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Abstract: Aging leads to a general decline in body functions that affects quality of life. Sports practice is recommended as a means
to attenuate the impact of the aging process. The aim of this study was to identify and analyze the neuromuscular activity and its
patterns on active karate practitioners and assess the effects of the aging process. Two groups of black belt male karate practitioners,
one with nine practitioners over 50 years old and the other with 21 practitioners aged between 20-30 years old performed the frontal
kick mae-geri. Kinematic and electromyographic data of five muscles were collected from the right leg. Results showed two distinct
periods of muscular activation in the mae-geri performance, with similar muscles activity patterns between groups. Nevertheless,
some differences were found in the muscles’ activity onset and offset, in root mean square and in inter-muscle delay and
co-contraction periods. Those differences indicated that aging affects the neuromuscular activity in the mae-geri performance of the
oldest karate practitioners. Nevertheless, the results showed that lifelong practice of karate can preserve the quality of the
neuromuscular activity in older practitioners when they perform a kick, and this could be associated with benefits to balance control.
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1. Introduction reduction of strength also depends on the decrease in
mitochondria and mitochondrial DNA [7], with a
reduction of synthesis of muscle proteins [8].

The neurological activity declines with aging, too
[9, 10]. At this level, changes occur in the detection of
visual, vestibular and somatosensory stimuli [11-13],
in processing the information [14] and in the response
through muscle contraction [15]. These changes are
related to the loss of neurons and a decrease in the
functional capacity of the remaining neurons, leading
to a decrease in the velocity of conduction in the nerve
[16-19]. Proprioceptive receptors related with the

After the third decade of life, humans start to
experience an aging-related decline in biological
functions that affect the locomotors’ performance [1],
compromising their ability to do normal activities and
to maintain the practice of sport. Those declines
happen at the level of muscular strength production [2,
3], with a decrease of maximal strength associated
with loss of muscle mass, and atrophy, with a decrease
in cross-sectional area of muscle fibers and a decrease
in the number of muscle fibers [4-6]. Age-related
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the risk of falls in the elderly [9, 20].

In association with neuromuscular control and
strength production, other factors, such as longer
co-activation and co-contraction [21], or the reduction
of specific tension in muscles may contribute to the
age-related loss of force [22]. The co-activation and
co-contraction between agonist and antagonist
muscles are higher in the earlier ages, decreasing
progressively with maturation, and learning and
practice of skills [23]. There is a stabilization period
[24], but the co-activation and co-contraction
increases with aging, fundamentally after the fifth
decade of life [25-27].

Neuromuscular control patterns of the movements
and the changes related with aging lead to changes in
the performance of both simple and complex skills.
Several studies concluded that the changes in
movement time increase with aging [10, 14, 28, 29],
but the older people can perform motor skill activities
using similar control strategies to young adults [28].
Rand and Stelmach [14] showed that several
movement components were differently affected by
aging, and this affected in different ways the decrease
of the overall performance. Those authors suggest the
existence of an age-related deficit in processing of
sensory information, reducing the capability to plan
and organize sequential actions.

The decline in neuromuscular function related to
age [30, 31] can be slowed or delayed with regular
physical activity [6]. Studies about training in older
people confirm improvements in muscle strength [3,
32, 33], muscle power [34], explosive strength,
walking speed and in balance. Improvements in the
maximum oxygen consumption [1], as in the
mitochondria functions [7] were found, which is
important for the contractile activity of muscles.

Martial arts allow practitioners to maintain a regular
and continuous practice throughout life, and some
studies related these practices with benefits in the
aging process. Gatts and Woollacott [35] showed that

Tai Chi practice improves neuromuscular control,
which improves the balance and reduces the risk of
falls. Similar conclusions about balance control were
found in the Korean martial art Taekwondo [36], and
also improvements in muscular strength and flexibility
were noted [37].

In karate, the performance of specific skills is
dependent on a high level of control and coordination
of the limbs movements and balance, which is
dependent on effective neuromuscular control.
Consequently, aging can bring some problems to
karate practitioners during the performance of their
skills.

The latest research in karate has mainly focused on
the kinesiological aspects of skills performance in
both regular and elite practitioners aged below 50
years old. Some researchers analyzed the
neuromuscular patterns, kinematic and Kkinetic activity
of the punches [38-40], and others the kicks [41-45].
However, research about the relationship between
aging and karate practice has to be done. Thus,
considering the karate with a practice possible for life,
we must know and understand how the aging process
affects it, particularly in terms of neuromuscular
activity, and the potential benefits to the quality of life
of its practitioners.

