2019, Retos, 35, 216-220
© Copyright: Federacion Espafiola de Asociaciones de Docentes de Educacion Fisica (FEADEF) 1SSN: Edicion impresa: 1579-1726. Edicion Web: 1988-2041 (www.retos.org)

Musdleactivity of theL umbo-pdvic-hip complexin threeisometricexerdsesusng TRX ®riptraingr ™
Actividad muscular del complgo Lumbo-PelvisCadera en tres gercicios isométricos usando TRX® rip
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Abstract. One of the tools currently used for strengthening the lumbo-pelvic-hip complex (LPHC) is the TRX ® Rip Trainer™. This device produces
asymmetric destabilizing forces by means of an dadtic resstance (ER) cord. This study aimed to compare the level of muscle activity of LPHC, during
the performance of three isometric exercises using TRX © Rip Trainer™. Twenty-two hedthy, physicaly active men (mean age 23 + 2.35 years) were
evauated during the performance of «Drag» (anterior), «Drive» (posterior) and «Stack» (rotation) isometrically resisted exercises, performed using
TRX ® Rip Trainer ™. The muscle activity of longissmus, external oblique, gluteus medius, and biceps femoris was recorded by means of surface
dectromyography. There were differences regarding the side of the ER location in mogt of the evaluated muscles (p <.05). In addition, a Friedman test
revealed differences between the exercises in rlation to the evduated muscle (p<.05). Usudly, Stack exercise produces a higher level of activity in these
muscles. The findings of this study describe the behavior of LPHC muscles during the use of TRX ® Rip Trainer ™.

Keywords: Isometric exercises; surface electromyography; lumbopelvic stabilization; elastic resistance; Lumbo-pelvic-hip complex.

Resumen. Una de las herramientas actudmente utilizadas para € fortalecimiento del complejo lumbo-pelvis-cadera (CLPC) es e TRX® Rip Trainer
™. Egte digpogitivo produce una fuerza desestabilizadora asmétrica por medio de un cordon de resistencia déadtica (RE). Este estudio tuvo como objetivo
comparar € nivel de actividad muscular de CLPC, durante la realizacion de tres gjercicios isométricos utilizando TRX® Rip Trainer ™. Veintidos
hombres sanos, fisicamente activos (edad media de 23 + 2,35 afios) se evaluaron durante la realizacion de los gercicios de resistencia a la isometria
«Drag» (anterior), «Drive» (posterior) y «Stack» (rotacion), redizados con TRX® Rip Trainer ™. Mediante electromiografia de superficie, se registro
la actividad muscular de longisimo, oblicuo externo, gltiteo medio y biceps femora. Hubo diferencias en relacion con € lado de la ubicacion de RE, en
la mayoria de los musculos evauados (p <.05). Ademés, un test de Friedman revel¢ diferencias entre los gercicios en relacion con @ musculo evauado
(p <.05). Por lo generd, € gercicio Stack produce un mayor nivel de actividad en estos mlsculos. Los resultados indicados en este estudio describen €
comportamiento de los musculos CLPC durante € uso de TRX® Rip Trainer ™.

Palabras clave: gercicios isométricos, electromiografia de superficie; estabilizacion lumbopédlvica; resistencia déstica; complegjo lumbo-pelvis-cadera

Introduction

Coredahility istheresult of motor control and muscular endurance
of the lumbo-pelvic-hip complex (LPHC) (Leetun, Irdland, Willson,
Ballantyne, & Davis, 2004). The LPHC acts as a connection between
the upper and lower extremities, contributing to the body movement
through muscular activity which stabilizesthelumbar spine, pelvisand
hip (Barwick, Smith, & Chuter, 2012; Chang, Sater, Corbett, Hart, &
Hertd, 2016; Rivera, 2016; Shimamuraet d., 2015; Washington, Gilmer,
& Oliver, 2018). Although the importance of the role of deep loca
Stabilizing muscles has been recognized, current research hasfocused
on the more superficid globd movers, due to their contribution to
lumbopelvic segment stability (Bergmark, 1989; Chang, Sater, Corbett,
Hart, & Hertdl, 2017). However, the action of the hip muscles to
maintain the stability of this segment isunclear.

