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ABSTRACT

Purpose. Exercise performed improperly, in disagreement with age and development, may trigger negative bioactive effects.
Adolescent tackwondo athletes, being able to practise on tatami or without tatami and barefoot, may be submitted to
musculoskeletal structure disorders. The purpose of this study was to describe the frequency and amplitude of the reactive
forces during taekwondo practice with and without tatami.

Methods. Overall, 27 adolescent tackwondo athletes aged 10-15 years were submitted to a standard 90-minute training
session with and without tatami. During each session, the frequency of ground contacts and the vertical ground reaction
forces were measured. Femur and wrist bone age and the respective stages of the epiphyseal plate were computed from
radiograph images. A total of 6346.6 + 425.5 ground contacts (an average of 106 contacts per minute) were registered during
the training session. The Wilcoxon test was applied to analyse the relationship between taekwondo and epiphyseal plate
stage (p <0.005).

Results. Student’s t-test revealed a significant difference between ground reaction forces with and without tatami; tasks
performed without tatami featured smaller magnitudes for comparisons of absolute and normalized values (t = -3.359;
p <0.002 and t = -3.652; p < 0.001, respectively). The time of practice showed no early closure of the femur epiphyseal plates
caused by the practice of taekwondo.

Conclusions. Practising tackwondo seems to have a bio-positive effect on the maturation of adolescent athletes, regardless
of the use of tatami.
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Introduction

Many children and adolescents start their sports
training early in their lives, which often leads to an
early specialization, with several weekly workouts
and a high number of hours at a level of intensity
necessary to be competitive. In tackwondo, increasing
numbers of practitioners have directed greater atten-
tion to safety and injury identification needs, towards
a safe practice. However, there is also a rise in the het-
erogeneity of the classes of practitioners, which seems

to have resulted in a higher incidence of injuries, par-
ticularly among children [1].

Since the inclusion of tackwondo in the Olympic
Games, there have been several changes in terms of
rules and regulations, safeguarding the integrity of
the sport. In 1986, the Kukkiwon, also known as the
World Taekwondo Headquarters, adopted the ethyl-
ene-vinyl acetate (EVA) floor (flexible tatami) in of-
ficial competitions, equalling the attitude taken pre-
viously by judo [2]. This floor is designed with the goal
of providing better comfort by minimizing the possi-
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bility of injury. In fact, the regular practice of this sport
necessarily promotes micro-injuries by the constant
contact with the ground (ground reaction forces [GRF]).
About 75% of the mechanical energy of an impact can
be passively dissipated through muscles, joints, and
ligaments, while the remaining 25% will dissipate
through other structures, such as footwear, pavement,
etc. [3].

The Apkubi tackwondo technique analysis showed
1.4 body weight (BW) vertical reactions forces, a small-
er value than the one reported for walk activity, 1.8 BW
(t = 6.085; p < 0.001). This peak is registered when
receiving or contacting the foot with the ground, which
constitutes an important phase of deceleration for the
structures in sports movements and is identified with
a considerable mechanical overload applied to the lo-
comotor system [4]. In the evaluation of 10 experienced
capoeiristas, the values found were 1.36 + 0.17 BW
for the movement called the hammer and 1.91 *
0.36 BW for the closed negative movement; values of
5.15 = 2.06 BW for the screw movement and 4.67 +
1.65 BW for the skipped armed movement were also
registered [5]. The magnitude of GRFs in terms of %
BW in the rotating kick in taekwondo evaluated with
a force platform from 3 positions relative to a fixed
target is as follows: in the 0° position, the result was
4 BW, being the highest peak at the front foot; at the
45° position, the magnitude of GRF was evenly dis-
tributed; at the last 90°, the magnitude of GRF was 4
BW, with the highest peak at the rear foot [6].