The purpose of this study was to identify and
compare the neuromuscular patterns of activity in
veteran and younger black belt karate practitioners
during the performance of the frontal kick mae-geri to
verify the existence of differences related to aging. To
fulfill this aim, the activity of the muscles of the hip
flexion, knee extension and foot plantar flexion were
compared between the younger and veteran groups
during the performance of the mae-geri kick. We
hypothesized that continuous and regular karate
practice will reduce the effects of aging process on
neuromuscular activity in older karate practitioners,
preventing and attenuating the decrease in
neuromuscular activity.
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Table 1 Physical characterization of VetK and YgK practitioners.

Age Height Weight  Leglength Body fat Weekly training hours  Black belt level ~ Years of

(years) (cm) (kg) (cm) (%) (h) (Dan) practice
VetK 54+4& 176+5 769 91 +3 19+2& 5+1 F+1= 3B +10=
YgK 23 45 1727 72+14 89+5 13 +7 7 x4 1+1 1344

VetK = Veteran karate practitioners. YgK = Young karate practitioners. Values are means +SD.
2 Specifies statistically significant differences between groups (a < 0.05).

Fig. 1 Illustration of the experimental setup s

veteran karateka facing

bag at the starting position of

zenkutsu-dachi, with the right leg in backward extension, and the left leg flexed on the thigh and bent at the knee, with both
feet on the floor, and the mae-geri kick movement until the final position of the foot in contact with the target.

2. Methods
2.1 Participants

Thirty male black belt karate practitioners with
more than 10 years of continuous practice volunteered
to participate in the study. Two groups were formed;
one with nine veteran karate practitioners aged more
than 50 years old (VetK), and the other with 21 karate
practitioners aged between 20 and 30 years old (YgK).
All participants were in perfect health and without
history of neuromuscular or cardiovascular disease.
All participants signed an informed consent document.

The demographics of the two groups are shown in
Table 1.

This study was conducted according to the Helsinki
Declaration and was approved by the scientific
committee of the Sport Sciences School of Rio Maior,
Polytechnic Institute of Santarém, Portugal.

2.2 Experimental Design

Each karate practitioner (karateka) participated in a
single measurement session where the surface
electromyographic (SEMG) activity of five muscles
and the kinematic of the right leg (dominant) during

the performance of the mae-geri kick were recorded
simultaneously. The kick was performed into a
vertical floor training bag. The target area was at a
height of 90 cm from the ground and at a distance of
each participant’s lower limb length. Participants
started from the typical karate static stance of
zenkutsu-dachi (Fig. 1). They kicked in response to a
sound stimulus activated by a trigger linked and
synchronized between the SEMG and the video
recording device. Each participant performed three
fast and strong repetitions of the mae-geri kick with
impact of the metatarsals, koshi, on the bag. There was
a rest period of 30 seconds between repetitions. The
median value of the three trials was used for analysis.

2.3 Apparatus

After skin preparation, electrodes were placed on
the muscles according to the recommendation by
SENIAM [46], with the ground electrode placed on
the fifth lumbar vertebra. The SEMG was recorded
through the MP100 Data Acquisition System with a
sampling rate of 1050 Hz, and active bipolar surface
electrodes (centres separated by 20 mm), TSD Model
150TM (BIOPAC Systems, Santa Barbara, CA, USA),
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with an input impedance of 10 GQ, noise of 1 pV,
common mode rejection ratio (CMRR) of 95 db, and
gain of 1000.

The kick movement was filmed with a high-speed
camera (Casio EX-FH20), with a sampling frequency
of 210 Hz, and positioned perpendicular to the plane
of movement at a distance of two meters. Five
reflective markers were placed along the lower
extremity, specifically on the right anterior superior
iliac spine, the prominence of the greater trochanter,
the lateral condyle of the femur, the fibular malleolus
and the dorsal facet of the second metatarsal head.

The records were cut and analyzed with the
software Ariel Performance Analysis System (APAS,
Ariel Dynamics-2003). The criterion for cutting the
raw data of SEMG and video records for analysis was
to carry out the initial cut 200 ms before the trigger
input signal and the final cut 200 ms after the moment
the koshi made contact with the bag. The first frame
where koshi contacts in the bag was considered as the
instant time O for all measurements.

On the final files the determination of the
onset/offset on muscle activation and the onset of
segmental movements were done visually by a single
expert researcher on the Matlab outputs. The
remaining data were automatically processed through
the Matlab software.

