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ABSTRACT

The external hip adduction m@nt during walking is greaten individuals with
glutealftendinopathyGT) than painfree controls Although this likely represents a
greater-demand on the hip abductor muscles implicated in GT, no study has
investigated activation of these muscles in &adr. this purpose, fim wire electrodes
were inserted into the segmentstbé gluteus minimus and medius muscles, and
surface,electrodes placed on the tensor fascia lata, upper gluteus maximus and vastus
lateralis"muscles athirteenindividuals with andthirteenwithout, GT. Participants
underwent 'six walking trials. Individual muscle patterns were compared letwee
groups using a wawet based linear effects model and muscle synergy analysis
performed using nm-negative matrix factorisationo evaluate musclectivation
patterns within- and betweetparticipant variability. Compared to controls,
individuals.with GT exhibited a more gaged initial burst of the posterior gluteus
minimus, and middle gluteus medius muscle segmént® muscle synergies were
identified; 'Synergyl activated in earlynid stance and Synergyin early stance. In

GT participants, posterior gluteus minimus gabterior gluteus medius and tensor
fascia lata contributed more to Synerfyactive during the period of single leg
support. Participants with GT exhibitededucedwithin-participant variability of
posterior gluteus mediuand reduced betwegarticipant variability of anterior
gluteus minimusandmedius and upper gluteus maximus conclusion, mdividuals

with GT_exhibit modified muscle activation patterns of the hip abductor muscles

during walking, with potential relevance for gluteal tendon loading.
Key words

Hip abduetor muscle; finwire electromyography (EMG); gait; greater trochanteric

pain syadrome

INTRODUCTION
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Gluteal tendinopathy (GT) is @ebilitating often insidiouscause of lateral hip pain
most commonlyfound in middle aged womei(Woodley et al. 2008Fearon et al.
2014). Symptoms aretypically aggravatedduring walking (Fearon et al. 2034
affecting physical activity levelsand with long term consequences for health and
well-being=gearon et al. 2034 Treatments for GT are not yet optimbkely due to

the paueity0f studies evaluating impairments in this gr®grent data showhée
external*hip“adduction moment during the stance phase of walking gait is gneater
peoplewith®GT than paifree controls(Allison et al. 201§ Although this likely
represents a greater demand on hip abductor mustieser 1995 Henriksen et al.
2009) no study has investigated activation patterns of these muscles during gait in
GT. Alterations in muscle activation might be potentiaifydifiable targets for

interventionfor GT.

GT invelvesstendinopathic change of two primary hip abductor muscles (gluteus
medius (GMED) and minimus (GMIN{Bird et al. 2001 Woodley et al. 2003
responsible“for control of the pelvis with respect to the femur durindAjaldayani

2009, Retchford et al. 2003 Activation of the multiple overlapping hip abductor
muscles, which each include multiple segments with distinct mechanical adsions,
complexsFinewire electromyographic (EMG) recordings of the GMERemciw et

al. 2013 and GMIN (Semciw et al. 20l)4muscles in healthy individualbave
identified muscle segments that function independently during gaitent as
differerces_in timing and amplitude of muscle activitdowever some muscle
segments and other hip abductor muscles may operate synchronously for synergistic
and/or gemplementary roleSuch sophisticated motor control may be altered in the
presence.of.tendinopathic changes and hip abductor weakiiessley et al. 2008
Allison etali"2016. Activation of other hip abductor muscles which generate force
via insertions into the iliotibial band (ITB) (i.e. tensor fascia lata (TFL), upper gluteus
maximus (UGM, and vastus lateralis (V{3I-Hayani 2009Stecco et al. 2038 may

also e modified and would be relevant as ITB tension increases compressive forces
against thegreater trochani@irnbaumand Pandorf 20)linto which the gluteal
tendons insert(Al-Hayani 2009. Changes in activation of the complex of hip

abductor muscles may modify tension transmitted by the gluteal tendons and/or
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applied compression with relevance for @dook and Purdam 201 Grimaldi et al.
2015).

