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Lower-body strength, power and flexibility in kara-
teka: implications for musculoskeletal health
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Abstract

Background and study aim: Karate training has a long history of improving general health and wellbeing, however, little or no research has
been undertaken to determine the effect of karate training on muscular fitness, lower-body strength, power
and flexibility. The aim of this study was to enhance the knowledge about lower-body strength, power and
flexibility of karate athletes of different levels of training and not trainees.

Material and Methods: The study assessed lower-body isokinetic quadriceps and hamstring strength and power, and hip and knee
flexibility in a group of elite karate athletes (group 1; n = 18), active karate athletes (group 2; n = 18) and ac-
tive controls not participating in karate (group 3; n = 18).

Results: Physically active individuals not participating in karate have significantly (p<0.05) increased hip flexion, hip exten-
sor and hip rotation, but not hip abduction flexibility when compared to elite karateka. The elite karateka were
found to have superior strength in their quadriceps at 60 and 180°.sec! and hamstrings at 60°.sec’. The elite
karateka were also found to have significantly higher quadriceps peak torque values at 60°.sec’? than the active
non-karateka. For power, elite karate athletes were found to have a lower time to peak torque at 60°.sec* for
their quadriceps when compared to active karate athletes.

Conclusions: The karateka display greater lower-body strength and power that their active counterparts and that the
strength benefit is increasingly dependent on the level of karate experience. However, the non-karate ath-
letes displayed improved lower-body flexibility when compared to the karateka, irrespective of level of train-
ing. This implies a possible need to supplement karate training with a flexibility-specific training program to
more comprehensively improve muscular fitness.
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Strength - noun the fact of
being strong [24].

Power - noun 1. physical
force or strength 2. the ability,
strength, and capacity to do
something [24].

Flexibility - noun 1. the
amount or extent to which
something can be bent 2. the
extent to which something can
change or respond to a variety

of conditions or situations [24].

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 [24].

Physical activity - noun
exercise and general
movement that a person
carries out as part of their
day [24].

Kata (form) - is executed as

a specified series of a variety
of moves, with stepping and
turning, while attempting

to maintain perfect form.
Kata displays a transition

and flow from one posture
and movement to another,
teaching the karateka proper
form and position, and
encouraging them to visualize
different scenarios for the use
of each motion and technique
in imaginary bout. There

are various forms of kata
developed through different
karate styles.

MET - the metabolic
equivalent of task is the
objective measure of the ratio
of the rate at which a person
expends energy, relative to
the mass of that person, while
performing some specific
physical activity compared to
a reference, set by convention
at 3.5 mL of oxygen per
kilogram per minute, which

is roughly equivalent to the
energy expended when sitting
quietly.

INTRODUCTION

According to the UN, the number of people older
than 60 years will increase to 22% of the total
population by 2050 [1]. However, as individuals
age, they are more likely to develop disabilities
and physical limitations that affect their ability to
maintain independence, quality of life and physi-
ological functional capacity [2, 3]. Essential physi-
cal fitness components necessary to negate these
age-related effects on independence, quality of
life and physiological functional capacity are mus-
cular strength, power and flexibility [2].

Problematically, the muscular system undergoes
a 40% loss of muscle mass and 30% decrease in
strength by age 70 [4] and it is even more dis-
concerting that this age-related decline in mus-
cular fitness affects the lower-body more that
the upper-body [5]. Previous research has dem-
onstrated that strength specifically appears to
increase into the third decade of life, then pla-
teaus through the fifth and/or sixth decade,
followed by a rapid decliner [5]. The increased
lower-body muscular fitness deterioration that
occurs with aging (and inactivity) affects indepen-
dence, quality of life and physiological functional
capacity since the lower-body acts as a base dur-
ing locomotion and is essential when performing
in daily activities of living.

Due to the increasing longevity and increasing
incidence of physical inactivity globally resulting
in an associated decline in muscular fitness, effec-
tive approaches are required to assist the inactive
and the elderly to maintain a healthy and active
life. One such intervention that may prove use-
ful in negating declines in muscular fitness (i.e.
strength, power and flexibility) may be the use
of martial arts. The sport of martial arts is made
up of many different styles, including boxing, judo
and karate. Specifically, karate training in general
has a long history of improving general health and
wellbeing. Karate as a form of physical activity
has been demonstrated to be vigorous activity
since it utilizes more than 6.0 METs or more than
7 kcal. x min‘! [6]. Previous research has demon-
strated that karate is effective at increasing car-
diorespiratory fitness and musculoskeletal fitness
(i.e. strength, balance and power) [7]. Karate may
achieve these health benefits since karate, as
a sport, involves basic techniques, kata and spar-
ring which in turn, are made up of punching, kick-
ing, blocking and striking either from a stationary
position or during various body movements or
stances [8]. However, little or no research has

been undertaken to determine the effect of
karate training on muscular fitness, and specifi-
cally, lower-body strength, power and flexibility.

