M5
Ergonomics

EpBiopnxavikég apxEg kKal pEBodol agioAdynong
oTtnv Epyovoypia
Epyovouiké HAekTpopuoypa@nua

Ap lNavayiwtng B. ToakAng

KAOHIHTHS f

Epyaortnpio EuBiounxavikn¢ & Epyovouia¢ @ErgoMechLab 2
TEDAA - 10

Assoc Department of Molecular Medicine and Surgery

Karolinska Institute




S

AINAVAY 2R Bk 25N O TN 280 IN 1221122

=1V ESTIOIVIEIREATNI S KINH2IOAOHA

SN FIAT S : SN IeCr AEITOYPI'IKH
v | ANATOMIKH

EAVIIVIRSI (INTANSE] IREANVIIVIIAS IRIN A

OE2H OEXH

TAXYTHTA TAXYTHTA AVINAWVIE FONIK
ENITAXYNZH ENITAXYNEZH



EMBIOMNXOVIKA XOPOAKTNPIOTIKA TNG

avOpWITIVNG KIiVvnOoNG

AYNAMIKA AYNAMEIZ NOY
XAPAKT/KA EKAHAQNONTAI

KINHMATIKA
XAPAKT/KA

-

T
I ZyoTnua Xapaxr/ka ABpaveiag

avapopdc
-
Mq Xwpou § Xapaxt/ka

- \ '- Avvapng - AMnAewiSpaon
Xapaxt/ka Xpbdvou ESwrepikwv/EowrepikwV

. Xapaxt/xa Evépyeiac

Xap/xa Xwpou/Xpbdvou



EMBIOMHXANIKEZ ME©OAOI EPTONOMIKHZ ANAAYZHZ

KIVAMATIKA KAl KIVATIKN

QVaAUGH — SD

F.9 8 Rt Autoinmalze  Koeg Autobap bl WA 1o Uuick Report PR Tnmial Steps i Gaps Woltring 4] Letect bvents

30 Perspective L] Camera Wiewr L . y

HOVT Bonite 2R 00N T R T

Muodel Qutputs

Graph e '
°

Model Outputs E o e Camer Wiewr s §f u

B a RipgEe Bl #DV?(BUHIG?%.“@-E].:“.““.““;_




Aopaviaka cueThnuara IMU kol EQapUOoYEG KIVAUOTIKNG OVAAUGHG |

Raw Signal from IMU
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IPIOOG TOU HAEKTpOopUOypagpnuaTog (HMT)

m To nAektpopvoypadnpa ival pio TEPOUATIKA TEXVLKN TTOU
EXEL OXEON HE TNV avartuén (e€EALEN), kaTaypadn Kot
avVAAUON TWV HUONAEKTPLKWY CNUATWY, TO oTtola
Slapopdwvovtol amo GUOCLOAOYLKEC TIAPOUETPOUC OTNV
emipavela TnC LEMPpAVNC TNC LUTKAC LvoC.

m NeupoAoyikdo HMI: H puikn amavtnon otov eEWTEPLKO

NAEKTPLKO EPEOLOUO avVAAUETOL OVTOC O LUG OE OTOTIKN

Kataotoon.

@ KwnowoAoyikd HMT: H peA€tn thg VEUPOUUTKAC
dpaotnplomoinong LUWV O€ KOTAOTOON EPYACLag,
AELTOUPYLKWV KLVACEWV KoL TTPOTIOVNONCG.




pnoipgoTnTa tou HVIl

@ To KivnoloAoyilko HMT €xel kaBlepwBel we eva epyaleio
EKTLLLNONC YL Epeuva, puoLKkoBepareLlo KOl ATIOKATAOTOON,
npornovnon kot aAAnAoenidpaon Tou avOpwIVOU CWUOTOC
LLE TA BLOMNXOVLKO TIPOLOVTAL KAl TIC CUVONKEC Epyaciog




Ul”éTnTG TOU HIV”- (ouveyxeia)

ArmoKkaraoraon
*MeTaxeipoupyikin/ATUxnua
‘NeupoAoyiki arokaTdoTaon
-PuoikoOepaTeia

*O¢epameia evepyng ekyupvaong

ABANnTIKA EmioTAun
‘BioAoyikn gnxavikni

- AvdAuon kivnhong
ExkyUpvaon pUikAc duvapng
- ABANTIKA amokaTdoTaoh

TAITAOEWV
*TTpopUAatn amo kivduvo
~Epyovopikoc oxediaopuog
‘TTioTommoinon mpoiévTog




‘EOVéKTf"J(XTG Tou HMIT

ETUTPETIEL TOV AUECO EAEYYXO TOU HUOC

v ETUTpEMEL TNV HETPNON TNC LUIKAC amodoonc

v BonBadel otnv emtloyn anodpacswv mpLv/UETA TO
XELPOUPYELO

v Tekpnpuwvel tTnv Beparmeio kot Tnv ABAnon

v BonBael tov aicBevn va aloKNOEL CWOTA TOUC LUEC TOU

v ETUTPETMEL TNV AVAAUGON KOL TNV CWOTH EKMETAANAEVON
TwV ABANTIKWY SpaoTNPLOTATWY

v AVLXVEUEL TIC LUIKEC QTTOVTNOELG OTLC EPYOVOULKEG
LLEAETEC




KivnTikn Movaodo

m  Elval n pkpotepn AELTOUPYLKN
pLovada yLo TV EpUnVeLa Tou
VEUPLKOU EAEYXOU TNC MUTKNAC
oUOTIOoNG.