Thorough investigation of muscle activation patterns during cyclic tasks such as
walking requiresassessment dfoth timing and amplitude (which can be performed
using wavelet EMG analysi@icKay et al. 2013 and synergyanalysis which can
provide insight intomuscle coordination (Ilvanenko et al. 20Q8Hug 201). These
complimentary analysis methods can also provide relevant information about within
and betweeipersonvariability; thought to be a hallmark feature of flexibility @it
coordination” during gait in healthy individua{slamill et al. 1999 Heiderscheit
2000) Low variability of kinematic{Heiderscheit 2000Diamond et al. 200)5and
muscle activation(Diamond et al. 2006during walkinghave been associated with

other lower limb conditions, and may be relevant to GT.

This study aimed to investigate the EMG patterns of the hip abductor muscle complex
during "walking in individuals with and without GT, using wavelet analysis of

individual'musclepatterns, and muscle synergy analyses to evaluate muscle activation
patterns, variability and contribution of muscles to each synergy. We hypothesized
that GT ‘weuld be characterised by altered patterns of activation, and reduced

variability.during gait.

METHODS

Samplesize calculation

This was an exploratory study inclusive of invasive methodology, with no
comparativestudies to derive a sample size for a pRoevious studies using fine
wire EMGeand similar methodologyave reported significant ressiltvith sample
sizes of.8L2participantgPark et al. 201,2Semciw et al. 2014).

Participants

Eight individuals (5 females) with clinical, and magnetic resonance imagiitiRrl)
diagnosis Blankenbaker et al. 20P8of GT [mean (SD) age 54(10) years; height
166(1) cm; mass §a5) kg] and eight ageomparable (5 females) healthy controls
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[51(10) years; 168(1) cm; 72(15) kgyere recruited Data from 10 additional
participants could not be included as EMG freinmuscle was corrupted by artifact;
signals from all muscles are requirknt synergy analysis. Inclusion criteria for the
GT group were primary clinical diagnosis of GT defined asprimary complaint of
lateral hip=pain at the greater trochanter f»months, at an intensity of >4 on an 11-

point numerical rating scale (NR$)0’- no pain ‘10’- worst pain imaginable
reproduction” of pait/(0) during examination with palpation of the greater
trochanter(Woodley et al. 2008Fearon et al. 20)3and>1 of six pain provocative
clinical testsdesigned tampart a compressive or tensile load through the gluteal
tendons Grimaldi et al. 201pand a primary MRI diagnosis of GT as per the criterion
of Blankenbaker et al., (2008Exclusion criteria were: radiological evidence of hip
osteoarthritis(Kellgren and Lawrence Gra?Zle (Kellgren and Lawrence 1957
Body Mass*Index >36kg/mlow back pain or reproduction of symptoms with lumbar
active [range of motionand other musculoskeletal or neurological conditions that
could affect _gait. Control participants were free of neurological and leg/lumbar
musculoskeletal conditions. The institutional Human Research Ethics Committee
approved the study apticipants proded written informed consent.

| nstrumentation

The ‘affected’ hip for GT participants and a ‘test’ hip selected by-tma for
controls were tested. Bipolar fivare electrodes were fabricated from two strands of
Tefloncoated stainless steel wire (75uM;M Systems, USA) threaded into a
hypodermic.needle (22GX3 " Terumo, Japan) with 1 mm of Teflon removed, and
bent_back 1 and 3 mm to form hooks. Electrodes were inserted into anterior
(AGMEDB)sssiniddle (MGMED) and posterior (PGMED) GMED, and anterior
(AGMIN)"and posterior (PGMIN) GMIN, according to Semciw et(a012) (with the
exceptionof AGMED where the electrode was inserted into the deepest part of the
musclessegment); with guidance by ultrasound imaging@B® Mindray Medical,
China). Surface electrodes (10mm disposable electrodes; Covidien, Ireland) were
placed over TFL, UGM and VL, approximately in parallel with the muscleetb
(inter-electrode distane2Omm)Cram et al. 1998 EMG signals were amplified 500