In general, almost every contact sports activity pro-
duces GRF, and the impact is expected to have a bio-
positive effect when it occurs in a range of safety, pro-
moting the osteoblastic activity in the bone region near
the places where muscles are inserted, leading to an
increase of the bone mineralization. On the other hand,
both absences of muscle contraction (due to immobi-
lization or fractures) and excess impact beyond the
physiological limits of tolerance may inhibit the growth
and normal development of the young athlete [7]. Thus,
the tolerance limits of the epiphysis plate are a matter
of concern of the technical and scientific community
[8]. The joint impact resulting from systematic train-
ing and exercises that make up the routine of young
athletes have been mainly discussed in the context of
a potential damage to the epiphysis plate, hindering
the normal process of bone growth [9]. In fact, some
recent findings suggest a cam-type abnormality in
elite basketball players as a consequence of an altera-
tion of the growth plate rather than reactive bone for-
mation [10]. However, significant gains were also re-
ported in bone mineral content and bone area at the

femoral neck resulting from 7 months of high-impact
training in prepubertal children; these gains were re-
tained after an equivalent period of detraining [11].
Therefore, the scientific evidence is not entirely sound
on this subject, and it is absolutely imperative to en-
courage the scientific community to further study
this problem [9].

To our knowledge, there are no studies on this issue
in young taekwondo athletes, who experience signifi-
cant and frequent high impacts over a very short pe-
riod, especially during training. Thus, the purpose of
this study was to describe the frequency and ampli-
tude of the reactive forces during tackwondo practice
with and without tatami. Considering the possible
effect of GRFs on bone maturation, we also analysed
the relationship of this parameter with the femur and
wrist bone age and the respective stages of the epiphy-
seal plate.

Material and methods
Participants

A sample of 27 taeckwondo adolescent athletes of
both genders (age: 12.37 + 1.77 years) volunteered to
participate in this study. The inclusion criterion was
a minimum of 3 years of continued practice, with at
least 3 hours of weekly training. Organized practice
of other sports in the previous 3 years was considered
an exclusion criterion.

The participants were randomly assigned to a ‘tata-
mi’ group (n = 13) and a ‘without tatami’ group (n = 14).
The athletes’ federal licence was also verified to attest
the absence of any impediment to the practice of tae-
kwondo. All subjects were national level athletes ex-
hibiting, at the time of this study, good overall perfor-
mance.

The adolescents and their parents were informed
in advance about the procedures of the study.

Test protocol

A cross-sectional research design was selected. The
frequency and amplitude of reactive forces were moni-
tored with a Bioplux force platform (Plux wireless bio-
signals, Lisbon, Portugal) during tackwondo practice
with and without tatami. The variables selected were
GRF and bone maturation.

The anthropometric assessment was carried out
in accordance with the International Working Group
of Kinanthropometry recommendations [12]. We eval-
uated height (m) to the nearest 0.10 cm with a stadi-
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ometer (SECA, model 225, Germany). Weight was as-
sessed with a Tanita body composition analyser (model
TBF-200, Tanita Corporation of America, Inc., Arling-
ton Heights, USA).

GRFs generated by BW were measured with a Bio-
plux force platform (Plux wireless biosignals, Lisbon,
Portugal). The force platform training session proto-
col involved practice with and without tatami, which
consisted in accomplishing displacements, jumps,
turns, spins, and stance changes. The force platform
was levelled with the floor to walk normally on it. The
platform has a square shape (60 x 60 cm) and can
evaluate the impacts in 3 axes; however, only the values
of the vertical impact (Z axis) were used (Figure 1).

Figure 1. Force platform levelled with the square shape
tatami (60 X 60 cm). (A) Recessed floor platform.
(B) Placing the tatami for collecting data

The force platform uses a load cell, a strain gauge
type transducer, i.e. an electrical device that exhibits
electrical resistance as a function of its mechanical
deformation [13]. The conversion factor used for new-
ton (N) was 1684 per volt (V) (1 V - 1684 N). The data
were collected directly to a computer through the
OpenSignals (r)evolution program (beta v. 2015, Plux
wireless biosignals, Lisbon, Portugal).

