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Abstract

Introduction: since the COVID-19 outbreak, studies have emerged describing higher levels of burnout
and increased risk perception among college students during COVID-19 pandemic. Student burnout
syndrome (SBS) is defined as a psychological problem derived continual exposure to stressors
related to school and studies. Objective: the aim of this study was to describe and compare the
frequency of burnout syndrome among the chiropractic students at the Universidad Estatal del Valle
de Ecatepec (UNEVE) in a pandemic context due to COVID-19. Material and methods: a survey
was conducted using the Unidimensional Student Burnout Scale (EUBE), designed and valid for
undergraduate students, data were collected in two different periods, with the first collection taking
place 25th November 2020 named group 1 (Gl) and the second data collection occurred at 16th
March 2021 named group 2 (GlI) (both dates had suspension of presential activities). Results: the
frequency of SBS among chiropractic students in the Gl was 97.15%, while, in the Gl was 94.09%
(decreased by 3.06%) (p = 0.001), in GlI, a mild level occurred at 53.76 % (12.04% more than Gl)
(p = 0.001), the moderate level 27.96% (12.04% less than GI) (p = 0.001), and in the severe level
we detected in 12.37% (3.06% less than GI) (p = 0.001). Conclusions: the results of this study may
be considered as an early investigation in understanding the impact of the COVID-19 pandemic
among chiropractic students. The EUBE is overall a good instrument to allow levels of burnout to be
identified, based on two sub-dimensions: the behavioral and emotional, this tool can be usable even
with different student populations.

Resumen

Introduccion: desde la pandemia COVID-19, han surgido estudios que describen niveles mas altos
de agotamiento y una mayor percepcion de riesgo entre los estudiantes universitarios. El sindrome
de burnout estudiantil (SBS) se define como un problema psicologico derivado de la exposicion
continua a factores estresantes relacionados con la escuela y los estudios. Objetivo: el objetivo del
presente estudio fue describir y comparar la frecuencia del sindrome de burnout entre los estudiantes
de quiropréctica de la Universidad Estatal del Valle de Ecatepec (UNEVE) durante la pandemia por
COVID-19. Material y métodos: se realizd una encuesta utilizando la Escala Unidimensional de
Burnout Estudiantil (EUBE), disefiada y valida para estudiantes de pregrado, los datos se recolectaron
en dos periodos diferentes, siendo la primera recoleccion el 25 de noviembre de 2020 denominado
grupo 1 (Gl) y la segunda recoleccion de datos ocurri6 al 16 de marzo de 2021 denominado grupo
2 (GlI) (en ambas fechas los alumnos tomaban clases en linea). Resultados: la frecuencia de SBS

How to cite: Yafez-Pizafia A, Montiel-Flores E, Herrera-Lopez ME, Romero-Morelos P, Bandala C,
Alfaro-Rodriguez A et al. Burnout syndrome in the online learning period in university students during the
COVID-19 pandemic. Invest Discapacidad. 2024; 10 (1): 5-12. https://dx.doi.org/10.35366/113825
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entre los estudiantes de quiropréctica en el Gl fue de 97.15 %, mientras que en el Gll fue de 94.09
% (disminuyd 3.06 %) (p = 0.001), en el GlI presentd un nivel leve de 53.76 % (12.04 % més en com-
paracion con el Gl) (p = 0.001), el nivel moderado fue de 27.96 % (12.04 % menos en comparacion
con el GI) (p = 0.001), y respecto al nivel severo observamos 12.37 % (3.06 % menos que el GI) (p
=0.001). Conclusiones: los resultados de este estudio pueden considerarse como una investiga-
cién temprana para comprender el impacto de la pandemia de COVID-19 entre los estudiantes de
quiropractica. La EUBE en general es un buen instrumento para permitir identificar los niveles de
burnout, que est& basado en dos subdimensiones: conductual y emocional, esta herramienta puede

ser utilizada incluso con diferentes poblaciones de estudiantes.

INTRODUCTION

The coronavirus disease (COVID-19), which causes
severe acute respiratory syndrome (SARS-CoV-2),
imposed restrictions worldwide in 2020" directly
impacting the education sector, therefore that
restrictive measures be implemented to control the
spread of the virus, including the interruption of
face-to-face activities at educational centers at all
levels, as well as admission and work in laboratories
and research centers, social service activities, and
professional practices. This protocol impacted the
academic life of several students around the world and
even caused a massive disruption of the educational
system.? Many educational institutions implemented
online activities, shortly changing the teaching-learning
process.® The students modified their study/work
routine due to social distancing.*® Such changes,
during the pandemic could influence student’s
quality of life and even contribute to the worsening of
psychological disorders.®’ Student burnout syndrome
(SBS) is defined as a psychological problem derived
continual exposure to stressors related to school and
studies®'° Schaufeli et al.™ stated that burnout among
students refers to feeling exhausted, the feeling of
tension experienced in the study environment, and in
particular to the chronic fatigue that may result from
academic overload, having a cynical and detached
attitude towards one’s study, and feeling incompetent
as a student. Overall, burnout occurs when students
feel overwhelmed and exhausted without having (or
feeling they do not have) the effective resources to
face prolonged stressful events.'?'2 In this regard,
various instruments in the literature are used to
assess students’ burnout, generally focused on three
dimensions of the burnout construct, namely emotional
exhaustion (i.e., feeling of tiredness and fatigue),
cynicism (i.e., feeling of distance from school-related
activities), and inadequacy (i.e., feeling incompetent
as a student).™ These dimensions, originally assessed
concerning work-related Burnout, were then adapted to

Invest Discapacidad. 2024; 10 (1): 5-12

investigate study-related burnout.**'> Unidimensional
Scale of Student Burnout (EUBE) is a is structured into
two sub-dimensions: the behavioral, made up of 10
items that show behaviors of transitory presentation
and that allow determining the mild degree of burnout,
and the attitudinal, made up of 5 items, which allude to
a prolonged process in the presentation of symptoms,
and therefore allow moderate and severe burnout to
be identified.'®'” In a systematic review Kaggwa et
al.’® they showed that university students with severe
burnout symptoms (particularly in healthcare courses)
varied from 30.5% in high-income countries to 54.5%
in low- and middle-income countries. In addition,
several studies have shown that university students
with burnout symptoms tend to show a high risk of
developing eating disorders, sleep disorders, addiction,
and mental health issues and even increased
suicide risk, may also negatively impact academic
achievements, specialty and career choice, as well as
patients’ care. 22 Therefore, considering that Burnout
can have serious consequences, this study aimed
to describe and compare the frequency of burnout
syndrome among the chiropractic students at the
Universidad Estatal del Valle de Ecatepec (UNEVE)
in a pandemic context due to COVID-19.

MATERIAL AND METHODS

Study design

An observational, cross-sectional, comparative
and non-experimental study was carried out. A
guestionnaire where students independently and
anonymously reported their experience was used as
a method of data collection.

Study participants and sampling

Convenience sampling was used and inclusion

criteria were chiropractic students of the 7" and 8"
semester by voluntary participation and that these

www.medigraphic.com/rid
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students were taking online classes. Exclusion criteria
were university students of other professions and
semesters, incomplete questionnaires and those who
did not wish to participate in the research. Incomplete
questionnaires with missing responses were excluded
from the study. Three hundred and sixty-one students
of 7 (n = 191) to 8™ (n = 170) semester who were
enrolled at Universidad Estatal del Valle de Ecatepec
(UNEVE), public university, in the State of México,
located in the central region of México were invited, by
e-mail and social networks to participate in an online
survey. Participants filled a questionnaire prepared on
Google Forms (Alphabet, Mountain View, CA, USA).
Data were collected in two different periods, with the
first collection taking place on 25th November 2020
named group 1 (Gl) and the second data collection
occurring on 16th March 2021 named group 2 (GlI)
(both dates had suspension of presential activities). A
survey was conducted using the EUBE, designed and
valid for undergraduate students.'6:17

Data collection tools and technique

In Mexico, Barraza'®'’ at the Pedagogical University
of Durango designed and validated for undergraduate
students the EUBE. The instrument consists of 15
items that can be answered using a Likert-type scale of
four categorical values (never 1, sometimes 2, almost
always 3 and always 4). The EUBE is structured into
two sub-dimensions: the behavioral, made up of 10
items that show behaviors of transitory presentation
and that allow determining the mild degree of burnout,
and the attitudinal, made up of five items, which
allude to a prolonged process in the presentation of
symptoms, and therefore allow moderate and severe
burnout to be identified. The average value of the
survey for each student is calculated, transformed into
a percentage and ordered according to the evaluation
scale proposed by Barraza.'®'” The parameters
to determine burnout are the following; no present
(0-25%), mild (26-50%), moderate (51-75%) and
severe (76-100%). The studies carried out for the
validation of the EUBE show a reliability of 0.91 in
Cronbach’s alpha, confirming the internal consistency
of the instrument.*’

Statistical analysis
The statistical analysis was carried out with the

software JMP, SAS 16. The descriptive analysis
was performed using frequency distribution tables.

Invest Discapacidad. 2024; 10 (1): 5-12

We used frequency rate to explore the differences
between the degrees of student burnout syndrome
(SBS) in the GI; no present, mild, moderate and severe.
Normality of data was evaluated using the Kolmogorov
Smirnov test. A p-value less than 0.05 was considered
significant. The data were previously transformed into
frequency rates and ANOVA test was used to relate the
burnout level with age and gender. Finally, T-test were
used to analyze which of these factors influence the
score in each burnout subscale and check for possible
significant differences.

RESULTS

As shown in Table 1, study participants were
predominantly female and more to 60% of the
participants were between the ages of 18 and 23 in both
groups Gl (72.6% females and 66.9% ages of 18 and
23) Gl (69.9% females and 64.5% ages of 18 and 23).

In Table 2, shown the degrees of burnout in the
Gl found were in the chiropractic students, in respect
of females we observed that the 30.29% exhibited
burnout mild, 29.71% moderate and 10.86% severe (p
=0.0732). In male students found were 11.43% mild,
10.29% moderate and 4.57% severe (p = 0.0001).
Regarding age in class intervals, the presence of
burnout in the Gl it is observed that the ages between
18-23 years were found 26.29% mild, 28% moderate
and 12.57% severe (p = 0.0001). The ages between
24-29 years were 9.71% mild, 8.57% moderate and
1.14% severe (p = 0.0001).

In Table 3, shown the degrees of burnout in the
Gll found were in chiropractic students, in respect of
females we observed that the 37.63% exhibited Burnout

Table 1: Sociodemographic characteristics in the two groups
of the chiropractic students according to gender and age.

Gl Gl
(N =175) (N =186)
n (%) n (%)
Gender
Female 127 (72.6) 130 (69.9)
Male 48 (27.4) 56 (30.1)
Age (years)
18-23 117 (66.9) 120 (64.5)
24-29 37 (21.1) 43 (23.1)
30-35 12 (6.9) 10 (5.4)
36-40 4(2.3) 6(3.2)
> 41 5(2.9) 7 (3.8)
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Table 2: Degrees of student burnout syndrome in the group 1.

Female N = 127 3(1.71)2 53 (30.29)

Male, N = 48 2 (1.14)¢ 20 (11.43)
Age in class intervals, [years]

18-23, N =117 0 (0)© 46 (26.29)°

24-29, N = 37 3(1.71)0 17 (9.71)2

52 (29.71) 19 (10.86) 0.0732
18 (10.29) 8 (4.57)° 0.0001
49 (28.00) 22 (12.57)P 0.0001
15 (8.57) 2 (1.14)b 0.0001

The superscript letters a, b and c in the same row indicate statistically significant differences (p < 0.05) between degree of SBS.

* Data expressed by frequency and percentage [n (%)].

Table 3: Degrees of student burnout syndrome in the group 2.

Female N = 130 8 (4.30)° 0(37.63) 38 (20.43) 14 (7.53) 0.0001

Male N = 56 3(1.61)¢ 30 (16.13) 14 (7.53) 9 (4.84) 0.0001
Age, [years]

18-23,N = 120 2.15)¢ 62 (33.33)° 37 (19.89) 17 (9.14) 0.0001

24-29, N = 43 2 (1.08)° 25 (13.44)° 13 (6.99)? 3(1.61)° 0.0001

The superscript letters a, b and c in the same row indicate statistically significant differences (p < 0.05) between degree of prevalence of student burnout syndrome.

* Data expressed by frequency and percentage [n (%)].

Table 4: Degrees of student burnout syndrome in the group 1 and group 2.

Degrees of SBS
No present 3 (1.71)2b 2(1.14)P
Mild 53 (30.29) 20 (11.43)¢
Moderate 52 (29.71) 18 (10.29)°
Severe 19 (10.86)° 8 (4.57)

8 (4.30) 3(1.61)%® 0.0340
70 (37.63) 30 (16.13)¢ 0.0001
38 (20.43) 14 (7.53) 0.0001
14 (7.53)%b 9 (4.84)0 0.0001

SBS = student burnout syndrome.

The superscript letters a, b and c in the same row indicate statistically significant differences (p < 0.05) between Gl and Gll.

*Data expressed by frequency and percentage [n (%)].

mild, 20.43% moderate and 7.53% severe (p = 0.0001).
In male students found were 16.13% mild, 7.53%
moderate and 4.84% severe (p = 0.0001). Regarding
age in class intervals, the presence of Burnout in the
Gll it is observed that the ages between 18-23 years
were found 33.33% mild, 19.89% moderate and
9.14% severe (p = 0.0001). The ages between 24-29
years were 13.44% mild, 6.99% moderate and 1.61%
severe (p = 0.0001).

Invest Discapacidad. 2024; 10 (1): 5-12

In the Table 4, shown the degrees of burnout in
the Gl and GlI found were in the chiropractic students,
in respect of females’ students with mild degree
of prevalence of SBS we observed an increase of
7.34% (p = 0.0001) in the Gll compared to Gl (37.63
vs 30.29%, respectively). However, we observed
that in female students with a moderate degree of
SBS prevalence there was a 9.28% decrease (p
= 0.0001) in the GIl compared to the Gl (20.43 vs
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29.71%, respectively). Likewise, we note the decrease
of 3.33% (p = 0.0001) in the severe degree of SBS
frequency in female students in Gll compared to the
Gl (7.53 vs 10.86%, respectively). In respect to males’
students with mild, moderate and severe degree of
SBS we observed levels were maintained in Gl and
Gll (p = 0.0001).

DISCUSSION

Since the COVID-19 outbreak, studies have emerged
describing higher levels of burnout and increased risk
perception among college students during COVID-19
pandemic.?*?” The results obtained in the Gl and Gl
allowed us to observed that most chiropractic students,
presented burnout (97.15 and 94.09%, respectively),
for the most part, it occurs at a mild (Gl: 41.72%; Gll:
53.76%) and moderate level (Gl: 40%; Gll: 27.96%),
the severe level we detected in 15.43 and 12.37%,
respectively. This coincides with reports by Ochoa
et al.?8 they used the same measurement instrument
(EUBE) and reported that 50% of fourth-year medical
students presented mild burnout, while 40.9% presented
moderate burnout and 9.09% presented severe burnout.
Likewise, it coincides with data reported by Asencio-
Lopez et al.?° who reported mild (63.9%), moderate
(27.8%) and severe (8.3%) burnout in medical students
from fourth to sixth year. The contingency caused
by COVID-19 disrupted that process, because the
academic activities of the students were affected and
had to be changed to online activities, so taking classes
virtually, doing homework, preparing and presenting
the tests in this new modality, and temporarily stopped
attending the patients of the university clinic. The shift
in the education strategy towards online teaching has
led students to spend more time in front of screens,
tablets and smartphones.®° Previous studies have
shown that high exposure to these devices increases
the state of stress and exhaustion,3:3? which are
associated with higher levels of SBS.*® Regarding the
age in class intervals revealed that the most affected
to COVID-19 pandemic were chiropractic students,
between 18 to 29 years old. In the Gl we observed that
36% presented mild level, 36.57% moderate level and
13.71% severe level, while in Gll 46.77% presented
mild level, 26.88% moderate level and 10.75% severe
level. Most chiropractic students, at UNEVE belong
to the millennial and Z generations (87.81%), both
generations (millennial: born between 1981 and 1996;
Z generation: born between 1997 and 2015) prefer
learning via the use of technology but they deficient in

Invest Discapacidad. 2024; 10 (1): 5-12

time management.3* These characteristics, could have
influenced their skills in organization, learning, and
engagement, which could have affected the levels of
SBS in this range of age. Arnout et al.*®> mentioned that
the adaptation process during the pandemic can trigger
mental health symptoms such as anxiety, depression,
stress, etc. In connection with the point previously
mentioned, Nguyen and Patel*® examined students’
perspectives of remote learning during COVID-19 in
dental students relative to their generation (generations
Y and Z), these authors reported that dental students
strongly agreed (85%) that the move to remote learning
was relatively easy, in addition, they reported that after
the pandemic, more dental students agreed (93%)
that some classes should continue online. Although
there are advantages with remote education, future
science research should investigate whether exposure
to COVID-19 pandemic had a negative consequence
associated with laboratory/clinical skills and the patient
relationships dynamics. The prevalence of SBS among
chiropractic students, in the Gl was 97.15%, while,
in the Gll was 94.09% (decreased by 3.06%), in GlI,
a mild level occurred at 53.76% (12.04% more than
Gl) and moderate level 27.96% (12.04% less than
Gl), and in the severe level we detected in 12.37%
(3.06% less than GI) (p = 0.0001). Bolatov et al.?®
mentioned the level and prevalence of SBS among
medical students (1st year to 51 year) during traditional
education was 27.6%, while, during the period of
online learning, this indicator dropped to 16.7%. Allen
et al.®” demonstrated in a meta-analysis study that
online learning does not reduce student satisfaction
compared to traditional teaching methods. Some
factors that may explain the improvement in academic
efficacy over time may include: elimination of spatial
and temporal barriers, independence of learning,
flexibility of time and less need for commuting and
the decrease of costs of indirect expenses (transport,
additional meals, and extra accommodation).?°:38.39
Other factors that could decreased burnout were the
ability to combine studying with personal and family
life, physical environment and lack of interaction with
patients during clinical placements.?®> Regarding the
sex variable, in the present study, we observed that
the female chiropractic students, presented a higher
frequency of SBS (Gl: 70.86%; Gll: 65.59%) compared
to male chiropractic students, (Gl: 26.29%; Gll: 28.5%),
respect of SBS levels, in a mild level, female students
in Gll presented 7.34% increase compared than Gl, in
moderate level, presented 9.28% decreased than Gl,
and in severe level 3.33% less compared than Gl (p =
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0.0001), with reference to male students maintained the
same mild, moderate and severe levels of SBS in the
Gl and GlI. Gender is a key dimension when burnout
is analyzed from students’ perspectives. Some studies
show that female students tend to adapt and perform
better in self-regulated online learning compared to
males.*%*1 Qur results were similar to previous studies’
findings that, in general, female students report more
exhausted than their male counterparts.'0:13.42-46
The COVID-19 pandemic shifted students’ priorities,
some of the changes in behavior were the result of
mandatory requirements (such as: increased hand
washing, lockdowns, mandatory mask wearing), many
were worried about their own health, health of their
families, or struggling financially, perhaps making
them less focused on academics, and increasing
academic difficulties. It is possible that in circumstances
surrounding COVID-19 pandemic female students
were more exhausted, which can be related to the
environment, where the activities were no longer what
they used to be, because in addition to developing
academic activities, the female students had to carry
out other possibly increase the domestic activities
(cleaning, cooking, washing, etc.) as well as caring
for other persons like a children that were also took
online classes. In the case of a recurrence of a similar
pandemic where quarantine measures and online
training are necessary, Bolatov et al.?® and Detyna
et al.*” recommend developing and implementing
innovative methods as a preventive action to maintain
positive interactions between students. In this sense,
the adoption of hybrid teaching (e.g. the Hyflex
model combines face-to-face and online learning),
another online resource used to supplement students’
understanding of laboratory techniques is the Learning
Sciences tool,*8 this provides practical simulations for
scientific experiments. Student exposure to a mixture
of teaching styles can both facilitate and expand their
ability to learn as well as improve learning skills for
strategies with which they are less well matched. Online
learning makes higher education more accessible to
a wider range of individuals as it creates educational
opportunities that are free of time and geographic
constraints.*® Institutions should be recognising and
taking the necessary steps to ensure digital equity
amongst students and staff; this is crucial for hybrid,
hyflex and distance learning.° In addition, college
support services may have a crucial role in helping
students navigate the life challenges associated with
this type of pandemics may help to improve their
mental health.
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CONCLUSIONS

The COVID-19 pandemic argued educational
institutions across the world to rapidly transition to
distance learning, the students adapted to the new
learning environment. The results of this study may be
considered as an early investigation in understanding
the impact of the COVID-19 pandemic among
chiropractic students. The frequency of SBS were high
and mostly occurring at mild and moderate levels, it
is important to highlight that we were able to observe
a 3.06% decrease in burnout in the Gll compared to
the GlI, likewise, we observed an increase of 12.04%
in the mild level of burnout in the GII compared to
the Gl, but in respect to moderate level and severe
we noticed a decrease in the Gll compared to the
Gl (12.04 and 3.06%, respectively). Regarding the
age in class intervals revealed that the most affected
to COVID-19 pandemic were chiropractic students,
between 18 to 29 years old. In addition, our findings
show that gender also showed significant differences,
the female students presented a higher frequency of
SBS compared to male students in both groups. Finally,
the EUBE is overall a good instrument to allow levels of
burnout to be identified, based on two sub-dimensions:
the behavioral and attitudinal, this tool can be usable
even with different student populations.

Declaration of competing interest: the authors
declare that they have no known competing financial
interests or personal relationships that could have
appeared to influence the work reported in this paper.
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Abstract

Introduction: dystonia is an abnormal pattern of posture and/or involuntary, uncontrolled, recurrent,
occasionally stereotyped movement. Barry-Albright Dystonia Scale (BADS) is one of the most use-
ful clinical tools to measure dystonia in children with cerebral palsy. There is no Spanish version of
a scale that measures dystonia. Objective: to develop the Spanish Barry-Albright Dystonia Scale
(BADS) and evaluate the inter and intrarater reliability of the scale and to measure its validity in
the Mexican population with dyskinetic cerebral palsy. Material and methods: we developed the
Spanish version of the BADS for children with dyskinetic cerebral palsy in the Mexican population by
the forward and backward translation procedure and testing for acceptability and the clarity of item
wording so that the scale could be used by Spanish-speaking examiners. The studies included the
validity of content (using Delphi method by a panel of experts), inter and intrarater reliability which
were examined by 2 raters in 30 videos of patients with dyskinetic cerebral palsy twice on two oc-
casions using the spanish BADS. Results: the intrarater and interrater reliability was very good for
the Spanish BADS (Pearson correlation coefficient > 0.90) with a statistically significant agreement
between raters and within raters (all p < 0.001), the scale also translated into Spanish, obtained a
high content validity index (I-Cl 0.82-0.94). Conclusions: the spanish version of the Barry-Albright
Dystonia Scale showed high content value, as well as adequate inter and intrarater reliability. The
scale constitutes an understandable, viable, simple and useful instrument.

How to cite: Vifials-Labafiino CP, Valadez-Varela MG, Delgado-Angulo M, Arenas-Sordo ML. Development
of the Spanish version of the Barry-Albright Dystonia Scale: translation, cross-cultural adaptation and
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Resumen

Introduccion: la distonia es un patrén anormal de la postura o movimientos ocasionalmente
estereotipados, involuntarios, sin control y recurrentes. La escala para distonia de Barry-Albright
(BADS), es una de las herramientas de mayor uso para medir la distonia en nifios con parélisis
cerebral. No hay alguna escala en espafiol para medir la distonia. Objetivo: desarrollar la versién en
esparfiol de la BADS para nifios mexicanos con paralisis cerebral discinética. Material y métodos:
desarrollamos la version en espafiol de la escala BADS a través del procedimiento de traduccion y
retrotraduccion y prueba de la misma, para conocer su aceptacion y la claridad de los reactivos y pueda
ser utilizada por examinadores de habla espafiola. Los estudios incluyeron la validez de contenido
(usando el método Delphi con un panel de expertos), la fiabilidad inter e intraobservador en 30 videos
de pacientes con pardlisis cerebral discinética, examinados por dos observadores, dos veces en dos
ocasiones, utilizando la BADS en espafiol. Resultados: la fiabilidad intra e interobservador fue muy
buena para la BADS en espariol (Coeficiente de correlacion de Pearson > 0.90) con significancia
estadistica inter e intraobservadores (todas las p < 0.001), también la escala traducida obtuvo indice
de validez de contenido alto (I-IC 0.82-0.94). Conclusiones: la version en espafiol de la escala
para distonia de Barry-Albright mostro alta validez de contenido, asi como adecuada fiabilidad inter
e intfraobservador. La escala constituye un instrumento util, viable, simple y de facil comprension.

INTRODUCTION

Cerebral palsy (CP) is the major cause of physical
disability in the pediatric population and it persists into
adulthood.! The global prevalence of CP discussed
is generally of 2.11 cases per 1,000 live births.? The
specific rate in low- and middle-income countries is
unclear, but it has every indication of being higher,
there are more prominent contagious illness rates, pre-
birth and perinatal consideration contrasts and lack of
rehabilitation services, causing more terrible long term
physical disability.®> According to the National Health
Program 2001-2006 the precise information in Mexico’s
incidence is not available, but there is a cerebral palsy
register of 12 000 cases per year. Disability constitutes
a serious public health problem. Itis estimated that 2.3%
of the Mexican population suffer from severe disability.*
Recently the specialists presented the term «high risk
of cerebral palsy» from those cases where the few
distinguishable risk factors, probably including hereditary
conditions, connect between each other, driving a
precise prediction before a half year’s corrected age.>®
The Surveillance of Cerebral Palsy in Europe (SCPE)
classifies CP into the following four subtype groups:
spastic (bilateral and unilateral), dyskinetic (dystonic and
choreoathetotic), ataxic and non-classifiable; all placed
in decreasing order.”2 The different motor types of CP
may emerge and change during the first 5 years of life,
in the Australian population the major prevalence is the
spastic form with 81-92%, followed by dyskinetic type
in 3-9%, then ataxic in 3-6%; and hypotonic (0-4%),
which is not classified in all countries.? Swedish reports
established up to 15% of dyskinetic cerebral palsy

Invest Discapacidad. 2024; 10 (1): 13-20

(DCP).° The clinical assessment of the muscle tone of
a child is imperative to differentiate between spasticity,
dystonia, rigidity or a combination of these; all distinctive
forms of hypertonia.’%*

DCP involves two major movement disorder
patterns: dystonia, which refers to: «abnormal postures,
involuntary twisting, and repetitive movements due to
sustained or intermittent muscle contractions».® At
the point when several abnormal movement patterns
coincide, the SCPE recommend us to call it «mixed
CP forms» and to mainly classify it by the predominant
clinical component.'?® DCP can have numerous
causes and motor impairments are often more severe
in people with DCP than in patients with other types
of cerebral palsy; such as non-motor comorbidities
include intellectual impairment, anarthria, and epilepsy,
affecting daily living skills.'®'417 Sensorial disabilities,
visual and hearing, are also common.*

To measure the level of dystonia when it is
generalized is difficult.’®'® Stewart et al. made a
precise review of clinical scales to measure dystonia as
well as choreoathetosis in children with CP and relying
upon certain met standards, they focused on 6 papers
which will be cited: «Burke-Fahn-Marsden Dystonia
Rating Scale (BFMDRS), Barry-Albright Dystonia
Scale (BADS), Unified Dystonia Rating Scale (UDRS),
Movement Disorder-Childhood Rating Scale (MD-
CRS), Movement Disorder-Childhood Rating Scale
0-3 years (MD-CRS 0-3), and Dyskinesia Impairment
Scale (DIS)".*320 All of these assess dystonia, but
BADS is by all accounts the most well-established
and most used clinical tool. It was initially created for
individuals with secondary dystonia including CP and
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seems to exhibit responsiveness to change following
certain interventions, it evaluates eight body regions.
An upper score demonstrates more noteworthy
seriousness of dystonia, specific preparation to use
the scale is not required, one only needs to be familiar
with the clinical description it mentions, it is the least
intricate and best scale, which is good for day by day
clinical use.'® In the original study made by Barry et
al. the interrater reliability for the eight item scores
by 13 raters for 10 patients utilizing the intraclass
correlation coefficient (ICC) went from 0.061 to 0.866,
the unwavering quality for the complete score was
0.866.8 A study compared BADS with BFMDRS and
UDRS and concluded the interrater reliability of BADS
was moderate to good and internal consistency was
high.'* As is notorious there are few scales, in general,
most health scales are created in English-speaking
nations, the culturally diverse adjustment of a wellbeing
status survey for use in another country, culture, and
language needs a controlled method. The term «cross-
cultural adaptation» is used to include interpretation
and social adjustment issues.'® The 5 steps that
must be followed in order to protect the sensibility of
the tool in the objective culture are: I) «Translation»,
II) «Back translation», Ill) «Committee reviews, 1V)
«Pre-testing» and V) «Weighting of scores». It is not
generally possible to follow all the steps portrayed here
because of the structure of the measure.'® The right
interpretation and social adjustment of a questionnaire
doesn’t generally ensure the conservation of its
psychometric properties, so it is important to continue
the process by measuring the reliability and validity
in the target language.?* So DCP is one of the most
disabling forms of CP, it is probably the most common
presentation of dystonia in children; there is no Spanish
version of a scale that measures dystonia. Due to the
importance of the diagnosis and the early approach of
dyskinetic cerebral palsy, it is necessary to have simple
clinical tools which can be administered by any health
professional who performs pediatric assessments.
Therefore, this study aimed to develop the Spanish
BADS and evaluate the interrater and intrarater
reliability of the scale and to measure its content validity
in the Mexican population with dyskinetic cerebral
palsy at the Instituto Nacional de Rehabilitacion «Luis
Guillermo Ibarra Ibarra» (INRLGII).

The translation of this scale is of special interest
because all Spanish speakers can use it and benefit
from it, as well as to unify criteria for the study of
the patients and to objectively measure the possible
changes after a therapeutic program.

Invest Discapacidad. 2024; 10 (1): 13-20

MATERIAL AND METHODS

This was a prospective, clinical measurement study for
translation, cross-cultural adaptation, determination of
validity of content and inter- and intrarater reliability of
the Spanish BADS in Mexican patients with DCP. We
included patients with a diagnosis of DCP (dystonic,
choreoathetoid or mixed forms) from the Pediatric
Rehabilitation Department of the INRLGII when they
came for their medical appointments. The patients
were between 3 and 18 years of age. The data of the
patients were collected the first time they attended
the INRLGII. Gender, age, comorbidities, dyskinetic
cerebral palsy type, intellectual coefficient and the
Gross Motor Function Classification System (GMFCS)
were the variables studied. Patients with dystonia
of doubtful etiology or attributable to causes other
than forms of secondary dystonia were excluded
from the sample. The final sample consisted of 30
participants. The study was approved by the INRLGII
ethical committee, with registration number 12/19. The
parents signed the informed consent. The raters were
two physiatrists, both experts in pediatric rehabilitation.
Neither had used the scale before conducting this
study, they were familiarized with the translated item
descriptions before applying it to the evaluations.
The procedure used to establish the Spanish version
of the BADS was the forward—backward translation
method described by Guillemin et al. (Supplementary:
Appendix A). Two direct translations were made from
the original instrument (source language, English)
to the language destination (Spanish). Translators
have different profiles, they are bilinguals, one was
familiarized with the concepts of cerebral palsy, and
the other was the native translator working from the
original instrument as with translator versions 1 and
2. A synthesis of these translations which was made
was later translated again to the original language.
After that a review procedure was carried out where
the authors of the study agreed about the semantic and
conceptual equivalence, because this assessment is
an instrument used by health professionals.