It has been recognized that maintaining core stability reducesthe
likdlihood of sufferingfromback painandlower limbinjuries(Borghuis,
Hof, & Lemmink, 2008; Cinar-Medeni, Bdtaci, Bayramlar, & Yanmis,
2015). Coulombe, Games, Neil, & Eberman (2017) indicatethat within
three months, core stability exercises are more effective than generd
exercisesto decrease pain and increasethe functiond atusin patients
with low back pain. In athletes suffering from low back pain, the
literature has been insufficient to affirm the effectiveness of the use of
coregtability exercises(Hibbs, Thompson, French, Wrigley, & Spears,
2008; Reed, Ford, Myer, & Hewett, 2012; Stuber, Bruno, Sgko, &
Hayden, 2014). However, benefits for sports performance have been
reported in this group (Behm, Drinkwater, Willardson, & Cowley,
2010; Butcher et d., 2007; Willardson, 2007).

Progression of exercisesaimed at sabilizing the core beginswith
theisometric contraction of themusclesof thelumbar spine, pelvisand
hip (McGill & Karpowicz, 2009). Therefore, it isrecommended thet a
training or rehabilitation program should start withisometric exercises
directed a the pecific contraction of the muscles of the LPHC, and
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thenprogresstowardsmorefunctiond movements(Alvarez, Rid, Chulvi,
Garcia, & Cortell, 2016; Bastida, Gomez-Carmona, Reche, Granero, &
Pino, 2018; Bliss& Teeple, 2005; Javadian, Akbari, Taebi, Taghipour-
Darzi, & Janmohammadi, 2015; Kennedy & Noh, 2011; Naclerio
Ayllén, 2008).

There are multiple tools that fecilitate the increase of specific
contraction of the muscles of the LPHC, one of them is the dagtic
resisance (ER), becauseit can produceaforce capable of destahilizing
thetrunk, whichmust beresisted by the person (Cdaayudet d., 2015;
McGill, Cannon, & Andersen, 2014). The ER contributesto muscular
strengthening by means of |oads that can be adjusted to individua
intengty andthet arecarried outindifferent directions(Chen, Li, Chang,
Huang, & Cheng, 2015). Cdatayud et d. (2015), haveanalyzedthatin
additiontothe postura condition, ER additiondly incressesthemuscle
activity of the LPHC. In addition, Aboodarda, Page, & Behm (2016),
through a meta-andyss, have found that ER provides a muscular
activation similar toisoinertial resstance, soit can be used asatool for
progressiveresistance programs. Currently, thedirection of thetension
that must beresisted to produce greater muscular activity of the LPHC
has not been estimated.

Usingtheprincipleof trainingwith ER toincreasethecorestability,
thecommercid device TRX ® Rip Trainer™ was crested, which was
includedingymsasatool amedto providedynamic stabilization of the
LPHC and forceto the upper extremities. By meansof alever bar and
andagiccable thisdeviceprovidesanasymmetricor unilaterd resstance
thet must be controlled by the person («Wheat is TRX Rip Training?
Retrieved from https/mmwitrxtraining.comvrip-training). Theexercises
thet are currently performed with this device areintended to resist the
anterior, posterior and rotational tension. Becausethedagticresstance
generatesaunilatera tengon, thisdevicewill dwaysproducearotationa
resistance, which would generate an increase in the activation of the
lumbopelvic muscles(Andersson, Grundstrom, & Thorstensson, 2002,
Sugaya, Sekamoto, Nakazawa, & Wada, 2016). However, thereareno
studies describing muscle activity produced by an exercise performed
with TRX® Rip Trainer ™. Thisinformationmay beimportant because
it could help direct the specific training of the LPHC muscles.

The purpose of this study was to compare the level of LPHC
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muscleactivity during the execution of threeisometric exercisesusing
TRX ® Rip Trainer™. This study also assessed the activity of these
musclesaccording to thelocation side of the ER. Thus, our hypothesis
wes that the greater the rotationa tenson that must be ressted, the
greater the muscular activity of the LPHC.

Materials and Methods

Design
An observationd, andytica, cross-sectiond study was used.

