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Liquids treated by Atmospheric Pressure Plasma Jet

for bone cancer therapy
Premio Congreso SIBB 2017

I. HAMOUDA 2, J. GUILLEM-MARTI 2, M.P. GINEBRA -2, C. CANAL !2

! Biomaterials, Biomechanics and Tissue Engineering Group, Dpt. Materials Science and Metallurgy, Technical
University of Catalonia (UPC), Barcelona

2 Barcelona Research Center in Multiscale Science and Engineering,

Universitat Politecnica de Catalunya, Barcelona

Abstract

Current bone cancer treatments include and may combine surgery, chemotherapy, radiation therapy
or cryosurgery among others. However, these treatments are not completely effective and unspecific
where patients relapse. In recent years, researchers have found a novel approach by means of cold
atmospheric plasma that can selectively treat cancer cells without damaging the surrounding tissues
but its effects on bone cancer are unknown. Cold plasmas generate reactive oxygen and nitrogen
species in air, which seem to be related to their effects on cells. As biological tissues and cells are
covered with biological fluids during plasma treatment, studies point out an implication of the liquid
media in the effects of plasmas. Within this context, in this research project the effect of an atmospheric
pressure plasma jet will be investigated in two different liquid media by implementing appropriate
measurement protocols for three different reactive species: [H,0,]; [HO"] and [NO,]. To ascertain
its biological effects this atmospheric pressure plasma jet treated liquids will be put in contact with
bone cancer cells (SaOs-2) and also with healthy bone cells (Hobs). Preliminary results show that
the atmospheric pressure plasma jet treated liquids contain different amounts of the studied reactive
species depending on the treatment conditions and the medium employed, and can selectively kill
bone cancer cells while conserving the viability of healthy bone cells.

Keywords: Plasma, liquids, reactive species, cells, bone cancer.

Resumen

En los ultimos arios se ha empezado a desarrollar una posible terapia contra el cancer mediante
plasmas frios a presion atmosférica. Los efectos celulares que se han observado (toxicidad selectiva
de células de cancer frente a células sanas) indican una posible implicacion de los liquidos tratados
con plasma. El objetivo del presente trabajo es el de investigar los efectos del plasma a presion
atmosférica en medios de cultivo celulares, en cuanto a la generacion de distintas especies reactivas
v sus posibles efectos en células dseas tanto sanas como cancerigenas. Se trataron dos medios de
cultivo con un haz de plasma de helio a presion atmosférica y se determinaron tres especies reactivas
[H,0,], [NO, ] y [HO"] de manera cuantitativa. Se evalud la citotoxicidad de un medio de cultivo
tratado en células oseas cancerigenas (SaOs-2) y sanas (Hobs). Los resultados muestran la generacion
progresiva de distintas especies reactivas en funcion del tiempo de tratamiento con plasma y son las
principales responsables de la muerte celular de células de cancer de forma selectiva.

Palabras clave: Plasma, liquido, especies reactivas, células, cancer de hueso.

Correspondencia:
Cristina Canal.
E-mail: cristina.canal@upc.edu DOI: 10.5821/sibb.25.1.5384



Introduction

During the last years a significant attention
has been paid to the biomedical applications of
Atmospheric Pressure Plasmas (APP). Some
researchers point out that plasma properties
selectively kill cancer cells without damaging
the surrounding healthy tissues [1]. In fact,
new APP devices were specially developed for
biomedical applications. Plasmas generated at
atmospheric pressure in APP devices can be
directly touched by humans or be in contact
with human tissues; hence it must be as safe
as possible. These devices are a big source of
a number of reactive species that can react
with soft materials or liquids [2]. Plasma can
be defined as a fully or partially ionized gas
consisting of positive and negative ions, free
electrons, free radicals, UV and visible radia-
tion. It does not usually exist on the natural
environment but can be artificially generated
from neutral gases [3].

Cold Atmospheric Plasma (CAP) is an im-
provement of the atmospheric plasma, where
ion temperature is close to the room tempe-
rature that makes it attractive for biomedical
applications [4]. Traditionally, CAP has been
used for the surface treatment of materials and
more recently for treatment of liquids, like in
decontamination of water [5]. Furthermore,
this technology allows treating living or heat-
sensitive surfaces, which makes this type of
plasma useful for treatment of biological tis-
sues [6]. Actually, this type of plasma has been
developed for biomedical applications. CAP
have been evaluated in the sterilization of in-
fected tissues, inactivation of microorganisms,
wound healing, skin regeneration, blood coa-
gulation, tooth bleaching and cancer therapy
[7]. Different CAP sources can be directly
applied to cancer cells. Therefore, the charged
particles, electrical fields and reactive species
produced by plasma can act on biological cells
[8]. Alternatively, they can be used to treat li-
quid media, thereby generating plasma-acti-
vated medium (PAM), which is applied to the
cancer cells afterwards. The plasma chemis-
try leads to the generation of an abundance
of high secondary long living species. These
species come from a first reaction between the

gas-liquid interface interaction. Many of the
radicals generated during the discharge can
contribute to complex reactions: formation of
other short and long-lived species in the solu-
tion [9]. In fact, more reactive species are ge-
nerated for the APP technique in comparison
to other plasma sources [10]. Although the
mechanisms involved in the biological action
of plasmas, are not well understood, reactive
species generated are known to be biological
active [11].