To record the number of jumps/impacts performed
by the athletes during a typical training session (with
and without tatami), we used a Samsung Galaxy S4

GT-19500 smartphone (Samsung Electronics Co., Ltd.,
Suwon, South Korea) with the Android-based pedom-
eter application Tayutau. Results from other studies
showed that Tayutau produced the lowest mean ab-
solute percent error (6.7%) and was the only smart-
phone application at the time with acceptable accu-
racy in counting steps in a laboratory setting [14].

The medical imaging team from the Santarém
District Hospital conducted the radiological investi-
gations for each athlete. The subjects underwent ra-
diography of the left wrist and hand (posterior-anteri-
or view) and of the distal femur epiphyseal plate. We
followed the O’Connor et al. [15] protocol, using
a SHIMADZU radiographic system. Exposure was
obtained on an AGFA cassette and digitalized by AGFA
30-X CR Reader.220. Bone age and the stages of epi-
physeal plate were computed by radiologists from the
selected radiograph images by using the Greulich and
Pyle [16] atlas protocol.

After calculating bone age by hand and wrist radi-
ography, we obtained the indicator of maturity stages
using the difference between chronological age and
bone age [16, 17]. For femur epiphyseal plate, we applied
the following description stages [16]: O — non union;
1 - onset of union; 2 — active union; 3 — recent union;
4 — complete union.

In the laboratory, for GRF evaluation, we used a dou-
ble-sided tape to clip and secure the tatami plaque
with the exact measurement of the force platform and
added another plaque to ensure that the athlete was
always on the tatami. The protocol followed was as
shown in Table 1. Each individual started the protocol
with task 1, and it was only after all participants had
gone through this task that task 2 was performed,
and so on.

Table 1. Force platform training session protocol

Condition Sequence Task Num]'oe‘:r of
repetitions

1 Technical displacements 5

2nd Competition displacements 5

3 Technical jumps 5
With
and 4t Competition jumps 5
without 5" Technical turns 5
tatami

6"  Competition turns 5

7" Spins 5

8™ Stance changes 5
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At the gym, for the frequency of ground contacts
evaluation, we based on the characteristics of the taek-
wondo sport. Three trainers, one 5" Dan black belt rank
and two 4" Dan black belt rank, built an 80-minute
(28-minute first part: warm-up jogging, jump, taek-
wondo specific games; 40-minute main part: taek-
wondo stances, kicking, displacements, poomsae, com-
bat; 12-minute final part: return to calm, moment of
meditation and imagery) training session in order to
be able to reproduce it in similar conditions. Each ex-
ercise contained a description, time, and success cri-
teria, as well as the number of repetitions, number of
series, the intensity, and the pause time.

All contacts were made by the feet, without training
shoes (barefoot). Before each training unit, we un-
locked the smartphone, set it to the maximum sensi-
tivity stage, and then attached it to the athlete’s belt
with adhesive tape. We started the application simul-
taneously on all the devices.

During the training unit, we performed 3 stops for
data collection. The first collection was at the end of the
first phase of training, the second collection at the end
of the main phase of training, and the third collection
at the end of the final stage of training, which corre-
sponded to the end of the training unit.

The athletes received instructions and demonstra-
tion of the tasks that they were to execute. Prior to the
start of data collection, each participant rehearsed the
protocol in the 2 conditions: with and without tatami.

Statistical analysis

The Shapiro-Wilk test was used to test the normal-
ity of distribution, not assumed in all cases. Student’s
t-test for paired samples served to compare the aver-
ages of GRFs with and without tatami. Spearman’s
correlation was applied to verify the relationship of
the reaction forces with the stage of the epiphyseal plate
and to check the relationship of GRF magnitudes
through years of practice.

