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ABSTRACT.- \

The purpose &f this study was to crltlcally analyse

treadmill and OVerground runnlng performances for the sanme
: A . o '
individual. - : '

\
\

The speeds of 5, 9, and 11 mph were used for both

13

overground and treadmill running.
The dependent variables used in the examination and

comparison of ‘one running strlde from each of the six con-

=)

dltlons of runnlng were: (1) tlmlng and duratlon ofwmuscle
.actlon potentials generated from three leg: muscles (2) hip,

knee,‘and ankle angles, and (3) vertlcal and horlzontal dis-
placément of ' the total body's center of gravlty 5
N - : ‘ , .
The 1ndependent varlables were: (l) runnlng speed, and

-

(2) manner of runnlng (1.e. treadmlll or QVergrOund)
The following are the maln/results of the study (1)
stride }requency was- greater and strlde length was less forr

treadmlil runnlng, (2) a trend ®or greater . percent tlme in. K

"contact Wlth the runnlng surface for treadmlll runnlng as

compared to overground runnlng was observed 'Thls dlfﬁerence
L ¥
- was observed‘to lncreaSe w1th running speed (3) vertlcal

fluctuatlon of the’ subject s center of grav1ty was greater

23

for DVerground running, 3s compared to treadmlll runnlng at
‘all three speeds  For both treadmill runnlng and OVer-
ground running, the degree of vertical fluctuatlon tended

to decrease as the runnlng speed inc Sased (4) hlp flex1on

iv. 5



at the end of the forward sw1ng was greater for overdround
runnlng This effect ihcreased with runnlng speed, ) hip

extension dunlng follow through was greater for overggbund

running as .compared to treadmil] runnlng, ¢6) knee flex1on

"during the forward sw1ng phase was greater for overground

/
running, (7) knee extension during take- off“)hase was greater

for overground running, (8) for both overground Yand treadmill
running at.take-off, the initiation of hip extension precededn
the 1n1t1atlon of knee exten51on, whlch in tprn preceded the
initiation of ankle extension, (9) for both treadmill and |
overground running, maxlmum knee flex1on was attained durlng/
the forward swing. At the end of forward sw1ng, when max1mum
hip flexion occurred, the knee had already begun to extend, -
(lO) for both treadmlll and overground runnlng, the muscular

activation of biceps femorls; vastus medlalls, and gastroc-

nemius commenced 31multaneously, (11) for both treadmill and

overground running at the speeds of 9 and 11 mph, the electrical

activity of vastus medialis and gastrocnemlus tended to ter-

mlnate 81multaneously but earlier than biceps femoris. at

‘the speed of 5 mph the termination of electrlcal act1v1ty of

these three muscles was 51multaneous, (12) blceps femoris was

not used to decelerate the thlghfduring,the forward swihg

" 8stage for 0verground running. HoweVer, in treadmlll runnlng,
it ‘was used to decelerate the thlgh at the end of forward

'swing, (13) for treadmill runnlng, electrical activity in the

three muscles terminated before take-off was completed.. For

< . . w

- ivb ’ %



overground running the electrical activity of the muscles did

electromyographical pattern of vastus medialis

grodnd'and treadmill running.

(14) the electromyographlcal

/;f:ipt cease untll after take-off,
; pattern produced by gastrocneﬁlus was very similar to the

i

for both-Bler-
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. CHAPTER I
STATEMENT OF THE PROBLEM
INTRODUCTION - C

The phystcal act of running has been under experl—
mental investlgatlon for the last four decades The early
work of Hill (1927), Fenn (1930) and Elftman (l940)§was
prlmarlly concerned with the rate at which work was done by
muscles in runnlng.' It was not pntil the early nineteen- -
sdxtlgs that research workers attempted the arduous taSk of
breaking down the actlon of running 1nto‘more meaningful/'v
and meaeureable éaraheters. These researchers hoped, by exenin-
ing the parameters that constitute a top rateq performance
by a runner,‘to provide the coach with basie physiologica},
biomechanical and human performance principles from which
sound teaching and.coaching techniques could be founded. "

‘The main toofvof biomechanical research throughout
_thls perlod was the camera. fhroubh Ehe‘hse of cinematog-
raphy, experimenters such as Sloghm and Bowerman (1962)
Deshon and NeLson (1964), Plagenhoef (1971), Hopper (1969),
and Sinning and Forsyth ('1970) , were able to obtain éxternal
temporal and spatlal measurements of’a runnet s limbs ,
throughout the total sequence of movement.

(AR i
One of the ma]or problems of utilizing the lnforma—

°
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’ o .
tion gained from these studies is that it.i§ difficult for
the cgach to observe and correct accurately a runner's
‘movements during the actual event itéelf. The main reason
{or this dlfflculty lies in the fact that the runner is
usually moving: rapldly with reSpect to’ the observ1ng coach
This means that the coach is faced with two major problems.
Ehe first is the problem of immediate communication with the
runner which would enable him to correct a8 runner during the
actual performance. The second 1s the probIem of accurate
observation since the angle of view is contlnually changlng ‘
A 81mplist1c solutlon to both-of these problems would be- to
have the subject perform on a treadmill in order to learn
the oroper mechanics of efficient running. ' |

- The idea of using.a mreadmill for tme_study and’

‘training of running is not new. Fo} years treadmill running
has'been used to inveotigate phfsiological stress in human’
performance. The results of these etudies‘are appiied to
such diverse fields as space science, cardiac rehabilitiFion,
.and conditioning in"athletics. Investigatoré such ae5

- Schwartz dnd Heath (1952),<Hubbard (1939), .Cavagna et al.

(1964), Gollnick and Karpovich (1964), Dill (1965) Ricci -

_v,et al. (1965), Slnnlng and Forsyth (1970), Pugh (1970),

Myashita et et al. (1971), Pugh (1971), Roberts and Alspaugh
(1972), and Hoshlkawa et al. (1973) have all utilized the
 treadmill in their studies. |

" MOre recently researchers .such as Kollias et al.
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(1967) and Dal Monte et al. (1973) have beep experimenting

R

with the idea of using the treadmill as g trainingAdéviée
for runners. The Obvious advantages being that thevtgead—
mill takes up very 1ittle indodr Space and ;s not dependent
on climatic conditiéns. The general hypothesis of these
I'esearchers is that_a sense of running pace and rhy thm
gained on, the treadmill might be tranferred to runnigg an

outdoor course.

The use of the treadmill’as'an aid fo running
performance is centeré&iaround One major issue. How cloéely
are the mechanics of rugning on a track duplicated by running -
oﬁta;trea%gill? S‘Only two studies, Bfgokes et al. (1971) apd
Nelson et al. (1972), could be found in the literature which

'offered any opiﬁion on the similarity of these two conditions
of running. Brookes et al. concludeg that no significant
‘biomechanical or physiological differefices exis d between
Féad and treadmill running. The only cfiterio;ifgey used

_to base their bi'hechanical conclusion on was the pattern of
;ower limb angles throughout oné’leg qx:}e: Nelson et al.
carried out more ‘extensive film analysis of the two condj-
tions-of running, They reported that treadmil}] rdnning,ﬁas
characteérized by longer ;Lriods of support,'lOWer vVertical
velocity, and less variable verticgl and‘hOrizontal veloci-

‘ties than for overground running, _

Both of these Studies focused thejr attention on

~



the observagae external effects which appeared‘betWLen the
two condltlons of running. Neither group of" 1nvestlgators
sought to establlsh whether the 1nternal muscular effort and
pattern was the same for both conditions of running. 1In
Other words the obssrvable external eng result may be the
Same but the 1nternal causation may differ appreclably

If the muscular pattern of movement proves to be
olfferent for the two conditions of runnlng, one must con-,
clude that the running skill of an 1nd1v1dual is not dupll*'
cated by runnlng On a treadmill.

t

PROBLEM .

The purpose of this study is to examlné whether the
muscular pattern, as wel} as the temporal ang spatial
relatlonshlp of a runner's legs in. overground runnlng 1s

o

duplicated when running on a treadmlll
DELIMITATIONS
1. Evaluatlon Was restricted to the performance

of one male Subject.

2. Evaluation was further Festricted to the analysis

\Qlfferent speeds. ' Only'the leftﬂleg was analysed.



- -
LIMITATIONS

1. The accuracy of-determining the subject's center
- of gravity was limitga to the accuracy of ‘Dempster's
anatomical data and the ability of the ekperimenter to
. locate joint centers.’: | .
'12.‘4The accuracy of the joint angles measured was
.limitedAby the ability of thé experimenter to locate joint
centers. |
3. The re§ult§ were limited by’ the aqcuracf of
métch;ng the :unﬁing speéds df treadmill and overground
.-7xunning.’ | . o

WORKING DEFINITIONS*

Running Stride

A cycle of motion which starts when one -foot strikes

the ground and continues until the same foot again strikes

. the ground.

Support
TQ&S is thetime the foot str%kes.t

-

ground with °
" the extremity in the leading position untilf it leaves the

I3

ground.from the trailing positiog}

The support phase is divided into|three distinct

periods:

*Slocum, D., and S. James, "Bioméchanics of
Running," J. "American Med. Assoc. CCV, p. 721, 1968
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i

Foot-strike. This is the time when the foot flrst

¢
touches the ground aQSbc tlnues through the brief moment
during which the foot“becomes flrmly'fixed.*

Mid-support. This is the period durlng whlch the foot

is leed and contlnues until the heel starts. to rise** from

the ground. o - » L
‘Take~off. This.is the time wheh the h%él stertsjto
rise and continues until the toes leave the,fc;hingjsurfEEe.
Recoverz~; ‘ . . - - .
S ThlS is the perlod when the extremlty does not bear
weidght but advances from the tralllng p031tlon to the leadlng
p051tlon in preparatlon for foot-strike. -

lee the Suppert phase, the recovery falls into

three functlonal perlods o . °

“~

Follow—through. This is the time the trailing foot °

leaves the ground and continues until deceleration of the

_extremlty is complete and forward sw1ng is 1n1t1ated

Forward Swing. ThlS is the perlod durlng which

the thigh begins to ‘move forward in the saglttal plane and

ends when the h1p reaches maximum flex1on.

Foot descent This ‘is the- tlme when max1mum flexion

1)

of the hlp is complete and contlnues until foot—strrke.

[

"*For this study, the foot was considered to be flxed
when it was at a p01nt dlrectly below the body's center of

gravity.
. ]

'**For the cases ‘on the treadmlll, where the heel

- remained off the running surface during the entire Support
phase, the point of rapid vertical ankle llft was used to

mark the end of the mld-support phase.

> B . . é

[



CHAPTER II
REVIEW OF LITERATURE
EARLY ANALYSIS OF RUNNING

‘The earllest relevant 801ent1flc work, .which was
concerned w1th runnlng; was performed by the noted physiolo-

gist A. V. Hlll (1927) Hill was prlmarlly interested in

a

the energy expendlture of musele which occurred at different.

