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Abstract

Whether from the lower or upper limbs, intersegmental coordination is required at a high level in the blows
of various martial arts modalities, with karate being no exception. In karate, precision, high speed, and tech-
nique are the hallmarks of attack, counterattack, and defence. The aim of this study was the phase relation-
ship between the proximal and distal joints during the execution of two technique of stroke karate: the punch
gyaku tsuki and the kick mae geri.

The study included 14 male athletes, equally divided into 2 subgroups according to their current competi-
tive level: sub-elite (SEG) and elite (EG). The karate stroke performance measure used was the linear veloci-
ty peak of the wrist and foot. In order to analyze the intra-segment coordination, it was applied the nonlinear
dynamics approach named continuous relative phase (CRP). From the CRP curve it was obtained the peak as
well as the time to reach the CRP peak. It was also compared the index of the coordinative patterns’ variabil-
ity, which was obtained by calculating the average of the CRP values and standard deviation.

The EG group showed significantly higher values in the linear velocity peak of the wrist and foot when com-
pared to the SEG. With respect to the CRP curve peak and the coordinative patterns variability, the SEG group
presented significantly higher values, showing no differences in the time to reach the CRP peak.

The EG group presented a better intra-segment coordinative capacity during the execution of strikes. The sta-
bility of coordinative patterns seems to have an intimate relationship with the technical refinement. Thus, this
variable can be configured also as a predictor of performance.

gyaku tsuki e horizontal axis ¢ mae geri e nonlinear dynamics e vertical axis
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Coordination noun the ability
to use two or more parts of the
body at the same time to carry
out a movement or task [40].

Neuromuscular - adjective
referring to both nerves and
muscles [40].

Motor - adjective relating
to muscle activity, especially
voluntary muscle activity,
and the consequent body
movements [40].

Performance - noun the level
at which a player or athlete

is carrying out their activity,
either in relation to others or
in relation to personal goals or
standards [40].

Motor performance - the
observable production of

a voluntary action, or a motor
skill. The level of a person’s
performance is susceptible

to fluctuations in temporary
factors such as motivation,
arousal, fatigue, and physical
condition [41].

Punch verb to strike someone
or something with the fist, e.g.
in boxing or martial arts [40].

Kick - verb 1. to strike a ball
with the foot 2. to strike
something or somebody
with the foot, e.g. in martial
arts 3. to make a thrashing
movement with the legs, e.g.
when fighting or swimming
4. (in cricket) to bounce up
high and quickly [40].

Kick - noun 1. a blow with the
foot, e.g. in martial arts

2. a thrashing movement with
the leg when swimming

3. the striking of a ball with
the foot [40].

Technique- noun a way of
performing an action [40].

Speed training - noun training
that uses exercises designed to
improve reaction times [40].

Dan (dan’i) - a term used to
denote one’s technical level or
grade [42].

INTRODUCTION

Whether from the lower or upper limbs, interseg-
mental coordination is required at a high level in
the blows of various martial arts modalities, with
karate being no exception. In karate, precision,
high speed, and technique are the hallmarks of
attack, counterattack, and defence [1].

Coordination is defined as the ability to manage
the abundant or redundant degrees of freedom to
produce a controllable system in the body move-
ment [2] - see also glossary. Nonlinear dynamics
and dynamical systems approaches are increas-
ingly being implemented in biomechanics and
human movement research [3]. Among these
approaches stands out the phase relationships,
which have been used as a measure of coordi-
nation and a way of quantifying intrasegmen-
tal coordination [4]. Among the techniques used
to determine the phasic relationships between
two or more joints, the continuous relative phase
(CRP) stands out for simulteously relating dis-
placement and angular velocity of a given move-
ment, thus providing important information in
the investigation of motor control of multi-joint
actions [5]. The CRP has been used to investigate
coordinative patterns in cyclical actions [6, 7], as
well in non-cyclical explosive actions [8-10].