The aim of this study was to enhance the knowl-
edge about lower-body strength, power and
flexibility of karate athletes of different levels of
training and not trainees.

MATERIAL AND METHODS

Participants

The present study took the guise of a cross-sec-
tional study. A sample of 54 apparently healthy,
adult (=18 years) participants (n = 18 per group),
of which 67% were male (n = 36) and 33% were
female (n = 18), were recruited for participation
in the present study. Group 1 consisted of elite
International Shotokan Karate Federation (ISKF)
World Cup squad members, Group 2 consisted
of active karate athletes (with at least 2 years’
experience) and active participants not partici-
pating in karate (with at least 2 years’ exercis-
ing experience). All participants were free from
any relative and absolute contraindications to
exercise testing. Written informed consent was
obtained from the participants after they were
given a detailed verbal and written explanation
of the study. Participation in the study was vol-
untary, and each of the participants could with-
draw from the study at any time.

The study was conducted according to the
Declaration of Helsinki.

Procedures

Flexibility of the lower-body was measured via
a gravity-based goniometer (Leighton Flexometer,
3118 E Chaser Lane, Spokane, WA99223, USA).
The flexometer consisted of a gravity needle
and a strap that was placed around the tested
limb/body area. As each tested limb/body area
was being flexed and extended to maximum, the
change in angle was measured and recorded [9].

Muscular strength and power testing of the lower-
body followed the protocol as proposed by Shaw
et al. [10] and took place following a 5-minute
warm-up of light pedalling (heart rate <100 beats
per minute) on a stationary cycle ergometer and
5 minutes of quadriceps and hamstring stretch-
ing. This was followed by positioning the partici-
pants on the isokinetic dynamometer. Stabilising
straps were used to secure each subject and each
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subject’s right knee was aligned with the dyna-
mometer’s axis of rotation using a line passing
transversely through the femoral epicondyles of
the dominant knee [11, 12]. The knee/hip adapter
pad was then positioned three centimetre (3 cm)
proximal to the medial malleolus. Participants were
then asked to put their arms across their chest for
the duration of the protocol in an attempt to fully
isolate the muscle acting on the knee, and to elim-
inate any extraneous pelvic movement that might
arise as a result of a subject using his/her arms to
generate additional force [12]. Each subject’s ana-
tomical zero, range of motion and gravity effect
torque was established according to the param-
eters of Cybex International. The Cybex Norm
System’s dynamometer was set at a damp setting
of ‘2’ to lessen torque overshoot resulting from
participants trying to ‘catch up’ to the speed of the
dynamometer. To be able to compare the results
from each subject, standardisation was required as
to the range of motion each subject was allowed.
Each subject was limited to 100 degrees of range
of motion, with the entire range of motion lying
between 5° and 105° of knee flexion [10].

Participants then were familiarised with the
equipment and warmed-up by performing one
set of five progressive familiarisation repetitions
of con-con contractions at 60 degrees per sec-
ond (60°.sec?) [13]. The familiarisation repeti-
tions consisted of two repetitions at 50% effort,
two repetitions at 75% effort and one repetition
at 100% effort [13]. The familiarisation repeti-
tions attempted to prevent excessive discomfort
in the test items to follow [14]. Upon comple-
tion of the familiarisation repetitions, partici-
pants immediately commenced with the test
items. The trials consisted of five pairs of maxi-
mal (100% effort), intermittent, reciprocal, con-
con contractions [15]. No verbal encouragement
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was given during all trials. In order to standard-
ize visual feedback, the computer monitor was
positioned one metre from each subject at chest
level. Participants were instructed to carefully
observe the monitor at all times. This proce-
dure was followed for 180°.sec? subsequent to
a 2-minute rest. Participants underwent testing
at an indoor centre by the same researcher where
the air temperature ranged from 22°C to 25°C.

