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~ ABSTRACT

The purpose of thls study was 4o deVelop a method
UtlllZlng b10mechan1cs c1nematodraphy exclu51vely for
determlnlng ‘the vertical force component of Jogg1ng. Ah
attempt was made, v1a blomechanlcs c1nematography, to |
) ‘reproduce the vertlcal force characterlstlcs ot Jogglng as

recorded by ‘a force platform. Synchronlzed records from

: cinematography of Joggers 1n~the'sagittal plane and the

l“ﬁ a- force platfogm. When plotged graphzcally the
' >force—tlme curves depicted the support phase of joggihg

Two 16mm pin reglstered Photo Sonics 1PL cameras were used
for the acqu151tlon of c1nematograph1c data. »A Triad

——~;fAH%LLQ&»p¥nmreglstered fllm analyzer, Bendix Digitizing
Board, .and Hewlett Packard 9825B desk top c0mputer were used
_for the analy51s of acqu1red c1nematograph1c records of the
joggers. The cinematographic results were computed ah :
three steps',the~foot strike pﬁase or impact phase, the

mid-support phase,fand the takeoff phase.

’
»

Results obtalned 1nd1cated the total elapsed time

for the support phase 1n jo§§rﬂg\tg\have a mean value of

' 0.21 seconds. From direct force measurements, it was P
determined that the force-time curve has an initial peak of
short time duration with a maximum measurement between 3.3

° &



and 4.0 times the body weight of, the subject. The initral'
peak was fo}lowed by a seeon& peak’which gradually descenﬁed
to a force value of zero.. The biomechanics c1nematography
procedures produced ‘a foJee t1me curve w1th 51m111ar
character15t1¢s. It was determined that within the foot
str1ke phase the c1nematograph1qal meashrements dlffered
from the force plate measurements by a mean of +100.7N.
Wlthln the m1d support phase the’ c{hematographlcal
measurements differed by a mean of 152 5N, and during the
takeoff phase the c1nematograph1ca1 measurements d1ffered by

a mean of +27 9N The magn}tude of the overall mean error >

'fwas found to be 6.2N.

L4
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 ‘Introduction

"l The majorlty of the experlmental blomechanlcs;f.

fresearch on jogg1ng has been llmlted to k1nemat1cs.,- Str1dec“”=

<?frate, strlde length angular dlsplacements<and temporal

~?analyses are most prevalent Con51der1ng the large number‘

) jof part1c1pants 1n jogglng, as a recreatlonal and fztness

’ihgact1v1ty, the present knowledge concernlng the blomechanlcs i
‘ftof jpgglng 1s 11m1ted ThlS may 1n part be due to a lack
‘fof on the f1eld" or "real 11fe' measurement capablllbles as

‘well as the hlgh cost of prec1se force measurement

. _'r

"1nstrumentat1on.:_ In order to measure force generatlon‘

Hﬂdurlng jogglng outs1de a laboratory 51tuat1on, b10mechan1cs

o)
a

'fjc1nematography may be a: useful procedure.'» However, as'

'?useful as 1t may be, prec1se and pract1ca1 force measurement'

:,procedures through blomechanlcs c1nematography have not beenf

. developed : Clnematography, a non- 1nva51ve technlque, 'c'ﬁ

'gjellm1nates the need for any phys1cal 11m1tat10ns or

-
rN

glaboratory controlled experlmental pfadedures for the:‘l

acqu;sztlon of data.v Through the use’ of c1nematograph1cal

procedures, data 1s ea51ly obtalnable and 1f so de51red

NS
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e S

'vQW1thoUt the subject s knowledge.{; Th1s guarantees a true

11fe performance as compared to One 1n whlch alternate

exper1mental prdcedures could verf ea51ly cause the_fvoyﬂf

.v“W

ke subject s performance to be unhatural-‘ Thetpresent study

was uﬁdertaken to attaln a pract1ca1 experlmental procedure

to determlne vertlcal force parameters utlilzlng »5 =
: SRR - ' SN
blomechanlcs c1nematography T ST

The purpose of thlS study was to develop a method

-f':

for the calculatlon of the vertxtal force component of
jogg&ng through blomechanlcs c1nematography In:fv
partlcular an attempt was made to reproduce the,vertlcal
force character1st1cs recorded by a. force plate durlng

7

jogglng u51ng c1nematograph1cal procedures 7 i
gy 4

. F e e P . A '
: = PR . B . K .

~Limitatiodns

’

“ B . 5 . 2 - . ‘e

1. SThe accuracy in. determ1n1ng body segment parameters was

nl1m17ed to the accuracy of . the Humanscale Anatom1cal
f. Data (DIFFRIENT 1979) and the ablllty of the examlner in

locatlng ‘the Frox1mal and d;stal end p01nts of the body

.o 7
L o 7
.segments. I v,/n

»2{' Theﬁaccuracy 1nherent 1n c1nematograph1cal data

,acqu1stlon and analysys could not be totally ellmlnated

N-

‘feven though precautlons were taken to m1n1mlze errors

s
/
. r/
/ s

CBurpose - . S0
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: . \ , . ,
'jdue to f1lm gra1§1ness, optlcal dlstortlon from the
‘ -

iThe use of a forc

spec1fqed area.

'fsaglttal piane.< _

'Descr1pt10n of the c1nematographxcal data was restrlct

to a sampllng frequency of 25 frames per second from

| S o
[T . e f’('.

-

recordlng and pr ]ect1ng dev1ces7\aﬁd'perspect1ve error.“

platform although 1evel w1th the «‘

runn1ng surface, co'ld have caused a loadlng error by ;

the subjects be1ng requ1red to make contact on’ a
. R . v ‘ - s . z;.

It was assumed that the- motlon occurred only in the

! .

Delimitations

The c1nematograph1ca1 analy51s was . restrlcted to a two
‘ d1men51ona1 analysls of motlon in the sag1ttal plane.
- The, force plate data was restrlcted to the verticai

gforce component

.

Jd'

i

data .obtained at. 100, frames per second ' -"f.

vDescrlptlon of the force plate data was- restr1cted to a

sampllng frequency of 100 frames per-second.
. ; . R B LY '

~
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Definition df Terms -

NE

Blomechanlcs c1nematography

The acquls1tlon and subsequent analy51s of data

w '

specific to b1omechan1cs research‘through the use of
cinematographical procedures. and computer technlques.
‘Rummning '

”

»

A form of locomotion,

when in humans;\the body is
supported alternately by the two lower extrem1t1es w1th
an air- Borne phase between.

Jogging

A form of locomotlon in Whlch the gait is much
slower than runnlng, but faster than walkln .

(Walking
is characterlzed by having no air- borne pha e).

Strldel R | : / .
/ E\ A measurement taken from the 1n1t1al contact of one

foot to the subsequent contact of the same foot.
Non support phase

The per1od of a strlde when the body is not in
contact w1th the runnlngﬁ urface.
lacks a non—support phase)

(A walking stride
" Support phase

The period of a stride‘when either foot is in
contact:u;th the running surface. Each strlde is f
N composed\of two support phases\TI e. rlght support phase -
‘ andvleft'support phase)

[y
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Foot strlke phase

8

M1d supporéygﬁase

That p#rlod of the support phase from the 1n1t1al
contact ‘to when the foot is Elrmly flxed or flat on thf

runnlng surface

-~

°

That perlod %; the support phase when the foot is
flrmly flxed untll the 1nstant the heel beglns to rise
off the surface. In the case of the force. plate

recordlngs, the mid-support phase beglns at the lowest

7>p01nt readlng after the initial peak © In the case of

'the'biome;h@nics cinematography data, 1t beglns at an

a551gned p01nt in time from the 1n1t1a1 contact of the
. \\ .

.foot

Takeoff phase

e 4

That ‘period of the support phase from the instant

the heel begins to rise until ‘the toes break contact

p=

with the running surface.

Phase lock S D -

An electronlc system whlch ensures frame for frame

1

~synchronization of the_fllm at any set frame rate of

intérmitent.pin—registered high speed cameras.

f;. » ¢



CHAPTER I1 .

hN

REVIEW OF LITERATURE

-. .
- . . N

\ ThlS chapter deals with’ the avallable llteratureﬂ‘
J pert1nent to thlS study Much 11terature has been
publ1shed concerning the.various forms of human locomotion.
.However, relatlvely few attempts-have beén undertakeh to
determine-vér}ous kinetic_oarameters of jogging. Incipded
with}n thiéfchapter arevpertinent'stodieS'on temporal and/b
spatial heeeurements, klnetlcs, and var1ous force measurlng"

déyices spec1f1c to -human gait analysis.

*‘

EE

Ksiearly as‘393b studies were undertaken to
determine'sciehtifically various parameters of ruhniné.
One of the pioneers of running mechanics; FENN'(1930)
reported the center of -gravity w1th1n the body reached 1ts
max imum elevatlon the 1nstant of takeoff and then
contlnually fell through ‘the fl'ght period and into the

sﬁ/bort phase.




A
L

x} . l | _ ‘7

SLOCUM et al (1962) discussed the distance spanned‘

7ddring the non-support period of running. ‘It was reported

that the non- support dlstance was greater than the. support
phase._ It was also noted that this dlstance could be
varied by”the runner by the force exerted at takeoff
However, any attempt to increase the float phase was"
cancelled by 1ncreased ground re51stance at foot strlke.

[y

In another artlcle publlshed six years 1ater

‘ SLOCUM et al (1968) related that- since only one- foot at a

t1me is on the ground, the welght acceptance is immediate

AY

'upon foot strike and reaches a ‘max‘imum at m1d ‘suppor't and

9

Agradually decreases through takeofﬁ

JAMES et al (1973) stated that as speed of running
1ncreased the support phase decreased in relation. to the
non—support phase in time. James also’ stated that’ greater

forces were exerted on the foot at foot strike caused by a

'forward‘tilting’of the trunk while running. LUTHTANEN et
~al (1978) determlned that as runnlng speed lncreased from

) 40% to maximum, contact time and fllght t1me decreased but,

not in’ similiar fashlons. HOSHIKAWA et al (1973) measured

‘the swing, SUpport, and strlde.phase times durlng speed

v;increaSes. The'findings indicated that all three phase

times'decreaSEd with the support phase exhibiting the

' greatest redfiction.

r@= In analyzing runners during competition, it was
determined that as speed decreased there was less effort

required to handle the impact at foot contact. @n this



A

basis it was concluded that a more vertical“leg‘is
advantagdous, ADRIAN et al 11973)

( _An the1r temporal analys1s of hlghly skilled
female runners, BATES et al (1973) were unable to
d15t1ngu1sh between the foot strike and m1d support phases. -

They judged the duration of foot strike to be less than 0.01
seconds. ‘A mean of 0.1;64 and 0.1182 seconds was reported
for the total support time of the’r{ght and left foot ‘
respectiveiy. The foot strike and mid- support phases
accounted for approxlmately 40% and the takeoff phase
. approxdhately 60% of the total support time. o
.. | ELLIdT et ai (19%9)”stated that the anthropometric
dlmen51ons of the support limb of a jogger 1nfluenced the

large forces generated at foot strlke. .

o Based on film data of five subjects durlng the 400

meter run, BATES et al (1979) was able to divide the support
phaSe of the stride into three categories: decelerat1on,
tran51t1on and acceleratron. . The mean percentages of the
three sub-phases;wasA35;22, 31:83; and 31;95 respectiveiy.
The approximate'length of time for the"entire support phase
~ was 0.12 seconds.  ELLIOT et al (1976) used 4.8 m/s as the
cutoff point between jogglng ‘and running and determlned the
groupbpeans for male and female joggers for the support
-phase to be O.227-and 0.212 seconds respectlvely for
overground jogging, and 0.233 and 0.211 seconds for
treadmill ]ogglng. ~In a 51m111ar study NELSON et al (1972) .

reported group means of 0.254, 0.201, and~0.?62 seconds for



velocities of 3.35, 4t88, ;;dm% Z.m/s dur1ng horlzontal
overéround running. “Group means of 0.255; 0.207, and 0.175
seconds were repcrted for treadmill velocities of 3;35,"
4.§S,hand 6.4 m/s.respectively. . “

NELSON et al (1971) stated that with an increase
in runh1ng veloc1ty, strlde length and strlde rate 1ncreased
while the perlod of support decreased.: -1t was further
stated that alterlng the running slope from a. 10% downgrade,
to the horlzontal and to a 10% upgrade, resulted in
decreased stride length, decreased support time, and-
non-support.time and iucreaSed stride rate.