times(common mode rejection rati® 100dB, inputimpedance > 100 Mohm), band
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pass filtered (141000 Hz), wirelessransmitted via Noraxon Telemyo 2400 DTS
system (Noraxon, USA), output via DTS Analog Module, and digitized by Vicon
(Vicon, UK) 16bit analogto-digital converter at 3000 Hz. A fixed 312msreless

transmissionydelay was pestrrected in software

Experimental protocol

Participants performed six walking trials along a walkway (three each direction) at
selfselected, speedat the university motion analysis laboratory (Melbourne,
Australia). Ground reaction force data were digitized at 3000 Hz using two-floor
mounted OR& force plates (Advanced Mechanical Technology, USA) to determine
heelstrike and toeoff. Participants rated pain experienced during the, fagskn GT

or intramuscular eleatdes, on the NRS.

EMG data analysis
Pre-processing

All ‘processing was performed in Matlab (Mathworks, USA). Surface and
intramuseular EMG were digitally filtered using a zéag fourthorder Butterworth

filter between 56600 Hz and 541400 Hzrespectively, then fullvave rectified, and
low-pass filtered at 8 Hz, in accordance with recent recommenddtiugs 201).

From the six walking trials, five complete stride cycles without artifact were selected
from each participantAs performed in previous studies which extracted muscle
synergiesEMG envelopes were normalized to the average of the peak amplitudes of
eachmuscle across the five strid@dug 2011 van den Hoorn et al. 201%0 (1)
ensure -each muscle has an equal variance within the synergy analysis and (2) as
normalization to maximal or sufmaximal taskshas methodogical limitationsin
populations“with pain and weaknefranch et al. 1989 Each stride was time
normalized to 100 samples (stance: 60 samples; swing: 40).

Group comparison of individual muscle EMG patterns

To identify differences in EMG patterns of individual musclé® waveletbased

linear based mixed effect (LME) model was used to statistically compare the shape of
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EMG patterns between groypmsed on the technique of wavelet functional ANOVA
(WFANOVA) (McKay et al. 2018 The advantage of transforming EMG envelopes
into the wavelet domain is that temporally localized features are represented by a
small aumber oforthogonal (independent) wavelet coefficients rather than many
correlated=time samples, while preserving the structure of the original signals
(Angelini,_and._ Vidakovic 2008 EMG envelopes from each participant (5
strides/partiCipant) were expressed in the wavelet domain usingothlied coiflets

and analysed in Matlab (Matlab Wavelet Toolbox, Statistics and Machine Learning
Toolbox) using M#ab code from McKayet al. (2013) yielding a signal with the
same sample number as the original EMG waveform. The resultant wavelet
coefficients (100 samples) for each muscle were compared between groups using a
LME model' to identy significant group catrasts. For visualization and
interpretation, these were transformed back to the time doifigur € 1).

Intra-participant variability of individual muscle EMG patterns

For each patrticipant, the cressrrelation was calculated between EMG envelopes of
the 1O-possible paivise combinations of the 5 strides. Crassrelation coefficients

(zero time_lag) were -fransformed(Hug 201), averaged across all paitise
combinations, and used to assess similarity of EMG patterns across the 5 strides.
Average amplitude of each EMG envelope was calculated over each of the ten 10
percentilewide time windows for the gait cycle, and the cmédht of variation
(Cv=SD/mean) across the five strides calculated for each time window. Similar EMG

envelopes across strides would result in a small CV of averaged EMG windows.
Muscle'synergies

Musclessynergies are groups of synchronoastyvated musels, proposed to reflect
a simplified-neural control strate@lvanenko et al. 2004 appellini et al. 2006 That
is, if amplitude of activation of two or more muscles is modulated imigas pattern

over time'they are deemed to act in synergy.