-

'rates of running. It was Hill's opinion that the llmltlng

S -

factor in sprlntlng speed was the v1sc051ty of the muscles

1nvolved Hill alsoiattempted-to develop an Empirical equation

Follow1ng closely behind the work of Hlll were tWO
other phy31ologrsts Fenn and Elftman. J L~ N

Fenn (1930) was prlmarlly concerned with the»accoun~
tlng for the eneréy expendlture of the muscles\lnvolved in

runnlng However, this work requlred the use of fllm analy51s'

; and it was from these analy51s the’ Fenn was able to” ofﬁer the,

2

oprplon that prof1c1ent runners tended to ralse ‘the knees L
high as the free sW1ng1ng leg is recovered |

Elftman S (1940) prlmary objectlve Was to account»
for the large energy expendlture Wthh occurred in runnlng

In attemp*lng té find. a solutlon to th1° problem, Elftman Qa?

v

‘soon became 1nvolved in the dlfflcultles of determlnlng mus~
cular force., The early work of Elftman on thlS subject ¢

-

I
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along with';ts assumptions, has not. been greatly impr0ved

upon to tbis,day.

purportedly was able to detect muscle bulge.' Judglng fnpm the
gross nature of Hubbard S result® it would appear that this

apparatus was Very crude by today S standards. Tt jis of

In ‘the early nlneteen fifties, Henry, (1951) became <o
1nterested in pursulng the earlier attempt by Hill to develop
an equatlon which would predlct the veloc1ty¢curve of a given

runner.- It was concluded by Henry tbat'muscIevviscosity was |

BIOMECHANICS OF RUNNING

Overground Studles - : o - T

It would appear that the true blomechanlcal stuqy
yrunnlng began with Slocum and Bowerman (1962) Slocum and
i,Bowerman were prlmarlly concerned w1thfthe effect of pelv1cé
jposture and lumbar spinal motiop durihg runnlng. From a serles
of studles, Slocum and Bowerman concluded that an erect trunk

posture w1th a flat back in mld-support.was of major importance

. . - .
/ i - ’ . . o 4
et h A B . .

L] OV .. ’ '. - ) . ! ' ’ . " . / '



for efficientrrunning. Co

In 1964, Deshon and Nelsbn publlshed the results of

a cinematographlcal study performed on twenty nine runners.

The purpose of Deshon and Nelsou s-study was to examlne the
reIatiohship between a runner's horizontal velooitp and:

(1) the angle‘to which the leg is raised ih'front of the”.
body,,(Z) ﬁength of stride, (3) the angle that the leg makes
with the ground at point of touchdown. From the results,
'beshoﬁ and Nelson concluded that high knee lift, long running
étride and placementfof.the:foot as closely beneath the center

of gravity of the runner were characteriStic of good efficient

O
)

ruhning. However, the authors do warn that it should not be 2

inferred that these factors 'cause' a performer to run

L]

faster. .

Slacumm and James (1968)'published'a paper which

“
-

dealt with the coordinatlon complex1t1es of the lower limbs \

"~

of a° runner. The analy81s by Slocum and James was very

t\ v

anatom1Cally detalled in descrlblng what had’ been v1sually

.8,

observed’from c1nematography. From‘these v1sua1 observatlons
’Slooum and James offered klne51ologlca1 explanatlons for the
* actions observed. Some of the observatibns by Slocum and James
which w111 be of 1nterest to thlS studyﬁure (1) that knee
flexion is largely passive durlng the forward sw1ng phase of
'leg recovery, (2) that the knee. ig kept acutely flexed untll

- the hlp nears full flexlon, (3) that the hamstrlngs decelerate

the forward movement of the foot and leg to zero® veloc1ty at

re
AT
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_va p01nt where the knee is in approximately thlrty degrees of
flex1on and the ‘foot has reached 1ts greatest dlstance forward
" of the body, and (4) that during take-off the quadrlceps are
the prlme mover’ durlng the early stage of knee extension but
" as 'the knee reaches the twenty degree flexed p051tlon,
’iexben81on 18 augmented by gastrocnemlus. The extensory
actlon of the hamStrlng muscle’ group is also evident durlng «
the latter phase of the knee extension. _ vgi

These explanatlons appear to be Stlll accurate today

L "

Aalthough ‘no one has determlned prec1sely the exact causes
underlying eff1c1ent runnlng. J’fs\f;‘t‘ o

' Hopper - (196§) publlshed a short paper- which dealt
biw1th the varlabllrty of strlde rate and strlde length with
changes 1n running speed. Hopper concluded that the speed

,of the dr1v1ng foot was possibly the llmltlng factor on a

runner’' s rate of movement.

Tréadmill Studies o S

Sinning'and Forsyth (1970) reported from‘an‘eiectro-
gonlometer study of runnlng on a treadmlll that'bbth stride
length and leg frequency increased w1th a runner s ve1001ty
In addltlon 1t was found that stride length played the. major g .

role ‘at low veloc1ty but that leg frequency became ‘the domlnant

factor as the runner's velOC1ty increased. - From. the analy51s
of runnlng on a treadmill Slnnlng and Forsyth reported that

as the rate of runnlng was- increased there was a marked 1ncrease

in h1p flexlon but llttle or no change in hip exten31onp

N : .
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Slnnlng and Forsyth also found durlng the swing phase knee

exten51on decreased while flex1on increased.

The overall result

was an increase in the amplitude of movement.* Sinning and

Forsyth reported that there was. no change in anklo flex10n and

{
exten51on when the runhlng ve10c1ty was lncreased

Nelson.and‘Osterhoudt (1971) 1nVest1gated the- effects

that altering-the slope and speed would have On the blomechanlcs

of runnlng Nelson and Osterhoudt concluded from their study

N

that the alteratlons in both runnlng slope and speed produced

significant, predictable changes in strlde length, stride rate,

period“of support and period of non-support.

A

TREADMILL AS A TRAINING AND SIMULATOR

RN

INSTRUMENT

Kollias et al. (1967) reported a study they had under—

’taken to determine the effecti’veness of supplemental treadmill

mlght be transferred to runnlng an outdoor course." The results

tralnlng. The hypothesis by Kollias et al.

[1967:148] was

that a sense of runnlng pace and rhythm galned on the treadmill

¢ -~

would have to be performed in order .to make

’Statement. It was 1nterest1ng to note that

mentlon that Roger Bannister was thought to

four mlnute mlle on the treadmlll to asshre
.

ﬁcould run-it outdoors

S

" maximum flexlon and extens1on in degrees.

% N

Dal.Monte;et ai.‘(1973) carried out

. . *The amplltude of movement' is the

_'were 1nconclu51ve and Kollias et al. felt that further work

a more definite
the authors

hdve run the .
. himdelf that he

o>

a study to -ascer-

differencémbetwéEth

-
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tain whether éﬁe motor—driveh treadmill simulates middle and
long distance running under the double aspect of energy cost

- - ‘ ’ : ‘,ﬁ’ ! . g .
and/form ofémbvement. The speeds chosen for running were 15,

«

18, “aqd 20.KMm/h which converts to 9.3, 11.2 and 12.4 mph
respectively. The authors [1973:363] reported that "the dif-

ference bétween the two ¥ypes of running tends to difainish -

;

2

“with theﬁihcreaée'of speed during the stride."” The differences

' ) s . o ©
found by Dal Monte et al. ,were that the extension phase and -

stride were shorter on the treadmill than on the track. How-

-

ever, Dal Monte et al. conéluded:

- . . that the treadmill may be considered, although
within certain limits, a specific simulator of middle-
distance running, as there is no outstanding difference
kinematic or energy cost, from the track running as long
as'it is adopted at a speed close to that of competitions.

;ﬂ Dal Monte et al. further states that:

."The instrument can be used for training, for it allows
control - »f proper breathing mechanics through the recording
of lung ventilation and of pneumotachograms, heart frequency ¢
ECG -and oxygen consumption, which can only be measured in -
a laboratory 'and not on the track.

ﬁchpARligm'oE TREADMILL AND OVERGROUND RUNNING
In-1971, Brookes et al. undertook;Zhe'tésk of trying

' ". Q [ ‘ W‘ [ . ‘.“ ) ...
to find the ‘degree of relationship between running on a track

'Jﬁﬂénd ru@ninglon a Ereadhillﬁ. The méin concern of Brookes .at al.
-fqas-to ekamihé the physiological*diffefencés encbﬂhteted by .

| ;ﬁnnersvyhgipé}formed uhéér both running conditions. The bio¥‘

fméghanical.analysié.Wasvlimited to'cogbéfing the joint angles

gofhthé 1egsid@ring ohe%qomplete leg cycle. It wés conclﬁdga-

oo

CE
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from the anolysis of data that no major difference existed
between the two conditions of running. Little attention seemed
to be paid to the fact that 51m;lar end results can be achleved
even thougb*the method® used may dlffpr greatly in nature

Recently, Nelson et”al. (1972) have published a s udy
on the biomechanics oI overground versus treadmill ‘running. It
was mentioned in the paper thatAthree internationally recognized
ph;siologiéts, Astrand, Balke, and Margaria had:expressed,
through personal conversation,lthe opinion'that except for air
ﬂresistancevit”can be assuned that there is no diffenence in
running on the two types of surfaces. - Nelson ei‘al. attempted
to examine the relationship betweenxthe'tw0*cbnditions of |

running by usjing cinematographic methods. Nel$on et al. reported

 that treadmill runnlng was characterlzed by 1onger periods of

support, lower vert1cal veloc1ty and less varlable vertical

and horlzontal velocities than for overground running. As was

£s

the case with the study by Brookes et al., the effects weré;

) LI

. ! . . . t . é
‘analysed but only opinions could be offered as to what changes
‘!aotually occurred in tne :unnef's manner of propulsion.

ELECTROMYOGRAPHY AND ITS APPLICATION
TO STUDIES OF . HUMAN GAIT

ZThe-first electromyographical reseafch which was

relgvant to a studyQOn human gait was reportpd by Basmajlan

(1957) In thls study, Basmajlan takes issue:with an earller

/

study by Markee et al. (1955). . In direct OppOSltlon “to tho
conclusion stated by Markee'ét al. BaSmajién'ooncludes that -

\..
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the muscle belly of a human two-joint muscle acted as a unit
whether the proximal or distal joint was being influenced.

The implication being that a muscle which crosses two joints

cannot act in isolation so as to affect only one of the joints.

Scherrer and Bourguignon (1959) carrieg out a.study

on the changes in the electromyogram resulting from fatigue.

y o

Sclerrer and Bourguignon reported that the integrated sum of

the E.M.G. recorded by surface electrodes increased in all

workfof average or increased power‘followed beyond a certain
time. The global E.M.G. recorded under the saﬁe conditiong
showed an increased amplitude of“the'potentials and a decrease
in their frequency. |

In 1965, Bierman and Ralston reported that no detec-

table electromyographical potentials were observed in the .

rectus femoris or biceps femoris muscles during passive flexion
‘ N .

and extention of the knee at rates up‘to 120 times per minute.

a

Biermdn and Ralston concluded that the classic stretch'reflex

W

does not?occur in the normal human subject unless the muscle

1s stretched very rapldly as for example in the knee jerk.
For active: movement Blerman and Ralston reported that the

antagonlst' produced a potentlal toward the end of the ﬁbve—

“-ment. The 'agonist’ produced potentlals whic¢h were of highest
kw') L ) i .