2.4 Data Reduction

2.4.1 SEMG

The SEMG was recorded from Quadriceps Femoris
in the portions of the Rectus Femoris (RF) and Vastus
Lateralis (\VL), the long head of the Biceps Femoris
(BF) muscle, the Tibialis Anterior (TA) muscle and
the lateral portion of the Gastrocnemius (GA) muscle.

The SEMG signals were digitally filtered (10 to 400
Hz), full wave rectified, smoothed with a low pass
filter of 12 Hz (Butterworth, 4th order), and
normalized using the average value of the maximum
peak of electromyographic activity of the three runs
[47, 48], in each studied muscle (Fig. 2).

In the isolated SEMG bursts of each trial, the
dependent variables of onset and offset of muscle
activation, muscle activity duration, root mean square
(RMS), the delay time between the beginning of
inter-muscles activity and the co-contraction time
between muscles were processed and studied.

To process the inter-muscles delay (IMD) and the
co-contraction time, the muscles were organized in
pairs with respect to their action as agonists (RF, VL,
GA) and antagonists (BF, TA) on the joint movements
(hip, knee and ankle).

2.4.2 Kinematic

The beginning of the forward movement (onset) in
hip, knee, ankle and foot were the variables considered
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Fig. 2

Ilustration of the SEMG of the Rectus Femoris (RF) and Vastus Lateralis (VL), the long head of the Biceps Femoris

(BF), Tibialis Anterior (TA), and the lateral portion of the Gastrocnemius (GA) muscles activity during the mae-geri

performance.
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in this study. They were computed through the APAS
system and the Matlab.

The virtual lab space was calibrated using eight
control points, identified by a number and respective
coordinates (X, y), in order to identify in all frames the
coordinates of the reflective markers fixed on the
participants. Then the reconstruction of the movement
trajectory was made. The initial data were smoothed
by the APAS software with a low pass digital filter of
5 Hz cut off [49].

2.5 Statistics

Descriptive data are presented as means and
standard deviations. Normality of the data distribution
(Kolmogorov-Smirnov) and homogeneity of variances
(Levene’s test) was evaluated for all variables. One
Way ANOVA was performed to examine the
differences between the two groups on the SEMG
dependent variables and kinematic. Level of statistical
significance was set at a < 0.05.

Statistical analysis was performed with Statistical
Package for the Social Sciences (SPSS 20.0 for
Windows ®, SPSS Inc, Chicago, USA).

3. Results
3.1 Demographic Parameters

There were significant differences between VetK
and YgK in age, body fat, black belt level and
years of practice, achieving VetK higher values
(Table 1).

3.2 Segmental Movement Time

Table 2 shows the onset time of the segmental
movements as well as the significant differences
between the VetK and the YgK.

The onset time of the segmental movements
showed a kinematic sequence similar in both groups
during the performance of the mae-geri. As is shown
in the Fig 1, the kick began with a hip flexion
movement followed by a proximal to distal and back
forward direction until the koshi (metatarsals)
contacted the training bag.

In VetK, all the mechanic segmental movement of
mae-geri kicking began about 432 ms before the
contact of the koshi with the bag. The last segment to
initiate the movement was the metatarsal, 259 ms
before the contact. All the segmental movements
began significantly earlier in YgK (« < 0.05).

3.3 Muscle Activity

As is shown in the Fig 2, two different activations
occurred after the trigger signal, separated by an
electrical silence were identified in the SEMG files, in
all studied muscles and in both groups. For each
muscle these activations were referenced as first (e.g.
RF1 or (1)) and second (e.g. RF2 or (2)) activation
period. Other studies have also showed a double
muscular activation in karate [39, 50] and elite mixed
martial arts fighters [51].

Table 3 shows the SEMG dependent variables to
the muscle activity in the VetK and Ygk and the
significant differences between groups.

The onset of muscle activation defines a sequential
time pattern of muscle recruitment. In VetK, the TA
and the RF were the earliest muscles to be activated
during the first period of activity (TAl and RF1 at 616
ms before contact in the bag). Next, the VL and BF
activated, and finally the GA activated. The second
period of activation had a similar sequence, except
that the GA was activated before the BF.

Table 2 Kinematic time variables between VetK and YgK practitioners.

