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INTRODUCTION .
Many studies involving cyele ergometry often provide a descriptionof

lower limb kinematics. ‘I'his description has been used o provide informvation
regarding: bedy position and vomfiguration 1hat maximizes aerobie energy
expenditune (Nordeen 1976, Nordegn-Snvder 1977, and Too 1990,1991); optimal
seat lo pedal distance for anaerobic and aerobic work (Gregor 1676.199 I, Hamley
1967, Nordeen-Snyder 1977); and simlations of Jower [imb kinemsatics (Ciregar
1976). However, jeint angle mezsurements are often done statically (Feo 1YY},
and may not reflect the actual joint kinematics duringthe assigned task. Thisisa
nossible limitalion of studies involving a description of Tewer limb kinematics. and
presents a specific questi on that meeds | 0 be addressed

Do measurements of lower limb joimt angles vary when determined with
diffierem measurement tachniques under variousconditions? Based on the tansion-
length curve, a muscle will gener ateit'slargest forcchiension ar | (0% of (or
slightly greater than) its resting length.  As the masclé length deviates from resting
length, andfor with the onset of labgue, forceftansion production decreases.
Compensation for & desresment in force may resultinjoint angle differences when
measured statically, dynamically, andfor with diffcrent vonditions of resistance and
fatigue. Tt may be important to messure joti( angles during the perfarmance of
assigned test conditions, Therefore, the purpose of this study was to determine
whelher joint kinemarics change with different measurement techniques, wnditions
of Inading, and with fatigue.

METHODIOLOGY

N ne males with recreational cycling experience participated in this study.
Informed consem and the following amhropometric measuretrienis were oblained
for theright Teg total lew Tenzth and lower leg length. Average ape, height, and
weight were 26.9 vears (5 D =3 11), 1804 em (S D=R.01),and 77.37 kg
{3 D ~6.82), respectively. A Monarch 8 14E cyck ergometer with a basket. plate-
loaded resistance mechanism was used in this study  Seat to pedal distance was
adjusted 10 109% of each subject's total lep length asmeasured from the symphysis
pubis e the pound { +1cm) (Hamley 1967). Pedal 1oeclips were worn; and cach
subject’s upper body was kept perpendicular to the ground.

Four joint angle measurcment conditions--goniameter, unloaded, loaded-
non fatigucd. and loaded-fatigued--were examined for three joints--hip, knee, and
ankle (Figure 1) [n the first condition, the maximam und miniotute gant aagles
were determined statically with a band-held goniometer  Tn tht theee other test
wnditions, joi angles were defermined whh an Ariel Performance Analysis
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System (APAS). A videa camera posiioned Figure 1
perpendicular to the median planc of the Joinl Angle
subject pedalling o the ergometer was used ro Delinitions
recmd” minitum and maximum joint anglcs in

the uniloaded, loaded-non fatigucd, od

lcaded-fatiguod conditions. Digitizding points

ware attachied ta the cight side of the subjects

al the Following anatonwmcal sites distal snd of

the foot, tateral malleolus, axis of rotation of

the knec, greater wrochanter of the femure, and

& poing gitached, (0 a plumb line positioned to

inlersect the marking an the greater

trochanter, located on the delwid as viewed

through the camera.

During the unloaded condition the subject pedaled at a seif~selected
radence Wd one pedal revolution was sclevted ton digitiang  The Wingate
Anserobic Cycling Test (Lamb, 1984) was used Lo induce the loaded-aon fatigued
and {vaded -Fatigued joint angles which were defined by the maximum
minimuts power outputs, respectively Mower output was determined by an SMI
Power Program”®.  Subjects were insiucted to warm-up and encouraged to oycle
on the ergometer with maximal, inteanitient hursts 2-4 seconds in duration. Ta
initiate the test, the subjest was wsbiucted to pedal as fast as possible: during
which, 35amkyg af the subjecr’s body mass (5 0 joules/pedal revkg BAM) wax
instantaneously applied. The subjcet wits verbally molivated 10 continue to pedal
8s fast a5 possible for the durmtion of the 30-second test.  Afier completion of the
test. the subject wis encouraged to continue pedaling with reduccd resistance to
facilitate recovery. Analysis of the loaded-non fatigued and loaded-fatigued joint
angles was accomplished by synchroniziog the videa with the power output. The
pedal revolution vecurring at the third second of the maximam and minimum 8-
socond power intervals, as indicated by the SMI Power Program. was used for
digitizing purposes.