.Historically, both simple and elaborate
instruments and techniques have been used for gait analysis.
A bleck rubberimat, studded with pyramidial‘projectiohs, was
placed-cver avglass}piate by ELFTMAN (3934) ténstudy the
~_presSure.distributi"onx in the foot of an individual walking
ouer the mat. ' By. further 1ntroduc1ng a reflect1ng flu1d
into the spaces between the pro;ectlons, f11m1ng the image .
of pressure dlstrlbutlon was p0551ble. _

Through the use of his electrobasograph SCHWARTZ
et al (1934) was able to determlne various temporal
. parameters of the-human'galt. In the report it was stated
that with increased stride ratelthe suppbrt phase time
decreased .

HOLDEN et al (1953) built a pressure sensitive

. element Wthh was 1nserted between the subject s foot and

v
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‘shoe. The element, a double condenser, measured the
pressure onhthe sole of the foot durinngalking}' An
increase of 30% in the walking rate produced an équivalent
increase in.the pressure at the corresponding time.of the
\s\r\-};:gfT WETZENSTEIN (1961).used a‘similiar arrangement to -
determine the static and dynamic weight-bearing of the foot
in a .shoe. The vertical component of the heel load was
calculated through the use of a stiff spring—balance in
which the-deflection yas registered by strain-gauges.

] Thin transducers'attached to the bare foot.
measured the,pressure'between the foot and the floor as
described by BAUMAN et ai (1963).-_-This‘permitted the
evaluation and .subsequent treatment of anaesthetlc feet. (AA
m1crosw1tch shoe was dfreloped by WINTER et al (1972) with
the capablltles of determlnlng heel contact flat.foot, ball

K4

of foot contact ~ push off phase, and toe contact

HUTTON et al (1972) developed a system con51st1ng‘
of beaﬁs Jtraln gauges and load cells to measure the: load
dlstrlbutlon unde:\the foot w1th various types of footwear.
OSTOTT et al (1973) used this same apparatus and reported
that the duration of the support phase was from 0.68 to D.72
seconds. It was also noted that the load durlng walklng on
a f1rm flat surface was low in the midfoot, rang;ng from
'2.5% to 15% of body weight. Further conclusionS‘stated

that heavier subjects carried a greater proportion of the

load on the lateral side of the forefoot.

STOKES: et al (1974) used a tweire-channelt
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trahsducer~amplifier—recorder system to measure vertical
.loads on areas of the foot. It was approximatedvthat 11.5%
of total support time was dedfcated to the foot strike
Phase,‘SO% for mid-support‘phase, and 38.5% for toe d{g
phase, with the total time being 0.61 seconds fop the entire
sup?ort phase. = Conclusions stated that healthy persons
jmpose about 36% of total ﬁeight~on the toes durihg the «
final stages of foot -contact. | a

| - A "uniVersal‘harness"’consisting of footswitches
-andwelectric‘gohiometers was‘used by ZUNIGA et al (1974)‘to
examine the gait of 10 males, 10 fehales, and 10 above-knee
amputees. The 10 female sub]ects tended toward a shorterl
gait cycie. \

A force platforh was.mounted under a speciai}y7
constructed treadmill with continual assesshent capabilities
-by ISMAIL (1968) Ana1y51s of the force tracings revealed
all subjects favored one foot over the other while walking
naturally. Also, 'heavier subjects exerted more force. In’
addltlon it was found that age and welght effect the force
magnltudes more than helght. a I

A force trac1ng from a.runner with an.estimated
-velocityﬂof 8 m/s, PAYNE‘et al (1968), exh1b1ted a maximum
.ivertlcal force of approx1mately 2670 Newtons v It was also
reported that a forward horlzontal thrust durlng the early
~period,of fOOt contact was followed'by a backward thrust

. CAVAGNA (1975) calculated the vertlcal force of

walklng and running through the use of the. equatlon-

’



[ Fv=p+ma B

where Fv = the vertical force, P = body weight,m = maséﬁ and
a = vertical acceleration of the éenterxbf graviéy of the
body. CéVaéna's‘research report included a description of
eight force plates used for that work, | |
| A~samplé grouﬁd reaction force record of a maie
jogger obtained by MILLER (1978) showed a minor peak |
followed by a major peak. The 1n1t1a1 peak 6;/’
.approximately 1500 Newtons was attributgd'to impact force.
This peak was followed by a larggr'peak, of approximately
1850 Newtons. In this case 1850 Newtons was roughly twice
.the-body weight of the subject. IhAMiller's study the
total contact time‘f?r the subiectkwas 0.24 seconds.

| An,increase in force amplitudes, with a deérease'
in time of force application, was detérmined'thrbugh force
pléte analysis of normal wélking, race walking, and running °
by PAYNE (1978)f The maximum vertical force of the
respective techniques was approximatély 800,i1600, and 3200
Newtons. | -

FUKUNAGA et al (1978) presented the results of a

study usiné a force platform and a 16-mm cine camera.
. Careful inspection of the available graphs revealed that the
contact time decreased as running velociﬁy increased.
:H;:évqr, the higheétﬁmaximum vertical force was reported at
the middle velocity with the higher énd-lower velocities
‘having approximately"equal, but Iéwer ma;impm vertical

forces. ' o ' ' ’ -
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;n a COmpa;ison of sprinting and jogggpg patterns,
YONEDA et él (1979) noted that nggers' initial contact was
with the heel while sprinters' initialﬂcontact was with the
ball of the foot. A comparison of the average support
times for the two skills revealed 250ms for jogging and
‘i40ms for sprinting. It was furthef reported that both
téchniques had a two peak vertical force time curve,
however, the initial peak in joggina was usually less than
fhe second with the reverse true in sprinting. The maximum,
force in jogging averéged'1205.4 Newtons in comparison to

¥

1687.4 Newtons in sprinting.
)
This chapter has dealt with the reporting of
literature dealing with temporal, épatiél, kinetics, and
force measurements using instrumentations specific to human

-

gait analysis,
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: QHAPTER 111
METHODS AND PROCEDURES

This study was designed to incérporate direct and
‘indirect measurement techniques in an effort to valida;e the
indirect method with diréct measurement as ériterion.
Cinemaiographiq¢l procedures were developed in an attempt to
reﬁroduce the direct vertical force measurements obtained by
a force platform in jogging. The Uni&ersity of Alberta
biomechanics laboratory was the site of the simultaneous
retrieval of cinematographic and force platform data. The,
subjects jogged across a force platelwhile being filmed.
The two data sources were synchronized for subsequent

analysis.

Subjects
For the pﬁrpose of this gtudy twelve trials were
péﬁformed by six subjects. Thé four males ranged in age
from 27 to 62 years while the two females were 23 and 30
yéars old. In the second part of this study three subjects
were used. These subjects were chosen at random. Subject
EU-1 was a 23 year old'feméle with a total body, weight of

517.4N, Subject JT-2, a 44 year old male, had a body



;f‘w'lght of 859 5N and sub]ect GS 3 weaghed 637N a“d was a 62

year old male.ﬁv In total body we1ght the males ranged from_;'

_;;637 Oﬂto 997 6 Newtons whlle the females we1ghed 517 4 and

570 4{Newtonsfl

i

'ﬁ“bare foot and then wearlng standard Jogg1ng shoes.\4'Onga

. '2

3:tota1 of twelve runs w1th 51x 1n each category, the subjectsifj

.:

Jogged along a. ralsed Jogglng platform and contacted a force

W,ﬂisyzdh”ud

The subjects were 1nstructed to flrst Jog L

plate embedded 1n the platform.,: Each subject was. g1ven as L

many trlals as needed to contact the force plate wlthout
alterxng the strlde or looklng at the force measurlng

dev1ce.p_ The sub]ect dec1ded whlch foot to use for,fn

o contactlng the force plate.,

... . . Apparatus
v.,’ L e

vy

Two Rhoto Sonzcs 1PL 16mm p1n reglstered cameras'

.

were uSed for data acqu151tlon._ Both oameras were. fltted
w1th an Angenleux 12 120 zoom lens.3; A phase lock system
was used to ensure synchronlzed data between the two _n7

f'cameras. ~F'; ni*,ﬁ. 'hoi; “fﬁd.f f'h.,.o.-i "”4{3
[ (-] v .
subjects,‘was p051t10ned w1th 1ts optxcal ax1s blsectlng ‘the-
force platform and perpend1cu1ar to the joggers plane of
motlon.A The camera was leveled 12 meters from the 47»

t

platform, at a helght of 1 2 meters.:

Camera two ,ecorded the,force platform output

| Hlsplay from a Tektr_nlx 465 osc1lloscope.c‘ Thls camera was7“

. : ' ' !(_‘,b‘ .
S Camera one, whlch recorded the s1de v1ew of the@
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7
,positfdﬂedlm OImeter from the osciiioscope and adjustéd.so:
A'the entlre screen from the osc1lloscope encompassed the‘
Af1eld of view of ‘the camera.d.

For both cameras avframe-rate;of fOO'FPS_and aiﬁ",
shutter angle.of Qobvresulted'in an'exposurevtfmewof f/1200
secondr; Ektachrome 7250 color fifm with an ASA ratiné of
4001uas;used. .The:filmfwas‘force processed one stop to

N

~ produce an equivalént rating of 800 ASAL- A Pentax‘1°

:

Spotmeter VI was used for all light.measurements.

‘ t
A timing“light éenerator ‘whlch produced llght
marks on the edge of the fllms, was connected to both )
cameras. | The t1m1ng light generator was set at a flash
frequency of 10 Hz and sw1tched\to 100 Hz for roughly 0.
"seconds after ‘the cameras reached operating speed The_
marks produced on—the frlm were. used to determlne the actual
lcameravframe rate and'also serued as‘reference points for
matchinélof frames on the two films.