Cancer therapy is one of the most promi-
sing applications of APP, as their efficacy was
demonstrated in vitro and in vivo for various
cancer types of soft tissues [12-15]. Many
active species generated by APP that inclu-
de charged particles, radical, UV radiations
among others, can interact with living mate-
rials. Researchers point out the responsibility
of the multitude of reactive species generated
by APP that may provide significant advanta-
ges over cancer therapies. During the last de-
cade, the anticancer capacity of APP has been
illustrated in cancer cell lines of breast, skin,
lung, pancreas, cervix and brain but not in
bone cancer cells, except in our previous stu-
dy [16]. As this is a novel field of study, scar-
ce information is available in the literature to
explain the mechanism by which the plasmas
interact with cells. Some researchers [17,18]
point out the role of reactive oxygen and nitro-
gen species (RONS) generated by APP which
are supposed to be key players in this process.
In fact, an excess of oxidative stress causes a
disturbance of the cell oxidative balance [19].
Excessive production of oxidative stress mole-
cules, exceeding the cellular antioxidative me-
chanism, can lead to cell death in both normal
and aberrant cells by activating intracellular
signalling pathway [20]. However, in contrast
to healthy cells, tumour cells contain higher
steady state RONS concentrations and bear
malfunctioning antioxidant mechanisms that
lead to the cell death. The increase of RONS
concentration can be used as an effective and
selective treatment against cancer [21].

The main aim of this work is to evaluate
the potential of the APP] treated liquids for
bone cancer therapy. Therefore, to evaluate the
effects of APP] on the generation of RONS in



different liquid media is of interest and how
this relates to PAM effects on bone cancer and
healthy cells will be investigated.

Materials and methods

Cell Culture

Two different types of cells were studied
and grown in their own medium before any
treatment. One kind of cancer cell was emplo-
yed:

Sarcoma Osteogenic human cells lines
(Sa0Os-2, ATCC, USA), passages 10-14, were
grown in Mc Coy’s 5A medium (Sigma Al-
drich) supplemented with 10 % of fetal bovine
serum (FBS), 2 mM of L-glutamine, penici-
llin/ streptomycin (50 U/mL and 50 ug/mg,
respectively) and 2 mM of sodium pyruvate
(all from Invitrogen).

The healthy cells employed were Human
osteoblast primary cells (Hobs, 406-05A,
Sigma-Aldrich, USA), passages 1-2, that were
grown in Growth osteoblast medium (Life Te-
chnologies).

Advanced Dulbeccos’s Modified Eagle Me-
dium (AdvDMEM, Life technologies) supple-
mented with 10 % of FBS, 2 mM of L-glutami-
ne and penicillin/streptomycin (50 U/mL and
50 ug/mg, respectively) was used for the APP]J
treatments.

All mediums were prepared before use and
all types of cells were maintained at 37 °Cin a
humidified atmosphere containing 5% of CO,.

Plasma set-up

The APPJ set-up used here was a homema-
de plasma [22].The discharge electrode was a
copper wire with a diameter (¢) of 1 mm inser-
ted in a ¢ 1.2 mm inner quartz capillary tube
covered by a polytetrafluoroethylene holder.
The electrode was connected to a high voltage
power (Conrad Electronics, 6 W power con-
sumption) to generate the discharge. The gas
employed was helium (He, 5.0 Linde, Spain)
and the gas flow was regulated by a flow con-
troller (Bronkhorst Mass View).

Treatment conditions
To determine the generation of RONS, Mc
Coy and AdvDMEM cell culture media were

studied. 4 ml of Mc Coy and AdvDMEM me-
dium respectively were contained in 2 cm pe-
tri dish and APPJ was applied directly on it
for different times (10; 20 and 30 min). All the
samples were on triplicate and all tests were
triplicate.

All the liquid samples were treated with a 5
Ly/min flow with a constant working distan-
ce of 20 mm. The treatment time was scaled
depending on the volume and surface of li-
quid to be treated, according to the following
equation:

surface petridish ¢ tdirect treatment
surface well(96)

tindirect treatment =

For the cell culture, 1.10% cells were see-
ded in a 96 well-plate and incubated during
24 h with fresh medium before treatment. The
APPJ treatment was on 4 ml of AdvDMEM
medium during 10; 20 and 30 min. Then, only
150 pl of plasma treated medium was replaced
into cells.

Cytotoxicity

The cell viability was determined by a colo-
rimetric method [23] using the quantification
of cells by the lactate dehydrogenase activity
(Detection kit, LDH purchased from Roche
Applied Science). Measurement were operated
at 72 h post plasma treatment. Cells were lysed
by removing the culture medium and adding
100 ul of Mammalian Protein Extraction Rea-
gent (M-PER, Thermo-Scientific). A negative
and a positive control were also evaluated. The
negative control corresponds to an untreated
culture medium with no cells. While, the po-
sitive control refers to the corresponding cell
type with untreated medium; it was employed
as a reference for 100 % cell viability. The ab-
sorbance was measured at a wavelength (\) of
492 nm with a micro-plate reader (Synergy
HTX, BioTek) and the percentage cell viability
was determined as follows:

sample - negative control
positive control - negative control

% cell viability =

Detection of reactive species

Nitrites: the nitrite concentration [NO,]
was determined by adding 50 pl of Griess rea-
gent [24,25] to 50 pl sample introduced in 96
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well-plates. The Griess reagent was obtained
by dissolving 1 % wt/v sulfanilamide (M.W:
172.20 g/mol; Sigma-Aldrich; powder form),
0.1 % wt/v N-(1-naphtyl)ethylenediamine
(NEED, M.W: 172.20 g/mol; Sigma-Aldrich;
powder form) and 5% wt/v phosphoric acid
(85 %; M.W: 98 g/mol; Pancreac) in de-ioni-
zed water (H,0,) [26]. The plates were incu-
bated for 10 min at room temperature protec-
ted from light. The absorbance was measured
at A of 540 nm. The [NO,] in each sample was
calculated by using a calibration curve with
NaNO, (M.W: 69 g/mol; powder form, Sigma-
Aldrich) solution in the studied medium.

