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must be delivered to legal targets with focus, speed 
and determination, creating solid contact. Punches 
and kicks are allowed to the front and side of the 
head, the front and side of the body (above waist) 
and sweeping is also allowed. The fight is held in a 
ring. A typical match usually consists of 3 rounds of 
2 min with a recovery period of 1 min in-between 
(World Association of kick-boxing organizations, 
WAKO). Full contact requires complex skills and 
tactical excellence for success. Matches are charac-
terized by dynamic phases of short duration, during 
which athletes try to strike their opponent or defend 
themselves from each other’s attacks.1-9 

To the best of the authors’ knowledge, there seems 
to be only one study about the physiological de-
mands of a Muay Thai boxing match.5 In this study, 

Aim. Objective of the study was to determine the effects of a 
kick-boxing match on muscle power of the upper and lower 
body as well as the associated perceived exertion in young 
men. 
Methods. Eighteen well trained kick-boxers volunteered to 
participate in a competitive sparring bout preceded and fol-
lowed by three anaerobic tests as follow: squat jump (SJ) 
and counter movement jump (CMJ) for legs and 30-s Win-
gate test for arms. The sparring bout consisted of three 2 min 
rounds with 1 min recovery period in-between. Blood lactate 
(BL), heart rate (HR) and rating of perceived exertion (RPE) 
were analyzed before and after each round. 
Results. The results showed that vertical jump distance in 
SJ and CMJ were significantly lower after the kick-boxing 
match (27.92±3.84 vs. 25.28±4.39 cm; 29.8±5.33 vs 28.48±4.64 
cm, for SJ and CMJ respectively). Likewise, peak and mean 
power in the Wingate test decreased significantly after the 
sparring bout (5.89±0. 69 vs. 5.26±0.66 W•kg-1 and 4.51±0.53 
vs. 4.12±0.51 W•kg-1 for PP and MP respectively; P<0.001). 
Moreover, we found a significant increase in BL, HR, and 
RPE after the kick-boxing match (P<0.001). BL increased 
significantly after the second and third round from the post 
round one values’ (P<0.001). 
Conclusion. These findings showed that a single kick-boxing 
match is of sufficient intensity to stress the anaerobic metabo-
lism. Thus, training protocols should include exercises that 
train the anaerobic energetic pathways for upper and lower 
body.
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Full contact is a discipline of kick-boxing where 
the intention of a fighter is to beat his opponent 

with full power and strength. Punches and kicks 

1Research Unit “Athletic Performance and Physical
 Kef, Tunisia 

2Research Laboratory 
“Sport Performance Optimisation”

Tunis, Tunisia 
3Neurophysiologie de la Vigilance
de l’Attention et des Performances

Service d’Explorations Fonctionnelles 
du Système Nerveux, CHU Sahloul

Sousse, Tunisia
4Laboratory of Cardio-Circulatory, Respiratory, 

Metabolic and Hormonal Adaptations 
to the Muscular Exercise

Faculty of Medicine Ibn El Jazzar
Sousse, Tunisia 

5National Center of Medicine and Science in Sports 
Manzah, Tunis, Tunisia 

I. OUERGUI 1, O. HAMMOUDA 2, H. CHTOUROU 2, N. ZARROUK 3, H. REBAI 4, A. CHAOUACHI 5

Anaerobic upper and lower body power measurements 
and perception of fatigue during a kick boxing match

Corresponding author: O. Hammouda, Research laboratory “Sport 
Performance Optimisation”, Ave Med Ali Akid, 1004 El Menzah, Tunis, 
BP263, Tunisia. E-mail: omar_hammouda86@yahoo.fr

Anno: 2013
Mese: October
Volume: 53
No: 5
Rivista: THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS
Cod Rivista: J SPORTS MED PHYS FITNESS

Lavoro: 4008-JSM
titolo breve: Kick boxing match
primo autore: OUERGUI
pagine: 455-60

