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ABSTRACT
Electromyographic (EMG) activity of the erectores

spinae, rectus abdominis, external oblique and triceps

. 2

brachii muscles was examined in 30 normal females during
< . .
. .rising and lowering between sitting and standing. The

purpose of the study was to determine if EMG .activity

* L]

would differ among the compinations of.armrest, seat .ﬁ
surface and novhand support, and four 5 cm lncrements of

. seat height. A descrlptlve aﬁaIYSlS of the spatlal.'

characterlstlcs of the motlons was also completed uslng

combined cinematographlc_and EMG technlques'on two
: . . R &

»

subjects.
_The"surfaoedEMG‘signal'was fulrfWawe rectified andf:
low—pass filtered-to'Yield a,lineaf en§e1ope. -Quantif;ed
data . from each electrode palr was normalized to a standard
ereference activity and then analyzed statlstlcally using a.
three—way“analy51s of varlance. Slgnlflcantly hlgher |
levels of erectores splnae and rectus abdomlnls activity +.
. % "
were found when rlslng and lowerlng were performed wlthout
-;hand support. Lower seat helqhts, where the 1nd1v1dual 'S o
'knee angles were less than 90°‘ also 51gn1f1cantly
1ncreaseﬁ EMG act1V1ty of the trunk muscles and trlceos

bradhll; The C1nematograph1c analy51s of the act1V1t1es

revealed that the use of\progre351ve1y lower seat. helghts'a

N2



.
increaséd both hip flexion and the vertical displacement

v \
. - ‘ A
‘of the body %enter of mass. Since FMG activity of 7

I

reliable index of mechanical strésses~act1ng on the spine; -
SRR R ' .

,erectores splnae has- been preVLously shown to be a,

these resultsysdggést that the use of hand suppor and of

.
seat helghts equal to or sllghtly gredter than the length

‘of the lower leg w111 minimize splnal stress during the
_ F o
. [
transition between 51tt1ng and standing. s

vi

T3 t‘ .
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CHAPTER 1
INTRODUCTION

: &
Ratlonale
s

Rising and lowering between sitting and standino are
activities of‘daily living which are normally per formed
many‘tiwes in the course of a day. Several studieé have
shown that difficulties®in performing these fundamental
human moveméqts are associated with the funcsional
icapacity of the lower extremities.l'2'3'4 The mobility,
strength and stability of the lower limbs were reported to
be important factofs in the abili£y to get in.and out of a
chair.l'2 However, Andersson et all also found that the
transition bétween sitting and standing Subjecis the
lumbar spine to significant mechanical stress. éimilar

[

increases ih spinal loading were found for rising and
lowering, but hand suéporfésignificantly reduced the load -
on the spine during both activities. The authors
concluded that spinai logding during rising.and lowering

between sitting and standing may be minimizedcby the use

of hand support, and that this information is of

Y
‘particular importance to patients with low back pain.

e



-

Hall® predicted that more than 70% of the adult

~ v

Canadian population will experience significant low back

pain at some time in their lives. Low back pain is

»

considered to be one of the most costly medical problems

in modern industrial societles. Contrary to commonly held
belief, white collaf workers have been found to be
afflicted with low back pain neariy as often as heavy
rmanual workers.6 Spinal stresses incurred during
activities of daily living ;ndvsedentary type occupations
may, therefore, be contributory to the production of low
back pain syndromes. Existing low back pain may also be
aggravated by‘basic ﬁuman movements, such as rising from a
chair, since exacerbatign of low back pain has been

reported to occur when individuals subject their lumbar
. g

spines to increased mechanical loads.®

A complete and thorough account of the muscle
activity associated with rising and lowering is not .

available. Portnoy and Morin’/ reported that the

N

electromyographic «(EMG) activity of erectores spinae
duriﬁg rising was characterized by an increase in

amplitude as the center of gravity of the trunk wa's

-

N : ' . .
displaced forward, whereas Donisch and Basmajlan8 observed

bursts of electrical aé%‘vity of the back muscles during

the .movement. . The effects of alterations in seat height

e - .

and hand support on EMG activity of erectores spinae



/"/',
during getting in‘and out o; a chair has not been
previously examined. Although increased intra-abdominal
pressure resulting from contraction of the abdominal
muscles 1s known to feliévb éome of the load on the
spine,® abdominal muscle activity during rising and
lowering has not beeh previously investigated.» Triceps:
brachii activity has also not been préviously studied
despite reporﬁs by several investigatorslr4'9 that hand.
‘'support facilitates.rising from a chair. In addition,
little descriptive biomechanical‘data exists for the
activities of rising and lowering between sitting and
standing.
Rising from sitting(}iﬁmonsidered by physical
: .
thefapists to be a stressful activity which may exacerbate
low back,pain.lorll However, physical therapists ééting'
to advise patients 1in the pfevention and treatment  of low
back pain, have not had sufficient ;nformation available
to adequately‘describe the tragéition betweenﬁsitting_and
ﬁanding. Information on the appropriate selection and
pjustment of chéiré for persons éngaged in sedentary t%yé

occupations is also presently insufficient. Advice to /
/

/

patients, regarding getting in and out of a chair witﬁ

/-

minimal spinal stress, must have a scientific basis ' if
patients with low back pain are to be treated in the most

effective manner. /
i

/



‘l“’ Objectives of the Study - .‘tﬂ L ,

Nachemson® sugoested that the most important task of
the physical therapist in. the rehabilitation of patients

with low back paln, is to give ergonomic and postural
e,

advice based on present knowledge of eplnal loading.
@mScientific evidence regarding spinal loading durlng risinag

and lowering between sitting and standing is expected to

" be of value in preventative and remedial back care .

.

éducation programs, with possible benefit to a large - .

7

i T . . .

portion of individuals in modern industrial@soc1%ties.
. , 1)

"

¢

t

1. ‘To'compare‘the effects of varying‘seat height§7ano
| varying hand support on EMG activity of the‘truhﬁ.
muscles and triceps brachii during rieing and lowering
between sitting and standing, iniorder.:o determine
the optimum combinatioa oﬁ seat height an@ hand
supoort whicﬁ minimizes spinal stress durina thege
activities.

2, To obtain descriptive‘biomeehaﬁical data on the
aotivities of getting in and outiof'a chair with‘
varying‘seat heigots and varying hand support.d

' 3. To obtaln 1nformatlon regardlng spinal loadlng durlng
the transition between 51tt1ng and standing whlch may

be used in back care educatlon programs for patlents

and for persons. engaged in sedentary type occupations.

Fg



Research Hypothesis . » .

. °

. U,

Mean EMG act1v1ty of the trunk muscles and triceps

“brachll will differ among the comblnatlons of four

positions of seat helght and three condltlons of “hand

“'support.

-,
Y

1.

o Delimitations

~f
« : - %

e
;‘.

~
The. investiqation was limited to EMG.and
c1nematography of rising and . lowerlng between sitting
and standlnq using armrest, seat surface and no hand

support, and four 5 cm 1ncrements of seat helqht.

~The study was 11m1ted to FMG act1v1ty of erectores:

epinae, rectus abdomlnls, external obllque and trlceps

prachii recorded with surface électrode pairs from

" standardized electrodd sites. R : .

The investigation wa% limitéd to thirty-two female

subjects ranging in age from 18 to 35,years, in weight
from 46 6 to '67.6 kg, apd . in helght from 154.2 to

174 2 cm. The study was llmlted to normal subjects.

" with no cllnlcal hlstory of chronlc "low back paln,

back injury or significant limb pathqlogy.



Limitations _ ' B

.the lumbar 1ord051s would have prOV1ded additional ,

vrlsks. AR ’ .

y
Subject selection was made on a valunteer basis,?and
did not~ constitute a random sample\ff the population.

Measurement'of intradiscal‘preSSure,(IDP) and EMG

activity of the trunk muscles 81multaneously would

have provided addltlondfrfg¥ormatlon but was. not

feasible dug to the 1nva51ve~nature-qf IDP

B

measurements "and the risk to norral subjects.

‘,Force traﬁsducers placed on the armrests and the seat

surface of the chair, as‘well.as'benegih the subject s

feet wou1d~have’prdv1ded'mone~complete descriptive

'biomechanical_infbrmation,;but'were‘not economicall§

feasible. - ~—

,Radiographic méasurements,of>pelvic inclination and

) -
1nformatlon but would have produced abnormal subjedt«\

i

" The 1nvestlgatlon did not account for 1ndlv1dua1

dlfferences in habits of rising and lowerlng, Wthh

' may have 1nfluenced EMG act1v1ty durlng the

standardized performance of the movements.v e



"

ue

CHAPTER 1II

39

REVIEW OF THE LITERATURE

U

B T
- e !

Intervertebral Disc Pathology and Sitting
L

Low oack pain has been reported to-be one of the-most
frequent and - dlsabllng condltlons affecting men and women

in tﬁbirrproductive years 12,13, 14 Kelsey et al15 found

that impairments of the back and spine'were the most

frequent cause of llmltatlon of activity 1n~persons under
45 years of age 'in the United States and the third mos t

frequent cause in the AS to 64 year old age group. 'In

%

'.modern 1ndu5tr1al countries, the impact. of low back pain ,

a

is costly, both monetarily and to the quality of

llfe 12, 15 Coo ﬂ Q

The sitting posture is.frequently used as alwork

- position in modern industrial societies.A An increased

for several years

- rlsk of nrolapsed lumpar 1ntervertebra1 dlscs has been

repq;ted among persons who have had sedentary occupatlons

13 prolonged sitting, w1th 1nfrequent

’Changes of work postures, has also been associated w1th

. the occurrence of low back paln and hernlated lumbar

1_nte'rvertebral_~dlscs.-l.2 14 16 ‘ T ¥

LabiAl)
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. T

“the magnltude of ‘the load and the duration of loadlng

N

\

Althouqh degenerative disc disease_is belle;ed to be
capable of prodUCing back pain, .the exact mechanism yof
pain productlo% is uncertain.l7'18 Nachemsonlgisuggested
thaf»disc pathologyshould be considered in terms of a
combination of anatomic, histolagic, chemical and

mechanical factors. There is agreement that mechanical:

@
-

‘ L Y . ' . e,
stregses acting on the lumbar spine are associated with

the development of degenerative disc diseaseAand'low back

-’ -

pain syﬁdromes.12f13'l9:29'2l Absende ‘from work because

of low back symptoms has alsp been found to be related to
' - »

vocational factors. that increase the load on the

spine.12 Sedentary work inVolﬁes\static loading, whereas

manual work involves dynamic loading, however static work
' <

&
is dlfflcult to deflne In'either'case, the risk of -

developlng low back symptoms 1is similhr.®

Durlng statlc loadlng conditions, such as prolonged

'

. sitting, diSé'deformation has been reg/rtedvto depend on

22.

dlrsch 22 in a. study of the mechanlcal propertles of

1'lumbar dlscs,‘%Fmo strated that axial loaded discs do not

have the same 1ty as unloaded discs to compensate for

even a mino extra strain. In addition, volume losses of

lumbar discs under axial compre551ve loads, in,vitro, have

been shown to be up to .5 ml during a. 30 min’time‘

interval.23 Kramer?4 demonstrated that the 1nflux and

~



outflow of fluids through the cartilagenous end plate of

4

intervertebral discs are proportional to the pressure

Kgradlent. A: high compressive load on the’disc, therefdre,

‘ de31gnated as motor unlt action potentlal tralns. The EM@

is accompanred by fluid outflow, whereas unloading results

in a fluid influx. Since the ﬂranSLtlon between sitting

and standing is known to increaSgpthe load on the s'pineq1

this evidence suggests that rising from a chair after

-

prolonged sitting subjects lumbar discs to significant

~dynamic loads at a time when the discs are particularly

, é
vulnerable to mechanical stress. ,W

Surface Electromyography °© - o \

Basmajian2® reported that muscle membrane

depolarization generates an electromagnetic field in the

vicinity of the muscle fibers. When avrecording electroﬂe

is placed in this field, a potentlal or voltage will be

)

detected with respect to the ground of the _EMG system.»ﬂrz

ance motor unlts must be repeatedly actlvated to sustalnf
Q g e g.
muscle)contractlon, each motor unit actlvated produces a 0
: ¥

sequence of motor unlt action potentlals whlch have beenx 4
Voo : ¢

SLgnal has been reported to represent an algebralc e

summatlon of all aCtlve motor unit potentlal tralns from

14 . =

all actlve motor unrts W1th1n the plck up area of the

‘e

A



recording electrodes. The EMG signal must be‘amplified
.befbre‘lt can be recorded. Afthough the recorded EMG
signal has been reported to be proportional to the number
of impulses, it does not imply that theridentity of the

motor unit flrlng is tonic or pha51c.26

10

A d

Surface electrode recordlng has been suggested as’ the‘

method of Ch01ce where a global pick up of superf1c1al
'Y - :

muscle activity is desirable.2§ Voml and Buskirk?2’

reported that the test-retest reliability;(SS day

interval) for surface electrode recording of'bicensf

brachii was r = 0.95 for maximum isometric EMG, T =VO.9l
for maximum eccentric EMG, and r =-0.97 -for maxirmum

‘concentric FMG. ‘A linear relationship between surface EMG

and intramuscular EMG has also been shown to exist during

isometric and constant velocity isotonic cOntractions.zev’
j : o T , TN

It was concluded that surface activity is representative
of the intramuscular activity. However, beCause of the
dlfflculty of re- 1nsert1ng 1ndwelllng electrodes into

exactly the same olace 1n the muscle between test days,’

~test- retest rellablllty of wire electrodes ‘has: been found

to be poor.27

Recently, Perry et 3128 in a surface and w1re‘

electrode study of the calf muscles, reported that surface

Lo
-electrode act1v1ty represented a comp051te of muscle

LN

G .
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action,'with subcutaneous muscles domlnant but deeper

muscles also contributinq.'-'1m11ar1y, Hemberg et al29

sugoested that EMG~ surface electrodes placed over the

11

“"external oblioue.would record mainly that musc‘F, but some

f
internal obllque act1v1ty would alsb be plcked up.

However, 51nce the two- oblique musciles have §lso been

reported to work together functlonally in symmetrlc

|

movements‘ln the-saggltal plane*29 thelr activity would be‘

) )
complementary durlng symmetrlc act1v1t1es. Spec1f1c1ty of
. S

surface electrode recordlng 1s llke' 'ovdep nd on the

”dlstance between the electrodes and the undlng

muscles as well as the den51ty ‘and conduct1v1ty of the

adjacent tlssues.\ Also, 1f spac1ng between blpolar

surface electrodes is decreased and small electrode-t? <~

sensors are used 7ocallzat10n of the 51qnal w1ll be

| lncreased 25 22 oo :h o

The magnltude of electrlcal act1v1ty 1n:muscle} o

°

51m11ar to the factors that determlne muscle tension,lhas

been reported to b€’ determlned by the number of_muscle,

flbers recrulted and thelr mean frequency of

exc1tatlon 30 31, The amplltude of EMG 51gnal also dependsf,*f'

[

© . on 1) the dlameter of the musclé flbers, 2) the dlstance

——
between the act1ve muscle flbers and the recordlng 51te,“
3) the 51ze of the recordlng electrodes, and 4) .

=S
o

Y

¥y

@
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' 'shown, by the myoflbrlllar ATPase

vaxperlmental condltlons must therefore, ensure both,t

"_absence of muscle fatlgue and standaralzed

impedance.25 THus, with surface electrode recording, ,u.
muscle flbens located clOSer to the surface w1ll

contrlbute larger amplltude electrlcal 51gnals than deeper

"situated fibers. Larger diameter fast tw1tch flbers will

vy

also produce larger amplltude EMG acthn potentlals than

. t
smaller "diameter slow. tw1tch flbers. However, erectores

~sp1nae, rectus abdomlnls and trlcegs brachll have been

eactlon, to be - composed

-

‘of hoth Type I and Type IT muscle. flbfrs Wlth no

51qn1f1cant dlfferences in. flber type‘proportlons between

82+

the deep and superficial areas.
The validity of EMG as an index of muscle tension

depends on . the relatlonshlp of the EMG 51gnal to muscle

force. The EMC/muscle force relatlonshlp durlng voluntary‘

1sometr1c contractlons and constant veloc1ty 1soton1c

vcontractlons of normal unfatlgued muscle has been reported_

to be llnear 26, 33 34,35 However, BMG/force relatlonshlps i

~are a%so dependent on the condltlons of . the experlment and

the phy51ologlcal propertles of human skeletal muscle.

vvctrode type,

..//
e
!

