentation for use of Wii Fit, but only underwent physical therapy. By comparing 

differences between the groups in terms of the change experienced since the time of 

admittance in daily activities, balance and the distance covered, the authors concluded 

that the use of Wii Fit improves these three points, namely balance, the distance covered 

and daily activities. 

Kubicki et al., 2014 [180] carried out a study with a view to researching into the 

effects of a 2D virtual reality-based programme on postural control associated with a 

swift movement of the arm in frail elderly persons for rehabilitation purposes, by re-

learning to use the upper extremities. They used the virtual reality system, Fovea 

Interactive®, and a marker on the arm and forearm. The results suggested that a certain 

level of motor skill re-learning was retained in frail subjects and concluded by saying 

they thought more training would be necessary to be able to automate the movement. 
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Geraedts et al., 2014 [181] conducted an assessment study to ascertain compliance 

with and the effectiveness of an individually-adapted physical activity programme 

undertaken at home for frail elderly persons. This was done using a physical activity 

sensor in the form of a pendant to ensure it would be portable and would provide remote 

feedback using a PC tablet on which videos of the exercises were displayed. The results 

showed that the programme constituted an innovative method for stimulating physical 

activity in frail elderly persons. The authors considered that the insight gained in this 

study could be used to develop and streamline the application of innovative technology 

in exercise programmes in the home. As a following step, they proposed conducting an 

effectiveness assessment via a randomized controlled trial.  

Geraedts et al., 2015 [182] conducted a randomized controlled trial in which they 

validated the research carried out in 2014, as described above. In this validation, the 

authors confirmed that the study group obtained better results in terms of leg mobility 

than the control group. Therefore, they considered the sensor to be a valuable tool for 

assessing physical activity in the home based on leg mobility time in frail elderly 

persons. The authors also thought that further studies would be necessary to specify 

more specific aspects of walking and postures involved within the daily activity pursued 

by frail elderly persons. 

Fairhall et al., 2015 [183] conducted a randomized controlled trial, the purpose of 

which was to assess a multi-factor intervention in the development of frailty in pre-frail 

elderly persons compared to a control group. The results showed mobility improvement, 

and the multi-factor intervention provided major potential benefits in terms of 

preventing transition towards frailty. 

1.2.2.4.1 Conclusions	Area:	Treatment	
Most research activity was concentrated between 2011 and 2015 in the case of this 

area. Regular physical activity is essential for elderly adults in general, as this is 

considered to be the way to remain healthy and independent. 

The studies mainly used the Nintendo® Wii™ console to promote physical activity. 

The putting into practice of this type of console has thus far been tried out in the area of 

rehabilitation, although its use is confined to games designed for the console and these 

games do not always meet the full requirements of certain types of treatment.  
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A further step forward is offered by the introduction of virtual reality using the 

Fovea Interactive® system as a re-learning method. 

Different mobile applications such as FitBit, iFit or some other type of motion 

sensor or activity gauge both promote and improve physical activity such as walking. 

This might be used to assist other technologies so as to form part of a more integral 

method. 

The multi-factor intervention programme is very complete, but requires the 

intervention of many healthcare professionals that means its accessibility is limited. 

Table 10 contains the studies analyzed. 
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1.2.3 Summary	
This paper provides a review of the most relevant devices and technologies that 

were developed between 2005 and 2015 in the different areas covered by frailty, namely 

prevention, care, diagnosis and treatment. In most of the results, classified according to 

areas, the objective that had been set out for each study was met, and all studies show 

that technologies make it possible to work in different areas linked to frailty. 

However, what is the most suitable technology for each area? May we conclude by 

stating that these technologies are genuinely useful in each area?  

After having analyzed each study one by one, it is important to focus attention on 

the set of these technologies classified according to areas and to compare them, so as to 

find a satisfactory response to these questions. 

In the area of diagnosis, the scales on which the authors based the design of the 

devices are: Fried’s phenotype model of frailty and the trial-based model. 15 studies 

stand out among those that assess frailty, taking into account the different models 

described.   

This review shows how research provides very similar results in terms of the 

development of technologies based on one scale or another. (Figure 11) 

 

Figure	11.	Percentage	of	results	according	to	the	scales	on	which	the	authors	base	for	the	design	of	technology	
in	the	area:	Diagnosis.	

Irrespective of the scale used for the design, advances made in wireless technology 

can be noted, as can the integration of smartphones, within the interactive multimedia 

game world – and even in smart clothes that may facilitate more standardized 

assessment in daily physical activity [184]. 
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Thus, when assessing the functional capacity of elderly persons, healthcare 

professionals may have objective information at their disposal for assessment purposes, 

as the information provided is often based on self-reports by the interested parties 

themselves, and this may vary a great deal from one individual to the next. 

The results show that there is a correlation between the frailty results obtained via 

the interactive game system and the results obtained from traditional measuring 

methods. They also show that the interactive game-based system is a predictive tool of 

great specificity that can be used to assess frailty. 

The most recent finding related to sensors attached to the arm and forearm features, 

in addition to its simplicity, a unique characteristic that is its applicability in individual 

health clinics. To ascertain test-retest reliability and the viability of a new method, the 

authors envisage assessing the tool in a larger sample, in different groups of subjects 

and in different areas of health care. 

These parameters might in the future prove to be of great interest in the clinical 

sphere of activity to help with methods used to identify the elderly population with 

frailty syndrome. 

In the area of prevention, frailty is also recognized as a factor involving risk of 

falling. The negative consequences related to falls include fear of falling, loss of 

confidence, anxiety, depressive symptoms and reduction in self-sufficiency, which may 

lead to social isolation and/or avoidance of physical activity. However, it is also known 

that up to 40% of falls can potentially be prevented, according to Kojima et al., 2015 

[185]. 

This review shows how research provides very similar results in terms of the 

development of devices that use both wireless sensors with cameras and KinectTM 

sensors to analyze movements and postures that may indicate a risk of falling. (Figure 

12) 
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Figure	12.	Percentage	of	devices	used	in	studies	for	fall	prevention.	 	

Promising results have been obtained for future studies that may increase the 

accuracy both of extracting features of risky patterns and postures such as the 

monitoring of elderly persons thought to be at risk. 

Using a robot to identify possible risks in the home is a new feature, although the 

study itself pinpoints to several research questions about how best to use remote-

controlled robots in another sense that may for instance help to reduce the number of 

home visits by staff and therefore improve efficiency owing to cost reduction. 

In the area of care, the highest percentage was found in the use of different wireless 

sensors - motion, physiological and environmental in particular – that constitute what 

are known as smart homes based on different back-up technologies in terms of software 

needed to develop them. They can prove very interesting in the area of care for frail 

elderly persons in order to encourage their independence and also improve their quality 

of life. According to what the authors have been able to ascertain, telecare would seem 

to be very effective and efficient when the service involves professionals. The 

application platform is a new system that uses an interactive software that can be 

operated via any device such as a tablet or smartphone – a feature that encourages 

independence of frail elderly persons, thus increasing their quality of life. Conversely, 

the use of robots in care has not yet gained popularity, with contact with other subjects 

such as carers still being preferred. (Figure 13) 
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Figure	13.	Percentage	of	tools	used	in	the	study	for	care.	

In the area of treatment, the Nintendo® Wii™ console is the most-used tool in the 

studies analyzed for treatment of frailty in elderly persons. The results show better 

effectiveness over the traditional method or other tools used in each case, but the 

disadvantage is that when performing the games that are habitually used in studies, only 

one or two extremities are involved. These are not activities that envisage more 

complete ones in which both the trunk and the extremities take part in the game. 

Although the physical activity programme that is adapted individually via remote 

feedback using a tablet-PC that shows exercise videos proved to be very effective, it is 

limited by the motion sensor used to record only activity involving the legs. The authors 

consider that future research could include extending the activity programmes at home. 

In using pressure and motion sensors with interactive games, the introduction of 

automatic adaptation of the game being played based on the signals received from the 

sensors in order to balance the difficulty faced with perceived skills or the physical 

condition in order to offer better incentives in terms of the player’s participation, is 

considered to be an interesting improvement that could be taken into account when 

using systems with such interactive games.  

Virtual reality is currently in the developmental phase in terms of treatment of 

frailty. Only one study provides us with insight about this complex system, albeit one 

replete with possibilities (Figure 14). 
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Figure	14.	Percentage	of	devices	used	in	the	studies	for	treatment.	

The studies shows that all technologies are suitable for use as tools for treating frail 

elderly persons.   

The serious games appear in 3 of the 4 revised areas. According to the following 

relation regarding the total: number of articles with use serious games/ number of total 

articles. The relation is:  Diagnosis (1/16), Prevention (2/12), Care (0/12) and Treatment 

(7/15). 

The application of technological solutions in health care is a field that is constantly 

expanding and about which there are great expectations both on the part of users and 

healthcare professionals and carers, despite the existing reticence in this area known as a 

technology gap.  

Worldwide, the number of elderly members of the population and the need to be 

able to assist them properly is on the increase. This need requires major material and 

human resources that in turn increase costs.  

It is of the utmost importance to continue working to reduce the gap existing 

between technology, frail elderly persons, healthcare professionals and carers by 

bringing together the different views about technology and thus stimulate dialogue, an 

increased awareness and knowledge about the respective fields in order to engage in 

collaboration on projects that may reduce costs and improve health and quality of life. 
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The researchers should think not only in searching new tools that include 

active participation of the subjects, but also that involve amusement in order to 

obtain considerable implication so that success  in participation, adherence and 

activity compliance is achieved regardless the frailty area in which it is 

developed. In this way, serious games are very interesting. 

At present, the serious games are a tool with many possibilities that are being 

slowly implemented in frailty researches and from which good results are 

expected in a near future. 
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2.	JUSTIFICATION,	HYPOTHESIS	AND	
OBJECTIVES	 	

            “Research is formalized curiosity. It is poking and prying with a purpose”. 
Zora Neale Hurston 
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1.   
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2 JUSTIFICATION,	HYPOTHESIS	AND	OBJECTIVES	

2.1 Justification	
Frailty is an important predictor of adverse outcomes in elderly people, such as 

death (up to 45% a year), institutionalisation, falls, mobility decline, increased disability 

in basic (BADL) and instrumental activities of daily living (IADL) and hospitalisation, 

and those with pre-frailty have an increased risk of becoming frail within 3 years [45]. 

Institutionalised older adults are a heterogeneous population in disability rates, 

multi-morbidity, quality of life and vulnerability. Interventions in this population should 

be individualised, and detection and treatment of frailty could be of use in preventing 

disability, mobility decline, falls and mortality [45]. 

The last decade has seen a rapid increase in research into the use of technology in 

the elderly population [186,187]. Exercise via interactive video games – known as 

exergames – is being increasingly used to increase physical activity, thus improving 

health and the physical function in elderly persons [186,188-190].  