For muscle synergy analysisgmnegative matrix factorization was performed on the

preprocessed EMG dataset using the algorithm described by Lee and (8360aYy
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Briefly, the matrix of EMG signals was factorized into two components: “muscle
synergy vectors” (relative weightings of muscles within each synergy), and “synergy
activation coefficients” (activation pattern of each synergy across the gait cycle)
(Figure2). Muscle synergies were extracted for each group frompart&ipantrow

x 4000¢column EMGmatrix containing the five stride cycles of all 8 participants (i.e.
100 samples/stride x 5 strides8 muscles=4000 columns). Analysis was iterated by
varyingthe"number of synergies between 1 and 8 (i.e. number of recorded muscles),
and the total Variarec Accounted For (VAF) calculade(Hug 201). Two synergies

were selected for analysis, as addition of a third muscle synergysadrdee VAF by

<4%.

Cross validation of muscle synergies for between-participant variability

The same method of neregative matrix factorization was used to extract muscle
synergies and corresponding VAF from each participant (i.e. ir@al0column

EMG matrix): Similarity of muscle synergies was assessed as previously described
(TorresOviedo and Ting 20Q7Hug et al. 2011 Frere and Hug 2032 Briefly,
synergy=veetors matrices were extracted from each control participant and used to
reconstruct the EMG patterns of the other participants in the control and GT groups
(8x7=56wand 8x8=64 pawise comparisons, respectively). The procedure was
repeatedising each GT participant as reference. Total VAF was calculated to quantify
the successto reconstruct the original EMG patterns. With this procedure, sireng pa
wise similarity in synergy vectors result in large creaidation VAF values.

Satistical'analysis

The waveletvased LME technique was used to compare synergy coefficients between
groups=Allsether statistical analyses were performed in Stata (StataCorp, RE3A).
werenarmally distributed and parametric tests were ubgch-participantvariability

(CV of EMG envelopes across strides) was compared between groups (Control, GT;
betweenpaiticipantfactor) and time window (1 to 10; withjparticipantfactor) using

a 2way-ANOVA. Duncan’s Multiple Range test was used for pgust testing.
Unpaired ttests were used to assess group differences in pain scores gadeahe

tests to evaluate synergy crassrelation coefficients, individual VAF, and cress
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validation VAF, based on our hypothesis that individuals with GT would show lower

variability than controls. Significance was sePa0.05.

RESULTS

Pain during walking

Participants with GT reported higher pain during walking than controls, although
some discomfort related to the intramuscular electrodes was reported by controls
(mean(SD) @: 5.1(2.4), controls: 2.1(2.2) t=2.62+0.02).

Group cemparison of individual EMG patterns

Significant._group contrasts in EMG patterns were identified by the LME Imode
(Figure1)-"During earlymid stance, participants with GT exhibited sustained bursts
of PGMINrand MGMED, with greater pealormalized EMG amplitude at mid stance
than controls, demonstrated by positive contraBigu¢e 1(c)). During terminal
stance and swing, where EMG activity of all muscles loas negative significant
contrastsareveat lower peakormalized TFLEMG amplitude in GT participants.
Peaknormalisation of EMG precludes interpretation of lower EMG. Instead, activity
during terminal stance/swing in the GT group was more different from the peak than
for controls and could imply greater peak activity during stance in those with GT.
Crosscorrelation coefficient of PGMIN was higher in GT participants than controls
(t=-2.1P=0.03), indicating lower stridto-stride variability of EMG patterns within
participants."The CV of PGMIN MG amplitude was lower in GT than control
participants=in the second -p@rcentile time window (interacin: groupxtime
Fg63=2.99,P=0.005, postioc P=0.004), indicatindower within-participant strideo-
stride variation of EMG amplitude in GT particigamuring earlymid stance (weight

acceptance).