Due to the specificity of sports gestures, the coordi-
native motor patterns (motor performance) become
more consistent and controlled, presenting less
variability of the coordinative characteristics of
the technical gestures as the expertise in action
increases [11]. The coordination variability has been
analyzed using the CRP values dispersion [12, 13].

The gyaku tsuki is a punch executed with the
advance of hand together with the advance of
the contralateral lower limb, in zenkutsu dachi
posture, in which the athlete is with one lower
limb advanced and knee flexed and the other
member with the hip and knee extended, both
in contact with the ground [14, 15]. The mae geri
is a frontal kick, considered a simple but very effi-
cient technique and therefore one of the most
used kick in competitions [16]. Among the most
used strokes (“stroke” is an ambiguous concept
- see in glossary) in the karate, the gyaku tsuki
represents approximately 50% of the techniques
used in an karate official combat [17].

The gyaku tsuki and mae geri have great prom-
inence among the karate techniques and has
been examined in its various features, such as

kinematics, variability, muscle activation, adap-
tations of neuromuscular control, and others
[1, 14, 15, 18-26]. However, studies describ-
ing their characteristics regarding intra-segment
coordination and variability of coordinative pat-
terns have not yet been conducted. Therefore,
the important issue is knowledge about the
phase relationship between the proximal and dis-
tal joints involved in the gyaku tsuki (shoulder and
elbow) and mae geri (hip and knee) executions
performed by elite and sub-elite karate athletes.

The aim of this study was the phase relationship
between the proximal and distal joints during the
execution of two technique of stroke karate: the
punch gyaku tsuki and the kick mae geri.

MATERIAL AND METHODS

Sample

The study included 14 male volunteers, aged
18-35 years, competitive practitioners of karate,
separated into two groups according to their com-
petitive level. An elite group consisted of 7 individ-
uals, black belts and competitors at the national or
international level, including 2 national champions
and three champions of various international com-
petitions (age: 26.300 * 6.900 years; body mass:
77.5 £ 12.8 kg; height: 1.7 + 0.1 m; fat percent-
age: 12.6 + 6.7 %). The sub-elite group consisted
of 7 individuals, black belts and competitors at the
regional or state level (age: 27.5 + 6.1 years; body
mass: 75.1 + 8.9 kg; height: 1.7 £ 0.1 m; fat per-
centage: 15.1 £ 5.9 %).

The volunteer would be excluded from the study
if he reported severe pain, severe soft tissue
injury, concussion, or surgery in the six months
prior to the study.

Experimental Protocol

The strokes were performed on an instrumented
target developed at the Biomechanics Laboratory
of the Sdo Paulo State University (UNESP). The
target was equipped with LED to provide visual
stimuli as well as a piezoelectric sensor whose
function was to detect the end of the strike due
to the touch of the hand or foot on the sensor
(Figure 1, A and B). Both the LED system and the
piezoelectric sensor were controlled by a micro
controller board Arduino model “MEGA 2560".

Five strokes were carried out unilaterally, and
started according to the visual stimulus provided
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by the LED system. The validity of the stroke
was evaluated by a referee of the Brazilian
Karate Federation.

Data collection and processing

The kinematic data were obtained using a Vicon
system consisting of seven cameras (T10 model)
with a sampling frequency of 250 frames per
second, operated by software. Vicon Nexus
(Vicon®). The markers used to identify the ana-
tomical points to be used for later reconstruc-
tion of the athletes’ body movements were
coupled to their body according to the recom-
mendations presented in the Plug-in-Gait model
for whole body (Vicon®).

The digital data were processed and analyzed
through specific routines developed in software
Matlab version 8.5.0.197613 (Mathworks®, Inc.).

The establishment of the optimal cut-off fre-
quencies for signal filtering was performed
using residual analysis [27], wherein the signal
of the kinematic data was filtered with a recur-
sive Butterworth lowpass 4t order with cutoff
frequency of 6 Hz and the data of ground reac-
tion forces with a recursive Butterworth lowpass
4t order with cutoff frequency of 95 Hz.