:placement,;subject p051tlons and test/act1v1t1es.

A///

Thg fgectfical propertles of the sk1n must be- taken

1nto account when surfape recordlng electrodes are used.
R : R . .ﬁ .
/l' ! i -

|
. ) . D
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Cleanindxand light abrasion of the skin, to;remdve“the

‘_dead”surface layer and protective oils, ‘serves to reduce’

25

skin re51stance to approxlmately 3000 ohms. ’Electrical

contact may be further 1mprOVed by the use of conductlve _

- N //’)

'electrode Gel'/and adhesive strips useduto secure the
electrodes prov1de contlnued pressure at the electrode
sites. Impedance’ at the skln/electrode 1nterface depends
.on thedskin site, the skln preparatlon, the area of the

36,37

electrodes ‘and the temperature. ,The range of’

'amplltude of the EMG 51gnal obtained'with surface
recordlng electrodes, is 0.0l to 5 mv. 36, However, 51nce,
total 1mpedance is varlable,‘and”of;unknown~magn1tudeh the
voltaee 1nformatlon is less meanlngful./ Perry'et;alQB"
»suggested that the llmltatlods of uncontrolled sampllng

‘varlatlons such as 1s produced total electrlcal 1mpedance

'w1th use of surface electrodes, may be c1rcumvented by

e

fnormallzatlon of the EMG data.‘ Where is an acreement that

¢

the EMG value obtalned from each electrode when expressed

e

13

as’ a ratio of ‘another representat1Ve value of that B

. o
electrode s output (a soec1f1c test or . reference act1v1ty)

b'_serves to- cancel the sampll ; varlable 28 35,38,39,

. 4h1
_When blpolar surface electrodes are placed over the

hf“muscle 51te, the voltage recorded has been reported to be“

2

»the dlfference 1n potentlal between the two

,?J -

L
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eléhtrodes 37 gince the voltage waveform at each

&‘9" : :
ele&Qtod is almost_the same, but shifted in time: the

:t EMG action potentlal usually has three phases.

resulb
ol
T e
As the Yce output increases, several motor unit action
A N
k3

potentihls will be detected simultaneoasly producing a raw
EMG lntégfeTence pattern 25  The raw EMG signal 1s
frequently full wave rectified and low-pass filtered for

. .
high frequency noise.37 The cesultant linear envelope 1is
analyzed by measurement Of the area under the curve, and a
aquant itative value is thus derived from a composite of the

signal variables of amplitude, frequency and spike

shapé 25, 36 37 Artifacts, which may result from lead

2 ««.

movement,40‘are normally identified visually and excluded
froﬁ thé EMG analysis.25

Kndersson et al4l examined the EMG activity of
erectbres spinae during sitting with the use of bipolar
surface electrodes.  Surface electrode pairs were placed
at the levels‘of the tenth thoracic vertebra and the
first, third and fifth lumbar vertebrae (Tyq5, Lp, ‘jﬁﬂ?Ls)
in ‘order to obtaln representative signals from a large
group of muscles suitable for the detection of major

functional differences. The authors concluded that when

muscle activity is observed at several spinal levels, it



oy,

!

s

is possibie to predict spinal stress on the basis of EMGC

activity of back muscles, without detailed knowledge of |

Ll

posture (i.e. pelvic inclination). Surface electrode
péirs placed 3 cm lateral and parallel to the tips of the
spinous pro%esses at the Tyqg., Ly, Ly and L5-1evel$ were
reported to monitor activity of the longissimus and
multifivus muscles.4l'42 Since both longissimus and
muliifidus span several vertebral levels in
interdigitating fascicules, information obtained from more
than one EMG electrode site 1in éhe lumbar recgion may be
considered to be complementary. ‘

Previous invest_igators41’43 obtained unilateral EMG
{

recordings, with the assumption that electrica activity

would be tﬁé same on Soth sides of the body when )
symmetrical postures and test éctivities were used. The
validity of this assumption was demonstrated by Jonsson44
who found no statistically significant differences between
the.EMG activity of erectores spinae on the.right and left
sides of the body in symmetrical‘postures. Sex
dlfferences in EMG activity also appear to be negligible,
since no significant dlfferences were found in EMG
activity of ereétorés spihae between males and females

durlng both 31tt1ng and standlng 42,45

o

(Gl
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FMG Activity of Erectores Spinde and Spinal Loadina

I.inear and rotational forces were reported to be
transmitted between adjacent vertebrae by the
intervertebral disc, tHe s%inal ligaments and the
apoPhyseél joints.46 The nucleus pulposus has been /
reported to be the major load carrying articulation of the
lumbar sbine.47 The pressure in the nuciéus, loadea in
compression, has been shown to be about 1.5 times the
extefkal loéd per uﬁi? a;ea.6 Because of its.semLfluid
compesition, the nucleus/normally transmits the
compressiv% load equally 1in all directions.47 The ‘ K
ve7{I;;1 eress on the annulus fibrosis has been Yeported
to be approximately 50% of the external load per Qnit
area; whereas the tangential tensile strain was four to
five times the external load.® As the ratié of disc
diameter to héight is higher in thoracic discs than in
lumbar discs; circumferential stresses are believed to be
less dominant in'thoracic‘dis65.49

Intraaiscal pressure measurement yields direct
information of the load acting oﬁ'the spine, but requires
invasive procedures. Andersson et a149,50 demonsﬁréted
linear reiationsﬁips between EMG actibity of'ereciores
‘spinae, intra-abdominal pressure, and IDP with the moments

g’ ’

acting on the spine. The measuremen values were shown to

increase when the trunk moment increases.”0 Similarly,
’ . ’



Ortengren et ar”! suggested that EMG activity of the back
muscles may be used to study the load on the spine in
static and dynami% situations. This evidence suggests

that EMG activity of erectores spinae may be used as an

index of spinal stress.

Uses and Limitations of Cinematography

winter37 suggested that since most human merments
are complex, the .examination of the external mechanics of
human motion requires some type of imaging system in order
o capture all the data. If many images are taken at
regular intervals, dynamic activities may be described
over a period of time. The use bf 16 mm cameras have beeh
recommended when precise measurements must be made from
the.film.52 Since the subject is less likely to be o
affected by the experimental protocol, filmed activities
may also bé}more répresentative of the subject's ﬁormal
performancé. In addition, when cinematography is
synchronized in time with.another“measurement system, such
as EMG, relationships may be drawn between the data
obtained from the two measures.

The major disadvantage of dinematograﬁhy has been

wA .
found to be the extensive time required for data
’ \
extraction and analysis.52'53 Grieve et a1°? aiso

+

<



eﬁphasizéﬂ that the investigator using cinemafoqraphic
~techniques must Te aware of the inherent inaéguracies of
measurement, and the techniques that are available to
counteract them.. Several common SOurCéS of :
cinematographic error'have beenyidentified. It was

suggested that graininess and lack of definition of the

fil% may lead to inaccurate location of points on the body

of the subject.54 However, an understanding of the camera

and filming téchniqﬁes will help to ensure that the images

s
R
- e

are of good quality.52 Markers placed on thevsubject's
. i . ¥

skin to indicate boney hirige points may also shift during

the performancé of the activity as a result of muscle

54 Igentification of both

[
[

the marker and the joint center in the ﬁata extraction

-

contraction and skinl stretchina.

process will help to minimize this soulce of error.

Since cinematdqraphy;is é>$amplingvprocéss, Winter37
noted that the sampling theorem must not be violated with
respect to the filming rate. The sampling theorem was
repOrted'ko state that "théﬁproceés signalAmdst ﬁé sampled
at a frequency at least twice as hiéh:as the higﬁestv;
.frequency in the signal itself.” Sampling at too low a
frequency may result iQ false frequencies being generated

in the sample data which were not present in the original

37

E

* signal (aliasing errors). Howevér, Winter concluded

18



A \ - ' .
that, except for higher-speed actlvitles, standard 16 mm'
movie cameras will satisfy the requirements of the
sampling theorem. |

wnen assumptions'have to be‘made concerning the
weights and dimensions of-oody segments; it may‘be
difficult to check how.accurately they apply to a‘ - o
particular subject.sé Hubbardss reported that in order to
make measurements and comparisons based on nhotographic
recordsy the major movement plane must be determined, and
the camera placed. perpendlcular to and in the approx1mate
center of that plane. However, human motion will 1nvolve
some movement which is outside of the major moyement
_plane.52 Motion occurring toward and away from the camera

will produce apparent cngnbes in the dlmens1ons of parts

54 suggested

of the body (parallax error) Grieve et al
that 1n practlse a large camera to subject distance will
reduce this source ofﬂerror to a mlnlmum.\ Although there
are several possible sources of cinematographic error,
Miller and Nelson52 stated that accurate measurements can
be obtalned from films of subjects performlng under elther
'competltlve or controlled laboratory Condltlons when ‘the

filming procedures developed for'blomechanlcal research

are carefully observed.

19



Rising and Lowering Between Sitting and Standing

The spatial characteristics of rising and loyering
between sitting add standing with varying seat heights and
varying hand ‘support have not been previouslf reported,
vPrev1ous c1nematograph1c and biomechanical studies of
rising from sitting have emphas1zed knee 301nt mechanlcs
Vand muscular dynam1cs.3'4'56 027 The acthLty of lowering
from etanding to sirting apéears to have'been almost
rotaiiy disregarded. However, the main features of the
activities ere known, and this 1nformatlon ‘may be used as

® -

a basis for further study.

Rising from sitting has been reported t¢ be initiated

by forward piyoting of the trunk.l'3 Kelley| et al13 foudd‘
large knee torques in response to the.transfer-of weight
from the seat'to the lower exfremities‘(lifé off);<andc.
'peaV ¥nee extensor muecle activity was observed at that
point. Slmllarly, FEllis et- a156 reported that peak
patello femoral forces occu;?ed at the point of 1ift
off. In the latter part of the motion, hip and knee
lrorques were found to dlmlnlsh gréﬁ?ally as hlp, knee and
trunk- extenslon was completed and the body -was ralsed to

standing.l'3 It has’ also been suggested that rising may

be accompllshed elther brlnglng the body center of mass (C

20

of M) quer the feet or by bringing the feet back under the



h

~

o

2

body C of M. 2 However, Johnston and Smidt“ concluded that

ri®€ing is normally performed by bringing the trunk over

>
the feet. During lowering from standing to sitting, a

reversal of.the rising activity, the hips, knees and trunk
are flexed and flattening of the lumbar lordosis occurs
simultaneously.l' After‘seatvcontactvoécurs (touch down),
the trunk is raised to the upright position.

Anderssonbet alsg_demonstramed“ using radiographic
measurements, that the lumbar lordosis decreases-by ‘an

N

"average of 38° when an individual moves from standing to ,——
. . - N

8

e

also e

‘the sitting position. Donisch and Basmajian
&

.reported that posterior rotation of the pelvis is about
T o ¥ Y

40° when a standing person sits‘down,'and that this pelvic
rotation is accompanied by flatﬁening of the iumbar
1ofdosis. .1t has been suggesped that the hip flexion and
backward rotation of the pelvis.that occdrs‘auriﬁg,

®

lowering from stamding to sitting brings the ischial

“tuberosities into a weight bearing position.59 Since thé’

sacrum is almost completely fixed to the pelvis, Anderéséﬁ
et‘al4;‘conclﬁded that the posture of the lumbosacral
spine is difecR;y‘rel§ted to the.inclinationkdf the
pelvis. Thé lumbar spine, thereféﬁe,vaVes towérd

lordosis when the pelvisvrotatés forward, and toward

kyphosis when. the pelvis rotates packward. The position



of the head may also effect the degree/ of lumbar curvature .

during getting in "and out of chair, since the line of
sight has been reported torinfluence the shape of the
spine.6O |
:Little information exists in the literature redarding
-the electrical activity of the trunk musclég during the
transition between sitting and standing. Morris e£ a16!
sugoested that erectores spinae activity‘occurs during )
saggitaf plane movements of the trunk in order to oppose
the‘forces of gravity. Duringztrunk flexion, erectores
spinae has beeﬁ repbrted_to create‘an extensor moment
equai and opposite to the flexor gravitational‘force.62

Aithough erectores spinae contraction has been observed

during rising from sitting,7'8 the activity has not been

quantified to a high degree of confidence. No information

exists in the‘literature regarding abhdominal muscle
activity duriné rising and lowering. An ‘increase in”
intra-abdominal pfessure broddced by contractiqn-of the
abdominqlcﬁUScléS has been’reported to relieve some of the
load.on thé spine‘iﬁ bertaig‘situations, such as duringJ

_ ST 3
stoop lifting.6'62 It has_been suggested ;hat'strétch
receptors in erectores spinée m;y‘be'respohsible for
'iﬁitiating‘the réflex increase'in ;nf?a;abdoﬁina;

pressure,63 However, when movemerts of the trunk were

a3
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performed without resistance in both the sitting and
standing postures, the abdominal muscles were found to be
inactive.25 Trunk muscie activity during getting in and
out of a chair, therefore, requires investigation.

The effects of varying, hand support on EMG activity
of the trunk muscles and tr;ceps brachii durlng rising and
lowering has‘also not been previously reported\ Although
the lower extremltles appear to provide the major thrust

3,56, 57

required for rising from a chair, significant

reductlons in knee joxnt contact forces and muscle forces
1

LY

occurred when the armreqts were used. 56 Andersson et al
also.found that hand support significantly reduced IDP at

Ly during rising. and lowering. However, this finding may

- have been the result of the spine beihg'relievéd‘of the

weight of the arms when hand support was uséd.64 Further .

study is, therefore, required.

The sitting and Standing Postures

a

: J
Nachemson,19 in a study of lumbar IDP, found that the

.load on the spine was 30% higher in unsupported 31tt1ng
vthan in standing. ‘The 1ncrease 1n splnal 1oad1ng that was

" observed 1n 51tt1ng can be explalned by the forward

dlsplacement of the trunk's C of M, which increases the

'weiqht arm relatlve to the pelv1c vase of support (moment'm



24

of flexion or weight arm in sitting = trunk weight x

distance from the center of rotation to the . -C of M of the
: X1

65

trunk). In standing, the lumbar 'spine moves toward

d.65,66

lordosis and the weight arm is shortene However, -

LI

the load on the spine'during sitting may be reduced if the
lumbar lordosis 1is maintained and back muscle activity is

minimized.65'66'67'68_ The use of backrest support

together with a backrest inclination of 100° to 110° were
. ' { : :

found to be of major importance in reducing IDP and EMG

activity of back muscles, as a result of part of the body

§ "41

welght being transmitted to the backrest. A ‘further

deorease in IDP at Lj occurred wnen the lumbar support was
increesedr Thfs evidencletheretore, provides guide;ines‘
for mlnlm121ng‘sp1nal stress during sitting. |

;— Since most jOlnt centers are a short dlstance from
the line of gravity during erect standlnq, the force of

gravity develops rotarv components in many jOlntS whlch

must‘be re51sted by gnuscular forces. 25,69 The abdominal

and erectores'spinae muscles have been reported to serve
as stays to malntaln eoulllbrlum of the trunk durlng

.

standlng 70 Accordlngly, EMG studles of erectores spinae

have reported only 1nterm1ttent act1v1ty of these myscles

in the standlng p051tlon 7l 72 However, the ébdominal

O .
: . ' k3 - - -. L3 .
muscles were found to be inactive during standing’with the-.

exception bf the lower-portion.of‘internal Oblique-?5 i -



N
In opposition to the popular belief . that standing is

a static position; standing has heen shown to be normally

composed of a series of relat1Ve}y 1mmob11e postures

73

-~

t
;;eparated by brief intervals of movement . Postures of:

/ } B
i////symmetrical weight bearing on both feet or with body

:'weightAborne almost entirely on either the left or right i
foot did-not persfst for longer than 1 min, with the
average puration being about 30 sec. Experimental

conditions, therefore, should not involve forced periods

o

% of prolonged standing.

