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ABSTRACT

The purpose of this study was to identify the tidiegensional position of the body CG during theirgpstart.
Additionally, it was also the aim to investigate ihfluence of age and some selected anthroponerizmeters as
skeletal muscle mass (SMM), corrected thigh gi@i'G), corrected calf girth (CCG) on the positiontbé CG.
Sixty Flemish (30 boys and 30 girls) young elitergathletes (from 11 to 18 years old with a meaye of 14.7 +
1.8 years and 14.8+1.5 years for boys and girlgpesesively) volunteered. Classical student T-tesid ANOVAs
with Scheffé post hoc test were used for the deteof significant differences between subpoputetiorhe result
indicated that the horizontal distance of the cerdf body mass (CG) from the starting line, as etquk was found
to be shorter for young sprinters as compared toliad However, the height of the CG, unexpectddt/time, was
comparable with adult sprinters. Moreover, athleteth higher age and skeletal body mass showedyaehiCG
position which was also closer to the starting latethe set position. Moreover, the boys and giits not present
any significant difference in the position of th€G during sprint start, except for the oldest balsplaying a
significantly higher position of the CG in the pekition.

Kewords: Sprint Start, Young Elite Sprinters, Center o@ty, Anthropometry

INTRODUCTION

The sprint start has been a topic of investigat@rmany researchers, since it is considered torteeof the most
important phases that directly affect sprint parfance [1, 2, 3]. Moreover, an efficient start isngean important
part in winning sprint races. It is well understabdt a good sprint start can be attributed toatbiéity to develop
large horizontal forces at a high rate, not onlthi@ blocks but also in the subsequent strides [2].

The objective of the sprint start is enabling tipeirger to produce maximal force and power. In thiay, the
following objectives can be considerdgirstly, the sprinter must establish an optimal yopdsition for applying
sufficient force on the blocks and leaving the kbas quickly as possible. This implies that the &Ghe set
position must be as high and as close to the istglitie as possible and that the athlete must dpitihe angular
position of the knee, hip and ankle joints in btte front and rear leg enabling the sprinter to eant of the
blocks at the greatest possible velocity [4, 5]e Tenter of gravity (CG) is a useful concept fog #nalysis of
human movement because it is the point at whichntfass or weight of the body may be considered to be
concentrated.

In this way, the global motion of a rigid body da@ conceived as the sum of the translational maifaihe body
center of gravity and the rotational movement efsame rigid body around this center of gravity T6jerefore, the
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positioning of the center of gravity in most spatsl thus also for the start position in sprintiisgguite important
to achieve a good performance, as an optimal posdf the center of gravity within the body refie¢he optimal
position of the limbs on the starting blocks [7].

The purpose of this study was to identify the tholeeensional position of the body CG during theirgpstart.
Additionally, it was also the aim to investigate tinfluence of age and some selected anthroponperameters as
skeletal muscle mass (SMM), corrected thigh gi@i@), corrected calf girth (CCG) on the positiorttod CG.

M ETHODOLOGY AND EXPERIMENTAL PROCEDURES

Sixty Flemish (30 boys and 30 girls) young elitéirspathletes (from 11 to 18 years old with a mege of 14.7 +
1.8 years and 14.8+1.5 years for boys and girlpeévely) volunteered. They were all members & Ehemish
Athletic Federation and were all involved in conifi@ on a regular base. . In this study besides, agher
important variables such as skeletal muscle masty tweight, height, calf circumference, and thigleuunference
were chosen in order to analyze the influence e$g¢hanthropometrical parameters on sprint perfocman

Circumferences measurements were made in the mglethegonal to the long axis of the body segmenndpei
measured. A flexible standard measuring tape wed tesevaluate the circumferences of the thighraedial calf
at the nearest 1mm.

All values of the circumference’s measurementscareverted to corrected values by using the follgaformula:
Skin-corrected circumferences = circumference valskinfold value [8].

For example for creating the corrected thigh cirfarence or girth (CTG), the value of the skinfofdlwe thigh was
subtract from the value of the thigh circumferenc.

The anthropometric techniques in this study folldve definitions and descriptions from ISAK (Intetioaal
Standard for Anthropometric Assessment) book [8].

The three-dimensional kinematics of the sprinttstad subsequent two running steps were collectddawicon®
620 motion analysis system equipped with 12 Mlairgfd cameras running at 250 Hz and running thervizata
Station software.

