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ACTIVATION OF THE HIP ADDUCTOR MUSCLESVARIESDURING A SSMULATED WEIGHT-

BEARING TASK

ABSTRACT
Objective: To investigate the pattern of muscle activatibthe individual hip adductor muscles using a

standardised simulated unilateral weight-bearisg.ta

Design: A repeated measures design.

Setting: Laboratory.

Participants: 20 healthy individuals (11 females, 9 males)ipgrated in the study. Age ranged from 20 to 25

years.

Main Outcome M easurements: Surface electromyography recordings from adduetagnus and adductor
longus muscles were taken at levels representirig 50% of body weight during a simulated weighéiireg

task. Electromyography (EMG) data were normalteeghaximal voluntary isometric contraction.

Results: The adductor magnus was recruited at significamtiper levels than the adductor longus muscle

during a simulated weight-bearing task performaosc10 to 50% of body weight (p < 0.01).

Conclusions: Adductor magnus and adductor longus muscles araited to different extents during a
simulated weight-bearing task. This informationdldde considered when selecting exercises for gamant
and prevention of groin strains. Closed chain @gescwith weight-bearing through the lower limb arere

likely to recruit the adductor magnus muscle oheradductor longus muscle.

Key Words: adductor magnus, adductor longus, weight-bearing
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INTRODUCTION

Groin pain in athletes is a common musculosketaaiplaint. It occurs commonly in sports involvinighing,
twisting, cutting and sprinting such as soccerbpyydiockey and Australian Rules Football (Bradshaundy,
& Falvey, 2008; Jansen, Mens, Backx, Kolfschotergt&m, 2008). Adductor-related groin pain has been
reported to account for 58% of groin injuries ihsgorts and 69% of groin injuries in footballeknp{mich,
2007). The musculo-tendinous junction of the adlmiulongus muscle, is thought to be the structuostm
commonly involved (Renstrom, 1992). A twenty-yegury surveillance in the Australian Football Leagu
(AFL) recently reported that groin strains / osseitubis had the second highest incidence of pities,
averaging 3.2 new injuries and 12.3 missed matpbeslub per season (Orchard, Seward, & Orcharti3R0
Whilst the majority of groin pain seen in athletesovers quickly (within 3 weeks), the conditiomdzecome
long-standing in nature and become difficult t@trén these cases, there can be a relativelypenigd before

athletes can return to full sports activity (Holmiet al., 1999).

Both the management (treatment) and preventiohisttbndition are therefore important current galsports
medicine. However, there is currently a lack ofd@mised trials evaluating exercise therapy formypain.
Positive treatment outcomes for adductor groinrinjo athletes have been reported by Holmich et1&99.
Using a program based on increasing strength lisyadond co-ordination of the pelvic region and adbr
muscles, 79% of athletes with long-standing adduatiated groin pain who underwent exercise theraere
able to resume sports at their pre- injury levéle Thedian time to return to sport, however, wag,lamh 18.5
weeks (range 13 to 26\ more recent study using the same exercise regiasdess effective, with 50 to 55%
of athletes making a full return to sports (Weiakt 2011). With respect to prevention of groijuig, a
program based on these exercises was implemengelhige cluster-randomised trial including 121atkall
players (Holmich, Larsen, Krogsgaard, & Gluud, 20The program consisted of six exercises including
concentric and eccentric strength training of tthduetor, abdominal and low-back muscles, combinitd w
coordination and balance exercises. Although aatémtuin groin injury was reported in this studlyese results

were not significant.

The adductors include the pectineus, adductor nggmductor longus, adductor brevis and gracilithoAigh
all termed “adductors,” individual muscles from gr@up may have different functional roles. Theladdrs
are required to work under both closed chain (k@ameple, in the stance leg, with the axial compres&irces

from gravity) and open chain conditions (for exaepuluring kicking, where movement occurs in thesabe of
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axial compression through the limb). The most obsidifferences in function have been reported betvike
adductor magnus and adductor longus muscles. Whibin@dductor longus is more active during open or
closed chain exercises is controversial. This neuatiich originates on the pubis and attaches taoniddle
third of the linea aspera of the femur, functiorisnarily in adduction of the femur (Moore & Dalle2006). A
number of functional EMG studies have reported pewagls of muscle recruitment in adductor longusray
the open chain, swing phase of gait (Green & Mpr¢¥0; Lyons, Perry, Gronley, Barnes, & AntonelB33;
Perry & Burnfield, 2010). After performance of &king task, a greater change in signal intensits/lieen
reported in the adductor longus of the kicking legnpared to the adductor magnus, with a revefgaio
pattern for the stance leg (Baczkowski, Marks, &#kein, & Schneider-Kolsky, 2006). Two recent &tad
however, have reported conflicting information, withicreased activation in the adductor longus exidering
both open (Delmore, Laudner, & Torry, 2014) andsebb (Serner et al., 2014) chain exercise, howesger,

adductor magnus was not included in these stud@spmparisons were able to be made.