To measure the reliability of the translated scale, a
4-minute video register was made of the participants
(after signing the informed consent by the parent or
legal guardian), 2 minutes focusing on the face and
neck, and 2 more minutes to evaluate the trunk and
the 4 limbs. Raters registered the dystonic movement
scores for each patient using the translated scale.
For the intrarater reliability study, the same two raters
reassessed the video-patients 2 weeks apart using

www.medigraphic.com/rid

Contenido



16 Vifals-Labafiino CP et al. Development of the Spanish version of the Barry-Albright Dystonia Scale

the same procedure. The raters were blinded to each
other’s scores and did not have access to their previous
scores. The psychometric testing included the validity
of content, the Delphi method was used. A group of 9
professionals with a 5-year minimum experience in the
care of children with CP participated electronically. An
e-mail with a brief questionnaire was sent to evaluate
their experience accumulated in the diagnosis,
evaluation and therapeutic management of DCP
and finally their skills using international instruments
for the evaluation of dystonia. A measurement was
made of the coefficient of knowledge, argumentation
and competition. The multidisciplinary panel was
formed by 6 different professionals involved in the
scope of pediatric disability, including neurologists,
pediatricians and physiatrists. Regarding the region
of work, there were Mexican and Colombian experts.
They rated 3 videos randomly using Spanish BADS
and notified if they agreed on the item scores and total
score compared with the punctuations from ours. The
content validity index (I-CVI) was obtained by dividing
the number of experts who rated the item with a 1 (very
adequate), 2 (quite adequate) and 3 (adequate) among
the total number of experts for each of the items and
the total score of the Spanish BADS.

Statistical analysis. Descriptive statistics were
applied to determine the demographic characteristics
of the sample, the content validity index was considered
satisfactory for values greater than 0.70, the inter and
intrarater reliability was determined using the Pearson
correlation coefficient, taking p < 0.05 as statistically
significant. Stata SE Software 6.0 was used.

RESULTS

Thirty patients with DCP (based on clinical history,
observation and physical examination) (male 60%,
female 40%) were studied. There were no sample
losses. The mean age was 5.7 years (SD 3.90, range
3-17). The predominant motor pattern of DCP was
mixed type in 21 patients (70%), dystonic type in 8
patients (26.6%) and choreoathetosis in one patient
(3.33%). All 100% of the participants had affectation
in all 4 limbs, 93.3% were GMFCS IV and V, only 2
patients in the sample (6.66%) were ambulatory. An
evaluation of intellectual function was made depending
on the patient’s age using Peabody Picture Vocabulary
Test and Wechsler Intelligence Scale for Children-
IV by a psychologist who also rated adaptive skills.
18 patients (60%) had intellectual disability and in
36.6% of the sample (11 patients) it was not possible

Invest Discapacidad. 2024; 10 (1): 13-20

to determine the intellectual function because of the
age. Only in 3.3% (1 patient) the intellectual function
was normal. The non-motor comorbidities reported
were underweight (3 patients), 9 patients (30%) had
diagnosis of epilepsy, 1 patient had history of soft tissue
surgery and 2 patients had history of soft tissue and
bone surgery, 7 patients had hearing loss (Table 1).

Interrater reliability. The results showed significant
agreement between two raters (p < 0.001) obtaining a
high Pearson’s correlation coefficient (0.90). Interrater
reliability obtained on both occasions was very good.
Using Pearson’s correlation coefficient the results
indicated very good intrarater reliability for both raters
(p <0.001) (Table 2).

Table 3, shows the measurement of different
criteria for the reproducibility and validity of the
translated scale.

There was a consensus among the experts and
those responsible for the study (Table 4), note the
results obtained in the individual items and in the total
score box. The columns of categories 1 (very adequate),
2 (quite adequate) and 3 (adequate) resulted in the
majority of responses from the experts, with minimal
or no selection for columns 4 (not adequate) and 5
(inadequate). The study showed a high content validity
index of the scale with scores between 0.82 and 0.94
in all items including the total score.

DISCUSSION

Documenting the wide range of functional limitations
and disability due to dystonic movements in cerebral
palsy is challenging for health professionals. Valid and
reliable instruments are indispensable for the correct
evaluation. It is known in the academic field that most
of the clinical scales are developed in English-speaking
countries. The development of the Spanish version
of the BADS has been based on the translation and
cultural adaptation guidelines ensuring consistency
in the content and face validity between the original
English version and the Spanish BADS. To the best
of our knowledge, this is the first study of a Spanish
translation and adaptation of this tool and we have not
found other translations into other languages.

The BADS’s creators improved the requirement
for a clinical appraisal instrument that considered the
differed physical and cognitive impairments of people
with cerebral palsy and traumatic brain injury, trying to
determine the changes resulting from an intervention
(application of intrathecal baclofen).'® To date it is still
considered the most useful clinical tool for measuring
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dystonia in children with CP, Stewart et al. indicated
that: «the BADS is the least complex and quickest scale,
which is favorable for clinical use, although it lacks
insight into choreoathetosis».*® For its development,
a video recording was taken of 18 patients with CP
and TBI (a very heterogeneous sample of patients
between the ages of 3 to 42 years), with meetings of
20-45 minutes relying upon the degree of participation,
versatility and useful abilities of the patient.*®

In our hospital as in other international publications,
DCP is the second motor pattern in frequency, spasticity
is the most common, the majority of our population lack
the ability to walk and have intellectual disability. Our

video recording was 4 minutes to make it applicable in
the outpatient clinic of cerebral palsy; initially at rest and
then performing a variety of functional activities (those
measured by the scale). The translated scale retained all
characteristics of the original tool; however, this process
encountered few difficulties, but all of them had a good
resolution. The Spanish BADS was easy to understand,
and it was accepted well by those responsible for
the study and the group of experts. The results were
characterized as very good in the different psychometric
properties of inter- and intrarater reliability. When
applying the scale in pediatric patients, the results were
similar to the original study (with high reliability in the total

Table 1: Demographic characteristics, GMFCS, EDACS, MACS, CFCS from the patients.

Age range 3-17
Cender, (percentage)

Girls (40%) 8
Boys (60%) 11
Intelligence quotient TNV

1<69

CP type, n (%)
1 Mix 1 (100)
2 Dystonic
3 Choreoathetotic

EDACS, n (%)
Level 1 1 (50)
Level 2 2 (50)
Level 3
Level 4
Level 5

MACS, n (%)
|
I 2 (100)
1
I\,
V

CFCS, n (%)
Level |
Level II
Level Il 1(50)
Level IV
Level V

3-16 3-14
8 83
16 77

3 NV 7 NV

1<69 16 <69
1>80

1(50) 1(70)

2 (50) 2(25)
34
1(4)
2 (100) 2 (37)
3 (50)
4(8)
14
4 (100) 9(37)
12 (50)
2(8)
NV (75) NV (33)
14
1(25) 2(8
10 (
3(1

CMFCS = gross motor function classification system. EDACS = eating and drinking ability classification system. MACS = manual ability classification system.

CFCS = communication function classification system. NV = not valued.
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scores, but not for the individual items), an interobserver
reliability of 0.90 and intraobserver reliability of 0.99 were
obtained for the total score using Pearson correlation,
and with the participation of the experts’ committee, the
scale achieved adequate content validity.

Animportant weakness of the scale is that it lacks the
evaluation of choreoathetosis unlike the DIS. However
due to multiple advantages already mentioned, it was
decided to work with BADS in the first instance. An
important part of the sample of patients evaluated
were diagnosed with mixed type cerebral palsy with a
predominance of spasticity over dystonic movements.
The sample size was decided based on other validation
studies. We suggest the creation of a new scale that
addresses both dystonia and choreoathetosis in patients
with dyskinetic CP, in a way that allows evaluation
with short videos that contain functional movements
showing the difference between the different abnormal
movements and sufficiently to discriminate dystonia,
spasticity and choreoathetosis. The clinical quantification

and classification of dystonic CP is important not only
to adapt the appropriate treatments that lead to better
results, if not to avoid ineffective or even harmful
treatments. When dystonia is the predominant motor
type, its severity may be such that it masks coexisting
features of spasticity. This scale would help establish
a functional prognosis regarding the length of time
dystonia is present as well as the interference with
the patient’s function or care. It is necessary to have
an instrument designed to evaluate the therapeutic
efficacy of different medications as well as treatment
models for the patient with dystonia, the availability of
this instrument will allow us to continue an in-depth study
of the pathology and evaluate the effects in the mid and
long term of influence of therapeutic interventions.??2*

CONCLUSION

We can conclude the Barry-Albright Dystonia Scale
in its Spanish version constitutes an understandable,

Table 3: Psychometric evaluation of spanish Barry Albright Dystonia Scale.

Reproducibility Reliability

Internal consistency reliability
Test-retest reliability
Inter-rater reliability

Face validity

Content validity

Criterion validity

Validity

Cronbach'’s alpha coefficient 0.89
Spearman'’s rank correlation 0.84
Pearson’s correlation coefficient 0.99 0.99

0.90 (p = 0.00001)

Applicability and acceptability Adequate
Analysis See Table 2
Pearson’s correlation coefficient 0.99

Table 4: Content validity index (I-CVI) of the experts who participated in the study.

Eyes 9 (52.94) 6 (35.29)

Mouth 10 (58.82) 2 (11.7)

Neck 5(29.41) 8 (47.05)

Trunk 5(29.41) 5(29.41)

RUL 6 (35.29) 10 (58.82)

LUL 10 (58.82) 4(23.52) 1(
RLL 8 (47.05) 2(11.7) 4 (
LLL 6 (35.29) 5(29.41) 4 (
Total 5(29.41) 4 (23.52) 7 (

5.88) 0.00 1(5.88) 0.94
.7) 3(17.64) 0.00 0.82
17.64) 0.00 1(5.88) 0.94
2(11.7) 1(5.88) 0.82

1(5.88) 0.00 0.94

) 1(5.88) 1(5.88) 0.88
2(11.7) 1(5.88) 0.82

1(5.88) 1(5.88) 0.88

0.00 1(5.88) 0.94

S'BADS = Spanish version Barry Albright Dystonia Scale. RUL = right upper limb. RLL = right lower limb. LUL = left upper limb. LLL = left lower limb.
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20 Vifals-Labafiino CP et al. Development of the Spanish version of the Barry-Albright Dystonia Scale

viable, simple and useful instrument, however, it failed
to discriminate other clinical variants of dyskinetic
cerebral palsy. The validation of clinical instruments
with evidence for the diagnosis, treatment and
prognosis of children with cerebral palsy may be useful
in future studies.
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un modelo de lesion traumatica
de la médula espinal en rata

Neuroprotective and functional recovery-
promoting effect of WIN 55,212-2 treatment in a
rat model of traumatic spinal cord injury
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Introduccion: la lesion traumatica de médula espinal (LTME) es un padecimiento que genera dafio
irreversible sobre la funcién sensitiva, motora y autondmica, para el que no se tiene un tratamiento
eficaz que logre revertir el dafio. La mayor incidencia se presenta en la poblacién econdmicamente
activa (20-45 afos). La fisiologia es muy compleja; sin embargo, se sabe que la exitotoxicidad, el estrés
oxidante, la inflamacion y la apoptosis son mecanismos de dafio secundario claves que llevan a la
pérdida del tejido adyacente sano, por lo que es necesario desarrollar tratamientos neuroprotectores
eficaces. El uso de cannabinoides sintéticos como el WIN 55,212-2 (agonista sintético del receptor
de cannabinoides) puede ser considerado como terapia neuroprotectora, ya que se ha reportado
su efecto, antioxidante y antiinflamatorio en diferentes patologias. Objetivo: evaluar el efecto neu-
roprotector del WIN 55,212-2 en un modelo de LTME en rata. Material y métodos: evaluando los
niveles de lipoperoxidacion (LP) como marcador de estrés oxidativo, actividad de caspasas 8 y 3
como marcador de muerte celular por apoptosis y la recuperacion funcional después de una LTME.
Resultados: los hallazgos mostraron un incremento de los niveles de LP por efecto de la lesion,
la cual disminuy6 cuando los animales recibieron el tratamiento con WIN 55,212-2, asimismo se
observé menor actividad de Caspasa-8 por efecto del WIN 55,212-2. Finalmente, los animales con
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spinal cord injury,
lipoperoxidation, caspase-8
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WIN 55,212-2 mostraron un mejor desempefio funcional al ser comparados con el grupo control.
Conclusiones: con estos resultados pudimos demostrar que el tratamiento con WIN 55,212-2
puede tener beneficio terapéutico después de una LTME; sin embargo, se requieren méas estudios.

Abstract

Introduction: spinal cord injury (SCI) is a disabling condition that generates irreversible damage to
sensory, motor, and autonomic function, for which there is no effective treatment that can reverse
the damage. The highest incidence occurs in the economically active population (20-45 years). The
physiology is very complex, however; excitotoxicity, oxidative stress, inflammation and apoptosis are
known to be crutial in secondary damage mechanisms that lead to the loss of adjacent healthy tissue,
so itis necessary to develop effective neuroprotective treatments. The use of synthetic cannabinoids

Citar como: Lamas R, Rios C, Mata-Bermudez A, Islas-Cortez M, Diaz-Ruiz A. Efecto neuroprotector y
promotor de la recuperacion funcional del tratamiento con WIN 55,212-2 en un modelo de lesién traumética
de la médula espinal en rata. Invest Discapacidad. 2024; 10 (1): 21-28. https://dx.doi.org/10.35366/113827
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such as WIN 55,212-2 (synthetic cannabinoid receptor agonist) can be considered neuroprotective
therapy since its antioxidant and anti-inflammatory effect has been reported in different pathologies.
Objective: we evaluate the neuroprotective effect of WIN 55,212-2 in a spinal cord injury model

in rats. Material and methods: we evaluated the participation of oxidative stress by measuring

Recibido: 10 de agosto de 2023
Aceptado: 16 de octubre de 2023

lipoperoxidation (LP) levels, caspase 8 and 3 activity as a marker of cell death by apoptosis, and
functional recovery after SCI. Results: the findings showed, an increase in LP by effect of damage

and a decrease when WIN 55,212-2 was administered. Likewise, an increase in the activities of
caspases 3 and 8 was observed due to the effect of trauma that was not reversed by the treatment.
Finally, the animals with WIN 55,212-2 showed a better functional performance when compared with
the control group. Conclusions: with these results we were able to demonstrate that treatment with
WIN 55,212-2 may have a therapeutic benefit after LTME, however, further studies are required.

Abreviaturas:

DMSO = dimetilsulféxido.
EROS = especies reactivas de oxigeno.
FDA = Food and Drug Administration.
IL-18 = interleucina 1 beta.
LP = lipoperoxidacion.
LTME = lesién traumatica de médula espinal.
pNA = croméforo p-nitroanilina.
Rl = respuesta inflamatoria.
TNF-a = necrosis tumoral alfa.

INTRODUCCION

La lesion traumatica de médula espinal (LTME) es un
padecimiento grave con alta mortalidad que en la mayo-
ria de los casos produce una discapacidad permanente.
Ocurre cuando el tejido nervioso de la médula espinal
se dafiay se interrumpe la comunicacién axonal, lo que
resulta en la pérdida de la funcién motora y sensitiva
por debajo del nivel del trauma. Después de una lesion
primaria irreversible, inician una serie de mecanismos
autodestructivos (lesion secundaria) que dafian el te-
jido nervioso." Durante esta etapa se presentan dafno
vascular, alteracion iénica, formacion de radicales
libres, acumulacion de neurotransmisores excitatorios
(excitotoxicidad), respuesta inflamatoria (RI) y apopto-
sis, posteriormente en las etapas subaguda y cronica,
se observa desmielinizacion de axones, degeneracion
Walleriana, remodelacion, regeneracion y la formacion
de una cicatriz glial.? Para inhibir o disminuir estos me-
canismos, se han utilizado diversos farmacos como la
metilprednisolona que es el tratamiento mas empleado
para este padecimiento; sin embargo, no ha demostrado
ser eficaz, y su administracion trae consigo una gran
cantidad de efectos adversos que ponen en riesgo la
vida de los pacientes, es por eso que la Food and Drug
Administration (FDA) de los EE. UU. no ha aprobado su
uso. Por tal motivo, se siguen desarrollado nuevas es-
trategias neuroprotectoras (sin éxito hasta el momento).

Recientemente, se ha propuesto el uso de can-
nabinoides como terapias neuroprotectoras en di-

Invest Discapacidad. 2024; 10 (1): 21-28

versos padecimientos del sistema nervioso, como la
enfermedad de Parkinson,® el estatus epiléptico,* el
infarto cerebral,® en isquemia de la médula espinal,®
etcétera. Asimismo, se ha reportado que la activacion
de receptor de cannabinoides CB2 se asocia con
una reduccion en el rodamiento y la adhesién de
los glébulos blancos a lo largo de las células endo-
teliales vasculares cerebrales, una reduccién en el
tamafio del infarto y un mejor desempefio funcional
motor después de una isquemia focal transitoria en
ratones.” De forma particular se ha reportado que el
WIN 55,212-2, un agonista sintético de los receptores
CB1 y CB2 de cannabinoides, tiene efecto antiinfla-
matorio, antioxidante y neuroprotector en un modelo
in vitro de dafio por hiperglucemia mas péptido
amiloide B oligomérico,® en este estudio se observo
una reduccién de los niveles de especies reactivas
de oxigeno (EROS), actividades de enzimas antio-
xidantes como la superdxido dismutasa, catalasa,
glutation peroxidasa y glutatién reductasa, ademas
de disminucién en algunos marcadores de estrés
nitrosativo. Asimismo, en este trabajo se demostrd
que el tratamiento disminuye los niveles de algunas
moléculas relacionadas con la Rl como son, la sintasa
del 6xido nitrico inducible, la interleucina 1 beta (IL-1p)
y el factor de necrosis tumoral alfa (TNF-ao), lo que
llevo al incremento en viabilidad celular. De igual for-
ma, en modelos in vivo de infarto cerebral y LTME se
ha demostrado que el tratamiento con WIN 55,212-2
tiene efecto antiinflamatorio, antiapoptotico y neuro-
protector. Asi lo reportan Sun y colaboradores,® en
un modelo de oclusidn de la arteria cerebral media
en ratas, observando que el tratamiento con WIN
55,212-2 promueve la proliferacion de las células en
la zona de penumbra después del infarto, al ejercer
un efecto neuroprotector. Mientras que Su y colegas®
demostraron reduccion del dafio secundario después
de una LTME, por efecto del tratamiento con WIN
55,212-2, siempre y cuando el tratamiento se admi-
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nistre inmediatamente después del dafio. Con base
en esta informacion, en el presente trabajo evaluamos
el efecto antioxidante, antiapoptético y neuroprotector
del WIN 55,212-2, iniciando el tratamiento tres horas
después del dafio en un modelo de lesion traumatica
de la médula espinal en rata.

MATERIAL Y METODOS

Consideraciones éticas para el uso de animales en la
experimentacion: para la realizacion del presente estu-
dio, se siguieron los lineamientos establecidos a nivel
internacional, asi como por la Norma Oficial Mexicana
NOM-062-Z00-1999, en la cual se establecen los cri-
terios y especificaciones técnicas para la produccioén,
cuidado y uso de los animales de laboratorio.
Cirugia y cuidados postoperatorios: se utilizaron
ratas hembras de la cepa Wistar adultas de 200 a 250
g de peso, asignadas a los grupos experimentales de
manera aleatorizada. A los animales se les practicd
una LTME o un procedimiento quirurgico falso (la-
minectomia), con previa anestesia de pentobarbital
sbdico (50 mg/kg) administrado por via intraperito-
neal. Durante la cirugia la temperatura corporal se
mantuvo a 37 °C. Se les practicd una incision en la
piel y se diseco el tejido conectivo y muscular para
dejar expuestos los procesos espinosos, una vez
realizado este procedimiento se retir6 de manera
cuidadosa la lamina toracica 9 para dejar expuesta
la médula espinal. Al finalizar la cirugia, los animales
controles no lesionados se suturaron y el resto fue-
ron sometidos a una lesién por contusion moderada
utilizando un equipo desarrollado por la Universidad
de Nueva York (New York University Spinal Cord
Impactor). La lesion se produjo dejando caer un ci-
lindro metélico de 10 g de peso de una altura de 25
mm (25 g/cm), directamente sobre la médula espinal.
Inmediatamente después de la cirugia los animales
recibieron cuidados postoperatorios en una camara
de cuidados intensivos para pequefias especies
(Schoer Manufacturing CO., Kansas City, MO.), asi
como un tratamiento farmacolégico antipirético con
acetaminofén (5 mL/2 L de H,0) y antibi6tico con
benzatina bencilpenicilina de 1,200,000 U en dosis
Unica (200 pL intramuscular). Durante siete dias, se
les manipuld la vejiga y los intestinos para su vacia-
miento cada 12 horas durante los primeros tres dias
(etapa de choque medular) y cada 24 horas en los
subsecuentes cuatro dias. Finalmente, los animales
fueron colocados de manera individual en cajas de
acrilico, diariamente se realizaron chequeos del
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estado de salud, para evitar la aparicién de ulceras
por decubito, durante todo el estudio los animales se
mantuvieron en ciclos de 12 horas luz/obscuridad y
con libre acceso al agua y al alimento.

Tratamiento farmacolégico: los animales fueron
asignados de forma aleatoria a cada uno de los cuatro
grupos como sigue: grupo con laminectomia (sélo
con procedimiento quirrgico) tratados con vehiculo
(DMSO/10%, Twen 80/5% y solucién salina/85%), por
via i.p., grupo LTME/Veh: animales con lesiébn mas
vehiculo, grupo LTME/WIN 0.3 mg y grupo LTME/
WIN 3 mg: animales lesionados y tratados con WIN
55,212-2 a 0.3 mg/kg (dosis baja) o con 3.0 mg/kg
(dosis alta) respectivamente cada 24 horas iniciando
el tratamiento tres horas después del dafio (una sola
dosis) para los animales a los que se les evalud los
niveles de LP y actividad de caspasas 8 y 3, mien-
tras que para los animales a los que se les evalué la
funcion motora el tratamiento fue por tres dias una
dosis cada 24 horas, este esquema de tratamiento
fue establecido de acuerdo con lo reportado por Page
y colaboradores.'?

Ensayo de lipoperoxidacién: los animales fueron
sacrificados 24 horas después del dano de acuerdo
con lo reportado por Diaz-Ruiz y colegas'' como pico
maximo de LP después de la LTME. La cuantificacion
de la peroxidacidon de lipidos se realizé mediante la
técnica descrita por Triggs y Willmore'? para determi-
nar los productos finales de la LP. Las ratas se sacri-
ficaron por decapitacién para obtener el tejido fresco
del epicentro de la lesion, el cual fue homogeneizado
en solucion salina, se tomo6 una alicuota de 1 mL y
se le incorporaron 4 mL de una mezcla de cloroformo
metanol y se dej6 reposar durante 30 min para permitir
la separacion de la fase cloroférmica; posteriormente,
se hizo la lectura en un espectrofotdmetro de luminis-
cencia Perkin-Elmer LS50B a 370 nm de excitacion y
430 nm de emision. Los resultados se expresaron en
unidades de fluorescencia por gramo de tejido.

Ensayo de la actividad de caspasa-8 y caspasa-3
en el hipocampo: previo a realizar el ensayo de cas-
pasas, determinamos las concentraciones de proteina
de cada muestra utilizando el método de Lowry,'®
como se describe: cada muestra se diluy6 1:50 (50 uL
de homogeneizado + 950 pulL de agua), 0.4 mL de la
muestra diluida se pipete6 y se adicionaron 2 mL de
la siguiente solucion: 49 mL de Na,CO, al 2% + 0.5
mL de CuSO4 al 1%, 10 min después se adiciono el
reactivo folin fenol 1:1 (0.2 mL por muestra) y 30 min
después las muestras fueron leidas en espectrofoto-
metro de UV/visible Perkin-Elmer lambda 20, a 550
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nm. Es importante mencionar que la concentracion
de proteinas necesaria para realizar la prueba de ac-
tividad de caspasas en el hipocampo debe ser de 250
ug por muestra. La actividad de caspasa-8 se evalud
utilizando un kit colorimétrico (APT 171 Merck Millipo-
re) que reconoce la secuencia de aminoacidos IETD,
este ensayo se basa en la deteccion del croméforo p-
nitroanilina (pNA) después de la escisidn del sustrato
marcado IETD-pNA el pNA es liberado. Asimismo, la
actividad de la caspasa-3 se midio6 utilizando un kit de
ensayo colorimétrico (APT165 Merck Millipore) que
identifica la secuencia de aminoacidos DEVD. Este
ensayo se basa en la deteccidn del cromoforo pNA
después de la escision del sustrato marcado DEVD-
pNA, el pNA es liberado. Todas las actividades se
midieron a 405 nm, utilizando un espectrofotdmetro
de microplacas (BioTek Eon™).

Evaluacion funcional: los animales fueron evalua-
dos al dia siguiente de la lesién para comprobar la au-
sencia de movimiento en los miembros posteriores, y
subsecuentemente se realiz6 la evaluacién motora una
vez por semana durante un mes, utilizando la escala
BBB (Basso, Beattie y Bresnahan) estandarizada por
Basso y su equipo.'4 Esta escala consta de 22 grados
de recuperacién en la que se describe con detalle
cada uno de los movimientos de las articulaciones
de los miembros posteriores (cadera, rodilla y tobi-
llo), asi como la coordinacion entre las extremidades
anteriores y las posteriores durante la marcha, cabe
mencionar que previo a la evaluacion los animales
fueron habituados a la superficie en la cual fueron
colocados para su evaluacién, cada animal fue eva-
luado en sesiones de cinco minutos (como Mmaximo)
para evitar la fatiga y confundir el desempefio motor.
La evaluacion fue realizada por tres observadores
que desconocian la asignacion de los tratamientos
(evaluacion en ciego).

Analisis estadistico: en todos los casos se realizd
un analisis exploratorio de los datos para determinar
si los valores tenian una distribucion normal aplicando
la prueba de Kolmogorov-Smirnov y homogeneidad
de varianzas aplicando la prueba de Levene. Una vez
determinado esto, se utilizaron pruebas estadisticas
paramétricas ANOVA de una via seguida de la prueba
post hoc de Tukey para analizar los valores del ensayo
de LP y actividad de caspasas-8 y 3 mientras que, la
prueba de ANOVA de medidas repetidas seguida de
la prueba de Dunnett fue aplicada para analizar los
resultados de la evaluacidn funcional. En todos los
casos se tomd como diferencia significativa una p <
0.05. Paquete estadistico SPSS 21.0.
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RESULTADOS

El WIN 55,212-2 disminuye la LP después de la lesion
de la médula espinal: los resultados de la cuantificacion
de la LP evaluada a 24 horas después del dafo se
muestran en la Figura 1, los valores estan expresados
en unidades internacionales de fluorescencia por gramo
de tejido y representan el valor promedio + error estan-
dar de seis a ocho animales por grupo. El valor promedio
de LP en el grupo con laminectomia fue de 656.15 +
53.28, mientras que en el grupo LTME y vehiculo fue de
1,017.77 £ 49.83, asimismo en los animales lesionados
y tratados con WIN 55,212-2 a dosis baja (LTME/WIN
0.03 mg) fue de 822.49 + 103.79 desmotandose una
reduccion de la LP por efecto del WIN 55,212-2 adminis-
trado a dosis baja aunque éste no fue estadisticamente
significativo, finalmente los valores promedio en los
animales lesionados y tratados con WIN 55,212-2 a
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Figura 1: Efecto del tratamiento con WIN 55,212-2 sobre la
cantidad de productos finales de la lipoperoxidacion evalua-
dos 24 horas después del dafio, los valores estan expresados
como unidades internacionales de fluorescencia por gramo de
tejido y son el valor promedio + error estandar. Laminectomia
(s6lo con procedimiento quirrgico), LTME/Veh: animales con
lesion traumatica de la médula espinal y vehiculo (grupo con-
trol), LTME/WIN 0.3 mg: animales con lesién y tratados con
WIN 55,212-2 a una dosis de 0.3 mg/ kg en dosis Unica (dosis
baja) iniciando el tratamiento tres horas después de la lesion,
LTME/WIN 3 mg: animales con lesion y tratados con WIN a
una dosis de 3 mg/kg en dosis Unica (dosis alta). ANOVA de
una via seguida de la prueba de Tukey (p < 0.05).

LTME = lesion traumatica de médula espinal.

* Diferente del grupo con laminectomia. * Diferente vs grupo LTME/Veh.
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Figura 2: Efecto del tratamiento con WIN 55,212-2 sobre la ac-
tividad de caspasa-8 evaluada 24 horas después del dafio. Los
valores estan expresados en porcentaje de actividad de caspa-
sa-8 con respecto al grupo control y corresponden al valor pro-
medio + error estandar. Laminectomia: sélo con el procedimien-
to quirGrgico, LTME/Veh: animales con lesion traumatica de la
médula espinal y vehiculo (grupo control), LTME/WIN: anima-
les con lesion y tratados con WIN 55,212-2 (3 mg/ kg en dosis
Unica) iniciando el tratamiento tres horas después de la lesion.
ANOVA de una via seguida de la prueba de Tukey (p < 0.05).
LTME = lesion traumatica de médula espinal.

* Diferente del grupo con laminectomia. * Diferente vs grupo LTME/Veh.

dosis alta fue de 542.02 + 117.04, observandose que la
reduccion en la LP fue estadisticamente significativa al
ser comparados con el grupo con lesion y tratados sélo
con vehiculo ANOVA seguida de la prueba de Tukey.
EI WIN 55,212-2 disminuye la actividad de la cas-
pasa-8 después de la lesion de la médula espinal:
la activacion de la via extrinseca de la apoptosis se
evaluo a través de la actividad de la caspasa-8. Los
resultados obtenidos de la actividad de la caspasa-8 se
muestran en la Figura 2. Los valores estan expresados
en porcentaje de actividad de caspasa-8 con respecto
al grupo con laminectomia y son el valor promedio +
SEM de cuatro a seis animales por grupo. Como se
puede apreciar, hay un aumento significativo en la
actividad de caspasa-8 por efecto de la lesion (129.26
+4.39), que corresponde a 29.26%, al ser comparado
con el grupo con laminectomia (s6lo con procedimiento
quirdrgico) (100 = 1.26) con respecto al grupo con
lesion y tratado con WIN 55,212-2 el valor promedio
de actividad fue de 114.51 + 5.96, lo que correspon-
de a una disminucion de la actividad de -13%, al ser
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comparada con el grupo lesionado no tratado, esta
diferencia fue estadisticamente significativa (p <0.05).

El WIN 55,212-2 no disminuye la actividad de la
caspasa-3 después de la lesidén de la médula espinal:
los resultados obtenidos de la actividad de la caspa-
sa-3 se muestran en la Figura 3 y estan expresados
como porcentaje con respecto al grupo con laminec-
tomia, como podemos observar existe un incremento
de la actividad de caspasa-3 por efecto de la lesion
de 40% (139.99 + 7.43), al ser comparada con la del
grupo con laminectomia, esta diferencia fue estadis-
ticamente significativa (p < 0.05). Mientras que los
valores de actividad del grupo con lesion y tratado con
WIN 55,212-2 fueron de 153.64 + 7.62 mostrando que
el tratamiento no fue capaz de reducir la actividad de
dicha caspasa al ser comparado con los valores del
grupo con lesion y sin tratamiento.