The concept of exergame may be defined as the use of a video game that 

incorporates physical activity into the game, leading to an improvement in motivation 

and adherence to participation in that physical activity [191]. 

Exergames may have basic advantages over traditional exercise, as they easily 

enable specific tasks to be performed via a range of levels of difficulty. This in turn 

enables the user to start at a suitably challenging level and then to gradually progress in 

terms of level of difficulty that can be based on individual performance in real 

time[186]. However, commercial games that are easily available are mainly designed 

for entertainment and recreational purposes for younger users with more complex 

interaction and interface. Exergaming technology is therefore now less of a feasible 

option for many elderly people [192-194], and furthermore, games available on the 

market are mainly designed for enjoyment and are not based on basic exercising 

principles. For games to be effective, users need to make movements with specific 

features during the game that may be deemed relevant for the function being trained. 

Taking into account the above, a contribution needs to be made by creating a 

technological solution. Thus, it has been decided that a game should be designed whose 
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contents enable elderly persons to improve their physical capacity and their state of 

health and independence in the activities they carry out in their daily life via the game in 

which they take part. The aim is therefore to reduce frailty risk or, if frailty already 

existed, to improve the extent to which it is in evidence. 

In addition to overcoming the technological barrier existing between elderly 

persons and the use of technological devices, the aim is also to ensure that the game has 

extra appeal over those already existing such as WII sport (bowling, tennis, boxing) and 

Wii fit[174,195], in which the scenarios and movements are unique. The extra appeal 

offered by FRED is that the user passes through different scenarios in which they carry 

out a range of activities with a specific objective in mind or within a main activity. 

The ultimate goal is for the user to be the protagonist, to like the game, and for 

them to find it appealing so as to become more involved in and further pursue the 

exercise [196]. 

2.2 Hypothesis	
The exergame as a technological solution can help reduce the risk of frailty in 

elderly persons by improving their functional capacity, as well as motivating them to 

perform physical exercise. Physical exercise should be clinically safe and cardiac 

healthy. 

2.2.1 Research	questions	
 It will attempt to answer the following research questions in order to check the 

previous hypothesis: 

• Would the game (FRED) be able to reduce the risk of frailty? 
o Reducing the risk of frailty by performing physical exercise with 

the FRED game is deemed possible. For this reason, the 
implementation of a study that seeks to answer the question being 
asked is proposed. 
 

• Would the game (FRED) be able to motivate subjects to do exercise? 
o Motivating frail elderly persons to do exercise is deemed 

possible. The aim is to achieve the above via  the design of a 
game that they like and that motivates them. 

• Could the exercise performed with the game (FRED) be clinically safe 
and cardiovascular for frail elderly persons? 
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o Daily physiological parameters will be collected in order to 
ensure that the physical exercise to be performed with the game 
(FRED) is clinically safe and cardiovascular. 

2.3 OBJECTIVES	
This section describes the general and specific objectives that it is hoped will be 

achieved by this project. 

2.3.1 General	objective	
The general objective of this project is to design and implement a game for 

decreasing the risk of frailty and improving functional capacity of elderly persons to 

enable them to remain independent as long as possible. 

2.3.2 Specific	objectives	

2.3.2.1 Physical	objectives	
• Improve physical and functional capacity 

• Encourage exercise in elderly persons to avoid a sedentary lifestyle. 

• Improve the balance in elderly persons to ensure they are safer and more 

independent. 

• Avoid falls in elderly persons to prevent hospitalization. 

• Ensure that elderly persons remain independent in terms of the basic 

activities of daily living (BADL). 

• Adherence to and compliance with exercise. 

2.3.2.2 Physiological	objectives	
• Perform an exercise which ensures basic safety parameters of heart rate, 

blood pressure and blood oxygen saturation. 

• Perform a cardiovascular exercise. 

2.3.2.3 Technological	objectives	
• Design and implementation of the serious game, including: 

o Creative and intuitive scenarios 

o Specific exercises created respecting biomechanics and neuromotor 

activity. 

• Different activities with a goal or within a main activity. 

• Achieve usability of the game. 
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2.3.2.4 Social	objetives	
• Improve the perception of quality of life. 

• Encourage participation and integration. 

• Improve mood state. 

• Avoid isolation in elderly persons. 
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3.	MATERIAL	AND	METHODS	 	

“In much of society, research means to investigate something you do not know or 
understand”. 

Neil Armstrong 
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3 MATERIAL	AND	METHODS	

3.1 Experimental	design	

3.1.1 Ethics	committee	approval	
Approval was requested and obtained from the Ethics Committee in Research of the 

Deusto Foundation (University of Deusto), reference number Ref: ETK-17/15-16, in 

order to proceed with the study. 

3.1.2 Participant	Recruitment	
Contact was established with two residential homes, and the necessary permits were 

requested and obtained from the management at the home.  

Recruitment at both residential homes was undertaken via informative talks that 

were given. These talks were open to all interested residents and were advertised via 

informative posters and pamphlets. 

Interested subjects signed the duly-informed consent form. Screening was arranged 

for 65 subjects in total in accordance with the the inclusion and exclusion criteria. 

3.1.3 Study	type	
The following studies have been carried out 

• A pilot three-week randomized controlled trial (Phase 1): A feasibility 

pilot study to verify that the game designed, achieves to reach the objective 

set: reduce the risk of presenting frailty of the subjects. For this purpose, the 

Short Physical Performance Battery (SPPB) has been used. 

• A pilot six-week randomized controlled trial (Phase 2) with biofeedback: 

Pilot study to verify that the game designed, over 6 weeks has continued to 

achieve the objective set: reduce the risk of presenting frailty of the 

subjects. For this purpose, the Short Physical Performance Battery (SPPB) 

has been used. In addition, the Barthel Index and the EuroQol 5D-5L 

questionnaire have been included. Biofeedback has been recorded with the 

following physiological constants: systolic blood pressure, diastolic blood 

pressure, heart rate and blood oxygen saturation, in the intervention group, 

with which it has been verified that the physical exercise posed in the FRED 

game is inside of heart-healthy and safe parameters. 
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3.1.4 Participants	

3.1.4.1 Inclusion	criteria	
Inclusion criteria: persons over 65 years of age with a Barthel Index equal to or 

above 90 points who carry out no scheduled physical activity 

3.1.4.2 Exclusion	criteria	
Exclusion criteria: persons over 65 years of age with a Barthel Index less than 90 

points or with a Barthel Index equal to or above 90 points who carry out scheduled 

physical activity. 

3.1.4.3 Description	of	the	sample	
Of the 65 subjects who showed interest in taking part in the study, 46 met the 

inclusion criteria, and these subjects were again asked to carry out some specific tests in 

order to evidence their degree of frailty 

Of the 46 subjects, 40 obtained scores below 10, i.e. 40 subjects evidence frailty 

risk according to the SPPB test.  

40 subjects started the study, although only 39 completed it. One subject from the 

control group passed away before the study was completed.  

The following table summarises the major features of both groups. (Table 11) 

 

Table	11.	Description	of	sample	features.	Measurement	of	quality	of	life	in	terms	of	health.	DM:Diabetes	
Mellitus;	HT:Hipertensión;	DL:Dyslipidaemia;	EQ	5D-5L	y	EQVAS.	
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The sample proved to be homogeneous in terms of the Barthel Index, age, gender 

and frailty risk, EuroQol 5D-5L, Medical History of Cardiovascular Risk. 

3.1.5 List	and	description	of	evaluation	tools:	indices,	questionnaries	and	tests	
The following evaluation tools were used in this study, and these were authorised 

for use by different authors following prior request for permission by email. With the 

intention of respecting the privacy of the contents, these e-mails have not been attached 

as attachments. 

The evaluation tools have been: 

• Barthel Index: a scale with which a quantitative estimate is obtained of the 

degree of independence a subject has to pursue activities of daily living. The 

score ranges from 0 to 100. [197,198] 

The interpretation of this score is described below. (Table 12) 

BARTHEL INDEX INTERPRETATION 

0-20 Total dependence 

21-60 Severe dependence 

61-90 Moderate dependence 

91-99 Slight dependence 

100 Independence 

Table	12.	Barthel	Index:	score	and	interpretation	

	

• EuroQol 5D-5L: a standardised measure for state of health developed by 

the EuroQol Group in order to provide a single, general measurement 

applicable to a wide range of health conditions and treatments, which in turn 

provides a single descriptive profile and a unique state of health rate that 

may be used in clinical assessment. The individual themselves assesses their 

state of health – first in terms of seriousness via dimensions (descriptive 

system) and then via a visual analogue scale (VAS) for more general 

assessment purposes. This last scale ranges from 0 to 100. [199-201]. 
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• Short Physical Performance Battery (SPPB): This Battery includes 3 

tests: balance test, gait speed and standing up from/sitting down on a chair 5 

times. These tests follow a hierarchical sequence. 

In the first test, the balance test, the participant tries to maintain 3 positions: 

side-by-side stand, semi-tandem and tandem stand for 10 seconds each. In 

the second test, the gait speed test, the participant walks a distance of 4 

metres at their normal pace, this test is performed twice and the shortest 

time is recorded.  Lastly, in the case of the chair stand test, the participant 

stands up from and sits down on a chair 5 times as quickly as possible, and 

the total time taken is recorded.  Each test is given a score from 0 (worst 

performance) to 4 (best performance): for the balance test and according to 

a hierarchical combination of performance in the 3 component subtests and 

the other 2 tests, a 0 score is assigned to those that do not complete or try 

out the test, and scores from 1 to 4 according to the time taken. A total score 

is obtained for the whole battery, which is the sum of that obtained from the 

3 tests and ranges between 0 and 12. Scores below 10 evince 

frailty[105,202].(Figure 15) 

 

Figure	15.	Short	Physical	Performance	Battery	(SPPB)	flowchart.	Source:[106].	
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• The System Usability Scale (SUS): This is a questionnaire based on the 

Likert scale to rate the capacity for using systems.  The score may be 

between 0 and 100, in which 100 represents the best usability and a score of 

≥68 is considered positive [203]. 

3.1.6 Evaluation	test	
Frailty screening was undertaken using the Short Physical Performance Battery 

(SPPB), validated and normalised within our milieu, which combines balance testing, 

gait speed and chair stand. This prioritization was based on its successful validation in 

detecting frailty and great reliability in predicting disability[105,202]. 

Of the 46 subjects, 30 obtained scores below 10, i.e. 40 subjects may be considered 

frail.  

In addition to the Barthel Index, the 40 subjects filled in the following 

questionnaire: EuroQol 5D-5L. Medical records related to risk of heart failure were also 

gathered. 