‘amplitude at the initiation of'ﬁotion and then gradually

dlmlnlshed and ceased toward the end of the movement.

e

.In 1966, Grossman and Welner publlshed paper Whlch

——

dealt with- some of the factors affectlng the rellablllty orsv

¢ - ’ - i ©

ey
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surface electromyography Analy51s of data revealed that there

was consrderable doubt whether surface muscle action potentials

(MAP) were simply a reflection of muscle tension. Grossman

relative state of eontraction of one muscle against another.
The problem is. that a small 1ncrease of electrical activity in
one mustle may represent a large part of 1ts capacity for /
contractlon, whereas in another muscle it may represent only
a smg@ll portion. ‘
A Sutherland 1966) performed an electromyographlcal

" Study of the plantarxflexors of the ‘ankle in walklng Suther;
land found that the soleus muscle showed electrlcal actlvrty
_;when 4 vertical llne drawékthrough the center of grav1ty fell
behlnd the ankle 301ntr From this Sutherland concluded that
the functlon of the soleus was to re51st the kinetic force of
forward movement rather than re51st the force of gravity,

Kamon (1966) appears to ' be oné of the flrst 1nyest1~
Jgators to combine c1nematography and electromyography for /
the purpose of analysing a skill. THeH'QgEhronlzatlon was
achleved by a means of a° llght which bllnked on and off in the
cameraﬁs field of View and was accompanied by simultaneous
signal marks' on the>recording paper‘ A

Broer and Houtz (1967) can{&ed out a study to deter-
mine whether there are patterns qf muscle functlon common to

varlouscomplex sport Skllls The author s found that there '

appeared to be basic. patterns of muscular act1v1ty and that
CE e ‘{ ‘ b

4

. ‘ e /4“
, - :
T TR :
J D )
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the Liming ol activity .for a given musclo wag relativetly
iconstant tor a4 group of similar skills. Also they fbund
that the Miynitude of potentials v;}icdlwibh the effort
required by the muscle.
Komi and Buskirk (1970) rcportﬁd a study conducted
to determine the reproducibility of clectromyographic
measurements with fine-wire and surface clectrodes. The
authors found that the reproducibility of,EMG recordings with
surface electrodes was much hetter than with inserted wire

electrodes. This would be expected sincod fine-wire electrodes

are much more seldctive 4n miuscle action potential measure-
. . , ' - ~
.ment. Komi and Buskirk further state that thelir results

- by B :
.suggest that the sutface electrode technique €an be utilized :

": d.. o "
reliably in long terlmn studies where EMG recordings are

[
repeated at intervals up to several days.

Kamon (1971) reported on an electromyographical study
which was carried out ion juqﬁing performance. Kamon stated
(1971:157) that:

The sequence of muscln act1VLty and precise timing of
interactions indicated that jumping, like any other move-
ments of .the leg and foot, is executed under reflex res-
ponses and with the whole movement roqulated at sub-
cortical leveks w1thout.awarenoss of changes 1n the jOlntS.

¢

‘fhis qtatement rcsulted from Kamon's obServatlon that

4

@

A

complege muscle relaXatlon sumetlmcs occurred durlng the flight,
L4 N

fOl]OW@d by the reappearance of action’ potentlals at the end

~of the flight in anticipatjon of the landing. ” o -

5 . ’ i
“ .
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Mlyashlta et al al (1971) 1nvest1gated the relatlonshlp
jbetween electrﬂaal aét1v1ty in muscle and speed of walking
and runninq,:"subjécts\used in~ the ;tudy performed on a motor
driven treadell at vérlOus speeds. Mlyashlta et al. reported
from the Studx\ehat the electrical activity 1ncreased accordlng
to .the rate of leg movement.
Lewillie (1971) reported on an electromyographical
;zudy carried oue with the use of telemetry on swimmers.
The author found the electromyograms showed with sufficient
. accuracy the difference in activify of a speeific muscle
with the varying etyles of swimming. LeWiflie also found that
the speed at which a subject swam was reflected in the EMG
recordings.
Brandell et al. (1972) developed a method of obtaining
EMG recordings from a subject who was either walking or
running. The measurement system of Brandell et al. was
depéndent on a portable,’six‘chennel tape recorder which
'_was°banried on the subject's)back. The obvious drawback of
- this type ofI;ecording apparatus is that the weight, which
was giveh as seven pounds, will influence the runner's
performance; o ﬁ,"w
. In an unpubllshed paper presented at the 1973 North
vAmerlcan Regional meetlng of the Internatlonal Society of
Electromyographlc Klne51oLogy, Brandell reported two new

findings from his study on treadmill and floor walklng.

Brandell found that the total-gastrocnemius acfivity decreased

-

-
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(at the fast as compared to the moderate and.slow speeds
‘of walking.. It seehé that although the ac;ivity fgached_
a higher degree of intensity, itsaduration Was app}ecégp}ymf
reduced at the faster speed. Brandell also reported that

the gastrocnemius showed greater activity in treadmill, as

compared to ground walfl » at all speeds.



CHAPTER III

)

METHODS ' AND PROCEDURES

,This study utilized the combined information gained
ngrohgh cinematography and electromyogfaphy to examine the
muscular pattern, as well as the temporalland épatial
relationship of i funner's legs during treadmill and over-

ground running. .
uE R

Electromyography was used to obtain.a measure of the
‘éoofdination‘sequence and muscular pattern of three leg |
 muscle§ which were deemed méjor contributors to good running
%erformance. The three major mqscleé which\Were’exémiped and

their action are listed in Table I.

TABLE I

EXAMINED LEG MUSCLES

€

Muscle | - | Action ‘(Primary) ,
Biceps Femoris o " Hip Extension -

: Knee Flexion SN
Vastus Medialis ‘ . Kneg Extension

Knee Flexion

Gastrocnemius
' ' Ankle Extension

19.



APPARATUS ° .

~

Electromyography (EMG)

In order to study the elect;omyographical pattern
of a subject running ovérgrbund'and running»on a %re@ﬁmill,
. .
Special EMG equipment was constructed. The equipment was

designed so as not to hinder the runner's style of running,

.éabié which led from the electrodes toa 'fixed" amplifi—
cation and filtering system. For this purpose;,loo feet

of Belden four-conductor éhielded céble was ﬁsed.-'However,
in order éq trahsbor; sméil'électrical poténtials,‘such as .
EMG signals, oyer a,lohg cabie, q§§ cable-{fself bad td be
driveh by a:Specigl ultra-low impedance circﬁit.wﬁiéh'was
lotated,oh the.funner,‘ The'éeighf of this femofé'tranSpdgéer

unit was approximately 0.5 pounds and was considere .éuffici—'

iy

ently light so as not ﬁo impede his mqtion;- ' Qj; (

& . v _ . S o
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Figure'l.'EIeCtromngraphical Apparafus
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e
used in this study is given in Appendix A.

lectrodes. The\surface examination of the three

diametkr were used.
The two reference electrodes were attached to remote
muscular regions (tibialis anterlor, and adductor 1ongus)

80 as to allow a more accurate measurement of the muscle aetlon'

potentlals generated from the muscles undér examination.

Qhe two electrodes,‘which were placed on each of theA
three muscles examlned were located such that one electrode
‘Wwas near the belly of the muscle and the other electrode
near either its tendon of origin, or insertion#s This pro-

cedure was uSEd to lower the chance of cancelllng MAP which

‘was common to both electrodes.

P

\f} 3
The raw EMG's were- recorded on a four channel FM

tape recorder (Hewlett Packard 3960 Serles) at a tape speed
of 3.75. ' At thls tape speed thé recorder was. capable of
recordlné from zero to 1250 Hz. The 51gna1 to noise ratio
0of the. recorder was glVen as 48 DB and the tape Speed
accuracy was stated as * 0 2%

In order to determlne whether artlfacts were obscur—

ing the data, the raw EMG 51gnals were monltored on an



/ . 23

oscilloseope'(Tektronix Type 502 Dual Beam} as well as
- headphones. 7
| ‘A permanent eqpy of the EMG tracings was produced on
photograpﬁic paper (Kodak Linagraph 1930 peperf by using a
continueus photographic recorder (Nihon Kohden Kogyo Co. Ltd:)
wﬁich_photogfaphed‘the EMG output as it was played back'into-
a dual beam'oeeil;oeeOpe;.' |
&n‘order to get soﬁe tppe of quantitative measurement

of the EMG values, a sensitive 'area summator' was used.

In this manner, the number of resets gave an indication of

the electrical acti§ity;present in a muscle during a given
tiﬁe interVal.é;A permanent record of the area’summator traciﬁg“”

was also obtained by'using the oscilloscope and centinueus
‘photographic recorder. |
Camefa | | .

‘The:camera used was a sixteep millimeter motion
_,piqtdrevcamera (Teledyne Camera SYsﬁems Millikan Model DBM
.54). This partlcular camera was equipped with an 1nterva1

timlng light which left a 1lght trace on the edge of the
- film at a rate of one ‘every 0.1 seconds. '
| The exposed film and the timing or evept map Qere'
found to be separated by a set f11m dlstance of 14 firames.
Thls prec1se dlstance was ‘determined by countlng the number
1 of.frames between‘the overexposed frame in the gate‘when the

camera;waewnot up to speed and the"éorresponding c1u5te: of -
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markseresulting from the continued timing light exposure on

{

one area of the film.

The pulse from thé interval timing light was simul-
tanebusly recorded on one of the channels of"thé FM tape
recprde; so as to provide an accurafé heahs of synchronizing
the'fflm and EMG-tracings. | ‘

Kodak Four-X Reversal black and white gblevperfo'r—

a

ated fIlm was used. The filming speed was set at appfoxi-

mately 70 fps. /[‘

Motion'Analyser

///A Triad Corporation film analyser (modél V/R—lOO%

was used for the film-analysis.

Pacing Device

The pacing device consisted of a'string on a motor
driven'pulley system. A small section of’the-green string
was coloured white £o act as a reference point for the
runner to follow. ﬁ?he‘pulley's,Sp?ed was govetned by a

variable transformer which was connected to the motor. The

> -
Pl

- speed of the refé;ence point wés‘calculated by meaSuring
the total‘leﬁgth of string and the time the refergnce point

took to make one complete revolution.
Subject ' S e \

The“subject w§é"a'Skilled male runner. who had been

. ~ixfamiliarizéaxwithitheﬁtask over a period of three training

S f . o

-1
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sessiops. The subject was in execellent muscular condition
for running performance so as to avoid any EMG changes

which might possibly be attributed to fatique.  The Subject

was 32 years of age and weighed 170 pounds.