Evidence on the function of the adductor magnuscheus more consistent. This muscle is the largétie
adductor group, comprising up to 63% of the magb@fdductor volume (Takizawa, Suzuki, Ito, Fujiai&
Uchiyama, 2014) and has both an extensor portiginating on the ischial tuberosity and an adduptartion,
originating on the pubic ramus (Bardeen, 1907x &tudy of functional tasks, the adductor magnuscteuvas
found to be most active in the particular compos@ftthese tasks which involved weight-bearinghsag sit to
stand (Green & Morris, 1970) and walking up stéingons et al., 1983). Furthermore, during normat, geeak
activity has been documented in the adductor maghtie “stance leg” during the initial contact dodding
phases of ambulation, (Green & Morris, 1970; Lyenal., 1983; Perry & Burnfield, 2010). Resultsnfrbed-
rest studies have also provided an insight intaatiadt muscle function in healthy populations. Afiérdays of
bed-rest, the greatest amounts of muscle atropbsy been reported in the adductor magnus musclewet
by the adductor longus, with no significant atrogtfiyhe adductor brevis (Belavy et al., 2009; Mivikcet al.,
2014). Together, this information suggests thaioalgh the adductor muscles may act as synerdistg nhay

function differently depending on the demands efttsk.

It would seem that while progress has been madeg ik a need for a better understanding of bath th
mechanisms underlying adductor related groin paththe rationale for selection of exercises for the
management and prevention of this condition. Exangithe roles and functions of the individual adduc

muscles in more detail could provide a basis ferrfinement of the selection of prevention exeisurrently
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in use. The main purpose of this study was theegfminvestigate the individual adductor muscles guantify
their activation patterns during a simulated, ueilal, weight-bearing task in normal subjects witbrabt have
groin strains. Based on previous research, itamtisipated that the adductor magnus would be ractige in

the simulated weight-bearing task than the adddotayus muscle.
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METHODS
Participants
A convenience sample of 20 healthy individuals f@rhales, 9 males) from the university populati@mging
in age from 20 to 25 years volunteered for thestédd individuals provided informed written condegrior to
the commencement of the study. Ethical clearanceoltained from the University of Queensland Redear
and Postgraduate Studies Human Ethics Committémabof Health and Rehabilitation Sciences. Indisls
were excluded from the study if they had a histifrgdductor muscle dysfunction, spinal or hip jsntgery,
low back pain or sacro-iliac joint pain, musculdskal abnormalities of the spine, pelvis or lowierlds, had a
medical condition affecting the musculoskeletaksys or were undertaking intensive training moent

times per week. Participants were also excludediif was experienced during the testing procedures.

Procedure

Figure 1 illustrates the unilateral simulated weigkaring task (modified leg press) that partictpgrerformed.
The unilateral simulated weight-bearing task hamnt@escribed in detail in previous publicationsdg$i, et al.,
2009; Hides, Wong, Wilson, Belavy, & RichardsonQ20Hyde, Stanton, & Hides, 2012), however, inhike
foot plate with a force transducer was designealltw a static leg-press action in lying. This wased to
simulate different levels of weight-bearing in gagittal plane as occurs when the body is uprine.
participant was positioned in supine on a movirgifptm with the heel of the test leg against adifeot plate,
the hip in 45 degrees of flexion and the knee inl&@rees of flexion (Lovell, Blanch, & Barnes, 2D1& brace
worn over the shoulders and back provided a lodgial compressive force, similar to gravity, buthwiut the
variable of balance. The shoulder brace was coaddota strain gauge bridge amplifier (model: A®D5
Amalgamated Instruments Co Pty Ltd, Hornsby, Alistyand a footplate that was attached to a PicalDg-
16 analog—digital converter (Amalgamated Instrum&a Pty Ltd, Hornsby, Australia). A video moniteas
positioned directly above the participant in theelbf sight and displayed the force output (LabVIEYY

