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Human movementisa highly complex phenomenonthat involvest he interaction
of anumber of segments, muscles, and articulationsaf the humanbody. Themotion of
one segment will influence the motion of an adjacent segment because of the linked
naturedf thehuman body. Hudson (1986) suggested that adefinitesequenceand timing
pattern must exi st between thesesegmentsfor successful performancetoexist. How the
segmentsinteract andt he timing pattern used duringamovementisnot well understood.

Kicking isa basic skill used in a variety of sport activities. Pumam (1983) has
indicated that one component of kicking a ball isacorrectly timed sequence of body
segments. The sequenced segmental rotationsfor a kick has been labeled sequential
withinitia rotation at the pelvis, followed by thethigh, leg, and foot segmentsrotating
about their respective axes. The soccer instep kick has been identified as a three-
dimensiond kicking motion (Huang, Roberts, & Youm. 1982), however, no research
was found to validate this daement. Within a kicking pattern, various mechanica
parametersmay remain invariant despite a changein the purposed thekick. Phillips
(1985) stated that variabilityin somebiomechanical parametersand invariance in others
could ad in our understanding o theinterrel ationshipsbetween mechanica variables.

Thespecificpurposesof thisstudy were: (a) todescribethetiming, sequence,and
interaction of segmentsin a three-dimensiona motion of a three-segment system, and
(b) toinvestigatet he invarianceof mechani cal parametersassoci ated with threedifferent
soceer instep kicks.



METHODOLOGY

Seven femaleDivision I intercollegiate soccer players volunteered as subjects.
Demographic dat aon subjects(age: 201 £ 15 yrs; weight: 61.1 + 28 kg; height: 151.8
+ 3.1 cm) wereconsistent with data found in the literature. Anthropometric dat a were
obtained and 18 markersplaced on specificbony landmarksd each subject for ease of
analysis. Subjectswerefilmedfrom a&0° angledf convergencewith two 16 mm high-
goead cameras(LOCAM and PL-1) operatinga nomina frameratesof 200 frames/sec.
Subjectsperformed 2 practicetrialsfollowed by 2 malsof 3different kicks (low drive,
high drive, and maximum distance). The three kicks werefilmed in random order by
subject

Prior tofilming o the subjects, acontrol object wasfilmed for applicationd the
Direct Linear Transformation (DLT) methoddf three-dimensiona (3D) andysis. After
the films were processed, a NAC analysisfilm projector, NumonicsGraphic Digitizer
(2200). Packard Bell PC computer. and software (Zimmerman, 1989) were used in
digitizing 18 data points. Data files were synchronized with the computer program
SYNC (Yu, 1990). The synchronized x,y coordinates were entered into the DLT
program to generate x,y,z coordinates. A second-order Butterworth digita filter
(Winter. 1979) was used to smooth the displacement data.  Instantaneous values for
velocity and acceleration werecd culated by the First Centrd Finite DifferenceTech-
nique. A 3D modd of thekicking leg was congructed with vectar and mamx algebra
to anayze the segmental angular displacementsabout the pelvis, hip, and knee d the
kicking leg (see Figurel). Information about the modd can be found in Tant (1990).
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Figure 1. Three-segment lower body model



Tempord periodsrelativeto joint action, timing delays between adjacent seg-
ments, and percentages of shared positive contributions between adjacent segments
wereinvestigated to determine segmental interactions.

RESULTS

Huang et al. (1982) suggested that cons derablerotationof thepelvicgirdiemight
occur duringa 3D soccer instepkick. As seenin Tablel, rangeof motion (ROM) for
pelvic rotation (PLR) varied from 18.3 degrees for thelow drive (LD) and maximum
distance(MD) kicks to 13.2degreesfor the highdrivekick (HD). Increased hipflexion
and extension (HFE) and knee flexion and extension (KFE) wasnoticed duringthe HD
kick. Hipabductionand adduction (HAB) remained consistent among the threekicks.
[Boressad totd time (TTM) and increased resultant ball velocities (RBV) were found
duringthelow driveand maximum distancekicks.

Tablel
Angular Displacementsof Three Soccer Instep Kicks

LD HD MD

Variable M SD M SD M SD
PLR (O)*+ 18.3 35 132 52 18.3 47
HFE (°)* 37.8 5.7 579 39 459 2.8
HAB (°) 19.1 31 183 2.1 17.2 2.9
KFE (°)*+ 745 4.3 94.5 40 70.7 3.8
TIM (ms)*  152.0 2.3 165.0 35 158.0 2.7
RBV (m/s)*+ 17.01 35 13.51 6.6 16.17 2.8

*p<O5SHDvs.LD +p<.05HDvs MD

Aone-way ANOV A withrepeated measuresreved ed severa significantdifferences
between theangul ar displacementsof the 3kicks. A Tukey post-hocanaysisindicated
that PLR, HFE, KFE, TTM, ad RBV were different from the HD and LD kicks.
Additionally, differencesbetween theHD and MD kickswerencticedin PLR,KFE,and
RBV.

A proximal todigtd temporal segmental sequence, pelvis(PEL ), thigh (THI), and
then lower leg (LLG), wasexhibited in al 3kicks. ThePEL and THI began forward
motion simultaneoudly, approximately 2.8 msdday for all kicks, astheLLG continued
backward. A sequential delay was found between the PEL-LLG and the THI-LLG
(between 70-77 ms delay) conmbuting to increased velocities. Between 15 to 25 ms
prior to bal contact the PEL and THI dowed and the LLG continued to maximum
angular velocity.



A one-way ANOV A with repeated measur esr evealed no significant differ ences
(p < .05) bet ween thereativetiming of the ssgmentsof each kick (seeFigure 2). As
shown in Figure 3 no significancewas indicated between therdative timing of the 5
different phasesof thekick (maximum thigh back, maximum shank back, support hedl
contact, ball contact, and ball release).
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DISCUSSION

Thecombination of increased PLR and adecreasein HFE and KFE, decressed the
total movementtimeand produced thegreatest resultant ball velocities. Femal esocoer
players seemed to take advantageof increased pelvic width to produce maximum
velocity. Small delaysin timing and a large percentagedf shared positivecontributions
indicatedsimultaneity betweenthe PEL and THI. It gppeared that the PEL and THI work
asone unit to initiate t he kick in apushlike motion. A sequential pattern wasobserved
between the THI and LLG becauseof large timing delays and smal percentagesof
shared positive contributions. The soceer instepkick involvesaccuracy and vel ocity to
produce asuccessful kick. ThePEL and THI could aid in accuracy while the THI and
LLG would generatemaximumvel ocity. Becausenosignificantdifferenceswerefound
intherelativetiming of thesegmentsit wasfound to beinvariantindicatingacommon
temporal structurefor the soccer instep kick, regardiessof typeof kick.

CONCLUSIONS

Very little is known about the pattemsof coordination among the limbs which
serve as the foundation of skilled movement. Invariance and variability within
biomechanical parameterscould provideinformation about interrel ati onships between
mechanical variablesof akicking motion. For acoach/teacher of soccer, it appearsthat
thekicking technique of thesoccerinstepkickcoul d betaught with basi canatomi caland
mechani cal conceptswith dight modifications based on thespecific purposeof theshot.
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