3.1.7 Radomization	and	procedure	
The groups were randomized as follows. 

To undertake randomization, these 40 subjects were classified according to range of 

age, gender and Barthel Index, obtaining a study group and a control group of subjects 

respectively. 

With the resulting groups, the procedure described below has taken place. 

The subjects belonging to the study group carried out three sessions per week over 

a 3 and 6 week period. Each session involved 20 minutes of activity divided into three 

parts.  

The first targeted both the upper and lower extremities, while the second and third 

targeted specifically the upper and lower extremities respectively. On completion of 

each part, the subject has the chance to rate the exertion made using the simplified Borg 

scale [18]. Depending on their rating, they will either be able to continue immediately, 

or after doing some abdominal-diaphragmatic breathing exercises that will be of a 

duration that depends on the rating of the exertion made. After completing these 

breathing exercises, they may choose to continue or otherwise abandon the activity. 



76	

	

 

In the 6-week study group, the physiological constants – blood pressure, heart rate 

and blood oxygen saturation – were recorded prior to commencing the FRED game, 

immediately after completing it and after 5 minutes had elapsed, according to the 

publications reviewed.[204-206]. 

 

The following parameters were established taking into account these publications 

[204-206] (Table 13), above all to assess the fact that under no circumstances may the 

pursuit of physical exercise using the FRED game put the subject at any risk, thus 

ensuring that the activity is safe and, in turn, to assess whether it may also be beneficial 

to cardiovascular health:  

	

Table	13.	Classification	of	intensity	of	physical	activity.	Examples	of	absolute	and	relative	levels	of	intensity.	MET	
(metabolic	equivalent).	RPE	(Rating	of	perceived	exertion)	(*20	value	Borg	score)	(**10	value	Borg	score).	%	HRmax,	
percentaje	of	measured	or	estimated	maximum	heart	rate	(220-age).	Source:	Modified	from	Howley[207]	

• Heart Rate (HR): <76% Heart Rate Maximum (%FCMAX)(*) 

• Systolic Blood Pressure (SBP): <150mmHg 

• Diastolic Blood Pressure (DBP): <90mmHg 

• Blood Oxygen Saturation (SpO2): Variations <5%SpO2. 

(*)Modified Borg scale: a 5 score on the Borg scale is included together with the 

maximum heart rate percentage [<76% Heart Rate Maximum (%FCMAX)] in order 

to ascertain that the perceived exertion is correctly related to heart rate. 
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After completing the FRED game session each day, each participant from the study 

group was asked 2 simple questions, with just a YES or NO answer.  

The subjects belonging to the control group continued to lead their daily lives in the 

course of which they had no physical activity scheduled.  

On one hand, after 3 weeks and having taken part in 9 physical activity sessions 

with the FRED game, the Short Physical Performance Battery (SPPB) test was once  

again carried out to ascertain whether the degree of frailty had been reduced. 

And on other hand, after 6 weeks and having taken part in 18 physical activity 

sessions with the FRED game, the Short Physical Performance Battery (SPPB) test was 

once again carried out to ascertain whether the degree of frailty had been reduced. The 

Barthel Index and the EuroQol 5D-5L questionnaire were in turn run passed the subjects 

and lastly, the System Usability Scale (SUS) was applied exclusively to subjects from 

the intervention group. 

3.1.8 Stadistical	analysis	
The R open code statistical programme version 3.2 for Windows is used to carry 

out the statistical tests and create the graphs.  

The Wilcoxon Exact Test is carried out in order to compare the means obtained 

from the study group before the test and after 3 and 6 weeks.  

The relationship between an improvement in their results and belonging to the 

study group was measured using the Pearson and Fisher-Exact tests. 

An adjusted Cochran-Mantel-Haenszel estimate was used to compare the relative 

risks involved when stratifying the data in terms of age and gender.  

3.2 System	design	

3.2.1 FRED	game	creation	basis	
The FRED game was designed as a type of exergame [191], in which the author of 

this thesis, in their capacity as physiotherapist, designed the contents of the game while 

at the same time taking into account both specific movements for developing physical 

exercise and the devising of different scenarios in which these movements could be 

developed.  These scenarios are developed in a logical order to ensure that the subjects 

who perform them find a meaning to the activity. Each movement is designed by taking 
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into account both biomechanical and neuromotor parameters and evidence features of 

sufficient extent to be recognised by the Kinect™ sensor.  

3.2.2 Materials	used	for	the	development	and	start	up	of	the	FRED	game		
FRED is a game that has been developed using a 3D unity motor,  and needs a 

Kinect™ game controller connected to a computer and a screen or TV. 

Unity is a game engine based in native C++. Despite Unity allows for implementing 

code in C#, JavaScrip (UnityScript) or less frequently in Boo, FRED is 90% 

implemented in C# and some simple scripts for handle objects were developed in 

JavaScript. The code from Unity is executed in Mono or Microsoft.NET framework, 

compiled just-in-time (JIT) (except for iOS, which does not allow JIT code, and Mono 

is native compiled Ahead-of-Time (AOT).  

Unity allows for try the game in an IDE without having to realize any sort of 

compilation or export. When the code is executed in Unity, Mono version 3.5 was 

employed, this version is compatible with the API. 

The minimum technical characteristics required for the computer are: 7th 

Generation Intel® Core™ processor  which supports up to 16GB of RAM Memory, 

integrated graphics Geforce GTX970. USB 3.0, Windows 10 – 64 bits Operating 

System. 

3.2.3 FRED	game	description	
The author of this thesis, in their capacity as physiotherapist has designed the 

FRED game presenting the structure in its design to be described in this section. (Figure 

16) 

 

Figure	16.	Established	structure	in	Fred	game	design.	



Iranzu	Mugueta	Aguinaga																																																																													MATERIAL	AND	METHODS	

	

79	

	

The FRED game consists of three parts. Each part presents creative and intuitive 

scenarios to capture the attention and interest of the subject. 

In each scenario specific movements are carried out to exercise large muscle groups 

comprising several joints. Specific movements also have to have the characteristic of 

being functional movements, ie, set of movements that serve to perform a specific 

activity such as: the set of movements made during the action of picking up an apple, 

rolling up a hose, etc. 

The repeated functional movements of the upper limbs and upper trunk such as 

reaching, leading to the side an object, carrying an object backwards and bending 

[208,209] facilitate independence in the basic activities of daily life (BADL) such as 

transfers, dressing, feeding and toilet [210]. While repeated functional movements of 

the lower limbs and lower trunk can provide functionally relevant improvements, such 

as cardiovascular fitness [211], walking distance, speed, transfers as well as, 

independence in activities of daily living [208,209].  

Of course, and although it is not the main objective of this research as a health 

professional, the author of this work, considered it fundamental that the exercise 

performed in the game designed (FRED), meets the criteria of being cardio healthy and 

safe. 

The FRED game unfolds on an estate where there is a road lined with trees 

that leads to a hamlet with a vegetable garden and vineyards. The game consists of 

various scenarios. Each scenario represents one or more steps in a simplified 

process to produce txakoli [24]. The user starts to carry out the different activities 

which are remote controlled and in order, and each activity corresponds to a specific 

movement of the upper and/or lower extremity. Apart from the physical activity, the 

game requires attention, coordination of movement, balance, accuracy and spatial 

orientation. 

The Kinect™ sensor detects and records the ranges of movement and time that 

have been previously defined, giving a positive score to successfully-completed 

exercises and showing the final score at the end of each part. 
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Each session involved 20 minutes of activity divided into three parts. The first 

targeted both the upper and lower extremities, while the second and third targeted 

specifically the upper and lower extremities respectively. 

On completion of each phase, the subject has the chance to rate the exertion made 

using the simplified Borg scale [212]. Depending on their rating, they will either be able 

to continue immediately, or after doing some abdominal-diaphragmatic breathing 

exercises that will be of a duration that depends on the rating of the exertion made. 

After completing these breathing exercises, they may choose to continue or otherwise 

abandon the activity. (Figure 17) 

 

Figure	17.	Images	of	the	game	at	the	moment	when	the	effort	made	is	rated,	together	with	images	of	the	moment	
when	the	breathing	exercises	are	carried	out.	

As the image shows, the subject should be placed on the emoticon that expresses 

how it feels. If the subject feels good, will continue to play without breathing. In case of 

neutral sensation, the subject has to perform 5 diaphragmatic breathing before continue 

playing. If on the contrary, the subject fells wrong, the breaths that have to be performed 

are doubled (10 diaphragmatic breathing). The balloon that appears in the image 

facilitates the realization of the breaths. The balloon swells and is green when the 

subject breathes, while on the contrary, it decreases in size and changes to red when the 

subject blows out the air. 

Below the different scenarios of the game with be considered and in sequential 

order. It is described every single movement that is necessary to carry out, what is their 

objective and why they have been used. (Figure 18) 
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Figure	18.	FRED	Game	overview:	structure	and	contents.	
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The game FRED presents three levels of difficulty. These levels of difficulty 

depend on the time and situation of the different obstacles to overcome and the situation 

of the fruits to pick up. (Table 14) 

FRED LEVELS TOTAL TIME 

LEVEL 1 (LOW DIFFICULTY) 10 MINUTES 

LEVEL 2 (MEDIUM DIFFICULTY) 20 MINUTES 

LEVEL 3 (HIGH DIFFICULTY) 30 MINUTES 

Table	14.	Difficulty	levels	of	FRED	game.	

In this research project has been used the level 2 (medium difficulty), therefore, 20 

minutes of total duration. 

Below is a general summary as a synopsis of the main activity chosen for the 

FRED game. 

The player begins his adventure of elaborating txakoli, heading towards the hamlet 

by a road in which he finds different obstacles that must surpass to add points. Once in 

the hamlet, the player have to water the vineyard. To do this, unroll the hose, observes 

how the vineyards grow while watering, while adding points. After finishing watering, 

he goes to roll up the hose. Once collected, the player begins to pick the grape up and 

puts it in a bucket. All the collected grapes will be found in the wine press located at the 

top floor, which the player will have to access by going up stairs. 

Part 1 

Scenario 1: Avoiding different obstacles 

In which the player walks on a path towards a hamlet along which they have to 

avoid different obstacles: stones, streams (by crossing bridges, tree trunks and 

branches). 

Specific movements to be made in Scenario 1: Lateral movements: bending down-

getting up (flexion-extension of trunk, hip, knees and ankles); alternate lifting of leg: 

retaining weight and balance; alternate lifting of arms. (Figure 19) 
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These specific movements require the following at all times: attention, coordination 

of movement, balance, accuracy and spatial orientation, as variables related to the Short 

Physical Performance Battery (SPPB) to assess and monitor subjects. 

	

Figure	19.		Images	of	the	game	in	scenario	1.	