Peroxides: the concentration of peroxides
[H,0,] wasevaluated by a colorimetric method
resulting of the reaction of H,O, with titanyl
sulphate by measuring the absorbance at A of
407 nm [27]. 100 pl of the sample were placed
in a 96 well plate and 10 pl of NaN; (M.W: 65
g/mol; Sigma-Aldrich; powder form) solution
at 60 mM were added to neutralise potential
nitrites and nitrates present in the sample that
can interact with peroxides [28]. Then 50 pL of
TiSO, reagent (M.W: 159.90 g/mol; 15% wt in
H,SO,) were added. The reaction is immedia-
te and remains stable over 6 h. [H,0O,] concen-
tration level in each sample was determined
using a calibration curve with hydrogen pero-
xide (H,0,; M.W: 34.01 g/mol; 30 % wt/wt in
H,0; Sigma-Aldrich) solution in each studied
medium.

Hydroxide radical: to determine free hy-
droxyl radical concentration [HO*®], an indi-
rect method was employed [29]. The degra-
dation of methylene blue (MB; M.W: 373.90
g/mol; Sigma-Aldrich; powder form) was
followed to evaluate the hydroxide radical
concentration [HO®] generated by APP]. MB
solutions of 0.03 g/l were prepared, and after
plasma treatment, the absorbance was measu-
red at A of 664 nm. The MB concentration was
determined using a calibration curve with MB
solution in the corresponding liquid medium
evaluated.

Results

Detection of reactive species
The effects of APPJ on two different cell cul-

ture media were evaluated with regard to the
generation of RONS. The generation of pero-
xides [H,0,], nitrites [NO,"] and the decrease
of [MB] concentration - which is related to the
amount of [HO®] - were measured following
APPJ treatment as a function of the treatment
time. In fig.1, two liquid media usually emplo-
yed for cell culture were compared depending
on the APP]J treatment time. It can be observed
that the concentration of [H,0,] and [NO,]
was progressively increasing, while the MB
concentration was decreasing as a function of
the treatment time with APPJ in both media
evaluated. Differences in the response of both
media studied were recorded: In AdvDMEM
medium more peroxides were generated than
in Mc Coy medium (fig.1.a)). Five times more
peroxides were formed in each media than ni-
trites. It is shown in fig.1.b) that more nitri-
tes are generated in Mc Coy medium than in
AdvDMEM medium. MB shows a decreasing
concentration with increasing treatment time
and is similar for both cell culture media with
the APPJ treatment time. Similar results were
found when treating low volumes (2 ml) of li-
quid in a smaller surface (1 cm2) with shorter
APPJ treatment times (5; 10 and 15 min), as
in greater volume of liquid (4ml) in a bigger
surface, as roughly the same amount of RONS
was generated (fig.1). Conversely, with much
lower volumes, 150 pl of liquid media were
treated at much shorter APP]J times of 0.5; 1
and 1.5 min. In that case, even if the gene-
ration of RONS follows the same trend, the
effective concentration generated by APPJ is
much lower than in the case of treatment of
higher volumes.

Cytotoxicity

The effect of plasma treated liquid was
evaluated on both cancer and healthy bone
cells. To ascertain the influence of the modi-
fication produced in the liquid media by the
plasma treatment, the PAM was transferred
onto adherent bone cancer cells (SaOs-2), and
bone healthy cell (Hobs) immediately after
treatment. APPJ treatment of 4 ml of AdvD-
MEM media and 150 pl of these treated me-
dia were transferred on the top of the cells
and the viability was measured after 72 h. The



results are reported with respect to a positi-
ve control of the cells without plasma treated
medium which are set as the 100 % viability.
Fig.2 shows that the plasma treated liquid in
contact with cells reduces the cell viability, the
more the longer the plasma treatment time.
In contrast, the plasma treated liquid doesn’t
affect the viability of the healthy cells (viability
between 92% and 98%). It can also be obser-
ved that cells are affected by the RONS doses/
treatment time; cancer cells viability decrease
from 50% to 5% in treatment times ranging
from 10 to 30 min.

Discussion

The diffusion of reactive species produced
by the reaction formed at the plasma-liquid

interface leads to some reactions and proces-
ses which depend on the nature of the liquid
as shown in fig.3. Reactive species generated
by plasma are the result of a cascade of reac-
tions created with the interaction plasma-li-
quid medium [30]. The concentration increase
of RONS measured ([H,0O,] and [NO,"]) was
related to the plasma treatment time and the
chemical composition of the medium. The
[MB] decrease may be related to the genera-
tion of [HO®] in the medium by the decom-
position of the MB (fig.1c) and previously
reported in the literature [31]. The APP] gene-
rates reactive species directly at the gas-liquid
interface which react with the liquid composi-
tion. The reactive species amount is controlled
through the gas used for the plasma dischar-
ge and also the liquid medium composition
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Figure 1. Evaluation of the generation of RONS in 4ml of Mc Coy (blue full dot) and AdvDMEM
(empty dot) cell culture media following APPJ treatment: a)[H>O,]; b) [NO,] and c¢) [MB].
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plays an important role [32]. It is observed in
this work a progressive formation of H,0,and
NO," in both cell culture media studied (Mc
Coy and AdvDMEM) (fig.1.a) and b)) with
APP]J treatment time. The creation of many
other species can be expected through the

contact of liquid with APPJ, considering the
complex composition of the cell culture me-
dia. In fact, in addition to the species mea-
sured here (H,0,, NO,™ and indirectly HO®)
many other RONS have been described and
may be formed. In this kind of cell culture
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Figure 2. Cell viability of bone cancer cells (SaOs-2, red dense bar) and bone healthy cell (Hobs,
green bar) in contact with APPJ treated medium (4 ml of AdvDMEM medium) following 72 h of

incubation in contact with this medium.
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Gas-liquid interface
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Figure 3. Scheme of the interaction of atmospheric plasmas with liquids, with spheres representing

the different reactive species.



media, proteins and sugars, among others,
present in the medium composition can be
decomposed by the electrical discharge from
the APPJ and also by chemical decomposition
or reaction from the radicals formed during
the process. Especially, positive and negative
ions from the post-discharge largely combine
or neutralize prior to diffusing into the liquid.
Moreover, lifetimes of this neutral radicals are
much longer, so that these reactive species are
able to diffuse into liquids without significant
losses [33].