EXERCISE PHYSIOLOGY AND BIOMECHANICS
ORIGINAL ARTICLES

J SPORTS MED PHYS FITNESS 2013;53:455-60

M
IN

ERVA
 M

EDIC
A

COPYRIG
HT®

T
hi

s 
do

cu
m

en
t 

is
 p

ro
te

ct
ed

 b
y 

in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
.I

t 
is

 p
er

m
itt

ed
 fo

r 
pe

rs
on

al
 u

se
 t

o 
do

w
nl

oa
d 

an
d 

sa
ve

 o
nl

y 
on

e 
fil

e 
an

d 
pr

in
t 

on
ly

 o
ne

 c
op

y 
of

 t
hi

s 
A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
m

ak
e 

ad
di

tio
na

l c
op

ie
s

(e
ith

er
 s

po
ra

di
ca

lly
 o

r 
sy

st
em

at
ic

al
ly

, 
ei

th
er

 p
rin

te
d 

or
 e

le
ct

ro
ni

c)
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
pu

rp
os

e.
It 

is
 n

ot
 p

er
m

itt
ed

 t
o 

di
st

rib
ut

e 
th

e 
el

ec
tr

on
ic

 c
op

y 
of

 t
he

 a
rt

ic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tr

an
et

 f
ile

 s
ha

rin
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 t
he

 A
rt

ic
le

.T
he

 u
se

 o
f 

al
l o

r 
an

y 
pa

rt
 o

f 
th

e 
A

rt
ic

le
 fo

r 
an

y 
C

om
m

er
ci

al
 U

se
 is

 n
ot

 p
er

m
itt

ed
.T

he
 c

re
at

io
n 

of
 d

er
iv

at
iv

e 
w

or
ks

 f
ro

m
 t

he
 A

rt
ic

le
 is

 n
ot

 p
er

m
itt

ed
.T

he
 p

ro
du

ct
io

n 
of

 r
ep

rin
ts

 fo
r 

pe
rs

on
al

 o
r 

co
m

m
er

ci
al

 u
se

 is
no

t 
pe

rm
itt

ed
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
re

m
ov

e,
 c

ov
er

, 
ov

er
la

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rt
ic

le
.I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fr

am
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tr

ad
em

ar
k,

 lo
go

,
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



OUERGUI	 Kick boxing match

456	 THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS	 October 2013

Procedures

Subjects were tested on two different occasions 
using identical protocols (SJ, CMJ, and Wingate 
test with a recovery period of 2-min in-between): 
before and immediately after a kick boxing match. 
Heart rate (HR) (Polar Vantage S620), blood lactate 
(BL) (Blood lactate analyzer: Lactate Pro), and RPE 
(Borg Scale from 6 to 20) were recorded after each 
round of the match. One week before the commence-
ment of the assessments, the subjects were familiar-
ized with the experimental testing procedures on a 
control day.6, 7 Body composition was determined by 
bioelectric impedance using a Tanita Body Compo-
sition Analyzer (Tanita Corporation, Tokyo, Japan). 
All assessments were performed at the same time-of-
day to reduce the effect of any diurnal variation on 
muscle performances.6, 7 

Warm-up

Before tests, participants performed a 5 min warm-
up protocol consisting of submaximal running, ac-
tive stretching, and jumping exercises. This warm-up 
was chosen because of its positive effects on power 
production.20 For the upper body, a warm-up session 
was suggested for optimal performance on the Win-
gate anaerobic test. The warm-up included 5 min of 
low to moderate intensity pedaling at about 50 to 60 
rpm, interspersed by four or five all-out sprints of 4-s 
to 6-s duration.19 Warm-up was followed by a 3 min 
rest before the testing. 

Wingate test for upper body

Kick boxers completed one bout of the upper-
body Wingate test. Load was set at 4.9 N·kg-1 of 
body weight. Peak power (PP), mean power (MP), 
and fatigue index (FI) were calculated as previously 
reported.3, 10, 11 The Wingate test is a cycle-ergomet-
ric all-out test that lasts 30-s. Maximal load is ac-
complished by a built-in air-resistance system on the 
wheels. Load registration was in real time, using a 
computer with a module for measuring the number 
of wheel turns.8, 9 

Squat jump test (SJ)

For the SJ, the subjects were instructed to start 
at a static knee angle of 90°. Prior to the jump the 

