THE EFFECT OF BODY ORIENTATION
ON EMG PATTERNSIN CYCLING

D. Too
CdiforniaState Universty, Fullerton, CA, USA

In humean powered vehicles, manipulation of body orientation often results in
changesin cycling performance. These changesin performancemay be attributed to
alterationsin: (1)theaerodynamicpropertiesd thecyclistand vehicle; (2) contribution
o thelower limb weight to pedd force production;and/or (3) body configuration(joint
angle changes affecting the interactions between the muscle length and momentarm
length of the musclegroupsinvolvedincycling). Inapreviousinvestigationexamining
cycling performancein asemi-prone, upright, and semi-recumbent position (the trunk
relativeto the ground at an angledf 60, 90, and 120 degrees, respectively), it had been
concluded that an optima cycling body orientation exists which maximizes power
production (Too. 1991). Because the body configuration (hip, knee, and ankleangle)
had been controlled for in that investigation, it had been speculated that differencesin
power production wereattributed to changesin lower limb weight contribution to the
total force on the pedds It is believed that these differences would be reflected by
changesinthemusceactivity patterns. Therefore, it wasthepurpose of thisinvestigation
todeterminewhether cycling performancedifferenceswith different body orientations
areatributed to changesin EM G patterns,as determined by oneor mored these: (1)
thesequencedf activity by thedifferentmusdes; (2) thedurationadf the muscleactivity;
and (3) the pedd positioneach muscle wasactiveand inactiveduringa compl ete pedd
cycle.

METHODOL OGY

Seventeen maerecrestional cyclists(age20-36 yrs) weretested in threedifferent
body orientation (60.90, 120 degrees), as defined by theangle o the cyclist's trunk
relative to the ground (Figure 1). To accomplish this a variable podtion seating
apparatus was constructed and interfaced with a cycle ergometer, allowing for ma
nipulationswith 3degreesof freedom. Thisincluded(1) changesin seat tubeangle; (2)
changesin seat backrest angles; and (3) changesin seet to pedd distance. A reference
cycling position (90 degreeorientation) wasdefined. Thisconsistedof (1) a75degree
angleformed by the seat tubeand avertical line (Hull & Gonzalez. 1990; Too, 1990. in
press); (2) a backrest perpendicular to the ground; and (3) a seat-to-pedal distance o
approximately 100% (to within 3/4 of an inch or 1.905 cm) o the totd leg length as



measured from the greater troghanter df the femur of the right legto the ground. To
obtain the 60 and 120 degree body orientation, theentirecycling apparatusweasrotated
30 degrees forward and backward from the 90 degree orientation. respectively(see

Figurel).
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Figurel. Body Orientations

All subjects were tested in eech of the three body orientations according to a
randomly determined sequence. Each subject wasstrapped to the seeting gpparatusat
thetrunk and hipwith pedd toe-clips worn. Theminimum and maximum hip, knee, and
ankle angles were recorded at the 90 degree orientation for one complete pedd
revol utionand then controlledfor in the other ori entati ons(with adjustmentsmedein the
seat-to-pedal distance). A Monark Cycleergometer wasused witharesistance of 65 gm/
kg of the subject's body mass(3.82 joules/pedal rev/kg BM) and a peddling frequency
o 60 rpm (asdictated by ametronome). Therewasa minimum of 5 minutesrest between
lest conditions, and the ergometer was re-calibrated each time during this period.