The determination of long-living species
generated by APPJ in the liquid media pro-
duced by a cascade of reactions the interface
gas/liquid was useful to start understanding
and identifying the processes beyond the be-
haviour of cells following exposure to plasma
treated media.

The cytotoxicity of PAM on both cancer
and healthy bone cells was investigated to as-
certain potential selective effects of the APP]
treated media. The APPJ treated liquid media
were effective in selectively killing bone can-
cer cells. Therefore, the aqueous state of the
RONS in generated by plasma clearly play an
important role in the anti-tumour effects as
shown in other works [34]. As shown here,
liquids can mediate the cytotoxicity effects of
APP] towards cancer cells, as in the biologi-
cal environment, cells are covered by physio-
logical liquids. In literature, direct treatment
of cancer cells with plasmas has been shown
effective, but also in some cases, treating cell
culture media or liquid medium showed to be
an effective anti-tumour fluid in vitro and in
vivo [35]. Our results confirm the efficiency of
treatment of liquids with APP] for cancer cell
death. Two effects can be highlighted; First, it
can be observed that there is a significant de-
crease in the viability of cancer cells (50 % for
the SaOs-2) for the shortest treatment time of
10 min, and down to 5% of viability for 30 min
treatment of the liquid medium. This decrease
in cell viability is comparable to that found in
other studies focused also in bone cancer cells
but following chemotherapeutical approa-
ches [36]. Secondly, the healthy osteoblastic
cells Hobs, treated in the same condition were
completely viable and unaffected by the trea-

ted liquid.

This result highlights one of the advanta-
ges of this indirect treatment with APPJ trea-
ted medium, as it avoids the effects of electric
fields, UV light, etc. that might potentially
have harmful effects on healthy cells if uncon-
trolled. This treatment of liquids with plasma
allows only the long living reactive species
generated from APP] or metastable species
produced in reactions of the plasma with the
liquid to interact with cells. It has been shown
in literature that in fact, RONS generated in
the liquid media can promote oxidative stress
and trigger different signaling pathways in
cells.

Conclusions

Atmospheric pressure plasma jet generates
different gaseous reactive species that were
transmitted to the liquid phase through for-
mation of secondary species. Protocols have
been successfully implemented to determine
the [H,0,], [NO,"] and [HO®] reactive spe-
cies generated during the APP] treatment of
liquid media. This has allowed recording a ti-
me-dependent increase in the amount of these
species in cell culture medium due to plasma
treatment, which depend on the volume of li-
quid treated, as well as on the chemical com-
position of the cell culture medium treated.
This cocktail of reactive species generated by
APP] exhibits lethal effects selectively towards
bone cancer cells without harmful effects for
healthy bone cells. The APPJ treated cell cul-
ture media is cytotoxic to bone cancer cells,
producing a cell viability reduction between
50 and 95% depending on the RONS doses.
Healthy cells remain fully viable after the same
treatment. Therefore, this indirect methodo-
logy may be considered as being effective and
selective, and avoiding electric fields like UV
radiation of the APPJ. The lethal effects seem
to be related with the RONS activity in the li-
quid media into the cells.
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Estudio piloto de la postura de pie en deportistas
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Resumen

El objetivo de este estudio piloto es el de analizar la postura de pie en deportistas de diferentes
modalidades. Participaron 6 estudiantes masculinos y 1 estudiante femenina, no lesionados. Se
tomaron 4 fotografias de los diferentes perfiles que fueron procesadas mediante un programa de
andlisis postural (SAPO, Sao Paulo). Las referencias anatomicas a digitalizar fueron seiializadas
mediante 27 marcadores. Los resultados muestran que, de media, los sujetos presentan desviaciones
posturales leves respecto a los valores de referencia, sobretodo destaca la desviacion en la alineacion
vertical de la cabeza (18°). La metodologia permite identificar las desviaciones posturales y aplicarla
a estudios con un mayor numero de sujetos. Esto podria permitir identificar patrones de postura
considerados factores de riesgo para padecer una lesion. Asi mismo se podria conocer si se producen
modificaciones de la postura en funcion del tipo de modalidad deportiva practicada.

Palabras clave: Fotogrametria, andlisis postural, deporte, postura de pie.

Abstract

The objective of this pilot study was to analyse the standing posture of physical active subjects,
participating in different types of sport. Subjects were 6 male and 1 female, not injured. Photographs
form the frontal (anterior and posterior) and sides (left and right) views were taken and processed
by a specific postural analysis sofiware (SAPO, Sao Paulo). 27 markers were placed on anatomical
references. Results show that subjects present slight deviations from the reference values. Highlights
the vertical head alienation (18°). In conclusion, it is possible to detect postural deviations through
photogrammetry; this could allow the identification postural patterns considered injury risk factors.
Likewise, it could be known if there are postural modifications due to the typology of sport and
activity practised..

Keywords: Photogrammetry, postural analysis, sport, standing posture.
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Introduccion

La postura se define como la manera de co-
locar los diferentes segmentos corporales. La
alineacion ideal es aquella que permite mante-
ner el equilibrio con el minimo coste energéti-
co, es decir, menos esfuerzo del sistema mus-
culo-esquelético. En la postura ideal existe
simetria entre los dos lados del cuerpo para el
plano frontal. Des del plano sagital, una linea
vertical tiene que pasar por el centro de masa
de la persona y por la base de las orejas, cen-
tro articular de hombro, cadera, rodilla y justo
por delante del maléolo externo del tobillo [1].