The movement onset was determined by the
threshold method applied to the anteroposte-
rior displacement curve of the center of pressure
(COP) where the moment of onset is greater or
equal to the mean plus 3 standard deviations cal-
culated on the baseline.

The execution of the stroke comprises the inter-
val between the movement onset and the hand
or foot contact with the target.

Goethel MF et al. - Coordinative intra-segment...

Data analysis

Kinematic data

The proximal and distal joints’ angular position
and angular velocity (0, w) were obtained from
the displacement of the reflexive markers cou-
pled to the limbs. Linear peak velocity of the wrist
and foot were calculated as the maximum value
of the resulting curve of the linear velocity of the
lateral reflective marker of the wrist and lateral
malleolus in the 3 axes.

Phase of indicators

The phase of indicators were obtained from the
kinematic data of the proximal and distal joints,
obtained from each trial, and then they were
interpolated to 2500 points using Spline Cubic
functions. The interpolation procedure was per-
formed so that all files had the same number of
samples. Angular velocity values were plotted
against the angular position values for the shoul-
der and elbow, and for the hip and knee joints,
as respectively illustrated in figure 2A and 2B.
Prior to calculating the phase angle (), the data
of angular displacement and angular velocity for
each trial were normalized [7] in order to mini-
mize the effects of different ranges of motion [28,
29]. The following equations were used to nor-
malize the data:

e horizontal axis (angular displacement):

_ 2%[0;—min(6;)]
=

_1’

max(0;)-min(6;)

wn
I

where 6 is the angle of joint and “i” each data

sample within each trial. This normalization sets
the origin of the horizontal axis in the middle of
the range, while normalizes the minimum value
in -1 and the maximum in 1.

Figure 1. lllustrative picture of the final moment of blows A - gyaku tsuki and B — mae geri.
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e vertical axis (angular velocity):

where R was calculated as: and w,is the angular
velocity of each sample “i” of data.

For each point of the phase graphic, and for
both joints, proximal and distal, the phase angle
(¢p) was calculated as the inverse tangent of the
normalized angular velocity and the normalized
angular displacement, which is the angle formed
between a line originating at (0, 0) to the point
(6, w) and the horizontal axis (Figure 2).
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Continuous Relative Phase (CRP)

CRP was set in the range of -180° < ¢ > 180°, as
the difference between the phase angle of the
proximal segment ((pshou,dew (pmp) and the phase
angle of the correspondent distal segment ((pelbow’m
®,,..) for each data sample. CRP is therefore con-
sidered a measure of coordination between the
proximal and the distal joints.

A positive CRP value reflects that Ppoutder/Prip >
P etpow,/ Prnce. Reciprocally, a negative CRP value
reflects that (pshoulder,/(phip < (pelbow,/(pknee A Iarger
phase angle of a joint, in relation to the proximal
or distal joint at the same limb, can be interpreted

as the joint being moving slower or even having

Elbow

-1

Normalized Angular Displacement

Knee

-1

Normalized angular displacement

Figure 2. A - phase graphic of shoulder and elbow joints of an elite athlete (solid line) and a sub-elite athlete (dashed
line); B - phase graphic of hip and knee joints of an elite athlete (solid line) and a sub-elite athlete (dashed line).
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made a movement of smaller amplitude than the
other. It can also be interpreted as a simultaneous
occurrence of these two factors, that is, slower
movement and smaller amplitude.

The average CRP curve of each subject was cal-
culated as the average of CRP curves of the 5 tri-
als. The peak of the average CRP curve of each
subject was calculated as the maximum CRP
value in the range comprising the maximum flex-
ion of the elbow until the impact with the target,
in this way, sought to investigate the coordina-
tion indicator in the flexion phase of the proxi-
mal joint and in the extension phase of the distal
joint. The time in which occurred the peak of the
average CRP curve was represented in a percent-
age of the stroke execution time. The average
CRP curve of the group was calculated as the
average of the average CRP curves of the sub-
jects of each group.