The purposes of the movements used in the scenario 1 are:  

• Walking in different directions 

• Muscular work involving upper and lower extremities and trunk (pectoral and 

pelvic girdle) 

• Load transfer 

• Balance 

• Coordination 

• Attention 

• Spatial orientation 

Scenario 2: Avoiding the obstacle on the ground while picking an apple. 

At the end of the path, over the last few metres before reaching the hamlet, the 

player has to avoid an obstacle while at the same time picking an apple. These 

movements will be alternately shown in homolateral and contralateral form. 

Specific movements to be made in Scenario 2: Retaining weight and balance 

together with homolateral lifting of arm and leg; retaining weight and balance together 

with contralateral lifting of arm and leg. (Figure 20) 
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These specific movements require the following at all times: attention, coordination 

of movement, balance, accuracy and spatial orientation, as variables related to the Short 

Physical Performance Battery (SPPB) to assess and monitor subjects. 

	

Figure	20.		Images	of	the	game	in	scenario	2.	

The purposes of the movements used in the scenario 2 are: 

• Walking in different directions 

• Muscular work involving upper and lower extremities and trunk (pectoral and 

pelvic girdle) 

• Load transfer 

• Balance 

• Coordination 

• Attention 

• Spatial orientation 

Part 2 

Scenario 3: Unrolling a hose. 

The player reaches the hamlet, picks up a hose outside and unrolls it. 

Specific movements to be made in Scenario 3: Circumduction movement of the 

shoulder on the frontal plane; the movement is made with both the left and right 

shoulders. (Figure 21) 
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These specific movements require the following at all times: attention, coordination 

of movement, balance, accuracy and spatial orientation, as variables related to the Short 

Physical Performance Battery (SPPB) to assess and monitor subjects. 

	

Figure	21.		Images	of	the	game	in	scenario	3.	

The purposes of the movements used in the scenario 3 are: 

• Muscular work involving upper extremities and pectoral girdle 

•  Coordination 

• Attention 

• Spatial orientation 

Scenario 4: Watering the vine with the hose. 

The user observes how the vines grow while they are watering them. 
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Specific movements to be made in Scenario 4: Flexion-extension and 

abduction/adduction movements to different extents <90º. Movements are made with 

both the left and right hand. (Figure 22) 

These specific movements require the following at all times: attention, coordination 

of movement, balance, accuracy and spatial orientation, as variables related to the Short 

Physical Performance Battery (SPPB) to assess and monitor subjects. 

	

Figure	22.	Images	of	the	game	in	scenario	4.	

The purposes of the movements used in the scenario 4 are: 

• Muscular work involving upper extremities and pectoral girdle 
•  Coordination 

• Attention 

• Spatial orientation 

Scenario 5: Rolling up the hose. 

After finish watering, the player goes to pick up the hose used. 

Specific movements to be made in Scenario 5: circumduction of the shoulder on 

the frontal plane. The movement is made both with the left and right shoulders. (Figure 

23)  
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These specific movements require the following at all times: attention, coordination 

of movement, balance, accuracy and spatial orientation, as variables related to the Short 

Physical Performance Battery (SPPB) to assess and monitor subjects. 

	

Figure	23.	Images	of	the	game	in	scenario	5.	

The purposes of the movements used in the scenario 5 are: 

• Muscular work involving upper extremities and pectoral girdle 
•  Coordination 

• Attention 

• Spatial orientation 

Scenario 6: Picking grapes and putting them in a bucket. 

Specific movements to be made in Scenario 6: Flexion-extension movements, 

lifting the shoulder >90º; internal and external rotation of the shoulder. Movements are 

made both with the left and right hands and left and right shoulders. (Figure 24) 
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These specific movements require the following at all times: attention, coordination 

of movement, balance, accuracy and spatial orientation, as variables related to the Short 

Physical Performance Battery (SPPB) to assess and monitor subjects. 

	

Figure	24.	Images	of	the	game	in	scenario	6.	

The purposes of the movements used in the scenario 6 are: 

• Muscular work involving upper extremities and pectoral girdle 
• Coordination 

• Attention 

• Spatial orientation 

Part 3 

Scenario 7: Climbing the stairs inside the house and grabbing the railing.  

Specific movements to be made in Scenario 7: This is done with a homolateral 

movement (arm and leg on the same side) and with a contralateral movement (arm and 

leg on opposite sides). (Figure 25) 

These specific movements require the following at all times: attention, coordination 

of movement, balance, accuracy and spatial orientation, as variables related to the Short 

Physical Performance Battery (SPPB) to assess and monitor subjects. 
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Figure	25.	Images	of	the	game	in	scenario	7.	

The purposes of the movements used in the scenario 7 are:  

• Muscular work involving upper and lower extremities and trunk (pectoral and 

pelvic girdle) 

• Load transfer 

• Balance 

• Coordination 

• Attention 

• Spatial orientation 

3.2.4 Devices	used	to	take	physiological	constants	for	biofeedback	

3.2.4.1 Blood	pressure	and	heart	rate	measuring	device	
The device used to take the blood pressure and heart rate has been OMRON® 10 

series Blood Pressure Monitor. Model BP786N. (Figure 26) 

 

Figure	26.	Device	used	to	measure	the	blood	pressure	and	heart	rate.	
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This device has the following technical characteristics: (Table 15) 

Model BP785N IREFI HEM-7321-Z 
Display LCDdigital display 
Measurement range Pressure: O to 299 mmHg 

Pulse: 40 to 180 beats/mln 
Accuracy Pressure:±3 mmHg or 2% of reading 

Pulse:± 5% of display reading 
lnflation Fuzzy-logic controlled by electric pump 
Deflation Automatic pressure release valve 
Measurement Method Oscillometric method 
IP classification IP 20 
Power source 4 "AA" batteries 1.5V or AC adapter (INPUT AC100-

240V 50/60Hz 0.12A) 
Battery life Approximately 1000 meaaurements (uaing new alkaline 

batteries) 
Operating temperatura / humidity 50ºF to 104"F (10 ºC to 40 ºC) / 15 to 90% RH 
storage temperature / humldity / air preuure -4ºF to 140ºF (-20ºC to 60ºC) / 10 to 95% RH / 7OO to 

1060 hPa 
Weight Monitor :Approximately(400 g) not including batteries 

Arm cuff :Approximately 5 3/4 oz.(183 g) 
Dimensions 
 

Monitor :Approximately(124 mm x 90 mm x 161 mm) 
Arm culf :Approximately[(145 mm x 532 mm (air tube: 
750 mm)] 

Cuff circumference 9" to 17" (220 to 420 mm) 
Memory Up to 100 per user 
Applied  part Type BF 
Protection against electric shock 
 

lntemally powered ME equipment (When using only lhe 
batteries) 

Class II ME equipment (AC adapter) 
Notes •These specifications are subject to change without 

notice. 
•In the clinical validation study, the 5th phase was used 
on 85 subjects for determination of diastolic blood 
pressure. 
•This device has not been validated for use in pregnancy. 

Table	15.	Technical	specifications	of	the	device	used	to	measure	blood	pressure	and	heart	rate.	

The device used has been tested and validated for use in clinical practice.  

It has an online application called Omron Healthcare that allows recording the 

blood pressure and heart rate taken. 

3.2.4.2 Blood	oxygen	saturation	level	measuring	device	
The device used to take the blood oxygen saturation level has been iHealth® 

Wireless Pulse Oximeter. Model PO3. (Figure 27) 
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Figure	27.	Device	used	to	measure	the	blood	oxygen	saturation	level.	

This device has the following technical characteristics: (Table 16) 

Specifications 
 

Model: PO3 
Classification: Internally powered, type BF 
Wireless communication: Bluetooth 4.0 BLE 
Display system: LED 
Machine size: 62mm x 33mm x 28mm 

Range & Battery 
 

SpO2 measuring range: 70-99% 
SpO2 accuracy: 70-99%,±2%; <70%, no definition 
Pulse rate measuring range: 30-250bpm 
Pulse rate accuracy: ±2bpm or ±2% larger one 
Power: Battery, 3.7V li-ion, 300 mAh 

Operation & Storage 
 

Operating temperature: 5°C-40°C 
Operating humidity: <80% 
Storage and transport temperature: -20°C-55°C 
Storage and transport humidity: <95% 

Table	16.	Technical	specifications	of	the	device	used	to	measure	the	blood	oxygen	saturation	level.	

The device used has been tested and validated for use in clinical practice.  

It has an online application called iHealth MyVitals that allows recording the 

blood oxygen saturation level taken. 

3.2.5 Record	of	activity	performed	and	biofeedback	
The biofeedback is recorded daily 3 times in each session: before, immediately 

after and 5 min after finish the physical exercise with FRED game. 

The following is the record sheet that is used during the pilot six-week randomized 

controlled trial (Phase 2) with biofeedback. (Table 17) 
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ID   
LEVEL 2 
FRED GAME 

DATE MINUTE BORG PHYSIOLOGICAL 
CONSTANTS 
AFTER 

PHYSIOLOGICAL 
CONSTANTS 5’ 
AFTER FINISH 

DAY FULL 
ACTIVITY 

 END PART 
1 

 BP HR %SpO2 BP HR %SpO2 

PHYSIOLOGICAL 
CONSTANTS 
BEFORE 

END PART 
2 

       

BP HR %SpO2 NOT FULL 
ACTIVITY 

 END PART 
3 
 (AT THE 
END OF 
ACTIVITY) 

 DO YOU 
LIKE IT? 

YES NOTES: 
NO 

   Do you 
find it 
motivating 
for the 
purpose of 
improving 
your 
physical 
condition? 

YES 

NO 

	

	Table	17.	Record	sheet	used	for	daily	data	collection.	

Before starting the session, blood pressure, heart rate and blood oxygen saturation 

have been taken. Once the physiological constants have been registered, the subject has 

performed the physical activity with the FRED game. In case of not completing the 

game, it is necessary to note the minute in which the subject leaves. Physiological 

constants are taken immediately at the end and five minutes after finishing. The 

registration was done daily and for each subject. 
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4.	RESULTS	 	

“What we find changes who we become”. 
Peter Morville 
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4 RESULTS	

4.1 Study	1:	A	pilot	three-week	randomized	controlled	trial	(Phase	1)	

4.1.1 Description	of	the	process	
The following CONSORT flow chart outlines the complete procedure that took 

place in the course of the study 1. (Figure 28) 

	

Figure	28.	CONSORT	Flow	diagram	of	the	progress	through	the	phases	of	a	parallel	randomised	trial	of	two	groups	
(that	is,	enrolment,	intervention	allocation,	follow-up,	and	data	analysis).	Source:	[213].	