RESULTS

Joint kenematic changes with different measurcment techniyues, conditions
of loading, and with fatigue arc presented in Table T Doubly multivariate
repeated mranines analysis of vanance (DB MANOVA's) were used to compare
juint anples accoss all conditians. Significant differences were found in the hip
joint angles with F(6.46) = 3.35, p = 0.013 (Wilks’ lambda), in the kaee joinl
angles with F{6,46) = 4.04, p = 0,002 (Wilks' lambda), \d in the joine angles of
the ankle with F(6.46) 798, n =0.000 (Wilks' lambda) Independent Separate
VIANCOVA®R were used (0 compare the minimurn and maxirmm joind angle
maasurements of the hip, knee, and ankle Significan differences, p<0.05, were

' Filming speed was 100 frames per second. ,
* $ponts Medicine Industries, Ine., version 1.02a, £ 1992
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found for the maxiawin angle Of the hip with F13,24) =6 62 the kmee with
Fi3,24)= 6 (&; and tbe ankle with F(3,24) R 63, and lor the minimura angle off
the ankle with F(3.24) 6 70, T-1ests {Scheffe) were used to determine where
significant diffeveaces {p< 0 05) occurred and are presented in Table 2.

Ankle Min--Louded-Non Fatigued

Joint Angle (den}
HipMin | HipMax | Kmee Vin | Knee Max | Ankle Min | Ankle Max

{ioniometer

mean 1110 151.833 T4 667 149 444 97778 122,333

std. dev. | 5,329 4916 5568 B.033 9947 10.344
[nloaded

mein 112133 | 150,21 7al | 72 289 1420894 | 100.056 127.889

std. dey, | f.41 R 963 4.655 11.872 10.01% 6 BBS
Loaded-Nt

mean 112 183 | 158231, | 73 322 147.1 106 984t | 129.122

std. dev, | 526 8 2R7 4488 9.584 9,108 7926
Loaded-Fat.

mean 11545 ISR.06Th | 78 332 1478174 | 94.07%r 135511

sid, dey. | 473 9331 4.7 11117 6,700 7072

Table | Hip, Knee, Anklc Angles wilh Four Conditions
betters a- indicales pairs Of conditions with significant difference, p<0.05
Joud Angle-Condition Goniometer | Unloaded 1omled- Ioadcd-—l
Noa Fatipued  Fatigued 3
Hip Max--Unloaded ,
Knee Max--Unloaded . . hih
(1) e

Anklc Max-—-Guniometer

»E
A,

Table: 2

** Significant differences between conditions, p (.05

DESCUSSION

Significant ditferences found when using different measuremncnt techmiques-

-pruiometer vs, videntape--oocurred in the maximum angle measurements of Lhe

knee and both the minimum and muaximum angle measurements of the ankle This
=y be attributed 1o (he following: (1) measurement esvor and vanabiliy when
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CONCLUSIONS

DRMANOVA's and post-hoc 1ests revealed signilicant diflerences
(PO 05) 10 the (1) minimum ankle angle; and (2) maximum angle of the hip,
knee, and ankle when decermined with different measurement techniques
(goniometer vs videatape) and in differcnt test conditions (loaded vs unloaded,
fatigue vs non-fatigue). 1t iy concluded 1hat different measurement fechaigues und
conditions ol loading will iesull in different bip, knee, and ankle jnint kinematics
Whether joint angles should be measured duriny the actual test condition would be
dependent on the naturc of the question and the degree of meesuremnent aceuracy
reguired.
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