Linear Velocity of the Wrist

* p<0,001

) ~ I o

Sub-elite Biite

CRP Peak Time

Normalized Time (%)
o 8 & 8 8

Sub-elite Bite
B 12 Linear Velocity of the Foot
* p<0,001
10
B l
=8
4
2
o
Sub-elite Elite
100 CRP Peak Time
~ &
Z e
= 40
Z 20
o
Sub-elite Bite
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Variability

The individual group variability was calculated
from the standard deviation (SD or *) of the CRP
measures. The results of these calculations indi-
cates the variability in trial to trial and can be used
to compare the stability characteristics of the sys-
tem over the gesture performance standards [30].
The variation of CRP for each subject was calcu-
lated as the average of the SD (o) of each sample
of the average CRP curve of each subject.

Statistical analysis

According to the statistical power analysis (using
the software G*Power®, version 3.1.9.2) consid-
ering data from our previous pilot study, in order
to achieve statistical power of 80% and effect
size between 0.5 and 0.8 for test of differences
between two independent averages (two groups),
it was estimated a sample size of 14 athletes
(7 in each group). This estimate was based on a

&

8

SD (o)

8

Sub-elite Elite

Figure 3. A - comparative graphics of the results between the groups during the performance of the gyaku tsuki strike;
B - comparative graphics of the results between the groups during the performance of the mae geri strike.
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detectable difference of 1.0, minimum correla-
tion of 0.8 and alpha (a) of 0.05 considering four
variables present in the present study [31, 32].

The statistical analysis was performed using IBM
SPSS Statistics software 18 (IBM®). After check-
ing the data normality by the Shapiro-Wilk test,
it was performed the independent sample t-test
in the parametric data and the Mann-Whitney U
test in the non-parametric data, in order to verify
differences between the groups in the variables
of interest of this study. In all statistical tests it
was adopted the significance level of p<0.05.

180°

-180°

180°

RESULTS

Linear velocity of the wrist

In the elite group, both linear velocity peak of the
wrist and foot were significantly higher (7.3 +0.8
m.s* and 9.5 +0.8 m.s™%, respectively) than that
presented by the sub-elite group (6.1 £0.7 m.s*
and 8.5 +0.8 m.s™, respectively) (Figure 3A and B).

Continuous relative phase (CRP)

The average CRP curves of the sub-elite and elite
groups performing gyaku tsuki and mae geri are
shown, respectively, in Figure 4 and 5.

CRP Sub-elite o

— — —SD Sub-elite o

CRP Elite @
— — —SDEliteo

-180° L

50 100

Normalized Time (%)

Figure 4. Average continuous relative phase (CRP) curve

and standard deviation calculated from both groups during

the performance of the gyaku tsuki strike (CRP was calculated from the shoulder and elbow phase angles).

180°

180

CRP Sub-elite g
— — — CRP Sub-elite (SD) o

-

CRPElite g

— — —CRP Elite (SD) o

-180° | 1

50

Normalized Time (%)

Figure 5. Average continuous relative phase (CRP) curve

and standard deviation calculated from both groups during

the performance of the mae geri strike (CRP was calculated from the hip and knee phase angles).
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It is possible to observe a positive peak near
the end of the execution of the strokes gyaku
tsuki and mae geri. This peak represents a higher
proximal phase angle relative to the distal, which
occurs due to a lower angular velocity and
a smaller angular displacement of the proximal
joint relative to the distal in this epoch of the
stroke. The peak was significantly higher for the
sub-elite group (74.2° +4.6° in gyaku tsuki and
72.4° £9.6° in mae geri) than that presented by
the elite group (51.8° £12.5° in gyaku tsuki and
55.8° +5.7° in mae geri) (Figure 3A and B, top
panel on the right).