Calibration was done with a 50cm wand swung thraihghcalibration volume comprising the start positand the
2 subsequent running steps. Three-dimensional (@Dfion capture allows kinematic analysis by measgyri
segmental movement from anatomical and additioaking markers. The reflecting markers used werenin
spheres attached with double sided tape to difféoeations of the body. For tracking full body rioot, 44 markers
were attached to the feet, legs, thigh, hip, hasksulders and head of the subjects [9]. Dynamirdkera included
the tracking markers (on thigh and shank) and trecenical markers (on forefoot, calcaneus, hipstlbow,
shoulder, and neck). In this way, four tracking kess were rigidly attached to a thermoplastic stielt was placed
on the thigh and shank for both legs to track thwtion.

Processing of the data

As mentioned above, the three dimensional positaithe body markers were recorded with a Vicon@M1
system, using infra red camera’s and a light réflgcmarkers. The anatomical location of these markare in
essence unknown to the measurement system. Therefdabeling procedure is performed within the ovi®

software Workstation. It is also within this softwaapplication that data cleaning (snipping, splimterpolation,
etc...) was performed. Further on, the data qualiég wufficiently good that no further filtering texues were
necessary. After the data were labeled and fuphecessed in Workstation, they were exported in Af8@nat.

Hereafter, custom made applications in Matlab® wesed to further analyze the data and prepare foerthe

calculation of the joint angles.

Finding the CG of a simple rigid object is a ratlsenple task. Assuming that the shape of a seguees not
change and that there is no internal mass shiftinvihis segment, the relative location of the Gig&ginot change
and remains fixed within that segment. But the hufmady is a system of moving segments linked tdexler at
the joints. In other words, the mass distributibarges continuously as the body posture changea.rasult, the
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relative CG location of the whole body changes iomuusly. In this study the segmental method wasd usr
finding the CG during the start of the sprinter8][IConsequently, forty four reflective markers egdaced on the
feet, legs, pelvis, trunk, head and arms and the&l@ulated according to Dempster (1955) [11].

In order to calculate the center of mass, knowledfy¢he position of all segment ends and begin tgois a
prerequisite. As previously described, segmentagrtibegin points were calculated using the anasmiarkers in
the static trial and the tracking frames. Howewercase of the upper limb segment the necessaoyniation to
define the proximal begin point of the segment natspresent. The only available proximal marketlos segment
is the lateral trochanter marker. No medial mankeis available and therefore the upper leg begimtpoias
calculated indirectly using both left and rightdihanter markers in combination with anthropometritzta [12].
However, one more issue needs to be addressed mankers were attached on both hands and the heading
these three segments not defined.

In order to solve this problem, two assumptionsenaade:

(1) The influence of the hand segments on the positfidhe center of mass is negligible because of ttegatively
small mass with respect to the whole body massreftie, the hand segments could be disregardedhdn t
calculations.

(2)In sprinting the head segment has the same orientats the upper body during the start and firsh tw
consecutive steps.

Combination of this latter assumption and the usappropriate anthropometrical data [12] allowed #ofair
estimation of the position of the CM of the heHdwever, these same assumption will pose limitshenaccuracy
of the CG estimation and, therefore, they haveetodnsidered as a limitation of the study.

Finally, the position of the center gravity (CG)swaalculated in the three spatial directions (eaftor Z-direction,
anterior-posterior or Y —direction and medio-latenaX direction) during sprint start.

For analyzing the position of the CG in the setifpms the anterior-posterior Y coordinate was atipal relative to
the start line. Moreover, to offset the effect loé ppreference leg on the rear block and expressnédio-lateral

displacement in an equal way for both populatidthseq independent from either a left or a rightikegeing used as
the rear leg), the medio-lateral X coordinate & thG was recalculated relative to its value in gbe position.

Further, lateral CG displacements were consideegghtive when the CG was deviating to the frontdielg (left

side for most sprinters) and positive when devigtmthe rear leg side (right side for most sprsjteHence, in this
study, the medio-lateral displacement of the CG mgwessed in an identical way, whatever leg wasl der the

rear block.

Statistical analysis

All statistics were preceded by Kolmogorov-Smirnoermality test. As all subpopulations used provedoé
normal, classical student T-tests and ANO¥®vith Scheffé post hoc test were used for thectiete of significant
differences between subpopulations, mostly tertdesording to the different anthropometrical valeéab All
statistics were carried out using the SPSS 16t3tital software package with an overall significa level set at p
<0.05

RESULTS AND DISCUSSION

The average values of the position of the bodyreewitgravity during the set position were showfTable 1.