National Instruments Corporation, Austin, TexasAUS

Participants were instructed to push through tted Wwhilst maintaining a stable position of the loveack. The
video monitor displayed a standardised force ramap pirogressively increased from 0% to 50% of the
participant’s body weight over a 10 second perse# Figure 2. Participants were instructed that &ffort

produced by pushing on the foot plate would beldisga on the monitor along with the standardisedeo
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ramp. They were required to try to match the rantp their effort as closely as possible in term$av€e and
speed (see figure 2). One familiarisation trialdafed by four test trials was performed by eachipiaant.
Thirty seconds rest was provided between each Wabal feedback regarding lower back movementrwhe

performing the task was provided and participargsevencouraged to minimise this movement.

During the unilateral simulated weight-bearing taskface electromyography recordings from the atidu
magnus (AM) and adductor longus (AL) muscles wakemn at levels representing 10 to 50% of body wieigh
(MR 01B system, AMLAB, Amsterdam). Recordings wpegformed using bipolar silver/silver chloride
surface electrodes (ConMedCorporation Dignostic EEl&&trodes). Skin preparation of the electrode sit
consisted of shaving the area, fine sandpaperidgkaning with alcohol. Resistance for each eteletrwas
measured with an ohmmeter to ensure resistancéelaw 5kOhms. For measurement of AM the electrode
was placed half-way between the pubic tuberclethadnedial femoral epicondyle over the bulk of the
adductor muscles. For the AL muscle the electrode placed four fingerbreadths distal to pubic taleeover
the bulk of the adductor muscles (Delagi & Perat®@80). A ground electrode was placed on the i{gsih
anterior superior iliac spine. EMG data were angif(x5000), band-pass filtered between 10 andH8and

sampled at 1000Hz.

EMG activity was normalised to maximal isometrimttaction. To perform the maximal isometric contiats,
participants were positioned in supine with the fiesb in a neutral hip position in the frontal pla A strap
was placed around the ankle of the test leg, astthin gauge (model: AST-500, Amalgamated Instrum&o
Pty Ltd, Hornsby, Australia) was attached betwdwnankle strap and a stable metal. Stabilisatichpravided
to the contralateral anterior superior iliac spanel ankle. Three maximal isometric contractionipfadduction
were performed. Each contraction was performedifoseconds and thirty seconds of rest was provided
between each contraction. Participants were induo pull the test leg against the ankle strapéndirection
toward the midline as hard as possible without bendr rotating through the hip or bending the krieeG

activity of AM and AL muscles was recorded duriragle contraction.

Data management

LabVIEW?7.1 (National Instruments Corporation, AnstiX) was used for analysis of EMG data. From the

maximum isometric contractions of hip adductiom,dach muscle the root mean square (RMS) for ehtifeo



179 three trials was calculated and the two highestresfivere averaged. This value was used to norenBN4G
180 data of test trials. EMG data from the familiarisattrial was eliminated as this was consideredsatce trial.
181 As some participants showed signs of fatigue @ity to match the standardised force ramp) keyfthurth
182 test trial, the data for this trial was not incldde the analysis. From the three remaining tridis,two ‘best’
183 trials were used for analysis. The ‘best’ trialgeviglentified as those in which the participanffert differed
184 least from the standardised ramp that they weteuicted to follow. To do this, the difference betmehe

185 participant effort and standardised ramp was catedland the standard deviation of these diffeleaosund
186  zero was determined. The two trials with the lovegahdard deviations were considered the ‘beststfor that
187  participant. For the two best trials the averageSRMIue was calculated at the points in time when t

188 participant was pushing against 10%, 20%, 30%, 408050% of their body weight. The RMS values fatea
189 percentage body weight were calculated at one seiobervals around these time points and normalisetde
190 value obtained from the maximum isometric hip adiduccontractions.