Hip Knee Ankle Foot
Onset movement time (ms) Vet 432 £43 = 334 +46 =2 296 +18= 250 +11=
YogK 495 +71 406 +48 353 +38 309 %31

VetK = Veteran karate practitioners. YgK = Young karate practitioners. Values are means =SD. Time—millisecond.
& Specifies statistically significant differences between groups (a < 0.05).



208

Aging Effects on Neuromuscular Activity in Karate Practitioners

Table 3 The variables of muscle SEMG in the mae-geri performance by VetK and YgK practitioners.

RFL VL1 BFL _ TAL _ GAL _ RF2 VL2  BF2 _ TA2  GA2
Onset muscles Vetk 616 +62 558 +56 =499 +61 616 +61 479 +43 25553 135+26°93 £35 325+44 114 +38
?ﬁ;\)'at'on UM€ VoK 513469 500670 411461 5734101 465442 241450 155424 87 +46 203470 11032
Offset muscles Vetk 395 65 €367 455 <219+69 @414 £70 €187 £48 22428 -45+18 -44+15 62182 -56+12
?r‘;t;‘)’at'on UME VK 322464 318460 11064 302485 16742 -31428 -47+18 -36+23 31430 -60 12
Muscle Vet 21757 10648 273+98 193443 30472 27859 178%23°127 £44 265439 154 +21
Y (m) YOK 183243 17934 20279 25695 20954 27147 201422 134451 26253 167423
SEMGroot  Vetk 1522 2448 51452 28+13 437 5772 5945 2940 5947 479
OARMS)  YOK 28413 3214 41+10 20%12 469 4949 56=7 3513 54xll 4710

VetK = Veteran karate practitioners. YgK = Young karate practitioners. Values are means =SD. Time—millisecond; RMS—% of

the normalized SEMG; RF—Rectus Femoris;

VL—Vastus Lateralis;

BF—Biceps Femoris; TA—Tibialis Anterior;

GE—Gastrocnemius. First (1) and second (2) activation periods in the studied muscles.
& Specifies statistically significant differences between groups (« < 0.05).

Table 4 Inter-muscles delay and co-contraction in the execution of mae-geri by VetK and YgK practitioners.

RF1-VL1 RF1-BF1 VL1-BF1 TAl-GA1 RF2-VL2 RF2-BF2 VL2-BF2 TA2-GA2
IMD VetK 64 58 = 123 +108 89 x64 146 =53 113 41 152 +45 33x50= 218 59
(ms) YgK 29 27 123 74 96 £76 121 71 84 £54 146 67 75 44 183 =69
Co-contraction VetK 153 63 89 115 111 81 40 £44 = 157 £27 = 118 +£56 140 +46 45 +23
(ms) YgK 179 +£49 88 +116 99 +100 153 +122 188 £37 105 51 128 +44 76 £50
VetK = Veteran karate practitioners. YgK = Young Kkarate practitioners. Values are means = SD. IMD and

co-contraction—millisecond; RF—Rectus Femoris;

VL—Vastus Lateralis;

BF—Biceps Femoris; TA—Tibialis Anterior;

GA—Gastrocnemius. First (1) and second (2) activation periods in the studied muscles.
& Specifies statistically significant differences between groups (« < 0.05).

The YgK presented a similar sequence time of
muscles activation, however, during the first period
the VL and BF muscles were activated significantly
later than in the VetK and in the second period the VL
was activated significantly before than the VetK
(Table 3).

The offset time in the VetK presented a similar
sequence to the onset but in the second period the
muscles activity finished after the contact of the koshi
with the bag, with exception of the TA (Table 3). In
the VetK, the BF was deactivated before the VL. The
YgK differed significantly because their muscles
deactivate closer to contact of the koshi with the bag,
specifically the RF, VL, BF and TA in the first
activity and the TA in the second activity.

The duration time of musculars activity in the VetK
varies between 304 ms (GA1) and 193 ms (TA1l) in
the first activation period and between 278 ms (RF2)
and 127 ms (BF2) in the second activation period.

Nevertheless, the veterans” GA, BF and VL muscles
had a larger time of activity in the first period than in
the second (between 304 and 196 ms), unlike the RF
and TA which presented a larger time of activity in the
second period (278 and 265 ms, respectively). YgK
showed a significantly larger duration time of
activation in VL muscle during the second period.

The muscle activation intensity in the VetK had a
minimum value of RMS of 15% on the RF and a
maximum value of 51% on the BF in the first period
of activity. In the second period of activity, the
muscles increased the RMS about 30%, except for the
BF where the intensity was reduced about 20% (Table
3). YgK had significantly higher RMS in RF muscle
and lower in BF muscle during the first activity. In the
second activity, the RMS of the RF muscle was lower
in the YgK.