" The, Chair .
. ™~
3 -‘., ,

o The 51tt1nq posnure an 1nd1v1dua1 assumes has been

reoorted the de51gn of the chalr, hls or ‘her

~

sitting hai he task to be performed. The

importance" ;?nt changes of pdsition,dnrinq”sitting
’1e fatlgue and dlscomfort has been

in ogdef;tog :
66, 67 <74, 75\ The 3;

emphasized bé ;eral investigators.
chair,‘thereff should allow for changes of p051t10n, .
andvnot forc-: \

Althouéhl

aCt1v1ty of tf *trank muscles durng gettlng in and out - of

s

a chalr 1s not kn H prev1ous 1nv stlgators haveb

v‘ldentlfled relevant factors whlch hould be consldered 1n

~




~'51gn1f1cantlv hlgher thlgh pressures also resulte

‘the f oor1

the SeleCthﬂ of an appropriate seat helght. Chairs with

-ad]ustable seat helghts were recommended for 1nd1v1dual

use in the workplace 1n ‘order to accommodate persons. of

different body‘dlmen51ons.66 75 76 A seat helght sllghtly

less. or equal to the length of thé lower leg has been

suggested, sO that body welght wou}d be supported by the

\

ischial tuberos1t1es, and compre551on of soft ‘tissues of
he posterlor thlghs could be avolded.64'68'77 Sitting-
with feet supported was found to produce pressures under
the -ischial tuber051t1es which were. in excess of 30 pounds

-

per square inch whereas 51tt1ng with feet hanglng

'produced similar 1sch1al tuber051ty pressures but

> )

a.l7

3

Therefore, seat helghts of 41 cm were recommended in

chairs de51gned for publlc use .to permlt the. feet to reach

74

The seat height of the chair also influences the

sp1na1 posture of the occupant. Troup et-a’i78 found that

,',»

‘lumbar vertebral posture was largely secondary to the

f‘postural relatlonshlp between the trunk and the lower

@

'1imbs; when the 1nc11nat10n of the trunk was held

©

Lo
constant.’ The posture of the lumbar splne, therefore, may

©

be altered by both changes of seat helght and changes in

' helght ofgtﬁua feet: support. Low seats produced a 51tt1ng

26
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}position with a thigh-trunk angle of less %han 90°

'resultlnq in backward rotation of the pelvis and

64,79

obllteratlon of. the lumbar lordosis. High seats,

LN

»where the occupant s feet were unsupported were found to

hasten -the onset of back muscle actlvrty and early fatlgue
resulted-.

Additional recommendatiOns for chair design have been
made to facilitate sitting comfort and reducebspinal
stress durlng 51tt1ng It has been suggested that a seat

depth of 15 to- 20 cm. less than the sacril- calf dlstance

would prOV1de adequate clearance between the calf and the

“front of the seat. 79 Seat w1dth should allow for

clearance of the trochanters, and permlt lateral movement
in the chalr 79, 80 4The shape of the seat surface
recommended was elther uncontoured75 79 or sllghtly
concave 68, 74 Flther de51gn satlsfles the prlnClple

con51deratlons of allow1ng the occupant freedom of

movement in the chalr, and welght bearlng through the

ischial tuber051t1es.‘ However, controversy eX1sts L

regardlng ideal seat lncllnatlon. Floyd and Robertsj9

recommended a horlzonkal seat so that there 15 a less

.acute thlgh trunk angle, and changes of p051t10n are_

facilitated., A seat)that 14 1nc11ned backward 5 has also

been recommended so that there is no tendancy to sllde

forward ln the chalr 68 80 -

27
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The firmness of the seat also influences sitting
comfo}t. Kroemer75 recommended é paéded, upholstered seat
that does not compress more than 2.5 cm sO thét the seét
would be firm enough to provide support. Very hard seats
produced discomfort in a short time.80 very soft seats
were‘not recommended as body weight is then distribgted to
soft tissues adjacent to the 1ischial tuberosities

producina undue pressure and discomfort.

Conclusion

Rising and lowering between sitting are activiﬁies of
daily R&ving whicﬁ are normally performed many times in
the course of a day. Although getting 1in and out of a
chair subjects the lumbar spiné to significanf mechanical
é’atress;l the effects of varying seat heights and varying
hand support on EMG activity of the trunk muscles and
triceps brachii during these activifies has not been
previously investigated. Th; spatial characteristics of
‘risipg and lowering petween sitting and standing with
varying seat heidhts and varying hand support have also
not been previously reported. o

NacHemson6_suggested that the most important task of

the physical therapist, in the rehabilitation of patients

with low back pain, is to give ergonomic and postural,



advice based on present knowledge of spinal loading.
Powever, the objective basis for education of patients
regarding getting in and out of a chair with minimal

spinal stress is presently incomplete.



CHAPTER YII
MATERIALS AND METHODS

Subjects

'Thirty informed, volunteer females with no clinical
history of chronic low back pain, back injury, ninor
scoliosis or significant limb pathology served as s;bjects
for the study. Two additional informed, ~volunteer females,
who were selected using similar criteria, participated as
subjects in both the pilot study ‘and ﬂhe'synchronized
EMG/cinematography portion of the investigation. Copies of'
the informed consent and photography—cinematography consent
forms are contained in Appendix A. Subjects wefé
considered to have moderate activity levels in that all
subjects were physical therapy and physical education
students who participated i 'recreaﬁignal physical
activities on a regular 5as s. Subjects were requifed to
perform a screeningitest'of abdominal endurance consisting
dﬁ»20 bent knee curYl ups yith feet stabilized as adapted.

from Quinney et al. 1 gubjects ranged in age from 18 to 35

years (mean 23 years), in weight from 46.6 to 67.5 kg

30



(mean 57.7 kg), and in height from 154.2 to 174.2 cm (mean

164.7 cm).

The Chair

A Drabert 4002CAA stenographer's chair™ waé'used in
the study. The standardized components of the chair
,weré: seat depth 54 cm; 5° backward inclination of the
seat; seat‘surface'covered with 2.5 cm foam padding and
upholstery; pneumatlcally adjustable range of seat height
13 cm: upholstered backrest 61 cm in- heidht; backrest
inclination 110°; a lumbar support incorpora;ed in the
backrest of the chair; and removable high de;sity plastic
armrests 21 ém in height.‘ . .

-

Subject Posikioys and Activities

’

1. The Sitting Position
The subjects' standardized sitting position in the
study was with buttocks as far back as possible on the
. ’ \

seat surface, trunk resting against the backrest of the

chair, the lumbar support positioned in the lumbar

Sunar, a Division of Hauserman Limited, 1 Sunshine
Avenue, Waterloo,: Ontarlo N2J 4K5
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s

concavity, head upright, eyes fixed horizentally, and feet

supported. Subjects wore stockings but no shoes.

a)

b)

c)

‘-

Seat Height Positions

Pos1t10n One (reference seat height) was 51tt1ng with
the seat helght of the chair adjusted 1nd1v1dually for
each subject such that thighs were horizontal, lower
leés vertical, and knee angles 90f‘(Figure 1).82 The
reference seat height was, therefore, baséﬁ on each
subject's lower 1leg 1ength.57 The‘angle.qf the right
knee was checked to ensure that it was 90} using a

standard goniometef, with the long axes of the upper
N

~and lower legs as lines of referenceé. The 'soles of

\

the feet were in contact with and resting on two 91 cm
square, .5 cm thick wooden pla;forms: The platforms
were fixed to the base of the chaif to prevent any
movement of the apparatus during testing.

Positioanwo maintained the seat height of‘the chair
from Position One with the subject's feet resting on

Fad

one- 5 cm thickness wooden platform; resultlng in a

32

: )
seat - to-platform height of 5 cm hlgher than in zk'

Position One. 82

Positions Three and Four were‘with seat—té—platform

heights of 5 cm and 10 cm lower than in Position One,

respectively.82

TN
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a)

b)

their hands on previously marked positions on the

Hand Support Conditions o

In the armrest hand support condition, subjects placed

¢

upper, anterior extremes of the armrests of the chair.

Tn the seat‘suffac% hand support'condition; subjects

" placed their hands on previously marked positions on

.
the lateral, anterior extremes of the seat surface on

either side of the chair. The armrests were removed
from the chair.
For the no hand support condition, the subjects' arms

were hanging by their sides with palms facing

medially. The armrests were removed from the chair.

. The Activity of Rising From §itting to Standing

From the backrest supported sitting position,
& ' »

subjects assumed one of the three hand support conditions

while leanihg forward in the chair, and rose from sitting

to erect standing.

5.

The Standing Position

The subjects' erect standing position was with weight

evenly distributed on both feet, knees loosely extended,

arms hanging relaxed, head upright and eyes fixed

horizontally. -

AN
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.6. The Activity of Lowering From Standing to Sitting

From the standing.position, subjects assumed one of
the three hand support conditions while lowering from
standing to backrest supported sitting.
7. EMG Reference Activities

Seated in Position One with upper arms adjacent to
and in line with the trunk, elbows flexed to 90°, palms
~directed medially and grasping a 5 kg weight in each hand,
subjects rose froﬁ sitting to:standing. With éimiiar hand ¢
and arm positions and grasping a 5 kg weight in each hand,

P

subjects lowered from standing to backrest supported

sitting.

- -
]

Electromyography

Beckman bipolar surface electrodes, 7 mm in diameter,
w@%h a sensiﬁg element of silver-silver chloride were used
to pick up EMG signals in the study. The electrode sites
were thoroughly cleaned with alcohol to remove the skin's
pr9tectiVe oils, and light abrasion was used t§ remove the
dead surfgcé layer of s;kin.25 The gaps -under the silver
'discé’were_filléd'with electrode gel, and the electrodes
were fix;d:to the skin surface with double édhesive
electrode collars. The electrodes and‘;heir adhesive

collars were covered with Elastoplast adhesive tape to

" maintain pressure at the electrode sites.

f

i
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The erectores spinae surface electrode pairs were
placed -3 cm lateral and parallel to the tips of the
spinous processes on the right side of the body at the

: o
Tig, Lyps L3 and Lg vertebral levels.41:41,83  The upper

+

rectus abdominis electrode pair was placed longitudinally -

5 and 8 cm below the tip of the zyphoid process, 3 cm to

.

the right of midline.84'85586 The lower rectus abdominis

electrode'pair.was pléced longitudinally 2 and 5 cm below
4

the umbilicus, 3 cm to the right of midline.§4'85'86 The

external oblique electrode pair 4vas placed just below the
right costal margin at. the angle of‘;he ninth rib, 1in an
ohlique line parallelk witﬁ the undérlying muscle
fibers.ﬁ4'85'86' Interelectrode distance, méasured from
center to center, was 3 cm for the above electrode

pairs. In érder to investigate the three heads of the

right triceps brachii muscle as a single entity, the

triceps electrode péir was plaéed longitudinally in’ the

» [

1

‘midline of the posterior\uppér arm over the major bulk of -
“the muscle, with an interelectrode distance of 4 cm. The
locations of the eight surface electrode pairs are

illustrated in Figdre 2.

The electrodes were connected to the leads”offan



Figure 2.

-

r

Anterior, : - Posterior

~

Positions of surface electrode pairs (EQO
indicates the external obligque electrode
pair, URA upper rectus abdominis, LRA lower

rectus abdominis, T triceps, and Ti1o’ L1

’ Lyr L indicate the spinal levels of the

5
erectores spinae electrode pairs)

e
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eight channel Reckman'Dynograph‘recorder, model R612% with
a.ffequency response range of 5.3 to 1000 Hz. EMG
potentiais were full wave rectified and low-pass filtered
(upper limit 100 Hz) for high frequenéy noise using a
'9852A coupler producing a linear envelope.36,37 chart
speed was calibraéed at 11.5 mm/se% and was kept constant
throughout the study. A permanent paper record

»

(electromyogram) was produced from the Beckman ink-pen-

~recorder.

N

The Experimental Procedure

Meésure ents of-ahthrbpometric'characterisxics of
subjects sedted 1in POEQFion One were truﬁk height (chair
seat to right écromi&m), knee to hip‘depth (right knee
joint to greater trochanter), and right heel to posterior
thigh distance. Upper arm length (right acromium to elbow
joint) and forearm length (right elbow to radial styloid
process) were measured in the standardized erect standing
position. All measurements, testing, daté extraction and
anaiYses'were completed by the author. A summary of

subject anthQOpometric characteristics and reference seat

heights may be found 1in Tqb%a’;.~

* : : ) .
Beckmdn Instruments, Inc., Electronic Instruments
Division, 3900 River Road, Schiller Park, Illinois 60176.
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Subjects were randomly assigned to one.of-the threg

hand support conditions previously described. FEach
. .
;ubject was given fﬁﬁx‘practises of the test'activities.
FiVe EMG recordings og:each test activity<wére obtained
for eacﬁ of the ﬁouf positions of seat height, for each
subject in the tﬁree hand support conditions. _PQsitiQn
‘.One was admiqistered first, as Pdsﬁtians Two,'Thfee and
Four were éstabliéﬁed for each éubject in reference to the
sea£ height obtained in Position One. The p051tlon of
each subject s feet was marked w1th masklng tapevln
/

Positioq_qﬂe, and.maihtained thfoughout the sequence of .
,testing.254 The seqguence for SOmpletion‘of Positions Two,
Three and Four was randomly assigned to'each subjebt from
a random number téble.87 Subjecis relaxed in backrest
supﬁ%rteg sittingvfor 5Amin‘betwéen each:changé of seat
héightr vSubjectsbalso performed'éné practice7 and three
repetitions.of each Ofrihé EMG'feférence activi%ies.

" Subjects maintained the standardized'sétting and
: o ; Ny, 0
standing positions for a period of 30 sec pxrior-to

R

‘commencing the test activities. The duratioﬁs of the test

- : . "

N

activities were determined'in_a‘pilot study of'324,trials

using the two additional female subjects. Based on the
mean duratlons calculated from the n&lot study; a ‘?
. (7\ :

speclfled act1v1ty ‘time of 2 sec was “used for both rlslng :

and lowerlng.3 Subjects performed the test. act1v1t1es to

o



»hlghlrghted with 2 cm dlameter white adhe51ve drscs

‘a metronome calibrated at one beat per»sec.3 in order toO

ellmlnate the effects of subject reactlon tlme, subjects

lnltlated the act1V1t1es at will during a 5 sec period.

Cinematography

El

'In order to examine the temporal, spatlal and EMG.

patterns of the rlslng and 1ower1ng act1v1t1es, combined

"EMG and cinematographic technlques were carrled out using

the two addltlonal female subjects. The‘anthropometric

characterlstlcs of these subjects may be found in- Appendrx

B. Since both sub)ects part1c1pated in all three hand

support condltlons in this: portlon of the 1nvest1gat10n,

the order of admlnlstratron of the hand support condltlons

was also randomized The experlmental procedure was

~oOtherwise 1dent1cal to that descrlbed for the maln study.