Participant

Volunteers were selected among the college student community.
The sze of the sample was cdculated using a GPower software
(V.3.1.9.2, Dissddorf, Germany), based on the vaues reported by
Vingrup et d. (2015) of the externd oblique (left) when the dadtic
resstancevsmachinewerecompared (54 +28.4; 77+ 27.3, p=.0018),
caculated & twotailswith avaluea= .05 and apower (1-8) =.95. The
samplecong sted of 22 hedlthy, physcaly activemenwith meanvaues
+ gandard deviation of 23+ 2.35yearsold; 1.73+.05cmheight; 70.96
+ 7.47 kg and abody massindex of 2348 + 2.38 kg/m?. Participants
who performed physica activity less than three times a week with a
duration of less than 50 minutes, those who had a history of lumbar
spine or hip surgery and those who presented with discomfort that
prevented the exercise performance were excluded from the study.

Prooadures

Participants were contacted by telephone or email two weeks
prior to the evauation. Participants were referred to the laboraory,
where they were informed of the purpose and protocol of the study.
Each participant freely signed an informed consent based on the
declaration of Helsnki, according to the requirements of an ethics
committee(Folionumber: EK 1014). Then, eechvolunteer answvereda
guestionnairewheretheexdusion criteriawereidentified.

The volunteers were ingtructed by a certified instructor who
explained them and showed them the correct
execution of eechexercise. Thesdectionof the
order of the exercises was randomly madein

Table, Appendix:

aweight of 1.8kg.A carabiner hook wasplacedonawal, 1.25mabove
theground, wheretheresistance cord wasfixed. The participantswere
placed at threemetersfrom thecarabiner hook to performtheexercises.
Each exercise was performed both ipsilaterally and contralateraly
dongsde the muscle to be evaduated, Snce the device produces an
asymmetric ER.

Description of exercises

«Drag»: Thevolunteer stood in front of the anchor point with his
handstaking the center of thebar with the palmsdownwards. Then, he
flexed his arms and elbows so that the bar was at his chest height,
meaking aforce opposite to the anterior tension caused by the device.
(FigurelA)

«Drive»: The volunteer was placed on his back facing to the
anchorage point with his hands taking the center of the bar and the
pamsdownwards. Then, heextended hisarmsat theleve of theches,
making aforce opposite to the posterior tension caused by the device.
(Figure1B)

«Sack»: Thevolunteer wasplaced d ongsidetheanchor point with
thehandstaking the center of the bar with the pal mstowardsthe center
of the body. Then, he performed atrunk rotation, so that onehandisat
theipsilatera hipleve, whiletheother handtakesthebar in front of the
trunk, meking a force oppogite to the rotetion tension caused by the
device (Figure1C)

Inorder toevd uatethemuscular activity, asurfacedectromyogram
was used (Bagnoli-16. Delsys. Boston. MA. USA). To reduce skin
impedance, theareato beeva uated was prepared by shavingthesurface
hairs and cleaned with 95% denatured acohol. The location of the
dectrodeswasperformed accordingtothe SENIAM standard (Hermens,
Freriks, Dissdhorgt-Klug, & Rau, 2000). Musclesof thelumbo-pelvic-
hip complex werebilaterally eva uated. The shown datacorrespond to
right-sided muscles, since a previous andyss did not identify any
differencebetween thecomparisonsof muscleactivity withtheopposite
sde(Table, Appendix). Themusdlesevauated werelongissmus(LG),
externad oblique (EO), gluteus medius (GM) and bicepsfemoris (BF).

Comparison of muscle activity on both sides, according to the tension of the exercise.
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resisanceof 9.1kg. Asawhole, thisdevicehas
A B c Dataprocessng
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{ — — 14 1'5 Acquigtion. Delsys Bogon. MA. USA). Then, acomputationa macro
Ay £ N \ was used (Igor Pro 6.37. WaveMetrics. OR. USA..), where the signdl
- was loaded to be processed with a 4" order, low pass filter of 20 Hz.
| v Y Theanalysiswindow included 30 secondsof thetest. Thus, themusdle
ectricd activity wascharacterized astheaverageof therectified gnd,
which was used as our outcome.
Sati stical analyses _ _ _
Fawe1 Thedigributionof thesamplewasdetermined usngtheD’ Agostino

Scheme of the execution of the Exercises. A: Drag, B: Drive and C: Stack (for a better
understanding, the picture shows the exercise with contraateral tension). The arrow indicates
the direction of resistance to be maintained. The points indicate the location of the electrodes
for longissimus (L G), external oblique (EO), gluteus medius (GM) and biceps femoris (BF).
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& Pearson test, where a non-parametric digtribution of the data was
identified. Then, themusdleactivity duringtheexecution of eechexercise
withthe ER located ontheipsilatera sdeversusthelocation of theER
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onthecontraaterd sdeof themusclewascompared usingtheWilcoxon
test. In addition, a Friedman test was applied to each muscle, by
comparing the three exercises according to the location of the ER in
relationtothemuscleto beeva uated, usngthe Dunntest asaposteriori
test. Theusedleve of significancewasp<.05. Thedatawereanayzed
in the GraphPad Prism 5 software.