Muscle synergies

Figure 2 depicts Synergyl and Synergy?. extracted for each group. VAF was 87.7%

and 87.6% for the Control and GT group respectively, using two synergies. When
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synergies were extracted for each participant, mean VAF way0¥)% and
92.3(0.7)% (t=1.1®=0.33) for the control and GT participants, respectively. In
controls, Synergyl primarily involved activation of thenterior gluteal muscles
(AGMIN, AGMED) and TFL, during stancd-i(gure 2). Unlike controls, Synergy

for participants with GT included PGMEDFL to a greater exterand a large
contribution<from PGMIN. Although no statistical analysis was performed, TFL
appéeared“to“contribute more to Synelgthan Synergy? in the GT group, Wich
contrasts®with controls where TFL was similarly represented in both synergies.
Synergy2 was composed mostly by PGMIN, MGMED, PGMED, TFL, UGM, and
VL, mainly.in early stance, but with smaller contributions from PGMIN, PGMED,
and TFL.in the GT group.

Group differences in synergy coefficients identified by the LME moBe&jufe 3)

show differences in the first half of stance, which was also the time of the positive
individual_muscle contrasts in PGMIN and MGMED in GT participafigure 1).
MGMEDwdid nd differ across synergies for the two groups. However PGMIN was
more apparent in Gparticipantsn Synergyl (in Synergy2 it was more apparent in

controls).

When'individual synergy vectors were used to reconstruct the EMG patterns of the
other participats (Table 1), the VAF of AGMIN, AGMED, and UGM was higher for

GT participants than controls. This suggests the synergy vectors were maséobns
among«GT “participants than controls (i.e. greater betweeticipant variation in

controls):

DisCUSSION

These ‘results show that individuals with GT use patterns of hip muscle activation
during walking that differ from pairfree controls, withthreemain observationwith
potential“relevance for gluteal tendon pathology. First, analysis of individustle

EMG patterns show more sustairtadstactivity of PGMINand MGMED extending

into mid-stance, a period when activity of these muscles reduces in controls. Second,
muscle activation patterns were less variable witmd between GT participants
Third, relative to controlsin GT participantdshe PGMIN muscle(PGMED and TFL
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to a lesser extent) contributed more to the synergy that was activated throughout
stance phase including the period of single leg suppygridrgy-1).These differences

may have implications for loading of the gluteal tendons.

I nterpretation of individual muscle EMG patterns

Consistent with previous resebr@Vinter and Yack 1987Gottschalk et al. 1989
Semciw et al. 201,3Semciw et al. 2004 GMIN, GMED and TFL EMG envelopes
includedstwe activity bursts during the stance phase of walking gait: one during ear
stanceand<a second, typically smaller, during -stéchce. In healthy controls,
PGMED and MGMED demonstrate earlier peak activation than the anterior muscle
segment (AGMED)Semciw et al. 201)3and relative peak activation of PGMIN is
greater than AGMIN during early stan@emciw et al. 2014 implying independent
functional roles of segments within muscl€ee dominant contribution to Synerdy

of AGMIN, AGMED, but not the other segments (PGMIN, MGMED, PGMED), in
our contrels; supports the suggestion of functional differentiation of the arftenor

middle/posterior segments during mid to late stance.

The moststriking difference in individuahuscleactivation patterng the GT group
wasgan_extended initial burst of PGMIN and MGMED relative to that of controls.
Recently a sustained initial burst MGMED during walking has similarlypeen
identified._in_severe hip osteoarthrjtilative tothosewithout or with less severe
osteoarthritis(Rutherford et al. 2005 Extended burstluration in GT may have
several‘explanations. First, prolonged activation might be required to congémsat
abductor muscle weakness, as identified in (®/odley et al. 2008Allison et al.
2016) or greater requirement for hip abductor force because of greater external hip
adduction moment. Recent data from the cohort from which the present patsicipan
were drawn show greater external hip adduction mordening stance phase of
walking in.GT than controlgAllison et al. 2016 Of the gluteal muscle segments,
MGMED, (and of the ITBtensioners, TFL), has the greatest potential to generate a
hip abductor moment during matance(Al-Hayani 2009Retchford et al2013) thus
sustained contraction of MGMED (and greater contribubérmFL to Synergyl),