A Stoeltlng\s Force Sen51t1ve Platform was
(ﬁmodlfled for use in this study. - The modlflcatlon 1nvolved
hthe removal_of the "Llnear VarlableLDifferential
‘Transformers and 1nstallatlon of a PC3208A04 p1ezoelectr1c
force transducer for measurlng the vertical force component.
A support device was de51gned and machlned to permlt the
modlflcatlon. The transducer was powered by a PCB480A DC
power supply' A Tektronlx 465 osc1lloscope was used to

loutput the analog force 51gnal from the transducer.‘ The

'osc1lloscope was. operatlng with a sen51t1v1ty of 0 01’



"volts/diyfsiOn.‘w

The force platform was f1tted into a specxally E
constructed‘cas1ng and leveled w1th a 22.0cm ra1sed ]ogglng
platiorm, Th1s ensured a completely flush jogglng surface.
fA 1.0 meter area on the force platform in the plane of

‘motion was marked for later computation:of projected size to

real life size.

‘; - - ‘Calfbratidé
| v @

The transducer used for vertlcal force measurement

was callbrated by the manufacturer and reported to be llnear'

to w1th1n 1% and to have a maximum compre551on of 4450N.

The llnearlty was tested from 0. 0 to 1;OON in 225N 1ntervals

and found td be con51stent w1th the manufacturer s clalms

s The modlfled,force platform was checked for

uniformity of,measurements. The -area of homogeneity was

carefully marked\and‘any trial by a subject with the foot

contacting outside the specified area was discarded.

Testing Procedures

The sub]ects were g1ven as many'practlces as
necessary to enable them.to contact the "live" area on the
force plate Fons1stently w1thout alterlng thelr stride or
looklng at the plate. Once subjects felt ready, they stoon

on the platform to obta1n a record of thelr vertlcal body
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mass force,displacement'on'the oscillbscope; - The subjects'
jogging trials were then recorded. The area of foot
contact with the force plate yas‘checked for proper contact

"within the "live" area.

K

N~ Data Analysis.

The two synchronlzed films were 1n1t1ally edlted \';)
and matched accordlng to the t1m1ng marks on the edges of
‘the.films: ._Fllm one, from'camera.one,rcontalned a record
of the jogglng actiVityiwhlle‘film“two,ffrom camera two,
contalned the force plate data from the osc1lloscope _

A Triad VR/100 p1n reg1stered film analyzer was -
used to prOJect the image pnto a Bendlx D1g1tlthg Board
(accuracy +0 001 1nch) _ Both the analyzer and dlgltlz1ng
board were leveled 1n\all d1rect1ons and allgned so the
'optlcal axis of the analyzer was perpend1cular to the'
dlglt121ng board. , .' 8.7 L
A Bendix Cursor was utilized;‘via a Hemlett
\packard 9864A digitizer ‘to enter a standard reference point

°

and all subsequent coordlnate points 1nto a Hewlett Packard
98258 desk top computer. \hll data was stored on magnetic

) computer tapes.

| In1t1ally, every frame of the subject fllm was
dlgltlzed for calculatlon of the max1mum height attalned by
: the center %; mass of’ the body durlng the flight phase and

e
the hEIth of the center of mass at the 1nstant of foot
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cohtéct with the f‘rce platformif ‘The dié&tizing“requifed
4the_input of the ptoxiﬁal and distel X/Y coordinates of the v
following body segmentsg 1)head and neck, é)trunk, 3)upper v
.arm, 4)15;er arm 5)hahd "6) upper lég, 7)lower leg1 and
vé)fOOt ‘ The subsequent computatlons of vert1cal force
'calculatlons from blomechanlcs c1nematography requxred data
from every fourth frame of the subject film,

| The force plate date:film:was digitized on all
frames. The analys1s requ1red the 1nput of the Y
coordlnate of the ensuing items: 1)osc11105cope readlng with
force plate under no loag, 2)d15placement on the |
, osc1lloscope resultlng from subject S body wélght shd
3)dlsplacement én the Osc1lloscope due to force changes
durlng jogging. '

The Humanscale ‘Anatomical Data (DIFFRIENT 1979)

was used for all body segment‘parameters required within the

scope of this study.(Figure 2)

N -

v : - Computations ' ' )

The computatlon of the vertical force component .

through c1nematogkaph1cal procedures was achleved as
o | .
follows.

! L

Temporal Measurements

'The;firSt part of’this study, using 12 trials was conducted
to determine varloué temporal measurements of the support

phase in jogglng " The total time of the ent;re support
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phase as well as the.times for the foot strike; mid—eupport,
and takeoff phases of the support phase wereﬂdetermined both
in absoiute'termé and percentages. - This‘preliminary
investigation:was‘deéigned to provide the'researcher with
al1 pertinent temporal data. The various‘teﬁporal
_'measurements were determined fron :;e c1nematograph1cal
records of the force platform output dlsplay on the T
osc1lloscope, and in the case ‘of the dlfferentlatlon between
the mia—supportaand takeoff phases, both’synchronized”films -
were'used to locate theuinstant the heel began to rise off
the running surface. | A )

S

Vertical Force Calculations using Biomechanics

4

Cinematography

Y

-

" Three subjects were chosen at random from the .six éubjects
for eubseQUent analfsis of the verticai fo;ce parameters in
jogglng. The‘célculatfonfof "‘the vert1cal force compontent
was achleved through three‘steps (Flgure 3)
1. Foot strike phase (To determlne the force of 1mpact)
The egﬁétlon of unlformly accelerated mot ion due to
'éravity was used to deterhine the velocity with which
the subject was: descendlng from the fllght phase in AR
jogglng when foot contact ocurred The maximum helght y
reachéd by the center of mass of the.hody duringvthe |
flight period was‘determined. ‘The height-of the center
' of mass of the boay at the inStant of.footVCOntact’Was'
also»computed.‘ The difference between the two heights

repreSented the ectuaIIdistance the body.fell. By use

- -
N
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of the.equatioh _ Lo =
) v ;Jgaaf " .
- wﬁerel )
V=" final velocity ' é
g; acceleration due tp;gfavity,
d= disp}acement
the velocity at impagt was determined. fThe length of time

of the foot strike phase, in relatibn tovtbe>t6ta1.cdntact;
time with the force plate, was deri;ed f:om calculétihg the
mean percent for all subjectS‘és»detefminqd iﬁ'thleeﬁbéral
phase of this sfudy. . The force of impact,‘(foot\strike

phase), was theﬁ_dalculated'by the éqhation‘

F = mv/t + mg

where - - S ‘ I
' "‘ . Ty Yoo P ’
F= force of impact ‘

- m= mass of the 'body
v= velocity at impact _

t= time of impact

=1l

g= a&célératioﬁ due to gréﬁitﬁi;
2; Mid?supﬁort phase \
- . The forces along tHe'force t ime ¢urveiduring thié phase
were computed by e |
| | | ‘'F = ma '+ mg
whefe ' . o
F= vertical forgq;igmponent
. M= mass o ‘?, :

a= vertical acceleration of the center of mass of
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the hody
g= acceleration due to gravity
Takeoff phase
In order to'minimize»the error within the
cinematographical analysis of the éakeoff phase of the
jogging stride, a technique was devised which divided
‘‘the takeoff phase into two separate sections, taheoff
phase part-1 (TOPP-1) and takeoff.phaSe ﬁart-Zﬂ(EpPé-2).
TOPP-1 is that portlon of the takeoff phase which begins
the 1nstant the heel rises off the runnlng surface, the
end of of the mid-support phases' TOPP-1 termlnates
when an assigned percentage of time remains in the

entire support"phaSe’ ﬁOPP—Z originates atvthe

/

term1nat1on of TOPP- 1 and, contlnues until the toes break

contact w1th the running surface (1 e. the end of the
‘entire support phase). The point of d1fferent1at10n'
betWeeh TOPRgl and TOPP—Z is that point at which ‘the .
;angle between the force-time curve and the tangent at
that point is thevlargest, visually, when the force-time
‘ eurve(ﬁegdns to tail off as the force values approach,'
zero. -The’elapsed.time for the:TOPP—é portion.was
determined in the'preliminary'tampéral study by
comput1ng the mean percent time of the TOPP-2 portlon of

all subjects. The initial forc¢e value for the TOPP- 2

o portldh was determ1ned by calculatlng the -mean, of all. .

subjects, percent body weight which occurred as the

initial TOPP-2 reading from the force platform data.

a
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. , . / e
The entire takeoff phase was then graphically"

. 'S
represented by one straight line from the final point in
the mid-support phase to the initial point of the TOPP;Z
pbrtion}and a second straight line from the initial

TOPP-2 point to the point when thé toes break contact

with the ruhning surface and the vertical force réached

\ +

zero. N
o - Summary
| I Ve
. The preceeaiﬁg chaéﬁer hés dealt Qith‘the methpds
and procedures ihVOlved*witﬁin this study. Ih particular,

a description: of the equipment, caIibragion and its
operation was elaborated. The procedures involved in the
_actual retrieval of data .and analysis were described and an

explanation of the computational procedures for determining

the vertical force from cinematography was made.



CHAPTER IV

RESULTS AND DISCUSSION

#*

Introduction '

The results obtained from this study are
categorized and preSénted under four headings.

1. Preliminary temporal measurements:

Calculations of the mean percent of the foot strike and
TOPP-2 portion of the takeoff:'phase fo the entire -

support phase. v ' '

2.. Direct force measurements:
Results obtained from the force platform including

force-time graphs and tables.

3, Cinematography measurements:

-

Results obtained from biomechanics cinematography .
analysis.

4, Comparative analysis:

Comparison of .the two techniques of measurement,
including graphs and tables of differences within the

.various phases of the support phase of jogging.
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Preliminary Temporal Measurements

-

In calculating the percentage of time the foot
strike phase- occupied as part of the entire support phase,
12 trials were used and the total support time and total
time for the foot strike pﬁése for all 12 trials was
determined from the film. The total elapsed .time of the
support phaSe ranged from a low of 0.18 seconds to a high of
0.23 seconds with a mean of .21 seconds. The time of the
foot strike phase (i.e. the time over which the impact
transpired)} varied between 0.03 to 0.05 seconds and
‘displayed 55 average time of 0.04 secondé. By calculating
the percentages of the foot strike phase to the entire
support phase, awmean of 21% was found. The 21% represents
the average proportional value of the‘entgré support phase
occurring as the foot strike phase.(Table 1)

A similiar calculation to determine the peréentage
of the support phase made up by Eﬁe TOPP-2 portion of the
takeoff phase also used-the 12 trials. The data retrieved
from the force platform revealed a range from 0.02-to 0.04
seconds with.a mean of 0.03 seconds for the total length of
time of the TOPP-2 portion. Upon completion of the ‘
percentaée éomputations, a range from 10% to 19% resulted in
a mean of 14% of the total support time taken up by the
TOPP-2 portion of the fakeoff phase. ‘This'14% gave the
x-value (time) for all subjects.(TaBle 2)

By computing the proportion of total body weight
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DETERMINATION OF TEMPORAL IMPACT DATA
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DETERMINATION BF TDPP 2 INITIAL TEMPORAL DATA POINT
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" force-time curve reached its.lowestopoint immediately
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»whlch occurred as the force readlng at the 1n1t1al p01nt of

the TOPP 2 portlon for' all- subjects, it was found that

‘\»approx1mately 1/3 or 33% of the total body welght was
expressed as the initial force‘readlng. ” Subsequently, thek

_ y;value (force) was obtained by taking 33% of the subject's

weight. S

. Direct Force Measurements
.. \ . :

The results obtalned from the force platform

ascrlbe to a curve w1th an 1n1t1al peak of short t1me

‘1‘durat10n followed by a se&ond peak w1th a gradual descent to

a force value of zero.(Tables 3,4,5)(Flgures 4,5,6) The

initial peak,'the-foot.strike phaseq reached its maximum in

0. 02" seconds after foot. cOntact with‘the force platform

'The max1mum value of the foot str1ke phase for all subjects

was between 3. 3 and 4.0 tlmes the body welght of the

'subject

.