Table 1: The 3D position of the body CG during theset position

Frontal | Vertical [Transversg
(cm) (cm) (cm)
-14.761+4.557.12+3.9653.53+4.0

The studies mentioned previously in the literateetion, referred to an adult populations. Howeiethe present
study the position of the center of gravity durthg sprint start relates to young athletes. Becatiiee differences
between young and adults as for anthropometricedtcenical and physical parameters, a comparisoh thi¢
literature is difficult. Nevertheless, Rowland, (&) reported that adults are bigger than adolescant older
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children are larger than younger children [13]. Mitthe size differences, the small child and yoadglt are not
entirely geometrically similar. The legs of yourdpéescent are short for their body height relatovelder person.
Therefore it would not be appropriate to compar dldolescent sprinters with adults. However, bexadshe
absence of research comparing adolescent and yathetes, especially with regard to the sprinttsteaution
should be observed when trying to relate the resflthis study about youngsters with literaturewttadults.

During the set position, the horizontal distancehaf CG relative to the starting line was 14.8+dn%, which as
expected is shorter than the same data for aduitging from 16.0 to 31.0 cm. Mero et al. (1983)nfdwalues of
18.0, 18.9 and 29.0 cm for the elite, good andayesprinters respectively [14].

Baumann (1976) reported an average of 16 cm ton2behind the starting line at the set positiontfgr and
average sprinters respectively. He hereby repatiad horizontal distance of the CG increased wilrdasing
performance level [15]. However, these values vabined from adults sprinters displaying differbody size
and body dimension [13]. In this study the youngraprs put their CG closer to the starting lind.@t4.5 cm) as
compared to the elite adult sprinters 18.0+3.04fom Mero et al. (1983). This may be due to thertrabody
length (162+8.3 cm) of the young sprinters in 8tisdy as compared to the same elite sprinters @.38tn).

Moreover, the average height of the CG was 57.1ef19which unexpectedly is comparable with the dataging

from 54.38 to 66.1 cm) for taller sprinters [14,).15he same results were reported by other studlieso et al.

1983, mentioning an average of 57.0 cm for eighlieéds running the 100m at 10.08 sec [Mdreover, Baumann
(1976) reported an average of 66 cm and 60 cm dprdprinters and less skilled sprinters respegtivele

mentioned that the elite sprinters hold their C@ significantly higher position than other spristfl5]. According

to these results, comparable height values of Befd@ young sprinters suggested that they may tshipg their

back higher up than adults in the set positions Thay be due to youngsters using the bunchedvetare sprinters
push up more their body CG.

Analyses of the influence of anthropometrical pararaters on the position of the center of gravity durig the
set position

Age

Dividing subjects according to age showed significdifferences between tertiles. In the frontalsasignificant
differences were found between the first and sederides. The youngest athletes (first tertilepkeheir center of
gravity farthest from the starting line. Moreoveccording to the vertical axis significant diffeces were found
between the first and second tertiles as well &sden the first and third tertiles. The youngerirgers showed a
lower position of the CG (5383.9 cm) as compared to the second (BZ.8cm) and third (58181.6 cm) tertiles.
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Figure 1: The 3D position of the body CG in the sedccording to age tertiles
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On the other hand, according to the transversal raxisignificant differences were found betweetilésr It means
that age did not influence the medio-lateral disptaent of the sprinters during the set position.

Muscle mass and body size is expected to grow febitdhood to the adult stadium [13, 16]. Therefdrés
expected that with increasing age, the positiothefCG will change because of differences in bddyedsions and
size.

Moreover, it is well documented [2, 14, 16] that thptimal position of the CG (as high and closthtostarting line
as possible), creates maximum instability at thessition bringing the sprinters CG very closéhe forward edge
of the base of support (starting line) and theeefmausing minimal delay for leaving the blocks [Phe results of
this study showed that older athletes displayeijlaeh CG position which was also closer to thetdiae at the set
position. It is clear that while age increaseshibdy length will increase too and this can accdanthe higher CG
of the older sprinters.