Therefore, of the 40 subjects who commenced the study, 39 completed it. One 

subject from the control group passed away before the study was completed.  

4.1.2 Description	of	the	sample	in	week	1	
In the first week of the study it was noted that both groups were at 100% risk of 

evidencing frailty and it could also be observed that although the control group evidence 

a greater minimum and maximum range than the study group, both means were similar. 

(Table 18)  
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4.1.3 Results	obtained	from	the	short	physical	performance	battery	(SPPB)	after	3	
weeks	

After analysing the results obtained in the tests carried out using the SPPB, after 3 

weeks and after having conducted 9 physical activity sessions using the FRED game, it 

was noted that the results from the study group increased whereas those from the 

control group decreased, as can be seen in Table 18.   

	

Table	18.	Statistical	description	of	SPPB	results	in	the	first	and	third	weeks	of	the	study.	

On the one hand, 25% of subjects from the control group obtained scores between 5 

and 7, whereas at the start of the study (week 1) they obtained scores between 6 and 8.  

Conversely, it was also noted a substantial improvement in scores obtained by subjects 

from the study group – the minimum increase from 6 to 7 and 50% of subjects obtained 

scores of 10 or over, which means that these subjects are no longer considered to be 

exposed to frailty risk according to the SPPB tests. (Table 18, Figure 29). 

The Wilcoxon test was carried out to determine that the results from the study 

group obtained improved after 3 weeks. This test enabled the initial hypothesis to be 

rejected that the results obtained by the study group before and after would be the same, 

with a value of p < 0,001. 
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Figure	29.	Score	obtained	using	the	Short	physical	performance	battery	(SPPB)	in	weeks	1	and	3.	

By the third week, it was noted that the 19 (100%) subjects from the control group 

evidenced frailty risk, whereas the 20 subjects from the study group only evidenced 

40% risk of frailty risk.  The results confirmed the fact that 60% of subjects from the 

study group (12 of the 20 subjects) no longer evidenced frailty risk after the third week. 

Within the general framework, 85% (17 of the 20 subjects) of subjects from the study 

group showed some type of improvement in terms of their SPPB results. (Figure 30). 

	

Figure	30.	Percentage	frailty	and	number	of	subjects	in	control	group	and	study	group	at	the	end	of	week	3.	
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Figure 30 shows the evolution of results obtained from both groups, broken down 

using a bar chart that shows whether subjects improved or otherwise, and whether 

subjects ended up exceeding the frailty limit (SPPB ≥ 10). 

Dependence between an improvement in their results and belonging to the study 

group was measured via Pearson and Fisher-Exact tests. These tests show that the SPPB 

results depend on the group to which the subject belongs, with a value of p < 0,001. 

Below are described the scores obtained by the subjects in the SPPB tests 

conducted in the first week and after 3 weeks,  according to categories (Figure 31). 

	

	

Figure	31.	The	Short	physical	performance	battery	(SPPB)	score	evolution.	

In terms of evolution of SPPB results and taking into account the intervals marked, 

it was also noted that 3 subjects from the control group dropped from the interval [7,10] 

to the one immediately below, whereas all the subjects from the interval [4,6] in the 

study group moved up to higher intervals (3 subjects to the interval [7,10] and 3 

subjects to the interval [10,12]). Additionally, 9 subjects from the interval [7,10] moved 

up to the interval [10,12]. 
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It was not necessary to compare SPPB results with regard to age or gender as the 

effect of these variables was minimised by the fact of having a homogenous sample of 

subjects in the control and study groups.   

After 3 weeks, the relative risk for all subjects from the control group of obtaining 

an SPPB results below 10 is 2.5 times greater than that for all the subjects from the 

study group (Figure 13). The relative risk according to age of the control group 

(Cochran-Mantel-Haenszel estimate) for 2 strata (< 85 and ≥ 85 years) is 2.53 greater 

than for the study group under the same conditions, while the relative risk according to 

gender of the control group is 2.52 times greater than for the study group, also under the 

same conditions. 

It was noted that the relative risk of all subjects from the control group in 

comparison to the study group was nearly identical to the relative risks according to age 

and gender, whereby these variables were excluded from being considered distortion 

factors (what are known as confusion variables in statistics).  This was due to the 

homogenous nature evidenced by the control and study groups in terms of age and 

gender. 

	

Figure	32.	Distribution	of	the	Short	physical	performance	battery	(SPPB)	score	obtained	according	to	age	and	
gender.	
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4.1.4 Game	satisfaction:	
After completing the game each day, each participant was asked 2 questions, with 

the possible responses being YES or NO: 

1. Do you like the game? 

2. Do you find it motivating for the purpose of improving your physical condition? 

As regards the first question, except on days 1 and 2 when there was a 10% (2 

subjects) and 5% (1 subject) respectively who gave a negative response, the 20 subjects 

from the study group responded YES on the other days. (Figure 33) 

As regards the second question, except on days 1 and 2 when there was a 20% (4 

subjects) and 5% (1 subject) who gave a negative response, the 20 subjects from the 

study group responded YES on the other days. (Figure 33). 

 

Figure	33.	Daily	response	percentages	by	the	study	group	to	the	questions:	“Do	you	like	the	game?”	and	“Do	you	find	
it	motivating	for	the	purpose	of	improving	your	physical	condition?”.	
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4.2 Study	2:	A	pilot	six-week	randomized	controlled	trial	(Phase	2)	with	
biofeedback	

4.2.1 Description	of	the	process	
The following CONSORT flow chart outlines the complete procedure that took 

place in the course of the study 2. (Figure 34) 

 

Figure	34.	CONSORT	Flow	diagram	of	the	progress	through	the	phases	of	a	parallel	randomised	trial	of	two	groups	
(that	is,	enrolment,	intervention	allocation,	follow-up,	and	data	analysis).	Source:	[213].	

Therefore, of the 40 subjects who commenced the study, 39 completed it. One 

subject from the control group passed away before the study was completed. 

4.2.2 Description	of	the	sample	in	week	1	
In the first week of the study it was noted that both groups were at 100% risk of 

evidencing frailty and it could also be observed that although the control group 

evidenced a greater minimum and maximum range than the study group, both means 

were similar. (Table 19) 
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Table	19.	Statistical	description	of	SPPB	results	in	the	first	and	sixth	weeks	of	the	study.	

4.2.3 Results	obtained	from	the	short	physical	performance	battery	(SPPB)	after	6	
weeks	

After analysing the results obtained in the tests carried out using the SPPB, after 6 

weeks and after having conducted 18 physical activity sessions using the FRED game, it 

was noted that the results from the study group substantially improved whereas those 

from the control group worsened, as can be seen in Table 19.  

After 6 weeks, all subjects from the study group except for 1 obtained a score over 

10, i.e. they were no longer considered to be exposed to frailty risk in accordance with 

the SPPB tests (Figure 35).  Conversely, all subjects from the control group remained 

exposed to frailty risk (with a score below 10) after 6 weeks.   

The Wilcoxon test was carried out to determine whether results from the study 

group improved after 6 weeks, and the initial hypothesis that the before and after results 

obtained by the study group would be the same, with a value of p <0,001, was rejected 

with this test. 
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Figure	35.	Score	obtained	in	the	SPPB	in	week	1	and	week	6.	

By the sixth week, it was noted that 100% of subjects from the control group 

continued to evidence frailty risk, whereas only 5% of subjects from the study group 

evidenced this. No subject from the control group evidenced any improvement (increase 

in score) in their SPPB results, whereas 100% of subjects from the study group 

evidenced improvements in their results after 6 weeks (Figure 36).  By carrying out the 

Fisher-Exact test on this information, strong evidence was obtained to suggest that there 

was a difference in the proportion of subjects who improved their SPPB in general 

between the two groups (study and control), with statistical significance of p < 0.001. 
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Figure	36.	Percentage	frailty	and	number	of	subjects	in	control	group	and	study	group	at	the	end	of	week	6.	Details	
provided	of	the	evolution	of	results	obtained	from	both	groups,	broken	down	using	a	bar	chart	that	shows	whether	
subjects	improved	or	otherwise,	and	whether	subjects	ended	up	exceeding	the	frailty	limit	(SPPB	≥	10).	

Below are described the scores obtained by subjects in the SPPB tests carried out in 

the first week and after 6 weeks, according to category. (Figure 37) 

 

Figure	37.	SPPB	score	evolution.	

In terms of evolution of SPPB results and taking into account the intervals marked, 

it was noted that 8 subjects from the control group dropped from the interval [7,10] to 

the one immediately below, whereas all the subjects from the interval [4,7] in the study 
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group moved up to intervals [10,12]. Additionally, 13 subjects moved up from the 

interval [7,10] to the interval [10,12], and 1 subject remained at the interval [7,10], as 

their SPPB result of 9 subjects did not change after 6 weeks. (Figure 37) 

It was not necessary to compare SPPB results with regard to age or gender as the 

effect of these variables was minimised by the fact of having a homogenous sample of 

subjects in the control and study groups. (Figure 38) 

On the one hand, by using the Fisher-Exact test strong evidence was found to 

suggest that there was no difference in the proportion of male and female subjects 

without risk of being exposed to frailty (SPPB ≥ 10) after 6 weeks, with statistical 

significance of p < 0.001. 

And on the other, the Fisher-Exact test was adjusted according to age (85 years and 

over). Once again, strong evidence was found to suggest that there was no difference in 

the proportion of subjects of 85 years and over and those under 85 years of age without 

risk of being exposed to frailty (SPPB ≥ 10) after 6 weeks, with statistical significance 

of p < 0.001. 

Both results were obtained as of the homogeneity existing between the control 

group and the study group in terms of age and gender. (Figure 38) 

 

Figure	38.	Distribution	of	SPPB	score	obtained	according	to	age	and	gender.	
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4.2.4 EuroQol	5D-5L	

4.2.4.1 EQ-5D-5L	Index	
It was noted that the general scores obtained from the EQ-5D-5L Index for the 

control group decreased by the end of the 6 weeks (Table 20). 

 

Table	20.	Statistical	description	of	the	EQ-5D-5L	Index	for	control	and	study	groups.	

From the control group only 37% (7 subjects) improved or maintained the EQ-5D-

5L Index after 6 weeks. In contrast, from the study group, 68 % (14 subjects) improved 

or maintained the EQ-5D-5L Index after 6 weeks. 

In figure 39, it can see that the EQ-5D-5L Index for the study group remained 

relatively stable with the median remaining at 0.92, whereas it decreased from 092 to 

9.87 in the case of the control group. (Figure 39) 
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Figure	39.	Results	obtained	from	the	EQ-5D-5L	Index	in	week	1	and	week	6	for	control	and	study	groups.	