El objetivo de la observacion de la postura
es adquirir informacién sobre defectos visi-
bles, déficits funcionales y anormalidades en
la alienacion [2]. Problemas posturales gene-
ralmente generan elevadas tensiones de las
estructuras de sostén del sistema musculo-es-
quelético. Para la recuperacion de la funciona-
lidad y mantenimiento o mejora de la postura
se utilizan entrenamientos correctores y trata-
mientos fisioterapéuticos

La resonancia magnética en 3D y la tomo-
grafia computarizada en 4D son considerados
los estandares de oro para la valoracion de la
postura, pero son métodos con un elevado
coste economico. Los rayos X son otro sistema
de valoraciéon de la postura, sobretodo de la
columna vertebral, pero debido a las radiacio-
nes no puede ser utilizado de manera habitual
en el ser humano [3]. La valoracién de la pos-
tura mediante fotografias es utilizada como
substitucion, ya que es simple, econémico y
no invasivo [4].

Varios estudios han demostrado la fiabi-
lidad y validez del método fotografico, pero
es imprescindible colocar correctamente los
marcadores [3, 5, 6, 7, 8].

El método de la valoracion postural me-
diante fotografia se ha utilizado en nifos [6,
9, 10], adolescentes [11], estudiantes universi-
tarios [12, 13], adultos jovenes [7, 8] y adultos
[2, 5]. No obstante falta informacion postural
en deportistas, sobre los efectos beneficiosos
de la practica de actividad fisica y las adapta-
ciones posturales a determinados deportes.

Rosario y col [13] utilizaron el método fo-
tografico para evaluar los efectos de diferentes

tipos de estiramientos sobre la postura (estira-
mientos por segmento versus terapia de cade-
nas musculares) y observan que el efecto sobre
la postura es mayor cuando se utiliza un mé-
todo global de estiramiento. Sizato y col [14]
lo utilizan para evaluar el efecto de 20 sesiones
de Pilates sobre la postura en mujeres jévenes
y, aunque observan mejoras en la amplitud de
movimiento concluyen que 20 sesiones no son
suficientes para provocar adaptaciones postu-
rales. Munivrana y col [10] analizaron la pos-
tura de jovenes jugadores de tenis de mesa y
concluyeron que, en general, los jovenes tie-
nen mala postura, pero no pudieron relacio-
nar la postura con el nivel de practica depor-
tiva. Macedo y col [15] evaluaron el efecto de
un tratamiento para la lumbalgia en ciclistas y
observaron alguna variaciéon postural después
de su aplicacion.

Existe una tendencia creciente en el entre-
namiento de fuerza y condicion fisica para
identificar patrones de movimiento defectuo-
sos de los deportistas. La valoracion funcional
previa permite individualizar los ejercicios en
funcion de las necesidades e incorporal los
ejercicios compensatorios adecuados para la
prevencion de la lesion. El objetivo de este es-
tudio piloto es el de analizar la postura de pie
en deportistas.

Materiales y métodos

Participaron en el estudio 7 estudiantes (6
hombres y 1 mujer) de diferentes modalida-
des deportivas, con una media de 24.6 + 0.5
afos, 72+16,8 kg de peso y 174+ 13.1 cm de
altura. Todos cumplieron con los criterios de
inclusion siguientes: (1) No estar lesionado en
el momento de la valoracion. (2) Si han estado
lesionados, tienen que estar recuperados i ha-
ber cursado la actividad deportiva un minimo
de dos meses. (3) Los sujetos no pueden estar
tomando antidepresivos. El estudio fue apro-
bado por el Comité de Etica de la Universitat
de Vic.

Para la valoracion de la postura se utilizo
una camara digital (Canon EOS 400) situada
sobre un tripode a una distancia de 3 metros
de la zona delimitada para la posicion del su-
jeto siguiendo las instrucciones de Ferreira y
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col [7]. El espacio fue calibrado mediante una
plomada. Las fotografias fueron tomadas de
cuerpo entero en el plano frontal (anterior y
posterior) y sagital (lados derecho e izquier-
do). La posicion de los pies estaba debida-
mente sefializada. Para que la postura fuera lo
mas natural posible se pidi6 a los sujetos que
cerraran los ojos durante su colocacion, lleva-
ra la cabeza a la posicion neutra, abriera los
ojos y mantuviera la mirada fija en un punto.
Este procedimiento se realizo para las cuatro
posiciones evaluadas. Los puntos de referen-
cia anatémicos fueron marcados mediante
bolas de poliestireno expandido de 10mm de
diametro siguiendo el protocolo de Ferreira y
col [7]. Las fotografias fueron procesadas me-
diante el software de analisis postural SAPO
(Sao Paulo) obteniendo los siguientes para-
metros mecanicos (Figura 1): Vista anterior:
(1A) alineacion horizontal de cabeza, (2A) ali-
neacién horizontal acromion, (3A) alineacion
horizontal crestas iliacas antero-superiores
(ASIS), (4A) diferencia longitud extremidades
inferiores, (5A) alineacion horizontal rodillas,
(6A-7A) angulo Q derecho e izquierdo. Vista
posterior: (1P) Asimetria horizontal espina de

la escapula - proceso espinoso vértebra tora-
cico 3, (2P-3P) angulo pierna - retropié de-
recho e izquierdo. Vista lateral (igual para los
dos lados, derecho e izquierdo): (1L) alinea-
cion horizontal de la cabeza, (2L) alineacién
vertical cabeza, (3L) alineacién vertical del
tronco, (4L) angulo tronco - piernas, (5L) ali-
neacion vertical del cuerpo, (6L) Alineacion
horizontal cadera, (7L) angulo flexion rodilla,
(8L) angulo horizontal pierna.