To verify the existence of differences in the average
age and the stages of distal femoral epiphyseal plate
between boys and girls, i.e. to check if the tackwondo
athletes had a different maturation status, the Mann-
Whitney U test was applied for 2 independent samples.
The Wilcoxon test was used in the analysis of the re-
lationship between taekwondo practice time and the
stage of the epiphyseal plate. Statistical analysis was
carried out with the IBM SPSS software, version 23.
Statistical significance was established at the level of
p < 0.05.

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the authors’
institutional review board or an equivalent committee.

Informed consent
Informed consent has been obtained from all indi-
viduals included in this study and their legal guardians.

Results

Table 2 presents the normative data for the sample,
and Table 3 depicts the contacts made in the context
of training and GRFs in newtons (N) and normalized
to BW.

It was revealed that a standard 60-minute taek-
wondo class involved an average of 6347 contacts,
about 106 contacts per minute. These values are in the
frequency range indicated for the bone bio-positive
effects. The tasks performed without tatami featured
smaller magnitudes of absolute GRF when compared
with the tasks performed with tatami, with an average
difference of about 10% of BW (¢t = -3.359; p < 0.002
and t = -3.652; p < 0.001, respectively, for compari-
sons of absolute and normalized values).

Considering the possible effect that GRF has on
bone maturation, we analysed the association between
GRFs and the epiphyseal stage for the wrist and femur
in the 2 implemented conditions: with tatami and with-
out tatami (Table 4).

The results show that there was a positive correla-
tion between the variables of maturation and GRF in
the performed tasks. This correlation seems to be
stronger for the GRF without tatami. For the entire
sample, there was a significant correlation between
the variables and decimal age, independently of the
floor type.

With regard to the possible effect that the practice
of taekwondo has on the magnitude of the absolute
GREF, there was a moderate positive correlation (p =
0.382; p < 0.05) between the years of practice and
the GRF of tasks performed without tatami and also
a moderate positive correlation (p = 0.410; p < 0.05)
with the GRF of tasks performed with tatami.

The trendline of R* of 12% and 14% of GRF with
tatami and without tatami, respectively, is due to the
years of taekwondo practice, that is, by the trend, larger
magnitudes of GRF were observed with more years of
practice (Figure 2).
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Table 2. Normative data (mean + SD)

Characteristics n Height (m) Weight (kg) Practice time (years) Weekly training (hours)
Males 19 1.56 + 0.13 52.79 £ 15.17 4.24 + 1.85 4 +0.92
Females 8 1.53 + 0.06 47.78 + 7.79 3.75 + 1.23 3.93 + 0.85
With tatami 13 1.55 = 0.11 50.88 + 14.58 4.15 + 1.81 4.07 = 0.98
Without tatami 14 1.56 = 0.12 51.73 + 12.66 4.04 + 1.60 3.88 + 0.81
Total 27 1.55 + 0.11 51.30 + 13.54 4.09 = 1.69 3.98 + 0.90

Table 3. Descriptive statistics of the contacts and ground reaction forces

Number GRF (BW) Absolute GRF (N)

Data

of contacts With tatami Without tatami With tatami Without tatami
Minimum 5321.0 1.7 1.7 526.6 479.8
Maximum 7073.0 2.7 2.6 1829.6 1827.3
Mean = SD 6346.6 + 425.5 2.1£0.2 20+0.2 1070.8 + 276.8 1025.3 = 280.2

GRF - ground reaction forces, BW — body weight

Table 4. Spearman correlation of the variables of ground reactions forces and decimal age with bone age and femoral
and wrist epiphyseal stage, per surface/floor

Variable Floor Ground reaction R? Decimal age R?
force
. . p 0.688 0.829
With tatami i ificance < 0.001 047 <0.001 0-69
Bone age a4
. . p 0.763 0.
Without tatami ;0 ifcance < 0.001 058 <0.001 0-11
. . p 0.522 0.878
With tatami Significance <0.001 0.27 <0.001 0.77
Femur epiphyseal stage
. . p 0.607 0.691
Without tatami Significance <0.001 0.37 <0.001 0.47
. . p 0.507 0.802
With tatami Significance <0.001 0.26 <0.001 0.64
Wrist epiphyseal stage P
. . p 0.609 0.62
Without tatami Significance <0.001 0.38 <0001 0.39
Significance at p < 0.05
Tatami Without Tatami