Joint centers on the rlght 51de of the body were

°

‘(Appendix B). A Photo—Sonlcs 16 mm-lPL movme camera” with‘

al2 to 120 mm Angenleux ‘zoom 1ens was used to record the

-test act1v1t1es on 16 mm double perforated §0s1§1ve

reversal, Kodak ectochrome 7250 film. The camera wae

B s .
. . ‘-

Instrument Marketlng Corporatlon, 820 Marlposa St.,' 3
Burbank, Callfornla 91506. - = » e,
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situated 6.2 m from the subject. The horizontal axis of
the lens was positioned at ££e ievel of Lj during lift
off, as this point formed the center of the photographic
field. The test motions occurred in a plane perpendicular
to the horizontal axis of the lens. The camera\épeed was
séﬁ at 50 frames per second (fps), with a shutter opening
of 30°, and film exposure time was calculated to be 0.0017
sec per frame. The fiiming record and graphic
representation of the filming protocol are contained in
Appendix B. |

VA Photo-Sonics Neon Timing Light Generator series
TLG* was connected to both the camera and the Beckm;n
Dynograph recorder. The }nternal timing light located
within the camera was.activated at a frequency of 10 Hz,
producing a light trace on the edge of the film. The 10
Hz timing generator signal was simultaneously recorded by
the Beckman EMG system using a 9852A coupler with an
amplification’ factor of .5 V/mm. This arrangement made it

possible to.synchronize ﬁg; film record with the EMG

0

N .
Instrument Marketing Corporation, 820 Mariposa St.,
Burbank, California . 91506.
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record. The identity of each test activity was ehsured by
assigning an event ﬁumber to each trial in the randomized
sequence. The event number for each test activity was
displayed in the photographic field, as well as recorded
on the corresponding electrbmyogram. Three synchronized
EMG/film records of each test activity in each oﬁ the 24

test conditions were obtained for subject #1, whereas

'

subject #2 performed three repetitions of the test
’ |

activities using seat height Position One in each of the
three hand support conditions. A total of 90 EMG/film
records were thereby obtained.

{

Analysis

Data collection and analysis forms for both portions
of the study may be found in Appendix C. In preparation
for analysis, any EMG artifacts present were_identified
visually and excluded from the data. However, since it
was not possible to distinguish between artifact and
muscle activity in thﬁée of the triceps brachii records:
these recordings were exclﬁded from the analysis. As the
statistical test required.groups}of equal size; three
‘a@ditional triceps brachii records were excluded by random
Qﬂselection to balance the groups.. EMG recordings were

digitized manually using a Hewlett-Packard 9874A

43



digitizer*, and the area under the curve (mm2'sec)
calculated by a Hewlett-Packard 9826 desktop computer*-
- To exclude the sampling variation produced by.tota]
electrical impedance with use of EMG surface electrodes;
mean EMG test values for each channel were normalized as
percentages of,the mean of three refefence activities. for
both rising and 1owering.28135r38'39

In order to determine if FEMG acti&ity was fﬂ
significantly different among the combinations of four
positions of seat height, three hand support conditions
and two activities; a three-way analysis of variance with

planned post-hoc multiple comparisons of means tests was

carried out for each electrode pair.88 A 0.05 level of

44

significance was adopted. ‘ £y

N

In the combined: EMG/cinematography portion of the
study, trial #2 or #3 was randomly selected for analysis
‘from the three repetitions of each test condition
performed by each subject. A total of 30 synchronized
EMG/film records were therefore, analyzed. The film was -

<
first examined using a Kodak Trimlite RC Reader**, and the

7/

* Hewlett-Packard, 3404 East Harmony Road, Fort Collins,
Colorado 80525.

* % . . .
Business Systems Market Division, Eastman Kodak Company,

Rochester, New York 14650.

i



“calculated using the following equation:

45

frames in which specific activity events occurred were

)
marked (head and hand movements beain, lift off or touch
down, hand contact with the chair beéins or ends, and head
and hand movements end). In order to determine the
conéistency of frame selection, the events of elght trials
were selectéd 10 times at half hour intervals, and the

e

number of the frame selected, in relation to the first
timing generator trace‘for that trial, was recorded by an o
outside observer. A 6% error in frame selection was found
for the eilght trials and 28 events examined. Frame
selection raw data is presented in Appendik B.
N

Each trial consisted of appfoximately 100 frames.

Every fffth frame was marked, providing 21 frames per -
i :

trial for analysis. The film speed was determined Dby

counting the number of timing generator traces and the

number of frames for each trial, and the frame rate was

89

- number ofwframes
number of timing traces x 0.01 sec

Frame Rate

i

The time interval between frames was calculated as

follows:
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Time Between Frames = 5
frame rate

In this manner, the film speed was found to be 50 fp§, and
the time between frames 0.1 sec.
The film record was anaiyzed using a pin registered

Triad Motion Picture Analyzer* to project onto a Bendix

L * %
Digitizing Board ¥. A Hewlett-Packard 9864A digitizer *

was used to enter the coordinates of a standard reference
point, and in constant order, those of 11 subject
reference points into a Hewlett™Packard 9825A
computer***.90 A custom program stored on magnetic tape
then calculated, body segment lengths from the digitized
joint center points. Segment weights were calculated from
the Humanscale anatomical data for females.?l The
horizontal and vertical displacemenﬁ (x-y céordinates) of

the body C of M were then determined, as  well as the

i

\

magnitude of hip flexion relative to the anatomical

C I | T

Triad Corporation, 1200 Grand Ave., Glendale,
‘California 91200. : ’ :

-,

Bendix Corporation, Southfield, Michigan 98037.
***Hewlett—Packard, 3404 East Harmony Road, Fort Collins,
Colorado 80525. . '

»
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position (the reciprocal of the trunk-thigh anéle).' Stick
figures were also plotted, and later reduced for grapﬁﬁc
display. The stick figures, EMG and biomechanical data
were then‘synchronized by matching the timinglgeneratorA
traces for each trial,

Since thé resolution of the film was.good, the
accuracy of the film analysis was dependent mainly on the’
reliability of digitiZiﬁg. The computef-érogram, /
therefore, also randomly selected one frame from each
trial for redigitiiing. Pearson Product Moment
Corpelation Cbefficienﬁs were then calculated between the
time; and timep coordinates of the 11 digiiized reference
points.92 The reliability of digitizing was found tobbe

r = 0.99, and the absolute differences between the

cQordinates did not exceed 2.4 mn.



CHAPTER 1V

RESULTS AND-DISCUSSION
s
The description of movement patterns using EMG and
cinematography may provide both desériptive and
qdantitative information about the activities.. The EMG
recorded in the pfesent study was considered to be a valid .
and reliable inaex of muscle tension in accordance with.
* the methodological and physiological considérationsi
| 26,28,33,34,38

reported by previous investigators. Since

4 and a

rising aﬁdllowering are relatively slow activities,
frame rate of 50 fps was usgd to obtainAa high quality,
complete film record:37 the 6% error in frame sélection‘
found in the present study may have been the result of the
occurrence of a number of similar frames in the film \
record. The results and discussion of the main study will
be drganized around the specific muscle groups
investfgated, and the!descriptive EMG/cinemétoéraphy
results will be discussed in a separate section.” A

summary of the discussion, as well as a discussion of

clinical implications will follow.



x

&

W

Norﬁalized EMG data, means, standard deviations, and
summaries of the analyses of variance for the.eight
surface electrode pairs in the main study are presented in
Appendix‘D. Between‘?ubject variations in EMG activity
found in the present study were iikely the result of the
ievel of activityvin the different muscle gr@pups varying
considerably among indiViduals.48 Graphic representation
of the synchronized EMG/cinematography data, and the

cinematographic raw data from 0.2 sec intervals may be

found in Appendix E.

.Erectores Spinae

The cell means for the Ty5, Ly, L3 and Lg electrode
pairs are disélayed graphically in Figures 3 and 4.

Statistical testing for mean differences producedlsimilar(

significant results for the four levels of erectores

spinae honitored (Appendix D, Tables 1, 2, 3 and 4). ‘Thé
one exception was that gfeater levels of EMG activity
occufred'during rising than lowering at the Ty [F(l,27) =
5.46, p = 0.027] and L3 levels [F(l 27) °© 17.08, p <

0.0011], whereas significance was not reached -at “the Ll'

“[F(l,'-27) = 3.;6, p = '0.082] and Lg [F(1,27) ° 4.14, p =

'0.052] levels. These findiﬁgg may have been the result of

varying deérees of saggital plane movement occurring at

49
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the different vertebral levels during the performance‘of
the activities. .quevér, a trend toward greater activity
during rising is evident. -

Given the complex nature of_thé actibities, otﬁ%r
factors may also have influénéed EMG activity of efectores
spinée during rising and lowering. Elevation of body"
weight in opposition to gravitational forces during rising
would be expected to require greater muscle forces than
graVity assisted lowering. In addition, erectores spihae
works concentrically after 1ift off from the seat during
rising, whereas the muscles work eccentrically prior to
touch down on tﬂe seat during ldwerid@. Larger EMG
potentials, therefore, would be- expected during
ris{ng.3l'33 However, it is likely that.extensor muscle
groups of the lower exFremities provide the g{gﬁ}gr“ﬂi
portion of the muscle forces required for vertical
displacement of the body C of M during rising and
lowering,3'56'57 and that spinal loading is siﬁilar'during

the two activities.1 Since EMG activity of erectores

spinae has been previously shown to be a reliable index of .

spinalvstress,49'50'51 it may be concluded that both %ﬁ.

rising and lowering between sitting and standing increased

<»
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spinal loading in the present study as evidenced by
incrééses in EMG activity of erectores spinae.
O .The highest Yevels of EMG activity occurred when

rising and lowering were performed without hand support, -

J

dnd significantly less electrical activity of erectores
vv' - -

spinae was seen when hand support was used. These

finaings support the report of Andersson et a1l ‘who found
that hand support 51gn1f1camtly reduced the load on the
jsplne during getting in and out of a chalr. Since armrest’

‘and seat surface hand support produced 51m11ar activity

;leV%ls of erectores spinae at the Ll L3 and Ls- vertebral

N #levels; the method of hand support used does not appear to
o
be a primary factor in the reduction of spinal stress.

2 ndersson et all also found that hand support on the
. | -

thighs and on the armrests produded similar reductions in

sp1na1 loading durlng gettlng in and out of a chair.

’ngher levels® of activity dld occur at the TlO level when

tne arms were supported on 'the armrests as compared to the
i
e
fseat surface. Thls flndlng may be the result of
ifaﬁatomical’differences 1n the lower thoracic region, where

7

.9"

u
*

'ﬁ the erectores splnae lies deep- to the trapezius and-
l‘

%at1551mus ‘dorsi muscles. Greater act1v1ty of these

;} ,g" puscles, which are 1mportant to arm functlon, may have

r
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Significantly less EMG activity was seen with the use
of seat Position One (knee angles ?0°) and .,Two (5 cm
higher) than with the use of‘seat heights Three and Four
(5 and 10 cm lower, respectively). WLerr seat heights,
wherelthe indiViddal'e knee angles were less than 90°,
therefore, tended to increase erecgofes spinae‘activity
and spinal leading during getting in and out of a chair.
This finding waevexpected, since greater displacement of

ot

the body C of M would be requifed for the transition-

between sitting and standing. )

The interaction between hand support and seat height
) ] ‘ : '
was found to be significant at the Tyq. Ll and L3

vertebral levels. Figures 3 and 4 demonstrate that
relatively high levels of act1v1ty occurred when rising
and lowering were performed,with no hand support using .the
two lower seat heights. -Theiuse of nand support
therefo}eL iS‘particularly important in reduéing spinal
stress when lower seats are used.

The combination of the three hand support condltions

and the two ac91v1t1es produced a differential at the Lj

K3
.

and L5 levels. Ind1v1dual comparisons of means tests.
o

revealed that greater act1v1ty d&pdf}ed during r151ng in

the no hand support condition, The differences between

the four seat heights'and.the'two actibities_were;alse

54
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found to be significantly unequal at the T,n5, Ly and Lg
levels, since higher levels of activity occurred during

<

rising when the two lower seat heights were used. The
trend toward greater activity during rislng has been ©
discussed previously. These signlficant interactions
.prov1de addltlonal support for the conclusion that higher “
‘spinal lQadin§>occurs when rising is performed either wlth

no hand support or using lower seat heights. - £

Abdominal Muscles

N

Marked. EMG activity of the rectus ahdomihis and
" external oblique muscles whs observed during the rising
and loweringvactivities; a finding'which has not been
‘previously documented. NO significant diffe;éhbe in the
magnitude of EMG activlty wassfound between rising‘and
loweriqg. "It should be noted that EMG activity recorded
with’ the external oblique surface electrode pairh, .
represents'mainly external oblique since that muscle was
closest to the electrodes.29 Because the two obllque
\abdomlnal muscles lle in close prox1m1ty,,some smaller
?l_ | amplltude 1nternal obllque act1v1ty may also have beeh
.recorded.‘ However, ths act1v1ty is consldered to be ." ’
ya

supplementary,NSane the twd/ebllque muscles have beenve_'

.reported to work together functlonally in symmetric -




movements in the sagittal plane,29 such as were performed
in the present study.
Increased intra-abdominal pressure resulting from

contraction of the abdominal muscles has been reported to

6,62,93,94 v

L4

Controversy exists in the literature regarding the

relieve some of the load on the spine.

relative importance of the contribution of the external
obligue muscle to this load bearing mechanisn;.29'93'94
However, it may be suggested from the present study that
~contraction of the abdominalwmuécles during getting in and
out of a chair, aids in support of the spine.

In agfeement with previous reports,85'86 electrical
activity of the upper and lower portiong o§ the rectus
abdominis muscle‘was found to be of a similar general
’p;ttern in the present study (Figureé 5 and 6).
Statistical testing of the main effects also produced
similar results for the two electrode pairs (Appendix D,
Tables 5 and 6). The results of the two rectus abdominis
electrode pairs will therefore be discussed together.

Simila; to the findings for erectores spinae, EMG
activity of the rectus abdominis muscle was found to be
greater when rising and lowering were performed-with no
ﬁand support. This involuntary increase in rectus

abdominis activity could represent a reflex response to
<
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the increased load on the spine that occurred in “the no
hand support condition.94 EMG activity recorded from the
external oblique electrode pair, however, was not

significantly different among the\2;>he conditions of hand

support [F(2'27) = 2.82, p = 0.077]. This finding may
reflect the role of the oblique abdominal musclef as
stabilizers of the pelvis and trunk. 29 ’

Higher levels of both rectus abdominis and external
oblique activity occurred with the use of the two lower
seat heighté. Getting in and out of a chair- with lower
seat heights has been ;éported to require a greater amount
of nhip flexion.?2 Sagittal plane movements of the trunk
during rising were also found to be largely pivoting
motions of the trunk QF a whole around the hip joint axes
of rotation.3 It is suggesged that with the use @f lower
seat heights, more forward pivoting of the upper body
occurs, énd more~erectores spinae and abdominal muscle
activit& are needed to stabilize the trunk. Although
gravity is believed to be the prime mover during forward
bending of the trunk, 2> the abdominal muscles may also
assist ﬂﬁ rotating the pelvis posteriorly when lowering
into a chair. |
| A differential effect bgtween hand support and

activity was found for the lower rectus abdominis,



electrode pair, since signific;ntiy more EMG activity
occurred during rising with no hand support as compared to
seat surface hand support. Significant interactions
between the levels of seal height and the conditions of
hand support were also found for all three abdominal
electrode pairs. Similar to the findings for erectores
spinag) multiple comparisons of means tesis\revéaled that
greater EMG activity of rectus abdominis occurred when
rising and lowering were performed with no hand support’
using the two lower seat heights, whereas the highest
levels of external oblique activity occurred during rising
and lowering using no hand support and the lowest seat
height. This evidence suggests that the no hand support,
lower seat height test coﬁditions, which produced the most
erectores splgge activity and the highest loads on the

i

spine, also elicited the largest abdomlnal muscle

response.