into mid-stance might be required to meet functional demands.
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Second, prolonged activation might represent a reaction to pain or a strategy to protec
from further pain/injury. Prolonged activation of PGMIN and MGMED into -mid
stance coincided with AGMIN andGMED activation, and thus econtraction of
anterior andy posterior components mfiscleswith antagonistic functions in the
sagittal andytransverse planes. Antagonistauraction in other conditior{e.g. low

back pain(van Dieen et al. 200®ankaerts W. et al. 20p6anterior cruciate ligament
surgeryTelianidis et al. 2014 is postulated to enhance protection of a painful region
(Hodges™and Smeets 2Q13With respect to GT, ceontractionmay represent a
reactiveand not a protectiveesponse to pain, as the resultant tensile fbiexigh the
gluteal tendonsat a submaximal levglas occurs during gait) would be unlikely to

reduce pain(Rio et al. 2015).

Third, prolongedactivation could imply a lack of ‘finesse’ in the presence of
pathology,.secondary to interference by pain on motor output or sensory input (see
(Hodges.and Smeets 2016r review). Irrespective of the underlying mechanism for
the changewin coordination in GT, prolonged GMIN and GMED activation during
stance “could plausibly explain the developmentpersistence of GT through

cumulative tendon loaayg.

I nter-"and intra-participant variability

Consistent_with our hypothesis, participants with GT exhibited less between
participant variability of ASMIN, AGMED and UGM and, less withiparticipant
variabilityzof PGMIN than paiffree controls.Somevariability may be beneficial to
share load between structures and for exposure to new movement options to drive
adaptation Klamill et al. 1999 Heiderscheit 2000Turpin et al. 201L A plausible
interpretation of reduced variability in GT participants is that greater constraint is
imposed on /movement with less scope to vary motor strategies in the presence of
pathology .and/or weakness. Reduced variability of kinematic patteassben
observed during gait in runners with patellofemoral geiamill et al. 1999, as well

as in patients with low back pain(Seay et al. 20)1 and femorcacetabular
impingement (FAI) (Diamond et al. 2015 Less withinparticipant variability of
muscle activation ofhe deep hip muscles has recently been identified in individuals
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with FAI during gait(Diamond et al. 2016 The consistent selection of kinencadir
neuromuscular strategies within a narrow range (low variability) might represent a
compensatory strategy to enable execution of a task with minimal pain or perceived
threat(Hamilket al. 1999 or with weaker muscles. As walking commonly provokes
GT symptoms(Woodley et al. 2008Fearon et al. 2034 it is plausible that

constrained«ariability in GT may represent an adaptive strategy to menraia.

I nter pretation of muscle synergies

Two muscle’ synergiewere identified in each group. Musctgnergiesrepresent a
group of muscles acting together and correspond to kinematic/kinetic demands of an
activity cycle (Cappellini et al. 2006Neptune et al. 20Q9Turpin et al. 2011 In
controls Synergyi, which has an initial peak in early stance (corresponding to the
period of weight acceptance and peak hip adduction moment) and a second peak into
mid-stance_(corresponding to the period of single leg support) was predominantly
made upwofithe anterior muscle components (AGMIN, AGMED, TFL). This supports
the notienythat Synergy is involved in weight acceptance, control of the pelvis
relative_to femur and anterior support of the hip in single leg support. SyRasgy
defined by a large initial peak at weight acceptance, dominated by the
middle/posterior elements of the gluteal muscles (PGMIN, PGMED, MGMED) plus
UGMAX and VL (hip and knee extensor muscles), supporting a role of Sy@ergy
weight acceptance.

Compared:to the control group, the ldfferencedo these synergies in the GT group
were d greater contribution of PGMIN, and to a lesser extent PGMED and TFL, to
Synergyl. This may represent a disproportionate contribution of the PGMIN,
PGMED and TFL to frontal plane pelvic control laterstance in GT.