The epoch time in which the CRP peak occurred
was similar between the groups (Figure 3A and B,
bottom panel on the left). This result represents
the similarity between the groups in terms of con-
trolling the striking limb, whether performing the
gyaku tsuki or mae geri.

Variability

The variability of CRP values between trials
(Figure 4, bottom panel on the right) was signifi-
cantly higher for the sub-elite group (34° +4.9°
in gyaku tsuki and 28.3° +6.3° in mae geri) than
that presented by the elite group (23.9° £2.2° in
gyaku tsuki and 26.3° +4.2° in mae geri).

DISCUSSION

The athletes who participated in this study pre-
sented similar anthropometry data even though
they belong to different competitive levels. Similar
anthropometry between groups guaranteed sam-
ple homogeneity, as shown in previous studies
comparing the same variables [26, 33, 34].

The highest values of linear velocity peak pre-
sented by elite group corroborate with the fact
that velocity is one of the main factors that deter-
mine or predict the performance in the competi-
tive karate [35, 36].

Regarding to the CRP curve peak, the sub-elite
group presented significantly higher values than
the elite group. This fact represents that the less
competitive level athletes have a worse coordina-
tive pattern. The movement in positive anti-phase,
indicates a smaller angular displacement and veloc-
ity of the proximal joint, which in this case is the
shoulder or hip [37]. Thus, the difference presented
in this variable between the groups is explained by
the performance of proximal joint flexion.

Goethel MF et al. - Coordinative intra-segment...

Although differences have been shown in the
coordinative pattern between the groups, no
significant differences were found in the tempo-
ral indicator of CRP peak behavior. This finding
can be explained by the fact that both groups are
black belt and therefore have great ability to per-
form the techniques of striking.

The degree of variability in coordinative patterns
is an important element in the understanding of
movement dynamics [28]. A high degree of vari-
ability in the movement can be interpreted in
one of two ways, namely: being beneficial if the
action to be performed involves the need for
adaptation of complex motor patterns [38], or
harmful, if the task to be performed involves low
complexity of movement and it is subject only to
the slightest perturbations [39].

Elite athletes have an exceptional mastery of his
movements, and if they enjoy full physical and train-
ing conditions, they show high degree of reproduc-
ibility of the movement in the performance of basic
actions [39]. Karate athletes with higher degrees
of black belt (higher dans) have greater repeatabil-
ity in performing the oi tsuki (lunge punch) and the
choku tsuki (straight punch) [21, 22]. Likewise, Pozo
et al. [26], when comparing the variability during
the execution of mae geri in Belgian karate ath-
letes of national and international level, found that
international level athletes have lower variability
in movement indicators in the hip, knee and ankle
joints. In our study we found a similar situation,
where the athletes with lower competitive level,
sub-elite group, showed a degree of coordinative
pattern variability significantly higher.

CONCLUSIONS

The differences in the coordinative indicators
between sub-elite and elite athletes identified in
the present study might explain the difference in
the stroke performance, measured by the peak
linear velocity of the wrist. Despite the techni-
cal gesture to be similar between the groups, the
elite group gets higher performance through the
implementation of an optimized kinetic chain.

The results of this study indicate that in any
case the shoulder flexion movement is primarily
responsible for the anti-phase behavior during the
execution of gyaku tsuki. Elite athletes can min-
imize this effect, performing a faster technique
and thus obtaining better competitive results.
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Elite athletes are also distinguishable from sub-
elite athletes because they present less vari-
ability in coordinating indicators. The stability
of coordinative patterns seems to have an inti-
mate relationship with the technical refine-
ment. Thus, this variable can be configured also
as a predictor of performance.

This study provides critical information to
coaches and athletes of the sport, pointing sub-
stantial differences between competitive levels
with regard to the coordinative indicators during
the execution of the gyaku tsuki punch. However,

future studies are needed on this same theme but
involving more complex motor actions, so that
we can understand in more depth how the motor
control system is specialized in tasks closer to the
reality of the combat sports.
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