The mid*Support phase, which'began when the

Y

vfolloWing the footkstrike phase, was found to begin~within

'O 04 to 0. 05 seconds after the initial foot contact occurred

for all subjects. The m1d~support phase terminated for two

of the subjects in 0.05 seconds and in 0. 07 seconds for the

‘third subject.  The maximum force exhlblted durlng the f

mid- support phase was 1022 3N for subject EU 1, 3085.2N for

PR

-subject JT-2,.and 1958.3N for subject GS-3. In~thercase‘of
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TABLE 3
B ;VERTICAL FORCE FROM FORCE PLATFORM '
 SUBJECT EU-1
11351  5 Forcé**: S ~Iiig ‘ Force
00 00 S 952.2
0.0 36 . B 0.13 923.1-
002 s  “\’ - 0as 812.0
0.03. . 8.2 | 005 690
0.04 683.8. a. 0.16  570.9
0.05° 630.8 007, 4513
006 o 8649 08 3230
0.07 ., 10206 ; o9t 2mie -
! 10137 ! 020 1383
" 1022.3 0.21 as
©1000.0 0.22 0.0 |
el ‘ I

* Measured in seconds -
** Measured in Newtons.

a Ihitial point of contact

Start of mid-sUpp hase f | )
*C Start of takeoff PWfe (TOPP-1)

9 start of takeoff phase (TOPP-2) -
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TABLE 4

'VERTICAL FORCE FROM FORCE PLATFORM

SUBJECT JT-2

Force

- Time* . Force** .Tfme
0.00 - 0.0 0.7 2084.9
0.01% 14556 0.12 1852.4 o
0.02 . 2833.1 0.13 1614.9.
0.03  2496.4 0.14 1383.9
0.04P . 2021.6 q§15 1149.8
, ) N . g .
0.05 2624.9 0.16 853.8
0.06 ©3085.2 0.17 5529
0.07 2956.7 ~0.18¢ ©269.9
0.08 . 2956.7 0.19. 112.2
0.09° - 2732.3 9.20 748
0.10. - 2390.7 0.21 0.0
% Measured in seconds ’
- ** Measured in Newtons .
 § Initial point of contact v ///%/
b'Staft'of mid-support phase ’ T
€ Start of takeoff phase (TOPP-1) -
‘d‘Start of takeoff phase (TOPP-2) ;///7‘

- 34
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 TABLES
VERTICAL FORCE FROM FORCE PLATFORM .-
SUBJECT GS-3
iimg: For;e*f - .- . Time » Force
0.00 o’ oa1 14325
‘d.o1a Ccooses o 0a2 1264.7
0.02 2118 o013 T2t
0.03 - 1823 . 049l
0.04 15257 . 015 714
0.05 1693 @ 006 527..4-
0.06 11958.3 o oar - 311.3 |
0.07 Covwese 0 oas 160.2
o008 1931;¢\\\ - 0419 997
0.06° . 1766.4 o 0.20 . 27.2
0.0 1675.7 - e T - 0.0
* Measured in seconds el
kx ﬂgasured in Newtons _
4 Initial point of contact ,
b Start of mid-support phase - ~ ’_' “T ;o

C Start of takeoff phase (TOPP-1) -
d Start’of takeoff phase (TOPP-2)
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subject JT 2 the max1mum force of 3085 2N found in the

LY

- mid- support phase was‘larger than thefforce.of impact . in the

foot strike phase. For subject EU-1 and GS-3 the force of

impact during-the foot strike phase was”garger.

'The takeoff phase was graphically depicted és‘a
‘gradually descendlng force-time curve exhibiting a talllng
off effect as the force values approached Zero. The total
t1me for the takeoff phase wes 0.09-seconds for-subject EU--t -
and 0.12 secohds.for both subjects JT-2 and GS—3.

\

ftinematography Measurements,

The calculations of the vertical force
measurements from biomechanics cinematography resulted inban
'inrtial peak, the duration of which was assigned 21% of the

total\time-of thelsupport phase, "‘followed by.é second peak
which descended gradually and ultimately led to the final
rportion which tailed off toward-éorce vaiues of zero.  The
‘fﬁnél portion TOPP-2, -of the c1nematography measurements
was a551gned 14% of the total t1me of the support
phase. (Tables 6,7,8) (Flgures 7 8,9) |
~ The calculatlon of the{max1mum_value for the foot~.

strike phasev(i.e..the force of impact), resulted in vefues

of 1885.4, 3010.2 and 2664.4N for'subjects\EU-i JT-2, and
.GS-3 respectively These values represent a range from 3.5
:to 4.1 times the body we1ght of the subject.

The mld-support phase, which for subject EU- 1



TABLE 6

VERTICAL FORCE FROM CINEMATOGRAPHY

&
SUBJECT EU-1
‘ Time* ° \ Force**
Foot Strfke Phase v : _
0.00 = : 0.0
0.022 © 1885.4°
0,044 | 8315
l )
Mid-Support Phase . : .
- 0.06 728.7
. 0.09 12567
0.12 | ~1010.2
Takeoff Phase \\ “
TOPP-1 : . o
. 0.15 . 651.5 -
0.18 | . 292.1
TOPP-2 o : o
0.19 g 72,5
0.22 0.0

2

* Measured in seconds

*k Measured<inaNewton§

a'Calculated force of impact ~

b 1/3 body weight/at 14% from end of support phase
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TABLE 7
VERTICAL FORGE FROM CINEMATOGRAPHY

4
/
i

]
SUBJECT JT-2

-

L
: - Timer Forcex*
Foot Strike Phase | \
- ' 0.00] 0.0
i ‘ :
- 0.021 | 3010.2%
0.042 ' 1659.8
Mid-Support Phase o ‘ )
. 0.06 1853.4
10.09 ‘ - .2788.9
-Takeoff Phase |
TOPP-1 -
- 0.12 | . 1954.8
- 0.15 . 1120.6
| < |
TOPP-2 - : , 5
0.18 . 286.5
0.21 | 0.0

* Measured ﬁn seconds

**%ﬁ;asured»in Newtons

2 Calculated force—of impact

b 1/3 body weight at 14% from enq of support phase

e
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e TABLE 8
VERTICAL FORCE FROM CINEMATOGRAPHY

e

u"fFoet’Strike’Phese @

'f uMid§Spr0r£.bhase"

S

Takeoff Phase
| TOPP 1

006
- 0.09

;”A‘TTimef" .
-*Oreo* :

x “Q 621

0 042

012

S 0.15

CTOPP-2

0.18

0.2

I SUBJE%GS’?_?,:- e

- 0.0

- 2305.3
12002.0

11405.4
- 808.9

2123

0.0

Forcer*.

© 2664.4%
. 10580

Lk Measur'ed in seconds :

 ** Measured in Newtons -

Ca]culated force of impact
- b 1/3 body we1ght at 14% from

&

s

endeof'SUppOrt"

w3
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~spanned 0.06 seconds and 0;03 seconds for subjectstTLZ and

‘GSfB, in all cases had a max1mum value less than the max1mum

Aforce durlng the foot strlke phase..

33- The TOPP-2 port1on of the takeoff phase began when’

-

114% of the total support phase time remalned For all
subjects 14%‘was 0.03 seconds of the support4phase} 'ln all
(:cases the initial”fofce value‘fof the TOPP-2 portion was.
oa551gned 33% of the total body we1ght' T?Z.SN,for subject
EU-1, 286. 5N for subject JT-2, and 212,3N for-subject‘GS43;

i

V,Compafative Analysis

In compar1ng the resﬁlts, as obtalned from the
k?udlrect force measurements and blomechanlcs c1nematography,.
the measurements from the individual - phases within the'“
.“’support phase were compared@unltlally and then the

"haurements from the entire support phase. were ‘compared.

.2raph1c and tabular forms were used to deplct the
’comparatlve analyses (Tables 9,10, 11)(F1gures 10,11,12)
| W1th1n the foot str1ke phase a mean dlfference of

3 +100 7N was found between the force plate and blomechanlcs

'c1nematography data for the three subjects The

,Ac1nematography calculatlon for all subjects produced hlgher‘
forces than the force plate data, from 32. 3N to 177 TN o 84
max1mum force cbmputatlons ranging from 1885 4N to 3010'~ o

The c1nematography data of the m1d support phase&‘ﬁu

&
exhibited a»mean value of 62.5N below;the.foree platform



| TABLE & N
COMPARISON. OF CINEMATOGRAPHY AND FORCE PLATFORM DATA

B ‘ —\/

. SUBJECT EU-T°
4 o |
- Foot Strike Phase v | | | _ | | |
T 0.022 185§J 18854 +3g.’
o TM{q-éupport Phase_} | o | ‘ '/T “ - ;
| | 0.06 Cseta 728.7 - -136.
N o C0.09 - 10223 12867 +234.
B .0.12 9822 Cqol0.2- +58.0
Takeoff Phasé m | | o
- ToPP1 e S
- 0.15 . 694.0 651.1 . . -42.
0,18 323.1 S 2921 -3,
s 09 g L 223.9 172.5 -51.
b
Measured in seconds = o ws

Force platform data in Newtons

hwr\)—‘_

B1omechan1cs c1nematography data in Newtons

Difference between measurements from biomechanics c1nematography
and force p1atform data in Newtons
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s

E S | TABLE 10
W COMPARISON OF CINEMATOGRAPHY AND FORCE PLATFORM DATA -

fo
L
5 )

. SUBJECT JT-2.

Time' i ac ot
Y . Foot Strike Phase |
- 0.021  283.1-  3010.2 #1770
' Mid-Support Phase . ‘ ’gv _ B )
| 0.6 3085.2 18534 -1231.8
0.09 o 27889 +56.6
Takeoff Phase | ’ |
TOPP-1 . | x | -
S 012 <, ‘]852;4 1954.8 ~  +102.4
T 05 . 1149.8 .. 1120.6 - -29.2
TOPP-2 : e |
N 3 018  269.9 " 286.5 +16.6
Y ,
T Measured in seconds | o _- - - i o T\\
2 Force platform data in Newtons o o L \_' :
-3 B1omechan1cs c1nematography data in Newtons -
4

Difference between measurements from b1omechan1cs c1nematography :
. and force p]atform data 1n Newtons
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TABLE 1

. COMPARISON OF CINEMATOGRAPHY AND FORCE PLATFORM DATA

50

‘Foot Strike Phase

AN

Mid-Support Phase
\

- Takeoff Phase

TOPP-1:

ToPP-2 - "

SUBJECT GS-3

Time

0.021

0.06

0.09

0.12

0.15

0.18

2571.8

1058.3
217664

1264.7

e

“160.2 -

2664 .4

2305.3
2002.0 -

1405.4 .
808.9

212.3

+92.6

+347.0
+235.6

+140.7
"+9gi .2

-
~+52.1

1
2

Measured in seconds .
_Force platform data in Newtons -

3 B1omechan1qs cinematography data in Newtons :

ﬁfference between measurements from biomechanics c1nematography '

*and force platform data in Newtons S

i



| “€-$9 12308Ns
- o (x vzxomh<J& 30404 SA () AHAVHIOLVWINID -
, ZL 3un9Id-

*NOSTYYdWOI

4

0Z'0 8I[‘0 9T°0 $1°0° zT'0 0T’0 80°0 90°0
T . L 15 TS U N

e

.