Table 4 shows the IMD and co-contraction time
between muscles in the VetK and YgK as well as the
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significant differences between groups.

The VetK presented higher IMD period in VL-BF
muscles, respectively agonist and antagonist of the
knee extension, during the first activity than in the
second. The RF-VL, agonists of hip flexion and knee
extension, the RF-BF, respectively agonist and
antagonist of knee extension, and the TA-GA,
respectively antagonist and agonist of foot plantar
flexion, had a lower IMD period during the first
activity, but in the TA-GA the IMD was higher than in
the RF-VL and RF-BF in the two activation periods.
YgK showed significantly smaller IMD in RF-VL and
higher in VL2-BF2 than did the VetK (Table 4).

The co-contraction time in the VetK was higher for
all the muscle pairs in the second period of activation,
particularly on RF-BF ((1) = 89 ms; (2) = 118 ms) and
VL-BF ((1) = 111 ms; (2) = 140 ms), with an increase
about 30 ms on this period. TA-GA first period of
co-contraction and RF-BF second period of
co-contraction were significantly higher in YgK than
in VetK (Table 4).

4. Discussion

In the present study, the results showed the
existence of a specific neuromuscular phasic pattern
of control and coordination of the mae-geri kick
performance, on both groups, which seems to be
adapted to the age of the karate practitioners.

The complexity of the kick performance generated
two distinct contractile activities on the muscles in all
karate practitioners, much as was found in other
studies [45, 51]. The first activation was related with
the initial hip flexion movement and the stabilization
of the knee and ankle, while the second activation was
related with the knee extension and foot plantar
flexion at the ankle level to finalize the kick. In these
muscles, there was found to be a temporal and
reciprocal sequential order of agonists and antagonists
recruitment. This order was similar between the two
groups, and is typical of ballistic movements,
corresponding to a proximal-to-distal mechanic

segmental sequence of movements [39, 45, 50]. The
physical action was similar between groups, but the
movements began earlier in the YgK. Nevertheless,
the muscle activation on YgK, especially in the RF1,
VL1, BF1 and VL2, began closer to the moment of
contact of the koshi with the bag, reflective of less
time being required to transfer the contractile muscle
energy to the segments, to move and control them
during the kick. This shows that in VetK, there could
exist a loss of conduction velocity by the nervous
system, as evidenced by some authors [16-19], and a
loss of motoneurons and muscle fibers as a
consequence of the natural aging process [19, 30].
However, these results could as well be related to the
veterans’ significantly higher body fat and less
muscular mass, resulting in a smaller number of fibers
being available [2-6] in the VetK, probably with a
reduction in the synthesis rates of muscle proteins and
mitochondrial functions [8].

The neuromuscular conduction velocity and the
characteristics of muscles seems to be two primary
factors involved in the differences between VetK and
YgK. The study shows that during the muscles’
activity duration, the agonist muscles VL and GA, and
the antagonist muscle BF, tend to be activated for
more time in the first period than in second period, in
the VetK. This shows the importance of the initial
control of the acceleration and balance when the
karateka begins to perform the kick from a static
stance [45]. In the second period, there is an increase
in the duration of the RF activation. This is associated
with the continuity of hip flexion and the beginning of
knee extension, and with the TA activation, to
stabilize the foot position. YgK tend to have a higher
second period of activity in the agonist (RF and VL)
and antagonist (TA) muscles, which might reflect that
the second activation increases the acceleration and
velocity of knee flexion and the foot stabilization, in
anticipation of contact with the bag. In any event, the
activity duration of the VL muscle during the second
period was significantly higher in the YgK.
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The RMS shows that the muscle activation intensity
was, in general, lower than 60%. Consequently, there
was not necessarily a great intensity of muscular
activity needed to perform the mae-geri kick. In this
context, the activation intensity of the agonist (RF, VL
and GA) and antagonist (TA) muscles was lower in
the first period than in the second period, in both
groups, except in the BF muscle. This reflects that the
main purpose of the first muscles’ activity was to
begin the segmental movements, with the hip and
knee well controlled by the action of the BF muscle,
without great levels of strength to accelerate the
segments, as was referred by other study [45]. Despite
this common behavior in both groups, significant
difference was found between VetK and YgK in the
activation intensity of both RF and BF muscles,
during both periods of activity. This could reflect a
greater intervention of the antagonist action (BF) in
the hip and knee during the initial movement of the
kick to increase the control, stability and body balance
in the VetK.