El WIN 55,212-2 administrado a dosis altas favo-
rece una mejor recuperacion funcional después de la
lesién de la médula espinal: los resultados del efecto
de la administracion de WIN 55,212-2 a dos diferen-
tes dosis sobre la funcion motora evaluada durante
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Figura 3: Efecto del tratamiento con WIN 55,212-2 sobre la
actividad de caspasa-3 evaluada 24 horas después del dafio.
Los valores estan expresados en porcentaje de actividad de
caspasa-3 con respecto al grupo con laminectomia y corres-
ponden al valor promedio * error estandar. Laminectomia:
s6lo con el procedimiento quirGrgico, LTME/Veh: animales
con lesion traumatica de la médula espinal y vehiculo (grupo
control), LTME/WIN: animales con lesion y tratados con WIN
55,212-2 (3 mg/kg en dosis Unica) iniciando el tratamiento tres
horas después de la lesion. ANOVA de una via seguida de la
prueba Tukey.

LTME = lesion traumatica de médula espinal.

*p<0.05.
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Figura 4: Efecto de WIN 55,212-2 sobre la recuperacion motora
evaluada durante cuatro semanas (S) en ratas con LTME. LTME/
Veh: animales con lesion traumética de la médula espinal y ve-
hiculo (grupo control), LTME/WIN 0.3 mg: animales con lesion y
tratados con WIN 55,212-2 a una dosis de 0.3 mg/kg en dosis Uni-
ca (dosis baja) iniciando el tratamiento tres horas después de la
lesion, LTME/WIN 3 mg: animales con lesion y tratados con WIN
55,212-2 a una dosis de 3 mg/kg en dosis Unica (dosis alta). Los
valores estan expresados como el promedio + error estandar de
seis animales por grupo. Los resultados fueron analizados con una
ANOVA de medidas repetidas seguida de la prueba de Dunnett.
BBB = Basso, Beattie y Bresnahan. LTME = lesién traumaética de
médula espinal.

*p <0.05 vs grupo LTME/Veh.

cuatro semanas se muestran en la Figura 4. Como
podemos observar existe un menor desempefio fun-
cional en los animales con LTME que sélo reciben el
vehiculo (LTME/vehiculo), asi como en el grupo que
solo recibe tratamiento con WIN 55,212-2 a dosis baja
(0.3 mg/kg) desde la primera semana de evaluacion,
observandose un valor promedio de 2.67 + 0.40y 4.5
*1.04, respectivamente, mientras que en el grupo con
LTME vy tratado con las dosis altas de WIN 55,212-2
(3.0 mg/kg) el valor promedio en la primera semana fue
de 8.37 £ 1.03 (Figura 4). Finalmente, los resultados
de la recuperacion funcional evaluada cuatro sema-
nas después del dafio mostraron mejor recuperacion
funcional sélo en el grupo tratado con WIN 55,212-2
a dosis alta (3 mg) al ser comparado con el grupo
control tratado so6lo con vehiculo (11.63 £ 1.34 y 7.8
+1.29, respectivamente), esta diferencia fue estadisti-
camente significativa (p <0.05), lo que demuestra que
el tratamiento con WIN 55,212-2 tiene un efecto dosis
respuesta ANOVA de medidas repetidas seguida de
la prueba de Dunnett.
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DISCUSION

Los resultados del presente trabajo demostraron que
la LTME produce dafio oxidativo, ya que los niveles
de LP se incrementaron de forma significativa al ser
comparados con el grupo control (sélo con laminecto-
mia), este efecto concuerda con lo reportado previa-
mente por nuestro grupo en un modelo de lesion por
contusion en rata.™

Asimismo, se observé que el tratamiento con WIN
55,212-2 a dosis alta (3 mg/kg) administrado tres horas
después del dafo tiene efecto antioxidante al disminuir
los niveles de LP. Este hallazgo es interesante, ya
que es el primer estudio que demuestra este efecto
después de una LTME.

El mecanismo por el cual el WIN 55,212-2 ejerce
dicho efecto puede ser por su capacidad para inhibir
la excitotoxicidad, esto basado en los hallazgos de
Rangel-Lopez y colaboradores,'® quienes demostraron
que el WIN 55,212-2 reduce el dafio oxidativo en un
modelo de excitotoxicidad inducido por &cido quinolini-
co (un agonista de los receptores N-metil-D-aspartato
[NMDA)]). Los resultados de este estudio mostraron
disminuir los niveles de LP y de EROS en cultivo de
células del cuerpo estriado de rata.

Con base en esta informacion, es probable que el
efecto antiexcitotoxico del WIN 55,212-2 sea el me-
canismo responsable de la disminucion del dafio oxi-
dativo después de la lesién, ya que la excitotoxicidad
es un mecanismo de dafio secundario que se observa
durante la etapa aguda después de una LTME.'¢

Por otra parte, pudimos demostrar que la LTME
incrementa la actividad de la caspasa-8 y que el
tratamiento con WIN 55,212-2 disminuye dicha acti-
vidad. Se sabe que la caspasa-8 se activa por efecto
del TNF, sintetizado durante la Rl, activandose la via
extrinseca de la apoptosis. En un estudio previo de
nuestro grupo’” demostramos que la LTME incrementa
la actividad de la caspasa-8, lo que concuerda con los
resultados de este estudio. Asimismo, observamos dis-
minucién de la actividad de la caspasa-8 por efecto del
WIN 55,212-2, aunque se desconoce cual puede ser el
mecanismo, se ha descrito que el WIN 55,212-2 tiene
efecto antiinflamatorio, asi lo reporta Fernandez-L6pez
y colegas'® en un modelo de infarto cerebrovascular
focal neonatal en rata, los resultados mostraron que el
tratamiento con WIN 55,212-2 reduce el dafio debido
a su efecto antiinflamatorio sobre la microglia, de igual
forma Huizenga y Forcelli'® reportaron que el WIN
55,212-2 ejerce efecto neuroprotector, disminuyendo
la muerte celular inducida por dimetilsulfoxido (DMSO)
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en ratas en desarrollo. Finalmente, en este estudio
observamos una mayor recuperacion funcional en los
animales tratados con WIN 55,212-2 administrado en
dosis altas al ser comparados con el grupo no tratado.
Es probable que el efecto antioxidante y antiapoptoético
observado en este estudio sean mecanismos claves
neuroprotectores que inciden en una mejoria funcional,
este efecto sobre la recuperacioén funcional es acorde
con lo reportado por Su y su equipo® después de una
lesion, en este estudio demostraron que WIN 55,212-2
mejord la funcién motora de los animales dependiente
de la activacion del receptor CB2, ya que al bloquear
este receptor por el AM630 (un antagonista de CB2)
no se observa recuperacion funcional, mientras que
cuando se bloquea el receptor CB1 por AM251 (un
antagonista de CB1) se presenta mejoria motora, es
importante destacar que, en este estudio la administra-
cién del WIN 55,212-2 (1 mg/kg) inicid inmediatamente
después del dafio con un esquema de dosis repetidas
a ocho y 24 horas, esto le confiere limitaciones en el
uso durante la practica médica por la imposibilidad de
iniciar el tratamiento de forma inmediata después de la
lesidn. En nuestro estudio, el esquema de tratamiento
inicio tres horas después del dafio con dosis de 3 mg/
kg y se observo que a pesar de no ser administrado
de manera inmediata el tratamiento tiene un beneficio
terapéutico al incrementar el desempefio funcional
motor en los animales, con base en estos hallazgos
el WIN 55,212-2 pudiera ser considerado como una
terapia traslacional para la LTME.

CONCLUSIONES

Conlos resultados obtenidos de este proyecto podemos
concluir que el WIN 55,212-2 administrado en dosis de
3 mg/kg iniciando el tratamiento tres horas después de
una LTME disminuye los niveles de LP, la actividad de
caspasa-8 e incrementa el desemperio funcional motor
de los animales. Tomando en cuenta que este efecto
se obtiene aun cuando el tratamiento inicia tres horas
después del dafio, el WIN 55,212-2 puede ser tomado
en consideracion en la practica clinica después de una
LTME; sin embargo, se requiere de mas estudios para
demostrar su seguridad y beneficio terapéutico.
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Abstract

Human-Machine-Interfaces (HMIs) can use surface electromyography (SEMG) signals to control
equipment that assists disabled people in their activities of daily living (ADLs). The use of SEMG
signals in HMIs is currently the subject of extensive research. However, some drawbacks of previous
research are that weight loads that directly impact SEMG signals, movement velocities, electrode
positioning, and a criterion for selecting SEMG features are not considered for the best performance
in HMI. Therefore, the article’s main contribution is the presentation of a methodology that allows
identifying the muscles and features that have the most significant contribution in SEMG-based gesture
recognition, considering electrode positioning and avoiding compensatory movements. The article
highlights how load weights affect SEMG signals and how principal component analysis determines
the best sEMG features for gesture classification. We compared seventeen machine learning
classifier models for classifying four upper limb movements based on decision trees, support vector
machines, k-Nearest Neighbors, and ensembled methods classifier models. The results show that
the signal square integral and Mean Frequency features of SEMG make it possible for classifiers to
get an accuracy of above 90%.

Resumen

Las interfaces hombre-maquina (HMI) pueden utilizar sefales de electromiografia de superficie
(SEMG) para controlar equipos que ayudan a personas con discapacidad en sus actividades de la
vida diaria. El uso de sefiales SEMG en HMI es actualmente objeto de numerosas investigaciones,
sin embargo, uno de los inconvenientes de dichas investigaciones es que no se tienen en cuenta que
las cargas de peso afectan directamente a las sefiales SEMG, ni las velocidades de movimiento, ni
el posicionamiento de los electrodos y ni un criterio para seleccionar las caracteristicas SEMG, con
el objeto de obtener la clasificacion de los movimientos, y con ello el mejor rendimiento en una HMI.
Por ello, la principal contribucién del articulo es la presentacion de una metodologia que permita
identificar los musculos y las caracteristicas que tienen mayor contribucion en el reconocimiento de
gestos basado en SEMG, considerando el posicionamiento de los electrodos y evitando movimien-
fos compensatorios. Algunas contribuciones adicionales de este articulo destacan como las cargas
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afectan a las sefiales SEMG y como se utiliza el andlisis de componentes principales para determi-
nar las mejores caracteristicas SEMG para la clasificacion de gestos. Se compararon 17 modelos
de clasificacion de aprendizaje automatico para clasificar cuatro movimientos de las extremidades

superiores basados en arboles de decision, maquinas de vectores de apoyo, k-Nearest Neighbors
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y modelos de clasificacion de métodos ensamblados. Los resultados muestran que la integral cua-
dratica de la sefial y las caracteristicas de frecuencia media de SEMG permiten a los clasificadores

obtener una precision superior al 90%.

INTRODUCTION

Surface electromyography (SEMG) has been used as
input for human machine interfaces (HMIs) to recognize
the user’s body movements and translate them into
machine commands. Some applications of SEMG-based
HMI in upper limb rehabilitation include bionic hands,*?
rehabilitation devices,®> and assistive devices.* For an
SsEMG signal to be used on an HMI, a classification
process, better known as pattern recognition, must
be done. The pattern recognition process has three
fundamental stages: signal pre-processing, feature
extraction, and classifier model training.® Signal pre-
processing includes hardware and software denoising,
full-wave rectification, and smoothing to get the sEMG
signal envelope.® Feature extraction plays an essential
role in classification accuracy and feasibility. Several
time-domain, frequency-domain, and time-frequency-
domain features have been used to analyze sEMG
signals.” Due to the vast number of available features,
methods such as principal component analysis
(PCA) have been used to reduce feature space
dimensionality.®° On occasions, computationally simpler
classification methods are preferred over more accurate
but more complex ones due to their low processing
time, making them more feasible to be applied in
real-time.*>!! For instance, time-domain features are
the most straightforward feature extraction technique
since no transformation is required and are preferred
over frequency-domain and time-frequency-domain
features.'?*2 In the classifier model training stage of
the SEMG signals pattern recognition process, we can
find several classifier models in the literature, such as
Gaussian mixture models,'* support vector machines
(SVM),*® k-Nearest Neighbours (KNN),' decision trees
(DTs),6 or ensemble methods.'’

Most previous works on pattern recognition systems
using sEMG signals focus on motion classification. For
example, McDonald et al.*® classified the direction
of eight single degrees of freedom (DoF) and multi-
DoF movements of the elbow and wrist using nine
time-domain features recorded from eight forearm
muscles. McDonald et al.'® concluded that using linear
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discriminant analysis (LDA), only the RMS and MAV
are enough for detecting movement direction with
100% accuracy in nine able-bodied subjects.

Sun et al.*® compared four machine learning classifier
models (K-Nearest Neighbor (KNN), anfis neural network
(ANN), ensembled methods, random forest, and support
vector machine (SVM)) to identify four wrist movements,
using only four SEMG signals from four wrist muscles.
Sun et al. demonstrated that muscle selection impacts
classifier model accuracy since they found that extensor
carpi radialis (ECR) and flexor carpi ulnaris (FCU)
muscles can obtain the best classification results (over
95%) on random forest classification models.

Said et al.® found that the best classifier model for
identifying four hand gestures (hand close, hand open,
wave-in, and wave-out) using eight SEMG signals from
the forearm using the MAV and standard deviation (SD)
features is an SVM model with an 89.93% accuracy.

Few works on pattern recognition systems using
SEMG consider motion and SEMG signals generated by
different load weights. For example, in the paper by Azis
S,%° the pattern recognition of elbow flexion/extension
using the SEMG signal of the Biceps Brachii with load
classification of three loads, 1, 3 and 7 kg, is presented.
Azis S.?° determined that the best classification model
is a cubic SVM with a 99% accuracy.

Current trends in SEMG-based gesture recognition
focus on deep learning (DL) techniques,?* and their final
prediction results are affected by the quality and quantity
of SEMG signals. Even though DL techniques have
proven to be an effective method to solve SEMG-based
gesture recognition problems, they need many electrodes
and, therefore, additional hardware and computing
power to process signals, which might be inconvenient
for developing some prosthetic or rehabilitation devices.

Itis important to note that assistive devices such as
robotic prostheses, among others, should be designed
to be used in activities of daily living since daily living
activities involve performing movements under external
loads’ influence, causing adjustments to be made in
motor control.?? Motor control adjustments are reflected
by altering spatiotemporal features of SEMG signals.
As mentioned above, body movement classification
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models based on SEMG signals have been evaluated
with good results. However, most reviewed studies do
not consider how to properly place sEMG electrodes,
avoid compensatory movements when performing
motion movements that might affect SEMG-based
gesture recognition, apply load weights on multiple
forearm movements, or consider movement velocities.

Therefore, the article’s main contribution is the
presentation of a methodology that identifies the
muscles and features that have the most significant
contribution to the gesture recognition of SEMG signals
generated by different load weights and movement
velocities. The proposed methodology also considers
the positioning of the electrodes and tries to avoid
compensatory movements. In addition, this article
aims to improve the design and development of future
HMIs that are adapted to the needs of each individual.

MATERIAL AND METHODS

This methodology describes collecting and processing
SEMG signals generated by various external load
conditions to identify single-DoF upper limb movements.
The methodology section contains three subsections: 1)

The experimental configuration subsection describes the
acquisition protocol and mechanical configuration used for
collecting the SEMG signals. 2) The signal preprocessing
subsection describes how the SEMG signal was cleaned
of noise. 3) The gesture recognition subsection describes
how the SEMG signal’'s features were computed. In
addition, the subsection on gesture recognition describes
how machine learning classifier models were applied and
how reduction feature tests were carried out.

Experimental configuration

We proposed three measurement configurations to
acquire sEMG signals generated by single-DoF upper
limb movements under varying external loads (Figure
1). The measurement configurations are based on Von
Werder’s article.?? In all measurement setups, a pulley
machine (Lojer, Finland) is used to apply a constant
external load to the understudy joint throughout
its entire range of motion. The pulley machine has
attached a 4-centimeter-diameter deflection pulley,
which allows it to connect to the same axis an elbow
flexion/extension, a wrist flexion/extension, or a wrist
medial/lateral deviation joint pulley.

Figure 1: Single-degrees of freedom upper limb movements proposed measurement setups. A) Pulley machine. B) Pulley machine
deflection pulley. C) Elbow flexion/extension deflection pulley. D) Arm fixation table for wrist flexion/extension measurement setup.
E) Wrist flexion/extension deflection pulley. F) Wrist medial/lateral deflection pulley. G) Arm fixation wrist medial/lateral deviation table.
The numbers indicate the movements made. Where 1,2 is the flexion/extension of the elbow. 3,4 is flexion/extension of the wrist. 5,6

is medial/lateral deviation of the wrist.
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In the measurement configurations for elbow flexion/
extension and wrist flexion/extension, the participant
was seated on a chair parallel to the pulley machine in
an upright position. The participant’s joint was parallel
to the deflection pulley. In the setup for measuring wrist
medial/lateral deviation, the participant was seated in
front of the pulley machine. The participant was then
instructed to align the wrist joint with the medial/lateral
deflection pulley (Figure 1).

The participant was instructed to rest their arm
on a table in the setups for measuring wrist flexion/
extension and medial/lateral deviation. The arm was
then secured to the table with Velcro straps to prevent
compensatory body movements. The misalignment
of the joints between the pulley machine and the
participant was prevented by adjusting the deflection
pulley machine to the participant’s height.

The sEMG signals were collected at a sampling
rate of 1000 Hz, using 2 cm diameter bipolar Ag-AgCl
electrodes with the commercial SEMG system Datalog
(Biometrics, Newport, UK). Since, in this paper, elbow
flexion/extension, wrist flexion/extension, and wrist
medial/lateral deviation movements were under study,
we evaluated the muscles of brachioradialis (BQR),
biceps brachii long head (BBLH), triceps brachii long
head (TBLH), triceps brachii lateral head (TBLAH),
flexor carpi radialis (FCR), FCU, ECR, extensor carpi
ulnaris (ECU), due to their relevance for the designated
movements by their myotome map. The placement of
the BBLH and TBLH electrodes followed the SENIAM
guidelines.?® While the TBLAH, FCR, FCU, ECR, ECU,
and BQR electrodes were placed following the Perotto
book’s instructions.?*

A twelve-camera «Flex13» Optitrack System
(Natural Point, Corvallis, Oregon, USA) was used to
acquire the kinematics of the elbow and wrist joints.
The kinematics of the elbow and wrist movements were
sampled at 100 Hz. The Optitrack system’s reflective
markers were positioned per the Baseline Upper Body
«25» biomechanical marker set.?®

The testing procedure was done by a 30-year-
old participant who was considered healthy and
gave informed consent for testing. The participant
performed elbow flexion/extension, wrist flexion/
extension, and wrist medial/lateral deviation at the
following cadences for each movement: 3 cycles
in 2 seconds, 4 cycles in 1 second, 5 cycles in 0.5
seconds, and 6 cycles in 0.5 seconds (where a cycle
corresponds when the participant completes a flexion/
extension or medial/lateral deviation movement of a
corresponding evaluated joint). The participant was
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instructed to rest for sixty seconds between each
cycle set to prevent fatigue. This procedure was
done with the following movements and external
loads: elbow flexion/extension at 0.5, 2.5, 5 kg, wrist
flexion/extension at 0.5, 2.5 kg, and wrist medial/
lateral deviation at 0 and 0.5 kg. Loads were chosen
based on the participant’s capabilities to perform full
maneuvers without fatigue.?? The angular velocities
of the movement cycles range from 20 to 2809s.
These speeds were determined by comparing a
slow movement performed by a participant with a
movement disorder to that of a healthy subject.

Signal pre-processing

The joint angles were calculated by inverse kinematic
analysis of the Optitrack-obtained marker-set
trajectories using the OpenSim software?® and a
previously described biomechanical model.?’ The joint
angle signals were resampled from 100 Hz to a 1 kHz
frequency, and a second-order Butterworth low-pass
filter with a f_3;, = 5 Hz cutoff frequency was then
used for smoothing the signal.

The sEMG signals were filtered with a fourth
order bandpass digital Butterworth filter with a
f.34p = 40 — 450 Hz cutoff frequencies. All the SEMG
signals were subsequently full wave rectified and
normalized to a maximum value of one. To obtain the
envelope of the signals, all the sEMG signals were
low-pass filtered with a second-order Butterworth filter
with a f 5 ;, = 10 Hz cutoff frequency.

By computing the correlation between the
resampled joint's angle signal and the SEMG from
the BBLH processed signal, synchronization was
achieved. The minimum and maximum joint angle
signal values were selected to segment and label the
data. The used data labels were elbow flexion 0.5 kg,
elbow extension 0.5 kg, elbow flexion 2.5 kg, elbow
extension 2.5 kg, elbow flexion 5.0 kg, elbow extension
5.0 kg, wrist flexion 0.5 kg, wrist extension 0.5 kg, wrist
flexion 2.5 kg, wrist extension 2.5 kg, wrist flexion 5.0
kg, wrist extension 5.0 kg, wrist medial deviation 0.0
kg, wrist lateral deviation 0.0 kg depicts the entirety of
signal preprocessing (Figure 2).

Gesture recognition
Once the data had been segmented and labeled, mobile
windows of 256 ms were applied, and features from the

time domain and frequency domain were calculated over
the sEMG signals. The features were selected for their
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due to correlation
Bandpass filter Full wave Low pass filter processing
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Butterworth normalize to 1 Butterworth
Figure 2: Signal pre-processing of kinematics and surface electromyography signals.
frequent use in gesture recognition articles.>181°28 The Vi MfiP
selected features were the Integrated SEMG (IEMG) MNF = Q (8)
(equation 1),%8 the MAV (equation 2),>1928.29 the simple 2j=1M Py

square integral (SSI) (equation 3),28 the variance (VAR)
(equation 4),'°28 the RMS (equation 5),>192829 the
WL (equation 6),>19282° the median frequency (MDF)
(equation 7),°?8 the MNF (equation 8).19:28

Equation
N
IEMG = ZIX,,I (1)
n=1
1 N
MAV = EZIJ{“I )
n=1
N
ssi= ) |X,I? (3)
N
(4)
5)
N-1
WL = lerﬁl _Xr:1 (6)
n=1

2 AN (7)
j=1MDFP; =2 ) j=1MP,
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Where X,, is the SEMG signal in a segment. N is the total
length of the SEMG signal. P;is the power spectrum at
a frequency binj. Finally, f; is the spectrum frequency
bin i at frequency. n and j are n — sample the and j
— bin, respectively.

Seventeen machine learning classifier models
were evaluated using DT, KNN, SVM, and ensembled
classifier models with different Kernel functions. The
total number of evaluated samples was 320,649
samples. Due to the large dataset size and to
compare the models based on the model accuracy
on the test dataset and select the best model, the
50% hold-out validation method was used. The
feature extraction was done in MATLAB (MATLAB.
(2022). version 9.12.0.1927505 (R2022a). Natick,
Massachusetts, USA).%? The classification models
were trained with the classification learner toolbox
from MATLAB. The classifiers were selected based
on previous works explained in the introduction
section. The measure used to compare the different
classifier models was accuracy (Acc). Acc®! is
defined in equation 9. Where TP stands for true
positive, TN stands for true negative, FP stands for
false positives, and FN stands for false negatives.

(Acc) = (STP+YTN) /(XTP+Y TN +YFP+YFN) (9)

To better understand how the sEMG signal
features of time and frequency contribute to motion
classification and identify which features contribute
the most to a better classification, we proposed five
experimental tests that we will explain next.
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The frequency domain was ignored in the first test
to understand the contribution of time domain features.
This evaluation analyzed eight different muscle signals
by calculating their time domain features. Forty-eight
features were considered, and fourteen classes
were considered.

The second experiment used frequency-domain
features exclusively as the feature set. The analysis
considered sixteen features and fourteen classes
were considered.

On the third test, we considered both the time-
domain and frequency-domain features. Sixty-four
features in total were assessed. Also, in this test,
fourteen different classes were considered.

Following a PCA for feature reduction, a fourth
experiment was conducted. The IEMG feature of
all sEMG signals was used to test the classifier
models. Eight features and fourteen classes were
considered in this test.

The fifth test is a baseline test. In this test, only the
movements without loads are considered. Therefore,
only six classes were classified. In this test, we only

Bnght e

Step 1. The kinematics and SEMG signals are acquired
with the proposed experimental setup, as explained in
section 2.1. To obtain the goniometry of the joints, the
inverse kinematics is performed with Opensim.

éfd,afﬁﬁa;f o J“ =
Step 6. PCA is applied to |dent|fy the
muscles and SEMG signals that have
a major contribution to the Gesture
recognition classification.

£l = e e
2 -...---
° s

Step 2. The processing of the goniometry
and sEMG signals is performed as
explained in section 2.2.

Step.5. The features descrlbmg the SEMG signals are
calculated (as explained in section 2.3) and the databases
to be evaluated in the classifier models are created.

Gonzalez-Mendoza A et al. Methodology for muscle identification in gesture recognition using machine learning methods

checked for time-domain features. A complete overview
of the proposed methodology is shown in Figure 3.

RESULTS

The classifiers evaluated an average of 22,904
samples for each obtained SEMG signal. Table 1
displays the results from the five tests that compared
the classification of elbow flexion/extension, wrist
flexion/extension, and medial/lateral wrist deviation
movements through sEMG signals produced by various
external loads. We can see from test 1, where only
time-based features were considered, that SVM, KNN,
and ensemble-based classifier models produced the
best classification accuracy, reaching 99.8% accuracy.
No method could classify data more accurately than
79% in test two, which only considered frequency
features. The time-frequency features were applied
in test 3, but the results did not improve over those
obtained intest 1. Only the IEMG feature was used for
classification in test 4. This was done since the PCA
analysis shown in Figure 4 indicated that this feature

D . SETE LR e

' BRI iR Rl [::

haniey

Step. 3. Synchronize the joint angle signals
and the sEMG signals through cross-

correlation.
TEMG =% |X 1 =
= RAMS \F & X
x
MAV = = X w1
N E WL= % |x X
~ o
8513 |X 5 MDFF; = =% j = LMI
.
VAR AN MfP

MNEF
§= LMF,

=
Step. 4. The joint goniometry and SEMG signals
are segmented by identifying the identified motion
event and the signals are labeled as explained at
the end of section 2.2.

Figure 3: Overview of the proposed methodology for multiple upper limb surface electromyography-based gesture recognition.
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Table 1: Classification test accuracy results. Test 1 only uses time-domain features. In test 2, only frequency
domain features are added. In test 3, Time-frequency-domain features are added. In test 4, only the IEMG feature
is used. Test 5, only time-domain features are used, and no loads are considered in classification.

DT Fine tree 73.8
DT Medium tree 62.3
DT Coarse tree 38.8
SVM Linear SYM 84.2
SVM Quadratic SVM 98.4
SVM Fine Gaussian 99.8
SVM Medium Caussian 95.9
SVM Coarse Gaussian 81.2
KNN Fine KNN 99.8
KNN Medium KNN 99.7
KNN Coarse KNN 94.4
KNN Cosine KNN 99.8
KNN Weighted KNN 99.8
Ensemble Boosted Trees 66.2
Ensemble Bagged Trees 99.8
Ensemble Subspace Discriminator 57.1
Ensemble RUsBoosted Trees 63.9
Number of classes 14

54.4 86.4 64 88.5
45.7 69.2 52 79.1
30.4 43 30.8 63.3
26.7 88.5 67.3 85.8
19.4 98.3 84.9 97.5
50.7 99.7 99.5 99.3
44 96.8 90.5 94.4
37 88 75.6 86.4
71.3 99.8 99.8 99.8
71.3 99.8 99.5 95.7
62.6 95.7 90.2 95.7
37.8 99.8 99.6 99.8
71.9 99.8 99.8 99.8
47.6 83.9 56.9 84.7
76.9 99.8 99.8 99.8
23.6 57.1 453 73

44.3 83.6 57.1 78.7
14 14 14 6

DTs = Decision trees. SYM = support vector machines. KNN = k-Nearest Neighbours.

contributed the most to the classification models. Also,
Figure 4 shows that the muscles that contribute more
than 40% according to the PCA analysis to identify
the classification of the evaluated muscles are FCU,
FCR, EQU, ECR, and BQR. The results of test 4
indicate a classification that is comparable to that of
test 1. Only the movements were classified in test
five, and the time features were applied. We observe

Invest Discapacidad. 2024; 10 (1): 29-41

an improvement in the classification models, like DT-
based models, in test five.

Some confusion matrices have been included
to understand better how the outcomes in Table 1
performed. For example, the confusion matrix in
Figure 5 illustrates how classification models with low
classification rates (below 80%) produce a lot of false
positives. The confusion maps from test 3 (Figures 6
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and 7) were added to compare the behavior of time
and time-frequency features.

DISCUSSION

According to the results of the five proposed tests, body
movements can be detected through SEMG signals
generated by different loads. Additionally, we have
pinpointed the features that make it easier to categorize
body movements using SEMG signals, thanks to the
five proposed tests. The PCA allowed for identifying
the sEMG signal feature that contributes the most to
the classification of upper limb movements.

The results from the proposed test five showed that
KNN and SVM-based classification models produce
the best outcomes. These results are consistent with
those of Sun et al.,’® where wrist flexion/extension
classification scores with over 90% accuracy. These
results demonstrate that the classifier is operating
as intended. According to test 1 accuracy results
compared to the other test (Table 1), time-domain
features are the main contributor to the classification
of upper limb movements. The results of tests one,
two, and three show that frequency-domain features
don’t have a relevant effect on the classification

of upper limb movements through SEMG signals
generated by different loads. These previously
discussed results are consistent with Sun et al. and
McDonald et al.'®1° Comparing the accuracy results
from the other classifier models with varying kernel
functions showed that kernel functions affect the
results of the different classifier models. Therefore,
even though KNN and SVM have the best results,
the Fine KNN and Fine Gaussian kernel functions
score up to 99.8% accuracy. Comparing the positive
and negative confusion matrices from test 1 of the DT
with a kernel function of a Fine Tree and test 3 SVM
model with a coarse Gaussian kernel function (Figure
4 and 6) against test 1, the SVM model with a Fine
Gaussian kernel function (Figure 6), it can be seen
that the models were scoring 70%, and 80% have a
high number of false positives, even in some cases,
high misclassification rates are achieved, unlike the
SVM model from test 1, where high true positives are
achieved. This supports the criteria of McDonald,®
where a classifier model on gesture recognition should
have an accuracy of over 90%.

