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L ABSTRACT

The main goal of this cross-sectional study was to assess the muscular activity
of the upper limbs in competitive kart drivers while driving in a closed karting
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circuit, using surface electromyography (EMGS). The most significant muscles

of the upper limbs while driving were evaluated in thirteen drivers. Linear mixed

models adjusted to a gamma distribution were used to evaluate differences in

muscle activity based on the arm, number of laps, track characteristics, and kart

type (with/without gears). Significant differences were found between muscle

activity according to the type of kart (p <0.0001). Although changes were %
observed in the mean EMGS values, there were no significant differences %
between the laps of the circuit or the dominant arm. However, the results

showed that there was a significant interaction between the type of kart and th

dominant arm (p = 0.021). Muscle activity increased more significantly in th
curves traced towards the dominant arms of the drivers.

KEY WORDS: Competitive karting; Electromyography; Muscular ac '%k
of injury; Adolescents.

RESUMEN \
\ é ?
El objetivo del estudio transversal fue analizar la uscular de las

extremidades superiores en pilotos senior de karti ampeticion, mediante
electromiografia de superficie (EMGS). Se e\%rf

los musculos mas
significativos de las extremidades superiores la conduccion en trece

r
conductores. Se utilizaron modelos lineales-mix ustados a una distribucién
gamma para evaluar diferencias de activi @s ular en base al brazo, numero
de vueltas, caracteristicas del trazado& de kart (con/sin marchas). Se
encontraron diferencias significativa tre [aractividad muscular segun el tipo de
kart (p<0,0001). Aunque se ob cambios en los valores medios de
EMGS, no hubo diferencias sig ﬁ%s entre las vueltas del circuito o el brazo
dominante. Sin embargo, | esyltados mostraron que hubo una interaccion
significativa entre el tipo a el brazo dominante (p=0,021). La actividad
n

muscular aument6 de ma as significativa en las curvas trazadas hacia el
brazo dominante de ductores.

PALABRAS CLA arting de competicion; Electromiografia; Actividad

muscular; Ri%ie esiones; Adolescentes.
‘é%RODUCTION

%p etition kart is a type of four-wheeled motor sport, in which users begin to
ete at a very young age. This sport modality has been the initial training of

that are in contact with the ground (track). Two wheels ensure driving and the
other two the locomotion. The main parts are the chassis (includes the
bodywork), the tires, and the engine (2).

s any current Formula1 drivers (1).
% A kart is a land vehicle with or without bodywork, with four non-aligned wheels

Karting has been endowed with strict rules to compete, among them those
related to safety. The safety equipment should be officially approved, technically

2
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checked, and adjusted to each driver, as well as the seat and pedals (1, 2, 3).
Even though its competitive practice poses several risks (4), there are few
studies addressing the incidence, the cause and severity of injuries.

A study conducted with drivers aged between seven and fifteen years assessed
the type and severity of injuries suffered in competitive karting in Catalonia,
Spain, and concluded that the incidence of injuries had been relatively low (5). %
However, injuries are located mostly in the upper limbs and, to our knowledge,
there are no previous studies assessing the risk of injuries in competitive
karting. Studies have found much greater incidence of injuries in leisure ka@'
(o}

some of which were considered serious (6, 7, 8).

Surface electromyography (SEMG) has been widely used in clinical [
assess and record the electrical activity produced by skeletal mu I% , 9).
Specifically, the applications of SEMG within the field of sport res‘gife sment
of gestures, gait, fatigue, and muscle activity during a diagngstic.or therapeutic

process. This way, it facilitates myofeedback techniqueéa I0n of sports

performance, assessment of neuromuscular disorders a

(10,11,12). \

Electromyographic signals are directly related t @ar strength (13,14, 15).