Crisafulli et al.9 had evaluated the involvement of 
aerobic and anaerobic metabolism during a sparring 
simulation. The authors indicated that excess of CO2 
production, oxygen uptake, and heart rate values ob-
tained after the match indicated that Muay Thai is a 
physically demanding activity with a great involve-
ment of both aerobic and anaerobic energy turnover. 
Nevertheless, the effect of the kick boxing match on 
upper and lower body powers was not measured in 
this study. In this context, the ability to produce high 
rates of upper and lower body powers are important 
to athletes in many sports (e.g., rugby, basketball, 
boxing, martial arts, etc.) where the ability to pass 
quickly or push away or strike opponents is para-
mount.9-18

To the author’s knowledge, only one study had as-
sessed the anaerobic metabolism of elite kick box-
ers.18-26 In professional male kick boxers, the authors 
showed that during the Wingate test for the legs and 
arms the mean anaerobic capacities were of 10.5 
W•kg-1 and 5.4 W•kg -1 respectively.26

Therefore, the lack of research about this topic 
prompted us to investigate the effects of a kick box-
ing match on the anaerobic performances of upper 
and lower body and rating of perceived exertion 
(RPE) in elite kick boxers. In fact, information about 
this issue may potentially provide redundant infor-
mation and help sport scientists and professional 
conditioning coaches in establishing performance 
oriented (i.e., kick boxing) test batteries to enhance 
fitness assessment, and training prescription.

Materials and methods

Participants 

Eighteen male kick boxers were recruited from a 
local sporting club to participate on this study. The 
mean (±SD) age, height, and weight of the subjects 
were 18.5±1.85 yrs, 174.44±7.68 cm and 63.22±9.11 
kg, respectively. They were exercising for five days 
a week for average of 2 h per day. After receiving a 
thorough explanation of the protocol, they gave writ-
ten consent to participate in this study. The study was 
conducted according to the Declaration of Helsinki 
and the protocol was fully approved by the Univer-
sity Ethics committee before the commencement of 
the assessments.
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were assessed using the Tukey’s HSD test procedure. 
The probability level accepted for statistical signifi-
cance was set at P<0.05.  

Results

Muscle performances

Muscle performances recorded during the Win-
gate, SJ, and CMJ tests before and after the match 
are displayed in Table I. Statistical analysis showed 
that values of both PP and MP decreased significant-
ly after the full contact match compared with rest 
values (P<0.001). Likewise, a significant decrease 
was observed in SJ (P<0.01), CMJ (P<0.05), and FI 
(P<0.05) after the match.

Rating of perceived exertion, blood lactate, and 
heart rate

BL, HR, and RPE in response to the kick boxing 
match are showed in Table II. BL concentrations and 
HR were found to be higher and increased signifi-
cantly from pre combat to round 1 (F(6.90)=1195.94 ; 
P<0.001 and F(6.54)=1152.43 ; P<0.001, respectively) 
and remained significantly higher than pre combat 
throughout round 2 and 3 Likewise, values of BL 
and HR increased significantly after R2 and R3 
when compared with values of R1 (P<0.001) and 
after R3 in comparison with after R2 (P<0.001). 
The BL measurements demonstrate the high meta-
bolic demands of competing in the kick boxing 
sport. Similarly, the RPE scores rose significantly (F 

(3.45)=95.54; P<0.001) throughout the fight in com-

position was controlled with a manual goniometer. 
During the jumps, hands were kept on the hips. The 
jumping test protocols were carefully explained and 
shown to each participant. 

Countermovement jump (CMJ)

A CMJ test was used to assess explosive strength 
of the lower extremity muscles. During the CMJ, the 
subject was instructed to rest his hands on his hips 
while performing a downward movement followed 
by a maximal effort vertical jump. All subjects were 
instructed to land in an upright position and to bend 
the knees following landing. 

The SJ and CMJ tests were performed using an in-
frared jump system (Optojump, Microgate, Bolzano, 
Italy) interfaced with a microcomputer. During each 
test, three trials were completed with 1 min interval 
in-between, and the best performance trial was used 
for the subsequent statistical analysis.