-E y = 86,810 + 770.9 = ¥ = 97482 - GIR6T
§ 2000 RY=0,1241 £ 2000 Ri=0,1448
z . < .
i) L ]

£ 1500 s Z 1500 =
3 1000 g = 1000 .
5 . on .
S 500 | e S 500 | e
é .
] 0 % o

2 7 12 2 7 12

Years of practice Years of practice

Figure 2. Trend line between the years of tackwondo practice and the magnitudes of absolute GRF
for the task performed with and without tatami
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As for the variables associated with maturation,
for bone age, we registered 13.3 = 1.8 years and 13.3
+ 1.9 years for boys and girls, respectively. For deci-
mal age, the respective values were 12.8 + 1.8 years
and 13.0 = 1.5 years. There was no significant differ-
ence in any of these variables between genders.

For the whole sample, bone age was significantly
higher than decimal age, by 0.58 years (Z = 2.854;
p < 0.01); these differences, however, did not occur be-
tween genders.

Figure 3 presents the proportions of the participants
at each stage of maturation, by gender and practice
floor.

There were no athletes with delayed maturation
in either gender group. In the investigated sample, we
registered 84.2% of the boys and 93.8% of the girls in
the proper maturation stage. With regard to early ma-
turing, males constituted the proportion of 15.8% and
females that of 6.3%.

Data also showed that the proper maturation stage
was the most frequent among athletes who trained
with tatami (92.6%). The highest percentage of early
maturation was observed in the group without tatami
(18.5% as compared with 7.4% in the tatami group).

Considering the frequencies of the variables of fe-
mur and wrist epiphyseal stage in relation to gender,
it was verified that the stage of epiphyseal ‘non union’
had higher frequencies (> 63%), with the exception of
the epiphyseal plate of the female femur, which ob-
tained higher frequency in the ‘onset of union’ stage

m Delayed maturation (BA < 2 Cl)
Right maturation (BA + 2 Cl)
m Early maturation (BA > 2 Cl)

(44%). There were no athletes in the ‘complete union’
epiphyseal stage of the femur or wrist in either gender.
Also, no participants exhibited the ‘recent union’ stage
for wrist in either gender. Females presented the high-
est frequencies in the following epiphyseal stages of
the femur: ‘onset of union’ (43.8%), ‘active union’ (18.8%),
and ‘recent union’ (12.4%). This tendency was also con-
firmed for the wrist. There were no significant differ-
ences for femur epiphyseal growth stage (U = 197.500;
p = 0.27) between males and females.

As for the frequencies of epiphyseal stages of femur
and wrist depending on floor (Figure 4), one can ob-
serve a down-going trend from the first stage of ‘non
union’ to the last stage of ‘complete union’. It also ap-
pears that there was a trend with regard to the first stage
of the femur values which shows that, when compared
with the wrist, there were less subjects in the ‘non union’
stage.

For maturation variables, considering the athletes’
training floor, there were no significant differences re-
garding bone age (U = 291.000; p = 0.194), femoral
epiphyseal stage (U = 313.000; p = 0.328), wrist epiphy-
seal stage (U = 318.000; p = 0.310), or maturation
stage (U = 324.000; p = 0.229).

A positive and moderate correlation was found
between the years of practice and the femur epiphyseal
stage in the tatami group (p = 0.429; p < 0.05). The
trend line was represented by y = 0.2511x - 0.2638,
and R* = 0.1823 (Figure 5).