Motor Unit

m  Oplletal Kot amoTeAELTOL OO TO
KUTTOPLKO OWLLOL KOl TOUG
devdplitec evoc Kvntikou ‘
VEUPWVA, TLC SLOKAAOWOELC TOU
VEUPOEOVA, KOL TLC LUIKEC LVEC
TTOU VEUPWVEL.

m O opoc povada oklaypadel TNV
CUUTEPLPOPA TWV UKWV VWV
EVOC KLVNTLKOU VEUPWVA
AELTOUPYWVTOC WE Mia,
BPLOKOUEVEC KATW OTTO TOV
VEUPLKO €peBLOMO.
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To paivopevo TNG OIEYEPTINOTNTAC TNG HUTKNG HeEpPpPAvNG eEnyEiTal amo To
HOVTEAO TNG NUITTEPATNG HEUPPAVNG TOU GXNUATOG
H iooppomia Twy 16vtwy Na'/K* peta&l Tou evOoKUTTAPIOU Kal e€WKUTTAPIOU
XWpou dnpioupyei Eva duvapiko npepiac (-80,-90 my)
AIEyepON A-KIVATIKOU VEUPWVE e  MeTa@Opd d1€YEPONG
\

AgiToupyia avrAiag 10vTwy 4 Eiopon 1o0vTwyv Na* aTov

Eiapon 1oviwy Na* oTov eEWKUTTAPIO EVOOKUTTAPIO XWPO

xwpo (+30 — -80 mv) (-80 — +30 mv)

®don emavamoAwaong ®don eKTTOAWGONG




AUVOMIKO EVEPYEIOG

RELATIVE TENSION

127 1.65 20 225 3.6
SARCOMERE LENGTH (um)

2.25- 3sym=nikméﬁw¢“ﬂ$:=&mm
2.0- 225pmm4%|mm
<1.65umm4%'=m’

Me Tnv eiopon 1ovTwy Na* dnpioupyeiTal €va NAEKTPIKO HOVOTIOAIKO
“teomaopa”’ (-80 —+30 mv): Auvapiko eVEPYEIAG

T0 OUVANIKO EVEPYEIAC HETAOIOETA! KATA UAKOG TWV MUIKWY IVWYV aAAd
Kdl HEod aTnV HUIKA iva

H d1Eyepon mpokaAei Ekkplan 10vTwyY. Ca* aTov. EVOOKUTTAPIO XWPO Kal
duTH € TNV 0€1pd TG TTPOKAAEI bpdxuvon TwyY. CUGTAATWY. OTOIXEIWY.
TWV HUWY. AUTO €ival Eva CUVEXOUEVO dAUGIOWTO HOVTEAO OIEYEPONG
Kdl ouoTtdong.
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AUVOMIKO EVEPYEIOG (ouvexei)

Direction of propagation —

mE To HMTI Baoiletal oto SuVALLLKO EVEPYELOC TNG LEUBPAVNG TNG LULIKNAG

(VOIC TTOU £Vl ATTOTEAECLOL TOU KUKAOU EKTTOAWONC / EMAVOTTOAWONC.
E H éktaon tnc {wvng ekmoAwong eivat 1-3 mm. Meta tnv apxLkn
Oleyepon N {wvn autn LeTadlOETOL KATA UNKOC TNG LUIKNG VoG UE
Toyutnta 2-6 m/sec Kol TEPVA 0TO LEPOC TOU nAektpodiou.




OITOPOYWIVN KOOI AVIXVEUCT TOU 2NMATOG

XapoKTNPLOTLKI) SUTOALKN SLapopdwaon NAEKTpodiwv Kat pio dladopikr
6L|;e/|p|_suvnon (evioxuon) xpnoLULOTIOLOUVTOL YL TLG LETPAOELG TWV KLVNOLOAOYLKWV

E€apTwpevo amo tnv anootocn HETaEU twv duo nAektpodiwv, To Simolo
dnuoupyel pia dtadopa duvapLkou.

To povtelo Tou %xr'] HOTOG EENYEL TO TIWG TO LOVOTIOALKO SUVALKO EVEPYELAG
dnuoupyel eva dumolo onpa peca o€ autn tnv dtadopikn dladikaota

To Ceuyapt Twv NAeKTpodiwv KotaypadeL To peyeB0G OAWV TWV UKWV VWV TNG
KLVNTLKNG povaodag

XapoKTNPLOTLKA cuVOoYilovTal O€ EVa TPLPAOIKO SUVALKO EVEPYELAG KLVNTLKAG
povadag (MUAP-2) to omoio dlagpepel oTnv popdr) kat to peyedog avaloya UE
TOV YEWHETPLKO TIPOCAVATOAMOMO TWV VWV OE CXECHN HE TNV TIEPLOXT| TWV
NAEKTPOOLWV.