SEMG has acquired increasing importance %&hedicine and in ergonomic
S

studies (16), as well as establishing dyn an is for sport performance

(17).
X?ain goal of our study was to assess

dolescent drivers performing in karting
competitions (senior catego their driving action, assessed using
SEMG. Specifically, we i : (@) assess muscle activity differentials
based on the number of-lapserformed, noting possible evidence of muscle
fatigue; (b) assess t?-%ences in SEMG values of the drivers’ arms
according to the dj riving tasks in the circuit; (c) determine the
interrelationshjps en the different muscles of the arms when driving
competition Karis; (d) compare the differences between muscular activity

e s, according to the driving tasks and actions depending on

patterns oft
the typelof layout; and (e) observe the effect of the type of kart (with or
with rs) on the muscular activity of each muscle group in both arms

c@) ing each type of circuit sector.
2. METHODS

Based on the lack of related stu

muscular activity in the upper JimQs

‘%: 2.1PARTICIPANTS

Thirteen drivers participated in the present study (mean = 16.7 years old; range
= 14-18). Four of them drove the two types of karts (with and without gears),
and the rest of the drivers drove karts without gears. Two drivers were left-
handed and eleven right-handed.
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The objectives and characteristics of the study were previously reported to the
Sallent Karting Circuit Drivers Association, which was in charge of inviting all
the drivers who met the inclusion criteria. The participants were informed about
the rights granted by the data protection law and signed the corresponding
informed consent forms. The forms were signed by their parents or legal
guardians. The study was approved by the Research Ethics Committee of the
Blanquerna Faculty of Psychology, Education and Sports Sciences (Ramon
Llull University).

The inclusion criteria for the selection of the participants were: (a) belongin %’
the Karting senior category based on the competition regulations of the Q
International Karting Committee, and in force in the Catalan Karting
Championship; (b) not receiving treatment for injuries of the upper li ot

having previously suffered any injury in the upper limbs; (d) partici % ould
know the layout of the Sallent Karting Circuit. \\

2.2CHOICE OF MUSCLES \ é -

Karting requires the activity and participation of the x muscles,
according to the driver grip on the steering wheel, and the’rotation into the
curves that each driver performs, in addition to t (curves) of the circuit.
Based on these parameters, the most signifi Wcles were selected for
lowing criteria: (1) prioritising
e the total available channels
of the electromyograph, specifically tQ mysScles per emitter, having four
emitters, with eight muscles bein €
arm); (3) selection of muscles tHat @ tain an agonist/antagonist relationship to
have their most significant md%r activities on the sequences in the
performance required for »~(4) that the selection of these muscles and the
location of the electrc;%fi MG, as well as the arrangement of the wireless

signal transmitters, s e’compatible without altering the driving action of

r carpi (ulnaris and radialis), and long flexor muscle of the
ere abbreviated as FCRS (for the right arm) and FCLS (for the
Forearm extensor muscle: extensor digitorum, brachioradialis,
arpi radialis (longus and brevis). They were abbreviated as ECRS (for
e arm) and ECLS (for the left arm); c) Biceps brachii. It was abbreviated

the kart. Q
The selecte%jle were: a) Forearm flexor muscle: superficial and deep
. 3

uscle (teres minor). It was abbreviated as PRS (for the right arm) and PLS (for
e left arm).

Q S (for the right arm) and BBLS (for the left arm); d) Round pronator

&

2.3CIRCUIT

The division of the circuit in 11 sectors (Figure 1) facilitated the analysis of EMG
and images ‘on board’. The locations of the karts during the test were obtained
using the information from the ‘set’ of EMG records. Each sector had driving
demands to follow the competition layout. The description of each sector and
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location of the ‘set’ of EMG records, and track coordination is detailed in Figure
1.

Figure 1. Detail of the different sectors of the Sallent Karting Circuit. The study was conducted
respecting the usual sense of competition, using the approved Iayut for competitions.

Note. Sector 1-2: Main exit straight with a sharp right curv ; g at the end of the
straight; Sector 2-3: Long and open left curve; Sector 3-4: Sharp lefpcurve; Sector 4-5: Sharp

right curve; Sector 5-6: Open right curve; Sector 6-7: Secondiong/straight of the circuit; Sector