Results

Thereaultsare presented as medians and interquartile range.

When comparing themuscleactivity during theexecution of each
exercise, with the ER located on the ipslaterd side versus the sde
contraaera to the muscle to be evaluated, LG shows significant
differencesin Drag (p=.016), Drive(p=.015) and Stack (p=.002), EO
shows significant differences only in Drive (p = .014), GM only in
Stack (p=.038) and BF in Drag (p <.001), Drive (p <.001) and Stack
(p<.001). (Teble 1)

Table 1.
Comparison of the muscular activity according to the location side of the elastic resistance
during the execution of three exercises using TRX ® Rip Trainer ™. Data was expressed in
milli Volt, in 22 volunteers. IQR: Interquartile range.
Note: Drag=Anterior tension; Drive=Posterior tension; Stack=Rotationa tension

Elastic Resistance Side

Exercise Muscle Ipsilaeral Con.tral derd p value
Median (IQR) Median (IQR)
Longissimus 55 (.31-0.65) 122(54170)  .016*
External Oblique 1.49 (.95-2.89) 133(1.03-20)  .098
Drag Gluteus Medius 77 (55-1.28) 163 (44-1.20) 795
Biceps Femoris 2,64 (1.93-3.23) 3(22-52)  <.001***
Longissimus 1.34 (.92-1.71) 64(38129) 015
Drive External Oblique 1.05 (:81-1.49) 168(.99-2.46)  .014*
GluteusMedius 87 (.55-1.04) 85(43-1.65) 548
Biceps Femoris 29 (.18-0.53) 2.71(2.20-384)  <.001***
Longissimus 2,97 (1.30-3.61) 113(.74-1.49)  .002**
External Oblique 2.35 (1.67-3.18) 287 (1.17-473) 173
Sack GluteusMedius 87 (:68-1.23) 139(.78-220)  .038*
Biceps Femoris 38 (.26-57) 436(67-5.73)  <.001***

When comparing theperformancesof thethreeexercisesby placing
theER ontheipsilaterd sde, LG hasahigher level of activationinthe
Steck exercisethaninthe Drag (p <.001) and Drive (p<.05) exercises,
EO hasahigher activetion leve in Stack thanin Drive (p<.05). When
comparing the performancesof thethreeexercisesby placingtheER on
the contralatera Sde, LG showed ahigher level of activation in Stack
thanin Drive (p<.05); EO had ahigher leve of activationin Stack with
respect to Drag (p <.01). (Figure 2)

When comparing theperformancesof thethreeexercisesby placing
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Figure 2.

Muscle activity in 22 volunteers of the Longissimus and Externa Oblique, during the
execution of three exercises using TRX ® Rip Trainer ™, compared according to the location
side of the elastic resistance. The box plot shows the median, IQR, and max/min values. (*=p
<.05; **=p <.0L; ***=p <.001)

the ER on the ipsilaterd side, GM had no differences and BF had a
higher leve of activation in Drag with respect to Stack (p <.001) and
Drive(p<.001). When comparing theperformancesof thethreeexercises
by placing the ER on the contralateral Sde, GM showed ahigher level
of activationin Stack thanin Drag (p <.05) and Drive (p <.05), and BF
showed ahigher leve of activationin Stack inrelaionto Drag (p<.001)
andahigher activationin Driveinreationto Drag (p<.001). (Figure3)
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Figure 3.

Muscle activity in 22 volunteers of the Gluteus Medius and Biceps Femoris, during the
execution of three exercises using TRX ® Rip Trainer ™, compared according to the location
side of the elastic resistance. The box plot shows the median, IQR, and max/min vaues. (*=p
<.05; ***=p<.001)

Discussion

The purpose of this study was to compare the level of LPHC
muscleactivity during the execution of threeisometric exercisesusing
TRX ® Rip Trainer™. Different muscleactivetionlevel swereobsarved
when the exerciseswere compared according to thelocation of theER
and the direction of tenson.