191

192  Statistical analysis

193 Consistency of EMG data across the two ‘best’sn@hs determined using two procedures. First, aioas to
194  examine the similarity in the rank order of the RMsues across trials for corresponding percentafibedy
195 weight and second, repeated measure analysisiahear(ANOVA) to examine the similarity in the RMS
196 values across the two best trials for each muSelparate ANOVAs for each muscle were conducted with
197 repeated measure of the two ‘best’ trials and itredercentages of body weight

198

199 A repeated measure ANOVA with Type Il sums of sgsanodel was performed (SPSS 18.0) with repeated
200 measures factors of muscle (adductor longus, addawgnus) and percentage body weight (10, 204@60),
201 and a between subject factor of gender. The akple vas set at 0.05. Means and 95% confidencevalssfor
202  each muscle across the five percentages of bodyhivéuring the ramp were also calculated.

203  One female study participant who undertook intemsisily athletic training during the testing periods

204  excluded from analyses, leaving 19 cases for aisalys

205
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RESULTS
Consistency
The analyses indicated high consistency betweetwibiérials across each of the body weight peragrgdor
both muscles. For AM correlations (r) were 0.96,700.98, 0.98 and 0.97 respectively across the08-body
weight. For AL correlations (r) were 0.69, 0.8788).0.93 and 0.95 respectively across the 10-508% bo
weight. The ANOVA for each muscle indicated noistaally significant effect for trial (AM: F = 0,1p = 0.80,
AL: F = 0.7, p = 0.42) and no interaction effectioeen trial and body weight (AM: F=1.1, p=0.26,;: F =

0.9, p = 0.46).

Adductor magnus and adductor longus activationnduttie simulated weight-bearing task

The repeated measures ANOVA indicated significaainneffects for muscle (F = 24.8, p < 0.001) and
percentage body weight (F = 32.0, p < 0.001), asig@ificant interaction effect between muscle and
percentage body weight (F = 16.1p < 0.001). Paimedrasts (repeated design) of the interactiorceffe
indicated that the activation level of AM was siigantly higher for each respective increase ircpetage
body weight compared with AL which showed no sigmaifit change in activation level. This is indicaibed
Figure 3 as a divergence in mean activation leaelsss body weight for the two muscles. There were

statistically significant effects involving gendail p > 0.05).
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DISCUSSION
The main result of this study was that a standaddsmulated weight-bearing task reliably produdi@rent
activation of the adductor magnus and adductordemguscle. During the weight-bearing task empldgete
current study, the adductor magnus muscle wasitedrio the equivalent of the maximal levels pragtlic
during a maximally resisted isometric, open chaiduetion task. In contrast, the adductor longusateusas
recruited to only one-quarter of its possible maxim Significant changes in EMG activity levels &fductor
magnus occurred during the ramp task at low bodght@ercentages, with significant differences inscie

activity between the two adductor muscles alsodeteat low percentages of body weight.

The apparatus used in this study allowed examinatidhe effects of graduated weight bearing on two
adductor muscles. The task required a slow andalted increase in weight bearing up to 50% of baayght,
on one leg, which is the load supported by an iddia limb during normal upright stance. Howevéshould
be noted that this task was performed in the alesefhgravity, and balance was not required, makingtask
less demanding than in real life. Even so, thelteshowed that slow, controlled weight-bearingtigh the
heel with the hip, knee and ankle in good alignnmeotuited the adductor magnus muscle to a greatent

than the adductor longus muscle across all levigiei@entage body weight tested.

The greater activation of adductor magnus comptrediductor longus in this study are supportedrmjirfigs
from a number of functional studies which have atgmorted greater activity in this muscle duringk&a
involving loading of the limb (Green & Morris, 1970yons et al., 1983; Perry & Burnfield, 2010).dddition,
data from recent bed-rest studies concur with figdifrom this study, with greater muscle volumes Ieeported
in the adductor magnus compared to the adductgul(Belavy et al., 2009; Miokovic et al., 2014}k Bed-
rest removes the load of gravity on the joints raltynpresent in upright functional activity, thepmsite effects
to increasing functional weight-bearing load wobtlexpected. Furthermore, due to its ability tdlamtduct
and extend the hip, it is not unreasonable to exipeceased adductor magnus activity during taskslving

weight-bearing, to assist with stabilisation of tip.