Resultados

En la tabla 1 se pueden observar los resul-
tados para el plano frontal. Las desviaciones
medias respecto a la linea horizontal son de
maximo 1,5°. Para las desviaciones horizon-
tales se ha tomado el valor absoluto, pues no
todos los sujetos presentan desviacion hacia el
mismo lado corporal. La alineacion de refe-
rencia es de 0° [1]. Los valores promedios para
el angulo Q estan un poco por debajo de los
valores de referencia propuestos por Horton
y Hall [16]. Un sujeto presenta valores nega-
tivos del angulo, con un varo y una rotacién
externa de rodilla acentuados. El valor de los
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Figura 1. Parametros, referencias anatomicas y convenciones.



angulos Q no es simétrico para las dos extre-
midades, aunque la diferencia es un poco me-
nor que la encontrada (4°) por Livingston y
Mandigo [17].

Para la vista posterior, encontramos una
leve asimetria entre escapulas (4,3%), sien-
do el valor maximo de 13,5% para uno de los
sujetos. El promedio del angulo del retropié
también esta dentro de los valores de referen-
cia [18].

Para el plano sagital (Tabla 2) se ha reali-
zado el promedio de ambos lados derecho e

izquierdo. Cabe destacar la diferencia en la
alineacion vertical de la cabeza que es de pro-
medio de 18°. Segtin Kendall y col [1], tragus
y acromion tendrian que estar alineados. La
alineacion horizontal de la cabeza (48,9°) es
parecido a los valores encontrados en la lite-
ratura (49° - 51°) [19]. Tanto el tronco, como
el total del cuerpo muestran una ligera in-
clinacién hacia adelante, también se observa
una ligera hiperextension en la cadera que
podria afectar las curvaturas lumbares. En
posicion de pie la rodilla presenta una ligera

Variable Referencia Promedio DS | Min | Max
*Alineacion H cabeza (°) 0° 1,5 0,8 0,4 2,4
*Alineacion H hombros (°) 0° 0,9 1,0 0,2 2,9
*Alineacion H ASIS (°) 0° 1,5 1,1 0,0 3,4
*Diferencia longitud EEII (cm) 0° 0,8 0,8 0,0 1,9
*Alineacion H rodillas (°) 0° 0,9 0,7 0,0 2,3

D ~8-14°H 5,6 4,1 -0,6 | 11,1

Angulo Q (°) I ~11-20°H 7.3 53 | -1,9 | 13,5
*Diferencia 0° 3,8 2,1 0,7 5,9

Asimetria H escapulas -T3 (%) 0% 4,3 4,3 0,0 | 13,1
’ D 1050 2,8 14 | L1 | 49
Angulo retropie (°) I 4,3 3,7 0,4 | 10,2
*Diferencia 2,7 3,0 0,1 7,5

*Se han tomado valores absolutos de desviacion

Tabla 1. Promedio, desviacion estandar y rango de los valores del plano frontal.

Variable Referencia | Promedio | DS | Min | Max | Diferencia D-I
Alineacién H cabeza (°) 48,8 4,0 | 43,3 | 54,8 1,7
Alineacién V cabeza (°) 0° 18,1 58 | 9,1 | 32,1 -5,5
Alineacién V tronco (°) 0° 0,6 1,9 | -2,8 | 3,5 0,3
Angulo cadera (°) 0° -2,5 39 | -96 | 33 -0,7
Alineacion V cuerpo (°) 0° 2,5 1,3 | 03| 5,1 0,8
Alineacion H pelvis (°) -10,4 7,3 |-18,5| 2,5 0,5
Angulo flexién rodilla (°) 0° 1,3 3,7 | -55 | 7,0 0,5
Angulo H pierna (°) 85,6 2,2 | 81,6 89,6 -1,5

Tabla 2. Promedio, desviacion estandar, rango y diferencia derecha e izquierda de los valores del

plano sagital.
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flexion y la cadera presenta unos valores de
anteversion de 10,4° indicando hiperlordosis
lumbar. Segun Kritz y Cronin [20] las ventajas
de hiperlordosis y anteversion pélvica resul-
tarian en aplicar fuerzas durante mas tiempo
incrementando asi el impulse mecanico, pero
el incremento de la lordosis lumbar también
esta relacionado con un mayor dolor en esta
zona corporal.

Conclusiones

En el estudio piloto se pueden observar li-
geras modificaciones respecto del patron de
postura considerado ideal. En un futuro se pre-
tende desarrollar una base de datos mas exten-
sa, ampliar la informacién con una anamnesis
de lesiones y otros test de valoracion funcio-
nal. Seria interesante poder establecer alguna
correlacion e identificar patrones de postura
considerados factores de riesgo para padecer
una lesion, asi como conocer si se producen
modificaciones de la postura en funcion del
tipo de modalidad deportiva practicada.
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Resumen

Introduccion: La fatiga se define como la incapacidad del sistema neuromuscular para mantener
un nivel determinado de potencia. La monitorizacion de la pérdida de altura de salto ha sido utilizada
como un indicador de fatiga muscular. La Electromiografia (EMG) es también una herramienta
adecuada para determinar la fatiga ya que tiene una alta correlacion con las unidades motoras activas
(reclutamiento de fibras musculares). El objetivo del presente estudio es evaluar los efectos de la fatiga
sobre la actividad muscular en las extremidades inferiores durante sucesivos test de media sentadilla
(30 segundos). Métodos: 5 sujetos sanos entrenados participaron en el estudio. Realizaron 2 sesiones
de test, un test de potencia maxima de media sentadilla y 4 series de un test de capacidad anaerobica
de media sentadilla (30 seg.). Resultados: Se observaron diferencias significativas (P=0.002) en
la comparativa de los efectos inter-sujetos (Vasto lateral vs. Recto femoral). Observamos también
diferencias significativas en la comparacion por pares (P<0.001). Conclusiones: Observamos como la
fatiga modifica la activacion neuromuscular del vasto lateral y el recto femoral durante la ejecucion
de 4 test consecutivos de media sentadilla (30 seg.).