The worst accuracy results were obtained
with DT and some Ensemble methods with kernel
functions of boosted trees, subspace discriminator,
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Figure 4: Principal component analysis feature reduction analysis.
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Elbow flexion 0.5 kg | 50% | 26% | 4% | 16% | 2% | 2% [<1% 1% <1% 50% 50%
Elbow extension 0.5 kg | 16% | 48% | 2% | 21% [ 9% | 3% <1% <1% 48% 52%
Elbow flexion 2.5 kg | 16% | 15% | 19% | 23% | 10% | 7% | 1% 2% | 1% <1%| 1% | 5% 19% .
Elbow extension 2.5kg | 9% | 7% | 4% [ 55% | 5% | 13% 1% | <1% 1% | 4% 55% 45%
Elbow flexion 5kg | 2% | 6% | 3% | 12% 29%
Elbow extension 5 kg | 7% | 10% | < 1% | 10% 37%
g Wrist flexion 0.5 kg | < 1% <1% 17%
R S N L E SO S T N — -
= Wristextension 0.5kg | 1% |<1%|< 1% 26%
Wrist flexion 2.5 kg | 1% <1%| 1% 30%
Wrist extension 2.5 kg | 1% <1% 20%
Wrist flexion 5 kg <1% 14%
Wrist extension 5 kg <1% 37%
Wrist Med. Dev. 0.0 kg | 1% | 3% 1% | 3% 31%
Wrist Lat. De. 0.0 kg | 2% 1% 2% 2% 1% | <1% 8% 15%
s ¢ & g g g = = = = = = =2 =
g g g g g g 5 5 5 5 5 5 5 5
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Predicted class

Figure 5: Decision trees classifier model using a fine kernel function. Confusion matrix of test 1. Accuracy of 73%.

and RUsBoosted Trees, scoring results less than
89%. Therefore, it is not recommended for upper
limb motion classification using SEMG signals. Test
3 and PCA analysis shown in Figure 4 show that
the FCR, FCU, ECR, ECU, and BQR sSEMG signals
have the best performance in signal classification.
This might be because more movements related to
the wrist are evaluated. Also, from PCA analysis,
as shown in Figure 2, the best time domain feature
that contributes the most to upper limb motion
classification is IEMG from all the measured
muscles. Comparing accuracy results from test 1,
48-time domain features of the SEMG signal were
used to train the models against the accuracy
results from test 4, where only 8 IEMG sEMG time
domain features are used, can be seen in Table 1,
that most classification learner models score higher
accuracy. Still, in SVM with Fine Gaussian Kernel,
KNN achieves up to a 99.8% accuracy, indicating that

Invest Discapacidad. 2024; 10 (1): 29-41

feature reduction is possible. The IEMG feature has
information on the SEMG signal related to movement
velocity and weight load conditions.

From the obtained results, for mapping unknown
individuals, a high set of muscles is preferable for
scoring high accuracy results; however, a reduction
of muscles is possible. This is important since making
faster and more comfortable HMIs is possible. Also,
the results show that it is possible to classify upper limb
motions by SEMG signals generated by low loads. This
is important since the development of HMI based on
SEMG singles for people with low SEMG activity can
be implemented. Although we have only evaluated
one healthy participant, we consider that the results
obtained are relevant since the age and gender of the
participant involved are within 80% of the statistical
range of upper limb amputations,®? and furthermore
that the design of HMI for upper limb amputees is
usually performed on an individualized basis. This
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is because factors such as stump shape, length, or
etiology influence obtaining SEMG signals. That is
why one of the main contributions of the article is the
methodology that allows identifying the muscles that
have the greatest contribution in the classification of
movements and the identification of the SEMG feature
that allows its better classification.

Through testing of the participant-involved subject
using the PCA, it has been identified that the time features
have the greatest contribution to the classification of upper
limb movements, indicating that it is possible to save
processing time in HCI and thus improve its performance.
Also, through the tests performed, it has been shown that
having many sEMG signals for gesture classification is
unnecessary, which can result in the reduction of signal
processing time and hardware components, which are
useful mainly in prosthetic devices. In the tests performed,
we have demonstrated that it is possible to identify three

Gonzalez-Mendoza A et al. Methodology for muscle identification in gesture recognition using machine learning methods

upper limb motor gestures using only the ECR, ECU,
FCR, FCU, and BQR muscles.

In test 5, where the gestures were classified without
considering the unloaded labels, we can observe that
the accuracy values increased compared to the other
tests. This could indicate that using loads to identify
gestures increases the accuracy of the classifiers
compared to not using loads because using loads
could increase the muscle frequency and amplitude
of the SEMG signal or the values of some features.
We currently do not have a direct comparative test,
however, we will study this hypothesis in the future.

CONCLUSION
The proposed paper presents a methodology

that identifies the muscles and features that
contribute most to SEMG-based gesture recognition,

Elbow flexion 0.5 kg

Elbow extension 0.5 kg

Elbow flexion 2.5 kg

Elbow extension 2.5 kg

Elbow flexion 5 kg

Elbow extension 5 kg

Wrist flexion 0.5 kg

True class

Wrist extension 0.5 kg

Wrist flexion 2.5 kg

Wrist extension 2.5 kg

Wrist flexion 5 kg

Wrist extension 5 kg

Wrist Med. Dev. 0.0 kg

Wrist Lat. De. 0.0 kg
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Figure 6: Support vector machines classifier model with fine Gaussian kernel function. Confusion matrix of test 1. Accuracy of

99.8%.
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Figure 7: Support vector machines classifier model with coarse Gaussian kernel function. Confusion matrix of test 3. Accuracy of

81.3%.

considering electrode positioning and avoiding
compensatory movements of upper limb movements
of the elbow and the wrist. Previous research
methodologies presented in the introduction
commonly only focus on gesture movements, but
this might affect the performance of HMI since a
user might interact with Activities of Daily Living that
modify load speeds of movements and that affect
the sEMG signal generation. From the obtained
results, we can conclude that it is possible to identify
different body movements considering different load
weights, which isn’t done by Aziz S et al.?? and Liu
Y et al.®3 This may change how users interact with
assistive technology since different activities require
a different response. Also, according to our research,
using KNN and SVM with the Fine KNN and Fine
Gaussian kernel functions with the IEMG feature is
the most accurate machine learning classifier that

Invest Discapacidad. 2024; 10 (1): 29-41

has proved efficient and successful. These results
can be used directly in the design of real-time EMG
classifiers for rehabilitation and assistive devices.
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Abstract

IgA vasculitis (HSP) and systemic lupus erythematosus (SLE) are both immune diseases that could
be more interrelated than currently thought. HSP is an immune disease characterized by systemic
small vessel vasculitis and mesangial deposits of immunoglobulin A, which ultimately leads to failure in
apoptotic clearance and to the generation of a chronic lymphoproliferative syndrome. SLE is an immune
disease characterized by chronic systemic inflammation that affects multiple tissues and systems, and
its origin lies in the formation of double-stranded anti-DNA antibodies, which in turn are generated
by failures in apoptotic clearance. HSP can be considered as a triggering factor for the development
of systemic lupus erythematosus probably as the result of alterations in the apoptotic clearance that
we think could be related to the inhibition of non-coding long-chain RNA genes (ENST00000378432,
ENST00000571370, uc001kfc.1 y uc010gna.2) in patients with HSP, that in consequence alters
Fas gene (CD95) track and the functions of the tumor necrosis factor family, that in turn inhibits the
secretion of phosphatidylserine which ultimately generates a lymphoproliferative syndrome which
possibly activates the double-stranded anti-DNA antibodies, the origin of SLE.

Resumen

La vasculitis IgA (HSP, por sus siglas en inglés) y el lupus eritematoso sistémico (SLE, por sus siglas
en inglés) son enfermedades inmunolégicas que podrian estar mas interrelacionadas de lo que se
piensa. La HSP es una enfermedad caracterizada por vasculitis sistémica de pequefios vasos y
depdsitos mesangiales de inmunoglobulina A, lo que conduce a fallas en el aclaramiento apoptético
y ala generacion de un sindrome linfoproliferativo crénico. El SLE es una enfermedad caracterizada
por una inflamacion sistémica cronica que afecta multiples érganos y sistemas, su origen radica en
la formacion de anticuerpos anti-DNA de doble cadena, que también son generados por fallas en
el aclaramiento apoptético. La HSP puede considerarse como un factor desencadenante de SLE,
probablemente como resultado de alteraciones en el aclaramiento apoptético, que podria estar re-
lacionado con la inhibicién de genes de ARN de cadena larga no codificante (ENST00000378432,
ENST00000571370, uc001kfc.1y uc010gna.2) en pacientes con HSP, que en consecuencia alteran
el gen Fas (CD95), asi como la funcion del factor de necrosis tumoral que a su vez inhibe la secrecion
de fosfatidilserina, lo que activaria los anticuerpos anti-DNA de doble cadena, el origen del SLE.

How to cite: Doniz-Viveros AD, Copca-Barrientos M, Hernandez-Uribe PS, Ortega-Espinosa JVA. Analysis
of Fas gene as the causative molecule of systemic lupus erythematosus in patients with IgA vasculitis
(Henoch-Schonlein purpura). Invest Discapacidad. 2024; 10 (1): 42-53. https://dx.doi.org/10.35366/113829

ﬁ www.medigraphic.com/rid

Contenido



Doniz-Viveros AD et al. Fas gene as the causative molecule of systemic lupus erythematosus 43

METHODOLOGY

This article is organized in the form of a narrative
review. The decision to adopt this approach was
made after carefully evaluating the existing literature
and considering a well-defined research question
(the identification of the Fas gene as the causative
molecule of systemic lupus erythematosus in patients
with IgA vasculitis). This choice was reinforced by a
thorough critical analysis, which involved summarizing
the qualitative evidence and employing a reproducible
search strategy. Furthermore, the selection of relevant
studies and extraction of data were executed with
rigorous precision.

Literature search platforms: PubMed: each
pathology was examined within a nonspecific timeframe
and organized by relevance, without specifying the
language. Each individual pathology was examined
both with and without captions that identify a molecular
pathway involving the FAS gene. Additionally, articles
that demonstrate established correlations between
systemic lupus erythematosus and IgA vasculitis
in patients were reviewed. This research was
characterized by its heterogeneity from start to finish.
Google Scholar was utilized, along with the inclusion
of full text and associated data. Furthermore, Scopus
was employed, with a subject area filter for medicine,
immunology and microbiology, biochemistry, genetics,
and molecular biology. The keywords Fas, systemic
lupus erythematosus, IgA vasculitis, and Henoch
Schonlein Purpura were marked. Other resources
such as Web of Science, ScienceDirect, and PubMed
Central were also consulted.

The time period covered was from 1982 (Lippman
SM, Lockard Conley C, Ness PM, Meyers DA, Bias
WB. Genetic Factors Predisposing to Autoimmune
Diseases Autoimmune Hemolytic Anemia, Chronic
Thrombocytopenic Purpura, and Systemic Lupus
Erythematosus. Am J Med. 1982;73:827-840 to 2023)
to 2023 (Amy Paskiewicz, Jianli Niu, Christopher
Chang. Autoimmune lymphoproliferative syndrome:
A disorder of immune dysregulation Autoimmun Rev.
2023 Sep 6;103442).

Limitations in the methodology: only a single
article investigates explicitly the apparent correlation
involving HSP and juvenile SLE at a clinical magnitude,
thus potentially lacking representativeness of the
overall population.

Limitations in the research: the absence of research
that illustrates the molecular pathways linking both
entities is a notable deficiency. Consequently, this
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inadequacy presents an opportunity for an initial
exploratory investigation, enabling the identification
of gaps in this field. The studies included in this
analysis exhibit variations in terms of methodology,
the population under investigation, research design,
and other pertinent aspects. Consequently, this
heterogeneity hinders comparison and synthesis. In
order to comprehend the relationship between both
diseases beyond the mere clinical interconnection
points, as suggested by the article, it is essential
to conduct future experimental studies. These
investigations will offer an elucidation of the connection
between the two diseases.

INTRODUCTION

The evolution of one autoimmune entity to another
autoimmune disease has been extensively examined
over the past few decades. One particular case that
has experienced significant advancements in recent
years is the transition from undifferentiated connective
tissue diseases (UCTD) to well-defined connective
tissue diseases (CTD).*

UCTDs are a collection of diseases that lack
conformity with the established classifications for
clinical diagnosis, such as those formulated by the
American College of Rheumatology. These diseases
exhibit overlapping clinical features, like incomplete
forms of systemic lupus erythematosus (SLE). On
the other hand, well-defined CTDs encompass a
heterogeneous group of diseases that demonstrate a
clear alignment with certain established and universally
accepted clinical characteristics.'™

A cohort study conducted by the Rheumatology
Unit at the University of Pisa in 2013 revealed
that 36% of 83 patients with UCTD, who were
undergoing treatment, progressed to CTD. At the
beginning of the study, all participants displayed
clinical manifestations that qualified as stable UCTD,
including joint involvement, Raynaud’s phenomenon,
leukopenia, and thrombocytopenia. Later, among the
30 patients whose disease evolved into defined CTD,
22 were identified as SLE, 3 as primary Sjégren’s
syndrome (pSS), 3 as rheumatoid arthritis (RA), 1 as
systemic sclerosis (SSc), and 1 as mixed connective
tissue disease (MTCD).®

Another study, published in 2022, conducted a
systematic review and meta-analysis to establish
the predictive value of both clinical and laboratory
parameters in the progression from UCTD to CTD.
This was particularly focused on diseases such as SLE
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and SSc. The review encompassed the examination
of relevant publications utilizing databases such as
MEDLINE, EMBASE, and the Cochrane Central Register
of Randomized Controlled Trials. Only studies that met
specific criteria, including a minimum of 20 UCTD cases,
a minimum follow-up period of 6 months, and at least
one risk factor for developing CTD, were selected.
A total of 59 studies were included in the systematic
review, while 41 were utilized in the meta-analysis. The
findings indicated that factors such as age, the presence
of specific antibodies, and various components of
the autoimmune system, including proinflammatory
cytokines and HLA molecules, exhibited predictive
patterns for the progression of UCTD to CTD.*

The comprehension of the shift from undifferentiated
connective tissue disease (UCTD) to connective tissue
disease (CTD) is crucial due to its contribution in
establishing the theoretical framework for the behavior
of autoimmune diseases. The transitions between
these two conditions offer a promising avenue of
investigation for the early detection and intervention of
individuals who are susceptible to their development.

Another known example of the evolution of one
autoimmune entity to another autoimmune disease has
occurred in patients with immune thrombocytopenia
(ITP) and autoimmune hemolytic anemia (AIHA) that
evolved to SLE years later. The relationship between
these diseases is well established. ITP and AIHA
are types of thrombotic microangiopathic (TMA)
syndromes, which are commonly found in patients
with SLE. While ITP and AIHA typically occur after
the manifestation of SLE, there are cases where they
occur earlier and precede the onset of SLE. The lack
of tolerance to autoantibodies is the underlying cause
of both ITP and AIHA in patients with SLE, leading
to the destruction of erythrocytes, cell death, and a
progressive decrease in platelets.>8

Hematological manifestations are commonly
observed in patients with SLE, but the nature of
these manifestations varies greatly depending on the
individual characteristics of each patient. This is why
recent research has focused on identifying specific
molecular (genetic) patterns that can enable a more
personalized approach to diagnosis and treatment.
For instance, in childhood-onset systemic lupus
erythematosus (cSLE), hematological manifestations
may be the initial presentation of the disease, which can
be more severe in this age group. Approximately 25%
of childhood SLE patients exhibit these hematological
phenomena. Comparisons between cSLE and
adult-onset SLE (aSLE) have revealed that children
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with AIHA and ITP have a higher prevalence of
constitutional symptoms such as fever, weight loss,
hepatosplenomegaly, and low levels of hemoglobin.5-®
In a 2016 case report, a 34-year-old female patient
presented with thrombocytopenia, hemolytic anemia,
and schistocytes in the peripheral smear. Shortly after,
she developed SLE, meeting the diagnostic criteria set
by the systemic Lupus International Collaborating Clinics
(SLICC). This poses a challenge in terms of treatment,
as there are established guidelines for managing
patients who have SLE and subsequently develop ITP
and AIHA, but the same does not apply to patients who
initially have ITP and AIHA and then develop SLE.®
This paper explores the connection between two
immune disorders, IgA vasculitis (HSP) and systemic
lupus erythematosus (SLE), which may have more
interdependence than previously recognized. Failure in
apoptotic clearance and lymphoproliferative syndrome
are common features in both diseases. HSP is an
immune disorder characterized by systemic vasculitis
and the presence of deposits of IgG anti-GalNAc-IgAl in
the mesangium. These deposits are complexes formed
by Galactose-Deficient IgA1 (predominant subclass
of immunoglobulin in the serum), and the IgG that is
targeting them. The aforementioned occurrence results
in the advancement of progressive nephritis, failure
in apoptotic clearance and the emergence of chronic
lymphoproliferative syndrome.®** SLE is a chronicimmune
disease that results from the formation of anti-DNA
antibodies due to apoptotic clearance failure, leading to
systemic inflammation in multiple tissues and systems. %1
A positive association between HSP and juvenile
SLE was reported in a case-control study. The
investigators identified particular risk factors based
on information obtained from a systematic review,
including childhood age of approximately 10 years,
female sex, and anemia. Specifically, advanced age
and decreased levels of hemoglobin were found to
be associated with increased odds ratios of 1.37
(with a 95% confidence interval of 1.06 to 1.89)
and 5.39 (with a 95% confidence interval of 2.69 to
15.25), respectively. The molecular point of union
between the two diseases cannot be determined by
the researchers. However, a molecular deficiency in
the apoptotic clearance pathway is likely involved,
and future experimental studies are needed to explain
how both diseases are related beyond the clinical
interconnection points, as suggested by the article.
Finally, considering its retrospective nature, the article
possesses certain limitations. The primary bias that
arises is the inclusion bias, despite the limited available
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information regarding the subject matter. Moreover,
the number of participants of this study is another
potential source of bias. Throughout the duration of
this study, the cases were assessed by the respective
Departments of Rheumatology and Immunology;
however, the precise number of rheumatologists who
confirmed both diagnoses remains undisclosed.®

Apoptosis, a biological process of cell death, is
characterized by three stages: stimuli, pathways,
and effector mechanisms that execute the death
program.*3-1> The apoptotic process being deficient in
autoimmune diseases like SLE and HSP causes the
perpetuation of the lymphoproliferative syndrome and
the inability of the organism to eliminate it.*3-’

Inthe pathogenesis of systemic lupus erythematosus
and IgA vasculitis there is a common pathway that is
increased, the FAS/FAS ligand (FASL) pathway,
however in both diseases there are mutations that
interfere with its function. Fas and FasL are cell surface
molecules that play an important role in apoptosis. It
has been observed that in patients with IgA vasculitis
there is an increase in the expression of these
molecules in neutrophils and lymphocytes.*

The participation of FAS has also been
demonstrated in the pathogenesis of SLE, and it has
been observed that mutations in Fas or FasL contribute
to deficient apoptosis, which leads to the appearance
or maintenance of lymphoproliferative syndrome.*®

This manuscript examines the contribution of the
Fas protein to the apoptotic pathways associated with
autoimmune disorders, namely HSP and SLE. Fas
protein is an essential mediator in the extrinsic process
of apoptosis, which undergoes modifications in these
illnesses. The successful execution of each stage in
the appropriate sequence is critical for attaining optimal
apoptotic physiology. Fas, also known as CD95, is
a molecule that plays a crucial role in the process of
apoptosis, or programmed cell death. Itis involved in the
recognition and removal of apoptotic cells. In the context
of the research paper, Fas is important because we
believe it is the causative molecule of Systemic Lupus
Erythematosus (SLE) in patients with IgA vasculitis
(HSP). Alterations in the apoptotic clearance pathway,
possibly related to the inhibition of non-coding long-chain
RNA genes, can lead to the inhibition of the Fas gene
track and the functions of the Tumor Necrosis Factor
Family, ultimately generating a lymphoproliferative
syndrome which possibly activates the double-stranded
anti-DNA antibodies, the origin of SLE.10-30

Although there is not enough research at the
molecular level to establish a definitive connection
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between the two diseases, examination of each
individual aid and its pathophysiological patterns
may offer a more lucid understanding of how these
processes might develop.

IGA VASCULITIS (HSP)

HSP is an autoimmune disease that predominantly
affects children and is characterized by vasculitis. The
pathophysiology of HSP involves the development of IgA-
mediated autoimmune hypersensitivity vasculitis. This
condition can impact various organs such as the kidneys,
joints, skin, and gastrointestinal tract. The formation of
IgA-antibody immune complexes that accumulate in
the blood vessels and mesangial cells is a hallmark of
HSP. These complexes are a result of the abnormal
glycosylation of IgA1 and the subsequent production
and misidentification of galactose-deficient IgA by IgG.*°

Most organic manifestations of HSP are limited in
nature, but renal involvement, particularly nephritis,
is frequently observed, leading to gradual renal
damage and ultimately resulting in renal failure. HSP-
associated nephritis is primarily caused by anomalous
glycosylation of IgA1, which lacks galactose. This is
because of the absence of B1-galactosyl residues in
the hinge region of IgA1, which triggers the formation
of IgA that is deficient in galactose. As a result of
galactose deficiency, N-acetylgalactosamine groups
are exposed in the hinge region of IgA1.1°

Anti-IgG or anti-IgA1 antibodies recognize these
epitopes and lead to an immune complex formation
by two principal mechanisms:

1. During the process of circulation is generated
and afterward settled onto the glomerular basal
membrane.©

2. The basal membrane of the glomerulus is
synthesized locally after the deposition of IgA that
is deficient in galactose.!?

The deposition of immune complexes within the
glomerular basement membrane, irrespective of the
underlying mechanism, induces the activation of
the complement system, specifically the lectin and
alternative pathways, the primary purpose of which
is to eliminate these immune deposits. Nevertheless,
in certain instances, this process results in mesangial
inflammation and subsequent nephritis in patients.'®
In a similar vein, there exist certain instances where a
failure in apoptotic clearance may be triggered, leading
to the activation of lymphoproliferative syndrome.**

www.medigraphic.com/rid

Contenido



46 Doniz-Viveros AD et al. Fas gene as the causative molecule of systemic lupus erythematosus

SYSTEMIC LUPUS ERYTHEMATOSUS (SLE)

SLE is a form of autoimmune disorder that has a
multifaceted origin and numerous etiologies. The
disease is primarily characterized by persistent
systemic inflammation, which can affect multiple
tissues and organ systems. This type of inflammation
is mainly triggered by the formation of double-stranded
anti-DNA and antinuclear antibodies, which arise due
to an error in the apoptotic clearance process. These
antibodies are responsible for inducing an immune
response against endogenous nuclear material,
resulting in damage to multiple organs and tissues,
such as the skin, kidneys, and blood vessels.'?

Before delving into further detalils, it is significant
to differentiate the timing of the emergence of defects
in apoptotic clearance between SLE and HSP,
with HSP showing such occurrence only after the
ailment has fully progressed,*® while in SLE, it is one
of the principal factors that activate the disease.?
Understanding the failure in apoptotic clearance is
crucial in preventing the development of SLE in patients
with HSP and potentially connecting both diseases
through lymphoproliferative syndrome.'3-1°

Lupic nephritis, resulting from an inflammatory
response to immunogenic chromatin containing
oxidized mitochondrial DNA and apoptosis-derived
microvesicles, is a common and severe complication
of SLE, it may be valuable to investigate the potential
correlation between increased susceptibility to
developing certain consequences and the occurrence
of SLE after having had HSP among patients.

HSP AS A RISK FACTOR TO DEVELOP SLE

In 2019, a case-control study was conducted which
demonstrated a positive correlation between two
diseases, namely HPS and juvenile SLE. The
researchers concluded that HPS acts as a risk factor
for the development of juvenile SLE. Before conducting
any specific study, the researchers discovered 15
children with juvenile SLE who had previously suffered
from HSP (Table 1). The researchers noted that this
relationship was not documented in any literature.
Therefore, they conducted a systematic review to
identify the age range in which HSP is more prevalent.
Subsequently, they exposed the potential prognostic
factors that exist between the two diseases through
a case-control study. The researchers collected data
from 110 children with HSP who attended the Instituto
Nacional de Pediatria.'®
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Based on the information obtained from the
systematic review, the investigators found that 12,819
subjects with HSP and 110 controls were exposed
to particular risk factors, including a childhood age
of approximately 10 years, female sex, and anemia.
The study identified older age and lower hemoglobin
levels as prognostic factors, with respective odds ratios
of 1.37 [1.06, 1.89] and 5.39 [2.69, 15.25]; however,
they could not determine the molecular point of union
between both diseases.*®

In this study based on case-control analysis, the
primary article under review emphasized the necessity
of conducting experimental research to elucidate
the association between the two diseases beyond
their clinical interconnection. Nonetheless, the article
asserts that a molecular insufficiency in the apoptotic
clearance pathway is plausibly a pathophysiological
occurrence for which we aim to furnish a response,
given the extant literature.'®

APOPTOSIS

Apoptosis is a process that has been extensively
studied in various autoimmune diseases, with particular
attention given to SLE and HSP due to their high
occurrence and significance. Apoptosis is a natural
cellular mechanism of programmed cell death that takes
place in multicellular organisms. The stages of apoptosis
include the stimuli that induce cell death, the pathway
through which the message is relayed to the cell, and the
effector mechanisms that carry out the death program.**

Different types of stimuli can activate a cellular
response that leads to programmed cell death, or
apoptosis. Despite the variety of stimuli that can initiate
apoptosis, the pathways eventually converge on the same
effector mechanisms. During this stage of the process,
the family of cysteine proteases, particularly caspases,
plays a key role. These endoproteases provide critical
connections within the cell regulatory system, ultimately
controlling inflammation and apoptosis. Upon activation
by the stimuli, cysteine proteases directly or indirectly
cause morphological and biochemical alterations that
are characteristic of apoptosis.'3-1°

Apoptosis in SLE

The efficient phagocytosis of apoptotic cells by
specific neighboring cells such as macrophages is a
physiological phenomenon referred to as apoptotic
clearance. This process has been identified as one
of the most dysregulated and significant contributors
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Table 1: Presents the principal clinical and laboratory characteristics of patients diagnosed with IgA
vasculitis (HSP) who subsequently developed juvenile systemic lupus erythematosus (jSLE).'

Patient Year old Sex

1 9 Male IgA vasculitis with onset at the age of 9 years and 7 months, which later (3 months) progressed
to jSLE, with the presence of nephritis, haemolytic anemia, serositis and lymphopenia

2 14 Female IgA vasculitis onset with petechiae at the age of 14 years and 4 months, evolving to jSLE at
15 years and 2 months, with malar rash, photosensitivity, oral ulcers, arthritis, nephritis and
lymphopenia

3 3 Female IgA vasculitis with onset at the age of 3 years and 3 months, progressing to jSLE three months
later, with the presence of arthritis, nephritis, serositis and haemolytic anemia

4 12 Female IgA vasculitis with angina Ecchymos with onset at 12 years and 4 months of age, progressing to
JSLE two months later, with the presence of arthritis and nephritis

5 9 Female IgA vasculitis with onset at the age of 9 years and 11 months evolving to jSLE at the age of 10
years and one month, including the presence of malar rash, photosensitivity, oral ulcers, arthritis,
nephritis, haemolytic anemia and lymphopenia

6 13 Female IgA vasculitis with onset at 13 years and 7 months of age, progressing to jSLE by the age of 14
years, including the presence of malar rash, oral ulcers, arthritis, nephritis, serositis, haemolytic
anemia and lymphopenia

7 12 Female IgA vasculitis with onset at 12 years and 5 months of age that progresses to jSLE at 12 years and 7
months of age, with the presence of arthritis, nephritis, haemolytic anemia and lymphopenia

8 13 Female IgA vasculitis with onset at 13 years and 2 months, progressing to jSLE at 13 years and 5 months
of age, with the presence of nephritis and malar rash

9 9 Female IgA vasculitis with an onset at 9 years and 11 months, progressing to jSLE at 11 years and 7
months of age, with the presence of malar rash, photosensitivity, arthritis and nephritis

10 11 Male IgA vasculitis with an onset at 11 years and 11 months, progressing to jSLE at 12 years and 2
months with the presence of arthritis, nephritis, and lymphopenia

11 9 Male IgA vasculitis with an onset at 9 years and 9 months, progressing to jSLE at 10 years and 1 month
with the presence of arthritis, nephritis, hemolytic anemia and lymphopenia

12 10 Female IgA vasculitis with an onset at 10 years and 7 months, progressing to jSLE at 12 years with the
presence of malar rash, oral ulcers, arthritis, nephritis and lymphopenia

13 6 Female IgA vasculitis with an onset at 6 years and 3 months, progressing to jSLE at 6 years and 7 months,
with the presence of arthritis, nephritis and lymphopenia

14 5 Female IgA vasculitis with an onset at 5 years and 2 months, progressing to jSLE at 7 years, with the
presence of malar rash, oral ulcers, arthritis, nephritis, hemolytic anemia and lymphopenia

15 14 Female IgA vasculitis with an onset at 14 years, which later (3 months) progressed to jSLE, with the

presence of arthritis, nephritis and lymphopenia

to the pathophysiology of SLE. In cases where the
apoptotic clearance process fails, the accumulation
of Damage-Associated Molecular Patterns (DAMPS)
occurs over time. The body’s inability to eliminate
these DAMPs stimulates the immune system, leading
to the development of a lymphoproliferative syndrome
characterized by the presence of double-stranded anti-
DNA and antinuclear antibodies® (Figure 1).

In SLE, the normal process of apoptosis is
hyperactivated, resulting in the accumulation of
physiological residues throughout the body due to
inefficient apoptotic clearance. This phenomenon has
a significant impact on cell selection, leading to the
selection of cells that are not qualified for submission
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to the process. As a result of this disorganized and
massive selection and impaired apoptotic signaling,
macrophages fail to reach the site to phagocytose
cellular debris. This pathophysiological occurrence
triggers the cell to undergo a state called ‘secondary
necrosis’, leading to the disintegration of the apoptotic
surface and exposure of vesicles containing intracellular
organelles to the extracellular space, resulting in the
development of self-antigens.'?15

Antigens of endogenous origin, which are known
as self-antigens, are taken up by specialized
cells, specifically dendritic cells that possess the
capability to capture these nuclear antigens and
subsequently present them in peptide form to the T
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Figure 1: Physiopathology of systemic lupus erythematosus. In a proper instance of apoptosis, the cell undergoes biochemical
processes that enable chromatin condensation while packaging all intracellular organelles into vesicles. This prevents organelle
exposure and subsequent inflammation, as in the case of necrosis. The apoptotic cells are then efficiently phagocytosed by
neighboring macrophages. However, in cases of systemic lupus erythematosus, this process is disrupted, leading to the exposure
of intracellular elements and DAMPs. This triggers the activation of the autoimmune system and the eventual production of double-

stranded anti-DNA and antinuclear antibodies.1®

and B lymphocytes.™* B lymphocytes are accountable
for the synthesis of antinuclear antibodies, precisely
those of double-stranded anti-DNA antibodies, which
are the causative agents of harm inflicted upon cells
and tissues.'?

The autoimmune lymphocytes display a unique
characteristic of the reduced apoptotic process,
which is in stark contrast to other cells within the
organism. This creates a paradoxical effect wherein
the autoimmune lymphocytes continue to persist and
the organism is unable to eliminate them.3-15

Apoptosis in HSP

As previously mentioned, the lack of successful
apoptotic clearance in HSP occurs once the ailment
has established and progressed. This process initiates
with the presence of antigens that can penetrate a
compromised intestinal mucosa. Subsequently, the
entry of these antigens triggers the immunological
activation of IgA, which in HSP patients is characterized
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by being Galactose-deficient IgA (Gd-IgA1). Due to this
defect, the residues known as GalNAc are exposed,
which the body attempts to eliminate by attacking them
with IgG anti-GalNAC IgAimmunoglobulins, ultimately
leading to the formation of immunocomplexes.
These complexes have a predilection to settle in the
endothelium of the renal glomerulus, which stimulates
the activation of an inflammation cascade at the
glomerular level, generating nepbhritis. It has been
observed that in some patients, the accumulation
of these complexes in the renal glomerulus results
in the development of lymphoproliferative syndrome
when self-reactive B lymphocytes are activated. This
physiopathological phenomenon is a consequence of
a previous failure in apoptotic clearance that cannot
remove them'® (Figure 2).