AvopOwon tou MUAP

E  2TLC KVNOLOAOYLKEG
LEAETEC, TO SUVOLULKO
EVEPYELAC TNC KLVNTLKNG
Hovadac OAwv Twv
EVEPYWV KWVNTIKWV
opAd WV lvat NAEKTPLKA
avopOwEVO Kall
nopaTnPELTaL WE Eva
SdimoAo onua pe
OUUMETPLKN KOTOVOUN

2UvBeon Tou HMI

25 mathematically generated MUAPs

Superposed signal




PXN ZNMOTOG — ZUYXVOTNTO
EVEPYOTTOINONG

® Eivat ot SUo onpavtikoteEpoL Motor Unit Firing  =——jp
HNXOVLOHOL TTOU EMNPEALOUV 1 1
TO pEyeBoc Kal tnv | |
TIUKVOTNTO TOU
rnapatnpnOEvToc orpoToc.

m Eival ol KUPLEC OTPATNYLKEC
e\€yxou yLa va puBbuioouv
NV Sladikacio cUOTOANG Kal

va SLapopdwoouv TNV

Y 5L ‘i‘all.l“‘ Superposed
napaywyn ovvapng tov VTV VD sutace signa
LLUOC.
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Io AKaTépyaGTo HMI Znuo

Active
Cuntrat:hun Burst

Hon reproducible

-

Microvalts

.............. _*Jl*im H et

Eva acIJL)\tpéLprto KOl YWwPLG ETEEEPYQCLA OO TTOU OVIXVEVEL TNV
avopBwaon tou MUAP, ovopaletal akatepyaocto HMI onpua.

Otav o pug eival xaAapog UmopoUpe va SLaKPiVOUE TNV BAoLK YPOLLUN
Tou HMI.

O akatepyaotoc 00pufoc TwV BaoIKWY YPOUUWY EEOPTATAL ATTO
TTOAAOUC TTOPAYOVTEG: TNV TTOLOTNTA TOU EVIOYUTH, Tov B0pufo tou
nepLBAaAlovtog, Kal tnv moLtotnta tng 6S0UEVNC KATAOTAONG
aviyveuonc.

H €peuva yla tnv mototnta tTwv Baotkwv HMT ypappwy, eivat €évo oAU
ONUOVTLKO ONHELO EAEYXOU KABOE pHETPNONC

O vy ¢ XaAapwHEVOC HUC Oev tapouotalet kopio onpavtikg HMI
dpaotnplotnta Adyw EANELPNC TWV SUVATOTATWY AITOTIOAWONC KoL
dpaong
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> XapaKTnplOTlKa TWV LOTWV

HOPGYOVTES TTOU ETTNPEGIOUV TO

== Eivan R ERGS | pAtolE

= Deorsssesd oasrall sl ucs

H nAekTpKr) aywytpotnta StadepeL 6Toug SLAPopoug TUTIOUG LOTWV
(puorodoyikeg ahhayeg, Bepuokpacia). Ot cuvonkeg aAAGCOUV OITO ATOUO
O€ ATOMO.

DUGLOAOYIKEC OVTEVKANGELC

[eltovikol HUEG pmopEL va TapeUBAAAOUV TO O TOUG OTOV TTPOG EAEYXO
uu. OL avrsyk)\nostq aureg bev gemepvouv 1o 10-15% Tou OAKOU OrUaTOG,.
H)\EK'EpOp.UO\épOL LKEC aKIOEC unopa va apeUBAnBouv otnv HMT
kataypadn Wolaitepa 0tav auth YIVETOL OTOV AVW KOPUO — WHLKA {wvn.




OYOVTEG TTOU ETTNPENCOUV TO
HIV”- Oﬁuq (ouveExela)

B AAAOQYEC GTNV VEWUETPLO LETOED LUOC KoL TTEPLOXNC NAEKTPOOLWV

Ortotadnmote aAAayn TG amootacng LETAEL TNG MPOEAELONG TOU
onpatog (mapaywyn) Kat Tng mepLoxng avixveuong Ba aAlagouv tnv
avayvwon tou HMT. Elval eva onuovtiko mpoBAnpa 0Awv tTwv
SUVAUIKWY LEAETWV PETAKIVNONG KaL UTTOPEL €TTLONG VA TPOKANBEL Ko
Qo TNV EEWTEPLKN TILEDN.

E€wtepiLkol O0pufol

Eldikr) mpoooyxn armatteitatl oto oAU GOPUCEUO50 g)\sktptkd
neptBallovta ta omnoia TG EPLOCOTEPEG POPEG dnuLoUpyoLV Suvatd
Bounta napayopeva amo TN KoK Yelwon GAAWVY NAEKTPLKWV
EEWTEPLKWV OCUCKEUWV.