$0°0 20°0 0Q°0 x
F—m-— 00°0

[s] 3AWIL -

¥ A ) L "

< 00° 002
-~ 00°00F
- 00°009
-~ 00°0c8
~ 00001
- 00°C0ZT
- 00°00%T
- 000091
- 00°008T
- 00°0C07
- co*ocez
- 00°00%7
- oo»oomw‘

- q0°* :o
ﬁz_ mumOm



i

three subjects

52

data. Subject JT-2 had force values, for the most part,

'below the force plate values while subjects EU-1 and GS-3

'yielded force Va!ues mainly above the criterion.

The takeoff phase, TOPP-1 and TOPP 2 inclusive,

ranged from. —51 4N to 140.7N above the force platform

- resultsy This produced a mean dlfference of +27 9N.

hen the entire procedure of b1omechan1cs
cinematography' was taken into account compared to dlrect

force measurements, a total error of 6.2N was found over the

a

Discussion

Within the limitations of this study, the obtained
results indicate a favorable response to the guestion of

.whether biamechanics cinematography is of a,practical’value

- in the determination of vertical force characteristics in

. jogging. Cinematography eliminates the need 'for:any.

physical limitacionsror laboratory controlled experimental
prbcedures for the acquisitiondof data, Through ‘the use of
biomechanics c1nematography procedures, data is easily ., .
obtainable and if so desired, without the subject's
knowledgev' This guaranfees a'true‘life performance as
compared to one in wh1ch alternate experlmental procedures

could very easily cause the subject s performance to be

. unnatural. e

The discussion of the.results obtained in this
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study has been divided into several sections.

Preliminary temporal measurements:

The determination of the Al time for the support

phase in jogging; a e of 0.21 segonds, is in.
strong.agreement a temporal study by ELLIOT et al

(1976) in which group means“for the total support phase
time were reported to be 0.227 and 0.212 secondsvfor /
male:and'female joggers. In two other‘studies

reporting support phase times, a sample ground reaction

-force record of a\male Jogger by MILLER (1978) displayed

a total contact‘timeﬂof 0.24 seconds and YONEDA et al

(1979) reported the support.time for abefage joggers at

0.25 seconds. ~ The calculated time of 0.21 seconds is

an accurate mean when considering previous studies and

“the feports ppblished-

The computatlon of .21% for nhe time span ofv
. i
the foot strlke phase proved to be ‘accurate. . When the
forcerof_impact was graphlcally dlsplayed as occurrlng

over 21% of the total support phase tlme, the 1n1t1al'

peak was'almost 1dent1ca1 to the force platform data.

Similiarly, the calculatlon of 14% of the support phase

. dedlcated ‘to the TOPP 2 portlon was also close to the

force platform data. _ w;thout the addition of the-

TOPP- 1. and TOPP+2 portione; the error within the fakeoff

‘phase would havepbeen‘greater had it beeh‘represented by . -

one‘atraighthline or hy calcuiating the’takeoff phase in

‘the same manner as the mid-support phase.



’ Mid—support phase: . ;

54

Foot strike phase:

' When calculatlng values as large as those
found within the foot strike phase in jogging, a mean
error of 100.7N is small. For example, in the
calculation of a Qertieal force of impact of BOOON an
error of 100N represents an error of only 3.33%. "For
this reason, the use of the equation for calculatingt
impact forces during the foot strike phase seems

satisfactory. '

¢

.The calculation of the vertical forces during the

mid-support phase was completed in the same manner as a

‘study on walking and running b(rCAVAGNA (1975). The
- overall mean error of 62;5N is indicative of favorable

' results obtainable through biomechanics cinematography.

The value of 62.5N is representative of an error within
the-mfd—support phase between 3% and 6%, dependeht on

the'magnitude of the force readihg~ This suggests that

- the. technlque descrlbed w1th1n thlS study for the

’.
mid-support phas: lculatlons proved to be acceptable.

Takeoff phase'

rWhen various technlques were trledﬁgg an attempt to

"‘*&
reproduce the takeoff phase of the force- time curve in

Jogging, the technique of using the TOPP-1 and TOPP—2

~method was determlned to be most satlsfactory Since

the purpose of thls study was to develop a method for

calcqlat1ng vertlcal force components -of jogging
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utilizing biomeéchanics cinematography data only, the

method of calculation determined to be most precise was
utilized. The error of 27.9N within the entire takeof f
phase, which accommodated up to 57% of the time for fhe
entire subpért phase, was deemed abceptable as well, in

N

particular since ‘it exceeds the precision of

conventional biomechanics cinematography figures during
the mid-support phase (27.9N vs. 62.5N)

¥

Biomechanics cinematography vs force platform:

Upon comparison of the final measurements from the fdrce

BN

platform with the calculations from cinematography data,
a mean error of 6.2N was found over all subjects and

measurements. The error of 6.2N represented the
- > }

& »

average error per measurement when taking into account

all measurements for all subjects. Biomechanics
cinematography therefore seems to be an acceptable -

technigue for the calculation of vertical force
parameters. Within dinematographiéal'analysis there is
always an error but if the error éan be minimized, as

wasighe case ih‘this study, the procedure for vertical

force data collection and analysis from

cinematographiéal data can become a viable tool for the

researcher and practitiongr.




CHAPTER V

SUMMARY, CONCLUSION AND RECOMMENDATIONS

]

The purpose of this study was to develop a method
for the calculation of the vertical force componentgof
joggitg through bio&echanics cinematography. In
particular,)an attempt was made to rep;oduce the vertical.
force characteristics recorded by a force plate during
‘jogging uéing cinematbgraphiéal procedures. Synchronized
records from cinematography of joggers in the sagittal plane
and the anafog fdrce signal from a force platforw were
obtained. - |

Analysis of the direc&bforce measufements{were
made using a PCB208A04 piezoelectricvforce transducer ‘
“mountéd in a force platform. When plotted graphically the
force-time'curves depicted the support phase.of jogging.
Two 16mm pin registered Photo Sonics 1PL cameras were used

for the acquisition of cinematographic data. A Triad

-

VR/100~pinéregistered film anélyzer, Bendix D»”%if
Board, and Hewlett Packard 9825B desk<top~compu£er were used
for %ﬁf‘%%alysis of acquired ciheﬁat;graphicirecords of the
joggers. 'fhé ciﬁematographic results were computed in

.thfee_steps; the foot strike or impact phase, the

mid-support phase, and_thé’ta&eoff phase. '

S ) - 56 © . v
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Resulte obtained andlcated the total elapsed t1me

~

Y

’5fffor the support phase 1n jogglng to have a mean value of

eHO 21 seconds._ From dlrect force 'easurements, 1t was
dﬁterm1ned that the force t1me curve as an’ 1n1t1al peak of

short trme duratxon, w1th a maxlmum measurement between 3 3

»

,fand 4 0 t1mes the body we1ght of the sub]ect. ;.The 1n1t1al

K-

:gpeak was followed by a second peak whmch gradually'descended

fto a force v lue of zero. #“The b1omechan1cs c1nematography
“dprocedures proddced'a £orce t1me curve wlth 51m111ar_ |
vcharacterlstlcs. It was determ1ned that w1th1n the foot
'strlke, m1d support and takeoff phases, the'," | |
c1nematograph1cal measurements dlffered from the force plate"‘
"imeasurements by +100 7¥, 62 5N ‘and +27 9N respectlvely.'."

: Q-
1The magn1tude of the overalb mean error was found to be

N -]

. 6. zu.

V: 't | cf”h ftconclueionf 1> ‘ o f{q R
Cmt
W1th1n the 11m1tatlons of thls study 1t was.
ﬁ;concluded that by adjustlng conventlonal b1omechan1cs _
.‘c1nematography procedures 1t appears to be poss ble to make‘;efpt
.blomechanlcs c1nematograpby a pract1ca1 tool fo:)the~ '
'measurement oftvert1ca1 forces 1n Jogglng.v g'ﬁf

¥ .
b

0

o



On the b351s of the flndlngs 1n thlS study, the f

o

.:Vfresults warranted the follow1ng recommendatlons-‘ o e

o-

"':1,‘ A study is- requ1red for the valldatlon of thlS procedure

us1ng a larger number of sub;ectgh

2;' Futhre studles aregneeded to comb1ne varlous
blomechanlcs c1nematography stratagﬁes for a measure of
other blomechan1cal jogglng parameters., ;

'~3. Studles are also needed to develop modlfled b1omechan1cs

cinematography procedures for determ1n1ng vertlcal force

.Charaét'.‘ §¥cs of runnlng, sprlntlng, and jumplng
also be sat1sf1ed for add1t1ona1 studles to
determzne the temporal characterlstlcs of the foot

strlke phase in Jogglng, runn;ng, sprlntrng, andv

jumplng._ ’

\

5. In calculatlng the takeoff phase in Jogglng, addltlonal'

studies are requ1red for determlnlng other’ p0581ble

Y

technzques for its computatlon.
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67

ce

‘dsp "DATA DIGITIZING + STORAGE";wait 1500

dsp "DETERMINE SCALE FOR PLOT";wait 150 :

dsp "DIGI LOWER LEFT CORNER";red 4,X,Y;2.54X+X;2,54Y+Y;beep.

dsp "DIGI UPPER RIGHT CORNER™;red 4,A,B;2, 54A¢A 2.54B+B; beep
(A=X)/29.25+r0+S; (B=Y)/15.24+r1

if r0>rl.rl*S

fxd 4;prt "SCALE 1-",1/S+S

dim A[20,28], B[20 28),Dp(27),C(20,10]) 25[21 36], K$[14 ll]

.S+D(26) .
"HEAD + NBCK"*K$[1];'TRUNK“»KS[Z];"R UPPER ARM"+KS[ 3}

"R, LOWER ARM"+KS$(41];"R. HAND"+K$ [5] ; "L. UPPER. ARM"+»KS (6]

"L.LOWER ARM"+K$([7];"L. HAND"+KS$S[8];"R, THIGH"+KS$S[9] '

"R, LOWER LEG"+KS[10];"R. FOOT"+KS$[11];"L. THIGH'*KS[IZ]‘
: "L.LOWER LEG'j}S(lB],'L. FOOT"+KS[14)
: dsp. "DIGITIZE USER DEFINED POINT 1";red 4, X,Y; jwait 50; beep
: 2,54%X+D(22});2,54Y+D (23]
: dsp 'DIGITIZE USER DEFINED POINT 2'-red 4 X,Y,walt 50; beep
: 2,54X+D[24];2.54Y+D[25) '

18: ent 'DIGITIZE REFERENCE ? [l=YES]” :

19: if r0=l;gsb "cfac" ¢

20: if rO#l;ent “"CORRECTIONFACTOR =",D (1]

21: ent “COMMENT,USER,KEEP.TILL DATE",Z2S(l}]

22: 1+A;ent "NUMBER OF FRAMES ? {uP TO 20]",N

23: if N>20 dsp "MAXIMUM IS 20 FRAMES !!!”,walt 2000,]mp —}

24 : ent "DESCRIPTION OF FRAME", ZS$S [A+l1l]:

25: if A>l1sfxd O0;dsp "TIME INTERVAL FRAMES".A—I A; walt 1500 ent "T=" D[A]
26: for B=l to 14 ‘ _
27 : Osr2

28: if B=4; l¢r2

29: if B=5;1ler2

30: if‘B=7;l¢r2

31: if B=8;l+r2

32: if B=10;1ler2 - ¥

33: if B=13;1+r2

34:- if r2=1;gto 36 . '

35: dsp "PROXIMAL",K$(B]; red 4,X, Y 2. SAX»X 2.54Y~Y; beep waxt 300

36: if 2=l ;E*X;F+Y . .