7a-7b: Chicane (fast turns after the straight); Sector 7b- curve to the right until a slight

curve to the left; Sector 8-9: Sharp curve to the left; tox'9-10: Sharp curve to the right to link
with sector 1; Goal: Straight-Detail of the locati f the ENMG records set and coordination of
the karting circuit. Figure 4 shows i

and its different sectors.
2.4PROCEDURE %w

and approved, we selected the muscles

Once the study protocol was%\
in which the EMG reading% e collected. The choice of muscles was
ev

determined based on i8\w and watching competition driving videos from on-
board cameras, whi ed’to make a visual review of the most common
actions of the uppgeri f the drivers performing in the circuits. The problems
of electrode plac@and emitting equipment were also analysed, as well as

recomme f the biomechanics expert with the reception team at the

time the pamicipants were driving their karts.
Wi thé~ signed authorisation of the director of the Sallent Karting Circuit, the
[

e easures were reviewed together with the track team members. A

the Iocationj%e)gi it and processing of the EMGS signals, following the
S

gears were used for the senior category of the Catalan Karting

ampionship. All drivers used the same personal safety equipment, and wore
regulatory clothing approved under the current International Karting Committee
regulations. The items used were: bandages for electrode placement and EMG
signal emission equipment (EMGS Ag-AgCl electrodes, model EL503 from
Biopac); HP laptop for signal reception in the karting circuit (computer software:
Excel, SPSS 21.0); GoPro 7 Black camera fixed on the drivers’ helmets, with
HD recording, 1080p resolution, and 60 frames per second; and an MP150
surface electromyograph with Acqknowledge 4 software from Biopac Systems,
California, USA. The recording frequency was 1000 Hz. The signal collected

Q ent specifically designed was used to collect the data. Karts without and
t
h

5
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from each channel was filtered with a 10Hz-500Hz pass-band and a smoothing

algorithm, based on the root mean square (RMS), which was applied with a

window length of 50 ms. The mean amplitude of the SEMG signal was collected

by processing marked intervals on the karting circuit layout from one to ten.

The electrodes were placed on the muscle bellies, choosing the reference

anatomical locations described by Eleanor Criswell (18). The placement of the %
electrodes was performed by the same researcher in order to avoid possible %%

modifications in the placement and collection of the SEMG signal.

A maximal isometric contraction of all target muscle structures was reques’wgq 7’

the drivers. This previous measurement of the isometric contraction recogd

key for the subsequent recording and analysis of muscle activity wh |
the circuit. This verification and registration process was always c rf% by
the same two researchers. Then, each driver received the sp cifig%et ils

circuit layout, as well as to check the correct emission afidggeteption of the
signal from the SEMG team. Subsequently, the driver % ed to attempt

the maximum driving performance during the next t of the circuit,
pretending they were competing in each one of them.

This protocol was complemented with the r r%f videos by the GoPro on-
board cameras, fixed on the helmet of e !{drivx » focusing specifically on the
drivers’ arms, and recording all the mov& ade in the three laps of the
circuit, sector by sector and curve b rve.

Once the drivers were in the ci munication was done through the use
of competition boards at the kside. The on-track experimentation phase
began on 27" October 2 né&the last SEMG data collection session ended
on 16" February 2018
2.5DATA AN@%)
lysis was used for all the data collected in the EMG data
he e of the variable ‘EMG muscle response’, it was determined
ta followed a normal distribution using the Shapiro-Wilk test,
the normality graphs (Q-Q plot) and the asymmetry and kurtosis
The variable ‘EMG’ showed significant violations of the principles of

ity, with strong asymmetries and positive kurtosis, following a gamma
ibution. In order to minimise these asymmetries, some transformations

S
Qere tested, such as square root, base-10 logarithm (Log10) and Nepierian
o}

garithm (In), but these asymmetries were not completely minimised.
Therefore, all the descriptive variables were explained by median (Md),
interquartile range (IQR), and maximum and minimum value. The categorical
variables were described by frequencies and percentages.

We used generalised linear mixed models (GLMM) fitted to a gamma
distribution. Tukey test was used to assess the differences between the factors
of each explanatory variable and the interactions between variables.
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The first model was used to assess whether there were significant differences in
muscle activity relating to the type of kart (with gears and without gears), the
number of laps, and the characteristics of the drivers (dominant arm, right-
handed or left-handed). The measurements of each driver were considered as a
nested factor within the random factor ‘driver’, so that the statistical model could
interpret that each sample (lap) was associated with a sample unit (driver) and
were not independent measures.