As for the frontal axis, the older sprinters (thiedtile) did not present their CG closer to therting line (Figure 1).
Instead, the second tertile positioned their CGealdo the starting line than the others. It mehas other factors
can be responsible for changes in CG position énfoinward-backward direction for young sprintersthaugh, no
study has reported the behaviour of the CG in tlelimlateral direction, in this study, results show age
difference in medio-lateral displacement of the @@ing the set position was found between older ymdhger
sprinters. The results of this study indicate thg¢ affects the anterior-posterior and verticalitiprs of the CG

more than the medio-lateral direction. Thereforé¢hait considering other factors, especially antbroetrical

variables, it remains difficult to make a final ctusion as for the influence of age on the positigrof the CG for
young sprinters during set position.

Skeletal muscle mass
According to the skeletal muscle mass (SMM) sigaifit differences were found between the first aaabid as
well as the first and third tertile for the frontaid vertical axes.

In this way, the sprinters with smaller amount MM put their CG in significantly farther and lowpositions as
compared to the sprinters with higher amount of SMM
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Figure 2: The position of the body CG in the set mition in the frontal and vertical axes according® SMM tertiles.

As revealed in Figure 2, with increasing muscle siths height of the CG increased also. The motkedigprinters

(third and second tertile) with higher amount of Mhowed significantly larger height of the CG asnpared to

the less skilled sprinters (first tertile). Moreovéhe sprinters with smaller amount of the SMMoajsesented a
position of the CG farther from the starting line.contrast to the frontal and vertical axes, tf@ngversal axis,
presented no significant difference between tertilethe medio-lateral directioft. means that the SMM did not
affect the medio-lateral location of the CG durseg position.
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Although, because of the absence of the studiethemosition of the CG especially during sprintrisend as
already mentioned above, it remains difficult tsatdiss these results with regard to related litezathese results
indicate that the skeletal muscle mass signifigaatfected the upward-downward and forward-backwaoétion
of the CG during set position. As already discussedhe studies showed that muscle mass will incréase
childhood to the adulthood [13, 16]. Thereforesiteixpected that the sprinters with higher SMM presemore
optimal set position (higher and closer to thetstgrline). Moreover, besides increasing age andv$SNhe
improvement of start techniques, experience anditiggwhen growing should also be considered. Adicay to the
position of the sprinters during the starting phésseems that the sprinters in the third tetide’e more capability
for optimizing their start position.

Calf and thigh girths

According to the calf and thigh girth, significadifferences were found between first and seconaedlsas the first
and third tertiles in the vertical direction. Thesf tertile showed a significantly lower heightiththe second and
third tertiles in both calf and girth parameters. $ignificant difference was found between secaomtithird tertiles.

The results indicate that the sprinters with a éiglircumference of the thigh and calf had a hidteeght of the CG
than other sprinters. On the other hand, no sicanii difference was found in between tertiles atiogr to the
anterior-posterior and medio-lateral positionsh&f €G during the set position. Although, some stsidhdicate the
importance of the muscle volume on sprint runniegggrmance [1, 17], no study has reported resuitthis topic.
Therefore, the results of this study may overedentiae role of lower extremity muscle girth on fhesition of the
CG during sprint start running.
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Figure 3: The vertical position of the body CG in he set position according to CCG and CTG tertiles.

It is assumed that sprinters in the third tertiighvihigher age and skeletal muscle mass would stteov high calf
and girth circumferences. However, no significaiftedences were obtained for the anterior-postepiosition of

the CG according to the calf and thigh girth. Thessults can be explained according to the resdltdero et al.

(1983) who indicated that the horizontal distan€é¢he CG to the starting line is more affected bg arm and
shoulder muscle strength. In this way, Mero e(#83) suggested that the arm strength of the tathkffects the
horizontal distance from the starting line (theosger the arms the shorter the distance to thdirgaline).

Therefore, according to the Mero study [14], it deassumed that either the higher values of teand thigh

girth in the top tertiles has been offset by th@dovalues of the shoulder and arm muscle streingtimat group, or,
the calf or thigh girth only affected the vertigalsition of the CG instead of the frontal situation

CONCLUSION

In the present study, the horizontal distance ef @& from the starting line, as expected, was shdian with
adults. However, the height of the CG, unexpectedis comparable with the data for adult sprint&tkletes with
higher age and skeletal body mass showed a higBepdsition which was also closer to the start lhehe set
position. This is regarded as an optimal starttfmrsiat the set position as bringing the sprines as close as
possible to the forward edge of the base of sugptatting line) causes minimal delay for leavihg blocks.
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