37: X+A[A, B] Y*A[A B+14]

38: dsp 'DISTAL' K$[B];red 4,E,F; 2, 54B*E 2 54F +F;beep ;wait 300

39: E+-B(A,B]; F*B[A B+14]

"40: next B
"41: for L=l t3 5

42: dsp "DIGITIZE. IMPLEMENT POINT ", L red 4 X,Y;wait 50;beep

43: 2,54X+C(A,L};2.54Y+C[A,L+5])
44: next L ‘

45: ent "ERROR ?? [l1=YES]",r0 o
" 46: if ro=l1; dsp "DIGITIZE F RAME AGAIN“,walt 3000,gto 26
"47: 1+A+A; xf A<=N;gto 24 ;
48: gsb "store"
o 49: dsp “STORAGE DOVE”,end
. 50: "cfac”": _

WO eawNnEO
s 00 s

e e T
OT\(‘JL&U)NO—‘O..
. . oe 80, 4o

[
~J

R Y



51: dsp
52: dsp
53: ent
54;: fxd
55: ret

68

“DIGITIZE POINT 1":red 4,X,Y: waxt 10072,54 X+X;2.54Y+Y ;beep
"DIGITIZE POINT 2";red 4,K,L; waxt 100;2,54K+K; 2, SAL’L;beep
"REAL SIZE .OF REFERENCE. (cml'

2;prt "Cfator™, O/Y((K-X)"2+(L-Y)"2)+D[1]

56: “store"
57: NOD[Z?]

8: ent
9: ent

x¥12288

-

"FILENUMBER TO BE RBCORDED 7*,Q
“TRACK #",r0;:trk r0 '

60: rcf Q,A[*),B[*], DI*]
6l: rcf Q+1,2$,K$ ¢
62: rcf Q+2,C[*] :
63:. trk 0 . : . o
64: wtb 7,10,10,10,10,10,10,13
65: fmt ,9x,18"*",x,c20,x,17"*",/,/ .
‘66; wrt 7,"FILE CONTENTS.gECORD“ -

. 67: £fmt 1,9%x,cl0,c36,c8,£2,0
68: wrt 7.1,"DATA SPEC ",Z8[1],"IN FILE‘."  Q
69: wtb 7,10,10,13
70: fmt 2,9%x,c7,£3. 0,c46,/
71: for Jalqto<D[27J ! ,
72: wrt 7.2,"FRAME #",J,25(J+1]

. 73: next J :

- 74: fmt 3,/,/,9x,cl0;wrt 7. 3."COMMENTS R ) - ) - |
75: wtb 7 12 -
76: ret
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. so o0
** .

e oo

Yodowmaswhnr-Ho

: dsb

ent

‘dim

ent
1d4f
1df
trk
wtb”
fmt
fmt

"RAW DATA RETRIEVAL";wait 1500

"FILE ¢ TO BE RETRIEVED",Q
A(20,28),B(20,28),D(27], Z$[21 36],K$(14 11]

*"TRACK #",r0jtrk r0 '
Q,A[*],B(*],D[*] ~
Q+l,12S8, KS -

0

"7,13, 10 10 10,10,10,10

1, 14x.c50 / :mt 2 14x,c17 £7.4,/; fmt 3, 14x,10£7.3
6 14x,18”*q,x'c24,x'f nxola.*. oS/

10: wrt 7.6, DATA RETRIEVAL SUBJECT #°,Q S e
11: fmt 14x,c65,/3fmt 5,14x,65"*", /;wrt 7.5 C

12:

13:
14:
15:°
16:

PR

19:
20:
21:
22:
23:
24:
25:
26:
27:

28:
T 29
30:
31:
32:
33:
34:

i 9355

36
- 37
38:
39:
40:

41+

42:

43
44
45:
. 46:

‘47
- 48 ¢
" 49:

wgt
wt%
wrt®
gmt
wIrt
wrte
wrt
fmt
fmt
fme
wtb
for
gsb

7.1,28{1] ;wrct 7.5

7. 2,'Correc@}onfactor-',olll

7.1,"Time Interval between the Frames (sec.) ) \ "
4,9%x,10£7.0;wrt 7.4,,2,3,4,5,6,7,8,9,10

7.3,0(2},D[3],D(4], D[S] p(6}, D(7] 0[8] D(9},D[10}; jwtb 7,10
7.4,10,11,12,13,14,15,16,17,18,19 o
7.3 D[Ill D[lZl D[13}, 6[14] D(lS] ,D(16], D[171 p{18},D0(19}; wtb 7,10
7,37x,2£7.0;wrct 7.7,19,20

8.42x £7.3;wrt 7.8, D[20) .

6,/ 14x,65'-",2/;w:t 7.6 ‘ =

7,12;0+r0 . .

A-l to D[27] ‘

"printout”

if A=D{27);wtb 7,12;dsp "RAWDATA OUTPUT DONE";end

nex
"pr
if
wtb
fmt
fmt
wrt
wrt
wret
wrt
wrt
wrt
wrt
wrt
wrt
wrt
wrt
wrt
wrt
wrt
wrt
wrt
rO+
ret

*1746

t A , . , » v
intout":- o ‘ '
£0=2;0-r0;wtb 7,12° . , : :
7,13,10,10,10,10,10,10 . e
1 10x,7c9 fnt .2,/:fmt 3,9x%,7£9.2;fmt 4,/, 10x,c63 ‘ \
5,14x,c16,x,£2.0;wrt 7.5," RAW DATA FRAME #",a , .
7:4, Z$[A+1] swrt 7.2 .

7.1, "HNeck™; "Trunk "™, "RUarm" ,'RLarm ,'Rhand" *LUarm","LLarm”

7. 5,'PROX. ENDPOINTS' : °
7.3,"*%x",A(A,1},AlA, 21, A[A,3] AlA, 4] A[(A,5],A[A,6],A[A,7] )

7.3, Y',A[A 15],A[A,16]}, A[A,l?] A[A,18], A[A 19}, A[A 20], A[A 211 vxfl
7. 5,'DISTAL ENDPOINTS' '
7.3,"x",B[A,1],B[A,2),B(A,3], B[A 4)},8[(A,5),B[A,6],B[A,7]

7.3, Y',B[A 15] B[A,16],B[A, 17] B[A,18], B[A 19}, B[A 20] ,B[A, 21)
T2

7.1,"Lhand", "RUleg","RLleg" ,"Rfocot”*,"LUleg" ,’LLleg ; "Lfoot"”
7.5,"PROX. ENDPOINTS"

7.3,"%Xx",a[A,8),A[A,9]),A(A,10], A[A 11] ,A(A, 12]"5(A 13], A[A,l4]
7.3,"Y",A(A,22],A(A,23],A[A,24],A(A, 251 A(A,26],AlA, 2717K[A 28]

7. 5.'DISTAL ENDPOINTS' 7

7.3,"%x",B[(A,8),B[A,9),B[A,10],B(A, 11} B[A 12}, B[A 13}1,B(A,14])
7.3,"Y",B[A,22],B[A,23],B[A, 24] B[A 25] B[A 26] B[A 27] B[A 28]"” o
l+r0 .. .

a ) .
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i APPEHDIX c R

Computer Prdgram for Center of Mass Displacement and ve1oc1ty

(Modified from University of Alberta Biomechanics Lab)

R

wa

. j"



5 , " ‘ 72
N . . ‘J. Lo ' N ! . ’ )
Vw;'-fvﬁ . - ’f3¢¢~, S ~‘L;» , L
. 0: asp. 'cn [x rgmanacensuT VELOCITY]"wait 1500 ' '
+ls dim A{20,28]5 [20 28) 0[27] 5[14),M[l4] z[z 401 VI3 391 zsts ll
. 2: dim K$[1,50]) e TR o
3 " "ezs[11: 7, "»zst2]-'*'o§h}3l R S _ ‘Iﬁ
" 4% ent'“MALE=1l,FEMALE=2",r3 ‘ U
' 52 5«8 [1)eS[2):.43 ¥t3]osl6],.43~S[4]*S[7],.2808[5]o5[8] B
L 61 2433+5(9])+S[10]=5 .s[131,.45‘51111»5[141 L R

T3 if r3sliimp 2
83 if r3-2-jmp 3

103,

: .0 GOM[l],.QSSOMIZI; 033¢M[3]0M[6],.019*M[41’MI7].-0055’M(5]‘M[3]
igSOM[SIOMIIZI..045¢M[10]¢M[l3],.01450M[1110M[14]~gto 13
11 7*M[l),.463*M[2];.030M[310M[6],.01550M[4]¢M[7],.005*M[5]~Mtbj

~12:'.1150M[910M[12]..05250M[1010M[13],.012»M[1110M[14]
13: ent- 'FILE ] TO BE USED ?'.Q S , _
14: trk O
. 153 -ldf Q,A[*].B[*] Dl*l-
163 trk- 0 - ' o
~fWL7- wtb 7,12,10, 10 10 10, 10 10 13 T
18+ fmt_4,10x 65‘+' /iwet 7.4 fmt 5,20x%,c44, 52 0 / :
19 wrt 7. 5,”CENTER OF.MASS DETERMINATION FOR SUBJECT # .prrt 7 4. A
o f2097wtb 7,14,10 ‘
021 fmt ,10x,c8 cl4.c17 3x.cl7 fmt 1, le,2c7 4x,2c6,x,c6 4x '2¢6, x.c6 /
- 22 -wrt 7,"FRAME$ »"CM COORDINATES" 'DISPLAGEMENT""VELOCITY" - .

231 wrt 7.1,°X%,"Y",*Hor.", "Ver.", "LIN.","Hor.","Ver.","LIN."

24: for H=l to D[27];0«TU = . = N = . Ty
253 D(H+1]+rlderld - . N .-<'< : IR

263 for I=l to 14

' 27: A(H,1)-B{H,1}+0; abs(O)*O A[H 1+141~B[u I+l4]¢P-abs(P)0P
. 28: S{IJO~K;S[IIP+L - | | ,
29: if A[H,I}<B[H,1]; K+A[H 1]+E; gto 31 |
30 A(H,I)-K+E o
-31: if A[H, 1+141<a(u 1+14)- sL+A[Hs 1+141gw gto 33 o~
32: A[H,I+14])=L+F '

B <7

. 33: M{}EsC; M[I]F*D ;C+TsR; D+U*Q“&'T Qﬁﬁ °“‘7W;"u' e
CL 34 nexXt 1. S ST o
«35. “R"Z[l H] Q"Z[z H],'lf H:l R,,r'] e PR _." . i e . E
.36z if,R>ILT; R¢r7 o S ' : S R
37 A R & Q)r7 Q"I? . l;. ! : s SR e R

'38:. if H>1;gsb. "emout® . ‘
392*fmt 2, le,fZ 0,6x,2f6 2 wrt 7 2 H R Q
40: next H - .