TESTING PROCEDURES

Tﬁe following experimeﬂtal work was conducted at the
University of Alberta Physical Education Bui;ding. A large
- gymnasium was used to test the 'overground' sfyle of
' ‘;unning while a motor driven treadmill situated in aVLabOra—
tory was used to test the treadmill style oflruﬁning{
rTestiﬁg indoors controlled the envirqnmental‘variablés»§f‘
weather and light, as well as providing access to electricai.
poWer outlets. It also assured the expérimenter that the
subject was running on é-hofizontal surface for both theIOVef—
ground and treadmill performances. . |

The subject was dréssed only in 'gym' -shorts and
‘rﬁnning_shoeg.t This faciliéatgd thé'locatioﬂ of anatomical
'lﬁndmarks' wheén thé subjéct's rghnihg style waS'ahalyséd on
film later. K o
A The éurface‘landmarks,aséociated'with the joiﬁt e

centers‘éf thg’subject's wrist, elbow; shouldérs, hip; knees}}

and ankles were located aécording to Williams and Lis$ner
(1962:133), and ﬁarked-wiﬁh white adhesiVe.tapeleh;the skin'
surface. | | | . {
The subject’s,skiﬁ at the point of electrbqe attadh- y

~ ment was shaved. It was then thoroughly cleansed with

e
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ethanol- and rubbed llghtly with sandpaper to remove the
horny surface of epldermls The electrode cup was then
fllled w1th Sanborn Redux Electrode Paste and fastened to
the SLte by means of Hewlett Packard two sided electrode
: stickers |
The purpose of the above procedure was to lower the

8

electrlcal 1mpedance of the skin to a value which was
negllglble when compared to the hlgh 1nput 1mpedance offthe

: preampllfler In addlthn to thlS precautlon, the pre- s
ampllfler was designed with a. »Special common mode balanc1ng

circuit for each electrode. This Allowed the operator to

compenaate for differences in skin-contact resistance,

tissue impedancge. and- electrode impedance. It also mini-

miZed’th: fects of electrolytic action or contact
, S ] Y

potentiaf Vlvelop at the electrode skin interface.

v;ubject was perfo;mlng rapid and strenuous

| o 3

. moyements,*- ,ate precautlon had to be taken to ensure that b

B R - _ P
“electrode'sli ;ge dld not occur. The problem was solved by

uslng 'Pro-wg ' (Blke Athletlc Products Div., Kendall Co. ),

whlch 13»a; j;*t-welght, stretchy, foam rubber  type material,

s

to wrap arou7¥ the 1eg and over the electrode.

All Of the shlelded wxres whlch led from the elec-- o,

L

_ “trodes on the subject were fastened down in such a ‘manner

. SO as to Stlll permlt freedom of movement of the leg. The
':'«;lead w1res were brought to one central locatlon on the

subject s back where the portable pre ampllfler pack was

© 8
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- situated.. The positioning of the wires in this manner kept
the wires from hindering the running movements of the'euoject.

Only the subject's left leg was wired for testing as
it was the leg which ceuld be easi}y photographed both on the
treadmill and in the gymnasium. )

In order to check whether the eIectrodes were'placed
over the desrred muscle, the subjectwas asked to execute the
primary action which the muscle normally performs. If there
was a good EMG tracing, the eleotrode was assuﬁed to be in
place. ' -

Each channel;on the portable pre-amplifier was“ad-
justed for minimum 'huﬁ'. The gain on each of the channels

)
of the 'fixed' amglifier was set so as to give a full scale

EMG reading on the FM tape recorder. The 60 Hz notch fizters
l built into the‘fixed amplifier were used.

The subject was ftirst tested in the5gypﬁasium. A
'restiggglevel‘ EMG record was'takeo Qith thé edpjeet
standlng motionless in a relaxed manner.g

The pacing devrce was set separately for 5,8, and
11 mph.: ‘Eleven miles per hour was used af the upper llmlt
since that was the upper 11m1t of the treadﬁiii*gmgpeed

The subject performed once for each of these set speeds,'

He ran for a distance of about 20 yards before he passed.

- into the fleld of view of tue camera. The timing pulse

generator, which was used to synchronlze the EMG recordlng

and the £ilm, was activated Just afte? the camera and tape
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recorder were turned on.

" After the runner had performed at each of the set
speeds, a range pole was filﬁod in the field of view so as
to give a reference for assefsing the actual distance that ,
tee sﬁbject moved per frame of filh. |

On the following day, testihg wasvearried out on ehe
treadmillr The subject was prepared as beforé-with careful
attention paid to the exact looation of the electrodes. The
ampiificatiOn of the 'fixed' amolifier was set su as to,give.
gbod fdll sC recordings. |
\ Because\of the location of.the treadmill, . a large
;’/4' x 6' mirror had to be used in fiiming the subject. The

mirror was arranged so ‘that the left side of the runner was

»

viewed./ Special attent%dn was paid to -the a;ignment,of the
mirror in order to insure that the reflected 1ight raysdfrom~
the subject were those Laya emirﬁéd perpendicdlar‘to the plane
of running motion. | | |

A 'resting level"EMG‘record\was thee made.with”the'~
subject standlng motlonless be51de the treadmlll whlch was
operatlng. The speed of the treadmlll was then set at -11 mph
and the Subject performed at that speed The tlmlng pulse
generator uplt.was acrlvated afterzthe caﬁgra and tape recorder
had been tUéned on. - » | | A : | | e

Tﬁe‘subject was then recorded at 10, 9, 8, 7, 6, 5, and

4 mph sO as to aliow for the chance of error in the 'set'

Speed that the runner performed 1n the gymnasrum
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After the subj®ct nhag completed his funning merformances,
the range pole was filmed in-the field of View so as toe give

a reference for asse581ng the actual distance that the subject

moved per frame of” fllm
ANALYSIS

As was mentioned earlier in this chapter, a permanent
ree;rd of the EMG signals was obtained by using a continuous
! b

photographic recorder which photographed the tape playback
on en oscilloscope. The‘filming speed of the continuous
photographic recorder was set at lOEgm/sec. )

| The timing pulse marker was shown on the 'area summation'
trace by feeding the. timing pulse into the inverting end,
and the area summation signal into the non-inverting end,
of one of the channels of the oscilloseope. That channel was
then set on differential mode. - - 5:

The area summator's electrical base 1line level-was'

zeroed Separately for all three muscles using the restlng

EMG level that each muscle had produced on the day -of K
: " ’f;::* - (
testing. _ : 5"'d'%

&3

The exagt link-up of the runner's movements and EMG
pattern was obtained by counting from the Sstart of each

trlal the same number of pulse marks on the EMG tracing and

on the film. It was then taken into account that the bulse

marker preceded the actual frame of 1nterest by a dlstance

. %

of 14 frames



Figure 2. Subject and EMG Equipment. -

-~ Figure 3.

.

v

.Subject“perfdrming on the Treadmil;.

“30
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The vertical and horizontal displacement of the total
body's center of gravity was calculated with the aid of a
computer program which utilited the 'principle of moments'
in its determlnatlon of the p081t10n of the' center of grav1ty.
Dempster 8 data, as cited by Williams and Lissner (1962: 132),
on relatlve masses of the segments and segmental center of
grav1ty locations was used in this program.

In order to calculate ankle, knee, and hip angles
of the left leg of the subject durlng the various sStages of
runnlng performance, a computer pProgram which- utilized the
'cosine law' was developed (See Appendix B). . 4

A computer program was then written for the 'Calcomp'’
plotting device whlch was used to draw graphs of leg angles
" against frame number, as well as center of gravity position

against frame number.



CHAPTER IV

RESULTS AND DISCUSSION ~

RESULTS

o

The film was first analysed to determine the actual
running speed of the subject in the gymnasium (see Appendix
C). It was found that the three speeds, which would have

to be analysed Oon the treadmill, were 5, 9, and 11 mph.

Temporal Relationship BetweenfTreadmill and
Overground Runnlng

@

The length of time that the subject spent in each
of the six phases of 4 running stride was determined from
cinematographical analysis. As well as this, the total time
that the subject was in contact with the ground, and the
total timée that he was free in the air, was calculated
(Table II). A percent comparison was also made of the time
_ispent in contact with the runnlng surface, and the time

spent in the‘alr.

Spatial Relationshlp Between Treadmill and
Overground Running

The vertical fluctuation of the subject's center of
gravity wasﬁanal?sed and plotted'againSt frame number (see
Fig.‘4 and Fig. 5). The numerlcal results may be found in

Table III. The wvalues llSted in the table are the dlfferences

32 | .
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TABLE III

34

'MAXIMUM VERTICAL FLUCTUATION OF TOTAL BODY C OF G

Maximum Vertical

11

Running
Classification Fluctuation (ft.)
mph (0.G.) 1 0.43
“mph (T.M.) 0.34
9 mph (0.G.) 0.35
9 mph (T.M.) 0.24
11 mph (0.G.) 0.34
mph (T.M.) 0.21

3
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between the maximum and minimum amplitude of movement. It
should be noted that the actual ordinate scale, shcwn ln

G Figures 4 and 5, does not have the running surface ,as its,
zero point of reference. The zero point used for overgrcund
runnlng was approximately 1.5 feet below the actual runnlng
surface level. For treadmlll running the zero point was

- approximately 0.76 feet below the running surface.

The horlzontal fluctuatlons were of small enough
magnitude as to not warrant further investigation. |

The joint angles of the left leg for an entire run-
ning stride were calculated for each different classifjcation
of'ruhning. Grac91ca1 plots of the hip, knee, and ankle
"~angles against frame number (i.e. time) were made (see
Figures 6 to 14 inclusive) ' | |

In addltlon to this, the individual hip, knee;tandx
ankle angle curves were comblned and plotted on one graph.

This plottlng procedure was performed for all three speeds

‘under both running conditions (see Figures 15, l6 and 17).

)

Electromyographlcal Relatlonshlp Between'
Treadmlll and Overground. Running

r'\‘,

A

The muscle action potentials.of gastrocnemius;
vastus medialis, and blceps femorls were recorded for the
subject 8 left leg These EMG 51gnals were synchronlzed
with each other .as well as w1th the fllm (see Figures 18 to

’

23 inclusive).
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Figure 8. 'Hip Angle
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- Figure 25.
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‘Bkamination of Temporal Relatlonshlps Between Treadmlll

. 56
i
e In order to have a relative quantitative measurement
of the MAP for each muscle's performance, a highly sensitive
'area summator' was used. The number of 'resets' of the area
summator gave a means of comparing the relative activity of
a given muscle with itself. No attempt was made to gain an
e

exact measurement of the muscle's action potential

magni tude

@

A brief analysis was performed on each of the 'area
summation' counts to determlne whether there was any trend
towards greater varlablllty in. MAP for either treadmlll or

overground running. (see Appendix D).

4 - . a
Ay

Temporal Analy51s of MAP For Treadmlll and
Overground Running .

The periods of electriéal»activity and non-activity for
one running stride were measured for each of the three muscles
under the different running situations. The results were tabu-

lated in-Table IV. - N

DISCUSSION 3

and Qvergroung Runnlng

!

x It was found that the total time of one stride was

/1 . . [ ) o «

<greater for overgrbund runnihgeasvcompared to treadmill yj'

Avrunnlng, at all three speeds ThlS meant that the strféghm

P

"frequency was greater -and that the stride length was less

for'treadmill runq;ng'at a given speed. - .