When analysing the difference in results in each group after 6 weeks, the mean EQ-

5D-5L Index for the control group was less by 0.045, whereas in the study group the 

EQ-5D-5L Index produced a more stable mean (the mean of the differences was 

+0.012). (Table 21).   

 

	

Table	21.	Statistical	description	of	the	EQ-5D-5L	Index	differences	for	control	and	study	groups.	
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When comparing these changes using the t-test, the following null hypothesis was 

rejected: the treatment does not affect changes in EQ-5D-5L Index, with a 95% 

confidence level and value of p= 0.046. (Figure 40). 

In accordance with the Wilcoxon test, the following null hypothesis was also 

rejected: there was no difference in improvement in health between the two groups 

being treated, with p value = 0.0391. (Figure 40) 

 

Figure	40.	Results	of	EQ-5D-5L	Index	differences	in	week	1	and	week	6	for	control	and	study	groups.	

In conclusion, in terms of the EQ-5D-5L Index, the study group remained stable 

whereas the control group slightly worsened. 

4.2.4.2 EQ-VAS	
Descriptively, an improvement was quickly able to be noted in EQ-VAS results for 

the study group. The mean increased from 74.7 to 86.8 and the range between the first 

and second quartile increased after 6 weeks from 60 and 86.25 to 78.75 and 100 

respectively. Conversely, the mean for the control group decreased from 72.63 to 60 

points, while the range between the first and second quartile also decreased after 6 

weeks from 60 and 85 to 47.50 and 70 respectively. (Table 22) 
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Table	22.	Statistical	description	of	the	EQ-VAS	for	control	and	study	groups.	

Visually, in Figure 41, the improvement of the study group compared with the 

control group was verified. The median of the study group went from 77.5 to 95, 

whereas in the control group it decreased from 70 to 60 from week 1 to week 6. 

 

Figure	41.	Results	of	EQ-VAS	in	week	1	and	week	6	for	control	and	study	groups.	



110	

	

When analysing the difference in results in each group after 6 weeks, the mean EQ-

VAS for the control group decreased (-12.63), whereas the EQ-VAS mean for the study 

group increased (12.05). (Table 23). 

 

Table	23.	Statistical	description	of	the	EQ-VAS	differencces	for	control	and	study	groups.	

In accordance with the Wilcoxon test, it is rejecting the null hypothesis with a value 

p <0.001 in favour of an alternative hypothesis that there is a difference in improvement 

in EQ-VAS results between the two groups being treated. (Figure 42). 
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Figure	42.	Results	of	EQ-VAS	differences	in	week	1	and	week	6	for	control	and	study	groups. 

In conclusion, in terms of the EQ-VAS, the control group worsened whereas the 

study group significantly improved. 
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4.2.5 Barthel	Index	
Both control and study groups commenced the physical activity with homogenous 

features (minimum, maximum, mean and median). (Table 24) 

 

Table	24.	Statistical	description	of	the	Barthel	Index	for	control	and	study	groups.	

After 6 weeks, the Barthel Index significantly improved in subjects belonging to the 

study group. 50% attained the maximum score of 100 points whereas, conversely, the 

results obtained by subjects from the control group substantially worsened. 

The results obtained from the Barthel Index in the study group improved after 6 

weeks with statistically significant evidence, with a value of p < 0.003906.  

In contrast, the results obtained from the Barthel Index worsened in the control 

group after 6 weeks with statistically significant evidence, with a value of p < 0.001952. 

(Figure 43) 



Iranzu	Mugueta	Aguinaga																																																																																				 RESULTS	

	

113	

	

 

Figure	43.	Results	of	Barthel	Index	In	week	1	and	week	6	for	control	and	study	groups.	

4.2.6 Biofeedback:	Physiological	constants	

4.2.6.1 Heart	Rate	(HR)	
Below is the graph showing interquartile ranges of work intensity attained by 

subjects from the study group during exercise, grouped together in 6-day intervals and 

expressed as a percentage of maximum heart rate (%HRMax). Values below the broken 

line (76%) represented moderate and light levels of exercise intensity, meaning that 

subjects below this line remained within suitable parameters of cardiac healthy and safe 

physical exercise. (Figure 44) 
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Figure	44.	Results	of	the	maximum	heart	rate	percentage		(%HR	Max)	for	the	study	group	during	exercise,	grouped	
together	into	6-day	intervals.	

Of the 360 heart rate measurements (20 subjects x 18 days’ measurement) taken 

over the 18 days of exercise, 20 measurements failed to reach the cut-off point, i.e. only 

5.55% of measurements were not below the 76% intensity cut-off point and the 94.5% 

of measurements remained below the cut-off point. (Figure 45) 

 

Figure	45.	Number	of	%	heart	rate	measurements	(%	FCmaximun)	which	were	above	the	cut-off	point	per	day.	
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4.2.6.2 Modified	Borg	Scale	
Below is the graph showing interquartile ranges of perceived exertion intensity 

attained by subjects from the study group during exercise, grouped together in 6-day 

intervals and expressed according to the modified Borg scale. Values below the broken 

line (5 = <76% Heart Rate Maximum) represented moderate and light levels of exercise 

intensity, meaning that subjects below this line remained within suitable parameters of 

cardiac healthy and safe physical exercise. (Figure 46) 

 

Figure	46.	Results	of	the	intensity	of	perceived	exertion	according	to	the	Borg	scale	for	the	study	group	during	
exercise,	grouped	together	into	6-day	intervals.	

Of the 360 Borg scale measurements (20 subjects x 18 days’ measurement) taken 

over the 18 days of exercise, 7 measurements failed to reach cut-off point 5. In other 

words, 98.1% of measurements remained below the cut-off point. Subjects remained 

below the cut-off point except for 2 subjects.  (Figure 47) 
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Figure	47.	Number	of	perceived	exertion	measurements	(Borg)	which	were	above	the	cut-off	point	per	day.	

Attention should be drawn to the fact that in no case was the activity abandoned 

due to physical discomfort. 

4.2.6.3 Systolic	blood	pressure	(SBP)	
Below is the graph showing interquartile ranges of systolic blood pressure (SBP) 

attained by subjects from the study group during exercise, grouped together in 6-day 

intervals and expressed in millimetres of mercury (mmHg). Values below the broken 

line (150mmHg) represented suitable levels of systolic blood pressure, meaning that 

subjects below this line remained within suitable parameters of cardiac healthy and safe 

physical exercise. 75% of subjects remained below the 150 line in the 3 intervals. 

(Figure 48) 
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Figure	48.	Results	of	systolic	blood	pressure	(SBP)	for	the	study	group	during	exercise,	grouped	together	into	6-day	
intervals.	

Of the 360 SBP measurements (20 subjects x 18 days’ measurement) taken over the 

18 days of exercise, 69 measurements (19.2%) exceeded the cut-off point, whereas 80% 

remained below the 150 cut-off point. (Figure 49) 

 

Figure	49.	Number	of	systolic	blood	pressure	(SBP)	measurements	which	were	above	the	cut-off	point	per	day.	

It was noted that the 5 subjects who exceeded the cut-off point on the first day 

decreased to 3 subjects by day 18. (Figure 49) 
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4.2.6.4 Diastolic	blood	pressure	(DBP)	
Below is the graph showing interquartile ranges of diastolic blood pressure (DBP) 

attained by subjects from the study group during exercise, grouped together in 6-day 

intervals and expressed in millimetres of mercury (mmHg). Values below the broken 

line (90mmHg) represented suitable levels of diastolic blood pressure, meaning that 

subjects below this line remained within suitable parameters of cardiac healthy and safe 

physical exercise. 75% of subjects remained below the 90 line in the 3 intervals. (Figure 

50) 

 

Figure	50.	Results	of	diastolic	blood	pressure	(DBP)	for	the	study	group	during	exercise,	grouped	together	into	6-day	
intervals.	

Of the 360 DBP measurements (20 subjects x 18 days’ measurement) taken over 

the 18 days of exercise, 63 measurements (17.25%) exceeded the cut-off point, whereas 

82.5% remained below the 90 cut-off point. (Figure 51) 
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Figure	51.	Number	of	diastolic	blood	pressure	(DBP)	measurements	which	were	above	the	cut-off	point	per	day.	

It was noted that the 6 subjects who exceeded the cut-off point on the first day 

decreased to 3 subjects by day 18. (Figure 51) 

4.2.6.5 Blood	oxygen	saturation	(Sp02)	
Below is the graph showing interquartile ranges of daily variations in blood oxygen 

saturation (SpO2) attained by subjects from the study group during exercise, grouped 

together in 6-day intervals and expressed as a percentage. Values below the broken line 

(5% SpO2) represented suitable levels of blood oxygen saturation, meaning that 

subjects below this line remained within suitable parameters of cardiac healthy and safe 

physical exercise. In the last interval of the study, all subjects were found to be with an 

SpO2 variation below 5%. (Figure 52) 
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Figure	52.	Results	of	daily	variations	in	blood	oxygen	saturation	(SpO2)	for	the	study	group	during	exercise,	grouped	
together	into	6-day	intervals.	

Of the 360 SpO2 measurements (20 subjects x 18 days’ measurement) taken over 

the 18 days of exercise, 5 measurements failed to reach the cut-off line (variation <5% 

SpO2). (Figure 53) 

 

Figure	53.	Number	of	blood	oxygen	saturation	measurements	which	were	above	the	cut-off	point	per	day.	

Therefore, only 1.4% of measurements were below the 5% cut-off point, whereas 

98.6% of measurements remained at variation levels of <5% SpO2. (Figure 53) 
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4.2.6.6 Compliance	with	suitable	parameters	to	ensure	that	physical	exercise	is	
cardiac	healthy	and	safe	

As was described in the system’s design, the aim was for the proposed activity with 

the FRED game was not to entail any risk to the subject who carries it out. To this end 

and taking into account the parameters described in table 13 together with the maximum 

published scores for systolic and diastolic blood pressure and blood oxygen saturation 

[204-206], the percentage resulting from the sum of all physiological constant 

measurements was ascertained, namely: maximum heart rate, systolic blood pressure, 

diastolic blood pressure and blood oxygen saturation, taken from subjects belonging to 

the study group during exercise, grouped together into 6-day intervals and expressed as 

a percentage. Thus, compliance with suitable parameters may ensure that physical 

exercise be both cardiac healthy and safe. 

1440 measurements were taken (4 physiological constants x 20 subjects x 18 days). 

Safety compliance of the exercise exceeded 87% in the 3 intervals and improved 

even more so as the days passed. (Figure 54) 

 

Figure	54.	Measurement	percentage	within	the	parameters	established	as	being	safe	for	the	following	physiological	
constants	-	maximum	heart	rate,	systolic	blood	pressure,	diastolic	blood	pressure	and	blood	oxygen	saturation	(HR,	
SBP,	DBP,	SpO2)	–	for	subjects	from	the	study	group	during	exercise,	grouped	together	into	6-day	intervals.	