In order to perform a more specific analysis, a second model was used to
assess whether there were significant interactions and differences in EMG%

= (Sector 3-4); Right curve (RC) = (Sector 4-5); Straight (ST) = (Se
Chicane (CH) = (Sector 7a-7b).

the type of kart (with or without gears), on the muscular ach muscle

Then, both models were combined in order to determine thg%& ccording to
o}
group, in both arms for each type of circuit sector.

Finally, two sharp curves were selected, one on ths g Sector 3-4) and
the other on the right (RC) (Sector 4-5) to anal er there were
significant interactions and dlfferences in ity of each muscle group
of the arms that corresponded to the dire én of) e curves, with respect to the
drivers’ dominant arm (left-handed or r|g ed) in karts without gears.

A significance level of 5% (a = 0.05 d in all the statistical tests
performed. The statistical progra udio version 1.1.383 (RStudio, Inc.
with the Ime4 and emmeans patka was used for the statistical analysis of
the data.

3. RESULTS‘%{,»

31 GENERAI@ AR ACTIVITY IN PILOTING TECHNIQUE

The results n the analysis of the first model (Table 1; Figure 2)
indicate was statistical significance in the comparison of muscle
activity t pect to the type of kart (p <0.0001). Even though changes were
the mean EMG values, there were no significant differences
befwgenthe laps of the circuit (p = 0.647), nor the dominant arm (p = 0.431).
r, the results indicated that there was a statistically significant
ction between the type of kart (with and without gears) and the dominant
m (p = 0.021), showing significant differences between the two types of karts
or each dominant arm (p <0.0001). Based on the results of this interaction, a
left-handed driver using a kart with gears reached almost twice the performance
in muscular work (p = 0.076) than a right-handed driver with the same type of
kart (p = 0.043).
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Table 1. Differences between mean values of EMG (in mV) activity with respect to (a) lap, (b)
dominant arm, (c) type of kart (with or without gears), and (d) interaction of the factors of the
variables ‘dominant arm’ and ‘type of kart'.

Variable Contrast lezz:-w ce z. ratio p value

L1-L2 0.001 0.011 0.999

Lap (p = 0.647) L1-L3 0.043 0.815 0.694
L2-L3 0.042 0.805
Dominant arm LA-RA 0.239 0.788
Type of kart Yes - No 0.599 8.378

LA, Yes
Interaction between dominant arm LA, No 0.765 6.218 )

0.699 % :
0.431
<0.0001 Q

and gears (p = 0.021) RA, Yes

RA, No

0.433

5.941

@

0.0
0.
Note. L1 =lap 1; L2 = lap 2; L3 = lap 3; LA = left arm; RA = right arm \,

(\gtype of kart
i

Figure 2. Mean values of EMG (in mV) activity for (a) lap; (b) dominant arm;
(with or without gears); and (d) interaction of the factors of the variables nant arm’ and
‘type of kart’. | A~
a) [ b) - T
g [ [ g
p=; =
(O] o -
E a Cr/\ % § 1 l
1 T
S 2
o n=1496  n=1496  n=1464 2 n=792 n=3564
I I T I T
V1 v2 v3 LH RH
Lap Dominant
<) T d) [ o vEs
] I LH RH l
= L 5 - I i
O] .
= g 10 3 H T
- i} . :
= : 0.5 — { ] -
= n=3432 n=1024 | j,_x 7_i“7_;7_ 1 ||
NO YES T i : —
NO YES
. Gear Gear

.

Note. Blue line indicates the trend and the mean at the intersection.

L1 =lap 1; L2 =lap 2; L3 = lap 3; LA = left arm; RA = right arm.