=N - . ~
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TABLE IV

A

’ TEMPORAL ANALYSIS OF EMG FOR TREADMILL AND

OVERGROUND RUNNING '

(ONE STRIDE)

57

4

Mis 1 R&iginé Active Non~Active Total
usc €v3 Classi igation (sec.) (Sec.) Time
N s (sec.)
B.F.* 5 mph (0.G.) .45 (54.2%) .38 (45.8%) .83
V.M. 5 mph (0.G.)~ .45 .38 . .83
G. 5 mph (0.G.) .45 .. 38 .83
p .
B.F. - 5 mph (T.M.) .50 (63.3%)° .29 (36.7%) 79§
V.M. * 5 mph (T.M.) ..50 ' V29 .79
G. 5 mph' (T.M.) .50 .29 .79
B.F. 9 mph (0.G.) .41 (55.4%) .33 (44.68%) .74
V.M. 9 mph (0.G.). .40 (54.1%) .34 (45.9%) .74
G. - 9 mph (0.G.) .40 .34 .74
B.F > 9 mph (T.M.) .38 (55.1%) .31 (44.93) .69
V.M 9 mph (T.M.) .34 (49.3%) .35 (50.7%) .69
G. 9 mph (T.M.) .34 .35 . .69
B.F. 11 mph (0.%.) .40 (55.6%) .32 (44.4%) .72
V.M 11 mph (0.7 .) .39 (54.2%) .33 (45.8%) .72
G. 11 mph (0.G.) .39 .33 ‘ .72
B.F. 11 fph (T.M.) .32 (54.2%) .27 (45.8%) .59
V.M. 11 mph (T.M.) .31 (52.5%) .28 (47.5%) .59 -
G. T 1l mph (T7.M.) .31 .28 .59

1]

*Biceps Femoris

nemius (G.).

2

E2

(B.F.); Vastus Medialis (V.M.); Gastroc-

T

L
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This finding was in agreement with Dal MOnte-éE_gi.,
(1973) but was contrary to the study published by Nelson
et al. (1972) who reported that treadmlll running was
characterlzed by’ lower stride frequency and greater stride
length. ' A possible explanation for this would be that the
rpnner, in landing on the ball of his.foot for treadmill
running, had to flex the knee. This flexion of the knee
would mean a égrter reach of the forward leg. .

For the three speeds of 5, 9 and'll mph, it was also

&

found that the percent time in contact with' the running sur-
face was sllghtly greater for treadmill running aegcompared
to overground runnlng (see TaplelII). This is i% agreement
with the study by Nelson et al. (1972).- A possible expianationu
for this was that the subject found that_he did not have

to project his center of .gravity to the same height as he
would if he were runnlng at a 51&11ar speed overground
Instead, he" could 'balance' on the treadmill belt as it
passed beneath him.

As would be ekpected, the percent time in tte air
increased for both conditions of running as the running
speed was 1ncreased | |

The perCent time spent 1n the phases of mid-support
~and take-off decreased as the speed of runnlng increased for
both types of running. For the other four phases of running,

: L 1

the percent time increased with an increase in speed. The

reason for this relative increase in ‘time 'during these



Stages was that the amplitude of angular leg movement
increased with speed. This meant that the leg had to move
through a greater angular distance during those -phases of

running.

-

Examination of Spatial Relationshig{Between Treadmill
and Overground Running

It was found that the vertical fluctuatlon of the
subject's center of gravity was greater for overground
runnlng as compared to the treadmlll running, at all three

Speeds. It was also evident from the results that the amount

(3

of vertical flucuation tended to decrease for both treadmill

and overground running as the Speed of running increasedq

)v

(see Table I11). A p0531ble explanatlon for this observatlon

would be that the subject, for overgrOund running, tended to
¢ A\

flex the anklé, knee, and hip joints more durlng the support
phase in order to place the- muscles of the leg segments in a,
position where they could exert a greater dynamic. vertlcal
force. As was stated previously, the sub]ect propelled his

center of ,gravity to a greater vertical height for Ooverground

»
[kl

runnlng
From the graphical analysis of the joint angles of

the left leg for the different classifications of runnlng,

2

the following observatlons were made:

Hip- Angle. At the end of~ the forward swing phase _ ,'

&

there was & more pronounced fluctuation in the exten51on of the

“

:.hlp for overground running as compared to treadmlll running,

-t
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at all three speeds (see Figures 6, 7, and 8). At the end
of the forward swing,.the degree of hip flexion was greater
for overground running as compared to treadmill running.
.This effect was more noticeable at the two higher speeds
The reason for this fluctuation was probably . due to an effort.
belng applled by the right leg at the same moment in time.
However, since the right leg was not;analysed this question-
could hot be answered. |

At the end of theé foot descent phase, the degree of
‘hlp exten81on was greater for overground as compared to
treadmill runnin This observation seemed peculiar at
first, especially since the'subject's stride length was known
to be greater during Overground running. A greater strlde |
length at a given speed would mean thet the forward leg
reach of the runner was greater in pverground running.
One might then assume that the greater the é%rward reach,
the creater would be the degree of hip flexion. oThe ex-
planation for this lies in the fact that the subject landed
on the balls of the feet during treadmill running, and on the
heel of the foot durlng overground running. In order to land
-on the bal1 of the foot, the runner flexed the knee whlch in
turn caused the thlgh to be lifted. This lifting of the thigh
decreased the angle at the hip.

During the foot—strlke phase, there was noticeable

hlp angle fluctuation. This hip angle fluctuatlon tended tO’

increase w1th speed for overground runnlng, and decrease with
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speed for.treadmill running. The cauSe of this. difference

could most llkely be attrlbuted to the 1and1ng on the ball of

the foot in one situation, and on the heel in the other.
The final phase of hip extension commenced during
“the early stages of ndd-supggrt for both methods of running.
For the follow throuehuphase, there was greater .
extension of the hlp for overground runnlng as compared to.
.treadmlll runnlng. This-result would be expected since it

® g

would mean a greater stride length for any given speed

‘Knee Angle. ‘The degree of knee flex1on, during the
forward swing phase, was much more pronounced fot overground
running- as- compared to treadmill running (seeﬂFiguree 9?#10,
and 11).

o During the later stages of foot descent, the knee

was extended more for overground runnlng than for treadmill

g.. There was a notlceable fluctuation in knee angle

o
foot-strlke for overground. runnlng ' This result again

ould be due to landlng on the heel as compared to the ball

of the foot.

The final phase of'knee extension began in the later

stages of mid-support for both treadmill and'overgroond
running.: .' J; |

Knee ektension_durihg the take-off phase appeared

.

to be slightly greater for overground running. This“result

would be expected since it would be hip extension whieh

vp‘imariiy made the difference in stride length. -
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Ankle Angle. During the forward swing phase, 1t
)

was found that ankle exten51on (i. e. dorsal exten81on of the‘

foot) was greater for overground running than for treadmill
runniné. The reason for this finding was that there was -
greater ankle ektension at take-off for overgréund running,
‘and this ankle extension was maintainegd throughout the
initial stages of torward swing.

- The first major dnfferences in ankle exten51on was
not;ceable durlng the later stages of foot descent. For
treadmill running,‘the ankle was extended just before foot
strike, whereas in overground runnlng the foot became pro-
‘gressively more flexed as foot-strike approached (see
Figures 12, 13, and 14). |

At the point of foot-strike, the ankle wee rapidly
extended in'gvergrpund running until,theyentire feet;was
inxed on the groundl For treadmill running this effeet was
.nOt present since the subject had landed on the ball of the
foot and not the heel As would be expected, the ankle
angle at the- fcot—strlke fOr treadmlll running was much
greater than lt was for overground runnlng _ e e

t

The ankle angle washcon51stently greater for tread-~

2

Q ,
n}ll runnlng throughout the mld-support phase. This greater

~degree of ankle extension'was caused by the runner remaining
slightly on the balls of ‘the feet thrOughout the entlre,perlod
of mld-support. ' -_l B . S

Examlnatlon of the Timing Sequence of the Leg J01nts«f

From Flgures 15, 16 and 17, 1t was p0551ble to

-

-
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determine the ‘relative joint coordination of the left leg

for both treadmili and overground runnlng

the initiation of hip extension preceded the 1n1t1atlon}of
knee extension, which ip turn preceded the initiation of ankle
extension at take-off,

During the forwarg swing, maximum knee flexion was
echleved>before maximum hlp flexion. By the time max1mum
 hip flexion had occurred the knée had already begun to

extend.
o

Examination of the EMG Relationshi Between =
Treadmill and Overground Running »

vastus medialis, ang gastfocnemius, commenced . 31multaneously
This 31multaneous activation of these muscles was most
likely due to the cocontraction of‘gastrocnemlus and i
biceps femoris durlng knee eéxtension 1n order to regulate ‘the
degree -0f knee bend.

| For both overground and treadmlll Tunning, the termi-
natlon of mﬂﬁcular act1v1ty was not comﬁletely simultaneous
'for the two faster speeds of. running. For these Speed the
act1V1ty of blceps femorig lasted the longest, whlle the
actlvatlon periods of. vastus medlalls and gastrocnemlus
tended to terminate SLmultaneously but sooner than blceps’

~~femoris. The longer actlvatlon period of blceps femorls

would prolong hlp exten51on and aid in the high backward’



motlon of the leg during follow—through

At 5 mph, it appeared as though the termlnatlon of
activity of these muscles was simultaneous. The reduced
muscular effort, at the relatively 1oW'speed of 5 mph, would
most likelyhbé the cause of this observation. -

| The percent cycle of actlvatlon of the three muscles
was examlned for both treadmlll and overground running (see
Table IV),

Fot overground running, it'was found that the percent
cycle of activation tended to remain fairly constant at a
value of about 55%. | |

For treadmill rhnning at 9 and 11 mph, the perc¢ent
cycle of’ actlyatlon was very close to the overground value_
of 55%, This may seem surprising at flrst since the percent
time of support for treadmlll running was con51stently

greater than for overground running. t‘The explanatlon for *

~
- this observatlon was that the muscle activity terminated before

the foot had left the treadmiliy-,

Forvthe speed of 5 mph oq the treadmill, the percent

. ¢tycle of activity was found to be 63%. This value was

con81derably different from the value of 55% for OVerground
running at 5 mph. ThlS dlfference would seem to suggest

that the subject was not running in as relaxed a manner for

this low Spéed on the treadmlll The fact that the Sub]ect

was running on the balls of the feet, and that the strlde
length was shortgr,.would tend to support this suggestlon.
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The following Observationg were made for each 6f the .
three muscles through‘exémihgtion of theifniespECtiVe EMG

tracings: _ . e

of

There was a distinct period of réduced muscuilar ,
activity commencing at the, end of foot descent and'continu;ng

‘into the'footfstfike phase. This fesult.would_ﬁoét likely
be dde Eo the}subject.mdintainiﬁb an extended leg Position
in order to land on thé heél of the foot firstf.