Kick boxing match

The kick boxing match is held in a ring and con-
sists of three 2 min rounds separated with 1 min of 
recovery in-between. During each match, athletes 
were organized by couple with similar character-
istics according to rules of WAKO (same age cat-
egories, weight categories, equipment for competi-
tions). All participants did not present any sanitary 
restriction and all fights were carried out safely, in 
an official ring with the presence of a national central 
referee according to the general rules of ring sports 
of WAKO. 

Statistical analyses

All statistical tests were processed using STATIS-
TICA Software (StatSoft, France). Mean and stand-
ard deviation (SD) were calculated for the selected 
variables. The Shapiro-Wilk W-test of normality re-
vealed that the data were normally distributed. Once 
the assumption of normality was confirmed, para-
metric tests were performed. Paired Student’s t-tests 
were used to compare the data of the Wingate test, 
CMJ, and SJ performances. Values of HR, BL, and 
RPE were analyzed using a one-way analysis of vari-
ance with repeated measures (3 [Rounds]). When 
appropriate, significant differences between means 

Table I.—Muscle performances (mean±SD) during the Wingate 
test (i.e., PP, MP, and FI) and during the vertical jumps tests (i.e., 
SJ and CMJ) recorded before and after a kick boxing match in 
youth division kick boxers (N.=18).

 Before match After match

SJ (cm) 27.92±3.84 25.28±4.39**
CMJ (cm) 29.8±5.33 28.48±4.64*
MP (W•kg -1) 4.51±0.53 4.12±0.51***
PP (W•kg -1) 5.89±0.69 5.26±0.66***
FI (%) 0.51±0.09 0.45±0.13*

*, **, ***: Significant difference between before and after the match at the levels 
of P<0.05, P<0.01, and P<0.001, respectively. SJ: Squat Jump; CMJ: Counter 
Movement Jump; MP: Mean Power; PP: Peak Power; FI: Fatigue Index. 
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spaced by brief recoveries and multiple repeated 
high-intensity exercise domains.9, 22 Therefore, fa-
tigue development which reduces shortening veloc-
ity and slows time course of relaxation,1 could ex-
plain the decline of performance during the match.

Concerning upper body power, the present study 
results indicate that the kick boxers show an above-
average anaerobic power (PP: 5.89±0.69 W•kg-1; 
MP: 4.51±0.53 W•kg-1). Indeed, anaerobic power 
and capacity show high values in anaerobic types of 
sports such as volleyball, basketball, hockey, box-
ing, and wrestling.17, 18 Data from Italian Olympic 
judokas showed relatively higher levels of muscle 
power (PP: 12.1±2.4 W•kg-1; MP: 5.4 ±1.1W•kg-

1).20 This may confirm the idea that athletes who 
strike opponents (i.e., karate and taekwondo players) 
have above-average anaerobic power.14, 25, 27 

Concerning upper body power, the authors found 
that PP and MP marked a significant decrease and 
FI decreased after the match. It is difficult to deter-
mine which mechanisms were responsible to the fall 
of performance in the Wingate test. These findings 
could explain, at least in part, the great anaerobic so-
licitation of the upper body during the kick boxing 
match. In fact, it has been shown that exercise inten-
sities during a Muay Thai match were slightly above 
the anaerobic threshold.9 Moreover, types of move-
ments and intensities in kick boxing match were en-
sured by recruitment of fast fibers. That is why we 
can suggest that it was impossible to perform at a 
high level in the Wingate test after the match. In this 
context, Allen et al.1 showed that fatigue is more 
pronounced in fast versus slow fibers. 

Furthermore, the authors found that BL levels in-
creased significantly during the kick boxing match 
relative to rest values (i.e., an average of 14.93±0.71 
mmol•l-1 after the match). Similarly, Bouhlel et 
al.4 found that BL reached a value of about 10.2±1.2 
mmol•l-1 after a taekwondo match. In addition, an 
average of 15.2±4 mmol•l-1 of BL values has been 
reported after two 4 min sparring rounds of mixed 
martial arts separated by a 1 min recovery.2 This rise 
in BL concentrations confirmed that anaerobic gly-
colysis was significantly solicited during the combat. 