Q .2SPECIFIC MUSCLE ACTIVITY IN DRIVING TECHNIQUE

The analysis of the second model indicated statistical significance in the results

muscle group assessed in both arms (p <0.0001) and with respect to the type of

: obtained (Table 2; Figure 3) by the comparison of muscle activity in each

circuit sector (4 categories: left curve, right curve, straight, and chicane) (p

<0.0001).
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Table 2. Differences between mean values of (a) EMG (in mV) activity of the muscles of the
right and left arms of each driver, and (b) type of circuit sector

Variable Contrast leference z.ratio p value
(in mV)

BBLS-BBRS -0.798 -9.329  <0.0001

ECLS-ECRS -0.859 -10.228 <0.0001

Betweenarms  FCLS-FCRS -0.994 -11.624 <0.0001
PLS-PRS -1.257 -14.748 <0.0001

BBLS-ECLS 0290 3431 0,014
Leftarm  BBLS-FCLS  0.538 637  <0,0001
BBLS? BBLS-PLS 0.351 44173 0.001 Q

ECLSP
FCLS® ECLS-FCLS 0.251 3.042 0.048
0 “i'g%c(')g N pLSP ECLS-PLS 0.064 0769 0.9
' FCLS-PLS 0187 2253 O3

BBRS-ECRS 0.226 2731
Right arm BBRS-FCRS 0.342 4. .001

BBRS® BBRS-PRS -0.108 90\ 0.899
ECRS?® %

FCRSP ECRS-FCRS 0.862
PRS? ECRS-PRS .012 0.002
-5.367  <0.0001
RC-CH < (0 0.987 0.757
RC—L\ .366 -6.743  <0.0001

Type of circuit sector

20
0.?‘@

FCRS-PRS
(p <0.0001) -ST -0.167 -3.065 0.012
RCC-LC?-CH°-ST? H- -0.445 -5.356  <0.0001
-0.250 -2.985 0.015
\ -ST 0.198 3.417 0.004
superscripts are statistically different (p <0.05).

exor, P = pronator; LS = left side; RS = right side; RC = right
curve; CH = chicane; ST = straight.

cu§?= |
The results obtait comparison of the mean values of EMG activity in
s

Note. a, b, ¢ = Factors wi
BB = biceps; EC = extensor; FC

ps assessed in both arms (Table 2) indicated significant

n the right and left arms for the same muscle group. In the
e significant differences between all the muscle groups,
ECLS-PLS and FCLS-PLS. In the right arm, the highest value
PRS and the lowest to FCSR, with significant differences between
RS, ECRS-PRS, and FCRS-PRS. The results indicated significant
ces between the mean values of EMG activity in each type of sector

t between CD-CH, being classified into three levels based on the EMG

Qlues (from highest to lowest): a) Cl; b) RE; ¢) CD & CH.

The results obtained show that, in the second model, there were statistically
significant interactions (Figure 3) between the muscle groups in both arms of
each pilot and the type of circuit sector (p <0.0001), which indicated significant
differences between the muscles in each type of sector, and in each muscle
group between sector types.
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Figure 3. Mean values of EMG (in mV) activity of the muscles of the right and left arms of each
driver, for each type of sector.

BELS BBRS ECLS ECRS FCLS FCRS PLS PRS
1 1 1 L 1 1 L 1 1 L L 1 1 1 L 1
a) Cl RE
- — 1.5
i d <o -4 Lo
5 S -] > o ?
B 2 = = )
o el —l—i—i—Fﬂ—%f N
& €D , CH
1.5 o -
10 b4 B
P = E 2 < 9 ;:- y
05 ¢ H 2 & 3 2 4 e
A A NI T 2
0.0 -] & L L} LJ -] 4.7—
T T T T T T T T T T T T T T T T
BBLS BBRS ECLS ECRS FCLS FCRS PLS PRS
Msc
RC CH LC ST RC CH LC ST
1 | L 1 L | 1 1 | I 1 1 | L L |
b) ECLS ECRS PLS PRS
- < — 15
2 2 g
- = t & = 1.0
_ r 8 s i § i . ﬁ 2 i % - 0.5
® 4 & L i ] I i L} i | o l . L - 0.0
E BBLS BBRS ECLS ECRS
15 -
1.0 X =
& )
05 < bt 2 2 .
=T < = T X : 2 B
s - I . '
3 I I B A DR I
T T T T T T T T T T T T T T T T
RC CH LC ST RC CH LC ST
Type

Il types of circuit sectors. Blue line indicates the trend and the

activity of each muscl
mean at the interse
Msc = muscle; =bi ; EC = extensor; FC = flexor, P = pronator; LS = left side; RS = right

="right curve; LC = left curve; CH = chicane; ST = straight.