Y 4l: wtb:7,12;95b ‘plot"

42: wtb 7.,27,65, 1nt(0/64),1nt(0) 1nt(320/64),1nt(320),"-,. ’ :
43: fmt 6, le,c6 £3.0,c1,c55;/,/,/:ent "FIGURE #”,r16 sent "PLOT TITLE",i
- 44: wrt 7.6," FIGURE",rlG,_. ,KS[l] o
' 45: fmt ,7x,¢50,/;wrt 7,"PLOT OF VELOCITY OF CM [ =Vhor][,=Vver][*—VLIN‘
_'~fmt 2 10x,c19 x,£6.3; c6 Y .
W47 WEt 7 2;~on THE Y AXIS 1. cm=",1713/37 B)p m/s
oW Qg <3%mON THE X AXI$ 'l cm=",1/(a/4¥, 2),“sec"'
Wt z 27 /65, 1nt(120/ 4),1nt(120) 1nt(347/64),1nt(347)
: K=378+L;0+P;fmt 3 fS 2 cl
: for M=l to 15
s L+37.8+L;if L>960; gto 57 ‘ X ,
“Wtb7,27,65, an(120/64),1nt(120),int(L/64),Lnt(L) TN
. wrt 7.3 P,"-" o -
'1/(3/37 a)+p»p B




73

56: next M e o ' - ’
. 57: wtb 7,27, &5 lnt(16b/64).int(160),1nt(370/64).1nt(370)

. 58: lSS*L«O*P 1fmt 4,£4.2 S _ Y
59: for: M=l to 7 . : . o o : -

60 L494.45L o oo

61t wtb 7,27 69@1nt(L/64).1nt(L),1nt(370/64).1nt(370)‘
 62:“1/(A/94 4)+P‘P wrt 7 4,pP :

f‘_63} next ™

"7 80: if r6>r8;r6+r8

64: wthy'7,27,65, xnt(180/64),1nt(180),1nt(385/64).1nt(385),180*0 .
65:. for M=l.to 15 o v
© 663 wtb 7,27 6§?1nt(0/64).&nt(0) 1nt(385/64).lnt(385%
67: fmt l,cl'w:t 7. l,"l'-0$17 2+0
. 68: next M :
69:.wtb 7.,12; ;dsp: 'PLOT AND cH DONE',end : S
. 70: “cmout®: \ _ ) o
. 71: (Z[1l,H]=-2(1, H-l])D[l]/lOO»rl '
72: (z[2,H}- 2[2,H-1])D(1]) /100 +c2 ‘
©73F Y(rlT24r272)+r3;r1/D[H])+14; £2/D[H] »r5; r3/D(H]*r6
~14: r4+V(1,H-1;r5+V(2, H~l];r6ovl3 H-1] o
75: if -B=2; r4¢r8¢r9 . , ‘ ' '
 76:-1£’£4>58 r4+r8 S o L AN
77 if r4<r9;r4~r9 o C o
78: if r5>r8;r5+r8
79: if r5<t9;r5or9
. 8l: if r6<r9;r6+r9 | B a
. 82 fmt.'4,33x, 2f6 2,%, £6 . 2 4x,2f6 2, x,fﬁ 2;wrt N 4 rl r2 r3.r4 rsS,r
“83: ret , . ; e ‘
84: "plot": " s o h o ' ‘f'4

- 85: if r9>0;0+r9

86: wtb'7, 27 65, 1nt(120/64),1nt(120),1nt(970/64).1nt(970)
87: fmt 8.c14,w:t 7.8,"VELOCITY (m/s)"™ :
88: D[2]/2+r13;720/rl4+A; 567/(abs(r8)+abs(r9))*B : T
89: wtb' 7, 27 65, lnC(180/64),lnt(lBO),lnt(960/64).1nt(960)¢
90': wth 7,27 46,'|".xnt(10/64)'1nt(10>' ' o
91: wtb 7, 27 917, Lnt(180/64),1nt(lSO),1nt(384/64).1nt(384) o
92-\384+abs(r9)BvK o . -
. 93:°wtb 7,27,65, Lnt(180/64) 1nt(180),1nt(K/64).lnt(K)
94 :-wtb 7,27,46 char(95),1nt(30/64),1nt(30) 9:

©95: wtb 7,27 97,1nt(900/64),1nt(900),1nt(K/64).1nt(x)

106 D[C+1}/2+4r15+r13"

« 96w,wtb 7,27 46,c ar(95),int(10/64),int(10),9: R

97: wtb 7, 27,65, t(180/64).1nt(180),1nt(384/64),1nt(384)

98: wtb 7,27,97, 1nt(900/64).1nt(900),1nt(384/64),lnt(384)

99 fmt“2,c7 wrt 7. 2,”TIME(s)"

100: for S=1 to 3 B

©101: D(2)/2+rl3; 0¢r15 K+V[S 1]B¢Y 180+rl3A»X )

- 102: wtb 7,27,65, 1nt(X/64),1nt(X) int(Y/64) 1nt(Y),wtb 7," ",8
103% wtb 7,27,46, Z$[S},1nt(5/64),1nt(5) 0 - _
104 : for C=2 to D[27]— e _ E o R
’105r”D[C]+r15*r15 R I ' L R

©107¢ K+V(S,C)B+Y;180+c13AX

- 108: wtb 7,27, 97,1nt(X/64).1nt(X),1nt(Y/64),1nt(Y) wtb 7, "o 78
1097 rnext C :

110: next S
111: ret - -
- %14975 7



~APPENDIX D

Computer Program for Plotting Routines
(University of Alberta Biomechanics Lab) -
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% "PROGRAM FOR MULTIPLE PLOTS" - - : o -

0:
1:
23
3:

4
5
6
7

8

9

1

:.ent. "# OF Y VARIABLBS',P ;P+rl0;ent "3 OF MEASUREMENTS".Q Q»F .
dim Y[P;Q).; dimsX(Q) ‘ ﬁ , - , g "
ent ”CONS@ANT"‘”INTERVAL? [1=YES]"®,rl - L : .

: if rl=l;ent "X START",x,ent "X INCREMENT',:O Xfxlllsfxd 2. :

: for A=l to P - : S ’ R 4

¢ £xd O;prt "Y VARIABLE",A fxd 2 spc ‘ , . , é

: for B=I to Q. :

: if A=l and B>l and rl=l; x+r0*X*X[Bl A

: if A=l and rl#l;beep;ent x[B] prt " x",x(B]

- 10: ent Y[Anal ;prt Y[A Bl

‘11: next“B. : A ‘ - P -
12: spe : BT | 4 S 1
13: next A R \.

. 14: ent “CHANGES 7?? {1=YES]",T7 1f T#1; jmp. 2.

. 15: ent "“VARIABLE #",A;ent ”MEASUREMENT”,B ent 'NEW VALUE",C C+Y[A Bl Jmp -1
' 16: dim 0S[1],N$[2,20] ,

17: ent "NAME OF Y. VARIABLE'.NgTik\\

'18: ent "NAME OF X VARIABLE",N$(2] R
19: gsb "PLOT" - N : . : 4
20: end . ' : ’ R ‘ S .
. 21: "PLOT"™: ‘ - :

- "22: min(X([*])-rl: maX(XI*])¢r0 mln(Y[*])*r3;max(Y[*lT‘rZ

* 23: gsb "PMIN"

24: ent "MIN Y",IL3; ent " #AX Y" ,r2;ent "MAX x'gro sent "MIN xf.rl

25: gsb "PMIN" o . : S

26: if rl<0 and r0>0; r0+abs(rl)+r5 e \ B

27: if r1>0;r0-rlsrS _ o LT

. 28% if rl=0;r0r5;3004x

[?Vt3§.,A T1(0;300+abs (47, 2r1r13)"x

Nl

297 if r3%0 and r2>0.t2+abs(r3)*r5 o -, ’ .
"30r if £3>0;r2-r3-r6 ‘ . R } o t

31: if £3=0;r2+r6; 4503 : SR T 2y
°32s ent "LENGTH OF X _AXIS [cm}".rll , g R e

33: ent "LENGTH OF Y AXIS [cm]",rl2 ;
34: 47. 2ri1l+rll;37. 8rl2-rl23rll/A7. 2:5*:13 r12/37 8r6¢rl4

e - < '

Y36 7E £3¢0;450+abs(37.8r3r14)-Y . - | IR

37 1f r 1>=0;300+X ¥ ' - |
38: ¥39=0;450+Y - : @ S '

“39o’wtb 7 29,79, lnt(X/ ) §nt (X), lnt(Y/64),int(Y) : L . R

. 40: rQ§l3*47 .2+0; :1:13 £7.2+P; r2rl4*37 8+Q; r3rl4*37 8»R - | N e
41: i€°r1>=0;0+P;0~47 2:,1r13+0 S N ; e - g
42: if r3>=0;0+R;Q¥7.8r3r14-Q0 % i e

43: wtb 7,27 46."1".1n;(10/64).xn@alo) 0
- 44: wtb 7,27,65,int10/64),int(0), Lnt(Q/éﬁ),lnt(Q):lf flqﬁﬁdﬁﬁ s Jmp 2
" 45: wtb-7,27,10,8,8,8,8,8,8;wrt 7,N${1];sfg 1;imp -1
46: wtb 7;27, 97.1nt(0/64) int (0}, inQ(R/64),1nt(R) \
47: wtb 7,27,46, char(95),1nt(10/64).xnt(10) 9 o oa
. "48: wtb 7,27,65,int(P/64), int (P), lnt(0/64),1nt(0) ¢ . .
T 49 wtb 7,27 97,1nt(0/s4),int(0) lnt(0/64),1nt(0) wrt.ésf ",N$[2]-

A



: for A=l to rl‘f‘I;2

.,1f r3>0;Y([A,B}~37.8r3rld~Y[A, Bl > v
: if A=l; X[B]47 2:130x[BI ’ -
: if A=l and rl>0 X[B]-47 2rlrl3.x[g]‘ )

Lo | 76

for B=1 to-F S B _ :
: Y[AB]37.8rlé+¥[a,B] | e c

a ¢

next B s ) - ,
. next A o - _ B

for A=l to 10 - o . /

ent "NEXT POINT TO PLOT#* . [0=swop]~ : e

if A=0 or A>rl0;gto 76 L

ent "PLOTCHARACTER:' os(1l’ o

ent "PLOTDENSITY =",U

. wtb 7,27,46 osllx,xnt(u)64).xnt(u> o
: wtb 7,27,65 1nt(x[l]/64).1nt(xll]) Lnt(Y[A l]/64),1nt(Y[A 1]1)