FAS AND APOPTOSIS

Up until this juncture, it has come to our attention that
HSP and SLE are two autoimmune diseases that bear
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a commonality in the form of the deficiency in apoptotic
clearance and lymphoproliferative syndrome,0.12.16.17
from this point forward, we will clarify that the
pathophysiological stages may potentially originate
from the disturbance of a unique molecular pathway
related to a gene that encodes a protein, specifically
Fas (cell surface death receptor), which plays an
essential role in apoptotic mechanisms.

Apoptosis, a programmed cell death mechanism, is
instigated through two pathways, intrinsic and extrinsic.
The former pathway is triggered by intracellular
imbalances arising from exposure to hazardous agents
or damage to the DNA, resulting in the permeabilization
of the mitochondrial membrane as well the liberation
of cytochrome ¢, which ultimately activates caspase 3.
On the other hand, the extrinsic pathway is activated by
cell death receptors that are found on the surface of the
cell, such as Fas and CD95, which upon binding to their
respective ligands, promote membrane oligomerization
and the generation of platforms in the cell that activate
adaptor proteins (TRADD and FADD) leading to the
activation of caspases 8 and 10, culminating in a
complex signaling pathway for cell death (DISC). Itis
noteworthy that the absence of caspase 8 activation
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precludes necrosis, underscoring the significance of
the sequential execution of these phases to ensure
optimal physiology of apoptosis.*

The level of complexity inherent in Fas is influenced
by its origin and location, with a substantial number
of physiopathological indications suggesting that it
can interact and act as a causative factor. Fas is a
crucial participant in the process of apoptosis and is
a member of the tumor necrosis factor (TNF) family,
which is triggered by p53. Additionally, Fas is widely
spread throughout various locations, with particular
prevalence in the thymus, liver, heart, kidney, T, and
B lymphocytes, and central nervous system cells.*

In 2019, research was conducted that
established that patients with nephritis due to HSP
showed a decrease in the expression of genes
ENST00000378432, ENST00000571370, uc001kfc.1,
and uc010gna.2, which are associated with p53
signaling. These genes play a pivotal role in the
assembly of the autoimmune response, and their
deregulation can lead to the deregulation of the
Fas ligand and subsequent processes. The study
highlights the importance of these long-chain non-
coding RNA molecules in regulating the activity of the
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Figure 2: Pathophysiology of HSP. Genetic and epigenetic elements are involved in the activation of the mucosal immune system
following exposure to antigens. This results in a heightened penetration of antigens due to compromised mucosal immunity. The
antigens then arrive at the mucosa-associated lymphoid tissue and instigate the activation of dendritic cells and CD4+ T lymphocytes,
culminating in the production of GalNAc-IgA1 and subsequent generation of IgG anti-GalNAc-IgA1 autoantibodies. The deposition of
circulating immune complexes of IgG anti-GalNAc-IgA1 in subendothelial and mesangial regions leads to the formation of fibrin in the
presence of macrophages and inflammatory cells, thereby destroying the glomerular basement membrane posteriorly.'°
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TNF family.’®26 The identification of the deleterious
impact of these genetic functions might prove to be
a crucial factor in timely intervention and prevention
of systemic lupus erythematosus in patients with
hereditary spastic paraplegia. Nevertheless, further
research is warranted, as acknowledged by the
authors. Among the techniques employed in this
investigation were RNA isolation, pathway scrutiny,
RT-gPCR confirmation, and statistical evaluation.?°

Once the Fas pathway was altered, either by
alterations in itself or by alterations in TNF or p53, we
found the following effects:

1. Over apoptotic activation

When the pathway of Fas experiences a malfunction,
a range of outcomes can be observed, including
the over-activation of apoptosis. Such molecular
deregulation can be found in all cells where Fas
is present, leading to the selection of cells that do
not meet the requirements for this process, except
for lymphocytes.'* In this particular instance, the
aforementioned pathophysiological impact initiates an
undetermined quantity of cells to undergo the process
of apoptosis, despite not meeting the necessary criteria
for such a response.??

We have designated the ensuing three investigations
to unveil the extensive regulatory role of Fas within
the organism, specifically the over-activation of Fas
in patients afflicted with diverse immune disorders,
highlighting the potential for varied etiologies of its
deregulation, including genetic etiology.*?

The findings of a study that was published in the
year 2019 indicate an escalated activity of Fas in
subjects who suffer from SLE. This was determined
by investigating the regulation of the survival of innate
lymphoid cells (ILCs) belonging to groups 2 and 3
through overexpression of Fas. The data of SLE
patients was scrutinized through flow cytometry in
this research.?*

In 2020, a separate investigation revealed that
subjects suffering from systemic lupus erythematosus
(SLE), particularly those with renal impairment, exhibit
augmented existence of the Fas ligand as determined
by enzyme-linked immunosorbent assay (ELISA). This
has led to the conclusion that the elevated presence
of the ligand is associated with the presence of SLE,
and, to a lesser extent, linked to direct organ damage.??

In a study that was published in 2012, it was
observed that patients with SLE exhibited an increase
in the activity of the Fas ligand at the peripheral
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level, which was specifically identified through single
nucleotide polymorphisms. To detect the allelic and
genotypic frequencies of these SNPs in a certain
number of patients with and without SLE, a case-
control study was conducted.?®

2. Failure of apoptotic clearance due to inhibition
of phosphatidylserine and chemokines secretion

Phosphatidylserine plays a pivotal role in facilitating the
apoptotic processes by identifying the cellular residues
that require elimination. Nonetheless, the deregulation
of Fas inhibits the secretion of phosphatidylserine along
with other crucial molecules, thereby rendering the
cells that have undergone apoptosis unremovable.?*
We selected the following articles to expose this key
function of Fas in apoptotic clearance.

In 2016, a review was conducted which revealed
that in HelLa cells, the induction of apoptosis via Fas or
CD95 resulted in the discharge of the chemokines MCP-
1 and IL-8, both acknowledged as myeloid/phagocytic
chemoreactants. Consequently, the contribution
of Fas in this segment of the apoptotic process is
progressively merged into the investigations.2®

A recent review carried out in the year 2021 has
brought to light that chemokines that have been
traditionally recognized, namely IL-8 and MCP1, are
released by Fas and play a direct role in facilitating
the movement of phagocytes such as macrophages
towards cells that are undergoing apoptosis or dying.?®

In 2002, a study was conducted that demonstrated
the direct involvement of the ligand Fas in the crucial
process of phosphatidylserine recognition and
removal of apoptotic cells. This was accomplished
through the application of diverse techniques,
including phagocytosis, lipid peroxidation, externalized
phosphatidylserine detection via fluorescence marking,
and phosphatidylethanolamine.?*

3. Generation of DAMPs

When Fas becomes deregulated, it has been observed
that it can result in not only the failure of apoptotic
clearance but also the release of DAMPs. This
occurs because Fas induces apoptosis in cells that
are not intended for this process, and subsequently,
the removal of these cells is prevented. These key
issues activate an adaptive self-reactive immunity
reaction which can result in damage to multiple organs
and ultimately lead to the development of chronic
lymphoproliferative syndrome.*?
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4. Generation and maintenance of
lymphoproliferative syndrome as a result of
the inhibition of its process in T and B

Fas is found in both T and B lymphocytes and serves as
a pathway for apoptosis and subsequent clearance.'*

It has been established that the Fas pathway’s
compromised functionality leads to the development
of lymphoproliferative syndrome due to excessive
DAMPs and self-tolerance loss. However, Fas is
not hyperactivated but rather downregulated in
autoreactive lymphocytes, indicating their inability
to be eliminated. In summary, Fas deregulation
plays a crucial role in the onset and persistence
of lymphoproliferative syndrome.*?"1> The clinical
manifestations of lymphoproliferative syndrome
triggered by Fas malfunction encompass the existence
of adenopathy, splenomegaly, and cytopenias in the
pediatric population.®

In the year 2013, research was carried out which
revealed that Fas modifications led to a rise in the ratio
of activation in a majority of cells where it is present;
nevertheless, as mentioned earlier, it is reduced in
both T lymphocytes and B lymphocytes. This implies
that excessive lymphoid proliferation cannot be
subjected to appropriate apoptosis and subsequent
physiological clearance, leading to the perpetuation
of lymphoproliferative syndrome over time and its
progression into a chronic condition. The techniques
employed in this study encompassed DNA isolation
and sequencing, apoptosis tests, RNA isolation, and
cDNA synthesis.?’

In 2015, a separate investigation was carried
out which revealed that ILI2ZRB1 and IL12 signaling
pathways exhibit a propensity for triggering
lymphoproliferative syndrome owing to their inherent
association with Fas expression. In this study, DNA
was extracted.?®

In 2014, a research study was conducted which
demonstrated that an overabundance of the Fas
antigen can result in excessive apoptosis of bone
marrow hematopoietic cells, leading to the development
of severe aplastic anemia. The study utilized flow
cytometry techniques, as previously outlined, to
investigate this phenomenon.??

In 2018, a study was conducted that revealed the
indispensable involvement of Fas in the apoptotic
mechanisms observed in hematopoietic cells.
Moreover, it was found that the interdependence
between the incidence of idiopathic aplastic anemia
and the expression of Fas necessitates a thorough
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analysis. The study employed Tetra-ARMS polymerase
chain reaction to genotype DNA samples obtained from
the study participants.3°

FAS AS THE UNION FACTOR BETWEEN SLE AND HSP

The relationship between Fas deregulation and
autoimmune diseases is significant.’®-28 Hence, it comes
as no surprise that current research has established the
existence of a connection between Fas and these ailments
that goes beyond mere theoretical correspondences.
This development is aimed at achieving earlier detection
and novel treatment approaches.

The relationship that demands our attention is
the connection that exists between HSP and SLE,
owing to its possible significance.'” The pathologies
that exhibit the aforementioned deficiencies resulting
from Fas deregulation, and additionally, owing to their
chronic development, it is highly probable that we are
confronting the etiology of these associations8-?7
(Figure 3). We encountered a situation in the realm of
medical literature where we were in unfamiliar territory.
We were presented with a molecular pathway that,
if validated by a future experimental method, would
provide a novel paradigm for identifying alternative
means of diagnosis and treatment.

The diseases HSP and SLE have been observed
to intersect at different levels, but by analyzing the
pathophysiological outcomes resulting from deficiencies
in the molecular pathway of Fas, it appears highly
probable that this particular molecule, in conjunction
with other factors, contributes to the increased risk of
developing SLE in individuals with HSP.

CONCLUSIONS

The research paper presents findings that demonstrate
a potential link between IgA vasculitis (HSP) and
systemic lupus erythematosus (SLE) in certain
patients. The study suggests that an alteration in the
apoptotic clearance pathway may be responsible
for this association. Specifically, it is believed that
the inhibition of non-coding long-chain RNA genes
may result in the inhibition of the Fas gene track
and the functions of the Tumor Necrosis Factor
Family. Ultimately, this leads to the generation of a
lymphoproliferative syndrome that may activate the
double-stranded anti-DNA antibodies responsible for
the origin of SLE. The research highlights the crucial
role of Fas in the apoptotic process and provides
valuable insights into the molecular mechanisms that
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Figure 3: The downregulation of Fas in the HSP detonates systemic lupus erythematosus. Although the clinical presentation
provides a clearer understanding of the risk factors that determine the development of systemic lupus erythematosus in patients
with HSP, there is a lack of studies that explore the molecular level of connection between the two diseases. However, by examining
each disease in isolation and following their pathophysiological patterns, it is possible to gain insight into how these processes may
be linked. This proposed scheme offers a potential molecular relationship between HSP and systemic lupus erythematosus, but
it should be noted that the downregulation of genes ENST00000378432, ENST00000571370, uc001kfc.1, and uc010gna.2 is not
absolute, as alterations in p53 and TNF may also result in deregulation of Fas and apoptotic clearance.6-3

contribute to the development of immune diseases.
However, further experimentation is necessary
to confirm the link between HSP and SLE, and
to determine the role of Fas in this association. If
confirmed, this link may lead to earlier detection, novel
treatment avenues, and improved quality of life for
those affected by these conditions.
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Resumen

Las células satélites componen un grupo heterogéneo que incluye células troncales y células proge-
nitoras del musculo esquelético. Estas células musculares especializadas tienen un papel clave en la
regeneracion muscular. Durante un proceso de dafio grave en la fibra muscular se pone en marcha la
maquinaria de regeneracion muscular en la que participan varias vias de sefializacion que llevan a la
activacion de las células satélites. Lo anterior encamina al musculo a llevar un mecanismo de reparacion
ordenado. Sin embargo, se ha propuesto que la reduccion o pérdida de la capacidad de reparacion
muscular después de una lesion, con la disminucién concomitante del compromiso miogénico de las
células satélites, podrian ser la causa del dafio observado en varias formas de distrofia muscular. El
compromiso miogénico de las células satélites se puede ver afectado por diferentes mecanismos, como
el estado de inflamacion crénica, la desregulacion de los progenitores fibroadipogénicos o el proceso
de senescencia. Todo esto resulta en una disminucion de la capacidad regenerativa muscular y una
mayor degeneracion muscular. El prop6sito de esta revision es describir algunos de los mecanismos
mas relevantes que alteran el compromiso miogénico de las células satélites y como éstos influyen en
la disminucién de la reparacién muscular en musculos afectados por distrofia muscular.

Abstract

Satellites cells make up a heterogeneous group of cells that includes stem cells and skeletal muscle
progenitor cells. These specialized muscle cells play a key role in muscle regeneration. During a process
of severe damage to the muscle fiber, the muscle regeneration machinery is launched, involving several
signaling pathways that lead to the activation of satellites cells. The above directs the muscle to carry out
an orderly repair mechanism. However, it has been proposed that the reduction or loss of muscle repair
capacity after injury, with a concomitant decrease in myogenic commitment of satellites cells, could be
the cause of the damage observed in various forms of muscular dystrophy. The myogenic commitment
of satellites cells can be affected by different mechanisms, such as the state of chronic inflammation,
the deregulation of fibro-adipogenic progenitors or the senescence process. All of this results in a
decrease in muscle regenerative capacity and further muscle degeneration. The purpose of this review
is to describe some of the most relevant mechanisms that alter the myogenic commitment of satellites
cells and how these influence the decrease in muscle repair in muscles affected by muscular dystrophy.

INTRODUCCION

El masculo esquelético es un tejido muy estructurado que comprende en promedio
40% de nuestra masa corporal.* Esta compuesto por miofibrillas que se integran en
fibras musculares (miofibras), su conjunto forma un sincicio lo que lleva a conformar
haces llamados fasciculos, y haces de fasciculos forman el tejido muscular que

Citar como: Vélez-Caballero SH, Cano-Martinez LJ, Coral-Vazquez RM. Compromiso miogénico de las
células satélites en las distrofias musculares. Invest Discapacidad. 2024; 10 (1): 54-60. https://dx.doi.
0rg/10.35366/113830
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son envueltos por la matriz extracelular.? Algunos otros
elementos constituyen parte del misculo esquelético
como son los nucleos que estan en la periferia de las
fibras musculares y debajo del sarcolema (membra-
na plasmética de la fibra muscular), también estan
rodeadas por vasos sanguineos y células satélites.®

Gracias a los componentes del misculo esque-
lético, este tejido participa en el mantenimiento de
la temperatura corporal, en el almacenamiento de
nutrientes y en la estabilizacion de las articulaciones.*
Ademas, segun el tipo de fibras musculares presentes
en los musculos esqueléticos, son las propiedades
contractiles y metabdlicas que les permite convertir
la energia quimica en energia mecanica para generar
fuerza, mantener la postura y producir movimientos.®
Teniendo en cuenta el papel que desempenfa, el
musculo puede estar sujeto a distintos tipos de dario,
como los adquiridos o los crénicos, y depende de la
actividad de las células satélites para su regenera-
cion.®7 Los dafios adquiridos se caracterizan por no
ser hereditarios y pueden presentarse a cualquier
edad.® Por el contrario, dentro del dafno crénico se
encuentran las distrofias musculares, éstas son en-
fermedades hereditarias que causan la degeneraciéon
progresiva del musculo esquelético, y en sustitucion
se infiltra tejido adiposo y tejido conectivo (consti-
tuido de modo principal de fibras de colageno); a
esta Ultima condicion patologica se le conoce como
fibrosis.” No obstante, al dafarse la fibra muscular
(sin importar la causa), se activan mecanismos de
reparacion, los cuales constan de varias etapas
donde participan diferentes factores de regulacion
miogénicos encargados de coordinar este proceso.’®
Estos mecanismos se ven comprometidos si existe
un dafo crénico, como son las distrofias musculares,
hasta el punto de que la degeneraciéon predomina
sobre la reparacién, lo que conduce a un deterioro
progresivo del tejido y su funcion.t

En este tipo de ambiente, las células satélites
son modificadas por diferentes factores que afectan
su compromiso miogénico, por lo que el objetivo de
esta revisidon es describir algunos de los factores mas
relevantes que participan en la reparacion muscular
y cdmo influyen éstos en la disminucion del compro-
miso miogénico de las células satélites en musculos
afectados por distrofia muscular.

DESARROLLO DE LA REVISION

Se utilizaron las plataformas de PubMed y Google
Scholar para la basqueda de los articulos. Se inclu-
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yeron en su mayoria articulos originales, seguido de
revisiones mas recientes. Los términos clave usados
fueron los siguientes: células satélites, distrofias
musculares, plasticidad celular, regeneracion/repa-
racion muscular, TGF-B, FAPs, células senescentes,
inflamacién crénica. Para estos términos se hicie-
ron combinaciones con los operadores booleanos:
«AND>», «OR» y «NOT».

CELULAS SATELITES EN LA
REGENERACION MUSCULAR

Dentro de lo que se ha estudiado en general en mo-
delos murinos y cultivos celulares, en condiciones de
homeostasis, las células satélites (CS) se encuentran
en estado quiescente, y se caracterizan por la expre-
sion del factor de transcripcion Paired Box 7 (Pax7) y
permanecen ancladas a la membrana plasmatica de
las miofibras maduras a lo largo de la edad adulta.'®!
Posterior a una lesion que induce necrosis de las miofi-
bras dafadas, se inician respuestas inflamatorias junto
con el reclutamiento de neutréfilos y macrofagos.”
Estas células secretan citocinas inflamatorias, como el
factor de crecimiento transformante-beta (TGF-B), que
activan a las células satélites mediante una prolifera-
cidén asimétrica y, a su vez, controlan su migracion y
diferenciacion.'? De esta division, un grupo de células
retoma el estado de quiescencia para mantener el
numero adecuado en el nicho; otras, migran al sitio
de la lesidn para iniciar la regeneracion (obtienen un
compromiso muscular).'®'* En esta etapa, las células
satélites comprometidas se denominan mioblastos y
expresan los marcadores miogénicos Pax7 y/o Myf5
y/o MyoD."".1517 Después de la fase proliferativa, los
mioblastos salen del ciclo celular y se diferencian en
miocitos maduros (disminucién de la expresion de
Pax7 y Myf5); en este punto, la miogenina (MyoG) in-
crementa su expresion, mientras que la cadena pesa-
da de miosina y otras proteinas contractiles comienzan
a expresarse (los niveles de MyoD se reducen).8-20
Al final, éstos mioblastos se unen a la fibra muscular
dafiada para su reparacion a través de la participacion
de myomaker, una proteina de fusién que es activada
por B-catenina’-?"?2 (Figura 1). El equilibrio entre los
diferentes factores de regulacién miogénica es funda-
mental para controlar el destino celular.®

Por otro lado, también se encuentra la participacion
de los progenitores fibroadipogénicos (FAPs); éstos
son clave tanto para la regulacién del mantenimiento
homeostatico como de la regeneracion del masculo
esquelético.?324
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Figura 1: Resumen de reparacion muscular en la salud y enfermedad. Posterior a una lesion de dafio agudo, los FAPs secretan
citocinas proinflamatorias que reclutan células inmunes, como neutréfilos y macrofagos, que se encargan de eliminar el tejido da-
fiado. Estos estimulos del entorno activan a las células satélites que se dividen asimétricamente (para autorrenovarse), lo que da
lugar a células satélites comprometidas denominadas mioblastos; en esta etapa se expresan Myf5 y MyoD (activado por f-catenina
con anterioridad). Después se diferencian a miocitos con la participacion de MyoG y MyoD; a continuacién, estos miocitos van a
fusionarse y formar miotubos que expresan la MyHC correspondiente. Al final, estos van a fusionarse a la fibra muscular dafiada
para su reparacion, a través de MyoM que es activado por p-catenina. Por otro lado, en las distrofias musculares los FAPs se
desregulan, lo que provoca la aparicién constante de células inmunes, en consecuencia, el ambiente de inflamacion es persistente
en el musculo. Este proceso favorece la diferenciacion de los FAPs en fibroblastos y adipocitos, los cuales se infiltran como tejido
fibroadipogénico en sustitucién de misculo esquelético. El proceso de senescencia (representado con flechas verdes) afecta a
células satélites, mieloides y a los FAPs, donde secretan los SASP. Sin embargo, su acumulacion contribuye a procesos de infla-
macion y fibrosis, afectando el proceso de regeneracion muscular en lesiones de dafio agudo o cronico.

p-cat = p-catenina; MyoD = proteina 1 de diferenciacion miogénica; Myf5 = factor miogénico 5; MyoG = miogénina; MyHC = isoforma de la cadena
pesada de miosina; MyoM = myomaker; FAPs = progenitor fibroadipogénico; SASP = fenotipo secretor asociado a la senescencia.

Esta figura fue creada con el servicio de Biorender (https://www.biorender.com/)

En estado de reposo los FAPs constituyen el
nicho de las células satélites por medio de proteinas

GSK3 (participa en la fosforilacion de B-catenina),
evidencié un incremento en la diferenciacion de CS

de la matriz extracelular como colagenos, laminina
y fibronectina y desempefian un papel importante
en su autorrenovacion.?#25 La eliminacion de los
FAPs en modelos murinos PDGFRaC™ER Knockin ha
mostrado el desarrollo de atrofia muscular y pérdida
de células satélites en condiciones de homeostasis,
lo que indica que se requieren FAPs para el man-
tenimiento tanto del mdsculo esquelético como del
conjunto de células satélites.?® Por otra parte, el esti-
mulo constante de FAPs durante dos dias en cultivo
de CS junto con LY2090314, un inhibidor de la via

Invest Discapacidad. 2024; 10 (1): 54-60

en miotubos multinucleados en comparacion con
los FAPs tratadas con soélo el vehiculo.?” En con-
clusiéon, en caso de una lesiéon en la fibra muscular,
los estimulos de los FAPs son esenciales para la
diferenciacion de las CS.

Un regulador clave del funcionamiento de los FAPs
qgue se ha estudiado en modelos murinos es TGF-p,
incluso se correlaciona con la cantidad de estas cé-
lulas y de depdésito de matriz extracelular durante la
reparacion y regeneracion muscular, lo que controla
asi su destino celular.?829
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Ahora bien, mediate un analisis de secuenciacion
de ARN unicelular, se observd que, durante la fase
temprana de la regeneracion muscular, los FAPs
expresan altos niveles de cimiocinas (como Ccl7,
Cxcl5 y Ccl2) y citocinas (IL-6 o IL-10, entre otras)
que regulan la acumulacion y funcion de células infla-
matorias, como los monocitos y los neutréfilos, 1o que
demuestra la fuerte interaccidn celular en el transcur-
so del proceso regenerativo®® (Figura 1). Del mismo
modo, para mantener el equilibrio homeostético en el
dafio agudo del musculo esquelético, los macréfagos
inflamatorios infiltrados regulan de manera directa la
apoptosis de los FAPs a través de su expresion del
factor de necrosis tumoral.®!

En particular, tras el dafio muscular, la citocina
IL-10 comienza a producir el cambio fenotipico proin-
flamatorio a antiinflamatorio (aumentan los niveles
TGF-B) en los subconjuntos de macréfagos, que a su
vez secretan factores que promueven la diferenciacion
y fusion de células miogénicas.®?> Por consiguiente,
la ablacién de las células diferenciadas de los FAPs
(fibroblastos) durante la regeneracion muscular en
modelos murinos Tcf4CreERT2* conduce a la diferen-
ciacion prematura de las células satélites, por ende,
el agotamiento de éstas y la reduccion del tamafio
de las miofibras en regeneracion.®® En conjunto se
demuestra la importancia de los FAPs en condiciones
de homeostasis, formando parte integral del nicho de
células satélites, y en su regulacion durante la rege-
neracion muscular.

Por otro lado, esta la participacién de las células en-
doteliales, encargadas de vascularizar el tejido recién
formado después de la regeneracion. Estas células,
en conjunto con las células miogénicas, promueven la
miogenésis y la angiogénesis por medio de factor de
crecimiento endotelial vascular (VEGF).3* EI VEGF es
esencial para regular la capilaridad en la edad adulta y,
por tanto, en el mantenimiento de la microvasculatura
del musculo esquelético adulto, ya que ratones modifi-
cados con deficiencia de esta proteina en el musculo
esquelético (MVEGF) desarrollaron intolerancia al
ejercicio aerodbico, al disminuir 39% de la densidad
capilar en las fibras musculares en el musculo gas-
trocnemio;®® incluso en cultivo celular se observo que
VEGF participa en la diferenciacion miogénica a través
de su regulacion por el factor de transcripcion MyoD.36
También se ha visto en cultivo de células endoteliales
y miocitos transfectadas con B-catenina que VEGF
aumenta, lo que conlleva proliferacion y proteccion
de apoptosis en ambos tipos de células, por ende,
favorece la angiogénesis y la miogénesis.=°
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REPARACION MUSCULAR EN CONDICIONES
PATOLOGICAS: DISTROFIAS MUSCULARES

Las distrofias musculares son enfermedades genéticas
que afectan a proteinas con distintas funciones del
musculo esquelético.®” Mutaciones en estos genes
pueden causar la pérdida parcial o completa de estas
proteinas; por ejemplo, la pérdida parcial de la proteina
distrofina, proteina subsarcolemal que interacciona
con el citoesqueleto en células musculares, causa un
fenotipo de distrofia muscular menos grave conocida
como Becker; por el contrario, la pérdida completa
resulta en la distrofia muscular de Duchenne, feno-
tipo mas grave.®® La pérdida o deficiencia de alguna
proteina causada por mutaciones, induce fragilidad
y deterioro progresivo de la célula debido al dafio
ocasionado por el proceso de contraccion muscular,”
induciendo respuestas inflamatorias diferentes a las
derivadas por una lesion aguda, y ésta se vuelve cré-
nica con la presencia continua de células inmunes.3:40
Se ha estudiado, principalmente en modelos murinos
de distrofia muscular Duchenne (mdx) o envejecidos,
que los estados de inflamacion crénica se convierten
en uno de los principales contribuyentes en disminuir
la capacidad proliferativa de las células satélites en la
enfermedad muscular, y puede promover la fibrosis e
inhibir la miogénesis.**-4°

La gravedad de estas enfermedades depende en
gran medida del modificador genético que induce a la
alta actividad de TGF-p, puesto que se ha comproba-
do, en modelos murinos con distrofia grave (DBA/2J-
mdx), que el aumento de TGF-B conduce a una mayor
acumulacion de los FAPs y fallos en la miogénesis
regenerativa;*® asi como la administracion de TGF-8
en cultivo celular de los FAPs induce la alteracion de
los componentes de la matriz extracelular y se forman
fibroblastos con fenotipo profibrético.*” También se ha
confirmado, in vivo en ratones mdx, la expresion de
altos niveles de TGF-B1, lo que conlleva una reduccién
de apoptosis de los FAP y se induce su diferenciacion
en células fibroticas.®' Ademas, en ratones rastreado-
res genéticamente modificados, se encontrd que la
via mediada por TGF-B impulsa la diferenciaciéon de
las células satélites y células endoteliales a células
de naturaleza fibroadipogénica, del mismo modo la
ganancia de caracteristicas de células progenitoras
mesenquimatosas.“® En conjunto, estos resultados
indican que el control de la expresién de TGF-B es
decisiva para mantener el destino celular.

Como se mencioné antes, dentro de los factores
gue alteran a las células satélites se encuentra la
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desregulacién de la actividad de los FAPs, que esta
asociada con la acumulacion de tejido fibroadiposo en
diferentes patologias, de inicio, en distrofias muscula-
res?349 (Figura 1). Evidencia actual ha mostrado que
una de las vias de regulacién del destino de los FAPs
se modula con la sefalizacién de Hedgehog, que es
crucial para controlar los depositos de grasa intramus-
cular;®% por lo tanto, el aumento de tejido fibroadipo-
génico en condiciones patolégicas es responsable
de la proliferacion y diferenciacion descontrolada de
los FAPs a tejido adiposo y fibroso,>' ademas de la
resistencia a la muerte celular debido a la expresion
disminuida de factores de senescencia.®?

Sin embargo, aunque la senescencia tiene efectos
positivos al controlar la proliferacién celular (supreso-
res de tumores),>® su acumulacion reprime la rege-
neracion en respuesta a distintos tipos de lesiones
(agudas o cronicas).>* En apoyo a esto, en modelos
murinos mdx, se ha observado una expresién elevada
de marcadores de senescencia en células mieloides,
FAPs y CS, en ese orden de abundancia.®®> Ademas,
en este estudio se identifico un alto grado de infla-
macioén y fibrosis durante la regeneracion muscular
que también son propias de una mayor secrecion de
factores proinflamatorios, fenbmeno conocido como
fenotipo secretor asociado a la senescencia (SASP)°
(Figura 1). Por otro lado, se ha comprobado que la
eliminacién de macréfagos senescentes en ratones
mdx, por medio de senoliticos como la fisetina, es
capaz de rescatar la funcion, mejorar la miogénesis,
aumentar la proliferacion de las CS, asi como, dismi-
nuir la fibrosis.>® Por lo que, en general, la ablacion de
las células senescentes es importante para mejorar el
fenotipo del musculo con distrofia.

En resumen, todos los mecanismos estan rela-
cionados de manera estrecha,®” ya que, posterior a
una lesion, varios tipos de células, como las células
mieloides y los FAPs, regulan al alza las caracteristicas
senescentes: genes de la via de la senescencia, los
factores SASPy la actividad B-galactosidasa asociada
ala senescencia;®® no obstante, la aparicion de las cé-
lulas senescentes es perjudicial para la regeneracion,
ya sea de manera transitoria o persistente; es por este
motivo que estas células estan implicadas en las en-
fermedades cronicas como las distrofias musculares.>®

Por otra parte, contrario a lo que se podria pensar,
en modelos murinos mdx, se ha visto que un proceso
de degeneracion avanzada en el musculo esquelético
no se asocia a una disminucion de las CS en su nicho
natural. Ni tampoco pierden su capacidad proliferativa
ni regenerativa; aun asi, las nuevas fibras son inma-
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duras y no previenen la degeneracion muscular.>® Sin
embargo, se ha estudiado que la activacion crénica
de las células satélites, en modelos murinos mdx y de
distrofia muscular de cintura por deficiencia del gen
delta-sarcoglicano, empeora la enfermedad ya que
desestabiliza el sarcolemay lo hace més susceptibles
al dafio inducido por la contraccién debido a la expre-
sion del factor de transcripcion miogénico MyoD vy al
programa de genes fetales de la fibra muscular para
su reparacion.’° Por lo que, a pesar de que no hay
disminucién de las células satélites en las distrofias
musculares, su activacion constante favorece el dafo
muscular en estas patologias.