Note. (a) EMG (in mV) aa%fgll uscle groups in each type of circuit sector; (b) EMG (in mV)
i

The c an of the mean values of EMG activity in the muscle groups

bet oth arms, for each type of circuit sector, indicated significant

differenees between the same muscle group of the left and right arms, in each

f gircuit sector (RC, CH, ST; p <0.0001), except for all muscle groups driving

0 e left curves (LC), with mean EMG values higher in the left arm than in the
ht one.

3.3DIFFERENCES AND INTERACTIONS BETWEEN MUSCLE GROUPS
Q DEPENDING ON THE CIRCUIT SECTOR

We compared the mean values of the EMG activity in each muscle between the
different types of circuit sector (Table 3) and found that there were significant
differences for all the muscles of the left arm (p <0.0001 in all the muscles), but
there were no significant differences in none of the muscles of the right arm.

10
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When we compared the mean values of the EMG activity between the different
muscles for the same type of circuit sector, we found that there were significant
differences in the activity of the muscle groups in each type of sector.

Table 3. Mean values of EMG (in mV) activity and differences between the muscle groups of

the right and left arms of each driver, for each type of sector. N

Right curve  Left curve Chicane Straight (in Differences in EMG (inmV)  _

Muscles (in mV) (in mV) . mV) activity of the same muscle ?
(in mV) between types of circuit sectors -
BBLS 0.042 ®.2) 0.149 @1 0.010 ©3) 0.070 ®:2 0.076 (p <0.000 V
ECLS 0.032®2) 0.095@" 0.017 2 0.033 (- 2-3) 0.048 (pQ.OO
FCLS 0.022 ®.2) 0.081 @ 12) 0.010©29) 0.022®:3) 0.0&0.0 1)
\

PLS 0.032 ©:2 0.095 @1 0.001 ©4 0.030 ©:3) ,\ 0\<6 (p <0.0001)
BBRS 0.117 @" 0.095 @2 0.120 @1 0.148 @ : 0.120 (p = 0.5057)
ECRS 0.090@ "M 0.080 @ 1-2) 0.126@ " 0.195\ 0.094 (p = 0.918)
FCRS 0.087@" 0.051®2) 0.076 @5 1) 0. 0.081 (p =0.9212)

0.146 (p = 0.1167)

PRS 0.124@" 0.139@" 0.170@" . ,
3 \
Differences in EMG (in mV) 0.068 0.098 \, 66 0.086
activity between muscles ) ) ) )
(same t{/pe of circuit sector) (P <0:0001)  (p <0.08¢8) ) <0.0001)  (p <0.0035)

Note. a, b, c, 1, 2, 3, 4 = values in ce
<0.05). Letters indicate differenc
difference

iferent superscripts are statistically different (p
n values in the same row. Numbers indicate
values in the same column.

xor; P = pronator; LS = left side; RS = right side.

BB = biceps; EC = extenq}
3.4DIFFERENC PENDING ON THE TYPE OF KART IN EACH TYPE
OF CIRCU OR

there was tical significance when comparing the muscle activity of each
muscle grotp assessed in both arms (p <0.0001) with respect to the type of
circuj or {p <0.0001) and the type of kart (p = 0.002). There were

statistically significant interactions between the muscle groups in both arms of
aek dniver and the type of circuit sector (p <0.0001), between the muscle
in both arms of each driver and the type of kart (p <0.0001), between

ype of kart (with or without gears) and the type of circuit sector (p <0.0001),
- S nd between the muscle groups, the type of kart, and the type of circuit sector

The results @E y the analysis of the third model (Table 4) indicated that

(p <0.0001). The analysis of the effect of kart type on the EMG activity of the

muscle groups in each type of circuit sector indicated that the type of kart had a
significant effect on all muscles and in all types of sectors, except ECRS in LC,

{ FCRS in CH, and FCLS in ST.

11
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Table 4. Differences between mean values of EMG (in mV) activity in the muscle groups of the
right and left arms of each driver, for each type of kart (with or without gears).