For each body orientationcondition, EMGactivity of sx musclesd thelower
right limb was examined. The muscles were the (1) gastrocnemius (lateral head); (2)
biceps femoris (long head); (3) gluteus maximus; (4) tibialis anterior; (5) vastus
medialis; and (6) rectus femoris. EMG activity was recorded from surface e ectrodes



placed 3 cm apart over the belly of each muscle. Electrode placement was determined
as described by Delagi and Perotto (1981). Electrode grounds were placed at the tibial
condyles and iliac crest. Prior to electrode placement, the skin at the appropriate sites
wes shaven, abraded with emery cloth to remove the dead skin layer,ond cleaned with
alcohol. Silver/silver chloride pregelled self-adhering disposable electrodes with o
diameter of 4 ¢cm were used in this investigation. The electrode resistance was always
less than 10,000 ohms as determined by o Simpson 260series 8 volt-ohm-milliammeter.
The electrode wires were taped to the skin with surgical U2 to minimize wire movement
and to prevent accidental electrode removal, An elastic wrap placed around the thighond
leg was used to secure the electrode cables and leads.

N\ four channel Beckman Dynograph Recorder (model R511A) was used to
process the EMG signals, Because six musclesuier examined, only three channelswer
used atone time. After data were acquired in onebod orientation, the electrodes wer
detachedand re-applied to the remaining three muscles. In each bod orientation, data
urke acquired from the same three channels ond their corresponding muscles.

The Beckman recorderond o micro-switch, on-line witho Macpacq data acquisi-
tion system having an analog-to-digital converter interfaced to a Macintosh SE micro-
computer, wss Used to record EMG activity ond pedal position, respectively. A
computer program, Pacgmanager, Wes Ls2d to collect the data of each channel at 200
samples/second. A micro-switch mounted on the bicycle ergometer chain guard ues
us2d to monitor pedal revolutions and record the position of the right crank wien the
pedal crossed the top of it's revolution in the reference cycling position (90 degree
orientation).

Prior to data collection in the experimental conditions, baseline EMG activity of
the muscles at rest wee recorded, os well as during maximal isometric contractions.
Maximal isometric contractions WeR obtained with the use O © Cybex isokinetic
dynanometer. In the different body orientations, EMG activity LBs obtained overg 10
second interval, after the proper resistance Wes applied,ond the subject ues pedalling
at the prescribed cadence.

For 5 complete pedal cycle in each bod onensefon,a waveform data analysis
program (Acgknowledge) by Biopac Systems Inc, was used to determine: (1) the
sequence of activity by the different muscles; (2) the duration o[ activity; and (3) the
pedal position each muscle was active and inactive. Repeated measures ANOVA wess
used to determine whether there L significant differences in EMG activity sequence,
duration, and pedal position with changes in body orientation.

RESULTS AND DISCUSSION

Observations of Figure 2ond 3 would indicate that the sequence Ol EMG activity
patternss is very similar in all three orientations. This would suggest that differences in
peak power production wen cycling in different orientations, as reported ing previous
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investigation( Too, 1991), is nat atributed to changes in the sequenced activation or
timing of the various muscles with changes in body orientation. Comparing across
cycling orientation for each muscle, theduration d BMG activity and the position of
activity during one pedd cycle dso appear to be very smilar (see Table 1). Repeated
measuresANOV As confirm these similaritiesbecause no significant differences(p >
05) werefoundin (1) durationaf BEMG activity inred time or asapercentaged thepedd
cycle (2) postioninthe pedd cycletha themuscleswereactive; or (3) postionin the
pedd cyclethat t he muscleswereinactive with the three different body orientations.
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Figure2. Muscletime diagram.

A sampleof the rav EMG signd o thesx musdesin the 60, 90, and 120 degree
body orientation forsubject 10isdisplayed in Figure3. Obsarvationsd Figure3would
suggest that al musdesareactivea thetopdead center (TDC) position, regardiessd
cyclingorientation. Activity of thevastus medialis at theTDC postioniscongstent with
theresultsreported by Despires (1974). Faria and Cavanagh (1978). Gregor, Green,ad
Garhammer (1981). Houtz and Fischer (1959). and Jorge and Hull (1984, 1986).
However, activity of the gluteus maximus at the TD-C podition isonly similar to thet
reported by Faria and Cavanagh (1978). while no activity wes reported for the gas-
trocnemiusat the TDC position in theother investigations. For theremainingmusdes,
activity at the TDC was consistent with that reported in some investigations, but
equivoca tothosereportedin others. Thesedifferencesmay beattributed tovaryingseet
to pedd distancesin different investigationsandtot he body configuration(hip and seet
tube angleof 75 degrees) usad in thisinvestigation. :