Interestingly, significant changes in EMG activigyels of the adductor magnus and between the ddacior
muscles were detected at low body weight percentdgeddition to the data from functional studfaslings

from a study by Takizawa et al., (2014) may prowadether possible explanation for this. This stadggested
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that based on differences between muscle architeand innervation, adductor magnus may be dividied
four portions. Takizawa et al., (2014), reporteat burface electrodes would likely detect signadeifthe most
proximal part of the adductor magnus, proposeckteelated to stability of the hip compared to teepkr,
more distal sections, which according to this stadybetter suited to movement of the pelvis. Ghero
interesting finding of this study was the greateam 100% activation of adductor magnus during iimeilsited
weight-bearing task at higher body weight percesgagor the purposes of normalisation of the EM@,da
maximal hip adductor strength was measured durstgradardised, open chain, hip adduction taskpmsu
lying, however, it is possible that adductor magmasy not have been recruited maximally in this tddie
greater than 100% recruitment of adductor magnusglthe ramp task may be reflective of the inceglas
muscle activity required for stabilisation of thelyis during weight-bearing, which may not be neseeg

during an open chain task.

The findings of the current study may have implaag for exercise selection for the management and
prevention of groin strains. If the aim of exerdiserapy is to increase recruitment of the adductagnus
muscle, weight-bearing exercise with good alignnoérihe lower limb would be an appropriate stratdgy
addition, the results of this study demonstraté ttare is not a requirement to increase loadwigights) to
maximally recruit this muscle. Weight-bearing,sg#d-chain exercise, would not however, be an optimaice

if the aim was to preferentially increase recruitingf the adductor longus muscle.

The next logical extension of this work would bedpeat this study in athletes with groin painde # their
pattern of muscle recruitment differs to that objple without pathology or painful symptoms. Theglated
weight-bearing test has been performed in botleattdind non- athletic populations with low backp@lides
et al., 2009; Hyde, Stanton, & Hides, 2012). Rassiiowed that those with low back pain tended &y-oecruit
the trunk muscles in an attempt to stiffen the spimen compared with non-symptomatic individualsicl
represented a less than optimal strategy. Compaobtest results between those with and withoairgpain in
the future may potentially help to deepen our usiderding of different strategies of adductor muscle
recruitment patterns adopted by athletes withabigdition. In addition, future research could cdesi
including the hip flexors and abductors in theirdgtigation to provide a more holistic picture loé function of

the hip muscles during weight-bearing and non-widigtaring tasks.
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There are some limitations which should be considievhen interpreting the findings of the currentst

Using surface EMG, we were unable to investigatertthe of adductor brevis or deep fibres of addustagnus
due to their anatomical locations deep in the mebigh. Future studies could consider investigatime
function of these muscles with the use of fine ViiMG, or imaging modalities such as FMRI. Althougk
current study employed strategies at data colle¢tianinimise the potential for cross-talk (i.eecttode sensor
location, appropriate electrode size, inter-elatgrdistance), the possibility that cross-talk omedicannot be
completely excluded. Lastly, the sample size of ghudy was modest (n = 19) and may limit the
generalisability of the results. It should be cdeséd however, that this was a pilot investigatiod as such,
the results of the current study may be used toigeeca more accurate estimation of the samplersigeired

for future studies.

In conclusion, the simulated weight-bearing tasigrened in this study resulted in a different pattef muscle

recruitment in the adductor magnus and adductausnWeight-bearing, closed chain exercises are iilaly

to recruit the adductor magnus over the adductggus muscle. This information is important for @ians and

may help improve their rational for exercise satatfor the management and prevention of groinirsira
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FIGURE LEGENDS

Figure 1. The unilateral, simulated, weight-beategk. The unilateral simulated weight-bearing tas&dified
leg press) was conducted with the participant gagine on a moving platform, with the foot suppdrat the
heel (H). A monitor (M) was placed in the subjedigdd of view to provide feedback on force outpgtthe
subject pressed through their heel. Shoulder stra@sboth shoulders, which restrained cephaladement,

were connected to the foot support via a straiggd®), which measured loading levels.

Figure 2. Representation of display on screen dyarformance of the simulated weight-bearing task

Figure 3. Display of means and 95% confidence viaisrfor Adductor Magnus and Adductor Longus atfthe

percentages of body weight during the simulatedyiatebearing task
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HIGHLIGHTS

ACTIVATION OF THE HIP ADDUCTOR MUSCLESVARIESDURING A

SIMULATED WEIGHT-BEARING TASK

* A simulated weight-bearing task recruits the hip adductor muscles differently
* Adductor magnus activity is greater than adductor longus in simulated weight-bearing
* Increased adductor magnus activity occurs with increased levels of weight-bearing

» Closed chain, weight-bearing exercise is more likely to recruit adductor magnus
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