Triceps Brachii

An unanticipated finding was that no difference was
found in the activity levels of triceps brachii when the
three hand support conditions, including no hand support,
were compared (see Figures 5 and 6, and Appendix D, Table

8). ‘Hand support may normally be used automatically when

60



R T P AN AN A G e e e

wo
(3

larger vertical displacements of the body C of M are '
. o

-

required, such as with the use of lower seat heights. It

is also possible that the arms, as represented by triceps

activity, function mainly in balancing the trunk when

normal subjects get in and out of a chair. Support for—

»

this interpretation is given by previous reports of large

torques and vigorous accelerations at the knee joints
during rising.5§'57 Vertical displaceﬁent of the body C
of M ddring rising and lowering may therefore, be normally
accomplished mainly by the muscles of the lower

-extremities,3'$6'57 and verticallthrust by the arms may be

necessary only.in the presence of lower extremity

pathology.

Significantly greater triceps brachii activity
occufréq with the use of the twd lower seat heights as
compared to the highest seat height. Since greater
vertical displacement of the body center of masé is
when . rlslng and lowering are performed using

..¢

‘seat helghts, the two lower seat heights used in the

required

lower

study may have enhanced the balanclng funCthn of the

arms. ngher levels of triceps act1v1ty also occurred

during rlslng as compared to lowering at all four

positions of seat height. This finding may have been the

result of the grabity-resisted,_conceﬁtric triceps



.
activity required for rising as compared to the gravity-

assisted, eccentric activity required for lowering.

Synchronized EMG/Cinematography

The synchronized EMG/cinematographic data, which 1is
displayed in tables and graphs located in Appendix E,
provides descriptive support for the parametric portion of

€
the investigation. The 30 test conditions analyzed are

dis;léyed graphically in pairs, in order to illustrate
some of the spatial characteristics of thé test activities
in relation to the EMG. Although the graphs will be
discussed in relation to the findings of the main study:
it should be noted that EMG l%near envelopes are presented
in this portion of the study whefeas normalized EMG was
used in the quantitative analysis..

The 12 ri§ing test conditions and the 12 lowering
test conditions were each found to involve similar
movement patterns. Rising was found to.be a two part
acyivity, fifst involving forward pivoting of the'trunk//
about the hip joint axes of rotation. Maximum hip flexion
occurred near the time of lift off from the seat - (subject
1 X 0.98 sec, subject 2 X 0.87 sec). The magnitude of '

maximum hip flexion appeared to depend on the seat height

of the chair (seat height Position One subject 1 X 117°,

62
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subject 2 X 95°; Position Two subject 1 X 103°; Position

"Three subjegt 1 X 119°; Position Four subject 1 X-126°%).

Progressively lower seat heights therefore, tended to

produce more hip flexion during rising. In agreement with
A
previous reports,l+3 the hips, kdfees and trunk were

gradually extended after the point of 1lift off, until the

standing position was reached (see rising stick figures,

Appendix E). 1In the test conditions using hand support,

hand contact with the chair ended in this second portion
of activity (subject 1 ¥ 1.18 sec, subject 2 X 1.16 seé).
Lowering appeared to be a reversal of the‘rising
‘activity, as flexion of the hips, knees and trunk ocurred
in the first portion of the aqtivityl (see lowering stick
figures, Appendix E). 1In the test conditions using hand
supﬁort, hand contact alsovbegan in this first part of the
activity (subjec£ 1 X O.70lsec, subject 2 X 0.70 sec).
Maxim&m hip flexion occurred near the time of touch -dewn
on the seat (subject 1 X 1.18 sec, subject 2 X 0.99 -
sec). The magnitude of‘maximum hip flexion agafﬁ appeared
to depend on the seat height of the ‘chair (seat heigh
bosition One subject 1 X 112°, subjéct 2 ¥ 93°; Position
Two subject 1-X 107°; Position Three subject 1 §A117°;

Position Four subject 1 X 127°). Lower seats therefore,

tended to increase hip flexion during lowering. After

1%



seat contact was made, a backward pivoting motion of the

trunk occurred about the hip joint axes of rotation, in

.order to raise the trunk into the standardized sitting

position.

Thé magnitude of hip flexion, relative to the
anatomical position, that wés preSent during sitting also
depeénded oa the seat height of the ¢hair (seat height
Position One subject 1 X 65°, subject 2 X 62°%; Poéition

Two subject 1 X 62f» Position Three subject 1 X 71°;

Position Four subject 1 X 81°). Lower seat heights

‘ therefore, produced more hip flexion in the standardized

éitting position used in the study. An expected hoderate
variation in the ?egree of hip  flexion during erect®
standing was found for each subject. Subject 1's hip
flexion in standing ranged from +l11 to -11° (mean -3°),
whereas sﬁbject 2 had a range of -22 to -12° (mean

-16°). Between subject variations.in the standing posture
are common. Within sgbject variations were likely the
result of the spine being subjected to a constant forward
bending moment since the line of gravity usually lies
ventral to itS transverse axes of rotation.25'49
Displacenient of the body C of M, relative to the

standard reference point of the origin of the digitizing

board, was found to occur in a characteristic pattern

64
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during riging from sitting to standing. Prior to lift off

ffom the
resulted
vertical
activity

began in

seat, the forward pivoting motion of the trunk
in gradual horizontal displacement and minimal
displacement of the C of M (Appendix E). EMG
of erectores spinae and the abdominal muscles

this phase, and the amplitude of activity

increased gradually. Since forward displacement of the C

of M is known to create a. flexor dgravitational force, the

erectords spinae activity observed in this phase produced

an “extensor moment to balance the trunx and cdntrol the

"motion.®1/62 The abdominal muscle activity that occurred

3

in this first portion of the activity aided in support of

the spine. After lift off from the seat, the horizontal

movement

of the C of M continued in a forward direetion

for a brief period, and then rapidly levelled off at

»> :
maximum as the standing position was approached. A narrow

range of

observed during the rising test activities (subject 1 X 35

maximum horizontal displacement values were

'%m, réngé 33-37 cm; subject 2 X 34 cm, range 32-36 cm).

Since the standardized position of the feet used in the

study restricted forward-backward movement of the whole

body, this range of horizontal displacement of the body C

of M may be‘gggguntéa for by the postural sway that

normally

occurs during standing,zé

®
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Following lift off from the seat, rapid upward
movement of the body C of M was observed, and maximum
values were found when the subjects reached the standing

position. Maximum vertical displacement values appeaged

to depend on the seat height of the chair (seat height

Position One subject 1 X 23 cm, subject 2 X 27 cm;
Position Two subject 1 X 24 cm; Position Three subject 1 X
31 cm; Position Four subject 1 X 34 cm). As suggested
previously, greater vertical displacement of the body C of
M was required when lower seat heights were uséd.

EMG activity of erectores spinae also occurred in the
post-1lift off phase of rising, in order to extend the

61 gince more trunk

trunk against the forces of gravity.
flexion in'reiation to'thé hié_joint axes of rotation, and
more vertical displacement of the body C of M were
required with the use of Ipwer seat heightis; relatively -
more erectores spinaeuacti;ity was also observed when
lower'seat heights yere‘used. The magnitude of abdominal
anditricégg brachii EMG activity during the second phaée
of rising also increased with the use of lower seat

heights to assist in stabilizing and balancing the trunk.

The levels of seat height which were found to produce

significant differences in EMG activity in the main study

are contrasted in the subject 1 rising with no Hand

fra

v
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support and rising with seat surface hand support figures
contained in Appéhdix E. Subject 1;5 data for rising with
armrest hand support contrasts levels of seat height
between which‘ﬁo significéﬁt_differences'were found in the
main study. Similar contrasts are presented for subject 1
during lowering. Subgect l's‘data also demonstrates that
lower levels of EMG activity of the trunk muscles occurred
when hand support was used. éince rising and loYFring
with hand support relievés the spine of the weight of the
arms,63‘less trunk ﬁuscle activity would then be reqqif;d

for movement and stabilization of the trunk. Data from

subject 2 contrasts rising and lowering, as no conclusive

- differences in EMG activity of the trunk muscles were

found between the two activities. %J
LN

Displacement of the body C of M also occurred in a

similar generdl pattern during the lowering test

)
activities. Maximum horizontal displacement values,

relative to the digitizer origin, were observed in % e@@

standing position (subject 1 X 34 cm, subject 2 X 35

I

cm). The C of M then gradually 7oved backward as the

subject lowéred into the chair,ﬂghd pivoted the trunk
backward into the standardized sitting posifion. Vertical
displacement of the body C of M occurred in a downward

direction, and was dependent on the seat height of the



N ,_/u
chair (seat height Position One subject 1 X 27 cm, subject

2 i‘26 cm; Position Two subject 1 ¥ 24 cm; Position Three
subject 1 X 30 om; Pdsition Four subject 1 X 33 cm). As
was fourdd for rising, lower seat heighpe produced greater
?ertical displacement of the C of M'and more trunk flexion
during lowering; Since lowering is a reversal of=£ﬁe
rising activity, EMG activity of erectores spinae Oserved
prior to toudh down served to balance the trunk against
‘flekor'gravitationaﬁ forces, whereas erectores épinee
extended the trunk against gravity in the post-touch down
phase. Abdominal and triceps brachii muscle activity also
occurred during lowering to stabilize and balance the

A

trunk (see lowering, Appendix E).

Summark of Discussion

The purpose of this study was to determine if EMG
activity of the trunk muscles and triceps brachii would
differ'amoné the combinations of armrest,'seatdsurfece and
no hand suppert, and four 5 cm incremehts of seat height
durlng rising and lowering between sitting and standlng

Descrlptlve 1nformatlon on the spatlal characterlstlcs of

oy

fons was also obtained using combined
ARy, };;\/ ¢ ‘
c1né§atograph1c and EMG technlques.

’
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‘performed with no hand support. Lower seat helghts, ‘where

';suggested that this,fihding wasfthe result of tﬁe.greate

69

Statistical testing of quantified'EMG data from 30
subjects revealeo significant differences between the 24 M
test conditions which have‘not been discussed in previous
research. The major findings of‘%&i_ziuﬂx\involved the
type of hand support and the levels d? seat lheight which
maximized EMG activity of the trunk muscles and triceps
brachii during rising and 1owering.~'Since meqpanioaL
stresses acting‘on the spine are believed todbe.associated

<

with the.development of degenerative disc disease and Iow

~pack pain, 12,13,19,20,21 4png EMG activity of erﬁhtores

spinae was found to be a rellable index of splnal

stress;49,50, 51 the findings of the present study were

... discussed in terms of spinal loadlng ﬁr

Hand support was found to 51gn1flcantly reduce the
load on the spine‘during the transition between sitting
and standing. Rectus abdominis actlylty was shown to o~

increase in proporthL to spinal strg¥s with the hlghest

)

ering were P
' —

iﬁ-

levels being observed when rlslng and lﬁ

?
the indiwvidual' siﬁnee angles were less than/}ﬂ~ 1%50
w e :
81gn1flcantly 1ncreased EMG actlﬁity of th% tfunk muscles
N '

and triceéps brachii durlng r181ng and lowerlng.- It was’

displacement of the body C of M required for getting i
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_considerations for both the preventative and remedial

70

and out of chairs with lower seat ﬁeights. Support or
this interpretation was found 1n the reeglts of the
cihematographic analysis,. where progressively lower seat
heights.tended to increase both hip flexion and the

vertical displacement of the body C of M. The major

conclusions of the study were therefore, that the use of

"e

hand support and of seat heights equal to or sllghtly

greater than the 1ength of the lower leg will minimize

spinal stress during the transition between sitting and
- v

standing.

Clinical Implications

The findings of this study suggest important clinical

“ o

aspects of back care education. 1f patients with low back
pain, and persons in sedentary type occupatlons are
encouraged to deVeloé habi¥$é of getting in and out of a
chair using hand support, §pinal stress may be |
51gn1f1cantly reduced on a dall;\\\qls. A further
reductlon in mechanlcal‘gtress on the splne may be .
reallzed By the use of seat helghts that are equal to or

sllghtly greater than the length of the 1nd1v1dua1 s lower

legs. The resultant sttlng posltlon with thighs

' horizontal. lower 1egs vert1ca1 and knee angles 90° w111

1A R LR S P i e e
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facilitate the transition between sitting and standing.
While both the use of hand support and the appropriate
seat height should be emphasized; hand support becomes
increasingly important in reducing spinal stress Qhen
lower seat heights are used. \

Abdominal muscle action, by increasing intra-
abdominal pressure, provides important additional support
for the spine during getting in and out of a chair. Poor
. abdominal muscle strengtﬁfwould likely result in
additional spinal stresses occurrin§ ddring ;ising and
lowering. The routine assessment and, if necessary,
improvement of abdominal strength woﬁld therefore, also be
of value in reducing séinal stress. Since patieﬁis with
musculoskeletal problems involving the lower limbs likely
rely on‘the elbow extensors and abdominal muscles to a
greater extent than normal'during-rising and lowering;
strong triceps brachii muscles should be engured whe®

lower extremity pathology is present.

'y
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CHAPTER V
CONCLUSIONS

Hand suppor£ significantly reduces EMG activity of
erectores spinae during rising and lowering between
sitting énd standing. As EMG activity of the back
muscles has previously been shown to be a reliable
index'of mechanical stress acting on the spine, spimal
stress during rising and lowering may bg reduced g§
the use of hand support. | :

Armrest and seat surface hand support produce similar
reductions in EMG activity of the lumbar portion of
the erectores spinae muscles.

Lower seat heights, where the individual's knee angles

are less than 90°, increases erectores spinae activity
and therefore, sbinal‘loading during getting in and
out of a chair. .

Marked activity of the rectus abdominié and exgernal
oblique muscles occurs during rising and lowering

between sitting and standing. This abdominal muscle

action aids in the support of the spine.

72



5. EMG activity of rectus‘abdominis is greater when
rising and lowering between sitting and standing are
performed without hand support.

6. Getting in and out of a chair with lower seat heights
increases the activity of ﬁhe abdominal and triceps
brachii muscles.

7. EMG activity of triceps brachii 'is similar whether or

not hand support is used during the transition between

sitting and standing. The arms therefore, function

mainly in balancing the trunk when rising and lowering

are performed by normal subjects.

8. A description of some of the spatial charactefistics
of rising and lowefing between sitting and standing
was providgd. ‘Progressively lower seét heights tend
to increase hip flexion and vertical displacement of
the body C of M during the transition between sitting

and standing.

Recommendations
>

The findings of the curfent study warranted the
following recommendations:
1. Further study is needed to evaluaﬁe the effects of
alterations in feet positions during rising and |

lowering between sitting andlstanding.
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The frequency of appropriate seat height adjustment,
and the use of hand support during-rising and lOWe;ing
requires evaluation in the general population.
Additional studies are required to examine the spatial
characterisﬁics of rising and lowering between sitting

and standing including both a larger number of
‘ S~

'subjects and the evaluation of forces.

A reliable, low risk method is needed to evaluate the
magnitude of pelvic inclination and lumbar lordosis
during various postures and activiti@s.

Normative data is required for thé postural
characteristics of the erect standing posture, based

on ;the variability found for two subjects in the

present study.
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Department "of Physidal .Therapy ’
Faculty of Rehabilitation Medicine .
University of Alberta o
November, 1983 o ' Ty

]

INFORMED CONSENT -FORM FOR INVESTIGATIVE STUDY
. Yo . K & ' ) : Lo

Electromyographic and Cinematographic Analysis of
‘Rising and Lowering Between Sitting and Standing
-'Outline of. Procedures (retained by subject) .