HAektpodia kKal EVIOYUTEC

H emiloyn/moldtnta twv NAEKTPOSIiwY Kol TWV ECWTEPLKWY EVICXUTWV
Uropet va mpooBeoouy, eav apayouv emnAeov 6opufo, To
TLEPLEXOUEVO OoNUATWV otnV Baotkn ypopuun HMr.




AlodIkaoio [posToipaoiog Tou
AEPUOTOG

» Hmowtnta tnc pEtpnong tov HMI géaptatal amo tnv KAatdAAnAn
TIPOETOLACLO TOU SEPUATOC KAl TNV OWOTH TomoBETNON TWV
NAEKTPOSIiWV

» H kUpLa oTpaTNYLKN TNC TPOETOLUACIOC TOU SEPUATOC EXEL WC OTOXO TNV
otaBepn enadn tou nAektpodiou Kal TNV XapunAn cuvOeTn avtiotaon
Tou d€ppatog

» OLmeplocotepol olyxpovol HMI evioyuteg eival oxedlaopEvol yla
ouvOetn avtiotaon deppatoc petaél 5-50 KOhm

Awadikaoieg
» Adaipeon Twv TPLYWV: €lval avaykaia yia tnv KaAUTeEpN emadn Twv
nAektpodiwv

» KaBaplopog deppuatoc:
» Me €lOLKEG AELOVTLKEG KPEUEG TTOU adalLpOoUV Ta VEKPA KUTTAPO

» Me eva oAU Aemtto/palako yuaAoxopto: LE EAEyXOUEVN Ttieon, 3-4
bOpPEC Elval OPKETEC

» Me olvOmveU A XPNOLLOTIOLWVTOC Ko UGAOUATIVN TIETOETA



e 66'|0( ETTIQOVEIOG AEPUOTOG

Ta NAekTPOOLA OUTA AOYW TWV
XOPOKTNPLOTLKWY TOUC XPNOLULOTIOLOUVTOLL
OTLG KLVNOLOAOYLKEC LEAETEC

‘Exouv eUKOAO KoL yPrYOPO XELPLOO
MrmopoUV va aviXVEUCOUV HOVO HLUEG
ETILPAVELEG

m H Slapetpog toug mpemeL va ivat 1 cm n
LLLKPOTEPN

@ H emAoyn evog tuTou NAektpodiwy
e€aptatal evtova amno tnv dedopevn
Epeuva Kol kataotaon. Evoc tumnog

NAektpobiov dev pmopel va koAU eL OAEC
TLC TILOAVEC ATTOULTH OELG




rl) Kp‘6|0( AeTTTWV KoAwoiwyv

Un-isolated Steel Un-isolated Ending (red)
Ending {red) cannula - electrode site \&

\_\ P
- :

Hooked electrode wires.

AOYW TWV UETAKLVNOEWV TWV UUWV OTLC KIVNOLOAOYLKEC LEAETEC €lvall
OWOTO VA XPNOLUOTIOLOUVTOL AETTTA, EVKOUTITOL NAEKTPOOLOL AETTTWVY
KaAwodlwv peca ota BabuTtepa CTPWUATA TWV LU WV

1) Insert Needle 2) Remove Needle 3) Connect wires to springs

Tol OTTOOTELPWUEVA, TOELVOLNUEVA KaTa (EVYOC N Lova KaAwdLa yovTiwy
ELOEPXOVTOL ATTO TLG KOLAEC BEAOVEC Kol 0 KATAAANAOG EVTOTILOUOC TOUG
YLVETOIL OTTO TNV ATTELKOVLON TWV UTTEPNXWV
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IoNVies Epappoyns HAekTpodiwy

Ta vypa gel nAektpodia €xouv TNV KaAUTePN edbappoyrn oto SEpua

XpnolpomoleioTe PIKpA NAEKTPOSLA Yo VO AUENOETE TNV ATTOTEAECUATIKOTNTA
TWV UETPNOEWV

000 ukpotepo 1o NAektpodlo (evepyn meploxn avixvevuong), tdco vPnAotepeC
Ol TLHEC oUVOETNC avTioTaoNnG

ETtAE€TE TNV TTILO ULKPT) AItOoTOoN HETOEY TwV NAEKTPOSLWVY YL VoL AUENOETE TNV
ETUAEKTIKOTNTA

H o katdAAnAn anootaon HeTall Twv NAekTpodiwyv elval 2 cm

Epapuoote ta nAektpodia mapaAAnAa otnv KatelBUVON TWV UKWV VWV
ErmAEETE TO KUPLO PEPOG TNG LUIKAC ATPAKTOU YL KAAUTEPN ETUAEKTLKOTNTA
ATtOPUYETE TIC TIEPLOXEC KLVNTIKWV ONUELWV