BA — bone age
Cl - confidence interval

93,8% 92,6%
84,2% 81,5%
15,8% 18,5%
6,3% 7,4%
0% 0% - 0% 0%
Male Female Tatami Without tatami

Figure 3. Frequency of maturation stages by gender and floor
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mNon union =Onsetunion = Active union mRecentunion =Complete union 77 8%
,070
66,7%
59,3%
48,1%
22,2% 22,2% 22,2%
18,5%
14,8% 14,8%
11,1% 11,1%
7,4% 7,4%
0% ._- 0% 0% 37% o o%
0 | () ‘ (] ‘ - o o ‘
Tatami, Femur Without tatami, Femur Tatami, Wrist Without tatami, Wrist

Figure 4. Frequencies of the epiphyseal stages of the femur and wrist per floor

Figure 5. Correlation and trend line
10 .
between years of practising tackwondo
and the epiphyseal stage of the femur

2 4
(=31
£ y=0,2511x - 0,2638
=3 ° o R =0,1823
&€
[24]
£2
o
&
T 1
o]
=
@0 . . .
Lo
2 4 6 8
Years of practice
Discussion

The aim of this study was to analyse and charac-
terize the tackwondo GRFs and to relate them to spe-
cific maturation variables in order to verify if taek-
wondo practice with and without tatami appeared as
a bio-positive or bio-negative factor for the maturation
of the adolescent taekwondo athlete. In our study, the
average of contacts per training or the average con-
tacts per minute reveals a frequency within the bio-
positive limit that establishes high magnitude fre-
quencies (3750-4050 contacts) during a 30-minute
session [18]. The bio-positive effects include osteogenic
stimulation, strengthening, growth and development
of the musculoskeletal system, and enhancement of
functional abilities at any age. On the basis of these
results, it is suggested that tackwondo training does
not generate bio-negative effects through the number
of contacts. It is fundamental to evaluate the osteogenic
potential of the tasks and the repeatability of the jumps
in the sports activities since it could be a factor that
could generate future injuries [19]. In this way, quan-
tifying the mechanical load from GRFs in taekwondo

and its links with the maturation of the adolescent
athletes was an issue in this work; we found an aver-
age of 2.12 BW for athletes practising on tatami and
2.02 BW for those who practised without tatami. These
data are in agreement with the reference values of nor-
malized GRFs, where a moderate intensity is 1-4 BW
and low intensity magnitudes are below 1 BW [20].
In the context of these results, we verified that in this
sample, the adolescent tackwondo athletes achieved
GRF values that remained within the moderate range
and that were considered a bio-positive stimulus.
There was a significant difference between abso-
lute and normalized GRF values between the tatami
and non-tatami practice. Even with the inclusion cri-
terion of at least 3 years of tackwondo practice, this
places the athletes at a good technical and develop-
mental level in the sport, confirming that the magni-
tudes of the contacts depend on the type of surface,
the landing final velocity, and the time of deceleration
of this velocity — variables influenced by the strategy
adopted by the athlete after contact with the floor and
by such factors as body mass and the correct technique
[21]. These latter factors aid the minimization of GRFs

Human Movement, Vol. 24, No 1, 2023
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that act on the musculoskeletal system [22]. The re-
sults also prove that the magnitudes of GRF in taek-
wondo, with or without tatami, do not question the
maturation parameters under study, which is in agree-
ment with others investigations [10] that indicated no
propensity among adolescent tackwondo athletes to
have an abnormal maturation. Thus, it seems that taek-
wondo practice does not cause deformity when imple-
mented in accordance with age and development and
therefore does not constitute an injury risk factor [2].

The maturation stage achieved at the time of the
data collection through bone indicators determines the
rhythm of biological development and the relation of
this event to the chronological age [23]. These varia-
bles did not show significant differences between the
practice with and without tatami or between genders.
However, athletes are classified into a suitable matu-
ration according to the authors [24, 25].