Location of the Elastic Resistance

The data obtained from our report suggest that the execution of
eech exerciseshould consider theipsilaterd or contralateral location of
the ER provided by TRX ® Rip Traine™, since a higher muscle
activity can be generated from onesidein relaion to the oppositeside.

Theanterior tens on produced by Drag exercise, generated ahigher
BF muscle activity when the ER was located on the ipslaterd side.
Thisresultissimilar to that found in previous sudies, whichidentified
anincreaeintheactivity of thismusdeto control theanterior flexion of
the trunk (M. H. Kim & Yoo, 2013; McGorry, Haang, Fathdlah, &
Clancy, 2001). On the other hand, this exercise produced grester LG
muscle activity when the ER was on the opposite side. The level of
activation observed in LG would be produced by the rotational
component that generatestheasymmetric resistanceduring theexecution
of Drag (Bankoff, Moraes, Sdve, Lopes, & Ferrarezi, 2000; Sekamoto,
TeixeiraSAmela, de Paula-Goulart, de Morais Faria, & Guimaraes,
2009).

In Drive, the pogterior tenson caused ahigher LG activity when
theERisplacedipsiateraly tothemuscle, whereesEO and BF increase
their activity when the ER is located on the opposite side.
Biomechanically, the anterior pull of ER in the upper body causesan
externd flexor moment of thetrunk and hip, whichmust becounteracted
by an extensor moment, which could lead to an increase in pogterior
muscle activity to maintain an upright position during the exercise
(Aruin & Latash, 1995; Prior e d., 2014; Sundstrup et d., 2014).
Possibly, thisexercised so producesagregter forceof rotationinrelation
to Drag, because the resistance is maintained from a position furthest
from the body, which could explain the contralatera activation of the
muscles (Nordin & Frankel, 2001; Vingtrup et d., 2015).

Therotationa tension caused by Stack exercise showed a higher
L G activity, when the ER waslocated ipsilaeraly to themuscle. Lee,
Coppieters, & Hodges (2005), identified that LG incressesits activity
withipsilaterd rotation and decressed with contralaterd rotation. This
iscontrary towhat wasfoundinthisstudy, becausethisexercisemakes
aforce oppositeto therotation tension caused by thedevice, sothat the
activity of thismuscleontheright Sdewasgrester when arotationforce
was made towards the right Sde. On the other hand, Stack exercise
increases the activity of GM and BF with the ER located on the
contrdaterd Sde. Thefindingsinthisresearch could beassociated with
the synergidtic action of these musclesto the rotational control of the
hip, which in closed kinetic chain exerciseswould help the stability of
the pelvis and trunk to resst arotationd force (Neumann, 2010).
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Despite the differences between the ipsilatera and contralatera
Sdes, it hasnot been demongtrated that training with thisdeviceimproves
the functiona gtability of the trunk. Kim'Y, Kim J, & Yoon (2015),
point out thet thetrunk stability function canimproveregardiessof the
direction in which the core muscles aretrained. Future reportsmay be
amedatidentifyingwhether theuseof TRX® Rip Trainer ™ improves
the functional tability of the trunk.

LumbopelvicMuscles

The result reveds that LG showed a higher leve of activaion
during the rotetiona tension caused by the Stack when the exercises
were performed by placing the ER ontheipsilaterd side. Ontheother
hand, when the ER was located on the contrdaterd Sde, Stack only
producesahigher activity compared to Drag. Thefindingsreported by
Vingrup et . (2015) support our resultsfor LG becausethey indicate
that rotationa ER producesahigher activity of thespind erector muscles
when performing a bipedd exercise; they aso mentioned that this
position could produce agreeter activity of the postura musclessince
the hipislessfixed.