Speculations as to why no significant differences were found may include (1)
differencesin task specificity and test protocol; and (2) potentia differencesin quand-
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Figure 3. Sample raw EMG signal of six muscles in the 60,90, and 120 degree body orientation.
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tative EMG vaues and analyses, as opposed to quditative ones. The power test
described by Too (1991) was the Wingate Anaerobic Cyding Test whereaload of 85
gm/kg o the subject's body mass were ussd (5.0 joules/pedal revkg BM) and a 30
second time interva given to accomplish the maxima number of pedd revolution
possble. In thisinvestigation, the usedof 65 gm/kg of thesubject's body nass and the
ue o a predetermined peddling frequency may have deviated from the protocol
specified by Too (1991) sufficientlyto result in non-significant differences between
conditions. It is possble that higher loads with uncongtrained pedd cadencesin a
maximd al-out effort may result in Sgnificantly different EMG petterns. 1t isdso
possible that differencesin power production with changing body orientationsare not
atributedto differencesin quaitativeEMG patterns. as examined in thisinvestigetion,
butrather todifferencesinquantitativeones Thesequantitativedifferencesmay include
differences in: (1) integrated EMG vaues, (2) percentage of maximd isometric
contraction; and (3) peek t o peak vaues with various body orientations.

Tablel. EMG Activity with Changesin Body Orientation over one Pedal Cycle

Muscles Body Duration  Pedd Cycle Locationaof Pedd Cycle
Examined Orientation Active(sec) Active(%) ON (deg) OFF (deg)
(deg)
Mean (SD) MearSD) Mean(SD)  Mean(SD)
60 064(017) 555(153) 314(257) 1%4(57.)
Gastrocnemius .90 0.74(0.18) 639(139) 300(38.4) 175 (523)
120 069 (017) 604 (151) 277 (98.7) 180 (54.9)
60 0.62(018) 538(159 308(181) 141 (595)
Biceps Femoris 0 073(022) 631(184) 310(18.) 171(70.1)
120 064 (021) 580(21.2) 283(780) 147(57.4)
60 058 (0.08) 1507(6.7) 298(15.0  121(29.0)
Gluteus Maximus D0 057(014) 501 (11.7) 294(186) 116 (495)
120 051(008) 453(7.8) 298(15.1) 102 (28.7)
60 064 (0.16) 566 (14.8) 262(46.6) 105 (25.4)
Tibialis Anterior 0 0.58 (0.16) 50.7 (15.0) 266 (71.3) 110(39.1)
120 0.63(0.14) 548(134) 270(375) 108 (30.2)
60 054 (0.08) 469 (5.7) 287 (17.) 95 (17.6)
Vastus Medialis D0 053(0.12) 460(12.0) 2865(35.5) 90 (12.0)
120 0.55(0.09) 48.1(8.1) 283 (32.6) 108 (41.7)
60 0.73(019) 645 (14.2) 226(45.6) 98 (13.0)
Rectus Femoris 20 063 (015 561(15.7) 250(485) 92 (21.1)

120 067 (0.17) 594 (167) 237(54.7) 103 (45.4)




CONCLUSIONS

Based an the results of this investigation, it Was concluded that diffarsnces in
anaerobic cyding performance with changesin body orientation wers not attributed t0
differencesin qualitativeEMG patterns, asdefined by the(1) sequenced activity by the
different musclesexamined; (2) duraion o EMG activity in red time; (3) duration of
EMG activity asapercentaged the pedd cydle; (4) positioninthe pedd cyclethat the
muscdeswereactive; a(5) positionin thepeda cyclethat themusceswereinactive. To
further addressthisissue requiresexamination o the EMG data quantitatively.
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