Mpoogtte Ta NAekTpodia va Bplokovial oTnV EVEPYN TIEPLOXN TOU LUOC KOTA TNV
SlapkeLla TG HUIkAC Bpaxuvong

XpNOLUOTIOLNOTE €va cUOTNUO XapToypAdnonG Kol LETPNONG ATTOCTACEWVY
UETAEL TwV NAeKTPOSLWV KAl CUUBOUAEUTEITE TOL AVOTOLKA CNUELQ

Xpnolpormnoleiote NAEKTPOOLA UE ATTOKEVTIPWHEVN cUVOeon KOAwSiwY dv
OVOLEVETE aUEAVOUEVN Ttleon oTta NAeKTpOSLA




Epicondylus lateralis/medialis

Fig.23: Anatomical landmarks
on the human body in dorsal
and frontal view

Heel / calcaneum

Head of Fibula



=I0IKOTOEHATO EQAPHOYNG TWV
\EKTPOOIWV

Neployxéc Kivntikwv ZnUeiwv

B Epeuvnteg ocuotrivouv va pnv tomoBeTouvtal NAEKTPOSLA OTLG TTEPLOXEG
KLVNTLKWV oNUELWV AOYw TNEG LEYAANG AOTAOELOC TWV CNUATWY OTA
onueia avta

Ixetikn Kwvntikotnta the Muiknc ATpAaKTou

Elvol apkeTa onpovtikn N tomoBetnon tou (eVyouc Twy NAekTPodiwy o€
EVOL KEVIPLKO ONLELO TNG LUIKNAG OTPAKTOU £xovTog urtoyn TV mbovn
LLETAKIVNON TOU LUOC KOTA TNV OLAPKELAL TNG KivNoNnG

O SlkedaAoc PpaxLovIog Elval LLUG TTou artalltel bLaitepn mpoooxn
[Mpocoxn amolLtelton okopa otay to dEpUa fpayUVETAL N ETNKUVETOLL




KopPTNG Muwyv- MetwTriaio ETTiTredo

Fine Wire Sites: == Surface Sites:

Frontalls

Smaller tace muscles
Masseter

Smalier neck muscies

, x o & Deltolgeus p. acromiais
Pectorals minor Deltolgeus p. clavicuans
Pactoralis major
Blcaps brachil
Smalier forearm muscles ) > o & :, < :::g carpum ?':x
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AopTNG Poyroaiwyv Muwyv

Fine Wire Sites: Surface Sites:

Deep neck muscles 5 Neck extensors

Supraspinatus _ v Trapezis p. descencenz
Subscapularis — : — Trapezus p. fransversus
Rhomboideus 5 R o8/ 75 a— Detickleus p: SCARNS

Teres mafor ! menor DY 2 Infraspinatus
Theracle erector spinas - { - Trapezius p. ascandenz
Triceps beaeall ¢. med. iy Ul Triceps bracnll (c. long fiat )
‘ 3 Latissimus dors!

=

Deep segmenal erector spnae Ersctor spinae (Morackc reglon)
Ersctor spinae (lumbar ragion)
Smaller forceam exiensors
Multifiduus lumbar region

Glutaeus medius

Quaoratus lumborum
Smaller for2arm extensors
Dzep mutsfl

De=p hip muscies
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Glutaeus maximus
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Thin ! ceep shank muscies
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Muscle: Deltoideus
Subdivision: Anterior

Sensor placement procedure

Starting posture: Sitting with the arms
hanging vertically and the palm pointing
inwards.

Electrode Placement

Location: The electrodes need to be
placed at one finger width distal and
anterior to the acromi

Orientation: In the direction of the line
between the acromion and the thumb.

nical test: Shoulder abduction in
slight flexion, with the humerus in slight
rotation. In the erect sitting position it is
necessary to place the humerus in slight
lateral rotation to increase the effect of
gravity on the anterior fibres. The
anatomical action of the anterior
deltoideus entails slight medial rotation
while pressure is applied against the
anteromedial surface of the arm in the
direction of adduction and slight
extension.

* ¥ x

SE MIAM

*

Muscle: Deltoideus
Subdivision: Medius

Sensor placement procedure

Starting posture: Sitting with the
position of the trunk in relation to the arm
such that a stable trunk will need no
further stabilisation. When the scapula
fixation muscles are weak the scapula
must be stabilised

Electrode Placement

Location: Electrodes need to be placed
from the acromion to the lateral
epicondyle of the elbow. This should
correspond to the greatest bulge of the
muscle.

Orientation: In the direction of the line
between the acromion and the hand.

Clinical test: The arm should be
abducted without rotation. When placing
the shoulder in test position, the elbow
should be flexed to indicate the neutral
position of rotation but may be extended
after the shoulder position is established
in order to use the extended extremity
for a longer lever. Pressure needs to be
applied against the dorsal surface of the
distal end of the humerus if the elbow is
flexed or against the forearm if the elbow
is extended.

Muscle: Biceps brachii
Subdivision: Short head and long head

Sensor placement procedure

Starting posture: Sitting on a chair with
the elbow flexed at a right angle and the
dorsal side of the forearm in a horizontal
downwards position.