Cabe hacer mencién que los estudios de las di-
ferentes distrofias musculares se han realizado en
principio en modelos animales que asemejan en lo mas
posible al fenotipo que se ha observado en humanos,
entre ellos el grado de fibrosis, inflamacion, atrofia
muscular, pérdida de deambulacion, entre otros. Dicho
esto, los estudios en conjunto ofrecen nuevas dianas
terapéuticas al ayudar a comprender los mecanismos
por los que esta enfermedad ocurre.

CONCLUSION

La regulacion homeostatica de las vias de regene-
racion muscular en un dafio agudo mencionadas en
esta revision (incremento de TGF-p, regulacion de los
FAPs y de la senescencia, etcétera), es decisiva para
mantener la integridad de las células troncales a largo
plazo y el destino celular. No obstante, en las distrofias
musculares, el compromiso miogénico de las células
satélites se ve afectado por una serie de factores
como la inflamacién crdnica, la fibrosis ocasionada
por la desregulacion de los FAPs o la resistencia a la
apoptosis de células senescentes, lo que resulta en una
disminucién de la capacidad de regeneracion muscular
y una mayor degeneracién muscular. Por tanto, identi-
ficar los mecanismos funcionales que subyacen a los
factores mencionados en esta revisién ayudara encon-
trar nuevos enfoques terapéuticos para que las células
satélites cumplan su compromiso miogénico durante la
regeneracion muscular en las distrofias musculares.
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Resumen

En rehabilitacion existen padecimientos o patologias que tienen una epidemiologia mas extensa que
otras, es la razon por la que algunas llaman mas la atencion para investigar; sin embargo, a pesar de
que las cifras en la discapacidad visual son elevadas, no se tiene suficiente informacién ni investigacion
acerca de este proceso de la rehabilitacion, por lo que se tiene conocimiento limitado del tema. En el
Centro Nacional Modelo de Atencién, Investigacion y Capacitacion para la Rehabilitacion de Personas
Ciegas y Débiles Visuales del Sistema Nacional para el DIF, se atiende principalmente a pacientes con
discapacidad visual, por lo que la informacién obtenida de la presente investigacion podria beneficiar
a sus usuarios, en especial al grupo de poblacion infantil debido a que, durante el desarrollo tipico, la
coordinacion motora gruesa mejora de manera gradual con el aumento de la edad; y esto puede no
ocurrir en nifios con debilidad visual, ya que la vista no es un sentido independiente, esta con fuerza
ligado a la actividad motora global, la postura, la coordinacién de las manos y la personalidad de los
nifios. De ahi la importancia de no permitir que la aparicion de la discapacidad visual de manera tem-
prana afecte el desarrollo psicomotor, social y emocional del individuo.

Abstract

In rehabilitation there are conditions or pathologies that have a more extensive epidemiology than
others, which is the reason why some attract more attention to investigate, however, despite the fact
that the figures for visual impairment are high, there is not enough information or research on this part
of rehabilitation, thus obtaining limited knowledge of the subject. In the Centro Nacional Modelo de
Atencion, Investigacion y Capacitacion para la Rehabilitacion de Personas Ciegas y Débiles Visuales
del Sistema Nacional DIF, as its name indicates, it mainly cares for patients with visual impairment,
so the information obtained from this research could benefit its users, especially the child population
group, as during typical development, gross motor coordination gradually improves with increasing
age, but this may not occur in children with visual impairment since sight is not an independent sense.
This strongly linked to global motor activity, posture, hand coordination and the personality of children.
Hence the importance of not allowing the appearance of visual impairment affects the psychomotor,
social and emotional development of the individual.

Citar como: Correa BA, Cervantes RV. Revision bibliogréfica de la intervencién terapéutica temprana
como una herramienta fundamental para el desarrollo de habilidades motoras en nifios con discapacidad
visual de cinco a 12 afos. Invest Discapacidad. 2024; 10 (1): 61-75. https://dx.doi.org/10.35366/113831
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INTRODUCCION

Existen dos enfoques principales para rehabilitar las
funciones visuales de las personas ciegas o débiles
visuales: invasivos y no invasivos. Los enfoques in-
vasivos requieren la implantacion de una red eléctrica
de manera directa en la superficie nerviosa, con lo
que se intenta evitar el sentido lesionado o perdido y
estimular de manera electronica el resto del sistema
visual intacto; esta rejilla se implanta en la retina, en
el nervio éptico o de manera directa en la superficie
cortical celular. Los no invasivos son métodos para
trasmitir informacion visual a través de otras modali-
dades que corresponden a los dispositivos de sustitu-
cion sensorial que captan aspectos especificos de la
informacion visual de diferentes tipos de sensores que
los traducen en tacto y sonido. Algunos de estos dispo-
sitivos codifican aspectos generales de la informacion
visual mientras que otros se concentran en traducir un
aspecto especifico de la informacion visual.*

La estimulacion visual tiene como objetivo desarro-
llar la vista hasta su maximo potencial y, basandonos
en la evidencia de que el aumento de la experiencia
visual incrementa el crecimiento neuronal de la corteza
visual, lo mas eficaz seria ofrecer oportunidades de
desarrollo visual siempre que sea posible, por lo que
se deberian implementar ejercicios para adquirir de
manera gradual un comportamiento visual complejo.
Los programas de estimulacion visual necesitan im-
partirse a la edad mas temprana posible, ofrecer el
mayor nimero de experiencias visuales y adaptarse a
la etapa de desarrollo del nifio. La rehabilitacién visual
requiere incluir todas las medidas para la integracion
médica, pedagogica, profesional, social y doméstica
de las personas que padecen esta minusvalia con el
objetivo de reducir el impacto de la discapacidad visual
y minimizarla.?® En los dltimos 50 afios, el enfoque
de atencidn a esta discapacidad ha pasado desde
ayudarles a leer con una lupa hasta implementar un
proceso de rehabilitacion integral en el que intervienen
diversos profesionales y tecnologias innovadoras.*

MARCO TEORICO

Las teorias clasicas sobre la organizacion del cerebro
han conceptualizado la capacidad de respuesta sen-
sorial en diferentes areas cerebrales como especificas
de una modalidad. Se ha demostrado que muchas
regiones especializadas de la corteza occipital con
privacion visual mantienen su especializacion funcio-
nal, aunque la entrada se proporciona a través de una
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modalidad sensorial diferente. Por ejemplo, la percep-
cion de objetos, de rostros y de expresiones faciales,
asi como posturas corporales y movimientos que se
perciben mediante las modalidades tactil y auditiva.*

Las teorias y conceptos clave se definen en el
articulo por la capacidad de respuesta sensorial que
se mantiene proporcionada por otra modalidad que no
es lavisual en los bebés y nifios ciegos que presentan
un retraso en sus hitos de desarrollo que pueden mi-
nimizarse si se interviene de manera temprana como
se hace mencion. Teniendo como concepto clave
que entrenar de manera temprana con una interven-
cién multisensorial, combinando actividades motoras
gruesas y finas, estaticas y dindmicas, en grupo o
individualmente, asi como evaluando constantemente,
ha ayudado a la mejora de las habilidades motrices
y el desarrollo motor en la poblacién infantil con dis-
capacidad visual, ha disminuido el tiempo de desfase
en su desarrollo y reducido el riesgo de problemas
secundarios, logrando mayor independencia funcional
y mejorando la calidad de vida, como se menciona en
el planteamiento del problemay la discusion.

En bebés ciegos en su totalidad, a la edad de dos
meses se observa un retraso en el control de la cabe-
za, asi como movimientos anormales y exagerados.
También se presenta retraso en los hitos motores
como sentarse, gatear, ponerse de pie y caminar. La
presencia del gateo con ambas manos se observa en
85% de los nifios ciegos y la marcha independiente
se consigue a los 19 meses en promedio, en compa-
racion con el desarrollo normal que se presenta a los
12 meses. Esto marca un desfase, que puede llegar
a ser hasta de nueve meses, no se sabe si durante el
desarrollo, la integracion multisensorial y la plasticidad
cerebral podrian superar este desfase porque se ha
visto que los niflos con discapacidad visual tienen
bajo rendimiento en las tareas de equilibrio estéatico
y dindmico lento; un patron de marcha funcional y
adaptable contribuye a la independencia y dado que
el desarrollo de la marcha requiere una integracion
final del control postural dindmico y que la generaciéon
de fuerza propulsora se ve afectada genera un gran
impacto en la calidad de vida. Ahora bien, la com-
pensacion de cambios relacionados con la edad en
el patrén de la marcha en nifios con debilidad visual
es importante para entender posibles diferencias en
la maduracién de la marcha, asi como identificar que
puede llegar a presentarse la velocidad de la marcha
lenta, zancada corta.®

El desarrollo psicomotor se define como «cambios
que se producen en nuestra capacidad de movimiento
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y en nuestro movimiento en general a lo largo de la
vida», cada individuo debe progresar a través de los
distintos hitos del desarrollo que seran fundamen-
tales para aprender y perfeccionar habilidades mas
complejas a lo largo de la vida.® Los individuos con
discapacidad visual tienen dificultad para desarrollar
las habilidades motrices fundamentales, esto des-
pués crea un déficit en el desarrollo de habilidades
motoras complejas. Dado que estas habilidades no
se aprenden ni se perfeccionan durante los primeros
afios de infancia, los individuos ciegos tienen menos
probabilidades de participar en actividades fisicas en
la adolescenciay vida adulta pues no siempre reciben
la estimulacion fisica que necesitan para desarrollar y
perfeccionar dichas habilidades. Entonces, los nifios
con discapacidad visual tienen niveles mas bajos de
actividad fisica.*

Los nifios con discapacidad visual nacen con el
mismo potencial para desarrollar habilidades motrices
que las de un nifio normovidente; so6lo que, debido a
la falta de oportunidades para el entrenamiento fisico
y las limitadas expectativas para ellos en la estimula-
cion fisica, asi como la ausencia de informacion en los
padres sobre el potencial que ellos poseen, los nifios
experimentan retrasos evitables en la aptitud fisica.
Se ha comprobado que, dandoles la experiencia de
distintas actividades motrices, los nifios con discapa-
cidad visual tienen mayor oportunidad de un desarrollo
optimo y que el desfase que lleva su desarrollo sera
menor o incluso casi imperceptible. Otros factores
determinantes para el retraso en el desarrollo del nifio
con discapacidad visual son que los padres puedan
ser demasiado sobreprotectores con los hijos y esto
les impida tener una experiencia motriz, o que en la
escuela donde se encuentren los profesores no sepan
como incluir a los nifios con discapacidad visual en las
actividades deportivas o motoras. Es presumible que
los profesionales y los padres pueden ayudar a los
nifos a ser mas independientes en sus actividades de
la vida diaria para tener también mas oportunidades
de socializar con sus compaifieros.*’°

Los nifios normovidentes se desarrollan por medio
de la experimentacion de su cuerpo y todos sus senti-
dos con el entorno, asi crean experiencias motoras que
después se convierten en habilidades. Sin embargo,
para el nifio con discapacidad visual es diferente por-
gue aprende a compensar la informacion visual con los
demas sentidos y, aunque esta practica le permite no
desfasarse de manera considerable en su desarrollo,
el hecho que no tenga el sentido de la vista, en muchas
ocasiones lo priva de gozar experiencias motoras que
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el nifio normovidente si experimenta, lo que hace su
desarrollo y su aprendizaje muy limitado y que trae
como consecuencia problemas secundarios.®10

En la actualidad se tienen registros de entrena-
mientos basados en ejercicios dinamicos y estaticos
que combinan motricidad gruesa vy fina. Esta docu-
mentado que tienen resultados positivos en los efectos
secundarios. Sin embargo, en ninguno de ellos se con-
sidera cuéles son los ejercicios especificos utilizados.
Con base en la informacion recolectada, sabemos que
los nifios con debilidad visual presentan un desfase
en su desarrollo que, por consiguiente, implica en un
déficit en estas habilidades, y es por ello que las eda-
des en las que pueden llegar a desarrollarlas varian
de manera considerable.

Definicién del problema

La discapacidad visual es uno de los problemas mun-
diales mas comunes y relevantes. Segun cifras de la
Organizacion Mundial de la Salud (OMS), en 2019, se
menciond que, a nivel mundial, por lo menos 2,200
millones de personas padecian deficiencia visual,
entre quienes, por lo menos, 1,000 millones de casos
pudieron haberse evitado.™

Estudios epidemiolégicos realizados en nifios re-
portan que la opacidad corneal es una de las causas
mas comunes de ceguera infantil. Estos datos se han
registrado en lugares de bajos recursos econémicos,
mientras que en otros con mayores oportunidades
econdmicas se tiene registro que el impedimento visual
cerebral junto con las anomalias del nervio 6ptico son
la principal causa de discapacidad. Cabe mencionar
que la retinopatia del prematuro, las cataratas, las
patologias del cristalino y el glaucoma congénito son
las causas mas comunes y que pueden ser prevenibles
en el mundo.'?*3

Gracias a la epidemiologia que se tiene docu-
mentada acerca de este tema podemos saber que
en paises con bajos recursos economicos la tasa de
mortalidad en la debilidad visual se dispara hasta 60%
en comparacion con los paises de mejores oportunida-
des economicas con sélo 10%. Esto debido a que, en
los primeros, se cuenta con menos oportunidades de
prevencion y no existe una buena atencién médica es-
pecializada. Entonces, los nifios de familias insolventes
tienen méas probabilidades de presentar un retraso en
el desarrollo o que si sucede, éste sea desordenado.™*

Toda la poblacion con debilidad visual puede
presentar uno o mas problemas secundarios como:
retraso en el desarrollo motor espacial, retraso en el
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aprendizaje de habilidades motoras, deficiencias en el
equilibrio ortostético, en la velocidad del ajuste postural
y coordinacion, problemas con la lateralidad, sesgo
en el espacio manipulador y ambulatorio, asi como
un retraso en las habilidades perceptivas, sociales,
motoras y cognitivas. Aunado a esto, las alteraciones
en la vista provocan una disminucién de la informacion
exteroceptiva y esto provoca experiencia limitada que
desencadena y potencializa todos estos problemas
secundarios.”14-23

Cass, Sonksen y McConachie descubrieron que
el retroceso en el desarrollo implica el estancamiento
o pérdida de habilidades en el desarrollo cognitivo y
se presentan en nifios con impedimentos visuales en
el segundo o tercer afio de vida. El periodo en que
comienza el retroceso coincide con la infancia, con el
desarrollo de independencia y con los cambios en el
control de la atencién. Esta etapa puede ser en espe-
cial vulnerable para los nifios con discapacidad visual,
pues el desarrollo del control atencional y la respuesta
a la atencion puede depender del canal auditivo, al
dificultarse y evolucionar a graves consecuencias para
el desarrollo de la atencion conjunta.?*

Schmidt se refiere al aprendizaje motor como un
conjunto de procesos asociados a la practica o a la
experiencia, tendientes a provocar cambios relati-
vamente permanentes en el comportamiento. Por
otra parte, Riera lo entiende como el establecimiento
de nuevas y estables relaciones del individuo en el
entorno. Ahora bien, en 1999, Diaz Lucea realiz6 un
andlisis profundo a diferentes autores y lleg6 a la con-
clusién de que las habilidades motrices o motoras son
capacidades adquiridas por aprendizaje que pueden
expresarse en conductas determinadas en cualquier
momento en que sean requeridas, con un menor o
mayor grado de destreza.?>-?"

La informacion visual desempefia un papel esen-
cial y orientador en la planificacion y ejecucion de
movimientos voluntarios dirigidos a un objetivo en
especial durante el desarrollo y el aprendizaje. El
comportamiento adaptativo es aquel que nos permite
mantener una relacion fluida con el entorno por medio
del contacto sensorial directo. Este se lleva a cabo
mediante subsistemas perceptivos o subsistemas
de accion. Los nifios con discapacidad visual tienen
una deficiencia parcial o total en la entrada de uno de
los subsistemas sensoriales vitales. Si la informacion
visual es incompleta o empobrecida, la respuesta se
vuelve mas dependiente de los sentidos restantes vy,
como resultado, el comportamiento suele ser menos
eficaz y eficiente. Se han documentado retrasos en la
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atencion conjunta y la competencia socio comunicati-
va, asi como el juego funcional y simbolico.?®

Se ha demostrado que existen diferencias especi-
ficas en el control sensoriomotor entre los nifios con
discapacidad visual y los nifios con visién normal, pero
se ha identificado que éstas no son causadas de ma-
nera directa por la peor vision en si, sino que parecen
ser resultado de una mala calibracion de informacién
necesaria para la realizacion de una tarea. Varios
aspectos del comportamiento en los nifios, asi como
el desarrollo general cognitivo y social/emocional se
ven influidos de manera negativa por esta condicion.?®

El impacto de la discapacidad visual es diferente
en cada fase del desarrollo, los hitos en general se
alcanzan mas tarde y a veces se recorren en un orden
diferente. Los nifios con discapacidad visual experi-
mentan incertidumbre e inseguridad con respecto a la
posicién y los movimientos de sus extremidades con
respecto a su propio cuerpo, otras personas y objetos.
La condicién espacial tiene efecto perjudicial en el
desarrollo de cualidades motoras gruesas (estabilidad
y control postural adecuados); ademas, les cuesta
mas esfuerzo realizar tareas que implican habilidades
motoras finas como la manipulacion de objetos.?®

Para la medicion de habilidades motoras, aiin no
se tiene una escala definida para evaluarlas dentro de
la poblacién con problemas visuales. Se han adaptado
algunas, de las que se tiene registro en diferentes
rangos de poblacion infantil. En Brasil, se adapté un
instrumento de evaluacién del desempefio motor,
denominado «Bateria de Evaluacion del Movimiento
para Nifios» que evalGa a nifios de entre siete y 10
afos. En los Paises Bajos, la prueba de desarrollo
motor grueso se adapt6 en nifios de seis a 12 afios.
También se tiene registro de que, para evaluar el
equilibrio, coordinacion corporal y de control visomo-
tor, se realizd una escala con cuatro subpruebas de
motricidad gruesa: tres de motricidad fina y una de
motricidad gruesa combinada con fina.??

Otro punto esencial es mencionar que los nifios con
discapacidad visual pueden presentar modificaciones
cerebrales que comienzan por la privacion sensorial y
después por el entrenamiento de los otros sentidos. A
pesar de los cambios anatémicos, la experiencia visual
no es necesaria para el desarrollo de mapas organiza-
dos topogréaficamente en la corteza intraparietal; pero
para esto, se necesita implementar el entrenamiento
de estas habilidades de una manera temprana y con
supervision de un profesional en el tema.7:23:29

El desarrollo intensivo de la coordinacion en
personas sin discapacidad visual se produce en la
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Ultima etapa de la infancia y en los primeros afios de
la escuela y queda por completo desarrollada de los
10 a los 12 afios de edad, se consideran los 12 afios
como la edad limite superior dentro de la cual los nifios
contribuyen al aprendizaje motor, motivo por el cual
esta investigacion establece como rango de edad de
cinco a 12 afios.*°

Objetivo

Investigar la importancia y los beneficios de la inter-
vencion temprana en el desarrollo de las habilidades
motoras multisensoriales en los nifios con discapaci-
dad visual de cinco a 12 afios de edad.

MATERIAL Y METODOS

Disefio. Como metodologia se realizaron en esta re-
visién bibliogréafica, una investigacion, la recopilacion
y el analisis de diferentes documentos cientificos
dedicados al mejoramiento de habilidades motoras en
nifos con discapacidad visual. En especifico, los que
utilizan un entrenamiento o intervencion para este ob-
jetivo, también se contemplaron revisiones sistémicas
y estudios cientificos en este tipo de poblacion para
que tuvieran el mismo fin en comun.

Estrategiade busqueda. Se realizé una bdsqueda
exploratoria y se consideraron sélo los articulos que
se basaban en ejercicios de habilidades motoras,
mejoramiento del entrenamiento motor, las habilida-
des motoras o motricidad gruesa en nifios ciegos en
las siguientes bases de datos: Scielo, porque tiene
una amplia base de datos, asi como colecciones de
revistas o libros en diferentes paises de Latinoamérica,
Centroamérica, Espafiay Portugal. PubMed esta plata-
forma es ideal para blusqueda de articulos de medicina
o del &rea de la salud. Su base de datos permite aplicar
filtros de rangos de afio, especificar si son revisiones
bibliogréficas, libros 0 documentos, poblacién a tra-
tar, el idioma del articulo y el tema. La blsqueda en
PEDro se realiz6 de manera digital porque esta base
de datos esta enfocada so6lo en temas de fisioterapia.
Dialnet es uno de los mayores portales bibliograficos
del mundo, es un proyecto de cooperacion que integra
bases de datos de contenidos cientificos hispanos.
Microsoft Academic, al ser un buscador académico
que permite navegar por areas de conocimiento, asi
como encontrar listas de autores, revistas y congresos,
incluye también revistas de informacion cientifica en
sus resultados de busqueda, asi como sugerencias de
marcaje semantico, lo que hace mas facil encontrar
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la mayor cantidad de articulos sobre un tema en es-
pecifico. Los términos de busqueda utilizados fueron:
habilidades motoras gruesas, control motor, habilida-
des locomotoras, motricidad gruesa, entrenamiento
motor, nifios ciegos y nifios con discapacidad visual.
Para obtener los articulos completos y poder identi-
ficar si eran utiles para esta investigacion, se ocup6
la plataforma de Sci Hub, que solo proporciona los
articulos en su idioma original; es por esto que, para
obtener la traduccion de dichos articulos, se utilizé la
plataforma Deppl, traduciéndolos del inglés, francés,
aleman, portugués y otros al idioma espafiol.

Tipo de estudio: retrospectivo, longitudinal y
bibliografico.

Criterios deinclusion y exclusidn: se incluyeron
todos aquellos articulos que trataran acerca de la dis-
capacidad visual infantil y de métodos para mejorar
sus habilidades motoras, también articulos en que se
mencionara a nifios normovidentes s6lo como punto
de referencia para la informacion acerca de los nifios
con discapacidad visual. Los dos principales criterios
de exclusién fueron que los articulos encontrados se
trataran de poblacion adulta y que no se mencionara
nada acerca del entrenamiento motor o de como
mejorarlo. La Figura 1 muestra el procedimiento de
seleccioén de los articulos incluidos en el estudio.

Procedimiento para la evaluacion del banco de
documentos: se utilizé la escala de calidad metodol6-
gica de estudios sobre procedimientos terapéuticos o
de terapia (MINCIR), como se muestra en la Tabla 1.

Existen otras escalas de evaluacion de la calidad
bibliografica que se mencionan en la Tabla 2.

Estas no fueron utilizadas por la finalidad para la
que fueron creadas, que no tiene relacion alguna con
el tema a desarrollar en esta revision bibliogréafica, es
por esto por lo que sélo se considerd la escala que se
describi6 con anterioridad (MINCIR).

RESULTADOS

La clasificacion internacional de las enfermedades
(CIE) sefiala que la funcion visual se divide en cuatro
categorias: 1) La visién normal, 2) La discapacidad
visual moderada, 3) La discapacidad visual grave y 4)
Ceguera. En 2017, la OMS anunci6 que la segunda y
tercera categoria son consideradas como baja vision
declarada con una agudeza visual inferior a 6.18.5%
Para que el desarrollo de un nifio sano sea normal y
optimo, por algunos autores llamado también «jalones
de desarrollo», en los que Silva, Moura y Nunes han
concluido que éste debe seguir fases divididas en: eta-
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pa sensoriomotriz (cero a dos afios), en la que el nifio
busca el desarrollo conjunto del esquema de accion
sobre un objeto, ya que esto le permite construir el
conocimiento fisico de la realidad. Etapa preoperatoria
(dos a seis afos), dentro de ésta, el nifio es capaz de
construir una relacion de causay efecto, también es la
fase de los «por qué» y toman a la figura paterna para
resolver estas interrogantes. En la tercera etapa de-
nominada operatoria (siete a 11 afios), los conceptos
de estructuras ldgicas estan presentes en el nifio. Por
ultimo, en la etapa operatoria formal (11 a 16 afios),
el joven debe ser capaz de construir un pensamiento
abstracto y conceptual.

Por otra parte, el nifio con discapacidad visual
tiene un sesgo en el desarrollo que, segin O’Connell,
Lieberman y Petersen, puede ir desde los tres hasta
los seis meses de retraso; para estos nifios, las etapas
de desarrollo pueden distribuirse de manera irregular,

Numero de registros
identificados
mediante bdsquedas
en bases de datos
(n=67)

\ 4

Numerq d? reg|§tros Articulos duplicados
tras eliminar citas _ -
. > eliminados
duplicadas (n=5)
(n=62) -
\/
Nimero de Nimero de
registros citados > registros excluidos
(n=62) (n=17)

\

Numero de articulos
de texto completo
evaluados para
su elegibilidad
(n =45)

A4

Numero de
estudios incluidos
en la revision
(n=6)

Figura 1:

Diagrama de flujo (PRISMA).
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Tabla 1: Escala de MINCIR.

Dominio 1. Disefio del estudio Puntaje asignado
Ensayo clinico multicéntrico 12
Ensayo clinico controlado, con 9
asignacion aleatoria y doble
enmascaramiento
Ensayo clinico con enmascaramiento 6
simple o sin enmascaramiento o
simple aleatorizacion**

Cohorte concurrente o prospectiva 4
Cohorte histérica o retrospectiva y 3
estudios de casos y controles

Corte transversal 3
Series de casos y reportes de casos 1

Dominio 2. Poblacién estudiada por
factor de justificacion (x 2)

> 201 6012
151-200 5010
101-150 408
61-100 306
31-60 204
<30 To2

Dominio 3. Metodologia empleada
Item 1. Objetivo

Se plantean objetivos claros y concretos 3
Se plantean objetivos vagos 2
No se plantean objetivos 1
item 2. Disefio
Se menciona y justifica el disefio 3
empleado
Se menciona el disefio empleado 2
No se menciona ni justifica el disefio 1
empleado
tem 3. Criterios de seleccion de la muestra
Se describen criterios de inclusion y 3
de exclusion
Se describen criterios de inclusién o 2
de exclusion
No se describen criterios de seleccion 1
item 4. Tamario de la muestra
Justifica la muestra empleada 3
No justifica la muestra empleada 1
Puntuacion final Puntaje final
Dominio 1 + (dominio 2 X factor de 6a36

justificacion si aplica) + dominio 3

** Incluye estudios experimentales (antes y después).

tener diferentes objetivos en cada una de éstas, y las
edades en las que se desarrollan pueden variar a
causa de diferentes factores. En el primer nivel, el nifio
debe adquirir la capacidad de reconocer las posiciones
de su cuerpo 'y la colocacion de los objetos con relacion
a otros cuerpos extrafios; en el segundo nivel, el nifio
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es competente para reconocer las partes de su cuerpo;
en el tercer nivel, es capaz de reconocer y dominar los
movimientos de su cuerpo; en el cuarto nivel, el nifio
puede dominar su lateralidad; y en el quinto nivel, el
nifio sabe la determinacion del sujeto a la proximidad
inmediata. Estos niveles son mencionados por la Re-
vista de Investigacion Humana en Rehabilitacion.™2°

En la Conferencia Internacional Anual de la Socie-
dad de Ingenieria en Medicina y Biologia del IEEE se
dijo que los nifios normovidentes codifican la informa-
cién espacial segun un marco de referencia visual para
orientarse en el espacio y participar en interacciones

sociales; pero los nifios con discapacidad visual de-
penden de sefales auditivas o de los otros canales
sensoriales para navegar y codificar la informacion
espacial y social.®? Los nifios con discapacidad visual
sintetizan e integran datos a través de otros sentidos:
oido, gusto, olfato, tacto y cinestesia, a esto se le
conoce como compensacion sensorial y les permite
obtener resultados de desarrollo similares a los de
sus pares videntes, ademas que ayuda a los nifios a
desarrollar habilidades de diversas tareas cognitivas
por activacién de mecanismos de plasticidad cere-
bral.82! La revista Neurocience Frontal menciona que

Nombre

Tabla 2: Escalas de evaluacion metodolégica.

Finalidad

No. de items

Escala Van Tulder

Escala Chalmers

Escala de Jadad

Escala de Maastricht
Single-case
experimental design

scale (SCED)
Escala Bizzini

Escala Reisch

Escala Yates

Escala Detsky

Escala Sindhu

Escala de validez de
dolor de Oxford

Escala Arrivé

Escala Newcastle-
Otawa

Analiza la validez de articulos a partir de elementos de
adecuacion del método aleatorio

El puntaje evalta dos dimensiones de calidad. En

esta escala fue analizada la validez aparente y del
contenido y por eso exige una validacién adicional
Desarrollada para evaluar de forma independiente

la calidad en articulos sobre el dolor, otros de sus
propésitos fueron «padrén de oro»

Evaltia metodoldgicamente la calidad de un ensayo clinico
y tiene funcion educativa en concepcion y publicacion
Evalta la calidad metodoldgica de estudios de

caso. Mide la calidad en articulos de intervenciones
psicoldgicas en el tratamiento de dolor crénico

Evaltia la calidad sobre el sindrome de dolor
femoropatelar por 4 criterios (poblacion, intervenciones,
tamano del efecto, presentacion y andlisis de datos)
Evaltia la calidad sobre el uso de la aspirina en
enfermedades coronarias. Fue recién adaptada en
estudios sobre tratamientos farmacoldgicos para la
osteoporosis

Mide calidad en intervenciones psicoldgicas en el
tratamiento de dolor crénico y su uso ha sido muy
limitado

Evaltia |a calidad de ensayos clinicos de soporte
nutricional parenteral para pacientes sometidos a
cirugfa de gran porte

Herramienta de evaluacion de calidad metodoldgica de
los articulos primarios a ser incluidos en un metaanalisis
Constituida para medir la validez de los resultados de
articulos para permitir la clasificacion de los resultados de
ensayos de acuerdo con la validez de las evaluaciones
Evalta la calidad metodoldgica de las investigaciones
clinicas que utilizan exdmenes radioldgicos

Evalta la calidad de estudios no aleatorizados,

buscando incorporar las evaluaciones de calidad en la
interpretacion de metaanalisis de los resultados obtenidos

11 puntos que analizan las amenazas

32 ftems con puntuaciones maximas de 88 puntos

Puntuada por 5 ftems

0 (débil)

5 (bueno)

Consiste en 15 ftems, divididos en 47 subitems,
que totalizan 100 puntos

Construida por 11 ftems que analizan la validez
interna

Se le atribuyen 25 puntos a cada aspecto para
tener un total de 100 puntos y un puntaje de 5 a

10 para los criterios especificos
Construida por 34 ftems divididos en 13 dominios

Estd constituida por 8 ftems y 26 subitems
Constituye 13 variables con 5 ftems principales y
alcanza una puntuacién maxima de 14 puntos
Costa de 53 ftems subdivididos en 15 dimensiones

Compuesta por 5 ftems principales, el Gltimo de
ellos divididos en 4 subitems cualitativos

15 ftems relacionados con el diseno de estudio

8 items divididos en 3 dimensiones
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los nifios congénitamente ciegos pueden mejorar mas
sus habilidades espaciales con el uso de dispositivos
de sustitucion sensorial. >33

Como se mencion6 con anterioridad, la discapa-
cidad visual afecta el desarrollo motor de los nifios
al causar un retraso en comparacion con sus pares
videntes, asi como en el aprendizaje de habilidades
motoras complejas. Esto conlleva que los nifios tengan
deficiencias de orientacién del entorno y de movimien-
to en el espacio; provoca lentitud de automatizacién
de patrones de movimiento, de localizacion espacial
auditiva y propioceptiva; disminucién de la orientacion
haptica y de informacién exteroceptiva; dificultad
para concebir objetos existentes en el espacio; falta
de coordinacidn bilateral y de capacidad para utilizar
los lados derecho e izquierdo del cuerpo de forma
integrada y agil, ni cruzar la linea media del cuerpo
por lo que produce movimientos ipsilaterales, baja
conciencia corporal, déficit de manipulacion de obje-
tos; problemas con la coordinacidon ojo-mano, en el
equilibrio estatico, dinamico y en movimientos lentos,
tales como disminucion de la velocidad de la marcha,
la percepcion de la postura del propio cuerpo y cuerpo
rigidO.7'8’14'18'22'23'30’32’33

Los nifios con ceguera son capaces de evitar
obstaculos, integrar trayectorias, recordar ubicaciones
y generar representaciones cognitivas del espacio,
mantienen la capacidad de reconocer una ruta familiar
y de representar la informacion espacial. A esto se le
conoce como conocimiento o cognicion espacial que la
revista Neuroscience Frontal define como «La capaci-
dad de comprender e interiorizar la representacion de
la estructura, entidades y relaciones del espacio con
respecto al cuerpo» y esta basado en otras modali-
dades sensoriales como el tacto, la propiocepcion, la
cinestesia y la audicion.?-33 La percepcion haptica de
la distancia en nifios con discapacidad visual es crucial
para una amplia gama de tareas de la vida cotidiana.'®
Es por esto que la adquisicion de las habilidades moto-
ras debe desarrollarse de manera importante durante la
infancia, pues es un componente critico en el desarrollo
general de un individuo y una reduccién notoria del
desfase en el desarrollo.*® Es esencial que los nifios
con problemas visuales conozcan su propio cuerpo, los
conceptos topograficos, la lateralizacion, desarrollen
sus habilidades auditivas, tactiles y olfatorias, que do-
minen su control postural. Es de igual importancia que
tengan aprendizaje de diversas formas de movimiento,
control y adaptacion de la informacion propioceptiva
y cinestésica para automatizar el comportamiento
motor.? Para estos nifios, la coordinacion bilateral de
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las manos es esencial en funcion de la percepcion, asi
como también para el rendimiento de las actividades
que lleven a cabo de forma armoniosa.'’