Right curve Left curve (in Chicane (in . .
(in mV) mV) mV) Straight (in mV)

Contrast/gears (No-Yes)

0.435 0.116 -3.577
(p <0.0001) (p = 0.009) (p <0.0001)

-0.360 -0,399 -0,739 : )
ECLS (p <0.0001) (p <0.0001) (p<0.0001)  0-320(p<0.0001) %
0.417 -0.340 -0,459 _ %
FCLS (p <0.0001) (p <0.0001) (p<0.0001) 0020(= 0'7%

BBLS 0.950 (p <0.0001)

PLS -0.156 -0.358 -1.760 0490 <§'EOO1

(p=0.0013)  (p<0.0001) (p <0.0001)
BBRS 0.118 0.619 1.228 t\smfooon

(p = 0.008) (p <0,0001) (p <0,0001)

-0.323 0.099 0.267 \

ECRS (p <0.0001) (p=0666) (0509 593 (p <0.0001)
0.729 0.678 106 \ 7

FCRS (0 <00001) oot e 1.294 (p <0.0001)
0.509 0.521 .

PRS (p <0.0001) (p <0.000 0.0001) 0797 (P <0.0001)

Note. BB = biceps; EC = extensor; FC = flexor; P =,pro LS = left side; RS = right side.

TWEEN MUSCLE GROUPS
O THE DIRECTION OF THE

3.5DIFFERENCES AND INTERAC

IN THE ARMS CORRESPQNDI
CURVES

Finally, in the fourth model, i@bo sharp curves were selected, one on the

left (LC; sectors 3-4) and t r on the right (RC; sectors 4-5), for karts without
gears, the analysis of the @ences in the muscle activity of each muscle group
in the arms correspanding td” the direction of the curves, with respect to the
drivers’ dominant Nngicated that, in both analyses, there was statistical
significance in th@l group (LC, p <0.0001; RC, p = 0.000); however, there
cesWit

were no diffe h respect to the dominant arm (LC, p = 0.293; RC, p =
0.971). &?)
i

The results ildicated that there were significant differences in muscle activity
w omparing the EMG activity of BBLS-ECLS, BBLS-FCLS, ECLS-PLS,
*RS driving into the LC, and BBRS-FCRS and FCRS -PRS into the RC.
r&“were no significant differences in the muscular activity of the rest of the
uscle groups, nor when comparing left-handed and right-handed drivers (Table

$
&

12
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Table 5. Differences between EMG (in mV) activity values of the muscle groups in the arms
corresponding to the directions of the curves and the dominant arms. Only meaningful
comparisons are included.

Arm-Curves Difference .
Muscles Contrast (in mV) z. ratio p value
BBLS-ECLS 1.423 3.646 0.002
BBLS-FCLS 1.512 4.079 0.000
Left arm - Left curves BBLS-PLS 0,1.2 0.498 0.960
BBLS?-ECLSP-FCLSP-
pPLS2 ECLS-FCLS 0.089 0.242 0.995
ECLS-PLS -1.241 -3.257 0.006 Q
FCLS-PLS -1.330 -3.685 0.001
BBRS-ECRS 0.291 2.078 0.1
BBRS-FCRS 0.493 3.514 03
Right arm - Right curves | BBRS-PRS -0.052 -0.368 0.983
BBRS2-ECRS#?-FCRS®-
PRS? ECRS-FCRS 0.202 1.45 463
ECRS-PRS -0.343 -2.40 0.077
FCRS-PRS -0.545 -3 0.001

Note. a, b = factors with different superscripts are st isticalWyeifferent (p <0.05).
g = I);

BB = biceps; EC = extensor; FC = flexor; P = pron

4. DISCUSSION

The results obtained in the present study i
assessed with EMG of the muscle
with and without gears. Muscle
curves were traced on the driyer

No muscle fatigue marke

circuit are necessary.

the need f

th

O

ated differences in muscle activity
in the upper limbs for driving karts
reased most significantly when the

ft side; RS = right side.

inant sides.

%e found, and studies with more mileage on the
tect’possible muscle fatigue in the arms of

pecific study on competition karting that assessed
iture and heart rate response found that at least a 45-

competition kart d ‘

metabolic energ %

minute ride reqUjred to reach 82% of the maximum heart rate, suggesting
r

ter number of laps (19).