Electrode Placement

Location: Electrodes need to be placed
on the line between the medial acromion
and the fossa cubit at 1/3 from the fossa
cubit.

Orientation: In the direction of the line
between the acromion and the fossa
cubit.

Clinical test: Place one hand under the
elbow to cushion it from table pressure
and flex the elbow slightly below or at a
right angle, with the forearm in
supination. Press against the forearm in
the direction of extension.
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Muscle: Deltoideus
Subdivision: Posterior

Sensor placement procedure

Starting posture: Erect sitting with the
arms hanging vertically and the palm of
the hand pointing inwards.

Electrode Placement

Location: Centre the electrodes in the
area about two finger widths posterior of
the acromion.

Orientation: In the direction of the line
between the acromion and the little
finger.

Clinical test: Abduct the shoulder in
slight extension, with the humerus in
slight medial rotation. The humerus is
placed in slight medial rotation in order
to have the posterior fibres in an
anti-gravity position. The anatomical
action entails slight lateral rotation while
pressure is applied against the
posterolateral surface of the arm, above
the elbow in the direction of adduction
and slight flexion.
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Muscle: Trapezius
Subdivision: Descendens (upper)

Sensor placement procedure

Starting posture: Erect sitting, with the
arms hanging vertically.

Electrode Placement

Location: The electrodes need to be
placed at 50% on the line from the
acromion to the spine on vertebra C7.

Orientation: In the direction of the line
between the acromion and the spine on
vertebra C7.

Clinical test: Elevate the acromial end
of the clavicule and scapula; extend and
rotate the head and neck toward the
elevated shoulder with the face rotated in
the opposite direction. Apply pressure
against the shoulder in the direction of
depression and against the head in the
direction of flexion anterolaterally.

Muscl
Subdivision: Ascendens (lower)

Sensor placement procedure

Starting posture: Erect sitting, with the
arms hanging vertically.

Electrode Placement

Location: The electrodes need to be
placed at 2/3 on the line from the
trigonum spinea to the 8th thoracic
vertebra.

Orientation: In the direction of the line
between T8 and the acromion.

Clinical test: Take care that the elbow
extensors and shoulder muscles give
necessary fixation to use the arm as a
lever in this test. Depression, lateral
rotation of the inferior angle, and
adduction of the scapula. To obtain this
position of the scapula in order to place
emphasis on the action of the ascending
fibres and to obtain leverage for the test,
the arm is placed diagonally overhead
with the shoulder laterally rotated. Apply
pressure against the forearm in
downward direction.

y //

on: Transversalis (middle)
Sensor placement procedure

Starting posture: Erect sitting, with the
arms hanging vertically.

Electrode Placement

Location: The electrodes need to be
placed at 50% between the medial
border of the scapula and the spine, at
the level of T3.

Orientation: In the direction of the line
between T5 and the acromion.

Clinical test: The elbow extensors a
the posterior shoulder muscles must give
necessary fixation in order to use the
arm as a lever. Adduction of the scapula
from a position of rotation in which the
inferior angle is rotated laterally. To
obtain this position of the scapula and to
obtain leverage for the test, the elbow
needs to be extended and the shoulder
placed in 90 degrees abduction and
lateral rotation. This rotation of the
shoulder is denoted by the position of
the hand with the palm facing cranially
(without elevating the shoulder girdle).
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Muscle: Multifidus
Sensor placement procedure

Starting posture: Prone with the lumbar
vertebral columns slightly fiexed.

Electrode Placement

Location: Electrodes need to be placed
on and aligned with a line from caudal tip
posterior spina iliaca superior to the
interspace between L1 and L2 interspace
at the level of L5 spinous process (i.e.
about 2 - 3 cm from the midline).

Orientation: In the direction of the line
described above.

Clinical test:Lifting the trunk from a
prone position.
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Muscle: Erector spinae
Subdivision: longissimus

Sensor placement procedure

Starting posture: Prone with the lumbar
vertebral columns slightly flexed.

Electrode Placement

Location: The electrodes need to be
placed at 2 finger width lateral from the
proc. spin. of L1.

Orientation: Vertical

Clinical test: Lifting the trunk from a
prone position.

SR S

S E*l’\'l'l A‘ M

e e

Muscle: Triceps brachii
Subdivision: Lateral head

Sensor placement procedure

Starting posture: Sitting with the
shoulder at approximately 90 degrees
abduction with the arm 90 degrees flexed
and the palm of the hand pointing
downwards.

Electrode Placement

Location: Electrodes need to be placed
at 50 % on the line between the post:
crista of the acromion and the olecra

at 2 finger widths lateral to the line.

Orientation: In the direction of the line
between the posterior crista of the
acromion and the olecranon process.

Clinical test: Extend the elbow while
applying pressure to the forearm in the
direction of flexion.
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Muscle: Erector spinae
Subdivision: lliocostalis

Sensor placement procedure

Starting posture: Prone with the lumbar
vertebral columns slightly flexed.