The purpose of the study is to;determine'the optimal
combination of hand support and seat height\to facilitate .
getting in and out of a-chaikwq The entire procedure will
require two hours of time, in one $ession. Your height,
weight, arm length, ‘trunk height and leg length will be
measured. Eight pairs of surface electrodes will be
placed on the skin surface of your right” low back' region,
abdomen and upper arm attached by adhesive collars and
adhesive tape. Sy - Ly '

‘ You will he askédftb'peyfanmwggd}'iepetitionsAof
rising andjloweringfbetween_sittin,.and.standing'with'a .
five Kg-weight .in each hand;. and 23 repetitions of getting
in and out Of .the chaif with &ither drm rest- hand support,
seat surface. hand support Or no support.. Muscle activity
~ will be monitored during the niovements. On completion of
the testing procedure, the electrodes and adhesive tape
- will -be removed. SR o S

The test procedure.is not considered to. involve &
‘abnormal physical risks. Getting in and. out of a chair is
an activity of daily living, which is commonly performed
many -‘times- in the course of a day. Information gained
from-this study is expected to- be .of benefit to persons'
with low 'back. problems and persons involved in sedentary
‘type occupations. .. - . S “\;

’ You'mag withdraw from participation as ‘a subject inv“\\\j
this investfigation at any.time. -Please feel free to ask .
“any questions you may have concerning the testing
.procedures or other aspects of the project. : L
All records will be held in.confidence. .The reports .-
of the study will include-averages and trends for groups .
of'subjects;without-identificationVofTiﬁdividuais;' ¢ '

tE



~

o Department of Phy51cal Therapy _
/ . Faculty of Rehabilitation Medicine

| ~ ‘University of Albertd

/ o : November, 1983

INFORMED CONSENT FORM FOR INVESTIGATIVE STUDY

Electromyographlc and Clnemaﬁﬁéraphlc Analysis of
Rising and Lowering Between Sitting and Standing

‘subject Consent (retained by investigator)

[

1 : ' ‘ agree to

>

part1c1pate as a subject in the study entltled

"Electromyographlc and Clnematographlc Analy51s of RlSlng

e
and Lowerlng Between sitting and Standlng to be COnducted

by Mrsf Conne-Robertshaw.‘ The nature of thls study has

. I . . . B -
been €xplained to me, and I have been advised that~I may
. . . ¢ o .

withdraw from participation at any time.

’\- ’ \
P

‘Date:

Subject’s Signature



Depa tment .of Physxcal Therapy
Facult "of Rehabilijtation Medlclne
/Unlver51ty of Alberta ¢
_ .
Investlgatlon- Electromyographlc and C1nematograph1c
Analy51s of Rising and Lowering Between -
Slttlng and Standlng o

CONSENT FOR pHOTOGRAPHYLCIuEMATOGRAﬁHYj' N

1 . e N authorlze
B

\

SN -‘“f’;:?3 to take stlll photo-»
(photographer) ' E- : L P "

graphs or mov1ng plctures of me, as I partlclpate as a.
b T : L : . :

ubject in the 1nvest}§at1ve study entltled

. “Electromyographlc and Clnematographlc\Analy51s of Rls;ng

a
[}

and Lowering Between Slttlng and Standlng I understand

that these photographs or movxng plctures w111 be used forv

a analys1s of the movements, and may be used 1n profe351onal L

_publlcathns, or. for teachlng purposes. .

I wag?e the right to 1nspect and/or'apprOVe the Stlll
'photographs OY mov1ng p;ctures that may be taken or thelr
spe01f1c use, when llmlted to the above.s o

‘-~ \”

- I have read the fore901ng and glve my c0nsent to

<.those mattefs as stated above.nv,ﬁfﬁ

. pate: T Modelww . o Tl
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Uage (years) - . e . 7o ltgogo e o da.0r 0o

X \ . -
e -2 N
R . . .

FMG/Clnematographlc Subject Anthropometrlc Charabterlstlcsq;'V.“

A . P - Q

_»7'--' : . C - Sy
! T .

. | . o T o 8 t ' vt ! Lo . B
% [ ' . ) . . . o L. e ST DR SO N, !
.5 . O . . - AL . . s e

I N B e "’..o RSN :
& . %. . . subject #1 . .Sybject $2 77

weiéht:(kg)“*‘Tg.fi’”77'?f£*l”yj- 1;54r2;f BT+ 1Y S
Welght (N) e 531 7, 523.9 - \‘

Heug\qt (cm) B T TR __158 8 . A5T.7

[ . X
- Lot : PRI .

' Upper arm 1ength (cm) ::,JTe 29,0 .__”7 2800 7 L

[

Forearmnlength (cm)»z: ; L o _“22;5 ,_" 5 _e21:5¥V3~5?Q§J:

Knee to mp depth (et ... a1 n 402

Heel to posterﬂor thlgh' o _;;5J'_f,4 ‘ ;f’:f§¢ }}if§»;f;{f
dlstance (cm) R o .38.50 o 388 0 A
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1J

.;1,

. FILMING RECORD

. ‘,J

Date°‘ November 26r.1983 ; Location: 1-101B Corbett Hal?/

(:’ Tlme*Started 1030 Hours ' Tlme Completed i 1600 Hours?,.

G ®

Camera-i Photo—Sonlcs 16 o - 1PL m§v1e camera ._7;,

-

'd

/ vt

fFllm-' double perforated Kodak ectodhrome 7250, (400 ASA)

S

Focal length 60" mm ' f0cus '60 ¢,

TN
. f= stOp 3.8

4

_ Frame rate SO'fEsff Shuttgr{Spenl g 30- L |  ’.;2.“_

Fxposure tlme.' 0:0017 sec/frame Camera Helght-"108.5 em'

L

Camera-Subject Dlstance.? 6 2 m

v"'

Eff Background nght blue backdrog> ﬂ,ﬁﬁdf~ e S

s

..,,Art1f1c1al nghts,

e

two 650 watts, two 1000 wattsA:

.b.«, . 0'-

SN
E Act1v1ty Iﬁentlflcatlon events l 90

SubJectS' f#lfa#{; ‘j'”

\,

J01nt»Mark1ngs-' rlght acromlum, rlght elbow Jplnt,rright R

wrist joint, right greater trochanter, rlght knee ]olnt,,,~ S

rlght lateral malleolus

e

B AR .'/r.

Fllmlng*Sequenceo?

R

’4‘@ o S
Suh;ect #1--revents 1 72

Horlzontal and Vertlcal References.« ievelledvmeﬁer*stickf,:5ﬁ.ff

¢

Scale Object.: meter Sthk 7:7 i e]?ff#g@ffijr}if“ﬁ“ii;};f

r,v_.'

I3

Sub"ect ¥2 -,events‘73‘90 '“Jmé'jife_;tr\ I



Schematic'Repreéentafioh of Filming.Protoqol.
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In relatlon to the flrst t1m1ng generator trace for each

trlal
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A 4*‘
-~ Frame Selection Consistency: Raw ata”
o , T _ .
" Seat Height Position One' ' . ~
1. R&81hg w1th no hand support ‘ )Kf
‘a) Frame head and hand movements begln ) B
‘ SUbJeCt 1: ‘3,:. 3, 31 3: ' 31 3 3, 3’ 3’ 3.
Subject 2: 60, 59, 60, 60, 60, 60, 60, 60, 60, 60 -

" - S K\ l ' . { :

b) . Lift off o s
Subject 1: 46, 47, 46,. 46, 46, 46, 46, 46, 46, 46
Subject 2:. 22, 22, 22, 22, 22, 22, 22, 22, 22, 22

c) Head and hand mpvehepts end,"

. Subject 1: 98, 98, 98, 98, .98, 98, 98, 98, 98, 98 .
‘Subject 2. 98, 99, 98 98, 98, 98, 98,,98,398, 98
2. Lowerlng w1tﬁ no hand support ”\‘ ,
. N '
" L i
~a) Frame head and hand movements begin- ’ P
FE - . e 3 - . _ o /
Subject 1: 20, 20, 20,:20, 20, 20, 20, 20, 20, 20
Subject 2:  51, 52, 52, 52, 52 52 52, 52,;52, 52
b)-deudh doWﬁ‘ ' :;. - e / R :
' Subject 1: 71, 7i, 71, 71, 71,771, 71, 71, 71, 71
‘ SUbjeCt 2: 4, 4, 4, 4, . 4, 4, 4.1 '4:“ 41 4 .
. ¢) 'Head“and hahdbmovementS'end : '_i;:: ‘
Subject 1: 98,.98, 98, 98,.98, 98, 98, 98, 98, 98
‘Subject 2: 45, 45, 44, 44, 44, 44, 44, 44, 44, 44 .
:‘f/--;!, U P = |
B T o L
. 3 ‘ < ¢
- ~ :



) » L ‘
R1s1ng w1th seat.surface Hand supgort oL f_J’

a)

b)

c)

L d)

1
Frame head and hand'movemenﬁs begin

Subject 2: 47, 47, 46, 47, 47, 47, 47, 47, 47, 47
Lift off o

Subject 1: 59, 59,.59, 59, 59, 59, 59, 59, 59 59

Subject 2: 4, 4, 4, 4, 4, 4, 4. 4, 4, 4 -

Hand contact’ends

Subject 1: 76, 76, 76, 76, 76, 76, 76, 76, 76, 16

SUbjeCt 2' . S'v _51 5, 5, 5, 5, Rk 5, 5,:.5 C

'_Head and hand movements end

Subject 1: 106, 107,106,106, 106,106,108, 106,106,106

o Subject 2: 49, 49, 50, 49 50, 49 49, 49, 49, 49 )

B).
a5"

a

. ‘Subject 1: "1;; 1,. 27 1/ 1,
Subject 2: 7. 7, T, T T,

<Head and hand movement ends

"Lower ng w1th armrest hand support g}.
afm

rame head and hand movements begln;~

: P . SRR
ubJect 1: 38, 38 37;A38 38, 38 38, 38, .38, 38
S“bJeCt 2: 28,29, 29, 29, 29, 29, 29:7 29, 29, 29

hHand contact beglns‘

et
ot
)
-

Touch down:a;»

'”Subject 1: 23; 23, 23, 23,‘23,_23;;;3;123;.23,-23'¢%3~?;
-Subject 20 24, 24,24, 24, .24, 24, 24,724, 24, 24

Sabject 1: -63, 63, 63, 62, ‘63, 63,63, 63, 63, 63 .
Subject 20 69,;70.,68 70, 70, 70,70, 70, 70y 70

MY
P

N7, T T
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SUBJ§C’I‘ ANTHROPOMETRIC CHARAQTERIST_ICS Ty
5

u SubJeCt°ff' f.-i o - 7 patei . a

‘Screenlng tgst (repetitl 8) -

‘=

:f‘gApt;v¥§y 1evel S T

~ Age (years> N R
G j'»_w.},fﬁg;-‘ ’ T

MWelght (kg) \

?}~’”He19ht (cm) ;5 ‘f°“/

[ - : /4

. ‘Trunk helght (Cm) ‘.-/’/}/. :':. ' ,,\~ .,—‘: o : -._;;f:. j S‘.‘.
X . / . . ’__' e LR T e . R

.{Upper arm length (cm)

‘:Forearm length (cm)

'::Knee toohlp degyh (cm)

= )

ﬂIHeel to postiflor thlgh dlstanqe (cm) ”5ff~fi£x3f7a;.5[

fi'Reference s/ﬁt he;ght (9081t10n One) (cm)
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S ‘ ; - EMG (%)~

B R lbj L3 Electrode Pair

RISING. o " " 'LOWERING -

Hand Seat Height o LSeat\Héight

Support Subject 1 :'2,, 3 4 S .; 2 .3 4 ’”g" Ny

35.2 37.6 4333 31.0 39,2 34,9 22.3 17.30
29,9 41.3 37.1 - 43.1 58,3 60.5 52.4. 40.6 -
75.9 59,3 71,1 55.4 . 72.3 5746 61.5 55.9 .
- 74,3 54.4 59.746.1 ©Y 95,7 60.6 80.6° 64.0: L
596 74.4 72.2 67.7 44,7598 45.7 35.6 . .
73.8 63.1 83.6 '99.2 . 72.4° 72,0 70.9 64,2 7 i
51,5 59.5." 65.3 58. 10 49.4 32.6 S54.1 5141
76.3 78.4 71.2 89.0 . 61.0° 49.4 54 . 67.8
. 40.0° 47.8 55.0 53.6.°  43.0 42.8 343 39.3
'53.3 71.6 68.0 71.8 . _~6o;1-’62;5«}53;a, 63.4-

Iz

 ArmEest -

S WO N VB WN

=t

57.0 58,7 62.7. 61.5. . 57.6 53.3 54,1 49. 9
17.8 © 13.8 14,2 2029 _. 13.2 12.9. 17.1 16.4

-0

T 7159 53.4. 50.1 58,0 60.9 51.4 5849 86,2 .

77,5 67.2 65.2 65,5 B1.6 /81.6 .83.3 74.8 .

o 774677 76,3 71.4 60,2 54%f87;83374;4_“81¢1'58T.1{;' L B
57.0. 49, 5.48.9 51.4 . 63310 65.1° 43.2 8132 0L
v_e9 8 82,8 93,5 89.3 '”1;‘69.2';69w2‘<88'5 279427 7 L

40.0° '53.5 49,4 5641 . -42.4 4700 21 2404 - o
103.5 113.3  88.9 87.6- - 98:4 93.9  86. y; 829 ..

- 765,17 72.9°.181.4 - 80.6 © 57,3 '87.0 75.6 /87,8 - -

77 034,7 39.8 - a1.1 445 - 39.3. 34, 17 35,2 33,9
42,6 . 44.6 47. 7 .56,3 - 27.5 .34, 3 29.0 25. 3

ﬂGSéatlnb
surface -

T

6.0 6523 63 sffés*o;_jiA;sé;a;{6§}7“féo'9 “62.7.
22057 22,1 19.1 156 .. 224 21,5 24,9 26:2

w oo oo e s N

SRR 77'6”369:3;;65 g,ﬁiff’62;5;<53.71;77,1,171;8;_'f\',
*;es.ﬁfA79 1:78.3 69.3 69,70 5744072983440 0 -
86454427 59,7 57.1 . - 70.5 386 54.4° 57.9 . i

94,77 76.7 104.8° 92.8 . 58.3 71.5° 72.0.77,100 "L
- 95.5 103.9103.6 126.7 9048 77.7°107.0 115,91
79,9 89.0 89,0.309.1" U 69.7 " 63.4° 6741 65,07

72,2 573,780 ’92;2ﬂ57.;g5754,feo 6 67:2 85.2 -

740179 4< 91.4 126,17 168.5" 57.7 102,073,000
. 85.0 7636 108.9. J f’59 6 55,2 580 v,63,4!:[;;;,aijx

93,4 91.8 102,4 123, 4 7743 970.0° 'ao 9 78L0.

A

Somun nawn

Py R

:"83;9f.77 6 88,5 96.7 "§69 47460'6 75,90 76297 T
. 0.37.16.8 1647 26 0 :9;4.;11 0 17 1ggtq.3ai*#f* L

Lo x




EMG (%)
LLS Electrode Pair

CRISING - "~ © " LOWERING,
Hand o _‘Sgatlﬂe}ght o E Seat Hglgh@ | f
Support Sub]ect o120 3.4 o 2 30 4 s

64.4 (21.4 52,0 30.2 - 117.4 21.3 195,6 49.2
55,9 64.7 51.1 °51.2 -~ 55,1 33.7 31.1. 34.7

. 88.5 60.4. 92.6. 77,7 .~ 67.5 60.9 .76.6 62.4
47.9 47.9 .50.2 55.2 © - 64.3 61.6 67.9 7588 .
47.3  26.0 41.3 45,0 - < 59.4 32.4 "38.4 85.4 . -
34,6 35.5 . 56.0 39.7 - 58:4 71.1° 70.7 73.8 |

1100.0. 73.0 77.5.81.1 . .60.0° 30.8 "86.9 41.5 .