During thé peﬁiod éf mid—suppoft'there was a second
burst of majdf/elect;icalvééti&ify'which coincided with the
This phase _te‘rIinaﬁed just after take-off. |

For the fasté;.speeds of 9 and;li mph, a small

burst of lectrical activity was noticeable during the 5

ﬁiddle stag of the gbrward»swing. This burst of electrical -
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activity c01n01ded with the period of maximum knee flex1on for

Ty

the left leg. | The electrical act1v1ty in biceps- femorls would
suggest that the high degree 0’-flexion maintained at the knee
joint was not Just a result of the forward acceleratlon of the
thigh. As will be mentioned again -later, this phase of elec-
_tricai activ1ty was not observed for treadmlll runnlnq at any

of the three speeds o 5

A

. P
Biceps Fermoris (treadmill running). It was Obsérved

for treadmlll runnlng that the flrst burst of major electri-
. cal activity commenced durlng the flnafzstages of forward
sw1ng The initial occurrence of electrical acthlty was

sooner than for @vergr0und running. The explanation would

gseemfto,be‘that the runner was hurrying the termination of

4 .
. the swrng phase 80 as to prepare for foot -~strike. Thus it

. would appehr that the subject's runnlng manner was not as

o relaxed for treadmlll runnlng

¥

%

’

There was no dlstlnct 1nterval of reduced muscular .

activ1ty separatlng the two major stages of EMG. The second

‘vlstage of this muscular act1v1ty remained aﬂ a falrly constant

level whlch was 1ower than ‘the level of the flrst stage The

sécond stage ‘commenced 1mmed1ately after the.flrst stage had

oy

termlnated. The termlnatlon of the flrst stage was near the-

end of foot descent. The termlnatlon p01nt of the SeCOnd stage

of act1v1ty was at the end ofﬁghe take off stage.

AB Was mentloned prev1ously, there\was\gp ev1dence of
: ﬁe

any muscular activity occurrlng ‘during the forward SW1n§ phase.

4 ’i
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A possible explanation for this result was that the treadmill's
backward action on the lower leg( coupled with the forward
acceleration of the thigh, supplied enough whiplike action to
bring the knee into an adequate flexed position for tofward

| swing. As was noted earlier, the extent of knee flexion during
’this stage was considerably less than for overground reening.
The combination of these twc points would tend to'support.the
finding of no detectable electrical activity in biceps femoris

.during this stage.

Vastus medialis (OVerground).,It was observed for
overground runeipg that the first stage cf major electrical
activity commenced dﬁfing the initial stages of foot descent.

This stage terminated juet after foot-strike. The electrical
activity in vastus medialis during this stage would certeinly'
indicate that it played an_ective pert in the extension of
the knee during foot descent.

Unlike biceps»femoris, there was no distinct interval
cf.reduced electrical acti;ity Beginning at the end oflfoot
descent and continuing into‘the foot-strike phase. This
observation would suggest that the subject &as'maintaining
a fairly constant mﬂscle:tension to keep the *gg extended fcr:
foot-strike. o | ' ) |

The second stage of act1v1ty was distlnctly greater
than the flrSt, and commenced during the 1n1t1a1 stages of

mld-support. The second stage, as would be expected, reached

peak activity at the point of transition from knee flexion



@
. | o

to knee exten31on ddrlng the middle stage. of mid- support

The termination of the Second stage occurred just after
%
takeoff,

Occasionally, for the speii,of 11 mph, a quite small

burst of electrlcal act1v1ty was observed during ‘the forwardg
swing. Bier and Raleton (1965) have pointed out that the
classic stretch reflex does not occur during‘a~passive limb
movement. This conclusion would indicate that vastus medlallS
was helplng to control the degree of knee flexion durlng the
forward swing at 11 mph. ’

; Vastus medialis (treadmill runnlng) It was observed

for treadmlll runnlng that as the speed of running 1ncreased
the EMG signal from vastus medialis tended to merge into a

single stage of electrical activity.

’ The initiation of this- 51ngle stage of electr1cal
activity occurred at the end of the forward swing. This
commencement of electrlcal activity 1n vastus m@&%aﬁﬁ% for
treadmill running was earlier than the actlvatlon of vastus
‘medialis for overgréund runnlng ThlS result would 1nd1cate

that. the sub]ect was hurrying the forward extension of the

“leg in prepar tlon for foot-strike

f

A peak 1nterva1 of actlvatlon ocgurred early 1n the
mld support phase. The peak 1nterval coincided w1th the
tranSLtlon from knee flex1on to knee extens10n during the

period of mid-support. \

The«termination of the activity of vastus medialis
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Occurred during the 4nitial stages of the take-off phase.

This result would Suggest that the push-off from the tread-

mill was not as explosive as it wasg for overground running. It

would seem that the treadmill carrieg the leg backwards
during the final stages of take-off and that vastus medialis

had relaxed.

Gastrocnemius (overground running). It was Observed
for overground running thdt the electrical activity appeared
to occur in twd stages Wwith.a major and a minor stage of

activity. “Unlike biceps femoris, there was no distinct lnter—

" val of reduced electrical activity between the two stages.

- The overall impression was that the EMG followed very closely
- the EMG pattern generated by vastus medialis.

The first stage of mlnor activity commenced during
the'lnltlal stages of foet descent and terminated at the‘
~end of the foot- -strike. The electrlcal act1v1ty in gastro-
rcnemlus during foot deSCent would seem to indicate that the
muscle was preparlng for foot impact even before foot contact
had been made. Thus the muscle act1v1ty at this stage would
Seem to be a learned response. VA}so, it would control the

‘degree of knee flexion.

P The second stage, whlch was the major stage of

[0

e ’{fical activity, commenced at the end of foot-strlke
S o W i

and‘termlnated Just after take- off
A peak intefval of activation occurréd during this
Second stage. The peak interval coincided with the initiation

. |
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1§

of ankle extension at the beginning ,of takéjoff.
’ It was-of interest to note that the peak interval of
activity for gastrocnemius appeared slighty after the peak

s
ol

interval of vastus medialis and biceps femoris. - This observatlon
~ would suggest that the powerful action of hip and <n$é extension:
was 1n1t1ated w1th the heel flxed on the ground The fact{
that the heel was fixed on the ground durlng the initiation
of hip and knee extens&on would .Seem very eff1c1ent since ‘it
would mean that the groungd would stablllze the foot-and would
offer greater support than gastrocnemlus could prov1de i1f the
heel were off the ground durlng this stage 1f the ankle
were allowed to flex durlng the early stages of hlp and knee
exten31on, the large force generated bzythe hip and knee exten—i
sion would be partially lost, and‘the take-off would not 8%
as efficient. | |

Gastrocnemius (treadmill runnlhg) It was obeerved.

8
for treadmill running, as 1t was for: overground runnlng,

that the EMG of gastrocnemius followed ver%;cﬁosely the EMG
pattern generated by vastus medialis. S f

The 1n1t1a{}on of electrical activity occurred at
the end of the ﬁorward‘sylng and termlnatedmdurlng(lhe |
initial stages of the take—offibhase. This initiationtof\
electrical activity in gaetrocnemiue for treadmill running‘was
earller than the actlvatlon of gastrocnemlus for overground

running. As was mentloned prev1ously for- overground running, -

the mostlllkely reason for this result was that the‘sub]ect"

{\
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A
?

. S L . )
was hurrying the extension movement of the lowor leg in pre-

paration for landing. The‘actiyation of gastrocnemius Yuring
foot descent would indicate that it was involved in controlling.
the extehsion of the ankie.’ § |
The peak period of electrical potogtialﬁ occurredfin
.the early stages of mid-support. This observation qu’e direct

result of the subject landing on the balls of his feet when
T | .

running on the treadmill. The continuously high activity of

, . N

gastrocnemius throughout the support phase could be attributed

to tﬁe‘fact that the suoject remained on the ball of his foot

throughout tﬁis stage.“ Remaining on the ball of his foot

~

throughout this ‘Stage would subject the qastrocnemlus to

2 B k)
additlonal stress durlng the powerful hip and knee extension

phase'at take—off. l . 8,
. . b

_The early termlnation of the electrLtal act1v1ty in -

’QCdstrocnemlus, befbre the foot had left the treddmlrﬁ would

¢

L] ————

"indicate’ that the push~off1was not as explosive an efﬁort as

.or overquund runnlng This conclusior 15 atrongthened by
S { Y
the observatlon that the subject S center of gravity did

not reach the helght thatJlt dld for overground running.
N rﬂ R .
Exam*natlon of the . Varlablllty of the e

jMAP for Treadmill.and Overground Running

There appeared to be'a tre&d towards greater MAP

4

varlabillty during treadmlll runnlng as compared to overground

\]

lunnlng (see Appendlx D). However, the sample size, from which"
[24
the varlablllty of MAP was examlned was too small to form any
L4 ? 0 [

reaily deflnlte conclusmon. 4? : | L.

x.
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CHAPTER V

SUMMARY AND CONELUSIONS

v

SUMMARY ]
\

The purpose of this stﬁdy was to examine whether the
muscular patte:n, as well as the temporal and spatial rela-
tionship of & runner's legs in overground running was dupli—

cated when running on a treadmill \at the same speed.

»

One volunteer male subject&xwho was in excellent

runfing condition, was used. The subject was familiarized

-

with the task over a period of three traininglsessions;
Three musgles of the subject's left leg were wiredv

for EMG. These muscles were: (1) bicepsAfemoris of the

hamstring grodp, (2) vasstus medielis of the quadficeps—

group, and (3) gastrqcpemius of the calf muscle group.

s

The subject performed at three speeds in the
gymnasium. The gymna81um running was referred to as
overground' runnlng The subject's EMG pagterns for the
above mentioned muscles were recbrded. and then'synchro—
nized with the correspondlng leg positions, w1§h the ald
of c1nematography

The subject then performed on the treadmill at .

<

speeds Whlch were matched as close as possible to the actual

LB

speeds of 5, 9, and ll mph used in’ the gymna51um The sub-

ct was.filmed and a* recordlnévwas made of the EM% patterns
1»;

of the same three leg musclé; ’ , ’_ ~ \

7 -
The temporal and-spatial relationships of overground

A}
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v

and treadmill running wetre examined by plo&ting the joint
angles of the left leg aéainst time. Also, the subject's
center ef gravity’displaceﬁent was piotted against time.

The .electromyographical patterns generated from
_biceps femo;}s, vastus medalis, and gastrocnemius\were com-
pared,‘for one running stride, at three different speeds,
for both overgrpfhd and treadmill running. A temporal
analysis was performed on the electromyographical sighals SO
as to determine the'percent cycle of electrical activity.

CONCLUSTIONS
&

Within thg delimitations of the design of this study
and the limitations of the acquisition of the data, 'the
following conclusions wete drawn:

1. For a.given speed, the stg}de frequency was greater
and the stride lenéth was ‘less for treadmill running (Table II).

2. For the speeds of 5%, 9, an@ 11 mph, the pepcent‘
time that the shbject was \in contact with the running surface

was greater for treadmill.running as compared to overground

* running. This difference~tended to increase with speed (Table . ..