Our rgsults indicated that the dominant side of the drivers did not prevail over
oluntary motor activity of the arm on the same side as the direction of the

Ul (13, 16). This fact was possibly due to a process of anticipation. In sport,
ined as the ability to predict behaviours thanks to the perception and

for the correct actions at the right time, thus improving sports action (20). This

ability to anticipate has been established as one of the greatest skills that
athletes acquire due to the sensitivity of perception and the ability to capture
and process information in a limited time (21, 22). The results obtained allowed

hronisation of synaptic interconnections that give rise to movements. This
S ay, these movements give a rapid response after the performance of a filtering

us to consider the automated system described as a useful tool for sports
research and future applications in training programmes and injury prevention

(20).

13
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In karts with gears, the muscles of the left arm follow the layout of the circuit

and positioning of the kart, while the right arm selects the gears using the gear

lever and punctually grasping the steering wheel. The results of the SEMG

signals indicated greater muscle activity when driving karts with gears than that

applied in karts without gears, including their technical and mechanical

performance differentials. In karts without gears, both hands grip on the steering %
wheel permanently, symmetrically performing the same muscular work in both %
arms. The results of this study can facilitate more specificity in the training and

physical preparation of the drivers according to the type of kart they use. In %

addition, they indicate the need to design specific training programmes, as
suggested in previous studies (23, 24). Q

The results of the present study confirm the importance of the bicep @
muscle for driving karts. This muscle is biarticular and its action i rejksv (o]
elbow flexion, shoulder flexion, and supination, which allows al e?rk\tlng
asymmetric movement when both hands are gripping the wheeh This is a key
action when driving karts without gears, given that botht on the wheel
throughout the circuit, unlike karts with gears (24).

This greater activity of the muscle groups of the ri@ ay have its origin in
the use of the gear lever of karts. The need for gronation in the release and grip
of the gear lever of this type of karts providére hat show key differences
for driving the two types of competition karts. It uld be noted that the layout
of the circuit where the study was condu%u ays has RC at the end of ST.
The results of the present study indicéted ntary muscle activation of the
same arm on the side of the curv a on the drivers’ dominant side, for all
types of curves. This fact was pés ue to the same anticipation process
described above (20). Simov‘% 19) recently published a study conducted
in a simulator with four for. ivers. They found changes in visual behaviour

or cervical mobility and,antiCigation in drivers without vehicles ahead of them
(free track) or with th@rs it). Our study found a reduction in fatigue rates in

the neck muscles ers followed another vehicle, suggesting a reduction
in head movemen n taking that vehicle as reference/anticipation (25).

With resp hg left arm, in LC, increased activity was observed in the BBLS

and E scles with the PLS of the same left arm, and also the PRS of the

righ ased on these results, the aforementioned finding was also

repeateqd and ratified with respect to muscle activation on the same side of the
iraction’of the curve (15,16). Outstandingly, the PRS of the right arm seemed

% st steering wheel motion in LC (26).

he muscular activity of all muscles of the right arm in ST was higher than in
RC for the same arm, without significant differences. This finding can be
explained by the aforementioned due to neurological anticipation, and because
it is in the straights where there is maximum power delivery and maximum
speed with maximum deceleration due to final braking (15,16).

A major limitation of the present study was that the sample consisted of a little
number of drivers. Another limitation was the number of laps assessed, which
was insufficient to detect symptoms of fatigue.

14
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The selection of the muscles studied with EMG in the present study can be

useful for further studies addressing different modalities of motor racing.

Anticipation relating to the type of curve, which prevails over the dominant arm

of the drivers, is an important finding. As a whole, it allows planning physical

preparation programmes for the prevention of injuries and improvement of %
sports performance, with greater specificity for kart drivers. The muscular %
activity of both arms in the karts without gears did not exhibit significant

differences. In karts with gears, the left arm controls the vehicle through the

steering wheel, while the right arm controls the gear lever. In the left-hande

drivers, a greater electromyographic activity was detected in the right arm (neg-

dominant arm), indicating a possible ergonomic alternative in the design of ka

for left-handed drivers with the gear lever on the left side. Further st
take into account the expansion of the number of laps, in order to\as
muscular activity at the moment of the onset of fatigue in the studied muscles.
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