De acuerdo con la investigacion desarrollada por
Haibach, Wagner, Liberman y colaboradores, ni la
edad ni el sexo del individuo con discapacidad visual
juegan un papel importante en las habilidades motoras
o en el desarrollo de las mismas. Sin embargo, hay una
necesidad fundamental de mejorar las habilidades mo-
toras en los nifios con discapacidad visual de manera
temprana, esto con un entrenamiento motor enfocado
a la informacion auditiva para evitar un sesgo muy
amplio en el desarrollo.”*> Asimismo, se observo que
los nifios ciegos en su totalidad necesitan un entrena-
miento mas enfocado a lo tactil; aunque otros autores,
como Sgambelluri y su equipo, opinan que los nifios
ciegos congénitos requieren un programa especifico
e individualizado de trabajo motor para adquirir un
movimiento auténomo, a comparaciéon con los nifios
de baja vision; ellos pueden mejorar sus habilidades
motoras con la inclusion a las actividades fisicas con
niflos normovidentes y con la repeticion con retroali-
mentacion para adquirir estas habilidades. Se realiza
un énfasis en que los nifios con discapacidad visual
deben de tener mas adecuaciones y oportunidades
de inclusién para tener un optimo desarrollo de sus
habilidades motoras.”2°

El objetivo de estudio para Sgambelluri y Pistoni
fue confirmar que la orientacién y la movilidad son
adquiridas a través de actividades motoras gruesas
como el juego y se implementé un programa de
adaptacion para aumentar formas de sensibilidad y
exploracion complementaria; esto contribuy6é a ex-
tender una conciencia mas madura y mejorada del
propio cuerpo.®® Los entrenamientos que son en su
mayoria unimodales tienden a mejorar la informacion
visual residual, que son los que sustituyen la entrada
visual por auditiva o tactil. Se ha observado que la
formacién multisensorial aumentaria y mejoraria las
oportunidades de aprendizaje, lo que demuestra que
esta estimulacion multisensorial facilita funciones
visoespaciales duraderas. Estos entrenamientos van
dirigidos en especial a nifios por la plasticidad cortical.
En el estudio de Cappagli y Finocchietti se realizé un
entrenamiento audiomotor el cual recalibro la percep-
cion espacial en los participantes.®

La intervencion terapéutica temprana en estos
nifios debe aumentar las oportunidades de explorar
el entorno circundante y la posibilidad de interactuar
con sus compafieros, asi como ayudar a prevenir
graves déficits en el desarrollo de habilidades motoras
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en niflos con discapacidad visual. Los nifios deben
ser estimulados de manera constante desde una
edad temprana, pues necesitan la mayor actividad
laberintica dado que no ocupan la vista para contro-
lar la postura. Se habla también de que el desarrollo
de competencias espaciales es fundamental para el
desarrollo perceptivo, motor y cognitivo.'+15.17.18.32

Nueve articulos encontrados sefialan que la mejor
opcion para mejorar las habilidades motoras espacia-
les es la utilizacion de un entrenamiento motor multi-
sensorial para la potenciacion de los otros sentidos que
logre una buena compensacion y asi tengan un éptimo
desarrollo espacial y motor. Aplicar técnicas especifi-
cas para el desarrollo de estas habilidades motoras,
que en las bibliografias lo abordan con un programa de
tratamiento general y que resulta en el aumento de la
interaccién en la sociedad y una mejora en la calidad
de vida para los nifios.’”-** Los autores del articulo
«Entrenamiento de habilidades motoras de nifios con
baja visién» dejan claro que la disminucion de pistas
visuales afecta estas funciones por disminucion de
informacion visual periférica de sentidos visuales y pro-
pioceptivos; por esto, los programas de entrenamiento
deben ser muy importantes para estos nifios, pues los
estudios que han evaluado efectividad de programas
son pocos 'y es por lo que referencian que se necesitan
programas de entrenamiento especificos.??

Varios de los autores mencionan que es importante
tener una buena comunicacion entre los padres, tera-
peutas y maestros del nifio con discapacidad visual,
pues se ha demostrado que el desarrollo de un en-
trenamiento en distintos y multiples lugares como la
escuela, la casa y el lugar de terapia ayudan al nifio
a mejorar en sus habilidades locomotoras de modo
significativo. También es importante mencionar que,
para obtener resultados en la mejora de las habilidades
motoras en el nifio con discapacidad visual, es indis-
pensable trabajar con un equipo multiinterdisciplinario
pues ayudara a tener un mejor control de la situacion
del nifio y de los padres, porque es fundamental
para él que ellos comprendan la importancia de las
experiencias motoras en el nifio, y tener un acompa-
flamiento psicoldgico, asi como de otros servicios lo
que agilizaria el proceso.%3°

A los nifios con discapacidad visual los ha hecho
avanzar y salir adelante el haber reconocido e identi-
ficado el mecanismo por el cual obtienen informacion
gue no les es accesible por el sentido de la vista,
es decir, la compensacién sensorial. El que les sea
negado participar en distintas actividades cotidianas
o0 saberse excluidos en actividades escolares, les re-
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duce la posibilidad de un buen desarrollo y los limita,
creando asi los problemas secundarios ya tratados
con anterioridad.

Evaluacion metodoldgica: en la Tabla 3 se
muestran los articulos considerados para esta re-
vision bibliogréafica, todos evaluados mediante la
escala de MINCIR.

DISCUSION

La pandemia producida por el COVID-19 modificé la
manera de realizar muchas actividades; un ejemplo es
la realizacion de esta investigacion, pues fue imposible
llevar a cabo un protocolo de investigacion experi-
mental en el Centro Nacional Modelo de Atencion,
Investigacion y Capacitacion para la Rehabilitacion e
Integracién de Personas Ciegas y Débiles Visuales'y,
por sugerencia del Comité de Ensefianza del centro,
se cambid la metodologia a una revisidn bibliogréafica
en el tema de la importancia del desarrollo temprano
de habilidades motoras multisensoriales usadas como
una herramienta en nifios con discapacidad visual de
cinco a 12 afios de edad.

Es notorio que el nivel de poblacién con discapaci-
dad visual es alto, tanto en el mundo como en nuestro
pais, y por esto llama la atencion que, a pesar de ser
elevada la cifra, no exista tanta investigacion acerca
de este tema para consultar. Es un tema importante
para abordar de manera urgente, porque asi el per-
sonal de salud tendria mas herramientas y nuevas
opciones de tratamiento para este tipo de poblacion.
En un futuro, su manejo podria ser mas eficiente y
atractivo al considerar que ya se aplica en los centros
de rehabilitacién, como es el caso de la citada insti-
tucion, donde se implementan programas integrales
y multidisciplinarios para el manejo y tratamiento de
nifios con discapacidad visual de manera temprana,
obteniendo muy buenos resultados.

Para la rehabilitacién y la terapia fisica, es funda-
mental prestar atencion a los diferentes tipos de po-
blacién que puedan verse beneficiados, aunque, como
se ha mencionado con anterioridad, se suele dejar de
lado la investigacion en la discapacidad visual. Es asi
como el presente trabajo colabor6 al hacer evidente lo
amplio que puede llegar a ser el campo de intervencion
terapéutica en estos pacientes y, con esto, resaltar la
importancia de identificar, investigar e innovar en nue-
vos métodos o programas de intervencion para ellos,
mejorar la atencién brindada, aplicar las oportunidades
de crecimiento en el temay brindar una mejor calidad
de vida a los pacientes.
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Tabla 3: Evaluacién metodoldgica por la escala MINCIR.

Determinantes del desempefio de las habilidades motoras gruesas en nifios con 6 12 11 29

discapacidad visual”

El entrenamiento motor con audio mejora la movilidad y la cognicion espacial en nifios con 6 6 12 24

discapacidad visual®

Evaluacion de la pulsera de audio para mejorar la movilidad y la cognicién espacial®? 6 1 7 14

Entrenamiento de rehabilitacién multisensorial mejora la percepcion espacial en ninos 6 2 12 20

con privacion visual total™

Coordinaci6n bilateral en nifios ciegos' 6 6 11 23

Rendimiento de habilidades motoras gruesas en nifios con y sin impedimentos visuales: 9 8 12 29

investigacion para practicar'®

El equilibrio y la coordinacién motora no estan desarrollados en su totalidad en los nifios 9 10 11 30

ciegos de 7 afios'”

Mejora de las habilidades espaciales generales de los jovenes con discapacidad visual con 3 6 10 19

una formacién programable en discriminacion a distancia: un estudio de casos y controles'®

Una intervencion de rehabilitacion multidimensional, multisensorial e integral para mejorar el 3 2 9 14

funcionamiento espacial en nifios con discapacidad visual: un estudio de caso comunitario?'

Competencia espacial y plasticidad cerebral en la ceguera congénita mediante NA NA NA NA

dispositivos de sustitucion sensorial®3

Escala de desarrollo motor: adaptacién para nifios con baja visién de 7 a 10 afios?? 6 2 9 17

Entrenamiento de habilidades motoras de ninos con baja vision. Habilidades motoras y 6 6 12 24

perceptivas??

El canal de propiocepcion podalica para aumentar las habilidades motoras en nifios NA NA NA NA

ciegos: aplicaciones operativas®

Fiabilidad test-retest de BSP una baterfa de pruebas para evaluar la cognicion espacial en 6 4 10 20

nifios con discapacidad visual®®

Evaluacion de las habilidades motoras en nifos con discapacidad visual: revision sistémica®” NA NA NA NA

Relacion del equilibrio estético con las habilidades motoras fundamentales en ninos con 3 12 10 25

discapacidad visual: un estudio trasversal®®

El uso de los juegos diddcticos con ayuda rehabilitativa para nifios con discapacidad visual?’ NA NA NA NA

Interaccién de nifios con necesidades especiales en un contexto lddico: posibilidades de 3 2 9 14

desarrollo®

El significado de la orientacién de los alumnos ciegos hacia su cuerpo en relacién a la 6 4 10 20

movilidad y la orientacion espacial’

El efecto de un programa perceptivo-motor basado en el método Johnstone y Ramon sobre las 9 4 11 24

habilidades motoras gruesas de nifios con discapacidad visual: un ensayo controlado aleatorio®!

Desarrollo motor temprano de los nifios ciegos*? 6 4 11 21

Desarrollo divergente de las habilidades motoras gruesas en nifios ciegos o videntes*! 6 4 9 19

Conceptos espaciales y rendimiento del equilibrio: aprendizaje motor en nifos ciegos y 6 6 11 23

con discapacidad visual*?

El uso de modelos tactiles y orientacion fisica como estrategias de instruccion en la NA NA NA NA

actividad fisica para nifios ciegos*

Actividad motora en nifios ciegos o deficientes visuales. Investigacion sobre la 3 4 12 19

discapacidad visual*

Desarrollo infantil temprano y localizacién auditiva en nifos ciegos: una revision*? NA NA NA NA

Los efectos de las estrategias de intervencion ecoldgica validadas sobre las habilidades 6 12 11 29

locomotoras de los nifios con discapacidad visual’

Percepcion de obstaculos por parte de nifos congénitamente ciegos. Percepcion y psicofisica*® 6 2 11 19

Conocimiento espacial en nifos ciegos y videntes*” 6 4 10 20
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Continta la Tabla 3: Evaluacion metodolégica por la escala MINCIR.
Puntaje dominio
Puntaje
Nombre del articulo 1 2 3 total
La utilizacién de senales externas y de movimiento en tareas especiales simples por parte 9 4 11 24
de nifos ciegos y videntes®®
Localizacion espacial auditiva: retraso del desarrollo en nifios con discapacidad visual*® 3 4 11 18
Estrategias de nifos ciegos para lograr el desarrollo cognitivo. Un estudio cualitativo® 6 4 12 22
Estimulacién temprana en nifos con baja vision. Una revision bibliografica> NA NA NA NA
Deficiencia visual en el nifio NA NA NA NA
Revision sistémica®
Atenci6n temprana a nifios con ceguera o deficiencia visual. Resefia bibliogréfica® NA NA NA NA
La importancia de la orientacién de los alumnos ciegos a su cuerpo en relacién con la 6 1 9 16
movilidad y la orientacién espacial®?
Acceso a la rehabilitacién visual y dificultades en la implementacién? 6 2 9 17
Las implicaciones de la plasticidad cerebral y la selectividad de tareas para la NA NA NA NA
rehabilitacién visual de personas ciegas y con discapacidad visual®
Involucrar maestros, padres e instructores de rehabilitacion en el entrenamiento visual NA NA NA NA
para nifios con discapacidad visual®
Mejora de la motricidad fina en nifios con discapacidad visual: un estudio exploratorio?® 6 1 11 18
Ensefiar a saltar la cuerda a nifios con deficiencias visuales y ceguera # 6 6 10 22
Rendimiento de habilidades motoras de los nifios en edad escolar con discapacidad visual>* 6 6 11 23
Desarrollo de la locomocién independiente en nifios con discapacidad visual grave?* 6 6 11 23
Habilidades motoras gruesas y participacion deportiva de los nifios con impedimentos visuales* 6 1 9 16

Durante esta revision bibliografica se constatd que
los nifios con discapacidad visual tienen un desarrollo
diferente al de los nifios normovidentes debido a la
falta del sentido méas importante por el que recibimos
informacion sobre el exterior, lo que provoca que ten-
gan un retraso en su desarrollo porque, con los demas
canales sensoriales, compensan la informacion que no
reciben de la vista; a su vez, esto también provoca mo-
dificaciones cerebrales por la misma privacion sensorial
gue después se acenttan por el entrenamiento de esta
compensacion sensorial. Esto es benéfico pues apren-
de otras habilidades para poder desarrollarse y lograr
la independencia aunque, segun la revision, algunos
autores lo toman como algo deficiente. Aunado a esto,
se ha visto que los desfases que presentan se pueden
extender y hacer que las edades para desarrollar ciertas
habilidades varien con notoriedad y no lleven un orden
en comparacion con un desarrollo normal. Se tiene claro
que los demas canales sensoriales juegan un papel
importante en el desenvolvimiento del nifio con discapa-
cidad visual; es por eso que, en casi todos los articulos
de esta revision, se identificd que es necesario e indis-
pensable el entrenamiento multisensorial motor para la
mejora de las habilidades motrices en estos pacientes.

Invest Discapacidad. 2024; 10 (1): 61-75

Se documentd que los nifios a los que se les per-
mite experimentar diferentes actividades motoras o de-
portivas en distintos lugares de su vida cotidiana tienen
mayor oportunidad de presentar un desarrollo motor
mas Optimo; también se identificd que las interven-
ciones de entrenamiento motor multisensorial son la
mejor opcidn de tratamiento para el desenvolvimiento
y desarrollo del nifio con discapacidad visual, teniendo
en cuenta siempre que la ayuda es la experimenta-
cion de distintos ambientes y estimulos para crear
engramas y patrones de movimientos que permiten
al nifilo poder entenderlos de manera correcta. Cabe
mencionar que tiene gran importancia la combinacion
de las intervenciones, es decir, es benéfico para el
nifio tener sesiones de tratamiento individuales, pero
también que algunas de ellas se realicen en grupo,
debido que, ademas de desarrollar sus habilidades
motrices, estimulan sus habilidades sociales y emo-
cionales. El proyecto apoya a la poblacion con disca-
pacidad visual, pero especificamente a la poblacion
infantil, obteniendo el conocimiento de la informacion
actualizada, lo que permite una intervencion adecuada
al evitar que el desarrollo de estos nifios se vea mas
limitado y desfasado con respecto al de los nifios nor-
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movidentes y, de igual manera, beneficia a los padres
permitiéndoles conocer lo importante que es para sus
hijos adquirir la independencia en las habilidades que
muchas veces les niegan a experimentar por miedo,
incluyendo sus actividades de la vida diaria, al evitar
que este otro factor afecte su desarrollo.

Se han hecho investigaciones para identificar
cuales son las habilidades en las que los nifios ciegos
necesitan enfocarse para desarrollar; pero muy pocos
estudios se han concentrado en investigar la manera
de entrenamiento de estas habilidades o en como
mejorarlas, y ningln articulo menciona una manera
especifica de intervencion. Hay que tener en cuenta
gue es necesario crear un método de intervencion
propio para optimizar el tiempo de desarrollo de estas
habilidades motoras, que son indispensables para la
independencia del paciente y que es necesario desa-
rrollarlas de una manera temprana, ya que se tiene
como referencia que en los nifios normovidentes el
limite para obtenerlas es a los 12 afios. Por lo tanto, un
método especifico de intervencion ayudaria a reducirlo
y en un futuro esperar eliminar este desfase.

Debido a que la estimulacion visual permite de-
sarrollar la vista hasta su maximo potencial, y basan-
donos en la evidencia de que el aumento de la expe-
riencia visual incrementa el crecimiento neuronal de la
corteza visual, lo mas eficaz es ofrecer oportunidades
de desarrollo visual siempre que sea posible, por lo
cual deberia hacerse con ejercicios para adquirir de
manera gradual comportamiento visual complejo. Los
programas de estimulacion visual deben emprenderse
a la edad mas temprana posible, ofrecer el mayor na-
mero de experiencias visuales y adaptarse a la etapa
de desarrollo del nifio, motivo por el cual es importante
incluirlos en el programa.

Una limitacion para el desarrollo de este trabajo es
el acceso limitado a articulos que contienen la informa-
cion completa y actualizada debido a que se requiere
una suscripcion a la plataforma donde se encuentran o,
en su defecto, pagar para obtener todo el contenido del
documento; aunado a esto, sabemos que los estudios
en la poblacién con discapacidad visual son reducidos
y desactualizados. Por esto y a pesar de todo, esta
revision bibliografica se centrd en encontrar la mayor
cantidad de articulos posibles y disponibles.

CONCLUSION
Como se ha mencionado, la documentacion e informa-

cion acerca de las intervenciones terapéuticas de las
habilidades motoras en la poblacién con discapacidad
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visual infantil es muy limitada y mucha no es actual
0 es muy antigua. Esto delimita mucho su blsqueda.
Sin embargo, a pesar de ser una limitante para la
investigacion, fue satisfactorio descubrir nuevas he-
rramientas, recursos y métodos para continuar con la
obtencion de informacion y aumentar la capacidad y
la habilidad de busqueda de informacién bibliografica
y de metodologia.

Se identifica que, a consecuencia de no tener
el sentido mas importante para la obtencion de la
informacion del entorno, los nifios con discapacidad
visual utilizan la compensacién sensorial, asi como
su desplazamiento y movilidad como herramienta
para obtener esta informacion. Es un proceso mas
complicado que el habitual refiriendonos a los nifios
normovidentes; al ser mas complejo de desarrollar,
entender y después obtener informacion por este
método ocasiona que exista un desfase de su de-
sarrollo, pues el nifio con discapacidad visual debe
hacer el doble de trabajo que un nifio normovidente.
Es por eso que se encontré como punto clave que el
desarrollo de los demas sentidos en el nifio, conocido
como entrenamiento multisensorial, es la mejor opcién
de intervencion terapéutica para la mejora de las
habilidades motrices, facilitandole la obtencion de la
informacion del entorno que le es indispensable para
desarrollarse, si se habla en términos de motricidad, y
evitar con esto un desfase tan amplio en su desarrollo.

Se puede concluir que el entrenamiento de ma-
nera temprana con una intervencion multisensorial
que combina actividades motoras gruesas y finas,
estéaticas y dindmicas, en grupo y de manera indivi-
dual, en conjunto con evaluaciones constantes han
ayudado a la mejora de las habilidades motrices y el
desarrollo motor en la poblacion infantil, disminuyendo
el tiempo de desfase de desarrollo y han colaborado a
reducir el riesgo de problemas secundarios para lograr
mayor independencia funcional a edades tempranas,
mejorando la calidad de vida. Esta investigacion deja
abierta la posibilidad de ser retomada mas adelante
como protocolo para desarrollo de un programa es-
pecifico que compruebe ser funcional y efectivo para
esta poblacién y que tenga los mismos resultados o
ayude a optimizar los que se tienen en la actualidad.
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Fibromyalgia (FM) is a chronic and diffuse type of musculoskeletal pain of non-articular origin. It
is characterized by the combination of several symptoms, mainly by the subjective presence of
generalized pain, fatigue, morning stiffness and sleep disturbance. The etiology of the disease is
multifactorial and nowadays continues to be the subject of study by many research groups. On the other
hand, due the complexity of the disease, the implementation of animal models has been proposed,
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however, choosing the appropriate animal model that meets the characteristics of the symptoms of
the disease has generated discrepancies among researchers. For this reason, the objective of this
review is to analyze the animal models of pain for the study of fibromyalgia. Search strategies were
developed for each database consulted: PubMed, the Web of Science and Embase. The search
strategy was carried out using the keywords «fibromyalgia, pain, animal models of pain, generalized
pain, chronic pain, neuropathic pain». Pain models were analyzed. The models that are mainly based
on pain, whether chronic or neuropathic, are the ones that possess more similarities to the pathology,
however, it is not possible to evaluate the emotional component of it, and it is such an important part
of the symptoms of fibromyalgia. The complexity of the symptomatology of the disease generates
limitations in animal models of pain. The development of experimental designs with animal models
of pain for the study of fibromyalgia must consider the limitations analyzed in this review.

Resumen

La fibromialgia (FM) es un tipo de dolor musculoesquelético cronico y difuso de origen no articular.
Se caracteriza por la combinacion de varios sintomas, principalmente por la presencia subjetiva de
dolor generalizado, fatiga, rigidez matinal y alteracion del suefio. La etiologia de la enfermedad es
multifactorial y en la actualidad continta siendo objeto de estudio por parte de numerosos grupos
de investigacion. Por otro lado, debido a la complejidad de la enfermedad se ha planteado la imple-
mentacion de modelos animales, sin embargo, elegir el modelo animal adecuado que cumpla con
las caracteristicas de los sintomas de la enfermedad ha generado discrepancias entre los investiga-
dores. Por ello, el objetivo de esta revision es analizar los modelos animales de dolor para el estudio
de la fibromialgia. Se desarrollaron estrategias de blsqueda para cada base de datos consultada:
PubMed, Web of Science y Embase. La estrategia de bisqueda se realizé con las palabras clave
«fibromialgia, dolor, modelos animales de dolor, dolor generalizado, dolor cronico, dolor neuropatico».
Los modelos que se basan principalmente en el dolor, ya sea cronico o neuropatico, son los que
poseen mas similitudes con la patologia, sin embargo, no es posible evaluar el componente emo-
cional de la misma, la cual es parte importante de los sintomas de la fibromialgia. La complejidad de
la sintomatologia de la enfermedad genera limitaciones en modelos animales de dolor. El desarrollo
de disenios experimentales con modelos animales de dolor para el estudio de la fibromialgia debe
considerar las limitaciones analizadas en esta revision.

How to cite: Cortes-Altamirano JL, Reyes-Long S, Morraz-Varela A, Bonilla-Jaime H, Aguilera-Quevedo
E, Herrera-Lopez E et al. Animal models of pain in the study of fibromyalgia. Invest Discapacidad. 2024;
10 (1): 76-87. https://dx.doi.org/10.35366/113832
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INTRODUCTION

Fibromyalgia (FM) affects 5% of the population over
18 years. Its prevalence is 2-6% in general medical
consultation, in the rheumatology consultation
according to different authors it is 3.7-20% with an
incidence of 3.9% in women between 20-40 years
and 5.8% between 40-60 years.! The name of
fibromyalgia derives from: «FIBERS» = soft tissues
of the body, «<MIOS» = muscles and «ALGIA» = pain,
thus, «musculoskeletal pain». To this definition, we can
add, «chronically generalized and of unknown cause».
Years ago, this process was recognized by the name
of fibrositis, however, it has not been shown that there
is peripheral inflammation, which is why the current
name of fibromyalgia has been adopted.?

A large proportion of patients present other
pathologies associated to FM, such as irritable bowel
syndrome, predominantly posterior tension headaches,
Raynaud’s phenomenon, paresthesia in the upper
limbs, and sensation of swelling or swelling in the
hands as FM evolves.?

Many animal models have been proposed for the
study of fibromyalgia. However, these have focused
only on some of the symptoms presented in this
pathology, without considering the symptoms in
general, which is a very complex task since it ranges
from emotional manifestations to physical discomfort
that causes pain generalized not focused. Hence the
main objective of this review is to analyze the animal
models of pain, and to point their strengths and
weaknesses in relation to the study of this pathology.

SEARCH AND SELECTION STRATEGY OF STUDIES

Search strategies were developed for each database
consulted: PubMed, the Web of Science and Embase.
The search strategy was carried out using the indexing
of MeSH (Medical Subject Headings) terms, combined
with Boolean logical operators. In the first search, the
keywords «fibromyalgia, animal models, pain». Only
original articles written in English and Spanish were
included to analyze the animal models of fibromyalgia.
A manual inspection of the reference lists of all articles
was carried out to ensure the inclusion of important
citations. The systematic and comprehensive search
of the literature was carried out independently by two
researchers that evaluated each abstract and full
article, when discrepancies occurred, both researchers
reached a consensus. The inclusion criteria were the
following: a) original articles that analyzed fibromyalgia
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related to pain in animal models, b) original articles
that analyzed fibromyalgia related to neuropathic pain
in animal models, c) original articles that analyzed
fibromyalgia related to chronic pain in animal models.

ETHICAL CONSIDERATIONS FOR
THE USE OF ANIMAL MODELS

Itis vitally important to know the ethical considerations
for the proper use and care of laboratory animals
that is why during the development of all research
involving animals, the biological, environmental,
health and ethological conditions must be met
required to develop, live healthy and express their
normal behavior as a laboratory animal. Likewise,
international guidelines for the study of pain with
animal models should be considered, such as:
ethical standards for investigation of experimental
pain in animals; animal pain scales in public policy;
ethical decision making about animal experiments.®
In addition to consulting the Guide for the Care and
Use of Experimental Animals.*

DESCRIPTION OF THE ANIMAL MODELS OF PAIN

Among the animal models that have been proposed
for the study of fibromyalgia, the pain models stand
out because they involve the most relevant symptoms
of the disease.

In scientific research regarding pain, animal models
have obvious advantages over humans regarding
to control of genetic factors, environmental factors,
safety, management, economics, etc. At the central
nervous system level, animal models offer precise
neurochemistry and neuroanatomy, as well as
excellent temporal and spatial resolution and direct
recording of electrophysiology.® There are models that
due to their nature cannot be carried out in humans
for example, it is partial denervation, peripheral nerve
ligation,® ligation of a part of a large peripheral nerve,’
or ligation of a complete spinal segmental nerve® are
common techniques to simulate a mixture of intact and
damaged fibers.

Research on pain in fibromyalgia is essential for if
new clinically relevant aspects of the mechanisms of
nociception or new pharmacological treatments are
to be known. Nowadays, many investigations have
been generated with different objectives related to
pain in animal models, in which painful stimuli (thermal,
chemical, mechanical) have been applied with
instruments, equipment or validated and standardized
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tests (withdrawal of the tail, «tail flick», «hot plate»,
formalin, carrageenan, etc.).

The pain models most used in animal research are
divided depending on the nature of the stimulus, there
are four types of painful stimuli, which are: electrical,
thermal, chemical, and mechanical. These stimuli can
be generated by different methods or techniques. What
results in different tests; electric shock in the tail area;
hot plate and tail flick are part of the tests with thermal
stimulus; formalin and carrageenan are produced by
chemical stimuli; foot or tail pressure model generates
a mechanical stimulus to the foot or tail.

Experimental studies in conscious animals are
called «behavioral studies» which means that all
responses, however minimal they may be, are of
importance and are part of an animal’'s behavioral
repertoire. The behavioral tests used to study
nociception constitute «entry-exit» systems.® As a
result, when describing these tests, the characteristics
of the input (the applied stimulus) and the output (the
animal’s reaction) must be specified. In animal models,
the use of appropriate stimuli to provoke the painful
sensation must be quantifiable and reproducible.1%-*

Electrical stimulation

Electrical stimuli can be generated by subcutaneous
electrodes in the rat or mouse tail.'> When the electrical
stimulus is applied a series of behaviors appear
successively; a reflex tail movement, vocalization
at the time of stimulation, and then vocalization that
continues beyond the period of stimulation («post-
shock vocalization»). These responses are organized
hierarchically; they depend on the different levels of
integration of the nociceptive signal in the central
nervous system: the spinal cord, the brainstem,
and the thalamus.