) o
™

II) . N | . . . L 3

- an

3 The percent time that the runner spent in the air
increased for both treadmlll and overground running as the
speed of running was increased (Takle II)

4. The percent tlme spent in the phases oﬁ mld—support

and take off decreased as the speed of running lnéreased for
}

both types of_runnlngk: For the phases of forwardfsw1ng, foot

Y

o

o
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descent, foot-strike and follow-through

the percent time
spent in each increased with an increase in speed (Table I11).
5.

The vertical fluctuation of the subject's center of

grav1ty was greater for overground runnlng at all three speeds.

The amount of“vertlcal fluctuatlon tended to decrease for
both treadmill and overground running as the speed~of running -
_increased (Table III).

-~

6.

<

At the end of the forward swing phase there was a

more pronounced fluctuatlon in the extension of the hip for

overgrOund running as compared to treadmill running at the

three speeds tesgted. (Fig. 6, 7, 8). _
7. The degree of hip flexion at the end of the forward

swing phase was greater for overground running at the three
Speeds tested. This effect increased with an .increase in
. o

‘running speed (Fig 6, 7, 8). '
B ' . <}

8. The degree\of hip extension at the end of the foot

descent phase was greater for overground running at the three

speeds tested (Flg 6,17, 8).

] 19, ?here was notlceable hlp angle fiuctuatlon during
the foot ~strike phase whlch tended to increase with spe' Bbfor
OVerground running and decrease with speed for ‘treadmi’l run-
ning (Flg 6, 8) - ’ o o
10. mhere ‘was greater hip exteh81on durlng follgw-

thrOugh for overground runnlng as compared to treadmlll

6‘,. 8). /

The degree of knee flex1on durlng the forward Swing

runnlng at the three speeds tested (Flg
ll




" swing s

ety

#

% ‘é’.h“'.'iv?‘ S

tested (Fig. 9,

12. The knee was extended more during ¢t

he later stages
of foot descent for overgroung running at the

three speeds
tested (Fig. 9 |

. 10, ll).

13. The degree of knee extension during the take-off
phase was greater for overéround.running at th

-tested (Fig. 9, 10, 11).

€ three speeds

Iq.

the\three'speeQS tested (Fig.f12, -

15. For“treadmill,running,'the ankle was extended during

ed as, foot-strike approach®
. Vg
ed. This was noted for the three Speeds tested (Fig. 12, 13,
s ) N
14) .

17.

'Preceded the initiation
Of knee extension, which in turnléreCeded the initiation of :

. K ) ) - .
‘ankle eXtension (Fig. 15, le,

1‘8.

q

] 1'orward
the: | e e ’

' when'maximumﬂhip"*

. +
- . . .
- T
.

-
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flekioh Occurred, the knee had already q&%;gfto e?tend (Fig. "
/gl 5 °. “
[N 5 H .

15, 16, 17).

-‘ .

19. For both treadmill and overground %ynnlng the mUS—»f

. 3
cular activation of blceps femorls vastus medlalls and

gastrocnemlus commenced 51multaneously (Fig. 18- 23 1nclus1ve)
& i

20 For both treadmill ‘and overground runnlng at the o~

»
[

speeds of"9 and 11 mph, the activation periods of vastus
medialis and gastrocnemius tended to termlnate srmultaneously
but . earlier than the. activatién period of biceps femorls At
the speed of ‘5 mph the termination of electrlcal act1v1ty of
these three’ muscles was 51multaneous (Flg 18 23 1nclu81Ve)

s,

'21. For Overground runnlng the flrst sign of electrlcal
. ‘¥

act1v1ty in biceps femorls appeared durlng the’lnlt;al stages
.of foot descent. Thls meant that blceps femorls was not used
to. decelerate the thigh durlng the forward swing stage. (Eor‘
'*treadmlll runnlng, blceps femoris was actlve at the end of

forward sw1ng which meant that it alded 1n the . deceleratlon

ool
R

of the thigh (Fig. 18-%3 1nclusrve) )
221 Peak electrlcal potentials" for blceps femorls were
achieved durlng the powerful hlp extens1on phase which occurred
in the flnal stages of- mld-support (Figf 18-23 %nclusrve) -
23. For the speeds of 9-and 11. mph in overground runnlng,
- biceps femoris played an af%sve role in malntalnlng the hlgh
degree of knee flexlon during forward sw1ng This result‘was

-

not‘observedv Qr trea mlll runnlng (Flg 19,'20).

° e . N

b
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24. For both treadmill and overground running, vastus
medialis played an active role in the extension of the knee
duriﬂg~foot desgent. The period of peak activrty for vastus o
medialis was attained at tﬁe point of transistionrfrom knee
flexion to knee extension for both treadmill and overground
running (Fig. 18-23.inclu§}ve).
| 25. Vastuéimedialis played an active role in controliing

the degree of knee flexion during the forward swing phase at

11 mph for overground runnlng This“result was not observed

for treadmlll runnlng (Fig. 20). -« - ’
)} . , :
'26. For treadmlll running, the electrlcal activity—- .4

. - N - »

generated from blceps femorls, vastus medlalls, and gastroc-
nemius terminated before take-off was completed. “For oler-

'ground running the electrical activity from these muscles dig

f

not cease until after take-off (Figu 18-23 inclusive). o

27.. The electromybgraphical pattern produced by

gastrocnemlus was very 51m11ar to the electromyographlcal -

pattern of vastus medialis for both overground and treadmlll
. . = o .
runnlng (Flg 18 23-inclusive). - '_ » o

28. The electrlcal act1v1ty in gastrocnemlus durlng

'foot descent for bdth treadmlll and overground.rnaping, 1nd1cated

that gastrocnemlus was belng prepared for foot strlke even - '

v

before 1mpact had occurred (F1g 18-23 1nclu31ve)

b29, The peak - perlod of act;vlty in gastrocnemlus for - -

v ’ o

uoverground runnlng, c01n01de w1th the 1n1t1at10n oflankle '»{,__r
dexten31on at the beglnnlng of take-off The eak perlod_of~j‘»'

~N .‘4 .‘u U‘ . ‘ . « " . ‘
e e R
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activity in gastrocnemius, for treadmill running, appeared

.early in the mid-support phase. For both- treadmill and

LR Y

overground running, the peak pefiod of activity in grstroc-

nemius appeared after the peak period of vastus medialis and
. ’ \
biceps femoris '(Fig. 18-23 inclusive). \

30. There'appeared to be a trend towards greater MAP
variability during treadmill running as compared to.over—4
ground running (Table VI, VIf). | |
| ft appears as though there are sufficient dualitatiVe

‘dlfferences in the EMG pattern and joint angles of the  leg

to q&estlon thexpractlce of u51ng the treadmlll as a tralnlng

’

_device for overground running in the traxnlng of track L
‘ uathletes. | » N , .
. . *COMMENDATIONS o ' .

i
)
i

} 1. That a further analy515 be undertaken to determlne

the 1ntra 1hd1v1dual varlance . ThlS céuld be approached by

studylng: \
a) a greater number qf’running strides.
b) a greater huﬁber of trials over'a number of
: . AN .
LI ’ ' o .

L . days. ol C

— R AY

2. In order to move towards a. general conclu51on PN

£S

,whlch would allow one to state the degree of . runnlng 51mulatlon
3prov1ded by the treadmill,yohe should. examipe a»largep number/

e o } . ) . ) . - L
of_subjects. Also, the dlfferent'classes of runnlng should

N

]
.

be examlned Thls wouid 1nclude s%rlnters, mrddle dlstance, !

o ,,,‘." e ¥

. . ’ . _b
g . . L . .
. ) h . » .
a. Lo | P . . . .



[

3. .In order to be able to pérform the required analyses

’

on a large number of SUbjeCtu, a method of conVertlng the

N

analogue 1nformat10n to dlgltal should be dev1sed S0 that the

data can then be analysed by computer methods .

S

Another step which would save tlme in the analyses
would be to deve10p a technlque whereby the time base of one

joint, angle plot could be- synchronlzed with’ that of another
A quick VlSUal analysis by superlmp051ng one 1eg angle graph

3

‘on to another could then be made. ‘This mlght be aChleVed by

using a foot switch ‘which is triggered when the foot first

1

ﬁcgntacts the ground. The switch would then be used to actlvate

&

a camera system which had a constant frame ‘rate.

¢
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. FOUR INDRPENDENT W~MISS PREAMPLIFIRRS,

Kach preamplifter contains 4 matched, selected low-ho_ise field-effect. t-ransiscoxv'q
in a balanced differential A.C, . coupled circuit featurins hizh common-mode '
re;}qctkﬁn. Low-noise deposited carbon resistors and\wylar cipécitore are used,

[y / N

) . . \a \
#  Rlectrodes réamovable from aubjoc’t. with a singls plug, . ‘

Each pair of E.M.G. electrodas is supplied with a special Coimmon~mode balancing
circuit which permits the operator to compensate for differences in skin-contact
’reaistance, tissue impedance, electrode impedance, and minimizes the usual .-
v i . effects of electrolytic action or contact potentials developed at the electrode
}é“;. sldn interface. As a recult, surface sicin electrodes car be used under most

e ) conditions, minimizing discomfort associated with subcutaneous needles,

. ) ‘ . .
¢  GINGIE CABIE TO CENTRAL LOCATION Carries information on all ki muscles,

- . 3
This cable is driven by a speclal ultra-low impedance circuit, featuring 4 pdirs
"~ . -of matched, balarced, differential low-noise emitter followers and a 50 - ohm
driver transformer for each of the four. channels, 4s a result, long cables can
\ be used without degreding the signal Quality, and crbdsstalk and interaction
between the chemnels is undetac table, _ Additional lengtns of cable up to 100 ft
v ¢an be acded without impdirind the sirnals detected at the receiviry end, . Also,

the low output impedance and relatively high level of the signal before it enters
the cable is compatible with the future addition of a L - channel F,M. transmitter
-and telemetry system, to elininate the requirement for even one cable, :

.- . L8 , -
e NO BLOCKING (R OFPSET PROBLRMS: - Lo :

¢ . Many popular E.r.q. Preamplifiers, sdch as the Orass P 15, are prone to an
: annoying. total blockare of -¢ha sigral following a hiph-level Anput sisnal, such

a8 occurs when the- subject or experimenter touches one electrode, Those circuits
exhibit & fairly long period of time during which no information can be recorded
ard the experimenter must'wait until the circuit stabilises itself before he can . -
proceed with the data collection, The new F.E.T, differential preamplifier -
circult developed here has a sufficiently wide dynamic ranro and rapldly enough
oquilib:{cing time constants that this effect is not seen, As a Tesult, the
experimenter may rociord continuously, without inh'erruptions_due to blocking,

s

#  STANDARD § - VOLT TRANSISTOR RADIO BATTRRIKS Us8D;. "

- These batteries are sufficiently standardized, easily obtained, and -inexpensive,
that 1t is considered preferable to simply install a new bs ttery before.a majer

T data collection period, ‘and be sure of bat tery condition, ‘Battery should be
replnced when it folle below 8 volts, but the very low draln of the remote circuit
should permit long battery 1ife, The use ofwa D.C. power supply at both remote .
transponder and centrel:location permits total freedom from Power lines,desiralle

for safety oonsiderations, and also to eliminate hum problems entirely, as in a
froe-field situation away -from power lines completely. ‘ S : .