The IMD shows if the muscles were simultaneously
activated. The IMD in the mae-geri performance tends
to be lower in the first period of muscles activity than
in the second period, in both groups, except in
VL2-BF2. This lower IMD shows that the antagonist
activity in the first period is needed to control the
initial segmental movements and transfer the body
weight from a bipedal stance into a unipedal stance.
This action needs joints to stabilize and requires
balance control. In the second period, the antagonists
were activated later, facilitating the initial acceleration
and velocity in the joint movements, and preparing the
segments for the impact of the koshi on the bag.

VetK tended to have a higher IMD during both
periods of muscles activity than YgK, especially in
RF1-VL1. The RF1-VL1 differences in the IMD
between the groups could be related with the
anticipation in the transfer of contractile energy to the
knee extension in the YgK. In the VetK it must be
initially more centered in the joint stabilizations and

balance control, and this is something associated with
the aging effects [21, 25-27, 35, 36]. This requirement
was reflected in a lower IMD of the RF2-BF2 in the
VetK, who, because they needed the antagonist
muscle BF2 activity to increase the knee extension
control, slowed down the movement but increased the
control of the impact and body balance.

The typical phasic pattern of reciprocal enervation
in the agonist and antagonist muscles recruitment was
associated with well-trained and learned ballistic skills.
In the performance of those skills, the co-contraction
periods tended to be shorter. Nevertheless, the aging
process affected the neuromuscular control patterns,
namely, increasing the agonist and antagonist muscles
co-contraction in older people [21, 25-27]. In the
present study, the times of muscular co-contraction
was similar between the two groups, and tended to be
greater during the second period of activity. This
reflected an increase of control over the joint
movements to prepare the contact of the koshi with the
bag. However, the VetK presented significantly
smaller co-contraction times in the TA1-GAl and
RF2-VL2. Thus, the co-contraction and IMD data
suggest that the effects of the aging process could be
seen in the middle-aged VetK, in patterns typical to
co-contraction found in elderly people. The longevity
of the karate practice could be the reason to the
maintenance of this similar pattern between VetK and
YgK.

In general, it is assumed that aging alters the
neuromuscular activity, and possibly, the motor
control strategies, leading to performance deficits, and
it was our expectation to find significantly different
SEMG parameters, allowing the identification of the
aging process in the neuromuscular patterns on VetK.
Nonetheless, we found a specific neuromuscular
pattern to control and coordinate the mae-geri kick
performance that was similar between VetK and YgK.
The few differences found in temporal muscular
activity of the VetK showed the effects of aging, but
the continued practice over the years, presumably
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increased efficiency for this group, and that could
explain the similar neuromuscular control activity
with the YgK.

This study was limited to a sample of high rank
karate practitioners, all male, all black belts, and all
with many years of practice. This evidence leads to
the question whether the middle aged practitioner and
youths, women, or lower level practitioners would
show the same characteristics of neuromuscular
pattern in the kicking control. Nonetheless, the results
of this study provide useful information to karate
practitioners and coaches, and also to researchers who
study the neuromuscular control in sportive skills
performance related with aging.

5. Conclusions

In conclusion, the VetK showed that continuous
practice throughout life can preserve the quality of the
neuromuscular activity in the control of kicking
performance. In fact, the Vetk and YgK show a
similar pattern for controlling and coordinating their
muscles when they perform the mae-geri Kkick.
However, the older practitioners show a few
adaptations in the onset time to the recruitment of hip
muscles. This could be related to a loss of
transmission velocity in the nervous system and a loss
in the excitation capacity and contractile capacity of
the muscles due to aging.

The similar intensity of muscular activity, with the
exception of the Rectus Femoris and Biceps Femoris,
and the similar times of intermuscular delay and
co-contraction periods in almost all of the pairs of
analyzed muscles in the two groups, can also confirm
the conclusion that Karate practice by elderly people
mitigates the aging effects and can contribute to a
better quality of life.

The presented and discussed findings confirm the
formulated hypothesis that continuous and regular
karate practice will reduce the effects of aging process
on neuromuscular activity in older karate practitioners,
preventing and attenuating the decrease in

neuromuscular activity. So it is reasonable to assume
that the improvement of body balance and the
prevention of falls are important benefits of karate
practice by middle-aged and elderly people, and that
continuous Karate practice might be beneficial for the
functionality of neuromuscular activity.
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