. 75.8 83.5°76.2 7635 ., 92.9 87,7 .78.1 69.4

. 73.1.°53.2 :54.1 . 60.5 ' 77.2 69.6 80,1 100.6
54,9 66:3 62.2° 72.6. \g69;4 75.1°.53:4" °69.7

Armrest

O WD NGV AW 2

3
I
!

64,2 53.2 61.3. 59,07 -l 72.2" 54.4 67.9: 66.2 ”'
0 20.2°°20.4,15.8°17.¥  ,19.4 22.9 20,820,170

-

©80.7° 73.0° '64. 9';86 3,i; 64,0 "61.6". 6042 59,2
63,7 ‘62,8 67.8 87.2 - 1 64.87.51.1..47.0 44.2°
1'91.6 -82.8..93.3 95,3 . . 95.4 83,2  67.5 84.3 .
‘57,9 55.7:96.8 9846 . 65.2 70,0 67.9 69.4
'35.5° 47.7 33,6 41.6 45,2 47,97 42,5 61,0
72,3 77,77 17.2. 100:2 - 44.6 43,1 .37.2.38.5 .
£ 48,3 743,67 4044 - 52. T o, 49.80 4304 46.5 41,0
46,2 5944 60,9 55.5" . - 46.8. 49,6 42,9 37:3 . " -
,;“41,3,_54”5"56;7kj58.0‘ T 41,20 45,4°.°50.8 46,1 .
«:y48;4_347 4. “55.4.'63.4  ° 50.3. 55.8 .54,5 50,3 .

<

séat
 Surface L

PR [RRTIE

&

RS IRIL SE U T R I N

% 58,0 6120 64;77f73;9:"*£25657ff55”i"'5121;;53;i-ﬂ 'f
: gl 18,37 v13 7 20¢4n'21 8 . 16.3.13. 0.:10. 6-?15.27 5'»; ‘
53 “fv.76's 7101 5904 56:9  63.8 54.0.71.2 61,4 :

77.8° 079417 78.81 71,1 0 98,6 °69.6 7908 © 76,4 . -
0101 7644 1374 189,50 - 19741 “72.4 106, 3;;86;8;guv
68,6 6649 82,8 9931 - 46,2 64.5 50,4 56,7 .. - .
90,2 103.2°°94.2 " 97. 4}. ;:‘71 2..73.0°59,9:67.9 "
©122.2 12641 °103.8 96,7 116.1-101.6 97,9.103.,9°
73,5 67.17,67.7 27306 /51 5 6246 47.437.8.0
 62.5.71.7 80.1 10645 /65 G TTRI94,27 T30 e
. 96.3,784.9 127.7-132. 4f 105, 391,87 111,0 129,80
9946 108 6 116 3 113.0° 65,3 43,3 57.4 58.8 -

0©¢ﬂmw%w&+;

[ﬁfies 8 85.5 '94.8 93.eg4f' '78. of370.4.;78;1_575;5f7f3ff73f*”
“‘{1 3. 2043 25.9 32,0 24.216.8 2410, 26.2

| TN




)

]

kY

Hand

o (a)

. RISING |

3

'{Upper'ReCtus Abdominis Eléctrode,PEir

- LoﬁERINGj“

3

© 110

2

:'j.

SuPPort Subgect R .

63.5
61.2

48.8
102 8:
96,7
68.6

armrest. |

105.9°

-

.  128;6<

60.4

11‘9 7

116.4
69.0
67.0
80.2

63.5
158.0
122.0

82.8

65.8"
109.4

134.8
.54.,7
61.2

63.0 - .
jGQ;Q: ‘;,
148.9
113.2 .
:75.3' .
78.6

111 6

©587.3
,GQ,Q_ ‘
0 76.7

-83.8.
65,8

" 87.9".
. 64.2

' 87-2

' 93.6

117 4.
- 47. 3
55.6

103.4
93 8
‘47,6

77.0,
4
87.0

125;5
53.8

51.4°

729

104.6

67.8

100.1;
93.3 -~

111.8 .
42.2 -
46.2.
"78.6

58.8
108.9 .
91.2
90?5' :
89.2
88, 5

|Svougaunswn -
-
—
U
—l

[/ -] ]
m -
\D
U‘l

' 8t%6‘
29.4 ;

PR
31.6

101;6(

32.9.

~80.9
1832

78;5
23,3

95.6
85.6

23.6

8045
24.2

61,9

. ‘ ’. 84.5
Seat

Surface . .76;8
76.5

-67.8

- 891

64.9

63.0
90.1 -

123 7

70 1

- 85.0°
59.3

70.5

69,2

85.8 - i
88,7 |
136.1.
:69 9‘5
v76!6v.t:
S L0 B

90,7

64.8 -
5.7

"'78.6‘

77.3

130.6
89.0".
. 6844
84,1

93.7
78.1:

| 85.4"
75 04" '

"58.1 .
. 88,0
100.8:
. 53.4"
75,2
721
88.6 °
115.0:°
'65.3 -

64.9

150.1
7136
77 9
103.8
82 2
87.6
8.4

95.6°
84,5 ¢

103.0
-88.0. "
953 L
104 2 " e
83.1 S &f*’fff
106.3

94,6 .

11207 e
}81f9 : ;; “;3u o
53.8

g

o | o0 @VQ‘Q m-&.pl~'d:n
~)
N
@®

: 77;93
o4 L1 " 6

79,0

201

,?86.8%:_"'
20.8

17781

89.2
24.5

933
4,50

5 93.3
. 96.6
56 7
:78 9
5 1084
100 0
55 2.
,T 92.4
-'5324;9

K=l m'“'m‘W‘pﬁgxw :
-—‘
N
oo
\l

a

 112.5

194.9 -
' 78.6
98,2
128.7"
125_9
73440

.f9634.
132.5
151.6

13845&ﬁ9'"

94,5

85 4%] S

96¢9
156.3 -
118 15‘

81.8 .
128.8 = ..
:174-5 ;:':'“
157,301

_ 21&2;9:
54.8
69,3 .
103 3
80 5;
72 4
99 0;

86.1-
106 8
79 o
93 0
131.5"
101 2.
68 5
'94.0

106.5.

115}9.-i”wt3;?1 '
128,71
873
85&9;{:ﬂf;n2
100;213*?'5341:353
0. ®
120}2 ﬁ;lt?
13870

: xsé;g‘

109.3

123.2

: 86 ef
ERris

}03 4

28 3

125 3Q'1?€1;*:%itﬁ,
36 0.1,,w

72%}6

'25.3.
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EMG (%)
‘f§§~ Lower Rectus Abdominis Electrode Pair
RISING LOWERING
Seat Height ' Seat Height
,»:,{' nd
@pport Subject 1 2, 3 4 1 2 3 4
. , : )
i 1 g84.7 68,6 79.0 94.4 68.0 78.5 69.1 80.3
RS ‘ 2 :85.8 92.6 75.4 74.7 53.1 49.8 57.1 59.7
(P SR 3. 85.3 81.3 'B7.6 68.5 70.0 72.6 70.3 76.9
e 4 71.4 53.4 81.1 79.5 ©76.2 71.0 97.4 85.5
Armrest 5 52.7 37.8 58.7 59.3 49.7 119.1 53.4 64.9
. 6 120.7 107.5 140,1 141.1 93,8 103.0 115.4 103.9
: . 7 123.2 106.7 139.7 133.9 106.0 67.0 91.5 107.1
i 8 87.7.100.2 102.1° 84.6 ~  100.5 93.5 128.4 104.3
o 9 92.7 83.6 60.0 93.1 63.4 50.0 62.0 91.7
: 10 122.1 102,7 119.4 114.4 ~ 73.2 77.7 79.7 105.8
k, . X 92.6 83.4 94.3 94.4 75.4 78.2 82,4 88.0
R s '23.2 23.7 30.0 27.4 19.1 21.9° 25.3 17.4
1 77.3 61.0 71.9 85.9 67.3 52.7 66.5 93.5
s 2 86.9 89.6 98.4,104.6 118.9 136.7 114.4 132.6
3 97.0 87.4 137.4 123.6 115.5 84.0 134.3 128.0
4 69,7 41.8. 66.1 98.4 88.7 52.3 74.4 96.2
Seat 5 70.3 95.3 94.3. 68.7 80.8 80.0 91.8 88.6
Surface 6 8.2 66.0 68.6 89.9 86.1 61.8 92.9 104.6
. 7 68.7 72.3 Ti.1 82.1 88.0 88.5 84.4 92.2
8 80.5 86.8 69.2 68.6 104.9 129.6 .98.8 104.6
9 78.8 72.9 75.3 66.5 86.3 69.3 83.3 76.6
10 69.0 58.5 66.2 66.2 79.4 60.3 55.4 %62.1
g 75.6 73.2 81.9 85.5 91.6 81.5 89.6 97.9
: s 11,0 16.8 22.6 19.2: 16.4 30.0 22.9 21.3
1 143.9 71.2 155.% 174.5 85.6 65.8 95.9 173.0.
2. 88.3 91.0 98.5 97.6 73.9 8 76.7 92.6
3 83.5 43.9 60.3 70.4 88"’1?%.4' 91.6 83.5
4 . 105.8 92,5 110.6 124.3 113.34110.1 127.9 119.2
5 94,2 80.4 87.8 135.7 102.6 94.8 115.4 143.9
No 6 119.5 117.5 131.9 130.6 87.7 70.5 96.0 86.1
7 91.1 72.9-117.1 117.9 . 92,9 93.5 76.7 108.7
g° 123.0 108.5 115.2 109.3 120,3 78.4 102.2 152.8
9  108.7 116.1 120.5 155.3 101.1 117,9 121.6 136.5
170  “118.6° 95.0 146.4 166.9  135.2 106.1 153.0 173.7
b 107.7 "88.9 114.4 128.3 100.1 85.2 105.7 127.0

s 18,9 22.8 27.8 "32.0 18.5 22.5 23.9 34.1




EMG (%)

External Oblique Electrode Pair

A

112

RISING LOWERING
Hand Seat Height Seat Height
Support Subject 1 2 3 4 L 2 3 4
1 126.1 125.2 125.7 129.2 4§6.7 87.m» 91.3 118.3
2 107.2 133.7 129.2 135.5 /60.9 55.3 68.6 64.5
3 82.2 74.9 85.1 69.4 71.2 66.9° 68.1 64.5
4 78.4 66.5 80.4 66.3 85.5 B85.1 91.6 81.4
Armrest 5 - 68.5 66.4 80.2 80.0 82.5 118.1 85.9 91.0
6 126.2 136.5 126.4 141.4 84.4 83.4 100.6 91.1
7 104.0 80.7 88.4 96.7 84,7 76.0 86.6 113.4
8 82.3 91.1 124.4 89.5 91.6 83.5 100.4 82.3
9 93.7 98.0 116.3 110.8 95,2 85.8 98.2 75.2
10 110.2 92.7° 97.6 94.5 74.0 90.9 104.2 87.1
X 97.9 96.6 105.4 101.3 83.7 83.2 89.6 86.9
s ‘20.1 26.7 20.9 27.0 12.9 16.3 12.7 18.0
1 88.5 65.1 52.8 72.2 58.3 68.8 52.7 99.3
2 - 95,3 78.1 92.1 78.6 90.5 79.2 90.8 80.5
3 132.3 85.1 145,8 119.3 2.4 79.1 115.7 100.5
4. 64.0 48.1 79.3" 81.4 93,7 84.0 73.4 144.5
Seat 5 *g4.3 107.8 107.1 101.9 75.3 80.0 94.0 92.0
' Surface 6 70.7 74.7 81.7 106.2 -  97.6 68.0 105.7 102.7
7 70.3 76.4 69.1 78.3 86.0 86.5 72.9 95.8
8  113.5 106.4 111.6 113.0 91.2 86.4 74.0 103.7
9  83.4 75.4 74.1 T1.5 90.5 74.1 85.4 87.7
10 77.3 66.4 64.4 64.9 76,2 59.8 62.0 63.4
% 88.0 78.4 87.8 88.7 84.2 76.6 82.7 97.0
s 21,1 18.1 27,4 19.5 11.6 8.8 19.5 20.7
1 127.4 90.01140,0 162,9 137.9 137.9 97.2 158.9
2 - 87.4 90.3 103.4 97.6 95,9 79.0 101.7 110.4
3 85.3 55.0 76.8 78.2 94.9 51.6 81.0 91.9
4 13,8 84.5 110.4 117.3 ~  109.4 93.0 107.4 107.4
o 5 108.0 84,4 108.2 113.9 104.3 98.3 123.7 140.3
' 6 99.4 92.6 101.1 100.9 83.1 72.4 99.1 90.6
7 59.7 62.8 64.3 78.1 ©79.2 58.8 70.0 94.8
8 97.2 67.7 68.1 87.9 86.6 111.1 85.6 123.7
9 ..102.3 114.9 127.0 162.1 . 83.9 106.5 109.6 145.5
10 114.0 93.5 127.9 122.4 114.5 109.6 159.2 170.6
‘%, 199.5 83.6 102.7 112.1 99.0 91.8 103.5 123.4
s/ 18.9 17.5 25.9 30.6 26.5 24.9 29.0

18.1°
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EMG_(%)

Triceps Brachii Electrode Pair

. RISING - ~ LOWERING
Hand | Seat He{ghp S | Seat.Height
Support _Subject 1 2 3 4 1 2 3 . &
— :
1 122.8 110.7 137.2 129.7 ~ 116.0 92.7 89.9 113.0
2 74.0 58.0 64.0 63.5 75.4 63.4/ 72.1 62.9
3 87.6 71.0 '88.0 79.4 71.3 58.2 63.8 69.3
Armrest ,_4‘ . 145.1 117.2 121.0 147.7 118.4 92.1 105.5 96.9
: 5 97.2 99.5 111.4 120.7 73.4 31.8 99.8 88.9
\ 6 131.3 135.9 123.7 156.8 122.0 111.2 121.3 114.2
7 90.7 -70.3 91.7 86.4° 64,9 81.9 93.8 91.7
8 99,7 85.4 79.5 96.0 ' 36.4 37.4 55.5 59.1
% 106.1 93.5 103.3 110.0  84.7 71.1 .87.7 87.0
s * 24.4 26.9 27.3 33.7 30.8 28.1 22.3 21.4
1 100.4 83.2 95.1 70.6 94.7 62.2 68.4 70.7
2 119.9 102.9 111.1 177.8 147.5 123.3 ™M1.3 171.3
3 85.3 82.2 106.2 113.6 . 72.6 67.% 93.7 82.1
Seat 4 _ 99.3 110.0 110.0 117.7 79,6 60.9 81.4 93.4
. Surface 5 . 76.1 82.8 74.2 81.4 81.2 84,1 71.7 88.1
6 125.5 85.8 133.3 132.2 127.2 121.5 349.7 153.2
7. 83.8 71.4 81.3 82.1 74.1 64.8 70.9 70.4
8 '81.9 67.5 73.3 74.5.. 83,7 /58.0 65.7 72.0
X 96.5 85.7 98.1106.2 95,1 80.2  92.9 100.2
s 18.2 .14.4 21.0 36.8 - 27.§5 27.2 33.8 39.5
1° 85,6 97.3 100.3 99.4 83.1 74.3  89.3 95.3
2 111.1  73.1 101.1 110.3 82.4 47.6 62.9 78.3
3 106.7 84.4 111.4 115.2 81.3 71.9 97.7 92.6
Ho 4 100.0 85.6 98.2 133.2  103.4 96.2 112.2 153.6
5 120.4 -77.6 106.6 162.4 - 119.7 114.6 53.2 113.3
* 6 111.8 95.6 86.8 121.2.  89.9 75.2 79.7 105.2,
7 . 89,7' 99.8 107.0 141.0 - 79.1 89.7 97.4 130.0
8  116.6 93,0 132.5 150.1 98.4 96.4 152.0 160.5
X 105.2 88.3 '105.5 129.1 - 92.2 83.2. 93.1:116.1
s "12.5 9.7

7 13,2 21.4 . 14.1 ,20.4 30.6 29.5
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Synchronized EMG/Cinematography Data
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Subject 1 Rising With No Hand Support

Hip Flexion.
(degrees)
Horizontal-
Displacementj
C of M (cm).