Attention should be drawn to the fact that in no case was the activity abandoned 

due to physical discomfort. 
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4.2.7 Software	Usability	Scale	(SUS)	
With the range being considered from 0-100 for software usability scale (SUS) 

results, in which scores above 68 were deemed to be positive. It was noted that all 

subjects who carried out the activity over 6 weeks using the FRED game scored above 

the cut-off point (68). The lowest score obtained was 70 while the highest was 100. 

(Figure 55) 

 

Figure	55.	Histogram	of	results	obtained	using	the	software	usability	scale	(SUS);	red	line:	mean;	blue	line	represents	
cut-off	point.	

The mean was 81.5. This score indicates a good result in the SUS questionnaire. 

(Table 25) 

Total SUS Scale- Stadistics 

Mínimum 70.0 

1st Qu. 75.0 

Median 80.0 

Mean 81.5 

3rd Qu. 90.0 

Maximum 100.0 

Std. Dev. 4.56 

Table	25.	Statistical	description	of	the	software	usability	scale	(SUS)	for	study	group.	
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The results showed major acceptance in terms of usability of the FRED game 

among subjects from the study group. 

4.2.8 Satisfaction	with,	adherence	to	and	compliance	with	the	FRED	game	
After completing the game each day, each participant from the study group was 

asked 2 questions, with the possible responses being YES or NO: 

1. Do you like the game? 

2. Do you find it motivating for the purpose of improving your physical condition? 

As regards the first question, except on days 1 and 2 when there was a 10% (2 

subjects) and 5% (1 subject) respectively who gave a negative response, the 20 subjects 

from the study group responded YES on the other days. (Figure 56) 

As regards the second question, except on days 1 and 2 when there was a 20% (4 

subjects) and 5% (1 subject) who gave a negative response, the 20 subjects from the 

study group responded YES on the other days. (Figure 56) 

 

Figure	56.	Daily	response	percentages	by	the	study	group	to	the	questions:	“Do	you	like	the	game?”	and	Do	you	find	
it	motivating	for	the	purpose	of	improving	your	physical	condition?”.	
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5.	DISCUSSION	 	

“Discussion is imposible with someone who claims not to seek the truth, but 
already to possess it”. 

Romain Rolland 
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5 DISCUSSION	
In this section it is collected the discussion of the results obtained, contrasting 

them with those of other authors who have worked on related topics 

The results, both in the 3-week feasibility study and in the 6-week follow-up 

support the hypothesis that FRED, exergame diseñado ad hoc, significantly reduced 

the presence and severity of risk for frailty in a sample of sedentary elders, thus 

potentially modifying their risk profile. 

The results, consistent with previous evidence, suggest that elders with higher risk 

profiles may still benefit from preventive strategies and should not be excluded a priori 

from interventions to prevent disability. 

Cesari el al.[214] conducted a study in which the physical activity programme 

included aerobics (walking), strength, flexibility and balance training which were 

undertaken in three phases over a 12-month period: adoption (weeks,1-8), transition 

(weeks 9-24) and maintenance (week 25 to month12). The results indicated that the 

regular physical activity may reduce frailty, especially in subjects at higher risk of 

disability. Future studies should be aimed at testing the possible benefits produced by 

multidomain interventions on frailty. 

Giné-Garriga et al.[215]  conducted a study with a combination of functional 

balance and lower-body strength-based exercises over a 12-week period, referred to as 

the functional circuit training program (FCT). This involved setting aside 1 day a week 

for balance training and another day for lower-body strength-based exercises of 15 

minutes each. The obtained results showed that functional circuit training program 

(FCT) is effective in improving self-reported measures of fear of falling and health 

status in a group of physically frail people. 

Clegg et al.[216] compared the effectiveness of the HOPE programme with usual 

care via a blind pilot randomised controlled trial (RCT) over a 12-month period, 

completing 15 minutes, 3 times a day over 5 days of the week. The results indicated that 

the HOPE program trial has provided preliminary evidence that the deterioration in 

mobility experienced by elderly people with frailty may be reduced through a 12 week 

exercise intervention. Apart from mobility, independence in activities of daily living 

was also assessed via the Barthel Index, in which no significant differences between 
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both groups was evidenced. As regards self-assessment of one’s state of health and 

quality of life via the EuroQol 5D-5L (EQ-5D-5L) questionnaire, the results showed a 

slight worsening. No data was provided about self-assessment of one’s state of health 

via the EuroQol-visual analogue scale (EQ-VAS). 

Fairhall et al.[77] made a comparison between study group and control group with 

frail elderly people by setting in motion a multi-factor intervention programme with 

online exercises over a 12-month period.  The results showed that the prevalence of 

frailty was 14.7% less in the intervention group than in the control group after 12 

months. There were no significant differences between groups in terms of scores 

regarding the usefulness of the EuroQol 5D-5L (EQ-5D-5L) questionnaire. There was 

not any data about self-assessment of one’s state of health via the EuroQol-visual 

analogue scale (EQ-VAS). 

Milte et al.[217] conducted a study over 2 weeks in order to explore the relative 

importance given to health and quality of life by elderly people who performed 

therapeutic gymnastics and undertook hydrotherapy sessions. Only results for the 

EuroQol 5D-5L (EQ-5D-5L) questionnaire were shown in this study, and no data was 

provided about the EuroQol-visual analogue scale (EQ-VAS). 

Bieryla KA[218] used the Xbox Kinect™ to improve balance in elderly people. 

The results showed an improvement in terms of the balance tests carried out. However, 

no improvements were evidenced in the Timed Up and Go (TUG) test, which the author 

did not expect given that use of the Kinect™ compels participants to move more than 

other game systems. 

The above studies[77,215-218] combine different types of physical activity which 

were performed over longer periods of time and at greater weekly frequency than the 

physical activity in our study using the FRED game.  Although they manage to reduce 

frailty, they do so requiring far more time, and none of them contemplates exercise 

using an exergame.  Only in the thee previous ones is reference made to the EuroQol 

5D-5L (EQ-5D-5L) questionnaire, in which no significant differences are shown, 

whereas with the FRED game, the study group remained stable after 6 weeks while the 

control group slightly worsened. Unlike the other two authors referred to above, the 

EuroQol-visual analogue scale (EQ-VAS) was recorded in the study, in which the 

control group worsened whereas the study group significantly improved. Furthermore, 
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the degree of independence for activities of daily living also evidenced an improvement 

after 6 weeks carrying out physical activity using the FRED game. Therefore, the 

degree of frailty is able to be reduced in less time using the FRED game, while the 

perception of one’s state of health and degree of independence in activities of daily 

living is much greater. 

The study conducted by Daniel et al. [174], uses the exergame as physical activity 

to be carried out in order to reduce frailty. In this case, they use the Nintendo® and  

Wii™ console with general games designed for all types of public such as bowling, 

tennis and boxing, and compare them to seated exercise and control. They carried out 

exercise sessions for 45 minutes three times per week for 15 weeks. The results 

suggested that all the differences reflected improved physical functional status in the 

seated exercise or Wii-fit groups compared to the control group. The FRED game 

differs from the above study because it managed to reduce the degree of frailty to a 

fifth of the time (3 weeks as opposed to 15), including sessions of less than half the 

duration (20 min as opposed to 45 min). In addition, the FRED game continued to 

reduce the degree of frailty over the 6-week period and consequently, it would seem 

to be more effective. 

The study conducted by Van Diest et al.[195] used the exergame for unsupervised 

balance training at home - a virtual ice skater for 30 minutes, three times per week for 

six weeks. The pilot study showed that unsupervised home-based exergaming is feasible 

in community-dwelling older adults, but also that participants do not benefit equally 

from the programme, thereby emphasizing the need for more personalized exergame 

training programmes. This conclusion without doubt highlights the ad hoc feature of 

FRED in terms of the design and putting together of exercises, placing importance on 

the types of scenario to ensure they are creative and intuitive and capture the subject’s 

attention and interest. The specific movements that were carefully chosen for each 

scenario, respecting biomechanics, neuromotor functions and participation both of 

upper and lower extremities and the trunk, were able to facilitate independence in terms 

of basic activities of daily living (ADLs) such as transferring, dressing, eating, toileting 

and walking. 

As regards physiological constants such as heart rate, systolic blood pressure, diastolic 

blood pressure and blood oxygen saturation, there are no studies in the literature 
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reviewed that have measured these constants in elderly people in order to ascertain 

whether the physical exercise involved lies within certain safety parameters and 

whether it is in turn cardiac healthy. Studies found in this regard are very diverse, 

among which   attention should be drawn to the following. 

Scheer et al.[219] assessed the effects caused in heart rate, ventilation, oxygen 

consumption and energy expenditure using Nintendo Wii, Sony Move and Microsoft 

Kinect™ when competing against a computer or human opponent in young adults. The 

resulting data for oxygen consumption was used to compare the Nintendo Wii, Sony 

Move and Microsoft Kinect™ games using moderate health guidelines to promote 

physical activity. 

O’Donovan et al.[220] considered comparing energy expenditure when playing in 

individual and multi-player mode using Xbox Kinect™ and Wii™ consoles. They 

concluded that energy expenditure and heart rate increased when playing with the Xbox 

Kinect™ console in multi-player mode. 

Holmes et al.[221] sought to determine training exercise intensity using the Xbox 

Kinect™ in adults over the age of 18 who had been diagnosed as having cystic fibrosis 

(CF), an illness in which physical exercise forms a very important part of therapy. They 

concluded that training with the Xbox Kinect ™ represents a high-intensity exercise for 

adults with CF and may be considered a suitable alternative to conventional types of 

exercise. 

There is a recent publication by Barry el al.[222], in which they describe the study 

conducted to compare the effects of exergaming with traditional gymnastics-based 

exercises in which patterns of movement, intensity and physiological demand were 

similar for postural control.  All participants (young adults) completed three exercise 

sessions of 30 minutes’ duration a week over a 4-week period. Heart rate was compared 

between groups and no differences were found. Ratings for perceived exertion (RPE) or 

the Borg scale were significantly lower in the Kinect ™ group. The Kinect ™ group 

perceived less physical exertion than the group which carried out traditional 

gymnastics-based exercises. There were also significant differences in terms of 

acceptance of the technology between groups and in considering it to be a positive 

exercise experience, with higher scores in the case of the Kinect exercise group. They 

concluded that exergaming with Kinect ™ may attain moderate levels of physical 
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exercise intensity with positive feelings about the reduction in perceived exertion in 

comparison to traditional types of exercise. In this sense, the results obtained using the  

FRED game are very similar in terms of the fact that a moderate level of physical 

activity intensity may be obtained, accompanied by a low rating of perceived exertion.  