4 . . .
* As written by the desigier, Dean Charles, dept. of Physio‘logy,’»
University of Alberta. B o R
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. , _ ) ‘
L ) . / . o



-# -SIMPLIFIRD OPERATION:. N

. P »
Attention im directed to the. hysiological phenomena being recorded instead of to
the equipment being uced, It is extremely difficult to make hum-free recordings
of muscle groups in lorge animals in an environment saturated with 60-cycle hum, -
Nevertheless, the entire circultry, time constants, and human-enpineerinp design of
this system is directod at the simplification and dopendubility of relatively
‘untrained-personnol recording muecle Froups from larpe arimals in an unrestrained
situation, Thus, the minimum number of controls.are provided, and all controls

. required to optimite the recordulng of muscle activity and exclude interference are
alroady included, and vhere practiocal, ore pre-set, : . J

The operation is directed at timing of various muscle groixbs, rather than measurs '
of sipnal amplitude in absolute terms, Therefore, amplitude and rain calibration
are made continuously varioble, so that differences from subject to subject may be

moothly axpanded to fill a full trace on the rocording charts bedng used,

If onlibration is required, it is a simple matter for the user to odjust the D
oontinuously-variablo rain controls azainet a lmown axternal signa ource,” to rot
tho gain of tho equipmont at nny dosirod procot lovel, When thia/%;: been dono, -
the knobs should not be touched; alternatively, a marler may he set on the lmnob to
permit return to a given pain setting,  This system has the additional advantage
that rain ‘does not necd to be I 15, 100 or 1000, but may be whatever value takes
advantans boot of the dynamie ranse available-on the racording device, and may be
g0t to be different on sach channel as.required, . ‘ o

N ©
.

BUILT-IN AUDIO AMFLIFICATICN CHANNEL:

8implifies operation by aliminating the requirement to connect an additionsl audio
amplifier for monitor of E.M.G. versus Hum." Simplifies the positioning and choice
of B.M.G. electrode placement. - Permits use of any. standard Headphohes out in the
field, away from pover lines without additional auxiliory equipment, .

THE BAMY SAITCH THAT CONTROLS THR METER ALSO CONTROLS THE HBADPHONBS., Thus, the
‘operator has co-ordinated audio-visuyal information on the placement and proper

signal otput of any set of electredes, A rapid- and ecsy comparison of *the activity
of any musole group compared to any other muscle ‘group may be done 8imply by turning
the knob to select which chamnel is to be monitored, 1, 2,3, or i, .

The sounde which appear in the headphones c‘omu'pond to the signal shown on’ the meter,

LO4-DMPROANCE, WIDR OUTPUT SWING, VARIABLE IIVEL OUTPUTS. (W) ‘PR DRrENRNT,

The outputs are 160 ohms, capable of a full 20 volt peak to peask swing, if required,
and will driye low-sensitivity tape recorders or chart recorders to full excursion
with ease, "Hundreds of feet of ehiglded cable may be. hung on these outputs zgﬁout
darrading sicnal Guallty -Af the situation demends, Each output is totally
campletely incependent of the others, and is unaffected by the position of the IETER-
and HEADPHQME HONITOR Switch. ALl -inputs and outputs operate continuously, and :
there ix.no time-shoring or time-division multiplaxing, hence there is no ultrasonie
component in the output to cause roblems with beats or osciilations:in tape recorder
.- equipment, All.four ou%uu nay be used ab once or-any comdbination thereof,

R C .
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o SET-UP .
' INSTRUCTIONS

[

4 s ’
(1) 4 - CHAN‘E:L . REMOTE- SBNSING RIECTROPHOGRAPHIC SYSTAM. ) -

[ 5 =AY 5w

y . l

mE | e { or>41;-
. 1

.

R R

(1) Blactrodes gnd Electrode plug. C.M.R.R. Adjustment,

b Y (41) - Remote transponder untt with single-cable output,
| (v) Aotive Filter Assembly for rejection of A.C. €0 -"Hs Hum,
) Bu.dpna filters, | Adjusuble Gain preset calibraters,
1 metor calibrator and channel select- switeh,
1 Moni tor output. Jack and headphone preamp built-in,

(vi)’ Operatjon from hatching Pouer-supply or D.C Batteries in

open—field aituation. " (No power connecuon ‘needéd for . .

Y
B

!‘rea-field opernt.ion) * . AR

-

» A3
(vi) POUR Imsmmm DIscnr.n ovrms Yot muluplexedx Kach
output is ON at all um., froe of dilcontinuiuu or
' l\dt«ohlng mnmnm LI

& (L11) ; oA k= C
g S :
3
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8upplyVolm nngwe, Preampremotaunlt........................a. ves .....9 5V to 8, OL loaded )

-~

Supply volhge ranp, Cmtnlmonltor nnpuﬁer............,.........‘......Hﬁ.o- 0 -16.0 max

§ " +10.0-0 ~10 .0 min,
Inputlmpedmceolmonltorunpllner....................»..................lOKBrldginglnput.

Preamplifier input impedasice with CMRR sdjuﬂmant coanected as nuppliod. con .5001( x2

<

Prounplmer mput Impodanco with cwm adjultmont duoonnocted............. 2.7 Megohrs / lnput
e&mpllﬂer !nput impedance with CMRR removed lnd R4-R5 at 100 meg each...50 Megohms per 1nput

v

Ramote t.ranaponder cablerdrlvlng output lmpedmoe per output sesssssessseses50 Ohing. (bllmoed)
5

_Output lmpednnce olcynwm at BNC oonneotorl..................0........... .150 Ohms <

X

Voluzemnotlymm........ ......................oonﬂnuoulyvn.ruble!romOto2000 V
: 3
VoltlgaﬂinOfloo......Q-a..-..n-........ ontooo.-ocoo'l!-|nootoﬂoo.-o'll.7dl&l lomn‘oh‘.

- Typlcll EMG input signal from Bicepe ltinputelectroden.. ...... cesereeeeeses 26 mV P-P,

' Typloal noisé level relorrodme(mnlent inmt noiu....}.e;................... J mv p-p.

m@d’ww.e r.ﬂo...oo-.u.oo-l-Qonu-oo'Q-Qcosa-oao-lo’u-oo-o'oluolcoocoolo 250

/Bmi& .tadnmmmhr "OFP'OOQl...lll.l.‘.‘l..’..'......l.'.l' 20 Hz ‘2000“’
’ Bmlm"adnm”mmm "ON' ‘:..llll'll.0....‘......'......’..0.looHz monz

A

i (9
3 - ' a

. "wmummmt .wm‘“ ermlu‘er.loovoO..l'.'IQ.CQQQ'.OOI'..ICO""D 20 vp P
huudmum b.ck;round nolu lnololuonlwr unpuﬂer perohmelmnttlng.;.. 2mv P-P

'comm-m-r.lmm-motlno:Q;:c;o.,OOUD.IO..'Q'Qo'u.!'v.tot.po;'oo'n-! MDB

»

Ml.ldml.l expeotednollol".lltm....n...-........;..-........-..‘...... loo mV

”“‘ dm.o.OIICO0':.0.'llOCOI';DQOQOOQCOlllloiio;.t.oocooo.o’ ”dnm
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| APPENDIX B

PROGRAM TO CALCULATE LEG' ANGLES
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CALCULATION OF-RUNNING SPEED (GYMNASIUM)
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CALCULATICN OF RUNNING SPEED (GYMNASIUM)

The frame. rate for speed setting #1 and #3 was found

A}

to be 70 fps. The frame rate for Speed setting #2 was found
- to be 69 fps. The frame rate of filming'for all trials on

the treadmill was found to be 66 fps. o

Speed Setting #1 = ..,

From the film it was found that the subject's center
of gravity moved a horizontal distance of 6.64,ft. in a time
interval-of 58 frames (0.83 sec.). This resulted in an
average speed of 4.97 miles per hourl Thus/Fpeed settlng
#1 was found to be verﬁ close to the de31red 5.0 miles per

hOur. The percent error was 0.60%.

§peed'§étting‘#2

- The horizontal distance, which tﬁe.éenter of gravity

travelled in a time interval of 0.75 sec.; was found‘éb be

*10.12 feet. Thls resulted in an _average speed of 9.20 mph.

T

As a result of thlS, speed. settlng #2 was’ used as 9.0 mph

v

and not the 8 0 mph which was’ previously desired. The
¢

percent error from 9.0 mph was 2.22%.
o

RS

Speed Setting #3

A

From the film, analy31s it ‘was found .that the finner s

center of grav1ty had a horlzontal dlsplacement of 11.89 ft.

o i r]



102
in a time'interval of 0.74 sec. This meant an average
speed of 10.95 mph. Thus speed‘setting #3 was very close

to the desired 11.0 mph. Thé percent error was 0.45%.
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APPENDIX D

ANALYSIS OF MAP VARIABILITY FOR TREADMILL

AND OVERGROUND RqNNING

. loz
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ANALYSIS OF MAp VARIABILITY FOR TREADMILL

AND OVERGROUND RUNNING -
e

\ o,

o

The ‘numbers of 'resets’ of the area summator were

(4

counted up for 4s many complete leg cycles as possible for
‘ each classification of runnlng In the case of overground

running, only those EMG 51gnals that were produced durlng

the period of near constant speed were analysedq S <
S ‘The standard deV1at10n (SD) . from the mean 'was then
'calculated for~all three muscles under eéch cla351flcatlon
of running (Table V). .

- The average standard dev1at10n (SD) of the three
&

©

v

: muscles was then calculated for all three speeds of runnlng
under the two condltlons (Table VI) |
In addrtlon to thlS, the ‘ayerage standard dev1atlon ‘

)

was calculated for each muscle for the three speeds of

1\ .
runnlng. A comparlson was then made between the average
standard dev1atlon for treadmlll and overground runnlng

(Table VIII)
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$
TABLE VI .
- AVERAGE STANDARD DEVIATION (sn) OF Map -
' FOR DIFFERENT SPEEDS OF RUNNING
(TREADMILL Vs OVERGROUND)
Running : 8D , S .
Speed (mph )- Muscles (Overground) (Treadmill)
- 5 | B.F.y V.M, Gl o 614
9 " B, V., 6. SIS o gy @/
11 - B.F., V.M., G. * 273 -399, ¢
TABLE VII
_ AVERAGE STANDARD DEVIATION (so) OF MAP i -
LA ' .FOR INDIVIDUAL MUscLEs
(OVERGROUND Vs TREADMILL)
Muscle _ Runnin SD , SoD
- a Speeds (mph) ’ (ngrground) v (Treadznill)

B.F. 5,9, 11 484 933
Ve s, e 2820 sy
G- s, 427 g9

.