Electrode Placement

Location: The electrodes need to be
placed 1 finger width medial from the line
from the posterior spina iliaca superior to
the lowest point of the lower rib, at the
level of L2.

Orientation: In the direction of the line
between the posterior spina iliaca
superior and lowest point of the lower rib.

Clinical test:Lifting the trunk from a
prone position.
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Muscle: Triceps brachii
Subdivision: Long head

Sensor placement procedure

Starting posture: Sitting with the
shoulder at approximately 90 degrees
abduction with the arm 90 degrees flexed
and the palm of the hand pointing
downwards.

Electrode Placement

Location: Electrodes need to be placed
at 50 % on the line between the posterior
crista of the acromion and the olecranon
at 2 finger widths medial to the line.

Orientation: In the direction of the line
between the posterior crista of the
acromion and the olecranon.

Clinical test: Extend the elbow while
applying pressure to the forearm in the
direction of fiexion.
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Muscle: Abductor pollicis brevis
Sensor placement procedure

Starting posture: Sitting or supine with
the back of the hand stabilised on a
table.

Electrode Placement

Location: Slightly medial of the distal
1/4 of the 1st ossa metacarpalia.

Orientation: Parallel to the 1st ossa
metacarpalia.

Clinical test: Abduct the thumb
ventralward from the palm while applying
pressure against the proximal phalanx in
the direction of adduction toward the
palm.
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Muscle: Biceps brachii
Subdivision: Short head and long head

Sensor placement procedure

Starting posture: Sitting on a chair with
the elbow flexed at a right angle and the
dorsal side of the forearm in a horizontal
downwards position.

Electrode Placement

Location: Electrodes need to be placed
on the line between the medial acromion
and the fossa cubit at 1/3 from the fossa
cubit.

Orientation: In the direction of the line
between the acromion and the fossa
cubit.

Clinical test: Place one hand under the
elbow to cushion it from table pressure
and flex the elbow slightly below or at a
right angle, with the forearm in
supination. Press against the forearm in
the direction of extension.
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Muscle: Gluteus
Subdivision: Maximus

Sensor placement procedure

Starting posture: Prone position, lying
down on a table.

Electrode Placement

Location: The electrodes need to be
placed at 50% on the line between the
sacral vertebrae and the greater
trochanter. This position corresponds
with the greatest prominence of the
middle of the buttocks well above the
visible bulge of the greater trochanter.

Orientation: In the direction of the line
from the posterior superior iliac spine to
the middle of the posterior aspect of the
thigh

Clinical test: Lifting the complete leg
against manual resistance.
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Muscle: Gluteus

Subdivision: Medius

Sensor placement procedure

Starting posture: Lying on the side on a
table.

Electrode Placement
Location: Electrodes need to be placed

at 50% on the line from the crista iliaca
to the trochanter.

v\ "\“
M W3

Orientation: In the direction of the line
from the crista iliaca to the trochanter.

Clinical test: Lying on the side with the
legs spread against manual resistance
(holding the ankles)
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Muscle: Tensor fasciae latae
Sensor placement procedure

Starting posture: Lying on the side on a
table.

Electrode Placement

Location: On the line from the anterior
spina iliaca superior to the lateral femoral
condyle in the proximal 1/6.

Orientation: In the direction of the line
from the anterior spina iliaca superior to
the lateral femoral condyle.

Clinical test: Lift and abduct the leg
against manual resistance.
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Muscle: Quadriceps femoris
Subdivision: Vastus lateralis

Sensor placement procedure

Starting posture: Sitting on a table with
the knees in slight flexion and the upper
body slightly bend backward.

Electrode Placement

Location: Electrodes need to be placed
at 2/3 on the line from the anterior spina
iliaca superior to the lateral side of the
patella.

Orientation: In the direction of the
muscle fibres

Clinical test: Extend the knee without
rotating the thigh while applying pressure
against the leg above the ankle in the
direction of flexion.

Muscle: Quadriceps femoris
Subdivision: Rectus femoris

Sensor placement procedure

Starting posture: Sitting on a table with
the knees in slight flexion and the upper
body slightly bend backward.

Electrode Placement

Location: The electrodes need to be
placed at 50% on the line from the
anterior spina iliaca superior to the
superior part of the patella

Orientation: In the direction of the line
from the anterior spina iliaca superior to
the superior part of the patella.

Cli | test: Extend the knee without
rotating the thigh while applying pressure
against the leg above the ankle in the
direction of flexion.

Muscle: Quadriceps femoris
Subdivision: Vastus medialis

Sensor placement procedure

Starting posture: Sitting on a table with
the knees in slight flexion and the upper
body slightly bend backward.

Electrode Placement

Location: Electrodes need to be placed
at 80% on the line between the anterior
spina iliaca superior and the joint space
in front of the anterior border of the
medial ligament.

Orientation: Almost perpendicular to
the line between the anterior spina iliaca
superior and the joint space in front of
the anterior border of the medial
ligament.