In relation to the results obtained in EO,  this muscle showed a
higher level of activationwith Stack when comparedto Drive, whenthe
ER was located on the ipsilateral sde. In contrast, when the ER was
located onthecontralateral Side, thismuscleshowed agrester activity in
Stack when compared to Drag. Previous reports reported thet there
were no effects on EO muscle activity when ER was compared with
weight machines or free weights (Saeterbakken, Andersen, Kolnes, &
Fimland, 2014; Vingtrup et d., 2015). However, these reports do not
comparethe activity of EO inrdation to thedirection of ER. Thedata
obtained in the present study are related to previous reports that have
identified thet EO producesahigher musdeactivity duringtrunk rotation
(Andersson et d., 2002; Sugayaet d., 2016; Toren, 2001).

HipMuscles

With respect to the datarecorded in GM, Stack isthe exercisethat
producesthemosgt activity inthismusclewhenthe ER islocated onthe
contrdlaterd side. Vingtrup et d. (2017), identified that high levels of
GM activity can beachieved using ER in open kinetic chain exercises.
However, these exercises are performed in decubitus positions and
without a rotation component. There are few exercises that evauate
this muscle during the rotation of the trunk and it has been identified
that the execution of exercisesin bipedd postion produces a greeter
GM activity compared to the lateral decubitus postion (Macadam,
Cronin, & Contreras, 2015). The findings reported in our research
suggest thet GM is activated in contralaterd rotationd force, possibly
to help maintain lumbopevic stability.

The data from this study suggest that BF increases its activity
during theexecution of isometric res tanceexercises. Ontheonehand,
whentheER isontheipsilatera side, it was observed that thismuscle
showsahigher level of activation when it opposesthe anterior tension
produced by Drag. On the other hand, when ER ison the contral atera
sde of the dectrode located in BF, Stack and Drive produce a higher
activation levd or, in other words, when the rotation component is
higher. Generdly, this muscle has been studied in various exercises
during the phases of eccentric and concentric contraction of the lower
limb, presenting high levelsof activationin both phases (Bourneet d.,
2018; Vingrup et d., 2017). Jekobsen et d. (2014), mention that the
hamdtring rehebilitation exerciseperformedwith dagticresi stanceindu-
ces the activity of these muscles in a smilar way to when training
meachinesareused. However, thiswork only reported themusdeactivity
of thehamstring during thekneeflexion exercises Thedatafoundinthe
present investigation alow to identify the behavior of BF when an
asymmetricdagictensonisresstedisometricaly, inorder toavoidthe
rotation movement of thelumbopel vic segment.

Duetothehighadherenceof exerciseswith ER, thisdevicecould be
used in training programs aimed a LPHC strengthening (Bergquis,
Iversen, Mork, & Fimland, 2018; Cdatayud et d., 2015; Medicine,
2009; Sundstrup, Jakobsen, Andersen, Jay, & Andersen, 2012; Vinstrup
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etd., 2017; Vingrup et d., 2015). Andersen et d. (2010) point out thet
thereisno difference between performing exercisesusngweightsand
asymmetric ER, concludingthet both canbeagood dternativeindinical
practice. Inaddition, Aboodardaet d. (2016), suggest that ER provides
similar primemover, antagoni<t, ass stant moversand stabilizer muscle
activation as isoinertial resistance. The results of the study will be
clinicaly relevant, not only for theresearchers, but dsofor thetrainers,
thergpists and the population in generd, whose purposeisto improve
the stability of the LPHC.

There are limitations in our sudy. This research only evaluated
hedlthy young men, so the action of these exercises should be checked
later in women, the ederly or individuals with dtered control of the
LPHC. In another aspect, the physical properties of TRX® Rip
Trainer™ werenot characterized; however, thiscommercid devicewas
used asrecommended by themanufacturer. Another limitation wasthat
only onerepetition of each exercisewasevd uaed toavoid fatigueof the
participants, sincea30-second window wasused for theanaysisof the
signd, in order to imitate a time of execution that is regularly used.
Possbly, agrester number of repetitionsduring ashorter period of time
could show the results better. No participant had previous experience
inthe use of thistool, so they wereingtructed by a certified instructor
who explained and demonstrated to them the correct execution of each
exercise However, being easy exercisesto perform, thelack of experience
of the participants did not influence the results.

Conclusion

The activity of the LPHC muscles during the performance of
isometricexerdsesusing TRX® Rip Trainer™, dependsonthedirection
of themuscletensonand onthesdeinwhichtheER isplaced. Usualy,
Stack exercise producesahigher leve of activity inthese muscles, due
to the grester rotational force thet must be resisted.
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