The application of electrical stimuli has the
advantage of being quantifiable, reproducible, non-
invasive and of producing synchronized afferent
signals. However, it also has serious disadvantages:
first, electrical stimuli are not a kind of natural stimuli
like those encountered by an animal in its normal
environment. More importantly, strong electrical
stimuli non-differentially excite all peripheral fibers,
including large diameter fibers, which are not directly
involved in nociception, as well as fine fibers Aand C,
which mediate sensations of cold and heat as well as
nociceptive information.®

The electrical stimulus directly activates peripheral
nociceptors through chemical mediators such as
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cysteic acid, homocysteic acid, N-acetyl aspartyl
glutamate, aspartate and glutamate, the latter being
an agonist of all receptors for amino acids and is
responsible for rapid nociceptive transmission.
These mediators convert the stimulus into action
potentials which travel through the A fibers. These
fibers conduct short latency pain signals that require
rapid responses. Subsequently, the afferent fibers
synapse on dynamic range interneurons at the level
of laminae V, VI, Il and IV of the dorsal horn of the
spinal cord, releasing somatostatin and ATP, the
axons of the dorsal horn neurons are responsible
for sending the stimulus through the ascending path
of the spinothalamic fasciculus, which leaves the
antero-lateral contra-lateral quadrant that collects
nociceptive stimuli towards the ventro-postero-lateral
pathway of the thalamus, in this area catecholamines
such as serotonin, GABA, glycine participate as
neuromodulator these neurons subsequently the
stimulus is projected to the cortex where the pain
is properly encoded to generate a response. This
stimulus depends on the voltage to cause pain or
analgesia, in fibromyalgia this pain model could
not be adequate due to the temporality of the
stimulus (Figure 1).

Thermal stimulus

The «hot plate» is a model that uses thermal stimulation,
the painful behavior of this model is the reaction time
of the animal; it is placed in a cylindrical space with
open ends with a floor formed by a metal plate that is
heated with a thermostat or a boiling liquid,***4 when it
is automated, this model presents a great advantage.
However, the animal also shows more behaviors during
the test (limb licking, vocalization, urination, jumping,
etc.) these are considered supraspinal integrated
responses that could be a disadvantage if a single
behavior is to be recorded.

The specificity and sensitivity of the test can be
increased by measuring the reaction time of the first
evoked behavior regardless of whether it is paw
licking or jumping,'® or by lowering the temperature.'®
The behavior is relatively stereotyped in the mouse,
but it is more complex in the rat, which sniffs, licks
its front legs, licks its back legs, straightens, kicks,
starts and stops washing, among other things. These
behaviors have been labeled «chaotic defensive
movements»'’ Espejo and Mir,'® identified and
described 12 different behaviors, there are so many
of these behaviors that sometimes some of them
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Figure 1: The electrical stimulus directly activates peripheral nociceptors through chemical mediators such as cysteic acid, homo-
cysteic acid, N-acetyl aspartyl glutamate, aspartate and glutamate, the latter being an agonist of all receptors for amino acids and is
responsible for rapid nociceptive transmission. These mediators convert the stimulus into action potentials which travel through the
Afibers. These fibers conduct short latency pain signals that require rapid responses. Subsequently, the afferent fibers synapse on
dynamic range interneurons at the level of laminae V, VI, Il and IV of the dorsal horn of the spinal cord, releasing somatostatin and
ATP, the axons of the dorsal horn neurons are responsible for sending the stimulus through the ascending path of the spinothalamic
fasciculus, which leaves the antero-lateral contra-lateral quadrant that collects nociceptive stimuli towards the ventro-postero-lateral
pathway of the thalamus, in this area catecholamines such as serotonin, GABA, glycine participate as neuromodulator these neu-
rons subsequently the stimulus is projected to the cortex where the pain is properly encoded to generate a response. This stimulus
depends on the voltage to cause pain or analgesia, in fibromyalgia this pain model could not be adequate due to the temporality of
the stimulus.

are difficult to observe. Furthermore, this test is very Itis the reaction time of this movement that is recorded
susceptible to learning phenomena, which result in (often referred to as «tail movement latency»), this
a progressive shortening of the jump reaction time is accomplished by starting a timer at the same time
accompanied by the disappearance of the licking as the heat source is applied. An increase in the
behavior.'” Therefore, the animal may lick the paws reaction time is interpreted as an analgesic effect.
and then jump during the first test, but it will jump It is advisable not to prolong the exposure to radiant
almost immediately, certainly with a much shorter heat for more than 10 to 20 seconds, otherwise the
reaction time, during the subsequent tests.'® The «tail skin may burn. Thermal stimulation is more selective
flick» is a standardized and widely validated test. This in the way it stimulates skin receptors. For this reason,
test uses a thermal light beam on the animal’s tail specific categories of peripheral axons can be excited,
that generates a painful sensation. The advantage of including heat-sensitive and nociceptive fibers.
this model is that the registration is automated and However, the low caloric power has always been a
evaluates the time it takes the animal to withdraw its limitation of this method due to the asynchronous
tail before the stimulus, a disadvantage is the reaction activation of peripheral and central neurons.

time, because this time is different depending on The thermal stimulus directly activates the
the area where the stimulus is used. This test is an polymodal peripheral nociceptors, the stimulus travels
extremely simplified version of the method used in through the C fibers, these fibers sense burning pain
human subjects by Hardy et al.?° The application of stimuli and have greater latency. The stimulus reaches
thermal radiation to an animal’s tail causes the tail to the primary afference generating the first synapsis,
be pulled back by a brief and vigorous movement.?%.22 activating substance P and catecholamines, such as
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norepinephrine that acts only on the nociceptors that
have been excited, and not on those intact. These
fibers synapse on specific medullary interneurons
at the level of laminae I, Il, IV and V of the dorsal
horn of the spinal cord, the axons of the neurons
of the dorsal horn are responsible for sending the
stimulus through the ascending pathway of the spinal
fasciculus thalamic, which leaves the antero-lateral
contra-lateral quadrant that collects nociceptive
stimuli towards the ventro-postero-lateral path of
the thalamus, in this area serotonin participates
as a neuromodulator these neurons subsequently
project the stimulus to the cortex where it is encoded
pain itself to generate a response. In fibromyalgia,
a generalized pain can be reported or in a specific
place, likewise, a burning pain is reported, due to the
signaling route, a thermal pain model could be chosen
if one wanted to study an acute temporality of pain in
fibromyalgia (Figure 2).

Cortes-Altamirano JL et al. Animal models in fibromyalgia

Chemical stimulus

The formalin test is a model of persistent pain, it is
divided into two phases; the acute phase and the tonic
phase are evaluated by administering 1% formalin
in the animal’s leg, this administration generates a
painful behavior in the animal (shaking of the paw to
which the formalin was administered) that is recorded
during a period of time, this model is very easy to carry
out, however, it is necessary to take into account that
the experience of the person who is going to register
the painful behavior is crucial for the correct registry.
Regarding the carrageenan test, it is an inflammatory
pain model that evaluates the degree of inflammation
of the limb to which the chemical stimulus was
administered, it is a model very easy to apply and to
record, it is widely used in many lines of research.??
The formalin test is a model of persistent pain. In
this test, the first stage reflects acute nociceptive pain
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Figure 2: The thermal stimulus directly activates the polymodal peripheral nociceptors, the stimulus travels through the C fibers,
these fibers inform about burning pain sensations and have greater latency. The stimulus reaches the primary afference generating
the first synapsis, activating substance P and catecholamines, such as norepinephrine that acts only on the nociceptors that have
been excited, and not on those intact. These fibers synapse on specific medullary interneurons at the level of laminae I, Il, IV and
V of the dorsal horn of the spinal cord, the axons of the neurons of the dorsal horn are responsible for sending the stimulus through
the ascending pathway of the spinal fasciculus. thalamic, which leaves the antero-lateral contra-lateral quadrant that collects noci-
ceptive stimuli towards the ventro-postero-lateral pathway of the thalamus, in this area serotonin participates as a neuromodulator
these neurons subsequently project the stimulus to the cortex where it is encoded pain itself to generate a response. In fibromyal-
gia, a generalized pain can be reported or in a specific place, likewise, a burning pain is reported, due to the signaling route, a
thermal pain model could be chosen if one wanted to study an acute temporality of pain in fibromyalgia.
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due to chemical irritation from subcutaneous formalin
and the second stage reflects persistent pain. One of
its strong points is that it presents a series of signs that
can be quantitatively measured and thus, analgesic
compounds can be tested in this model. This can
be assessed from a postural parameter, protective
positions of the affected limb, through active work to
alleviate it, such as licking of the affected area or a
reflex parameter, such as shaking of the limb. One of
the technical drawbacks of this test is that it has an
observation period of one hour for each animal and
requires great concentration and patience on the part
of the researcher. For this reason, attempts have been
made to mechanize this task through a computerized
assessment by analyzing nociceptive behaviors and
motor activity by processing the images recorded by
a video camera.?*2¢

The stimulus provided by the subcutaneous
injection of formalin is persistent, inducing a behavioral
response with a duration of 1 h, unlike tests with
mechanical stimuli such as the «tail flick» or «hot
plate», the long-lasting stimulus of the formalin test
facilitates the observation of feedback modulation and
the role of endogenous pain regulation systems, such
as opioid and monoaminergic systems.?’

Carrageenan test is a plantar edema model
induced by the administration of carrageenan and
is considered as an excellent model of inflammatory
pain. A series of complex reactions occurs involving
multiple mediators, including histamine, serotonin,
metabolites of arachidonic acid via cyclooxygenase,
cytokines, neuropeptides. This test can be measured in
phases; the non-phagocytic phase begins in the first 60
minutes after carrageenan injection, is characterized
by mast cells, cytoplasmic and organelle damage to
endothelial cells of blood vessels, as well as expression
of interleukin 1 that attracts phagocytes to the site
of irritation, an important element in this phase is
the increase in substance P. Then the phagocytic
phase begins.?®

Radhakrishnan et al.?? injected intramuscular
carrageenan into unilateral or bilateral triceps of rats,
causing muscular hyperalgesia. On the other hand,
Sluka et al.*° provided two intramuscular doses
of low pH or pH 4 of acidic saline solution in the
gastrocnemius muscle, causing lasting generalized
musculoskeletal pain, being these models of the first
to treat muscle pain.

Suéarez Roca et al.®! proposed the chronic muscle
pain syndrome model. With the forced swimming test
(forced swimming test), and carrageenan. But the
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development of one of the most used models was
carried out by Nagakura et al.>?> which consisted of a
subcutaneous injection of reserpine dissolved in glacial
acetic acid, 1 mL/kg for three consecutive days. By
means of electrophysiological tests, they determined
several altered parameters. Although this model has
been widely used, in 2010, Dr. Gordon Munro made
some criticisms of the model proposed by Nagakura
and his colleagues in 2009. These criticisms referred to
the following aspects: The researcher did not consider
the following aspects: pain measurements were only
performed in the gastrocnemius muscle and the sole
of the right hind leg of the rats, without considering
that the discomfort is generalized, in addition, the
tests were insufficient to ensure that the animals have
fibromyalgia. It should be noted that in the study by
Nagakura et al. They only used male rats and the
prevalence shows us that it is higher in the female
gender, which is why it is criticized that they did not
use female rats.®?

Chemical stimulation involves the administration
of agents that cause pain, representing a form of
slow, or even very slow, stimulation. In this sense,
chemical stimuli are progressive, long lasting, and
unavoidable once applied. Its main disadvantages
consist in the moment of recording the behavior
since it takes personnel with too much experience
to discern between the animal’s own behavior and a
painful behavior.

The chemical stimulus activates peripheral
chemoceptors through mediators such as
prostaglandins, prostacyclins, leukotrienes,
thromboxanes are pain producers and mediators
in inflammation, they are substances that enhance
secondary pain and sensitize receptors developing
hyperalgesia. Likewise, bradycin is present in injured
tissues with a great capacity to produce pain. It activates
nociceptors through phospholipase C (increases
intracellular calcium and depolarizes them), and
sensitizes them through phospholipase A2 (through
the synthesis of PG E2). This type of stimulus travels
through the C fibers with a slow conduction speed
of 0.4 to 2 msg. The stimulus reaches the primary
afference generating the first synapsis, mediated by
calcitonin and the calcitonin gene (CGRP), calcitonin
is a polypeptide that is normally found in the brain and
its spinal administration produces analgesia. CGRP
is involved in pain transmission, is synthesized in
spinal ganglia neurons and is released in the posterior
horn in areas |, Il, and V, increasing the release and
effect of substance P and glutamate. In the same
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Figure 3: The chemical stimulus activates peripheral chemoceptors through mediators such as prostaglandins, prostacyclins,
leukotrienes, thromboxanes are pain producers and mediators in inflammation, they are substances that enhance secondary pain
and sensitize receptors developing hyperalgesia. Likewise, bradykinin is present in injured tissues with a great capacity to produce
pain. It activates nociceptors through phospholipase C (increases intracellular calcium and depolarizes them) and sensitizes them
through phospholipase A2 (through the synthesis of PG E2). This type of stimulus travels through the C fibers with a slow conduc-
tion speed of 0.4 to 2 msg. The stimulus reaches the primary afference generating the first synapsis, mediated by calcitonin and
the calcitonin gene (CGRP), calcitonin is a polypeptide that is normally found in the brain and its spinal administration produces
analgesia. CGRP is involved in pain transmission, is synthesized in spinal ganglia neurons, and is released in the posterior horn in
areas |, I, and V, increasing the release and effect of substance P and glutamate. In the same way as electrical and thermal stimuli,
the axons of the neurons of the dorsal horn are responsible for sending the stimulus through the ascending path of the spinothala-
mic fasciculus, which leaves the anterolateral contralateral quadrant that collects nociceptive stimuli. Towards the ventro-postero-
lateral pathway of the thalamus, in this area catecholamines and monoamines participate as neuromodulators, these neurons
subsequently project the stimulus to the cortex where pain is properly encoded to generate a response. This model could be the
most suitable to be used in the study of pain in fibromyalgia, due to the presence of chemical mediators reported in patients with
fibromyalgia and the persistence of pain in this model.

way as electrical and thermal stimuli, the axons of the
neurons of the dorsal horn are responsible for sending
the stimulus through the ascending path of the spino-
thalamic fasciculus, which leaves the anterolateral
contralateral quadrant that collects nociceptive stimuli.
towards the ventro-postero-lateral path of the thalamus,
in this area catecholamines and monoamines participate
as neuromodulators, these neurons subsequently
project the stimulus to the cortex where the pain is
properly encoded to generate a response. This model
could be the most suitable to be used in the study of
pain in fibromyalgia, due to the presence of chemical
mediators reported in patients with fibromyalgia and the
persistence of pain in this model (Figure 3).
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Mechanical stimulus

The most common sites for applying nociceptive
mechanical stimuli are the hind leg and the tail. Tests
using constant pressure have been progressively
abandoned for those applying gradually increasing
pressure.?* In the course of this test, the pressure of
increasing intensity is applied to a pinpoint area of the
hind leg or, much less frequently, to the tail. In practice,
the leg or tail is jammed between a flat surface and a
blunt tip mounted on a sprocket system with a slider
that can be moved along a graduated beam.3® These
devices allow the application of increasing measurable
pressures and the interruption of the test when the
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threshold is reached. The measured parameter is the
threshold (weight in grams) for the appearance of a
certain behavior. When the pressure increases, you
can see successively the reflex withdrawal of the paw,
a more complex movement by which the animal tries
to release its trapped limb, then a kind of struggle,
and finally a vocal reaction. The disadvantages of this
test are mainly based on (I) how complicated it is to
measure the intensity of the stimulus with precision,
(I1) the repetition of the mechanical stimulus can
produce a decrease or on the contrary an increase in
the sensitivity of the stimulated part of the body. Body,
(1) the need to apply relatively high pressures, which
explains the weak sensitivity of the method and (1V) a
high variability of the responses.

Finally, the responses produced by noxious
mechanical stimuli are classified according to
the intensity and/or duration of the stimulus, from
reflexes to vocalizations and finally complex motor
behaviors. One of the great advantages is that the
stimulus stops as soon as a response is obtained,
however, it has the disadvantage of activating low-
threshold mechanoreceptors as well as nociceptors.
Consequently, the stimulus is not specific. There
are also technical difficulties in applying mechanical
stimuli, especially in freely moving animals. On the
other hand, the observed reactions cover a very wide
spectrum that goes from the most elementary reflexes
to much more compound behaviors (flight, avoidance).
In almost all cases, what is monitored is a motor
response; vegetative responses are considered only
occasionally.®

The mechanical stimulus activates peripheral
mechanoreceptors that convert this stimulus into
action potentials, which travel through the C fibers.
These fibers are the largest group and transmit the
stimulus with the highest latency. The activation
of these nociceptors is through mediators such as
prostaglandins, prostacyclins, leukotrienes and
thromboxanes. The stimulus reaches the primary
afference generating the first synapsis, activating
neurotransmitters such as substance P and the
calcitonin gene (CGRP) in dynamic range interneurons
at the level of laminae V, VI, Il, and IV of the dorsal
horn of the spinal cord, the axons of the neurons of the
dorsal horn are responsible for sending the stimulus
through the supraspinal to the ventro-postero-lateral
area of the thalamus, this area participates in the
transmission of information and analysis of stimuli
in relation to the duration, intensity and location.
The modulation of pain at the supraspinal level is
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through serotonin, glycine and other catecholamines,
subsequently the stimulus is projected to the cortex
where the pain is properly encoded to generate a
response. Mechanical stimulation could be used to
analyze pain in fiboromyalgia due to the chemical
measures involved for pain modulation in this model,
however, due to the short latency, discrepancies in the
results could be generated (Figure 4).

DISCUSSION

Fibromyalgia diagnosis is not that easy, due to the
various symptoms it presents, thus, it has been
considered a complex and controversial pathology
that is triggered by various factors, mainly stress and
physical and emotional trauma.®3¢ It occurs mainly
in women than in men and its worldwide prevalence
is 2 to 3%.3” Other symptoms such as pronounced
fatigue, sleep disorders and psychological disorders
(depression and/or anxiety) have been associated.®
Where depression and anxiety are among the
comorbidities that commonly occur in these patients
with a prevalence ranging between 20 and 80% and
between 13 and 64%, respectively.®?

Due to the complexity of this pathology and since
there is no well-defined etiology, the use and validity
of animal models still faces various difficulties, since to
generate an animal model of fibromyalgia, chronic pain
has been taken as the main symptom, especially if it
includes generalized sensitivity. But if we consider that
this pathology is triggered or aggravated by multiple
physical and/or emotional stressors, such as infections
or emotional and physical trauma, the research in
models that take only one of the symptoms of this
pathology into account, would remain incomplete.3%-36

However, the models that are mainly based on pain,
whether chronic or neuropathic, in many cases they
do not consider the emotional aspect as an important
part of the symptoms of the disease. Therefore, other
models have been developed which address anxiety-
depressive aspects employing antidepressant drugs
where depression-like behaviors are addressed from
the depletion of biogenic amines through the systemic
administration of reserpine.3? But the question arises
again, whether more importance should be given to
the emotional or the physical component. The most
obvious case is from Liu et al.*® who proposed the
model of chronic generalized musculoskeletal pain
induced by repeated intramuscular acid injections
in rodents, where, according to the authors, the
conditions are closer to those in fibromyalgia are
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replicated. But the evaluation of the consequences of
anxiety and depression is pending. On the other hand,
anxiety-depressive models have been generated that
are mainly based on stress caused by intermittent cold
stimuli or repeated cold stress,*! the unpredictable
sound stress model,*>*3 or sub chronic swimming
stress that induces generalized chronic pain.**
Recently an interesting approach has been to evaluate
the IgG of fibromyalgia patients in animal models,*® this
approach could also be applied to other molecules that
could be participating in both the nociceptive and the
emotional components.

In the present work, the different types of animal
models of pain for the study of fibromyalgia have
been analyzed. However, we cannot put aside the
relationship between pain and emotional/cognitive
alterations. Taking stress as one of the main symptoms
of fibromyalgia patients, Khasar et al.** devised the
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DCG model, which consists of inducing stress through
unpredictable sounds. Furuta et al.*¢ devised the
FMS model, SVI/CI, with an intramuscular injection
of HCI, pH 4 bilaterally in the gluteal muscles and an
injection of intravesical polyethylene catheter + saline
+ 1% lidocaine. Green et al.*! proposed the model of
FMS, SVI, anxiety, and temporomandibular disorder.
That caused stress through unpredictable sounds
and stress through avoidance of water. In addition
to stress, he evaluated nociception, by means of the
forced swimming test (forced swimming test), using
intramuscular carrageenan to cause pain. These
models were used for the study of fiboromyalgia,
however, the authors report limitations in the models
due to the complexity of the symptoms.

Although, as has been presented throughout the
text, this direct correlation is not necessarily present,
since as mentioned above, some observations suggest
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Figure 4: The mechanical stimulus activates peripheral mechanoreceptors that convert this stimulus into action potentials, which
travel through the C fibers. These fibers are the largest group and transmit the stimulus with the highest latency. The activation
of these nociceptors is through mediators such as: prostaglandins, prostacyclins, leukotrienes and thromboxanes. The stimulus
reaches the primary afference generating the first synapsis, activating neurotransmitters such as substance P and the calcitonin
gene (CGRP) in dynamic range interneurons at the level of laminae V, VI, Il and IV of the dorsal horn of the spinal cord, the axons
of the neurons of the dorsal horn are responsible for sending the stimulus through the supraspinal to the ventro-postero-lateral area
of the thalamus, this area participates in the transmission of information and analysis of stimuli in relation to the duration, intensity
and location. The modulation of pain at the supraspinal level is through serotonin, glycine and other catecholamines, subsequently
the stimulus is projected to the cortex where the pain is properly encoded to generate a response. Mechanical stimulation could be
used to analyze pain in fibromyalgia due to the chemical measures involved for pain modulation in this model, however, due to the
short latency, discrepancies in the results could be generated.

Invest Discapacidad. 2024; 10 (1): 76-87 www.medigraphic.com/rid

Contenido



Cortes-Altamirano JL et al. Animal models in fibromyalgia

a temporal dissociation and partially independent
mechanisms between these aspects of chronic pain
and anxiety-depressive disorders, thus, mechanisms
that trigger the different symptoms present in
fibromyalgia make it a multifactorial process.

It should be noted that not all patients with
chronic pain have mood disorders, therefore, for us
to understand the interaction and coexistence of
pain and mood disorders, it would be essential to
develop studies on said resilience/susceptibility in
animal models. At the same time, it is necessary to
develop alternative tests to behavioral ones, such as
neuroimaging or biochemical biomarkers, to better
characterize the anxiety-depressive consequences
of chronic pain.

In this context, the development of experimental
designs that do not take these comorbidities into
account in a single model can be taken as a limitation
of the studies.

Although there may be some imperfections or
limitations of the animal models, they have provided
very useful information to understand the mechanisms
that are involved in the main symptoms of this
pathology. In the future, studies of a transitional nature
should be carried out to combine the results obtained
in the different models in order to be able to develop
pharmacological, psychological, social interaction
therapies and what is new in gene therapies.

PERSPECTIVE

Future studies should consider the comorbidities that
accompany fibromyalgia, either as added symptoms
or as a consequence of the pain that develops
during the evolution of this pathology. Patients with
pain experience disability, anxiety, depression,
cognitive dysfunction, sleep disturbances, loss of
libido, social isolation, and any other symptoms that
could be generated in animal models. The need for a
greater understanding of the fundamental physiology
underlying pain will persist as long as the treatment
of patients with acute/chronic/neuropathic pain
remains relatively ineffective. In the area of scientific
research, we do not see any scenario in the short or
medium term in which real advances are possible
without the participation of animal models. That said,
we believe that the combination of human studies
together with studies in animal models is increasingly
relevant and leads us to a much more specific,
homogeneous, and translatable knowledge than
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has been the case so far. Therefore, we believe that
the time has come for true cross-national research
on fibromyalgia.

CONCLUSION

Fibromyalgia has not yet been fully explored with
the purpose of making an exclusive model of it. The
knowledge acquired in this range of models makes
us go deeper into the knowledge of this disease that
every day increases in the world population, so every
effort made to develop adequate treatments brings us
closer to a better comprehensive treatment. Despite
the lack of more multicenter studies, the progress made
leads us to improve the quality of life of patients who
suffer from it.
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] se aceptan las abreviaturas, pero deben estar prece-
didas de lo que significan la primera vez que se citen.
En el caso de las abreviaturas de unidades de medidas
de uso internacional a las que esta sujeto el gobierno
mexicano no se requiere especificar su significado.

L] Los farmacos, drogas y sustancias quimicas deben
denominarse por su nombre genérico; la posologia y
vias de administracion se indicaran conforme a la no-
menclatura internacional.

L] Alfinal de la seccién de Material y Métodos se deben
describir los métodos estadisticos utilizados.

Reconocimientos

[J En el caso de existir, los agradecimientos y detalles so-
bre apoyos, farmaco(s) y equipo(s) proporcionado(s)
deben citarse antes de las referencias.

Referencias

L] Incluir de 10 a 20. Se identifican en el texto con nu-
meros arabigos y en orden progresivo de acuerdo a la
secuencia en que aparecen en el texto.

[ Las referencias que se citan solamente en los cuadros
o pies de figura deberan ser numeradas de acuerdo
con la secuencia en que aparezca, por primera vez, la
identificacion del cuadro o figura en el texto.

[] Las comunicaciones personales y datos no publicados
seran citados sin numerar a pie de pagina.

L] El titulo de las revistas periédicas debe ser abrevia-
do de acuerdo al Catalogo de la National Library of
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Medicine (NLM): disponible en: http://www.ncbi.nim.
nih.gov/nimcatalog/journals (accesado Dic/2021).
Se debe contar con informacién completa de cada
referencia, que incluye: titulo del articulo, titulo de la
revista abreviado, afio, volumen y péaginas inicial y
final. Cuando se trate de més de seis autores, deben
enlistarse los seis primeros y agregar la abreviatura
et al.

Ejemplos, articulo de publicaciones periddicas,
hasta con seis autores:

Torres-Rodriguez ST, Herrera-Cruz D, Lo6-
pez-Yepes L, Lainfiesta-Moncada E. Biopsia
pulmonar por minitoracotomia. ¢Es nece-
sario el drenaje pleural? Neumol Cir Torax
2019; 78 (2): 133-138.

Siete o mas autores:

Flores-Ramirez R, Arglello-Bolafios J, Gon-
zalez-Perales K, Gallardo-Soberanis JR,
Medina-Viramontes ME, Pozos-Cortés KP et
al. Neumonitis lupica: manejo con oxigenote-
rapia de alto flujo y posicion prono. Reporte
de caso y revision de la literatura. Neumol Cir
Torax 2019; 78 (2): 146-151.

Libros, anotar edicion cuando no sea la primera:

Broaddus VC, Mason RJ, Ernst JD, King TE
Jr., Lazarus SC, Murray JF, Nadel JA, Sluts-
ky AS (eds). Murray & Nadel's textbook of
respiratory medicine. 6th ed. Philadelphia,
PA: Saunders Elsevier; 2016.

Capitulos de libros:

Gutierrez CJ, Marom EM, Erasmus JJ, Patz
EF Jr. Radiologic imaging of thoracic abnor-
malities. In: Sellke FW, Del Nido PJ, Swan-
son SJ. Sabiston & Spencer surgery of the
chest. 8th ed. Philadelphia, PA: Saunders
Elsevier; 2010. p 25-37.

Para mas ejemplos de formatos de las referencias, los
autores deben consultar:

https://www.nim.nih.gov/bsd/policy/cit_format.html (acce-
sado Dic/2021).

Tablas
[] La informacién que contengan no se repite en el tex-

to o en las figuras. Como maximo se aceptan 50 por
ciento mas uno del total de paginas del texto.
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[] Estaran encabezados por el titulo y marcados en for-
ma progresiva con numeros ardbigos de acuerdo con
su aparicion en el texto.

L] Eltitulo de cada tabla por si solo explicara su conteni-
do y permitira correlacionarlo con el texto acotado.

Figuras

[ ] Se consideraran como tales las fotografias, dibujos,
gréficas y esquemas. Los dibujos deberan ser disena-
dos por profesionales. Como maximo se aceptan 50
por ciento mas una del total de paginas del texto.

L] La informacion que contienen no se repite en el texto
o en las tablas.

[ seidentifican en forma progresiva con numeros arabi-
gos de acuerdo con el orden de aparicién en el texto,
recordar que la numeracién progresiva incluye las fo-
tografias, dibujos, graficas y esquemas. Los titulos y
explicaciones seran concisos y explicitos.

Fotografias

[] Seran de excelente calidad, en color o blanco y negro.
Las imagenes deberan estar en formato JPG (JPEG),
sin compresion y en resolucién mayor o igual a 300
dpi (ppp). Las dimensiones deben ser al menos las de
tamafio postal (12.5 x 8.5 cm), (5.0 x 3.35 pulgadas).
Deberan evitarse los contrastes excesivos.

O Las fotografias en las que aparecen pacientes identifi-
cables deberan acompafarse de permiso escrito para
publicacién otorgado por el paciente. De no ser posi-
ble contar con este permiso, una parte del rostro de
los pacientes debera ser tapado sobre la fotografia.

[l Cada una estara numerada de acuerdo con el ndmero
que se le asigno en el texto del articulo.

Pies de figura

[] Sefialados con los nimeros arabigos que, conforme a
la secuencia global, les correspondan.

Aspectos éticos

U Los procedimientos en humanos deben ajustarse a los
principios establecidos en la Declaracién de Helsinki de
la Asociacion Médica Mundial (AMM) y con lo estableci-
do en las leyes del pais donde se realicen [en México:
Ley General de Salud (Titulo Quinto): https://mexico.jus-
tia.com/federales/leyes/ley-general-de-salud/titulo-quin-
to/capitulo-unico/], asi como con las normas del Comité
Cientifico y de Etica de la institucién donde se efecten.
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U Los experimentos en animales se ajustaran a las nor- No Si
mas del National Research Council y a las de la insti- L] [J cConflicto de intereses de los autores.
tucion donde se realicen.
L] [0 Fuentes de apoyo para el trabajo. En caso de

U Cualquier otra situacion que se considere de interés existir apoyo, deberan incluirse los nombres de

debe notificarse por escrito a los editores. los patrocinadores junto con explicaciones del

papel de esas fuentes, si las hubiera, en el di-

Conflicto de intereses sefo del estudio; la recoleccion, andlisis e inter-

pretacion de los datos; la redaccién del informe;

Los autores deben declarar si existe o no conflic- la decision de presentar el informe para su pu-
to de intereses: blicacion.

Transferencia de Derechos de Autor

Titulo del articulo:

Autor (es):

Los autores certifican que el articulo arriba mencionado es trabajo original y que no ha sido previamente publicado.
También manifiestan que, en caso de ser aceptado para publicacién en la revista Investigacion en Discapacidad, los
derechos de autor serdn propiedad de la Revista.

Nombre y firma de todos los autores

Lugar y fecha:

Invest Discapacidad. 2024 www.medigraphic.com/rid

Contenido



Contenido






	PORTADA
	Contenido
	Contents
	Burnout syndrome in the online learning period in university students during the COVID-19 pandemic
	Development of the Spanish version of the Barry-Albright Dystonia Scale: translation, cross-cultural adaptation and determination of reliability and validity of content in Mexican patients with dyskinetic cerebral palsy. Pilot study
	Efecto neuroprotector y promotor de la recuperación funcional del tratamiento con WIN 55,212-2 en un modelo de lesión traumática de la médula espinal en rata
	Methodology for muscle identification in gesture recognition using machine learning methods
	Analysis of Fas gene as the causative molecule of systemic lupus erythematosus in patients with IgA vasculitis (Henoch-Schönlein purpura)
	Compromiso miogénico de las células satélites en las distrofias musculares
	Revisión bibliográfica de la intervención terapéutica temprana como una herramienta fundamental para el desarrollo de habilidades motoras en niños con discapacidad visual de cinco a 12 años
	Animal models of pain in the study of fibromyalgia
	Instrucciones para los autores

	Contenido: 