~Vertical -
Displacement

40

C of ¥

EMG

(cm)

(mV)

External Obhlique

)
" Lower Rectus
Abdomings

Upper .Rectus
Abdominisf‘

Triceps Brachii 

\

Erectopeé

F O P
5

Erectores
‘ - L

© Seat

Spinae

Sﬁiﬁae

Height: _

&W«{M

120
80

30 |
15

1 5

. Time: (Sec)
1 (Knees 90 )

0 0.5 1.

2

ot

HLift off 0,96 sec =
s%Lift. off 0.84. sec'

w{{éé | ]

. 120F
80
40

45,;- B
‘30L L
15

*k
1
1/

Q- 0.5-.1 1.5
.7 . Time (Sec)
4 (10 cm 1ower)




»
»

SubJect 1 R151ng With. No Hand Support,

e M | %mgm_

. : 120 b 120F
Hip-Flexaon 80k - 80
(degrees) 40 40

. R .0 Y
Horizontal - 45} ]

Dlsplacement' L30T e 30
C of M (em) 15} , 1 151 <

. ool ] [
3ob . ‘ . 30p '
20+ 20k

'10'_- . 10- i
0L 0

© Vertical-
Displacement
-~ Cof M (em)

CEMG (mV) S .
External Obligue . _‘ 1 : s B B

i

Lower Rectus
Abdominis

Upper Rectus’
Abdominis

Tri¢eps>3ra¢hii:g

Erectores Spinae. |

,Lsy,*

 fpé¢tore$;Spiﬁée'y =
R T R

o s ._: —. L L"'?"' b
0. 0.5, 1 I.5 2. 07 .05 1 1, 5
s . . : L Tlme (Sec) B Tlme (Sec)
‘geat Helght ﬁ‘f'Z (5 cm> Pl) ‘;Q“““:13_(§ Cuy<p1) -u

ﬂiiu_.fz,' *Lift Toff 0.84" secf_u
: SO '"“Llft off o 80 SeCf 4u.F



A

qubject 1 R151ng With Seat §urface Hand Squort

\W«{éﬂ gett] i

120

‘Hip Flexion
(degrees).

. Horizontal

Disp;ﬁcement
C of M;(cm)_

Vertlcal
\D1sp1acement
C of M (cm)

EMG (mV)

5' Lower Rectus
Abdominis

“Abdominis:

_7  . Upper Rectus

.'”Ffébtdrés
- hso

.: Efe§f§r§sj
Seat Helght

e

1Tri¢e§s;Bféchii;

80

40

0

45
307
15

0

30

20

10}
o

Fxternal Oblique -

Spinae . |

Sﬁinaélff,+73~

0 0.5 0

1 5
Time- Qﬁec)

RENERT (Knees 19007

L %Lift offf1.06 secaff?“*F
#HLIfr of f-0.96 'sec

O

120p
80

40

0

45
30
15

ol
30

.20
10
0

117

3"(5

20,5 1
ime ‘(Sec¢)
cm LOWer)

= 5,
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|

Subject 1'Rising with Seat Surféce Hand Support

e %A{«{{{ fil

T , 120 } _ 120}
' ©+ ' " Hip Flexion. 80} : - .80
(degrees) 401 ' .40

- - ol : ; 0

Horizontal . 45} T ‘ 451 .
Displacement 307 L 4 30F '.‘
C of M (cm) s T | | "is| ,

PRI ‘ 30r - o . 30p
Vertical. | : . ' - -
-DiS;iEEZ:ent" 20F o 20 4N e
’ 10 o 1.0

AC‘Of,M (cm) o fﬁll | ) VO.

CEMG (mV)v I T . ST ' ;‘-
External Oblique - | o |

&' Lower Rectus .- EEAETIEE N > | N e

- Abdominis . . 2A/~.$\;¥ , ‘ R SN

. Upper Rectus -
- Abdominis

““Trjbepé Brachiiﬁ

N jEréctdﬁes;Spinae: R R e T AL

"ﬁEf%ctofééiSpiﬁaé»wr»-. L
T > __j_;_;*g

Csenteight 2 (Benerh e (10 P
| e " Llft off 0 90 sec:;ﬂ?" '% '
'Lth off Q_96 ‘sec .
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Subject 1 Rising hlth ATWTPQt Hand Support

%%44 L e e

. . 120 120}

- Hip Flexion 80 80
‘(degrees) 40 40
‘J: ’ ‘ . 0 O

: _Hoiizontalz 45 p T o . 45F
- Displacement . 30L I | 301 L
~C of ‘M (cm) 1511 : . 15, 3

0 : BN 0

- R TN ¢ | : 30F
Vertical. S 20

Displacement 20 F - ' i .
Cof ¥ (em)  0p 104 , |
| . 0. 2 CTT » | . O‘ . V "’. § i . 0 . 7 .

EMG (mV) "
" External Oblique

- Lower Rectus . e , S |
Abdominis . ‘ 0T N

ﬁpﬁep Rectus
"Abdominis

) Tticéps(Bféchii B

Erectores Spinade

. Erectores Spinae |- -f . - L B N
e - WA S ‘ A v . y
S S0 005001 k.5 2 0 00 0.5 1' 1.5 2
! i.1 v‘_»A- S Time (Sec) ™ L Tlme (Sec)
x:geat.géightv 1 (Knees 900) o '2 (S_Cm higher)

*Lift off 0,86 sech*-ég e ,-.Aff

"ﬂ‘L1ft off 0. 76 sec




'j ' Subject 1 Rising With Armrest Hand Support

.') 1
" . Hip Flexion
(degrees) a

Horizontal
Displacement
C of M (cm)

Vertical
Displacement
C of M (¢m)
\

JEMG (mV)

%mm %%M

20
80

40

0
45

30
15

0

30

20
10
0

External Obligue

Lower Rectus
Abdominis

“VVUppe}.Rectu%
"Abdominis

‘Triceps Brachii

Erectores
bs

.Eféctoresk
L3'

Spinae

'.ﬂ;Seéf Héight:; E

’Spinaeﬁ:

v Ly
0.5 1 1.5

“2‘...1
_ Time (Sec) . -
3°(5 em<P1)

#Lift off 0.88 sec
wiL it off 0.76 sec

15

120}
‘80
40

0

45
30

0

30
20
10

0

0] 0.5 1. 1. 5
. Time (Sec)
4 (10 cm <P1)

2A f
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C of, M

- External

Subject 1iLowering

. 1
Hip Flexion
(degrees)

Horizontal .

Displacement

C of M (cm)’

Vertical

"Displacement

\f

(cm)
{

EMG (mV)

Lower Rectus
Abdomiris

.

Upper Rectus
Abdominis

-

20
- 80

40

45
30
15

Ohlicuer

‘Tfiéeps Brachii

Erectores Spinae.”

“'J

- Laye

s

. .Seat Height,

Efectores Spinae -

oo 05 1

;

a———

With

N (({«%

9
o . |

b

I .
1o
1

T. 5
T1m€ (Sec)

i.l (Knees 90 )

ﬂTouch down 1, 02 sec- 
e Touch doun 0. 96 sec

No

izﬁ

Hand ‘Sipport

120}
80,
40

45
30

1.5 >

Jilf {{{{%

o

Yy

’fb’

0 5
Time (SeC)

4 (10 cm’ 1ower)”

1 T 5 2



Hip Flexion

Subject 1

S

120 ¢

80 } -

-

Lohorlng ‘With No Hand Support

il {{444%

1204

8o}
40

122

(degrees) - 40

45}
30—
15 O\

Horizontal
Displacement
C of ¥ (cm) .

- Vertical
"Displacement
C of M,(cm)

CEMG (mV)
ﬁxtetnai'leiqﬁe;--' L -
s v » Lo R o~

Lower ‘Rectus ’ ‘ -
Abdominis -

..o ST 1.5 ., L
RIS -T1me (See) PR
_;ﬂ} 3 (5 Cm <P1)

seéj

Tlme (Sec) f'-""'
2 (50m> P1)

 “ ?Touch down 1 O'j




v

:_QubJect T Lowerlng hlth Seat Surface Hand Support

BE ‘.&({m&l&l&l 1 H{{mm

'HipAFlexion_‘__ 80} : N - 80 :‘ ‘ vg" '
(degrees) . = 40 L o ‘ upl o , L

Horizontal. b e
Displacement i — 30

C of M (cm) 15
: o}

30~G
S0k

'Dlsnlhcement R N ' ) e i
' ‘ 0 ¢ . 10
- C of M (Cm) ) 10 ) | - -

\ertlcal

ENG (mV) .
External Oblique '

LoweTr Rectus . . S .
Abdominis .. | - O 3 R !

Upper’ Rectus'
Abdomlnls R I 6

' jTriceﬁSvBréChiii”.

“Erectlores Spinae | - . ooopooo foo b

- Erectores fpinae | SRR
RTECTOTSSAPPINAL. B R

§\§i*,‘,l O f*i;“-?1=l

z I‘. L O 0.5 1 1 5 .2__ O 0 5 T 1. 5 2 "};z n
T e Time : (Sec) jf;?jf. “Time - (Sec)
‘Seat Height '+~ .1 (Knees. 90° ) S (5 ¢n 1ower)

‘t;Touch down 1. 06 sec{ '“
A#Touch doxn 1 OA sed?




is4

SubJect 1 Lowerlng Wlth Seat Surface Hand Support"

H{ ( {{{éﬁ% 16 %{{{4@%

120}
80
40

. ‘ 120
Hip Flexion ~ 80
(degrees) » 40

Horizontal .. = 45}
Displacement 30
" C-of M (cm) 151 -

Vertical
Displacement
C of M (cm)

CEMG . (m¥) .
'External Oblique

* Lower Rectus . f oo b e
" Abdominis. 6 | o S N~ e . 1
- : 3 N BV £ J0 ==

L ﬂf:~“3"rUpbér-ReCfus  ' o LT o S
- . Abdominis. S e S

e e R RS A ok B T I

o

u"quctoféSwSpindeff3"<f‘7iv hp i,f_“,i;ﬂlg,f, ﬁL e

B S M TS SR S N TN
ﬂ-?;ffEreCfOFESJSPinaen

inae e e e e

,'_Lffw»;ﬂflzh

Yoo .

S SR Time (Sec) ',‘7} Tlme (Sec)
[Seaffﬁﬁighi”a; - 2 (5. em. <P1) S a (10 cm> Pl)

7;51FfﬁiL'ﬂf,]f?Q7ﬁ@“ J  ”Touch down 1 16 sec i
- RS s jTeuch down 1 18 sec~ﬂ"7

0.5 11, 5"2” R s ey 1'5' 2'“7“



#

Subject 1 lowering With Armrest Hand Support

o s

120

120k
 Hip Flexion 80 80 1
(degrees) 40 401
;o 0- o}
Horizontal N ‘ . © 45
Displacement. 30 F ' : 30 .
C of M (ecm) 15 15} !
ol 0
Vertical 30 ¢ - 30r
. 20 F A 20F
Displacement 10 10
‘ A ) i | s - 1
C of M (cm)‘ o ) o :
EMG (mV) | S K
External Oblicue . ';ﬁV" B
p l
gk Lower Rectus S

Abdominis ' J/f\\\a\ . ,’—*\Vf\\\\

Upper Rectus ‘
Abdominis ‘ .

Triceps Brachii
f
1
T
oy o
Erectores Spinae : _ t &
. LS ' | , I
. M
o
'Erec‘torzs ‘Sp‘lnae . . o
AL ;__("fl'\ /\;\‘ﬁ\
. . 2
0. 0.5 “ 1.5 2.7 . 06.-0.5 1 1.5 2
o : Time (Sec) ., - ~  Time (Sec
g':Seat Height ' 1 (Knees 907) . 2 (5 cm higher)
¢ . : - '
*Touch down 1.20 sec o
#%Touch down 1.l47sec
N ' ) K ; P ‘
{‘ o '/»
~ S
o \\»l// -
&

1 e e AR e S e T T e e
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Subject 1 Lowering With Armrest Hand Support:

(s, (s,

. 120 120}

Hip Flexion 80 80L

(degrees) 40 401

0 0

Horizontal © 45k | 451

Displacement 30 F ) 30
C of M (cm) 151 ' ' 151 \

0. \ 0

. 30} ‘
Verticail 20

Displacement 10:-\\\\\‘>
of !

C of M (cm)

EMG (mV) o
External Oblique N

Lower Rectus . ; .

/\l/\f\

Abdoninis /5/\\JL\1’\\\ B AZvaﬁf\/\g\
S

f"'_i\-—~\

- | :

Upper Rectus
Abdominis

Triceps Brachii

" Erectores Spinae i
L

5 | /ﬁf—§;/\+‘~//vﬂy

Erectores Spinae * ’ *ok -

. ) s ' |
L3 : : , I
: /,::/\:1,\! S W
. 0 0.5 1 1.5 2 0 0.5 1 1.5 2
: , Time (Sec) o Time (Sec)
Seat Height 3 (5 eme¢ P1) -4 (10 em<P1)

*Touch down 1.22 sec ' @ g

#%Touch dewn 1.24 sec




Subject 2 Using Seat Ifeight 1 and No Hand Suppbrt

120

Hip Flexion
(degrees)

Horizontal

Displacement

C of M (cm)

Vertical

Displacement

3

C of M (cm)

EMG (mV)

EFxternal Obliue

LLower Rectus
Abdominis

Upper'Rectus
Abdominis

Triceps Brachii

Erectores Spinae

Ly

Erectores Spinée

8
4

®
0

-0

4
3
1

3 .
2
1

A

5
0
5
0

0
0
0
0

an

“Time (Sec)
- Rising

*Lift off 0,76 sec

m

2 L
0 0.5 1. 1.5 2

i

120
80
40

0

451

30
15

30
20}

10
0

* %
L

, . i .
Pacdibnes

)
~!

.0

%*Touch down 0.96 sec.

Y

ing
0.5 1 1.5

Time (Sec)
Lowering -

2

s,

A3



Subject 2 VUsinpg Seat Heipght 1 and Seat Surface Hand Support

’

, 1
Hip Flexion
(degrees)

Horizontal
Displacement
" C of M (cm).

Verticai
Displacement
€ of M (cm)

~ EMG (mV)
"Fxternal Obligue

4

Lower Rectus
Abdominisf

UpperﬂRectus
Abdominis

Triceﬁs Brachii

L

Erectorés,Spinaé
L. '
5,

\l

_ Erectores %

pinae
L -

St

20
80 }
40 |
0. ‘
. ~]
45 L
30 L |
15 -
0
30F
20 ¢
10 L
0
(\
: I/P\f\\
;
i
- :'/[\/\\ |
|
T
VAN
( | ,;*.
]
- Gl 1 ‘
o0 0.5 1 1.5 2
Time (Sec)
Rising *

*Lift off 0.84 sec

120
80
40

0

45
30
.15
0

30
20
10

0

%%Touch dOWn Q..98 s‘e’C.' .".

SRR

i

*%
R | s
0 0.5 1 1.5.

Time (Sec) ‘
' Lowering



Subject 2 Using Seat Height 1 and Armrest Hand Support

%%é& 1

120 p

Hip Flexion 0.

(degrees) . =~ 40

0

Horizontal 45

Displacement 30

C of M (ecm) 15

. . : 0

30

Vertical 20

Displacement 10
C of M (cm)

EMG (mV)

Fxternal Oblique

!
Lower Rectus
Abdominis

0..

Upper Rebtus. , »_. ® ‘
Abdominis . T _
| g ' /'L/\//\
[ j ’/2 .
. ‘/../
Triceps Brachii l///
" Erectores Spinae
75 [ .
Ereétéfes*Spihaetv ST
L3 .‘ :  | \ 3 1
(\':- g [ 1. _‘:
0 O 5.1 1.5 2;

Time- (Sec)

RlSlng 'f‘

L1ft off 1 00 sec
Touch_down»

120F

. 15
30

0

Mm%a

80k
40
0

45
30

0l

20
10

Sk
S

T

C A Ty
0 0.5 1.1.5
‘Time (Sec)
~ Lowering’

1_oa_sgé ,"
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