This was also accepted positively and proved a motivating force in improving the 

individual’s physical condition.  

In spite of reaching similar conclusions, it is necessary to emphasize that in the 

game FRED the control of the biofeedback was realized of more complete form. That 

is, taking into account the physiological constants, which provided more information 

to talk about safety and cardiac healthy. 

Karahan et al.[223] conducted a study to compare the effects between  exergames 

using the Xbox Kinect™ device and exercise at home involving balance training, 

functional mobility and quality of life among subjects over 65 years of age. Each 

subject played  for 30 minutes 5 days per week over a 6-week period (30 sessions in 

total) in the company of an experienced nurse, who was able to carry out 

cardiopulmonary monitoring in order to ensure there were no events and, thus, ensure 

the safety of the exercise being undertaken. The extent to which participants enjoyed it 

was in turn assessed using a 5-point Likert scale (0-5). Results were positive and both 

groups improved in terms of balance, functional mobility and quality of life, although 

the authors pointed out that the group which did the exercise using the Xbox Kinect™ 

device obtained better results.  In this sense, the FRED game differs because it resulted 

in a major difference in terms of physical condition after just 3 sessions a week and for 

less duration, as the risk of frailty evidenced in the study group was significantly 

reduced whereas it considerably worsened in the control group. Similarly, it did so in 

terms of independence in activities of daily living, with the study group obtaining 

better results in the Barthel Index than the control group, which obtained a worse 

result after 6 weeks. As regards compliance with safety with a view to preventing any 

event from taking place that might put the participants at risk, physiological constants 

were measured in the FRED game such as heart rate, rating for perceived exertion, 

systolic blood pressure, diastolic blood pressure and blood oxygen saturation. These 

measurements were taken before commencing, immediately afterwards and 5 minutes 

after having completed in order to make an  assessment taking into account the safety 

parameters established and published by European guides, resulting in a cardiac healthy 
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and safe exercise because safety compliance of the physical exercise exceeded 87% and 

even improved as the days went by. Moreover, in no case was the activity abandoned 

due to physical discomfort. 

A recent publication by Meneghini et al.[224] involves a qualitative study about the 

perception of elderly people with regard to participation in exergaming-based exercise. 

Fourteen subjects (55-77 years of age) carried out 12 weeks of exercise (50 min, 3 days 

/ week) using Xbox 360 Kinect™ Sports. Participants reported psychological benefits 

(self-esteem, concentration, mood, reasoning, memory and wellbeing), physical benefits 

(agility and physical conditions) and social interaction (exchange of experiences, 

friendship and competitiveness). As regards group experiences, innovation, the game 

itself and visual stimulation were cited as features of the games, and the perception of 

benefits from participation in exergames fostered the pursuit of exercise and increases 

motivation among participants. In this sense, in the case of the FRED game, it 

managed to reduce the frailty risk that benefit from physical exercise entails by half 

the time (weeks) and in sessions of less than half the duration. It also managed to 

improve the degree of independence in activities of daily living and in the perception 

of participants’ state of health. The study group awarded the game very high scores, 

meaning that the game was accepted and rated very positively in terms of its usability. 

The game was also adhered to and complied with by the study group, as all and every 

one of the participants completed the same number of sessions and responded 100% 

to the daily questions to ascertain whether they liked the game and whether they 

found it motivating for the purpose of improving their physical condition. 

 

 

  All the benefits obtained that have been  described above are due to the added 

appeal provided by the FRED game over other existing types of video game. This 

added appeal is based on its being a game designed ad hoc in which the aim is for 

the user to be the protagonist. Thus, greater involvement, adherence to and 

compliance with physical exercise is achieved. 
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																																6.	CONCLUSIONS	 	

“Research is creating new knowledge”. 
Neil Armstrong 
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6 CONCLUSIONS	
The conclusions reached at the end of the work are the following: 

6.1 Review	of	the	general	and	specific	objetives				

6.1.1 General	objective	
The general objective of this project is to design and implement a game which 

decreases the risk of frailty and improves the functional capacity of elderly people 

allowing them to remain independent as long as possible. 

6.1.1.1 Accomplishment	of	the	general	objective	
The FRED game developed ad hoc has contributed in reducing the degree of frailty 

improving the functional capacity of the frail elderly people continuing to be 

independent for as long as possible. 

6.1.2 Specific	objectives	
Right after, the conclusions in relation to the specific objectives. 

6.1.2.1 Physical	objectives	
• Improve the physical and functional capacity 

• Encourage  exercise in elderly people avoiding the sedentary lifestyle 

The FRED game designed ad hoc game has been able to improve the physical and 

functional capacity because it has managed to encourage them to carry out  exercise 

avoiding the sedentary lifestyle presented by elderly people in general and to a greater 

extent frail elderly people. 

• Improve the balance in elderly people being safer and more independent 

• Avoid falls in elderly people preventing hospitalization 

Frail elderly people can improve balance by exercising with FRED game. By doing 

this falls can be avoided and so hospitalization. Thus they can have greater security in 

carrying out their activities of daily life and consequently have greater independence. 

• Remain independent in the basic activities of daily living (BADL) 

The FRED game contributes to remain independent in the activities of daily living 

avoiding the institutionalization of frail elderly people. 

• Adherence and exercise compliance 
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Having been designed ad hoc the feature proved very appealing among frail elderly 

people, who felt themselves to be the protagonists and thus achieved better involvement 

in, adherence to and compliance with physical exercise. 

6.1.2.2 Physiological	objectives	
• Perform exercise which achieves basic safety parameters of heart rate, 

blood pressure and blood oxygen saturation 

• Perform a cardiovascular exercise 

The activity proposed with the FRED game has not posed any risk for the frail 

elderly people who have done it because they have worked on cardiac healthy and 

within safe parameters. 

6.1.2.3 Technological	objetives	
• Design and implementation of the serious game, including: Creative and 

intuitive scenarios, specific exercises created respecting biomechanics and 

neuromotricity 

The exercises performed in the different scenarios are very intuitive and comprise 

several articulations respecting biomechanics and neuromotricity. The habitual practice 

of these exercises facilitates independence in the basic activities of daily life. 

• Different activities with a goal or within a main activity  

The game presents several activities to perform within the main activity. The 

person who performs the game goes through different scenarios in which he performs 

different activities during the performance of his exercises in the context of the 

elaboration of txakoli. 

• Achieve the usability of the game 

The game has proved usability since the people who have used it have positively 

valued. 
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6.1.2.4 Social	objectives	
• Improve the perception of quality of life 

• Motivating participation and integration 

• Improve mood state 

• Avoid the isolation in elderly people 

Frail elderly people improved the perception of their state of health and quality of 

life while in turn their mood was improved. They became motivated towards 

participation and integration thus able to prevent a sense of isolation, which they would 

otherwise easily tend towards. 

6.2 Review	of	the	research	questions	and	hypothesis	
The ad hoc developed FRED game helped to reduce the degree of frailty by 

improving the functional capacity of frail elderly people, thus enabling them to remain 

independent as long as possible. 

The FRED game showed that it is able to motivate frail elderly people in doing 

exercise, because it involved a game that they liked and proved motivating for the 

purpose of improving their physical condition. 

The activity proposed with the FRED game did not entail any risk to the frail 

elderly people who took part in it, given that they worked within safe and cardiac 

healthy parameters. 

6.3 Study	conclusions	
The study undertaken confirms the fact that the FRED game proves to be a valid 

technological solution for reducing frailty risk. 

Based on the study conducted, the exergame may be considered to be an effective, 

safe and entertaining alternative with which an improvement is made not only in terms 

of the physical and functional capacity of the individual, but also an improvement in 

psychological and social aspects which, in short, make the individual evidence a greater 

degree of independence over a longer time, i.e. “bring more life to the years”. 

The possibility of carrying out a study in the near future is under consideration, in 

which prevention of the onset of frailty could be studied. 
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6.4 Scientific	impact	
The present work brings to the scientific community a new approach in the use of 

games as therapy, since it stands out by the ad hoc design for a concrete profile of 

people, in this case the frail elderly people. 

This approach aims to direct the game as a therapy under the expert analysis of 

health professionals working within interdisciplinary groups can achieve really 

successful designs thus avoiding the use of standard games that are not designed 

specifically for health but for general leisure of the society. 

This thesis has the first journal paper accepted which has been published in April 

2017: Mugueta-Aguinaga I, Garcia-Zapirain B. Is Technology Present in Frailty? 

Technology a Back-up Tool for Dealing with Frailty in the Elderly: A Systematic 

Review. A&D, 2017, 8(2): 176-195. 

Moreover, another two articles are already under review and hopefully will be 

published. 

The game FRED is registered in the Copyright registry office of the Basque 

Government. 

Collaboration in the SUNFRAIL European Project (Reference Site Network for 

Prevention and Care of Frailty and Chronic Conditions in community dwelling persons 

of EU countries). Project number: 664291. Funding Entity: CHAFEA Consumer, 

Health, Agriculture and Food Executive Agency.  

The scale up of the English version of FRED in USA has already started. It 

presented the project Exercise Games with Biofeedback to Institutional Research Board 

and it has obtained the approval of the Ethical Committee from the University of 

Louisville. Therefore, it will continue to be followed up until publishing the results in a 

journal paper. In addition, it has been necessary to pass the exams to obtain Human 

Subjects and HIPAA Research-Stage 1 - Basic Course which it was required from 

COLLABORATIVE INSTITUTIONAL TRAINING INITIATIVE (CITI PROGRAM) 

- Ethical Committee (University of Louisville). 

Research Disclosure in USA: the research disclosure form is already under review 

and hopefully will be approved. 
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Attempt to present the project in every congress and day related to frailty in the 

elderly people, eg: Oral Communication in: XVI Congress of Zahartzaroa and IX 

Congress of the Navarre Society of Geriatric and Gerontology. Vitoria-Gasteiz, May 

4-6, 2017. 

The possibility of carrying out a study in the near future is under consideration, 

in which prevention of the onset of frailty could be studied.  
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																																		7.	LIMITATIONS	 	

“I respect my limitations, but I don't use them as an excuse.”  

Stephen R. Donaldson 
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7 LIMITATIONS	
The study has limitations in that, for budgetary reasons, development of the game 

has only been able to reach a level of difficulty of the three levels anticipated at the 

moment of its conception.  

These levels would provide different starting points according to the physical 

conditions of the elderly at the start and would enable a higher level of difficulty to be 

reached as the days go by. 

Assistance is currently being requested to continue developing the different levels 

of difficulty of the game and to be able to carry out a study in the short / medium term.  
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																									8.	REFERENCES	 	

“Things are as they are because they were as they were.” 

Thomas Gold 
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