Clinical implications

Our data*frem individuals with GT may have several clinical implications. Rmst,
extended burst duratioof PGMIN and MGMED, and PGMIN and PGMED
contribution toSynergy-1suggest the gluteal tendons GT may be under more

sustained tensile load during eanyd stancgwhen the hip reaches peak adduction
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angle Nadeau et al. 200Bin GT. Also corresponding to this period of stance, greater
contribution of TFL to Synergy similarly suggests greater duration of ITB tension
and contribution of TFL to frontal plane pelvic contiblis plausible to speculate that
prolongedhipsabductor musclactivation is requiredh the presence of hip abductor
weaknesgAllison et al. 201 to resist the large external momeassociated with GT
(Allison et .al. 2016), in order to eccentrically control hip adduction and the position of
the pelvis©in'the frontal plani those with GT A consequence would be greater
durationof*gluteal tendon and ITB tensile loadingo mid-stance with additional
associategbotential for increases in compressive force against the greater trochanter
Both compressive and tensile overload are considered relevant for tendinopathy
(Docking/et/al. 2013Grimaldi and Fearon 20)%nd support our first hypothesis.
Consistent“with our second hypothesis, the lower variation in muscle activation
patterns'within and between GT participants implies greater constraint of patterns, and

perhaps less load sharing @&s the gluteal tendons.

The cresssectional study design prohibits definitive conclusions to be drawn to as
whether the' changes in muscle activation patterns identified here are a cause or
conseguence of symptomatic GT pathologithough this permits only speculation
taken with"evidence of hip abductor weakn@dtison et al. 2018, the results of this
study may indicate that consideration of both motor control and strengthening by
clinicians could enhance the managementG3¥ (Grimaldi and Fearon 2015
Strengthening exercises have been shown to reduc®ntaction in those wh
symptomatic knee OAAI-Khlaifat et al. 201Hto reduce muscle/joint loagnother
mechanism,by which hip abductor strengthening could be effective in the treatment of
GT. _As pain_maycontribute tomuscle inhibition andeduced variability with direct
relevaneesfor tendon loadinthis suggests treatment could be more effedfiviest
directed to pain reduction to ensure an optimal pattern of muscle activation prior to
strengthening the injured and weak gluteal musésesnetric contractions have been
shownsto Influence pain inhibition pathways in heaktbntrols(Kosek and Lundberg
2003) andmindividuals with patella tendinopattfiRio et al. 201k In those with GT,

it is proposed thatsometric exercisesvould be best performed in a position of
relative abduction(Grimaldi and Fearon 20)50 avoid a provocative position of

adduction.
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384 Methodological considerations

385 For methodological reasons, maximal contractions for EM@nalization were not

386 performed. A limitation of normalizing to peak EMG is the inability compare

387 amplitude of activity between muscles and groups. Thus, it is important to
388 acknowledge that EMG envelopes and muscle synergy analysis characterize muscle
389 activation patterngDisselhorsKlug et al. 2009Hug 201). Our interpretations with

390 respectto tendon loading are based on temporal features (e.g. load duration) rather
391 than magnitude of force, and are presented with caution. Individuals from both groups
392 reportedwsome pain during testing. However, controls reported low levels of pain
393 relatedto electrodes, consistent with that previgueported(Semciw etal. 2013.

394 Pain reported by the GT group was consistent with GT symp(dvosdley et al.

395 2008, Fearon et al. 2014).