Also with regard to the maturation stages, in both
settings (with and without tatami), there were no sig-
nificant differences, implying that the training with
tatami and without tatami does not change the mat-
uration of the athletes. This was evidenced by the ab-
sence of athletes in the delayed maturation stage. It is
noteworthy that 18.5% of the athletes who practised
without tatami were in the stage of early maturation,
while only 7.4% of those training with tatami were at
the proper stage of maturation. Although not proven in
this study, this difference may be related to the effect
of mechanical loading on the athlete’s bone develop-
ment, as suggested by some other authors [26-28] who
reinforce the benefit and importance of regular training.

Considering that for the entire sample, most of the
subjects were in the proper stage of maturation, we can
say that we are facing a scenario where adolescent taek-
wondo athletes mature healthy and normal. This state-
ment is in line with the findings by Nasri et al. [29], who
concluded that moderate sports, particularly martial
arts, benefited children and adolescents in maximizing
their bone constitution.

Regarding the wrist and femoral epiphyseal plates,
our study demonstrated no significant differences be-
tween genders. However, the stage of ‘non union’ had
higher frequencies; an exception was the femoral epi-
physeal plate in the girls, with a higher frequency in
the early stage union (43.8%). This is in agreement with
Bontrager and Lampignano [30], indicating that the
female skeleton usually becomes mature earlier than
the male one and that the time for each bone to com-
plete its growth varies depending on the body region, as
demonstrated by the frequency of stage O (‘non union’)
in the wrist of 76.3% for males and 62.5% for females.

These frequencies are superior to those found in the
epiphyseal stages of the femur, which implies that there
is a slower rate of maturation in the wrist.

The analysis of the femur and wrist epiphyseal stag-
es among athletes training with and without tatami
showed no significant differences. These results indi-
cate that the floor does not change the maturation vari-
ables and does not pose a risk for the athletes [31].

The wrist epiphyseal plates presented a higher fre-
quency of the first epiphyseal stages (‘non union’ and
‘onset of union’) as compared with the femur. This can
be explained by the considerable frequency of actions
with the lower limbs [1, 32-34], which has been associ-
ated with the development of osteogenic factors, and
by increasing longitudinal bone growth and trigger-
ing changes in the structure of epiphyseal plates ad-
vancing their closure stages [28].

Analysing the practice with tatami, we verified that
these athletes presented higher frequencies in more
advanced stages of the epiphyseal plate than the in-
dividuals who trained without tatami. This indicates
that the practice of tackwondo with tatami is related
to the development of the epiphyseal plates and bone
maturation without a detriment of body structure [2],
suggesting that a possible abnormality in the matu-
ration of some athletes is a consequence of an altera-
tion of the epiphyseal plate due to a poor reactive bone
formation [10]. This was not observed in the present
study, which confirms that moderate sports, especially
martial arts, benefit children and adolescents in maxi-
mizing theirbone constitution [29]. Asnoted by O’Connor
et al. [15], in this sample we also demonstrated that
the higher the decimal age, the more advanced the epi-
physeal stage of the femur.

This study presents a relevant contribution to the
scientific knowledge and practical application of train-
ing in taekwondo, extensible to other martial arts whose
traditional practice is performed without tatami. With
this work, since the scientific evidence is not entirely
sound on this subject, we encourage the scientific com-
munity to further study the issue. However, we reas-
sure the coaches and athletes who for one reason or
another still promote training barefoot and without
tatami — the practice of tackwondo and martial arts
benefits children and adolescents in maximizing their
bone constitution.

Through the set of obtained results, it was verified
and concluded that for this sample, the practice of taek-
wondo, regardless of whether it was performed with
or without tatami, was advised owing to the bio-pos-
itive effect and osteogenic characteristics in the ma-
turing bone. However, we can disclose some limitations
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in this work. For instance, bone mineral density, bone
geometry, or bone quality were not examined: only ra-
diologic investigation of the growth plate status was
performed. These are therefore factors that should be
addressed in a future study. In terms of methodology,
the study should be powered to look for differences
between males and females.

Conclusions

The frequency and amplitude of the reactive forces
during taekwondo practice with and without tatami
do not negatively influence the maturation process in
young taekwondo practitioners.
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