Palabras clave: Electromiografia, Fatiga, Fuerza, Media sentadilla.

Abstract

Introduction: Fatigue is defined as an incapacity of the neuromuscular system to maintain a given
power level. Monitoring jump height loss during an exercise session has been used as an indicator
of muscular fatigue. EMG is also a useful tool to determine fatigue because it has a high correlation
with active motor units (muscle fiber recruitment). The objective of this study is to evaluate the fatigue
effects over muscle activity in lower extremities during successive test of half squat (30 seconds).
Methods: 5 healthy, strength-trained individuals participated in the study. They realized in 2 test
sessions one maximal power test in half squat and 4 series of an anaerobic capacity test (30 sec)
in half squat. Results: Significant differences (0.002) were observed in inter-subjects effects (Vastus
lateralis vs. Rectus femoris). Also in pairs comparation we observe significant differences (P<0.001).
Conclusions: We observe how fatigue changes the neuromuscular activation of vastus lateralis and
rectus femoris during the execution of 4 consecutive half squat test (30 sec).

Keywords: Electromyography, Fatigue, Strength, Half Squat.
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Introduccion

La fatiga se define como la incapacidad del
sistema neuromuscular para mantener un ni-
vel de potencia determinado [1]. El salto en
contra movimiento o countermovement jump
(CM]J), es un movimiento que refleja las pro-
piedades contractiles y de control neuromus-
cular globales del sistema locomotor [2]. De
este modo, la monitorizacién de la pérdida de
altura de salto durante una sesién de ejercicio
ha sido utilizada como un indicador de la fati-
ga muscular. Numerosos estudios han confir-
mado la pérdida de altura en el CM]J durante
varios ejercicios de ejercicio contra resisten-
cias [3, 4, 5]. La electromiografia de superficie
ha demostrado también ser una herramienta
util para la valoracién de la fatiga ya que tiene
una alta correlacion con el nimero de unida-
des motoras activas (reclutamiento de fibras)
(6, 7, 8]. El presente estudio tiene como ob-
jetivo evaluar los efectos de la fatiga sobre la
actividad muscular de los miembros inferiores
durante sucesivos test de sentadilla (30 seg.).

Materiales y Métodos

En el estudio participaron 5 sujetos varo-
nes con una edad de 21,2 £ 1,5 afios, altura de
180,2 + 6,2 cm y peso de 80,7 + 7,3 kg. Toda
la muestra cumplié los criterios de inclusion
propuestos por los investigadores que incluian
tener una edad comprendida entre 18 y 25
aflos; una experiencia en el entrenamiento
contra resistencias (frecuencia de 3 sesiones
semanales) superior a 6 meses; familiariza-
cion con el ejercicio de media sentadilla (MS);
levantar, al menos, 150 kg en un test de una
repeticion maxima (1 RM) en MS; no utilizar
ninglin suplemento nutricional ni esteroides
anabdlicos, al menos, en los 6 meses previos;
no presentar ningun tipo de alteracion cardio-
vascular, metabolica, pulmonar u ortopédica
que pudiese limitar el rendimiento durante el
ejercicio. Todos los sujetos fueron reunidos en
una sesion en la que se les informé sobre el
procedimiento del estudio, ademas de facilitar
un consentimiento informado que firmaron
todos los participantes. Durante las 24 horas
previas y hasta la finalizacion del estudio, los

sujetos no realizaron ningun tipo de ejercicio
complementario al estudio. Ademas, durante
las 2 horas previas a la realizacion de las prue-
bas, los sujetos se abstuvieron de fumar, comer
y tomar bebidas con cafeina u otro tipo de es-
timulantes. El estudio cumplié con la decla-
racion de Helsinki sobre investigaciones con
seres humanos, siendo aprobado por el comité
de ética de la Universidad Alfonso X El Sabio.

Los sujetos acudieron a un total de 2 sesio-
nes de valoracioén al laboratorio, en una misma
franja horaria (+ 2 horas), separadas entre si
por 72 horas. En la 1° sesion se realizo un Test
de potencia maxima en MS. Durante la 2° se-
sidn, los sujetos realizaron 4 series del Test de
capacidad anaerdbica en MS.

Para el Test de potencia maxima en MS, y
después de realizar un calentamiento gene-
ral y otro especifico, los sujetos comenzaron
con una carga inicial de 20 kg incrementando
la carga en cada serie 10 kg, hasta que la ve-
locidad media obtenida fuese inferior a 0,65
m-s-1. Entonces la carga era ajustada indivi-
dualmente para cada sujeto con aumentos en-
tre 5kg-1kg, con el fin de determinar el valor
de IRM con la mayor precision posible. Para
velocidades medias mayores a 0,65 m-s1 se
realizaban dos intentos con cada carga corres-
pondiente. Para velocidades medias menores
a 0,65 m-s'! se efectuaba una solo tentativa. El
tiempo de recuperacion entre cada serie fue de
3 minutos para velocidades medias mayores
a 0,65 m-s! y de 5 minutos para velocidades
medias menores a 0,65 m-s'l. La media sen-
tadilla se ejecuta con la barra sobre la porcion
posterior del deltoides en la parte media del
trapecio, realizando una extensién completa
de las rodillas desde una posicién inicial en el
que la rodilla se encontraba con una flexion de
90° [9]. Para una mayor seguridad en la reali-
zacion del test, la valoracion se realizé en una
maquina Smith (Matrix Fitness).

El célculo de la potencia durante el test de
potencia maxima se realizo a través del enco-
der rotatorio Tendo Weight-lifting Analyzer
System (Trencin, Slovak Republic). Este sis-
tema esta formado por un cable kevlar que
transmite, a través de una interface, instan-
taneamente la velocidad vertical al software
especifico de la computadora (Tendo Weight-



lifting Analyzer 3.0.4). Para calcular la velo-
cidad vertical, el sistema divide todo el rango
de movimiento en pequefias secciones fijas,
midiendo el tiempo en cada seccién con una
precision de un microsegundo.