The session RPE method has been shown to be a 
valid measure of internal training load in a variety of 
exercise modes.12, 15 Moreover, previous studies have 
used RPE to monitor exercise intensity in martial 
arts.14, 21 The present study’ findings showed that the 

parison with value of round 1 (Table II) and from R2 
to R3 (P<0.001).

Discussion

The principal aim of this work was to investigate 
the effects of a kick boxing (full contact) match on 
anaerobic power of the upper and lower body. The 
present study findings showed that the kick boxing 
match induces a significant decrease in the anaerobic 
power for both upper and lower body with a signifi-
cant increase in BL, HR and RPE after each round.

Similarly to wrestling and boxing, in kick boxing 
power and explosiveness are of greater importance 
since the opponent must be beaten fast with technique 
used in a very short period of time.13, 19 The findings 
of the present study showed that anaerobic perform-
ances of the lower body in SJ and CMJ decreased 
after the kick boxing match. This fall in performance 
could be explained by the fact that fighters are called 
to strike with full power to win the contest. These re-
sults could be explained by the fact that kick boxing 
competition needs special type of movements which 
are characterized by agility, velocity, and strength 
similarly to kung-fu competitions where combats 
consist in three 2 min rounds with a 1 min rest and 
are characterized by full-contact punches, kicks, and 
throwing technique.3 Moreover, kick boxers gener-
ally use many jumping techniques to strike opponent 
and displacements can be characterized by plyomet-
ric phases. In this context, Allen et al.1 showed that 
muscles that are used intensively show a progressive 
decline of performance which largely recovers after 
a period of rest.

Like Muay thai and boxing, kick boxing seems to 
be an intermittent physically demanding sport, with 
short phases of maximal or supramaximal intensity 

Table II.—Mean±SD of BL, HR, and RPE before and after the kick 
boxing match in youth division kick boxers (N.=18).

After R1 After R2 After R3

RPE 11.5±1.31 14.31±1.81*** 16.37±2.47***, +

BL (mmol•L-1) 8.63±0.87 11.72±0.85*** 14.93±0.71***, +

HR (beats.min-1) 141.11±3.02 166.23±3.13*** 182.12±4.34***, +

***: Significant difference in comparison with R1 at the levels of P<0.001. +: 
Significant difference in comparison with R2 at the level of P<0.001. R: round; 
BL: blood lactate; HR: heart rate. 
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RPE scores undergo a significant increase from one 
round to another of full contact match. The RPE fell 
into the range of 11-16. Same, Amtmann et al.2 re-
ported that the RPE in a match of MMA were in the 
range of 13-19. This difference may be related to the 
difference in match duration of each sport combat. 

Finally, HR showed a variation during the whole 
time of kick boxing match with a significant in-
crease from round to round and attains a value of 
182.12±4.34 (beats·min-1) at the end of the match. 
Likewise, Bouhlel et al.4 demonstrated that HR in-
creased significantly during a competition of taek-
wondo. Moreover, Iide et al.14 showed that HR and 
percentage of maximum HR for a 3 min bout of spar-
ring were significantly higher than for a 2 min bout 
of sparring. Therefore, we can suggest that HR could 
be viewed as a valid tool to monitor the exercise in-
tensity during the match of kick boxing. Addition-
ally, Kravitz et al.16 showed that boxing speed is as-
sociated with increased of ventilation, HR responses, 
and RPE. Thus, we can conclude that the increase af-
ter a kick boxing match in both HR and RPE scores 
obtained in the present study is associated with the 
competition’s specificities of that sport where fight-
ers strike with speed to win the contest.

Conclusions

The main findings of this study suggest that kick 
boxing match causes a significant increase in per-
ception of fatigue associated with a decrease in the 
anaerobic power of arms and legs measured during 
the Wingate and vertical jump tests (i.e., squat jump 
and counter movement jump). Therefore, coaches 
should focus on the development of these charac-
teristics (i.e., muscle power) in lower-level athletes 
to attain a better performance. The competition 
simulations have shown that kick boxing seems to 
have a high anaerobic demand. Thus, during physi-
cal conditioning training sessions, coaches should 
place a specific emphasis on the anaerobic training 
to prepare them to be able to handle the metabolic 
and physiological demands of the kick boxing match 
(i.e., style full contact). 
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