65: for B=2 to F
66: wtb 7,27 97,lnt(X[BL164):lnt(X[B]),lnt(Y[A B]/64) Lnt(Y[A Bj
67: next B
- 68: fxd 0;fmt 3,8x,c; wrt 16:3 0$[l] prt " pD", U; prt " P$" ,A; spc 2
. 69: next:A ‘ .
70: ent "MIN. ¥ LABEL“,:IG ent "MAX. Y- LABEL";I17,ent "Y LABEL INCREMENT",:IB
71: if X#300 or Y#450;gsb "XY" « . L »
72: fmt ,£7.2,c337. 8rl4r16*L ;L16+K
73: if r3>0; Lﬂ37 8r3rl4-L ‘ :
74: wtb 7y 27 65 lnt( (104-?)/64).1nt( (104~ P)) 1nt(L/64),1nt(L)
75: wrt T5K," ;K+rl8+K; L+37. 8:14:18»L P ,
76: if’ KéLrl7 jmp -2 ‘ o
77: ent "MIN X LABEL",rl6; ent "MAX X LABEL“,tl7 ent "X LABEL INCREMENT“,rle
78: fmt 1 £5.2;47.2r13r16+L;rl6+K - , : L , :
79: if r1>0:L-47.2rlrl3=L  _Jdu Wik, - |
80: wtb 7.27 65, 1nt(L/64)ni»;ﬁL i) (R/64).1nt(R) wrt 7, ”l” ‘
‘8l: wtb 7.,27,65,int ((L-2408p&)"w 1A 24),1nt( (20~ R)/64),1nt(‘@§%‘a))
82: wrt 7,K; K+r18»x L+47. @k- _
%83. if K<=rl7 jmp -3 , B :
84: wtb 7,37, 65 int (p/64) %2 't((R-SO)/64).xnt(R—50)
“85: aim Gifukn LeN;ent "7 ;oC$[N] .
... 86: fmt ;,cs[nl -
87: ret ‘ 2 S
.88: "XY s =
. 89: wtb¥ flnt(P/64),int(P).lnt(Q/64),1nt(Q)
. 90: wtb yyre ., ", gpt(10/64)'int(L0) 0
'91: wtb 7% ’*97’1nt(P/64),xnt(P).int(R/64),1nt(R)
92: wtb'7,27.46,char(95),int(10/64),int(10),9 L SRR
- 93: wtb 7,27 97,1nt(0/64),1nt(0) iht(R/64),int(R)“ . R
“94: ret \ i
_ 95:‘"PMIN"" i ’ - . T
96: prt " MIN Y“,z}, It “«MAX‘YFIIZ;pxt " MIN X",tl;prt " MAX X",r0;spc
97: ret” , o - . . o - C : ‘
"]*31954,
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B ..Computé?‘ Program for Data AnaTySi s and Sibragé from, Qs',ciﬂ']oscopet, ¢
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3

VWoOoNAMBaWNNHO

32
33:
34:
35:
367

372
38:
*27

: wrt 7w1,"FRAME" “V*FORCE“ "gkﬁMEﬂfiV%EORCEﬂ.,‘_ 7$,};
: for J=1.to 17 = *- : -
: Wit 7, 4,3, P[J] J+18,P[J+18]

dsp “"DATA STORAGE FROM SCOPE”'walt 2000
dim C$(1,20],P[35] :

ent ”COMMENT“,CS[ll

fmt 2,10x,60"*",/

fmt 3 23x,c33 /

fmt 1,15x,c¢5,7x,¢c7, le.cS 7x,¢c1,/

fmt 4,16x,£2.0,9x,£7.2, llx,f2 0 9x,£7.2,/

: fmt 5,50x,c20, / /

: dsp "SET ORIGIN AND. ZERQ TOGETHER"‘red 4,X
: dsp "DIGITIZE POINT FOR BODY WEIGHT"'Ied 4,
: ent- "BODY WEIGHT IN KILOGRAMS",

Y;2.
A,B;
ent "NUMBER OF . FRAMES TO BE DIGITIZED'
(B=Y)/N+M

for J=1 to K .

‘ent "IS SCOPE AT\iERO BOINT (0=YES)"

if r0=0;0+p(J) DT e

if r0>0;gto 19 S

: if J=K; gto 23
: next J '

dsp "DIGITIZE LINE?,red 4, c D; :2. 54C+C;2. 540*0 beep

¢ D/M+T;9, 8lT*P(J]

if JLK ; jmp 2

next J ‘ y S .

dsp "DIGITIZING DONE“,waLt 3000,gto 24
wtb 7,10

:'wr: 7.2 . - ' . o . ‘
. wrt 7.3,*VERTICAL FORCE- FROM OSCILLOSCOPE
s owrt 7,2 0 R =

wet 7.5,68(1 L%

next J
wrt 7 ?18 P[lB]
wtb 7,12
ent “FILE NUMBER TO BE RBCORDED .Q
trk 1 oL ‘ - s
rcf Q,CS P(*l oo 'j ‘ ‘o
end - ‘ ~ : ' . * AU
20 R | | S oy

.

54x’x 2 S4Y*Y beep
2_54A+A 2. 54B»B‘beep

: jo;‘}i‘



APPENDIX F -

Computer Program for Vertica] Force from Cinematography ,
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80

- dsp "V-FORCE FROM CINEMATOGRAPHY" ;wait 2000
~dim V[35),A[35),F(35]),CS(1, 20) . '

ent "MASS OF SUBJECT IN KILOGRAMS",

ent "TIME INTERVAL BETWEEN- FRAMES", T

ent "NUMBER OF FRAMES" ,K;K~1+K
ent “COMMENT",CS[1]

for I=1 to K

ent "NEXT VELOCITY" V[I] beep ,
next I o -
for I=1 to K-1 . » o

10: (V{I+1]=V[1])/T+A[I] o ' .
11: MA[I]+9.8M>F([1I] ' o
"12: next 1I

13: fmt 1,10x,60"*",/

14: fmt 2,23x,c34,/

15: f£mt 3,50x,c20,/

16: fmt 4,10x,c6,£5.1,/, /

17: fmt 5,20x,c5,12x,¢c6,10x,c7,/./
18: fmt .6,22x,£2.0,12x%, £7, 2, le.fB 2,/

19: fmt 7,22x, f2 o - ,

20: wrt 7.1 ‘ )

21: wrt 7. 2,”VBRTICAL FORCE FROM CINEMATOGRAPHY"Q

WO UNawhH-OoO
s 80 50 00 48 ee ee e3 es 0

22: wrt 7.1

23: wrt 7.3,CS(1] .

24: wrt 7.4,"MASS =" ,M

25: wrt 7.5, "FRAME","V-ACCL","V-FORCE" ,

26: wrt 7.7," 1";wtb 7,10 ' o
27: for I=2 to K - B "

28: wrt 7.6,1,A[I-1],F(I-1] , L RN L

29: if 1=18; wtb 7,12;wrt 7. 5, "FRAME", "V-ACCL", "V=FORCE" -
30: next I ' ’
31: wrt 7.7,K+1
32: wtb 7,12
33: end

ufl3779
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++g+++++’%
N
» CBNTER OF MASS DETERMINATION FOR SUBJECT EU-1 4 LR

T %
"

/++++++++++++++++++++++++++k++++++++++++++++++++++++++++++++++++*3
&"

FRAME$} CM COORDINATES " DISPLACEMENT ,_‘VELOCITY
X Y Hor. Ver. LIN, Hor. Ver. LIN.
1 - 32.31 32,17 o ; | o
| - 0.11 =-0.02 0.11 3,66 =0.55 3.70
2 35.41 31.70 . \ | ks ts
' B - a 0.11 -0.01 0.1 3.75 -0.49  3.79
3 38,58 31,28 \ : | |

~ s 0.11 -0.02 0.11 < 3.60 -0.56 3.65
4 _  41.62 30.81 . - -

0.10 -0.01 .10 3.45 =-0.22 ° 3.46
5 44.54 30.62 | T o
: 'v . ’ ’ 0.11 0.0l OQll _3.73 0.44. 3.76
6 47 .70 31.00 ! R ‘
. 0.11 0.02 0.11 3.70 0.75  3.78
7 50.83 31.63 A L _
: s Ocll 0.02 0.12 ' - 3-79,‘0ﬂ67' 3.85'
8 54,03 32.20 - | o ST
o . ‘v ) S 0011 0.01 Ocll; . 3.52 0046 3.55
2 57 .01 32.59 ' : .

. 0.11 0.01 0.11- 3.71. 0.47 3,74
10 60.15 32.98 L -
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FIGURE 13:
PLOT OF VELOCITY OF CM [.=vhor)[,=Vver] [*=VLIN]

ON THE Y AXIS 1 cm= 0.294 m/s
ON THE X AXIS 1 cm= 0.020 = sec

”
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N\

F- TR I ST S

P
3

o

FRAME}

o CENTER OF MASS DETERMINATIOﬁ FOR SUBJECT JT 2

x .

_‘u_35.24~
'“"-'37;97

40.63

‘4;;63

46434

. 49.18

52.12
'55.07

57.68

CM CCORDINATES -

E'a

37'71'

36 90

36 23

36, 18~p

-36.85{f

37 J\_Si.

38.03
38.31

Lo

- °t1°t
©0.09
0.1
35,95

0409

0.10

0.09

Hor..

0.10
0.10

s Jer.

-0.01

0.01

Y 0:02

0.02
:0:02 ..

~0.03Y

0.01

N

N

DISPLACEMENT

LINJ@

n{io |

fo,ig'
0.11

0.09

- 0.10

0.11.

0.11

el
R

o 14 =0.73 .

'YL

’ Hot.

3. 23

3.61

3.47

3.14°

3.50

A

. J)VELOCITY

0. 96‘

-:0¢39~
0.27,

0.78

04561

'»3.092;0.34,

0.86

e

LIN\.

~

++++++++++++++++++++++++++++++++++++*$+4+++++++++++++++++++++++++ el
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FIGURE 14: Lo e T © Subject JT=2
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’,\PES?-QE-VELOCITX OF M [.=vhor][,=Vver](*3VLIN]

R : . E R // ) .
CK THE-Y AXIS 1 cm= ~€.306  R/s . .= .
ON. THE X“AXIS 1 ©m= 'G.0l8 "~ sec . . "¢ S
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'+++++++++¥+¥++++++++++++++++++++++++4++++++¥++++++++++++t++++ﬂ+++-
'CENTER OF MASS DETERMINATION FOR -SUBJECT GS-3
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u .
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. FRAME#\\CM COGRDINATES °  DISPLACEMENT " VELOCITY
S X Y - Hor. Ver. LIN. Hor. Ver. LIN,
1 - 7 34,11 36.13 - ‘ , T , L .

. S 0.11 -0.02 - 0.1l1 3.59 -0.82 - 3.69
2 - "37.14 35.44 oo , D -
| "0.11 =-0.03  0.12. 3.80 -1.01 = 3.94
3 40.36 34.58. . N e
e _ 0.10 -0.01  0.10 © 3,18 -0.24 3,19
4 43,04 34.38 : ' : e
S 0.11 0,01 0.1l1 3.56 .0.39  3.59
5 46.06 34,71 ‘ . . : . .
- o ‘' ¢ 90,09 0.02 0.10 "3.16 0.73  3.24
6 . 48.73 35.32 : _ , ' '
S 0.10 0.03  0.11 3.47 1.11  3.64
7 51.66 36.26 s
. - . -7 0.10 0,03 0,11 3.40. 0.89  3.51
8 - 54,53 37.01 S - .
0.1l 0.02 - 10,12 3.77 0.74  3.84
57.71 37.64 ,\
, G 0.10 0.01 0.10 3.40 0.35 3.4l
100 . 60.58 37,93 N L ,
N . 79.11 -0.00 0.1l 3,51 -0.13  3.51
"1l ' 63.55 37.82 : ' \ o
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FIGURE 15:

' PLOT OF VELOCITY OF C

ON THE Y AXIS 1 cm="
ON THE X AXIS 1. 'cm=