En la 22 sesion para la medicion de la capa-
cidad anaerdbica de las piernas se realiza un
test de resistencia intermitente en un ejercicio
de MS con una carga correspondiente a la que
se obtuvieron los maximos niveles de potencia
en el test de potencia maxima en MS. Debido
a que el metabolismo glucolitico lactico obtie-
ne sus maximos niveles de potencia en la con-
tribucién al metabolismo energético durante
el ejercicio, se ha seleccionado un test de 30

segundos de duracién a una intensidad con
la que los sujetos obtienen sus maximos nive-
les de potencia. Dicho test de MS (30 seg.), se
realizara en 4 series divididos con 3 minutos
de recuperacién. A los sujetos se les instruyd
a que realicen cada repeticion a la maxima ve-
locidad posible.

Durante los test se registraron valores elec-
tromiograficos de los fasciculos del musculo
cuadriceps, Vasto Lateral (VL) y Recto Femo-
ral (RF). Se utilizaron pares de electrodos de
superficie (Ag-AgCL, didmetro de contacto
6 mm, distancia entre electrodos 3 c¢cm). Los
electrodos de referencia seran colocados por
encima de la espina iliaca anterosuperior. An-
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Figura 1. Valores EMG normalizados para cada uno de los 4 test de MS (30 seg.). Comparativa
entre el primer grupo de (0-5 seg.) y el ultimo de cada test (25-30 seg.), en VL y RF.



tes de colocar los electrodos, se procedio a ra-
surar la zona de piel, a erosionarla ligeramente
con papel de lija de grano muy fino y a limpiar-
la con gasas y alcohol para minimizar la im-
pedancia a menos de 2 k(). Los cables conec-
tados a los electrodos fueron bien fijados con
esparadrapo para minimizar el posible ruido
en la sefial producido por los movimientos de
los miembros inferiores. La actividad mioeléc-
trica fue registrada con la ayuda de un analiza-
dor de EMG (J&J Engineering, Poulsbo, WA).
La senal EMG-raw fue filtrada por una banda
de paso entre 20 y 400 Hz, amplificada y con-
vertida de sefial analdgica a digital. La variable
rms-EMG (root mean square voltaje) obteni-
da de cada uno de los 2 fasciculos, fue nor-
malizada al maximo valor obtenido en el fas-
ciculo correspondiente. Con el fin de facilitar
el andlisis de resultados, se dividieron los 30
segundos de cada test en grupos de 5 segun-
dos, y se evaluaron en el presente trabajo las
diferencias entre el primer grupo (0-5 seg.), y
el ultimo (25-30 seg.). En el presente estudio la
variable rms-EMG fue utilizada para estimar
la “actividad mioeléctrica total” del fasciculo
en ejercicio. Previamente se ha observado que
esta computacion 1) es una medida precisa de
la amplitud de la EMG, y 2) tiene una alta co-
rrelacion con el nimero de unidades motoras
activas (reclutamiento de fibras) [6, 7, 8].

En ambas sesiones se realizé un calenta-

miento general consistente en 5 minutos de
carrera en tapiz rodante (Technogym, Gam-
bettola, Forli, Italia) a una velocidad de 6
km-h-1, asi como de 5 minutos de ejercicios
de movilidad articular y estiramientos dina-
micos previos, se efectué un calentamiento es-
pecifico de una serie de 10 repeticiones de MS
con una carga que los sujetos podian desplazar
con facilidad. Posteriormente, tras 2 minutos
de recuperacion se iniciaron los test de la 12 y
22 sesion.

El analisis estadistico fue realizado con el
software SPSS version 18.0 (SPSS, Chicago, IL,
USA). Se analizé la normalidad de los datos
mediante el test de Shapiro-Wilk. El test de
Levene revel6 la homogeneidad de varianzas
de las variables. Para comprobar las diferen-
cias entre las diferentes variables se aplicé un
ANOVA de 2 factores de medidas repetidas.
Los datos se presentan como media (M) y des-
viacion estandar (DE), y el nivel de significa-
cion estadistica fue fijado en p < 0,05.

Resultados

En la prueba comparativa de los efectos
inter-sujetos (Vasto lateral vs. Recto femoral),
la significacion es de 0.002 con una diferencia
de medias de 0.066. En las comparaciones por
pares se observan también diferencias signifi-
cativas (ver tabla 1).

Test MS EMG1VL | EMG6VL | EMGI1RF [ EMG6RF | P
Test 1 0.86+0.04 | 0.79+£0.03 | 0.62x0.03 | 0.70+0.03 | 0.000
Test 2 0.86+0.04 | 093+0.03 | 0.62x0.02 | 0.90+0.03 | 0.000
Test 3 0.82+0.02 | 092+0.02 | 0.71+0.03 | 0.99+0.02 | 0.000
Test 4 0.83+0.03 | 0.74+0.04 | 0.85%+0.04 | 0.81 £0.01 0.2

Tabla 1. Valores de EMG normalizados para cada uno de los 4 test de MS (30 seg.). Comparativa
entre el primer grupo de (0-5 seg.) y el ultimo de cada test (25-30 seg.). Valores expresados como

Media + DE.
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Conclusiones

Durante el presente estudio hemos obser-
vado como la fatiga influye en la activacién
neuromuscular de los musculos vasto lateral
y recto femoral del cuadriceps, durante la eje-
cucion de 4 test de MS de 30 segundos conse-
cutivos. Parece que el RF se activa mas con la
fatiga del VL y participa mas en la produccién
de fuerza. Esto podria estar relacionado con
un mayor riesgo de lesion del RF al colaborar
en acciones para las que no estd estrictamente
disenado en fatiga del VL.
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