Clinical test: Extend the knee without
rotating the thigh while applying pressure
against the leg abowe the ankle in the
direction of flexion.
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Muscle: Semitendinosus
Sensor placement procedure

Starting posture: Lying on the belly
with the face down and the thigh held
down on the table, in medial rotation,
and the leg medially rotated with respect
to the thigh. The knee needs to be flexed
to less than 90 degrees.

Electrode Placement

Location: Electrodes need to be placed
at 50% on the line between the ischial
tuberosity and the medial epycondyle of
the tibia.

Orientation: In the direction of the line
between the ischial tuberosity and the
medial epycondyle of the tibia.

Clinical test: Press against the leg
proximal to the ankle in the direction of
knee extension.

l'ﬁ

5 E‘N'I'A'IVI

*

Muscle: Gastrocnemius
Subdivision: Lateralis

Sensor placement procedure

Starting posture: Lying on the belly
with the face down, the knee extended
and the foot projecting over the end of
the table.

Electrode Placement

Location: Electrodes need to be placed
at 1/3 of the line between the head of the
fibula and the heel.

Orientation: In the direction of the line
between the head of the fibula and the
heel.

Clinical test: Plantar flexion of the foot
with emphasis on pulling the heel upward
more than pushing the forefoot
downward. For maximum pressure in
this position it is necessary to apply
pressure against the forefoot as well as
against the calcaneus.
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Muscle: Biceps femoris
Subdivision: Long head and short head

Sensor placement procedure

Starting posture: Lying on the belly
with the face down with the thigh down
on the table and the knees flexed (to
less than 90 degrees) with the thigh in
slight lateral rotation and the leg in slight
lateral rotation with respect to the thigh.

Electrode Placement

Location: The electrodes need to be
placed at 50% on the line between the
ischial tuberosity and the lateral
epicondyle of the tibia.

Orientation: In the direction of the line
between the ischial tuberosity and the
lateral epicondyle of the tibia.

Clinical test: Press against the leg
proximal to the ankle in the direction of
knee extension.
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Muscle: Gastrocnemius
Subdivision: Medialis

Sensor placement procedure

Starting posture: Lying on the belly
with the face down, the knee extended
and the foot projecting over the end of
the table.

Electrode Placement

Location: Electrodes need to be placed
on the most prominent bulge of the
muscle.

Orientation: In the direction of the leg
(see picture).

Clinical test: Plantar flexion of the foot
with emphasis on pulling the heel upward
more than pushing the forefoot
downward. For maximum pressure in
this position it is necessary to apply
pressure against the forefoot as well as
against the calcaneus.
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Muscle: Peroneus brevis
Sensor placement procedure

Starting posture: Sitting with extremity
medially rotated.

Electrode Placement

Location: Electrodes need to be placed
anterior to the tendon of the m. peroneus
longus at 25% of the line from the tip of
the lateral malleolus to the fibula-head.

Orientation: In the direction of the line
from the tip of the lateral malleolus to the
fibula-head.

Clinical test: Support the leg above the
ankle joint. Everse the foot with plantar
flexion of the ankle joint while applying
pressure against the lateral border and
sole of the foot, in the direction of
inversion of the foot and dorsifiexion of
the ankle joint.

Muscle: Soleus

Sensor placement procedure

Starting posture: Sitting with the knee
approximately 90 degrees flexed and the
heel / foot of the investigated leg on the
floor.

Electrode Placement

Location: The electrodes need to be
placed at 2/3 of the line between the
medial condylis of the femur to the
medial malleolus.

Orientation: In the direction of the line
between the medial condylis to the
medial malleolus.

Clinical test: Put a hand on the knee
and keep / push the knee downward
while asking the subject / patient to lift
the heel from the floor.

Muscle: Peroneus longus
Sensor placement procedure

Starting posture: Sitting with extremity
medially rotated.

Electrode Placement

Location: Electrodes need to be placed
at 25% on the line between the tip of the
head of the fibula to the tip of the lateral
malleolus.

Orientation: In the direction of the line
between the tip of the head of the fibula
to the tip of the lateral malleolus.

Clinical test: Support the leg above the
ankle joint. Everse the foot with plantar
flexion of the ankle joint while applying
pressure against the lateral border and
sole of the foot, in the direction of
inversion of the foot and dorsifiexion of
the ankle joint.
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Muscle: Tibialis anterior

Sensor placement procedure
Starting posture: Supine or sitting.
Electrode Placement

Location: The electrodes need to be
placed at 1/3 on the line between the tip
of the fibula and the tip of the medial
malleolus.

Orientation: In the direction of the line
between the tip of the fibula and the tip of
the medial malleolus.

Clinical test: Support the leg just above
the ankle joint with the ankle joint in
dorsifiexion and the foot in inversion
without extension of the great toe. Apply
pressure against the medial side, dorsal
surface of the foot in the direction of
plantar flexion of the ankle joint and
eversion of the foot.