396 PERSPECTIVE

397 Individuals with GT experience pain and disability during walk{Adjison et al.

398 2016).which. can lead to a reduction in activity levels with detrimental effects on
399 health andwwelbeing (Fearon et al. 2034 Previous research has shownttha
400 individuals.with GT exhibit a greater external hip adduction moment during ngalki
401 than healthy control§Allison et al. 201§, reflecting a greater demand on the hip
402 abductorsmuscles implicated in Bird et al. 200L Given that the aetiology of
403 tendingpathy, is often associated with lod2bcking et al. 2018 it is crucial to
404 understand”the hip abductor muscle activity during walking in this group.
405 summary, first, ouranalyses ofEMG patterns inpainfree controé support for
406 independent_control of the anterior segments of GMIN and GNEDdentified
407 previously Semciw et al. 2014 Second, activation of hip abductor muscles during
408 gait differed between control and GT groups in a manner that has likely implgation
409 for tendonghealthin GT (i.e. prolonged activation, changes in contribution from
410 muscles which insert into the ITBPur findings suggest that hip abductouscle
411 activation patterns may be relevant to the development and/or perpetuatiateaf gl
412 tendon pathology in those witBT. However whether these muscle activationsaare

413 cause or consequence of GT requires longitudinal studies. Whether treatments that
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target hip abductor muscle activation change loading and reduce symptoms of GT

remains to be investigated.
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Table 1 Average cross-validation Variance Accounted For (VAF) (%).

Ref Vector Target AGMIN PGMIN AGMED MGMED PGMED TFL UGM VL TOTAL

Control 76 84 76 80 80 87 82 85 82

Control

GT 85 85 84 77 78 87 87 83 84
t-test 0.006* 0.555 0.005* 0.223 0.564 0.762 0.003* 0.150 0.132

Control 75 82 81 79 83 86 86 84 82
GT

GT 86 79 86 76 81 86 89 82 84
t-test 0.002* 0.285 0.043* 0.337 0.468 0.651 0.012* 0.350 0.312

Synergy vecters=from each participant were fixed (Ref vector), and the synergy coefficients of the
other participants (Target) were calculated by non-negative matrix factorization and used to

reconstruct the eriginal EMG envelopes. *P<0.05
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FIGURE 1. EMG envelopes (arbitrary units) across strides from all participants ah@Agontrol group shown in blue (five strides éarch
participant) and (B) the GT group (pinkjhe thick black line represents the group average. Individual envelopes were natrbglittes
average peak of each participant across strides. (C) Group differences in EMG waveforms (contrast, bostoowrthe differences in muscle
activation=patters between groupsagsessed in the wavelet domain and transformed back into the time Yorhainvertical dashed line
represents the end of stance phaske significant contrasts shown suggest a pattern with longer bursts of musadtg attPGMIN and
PGMEDforthe GT group than controlsAGMIN = anterior gluteus minimus; PGMIN= posterior gluteus minimus; AGMED = anterior gluteus
medius; MGMED = middle gluteus medius; PGMED = posterior gluteus medius; TFL = tensor fascia lata; UGM = upper glutaws Maxim

= vastus-lateralis.
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FIGURE 2. Muscle synergie§Groups of muscles acting togeth€A) Two muscle gnergy
activation coefficientgpatterns of activation of the muscle synergygre extracted from
each group during gaitoefficient 1 is shown in green, coefficient 2 in yellow. {B)scle
synergy vectorgrelative weighting ofthe musclesthat contribute to a synergyfpr each
coefficient;*Colours represent muscles as per panel; (C) Reconstructed EMG enw€lopes
each indvidual “muscle the thin grey line represents the group average original EMG
envelopes and the filled colored curves tkeonstructed EMG using synergy activation
coefficients and vectors for the two chosen synergies (indicating good rectiosi. a.u.,

arbitrary units.
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FIGURE 3. (A) Synergy coefficientgpatterns of activation of a muscle synerggjoss five strides from all participants of the control
group-(blue) and the GT group (red) (thick line: group average, shaded represents the 95%G2HuBJifferences (contra3 in the
coefficient waveforms were identified in the wavelet domainteswasformed back into the time domain (as shown here). The significant
contrasts shown suggest a pattern with longer bursts of muscle activity a&ftestritee for the GT group than healthy controls. a.u.,
arbitrary units.
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