Statistical analysis

All statistical procedures were carried out using
the Statistical Package for Social Sciences (SPSS)
for Windows version 20.0 (SPSS Inc., Chicago,
IL, USA). Kruskal-Wallis was used to determine
if any differences existed between the groups.
Descriptive data is presented as means stan-
dard deviation (). P-values <0.05 were consid-
ered statistically significant in the interpretation
of the results.

RESULTS

Results indicate that physically active individu-
als not participating in karate have significantly
(p=0.05) increased hip flexion (left: p = 0.001;
right: p = 0.001), hip extensor (left: p = 0.001;
right p = 0.001) and hip rotation (left: p = 0.016;
right: p = 0.021), but not hip abduction (left:
p = 0.001; right: p = 0.001) flexibility when com-
pared to elite karateka (Table 1). This finding of
a significantly decreased flexibility was also found
in active karate athletes when compared to active
participants not participating in karate. No signif-
icant differences were found in flexibility for the
elite and active karateka. Knee flexion flexibility
was found to be significantly higher in the elite
karate group when compared to the active karate
group (left: p = 0.032; right: p = 0.046).

Table 1. Cross-sectional comparison of lower-body flexibility and muscular strength across International Shotokan
Karate Federation (ISKF) World Cup squad members, active karate athletes and active controls not participating in karate.

Elite karateka Active karateka Non-karateka

Variable
(n=18) (n=18) (n=18)
Age (years) 25.67 £11.55* 36.5 +10.21% 22.8+1.83
Body mass (kg) 72.36 +5.57% 83.93 +22.64% 68.2+7.18
Stature (cm) 175.92 +6.38 176.67 £8.91 170.83 £10.46
Flexibility

Hip flexion: left (°) 89.67 +10.461 85.33 +13.43% 105.67 +6.92
Hip flexion: right (°) 94.33 +13.95% 86.83 +8.50% 102.17 £12.73
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Elite karateka Active karateka Non-karateka

Variable
(n=18) (n=18) (n=18)
Hip extension: left (°) 47.67 £10.421 43.67 +11.60% 56.5+23.76
Hip extension: right (°) 45.50 +18.481 40.67 +8.69% 67.5+8.17
Hip abduction/adduction: left (°) 80.00 +13.58 84.50 +7.58 91.00 £7.92
Hip abduction/adduction: right (°) 81.33+13.49 82.67 £6.25 89.50 +8.78
Hip rotation: left (°) 65.00 £19.86t 67.67 £10.56% 46.83 £14.05
Hip rotation: right (°) 65.83 £14.69t 67.17 +15.34% 47.17 £12.42
Knee flexion/extension: left (°) 148.00 +11.33" 122.50 £11.10% 154.17 £14.89
Knee flexion/extension: right (°) 145.67 £10.89° 125.5 +13.62% 158.83 £9.28
Muscular Strength
Quad. peak torque 60°.sec™: left (Nm) 169.83 £50.31*t 152.33 +45.93% 128.33 +26.28
Quad. peak torque 60°.sec™: right (Nm) 172.5 £48.39%t 164.5 £59.05% 133.67 £32.25
Hamstring peak torque 60°.sec™: left (Nm) 101.17 +24.761 102.00 +£19.92% 88.00 £35.98
Hamstring peak torque 60°.sec’: right (Nm) 103.50 £22.401 104.83 +27.18% 87.83 £30.94
Quad. peak torque 180°.sec™: left (Nm) 73.67 £20.721 71.50 £21.44% 60.5 +18.01
Quad. peak torque 180°.sec™ right (Nm) 74.67 £21.051 75.33 +31.82% 60.33 +24.60
Hamstring. peak torque 180°.sec: left (Nm) 5833 £12.71 63.00 £21.09% 48.17 £12.35
Hamstring. peak torque 180°.sec™: right (Nm) 59.83+13.24 62.67 £19.17% 49.50 £12.05
Muscular Power

Quad. time to peak torque 60°.sec: left (sec) 0.64 +0.15* 0.74 +0.10% 0.60 £0.11
Quad. time to peak torque 60°.sec’™: right (sec) 0.68 +0.15* 0.74 £0.90% 0.56 +0.20
Hamstring time to peak torque 60°.sec: left (sec) 0.58 +0.83t 0.53 £0.08 0.47 £0.10
Hamstring time to peak torque 60°.sec’: Right (sec) 0.60 +0.081 0.54 +0.12% 0.45+0.94
Quad. time to peak torque 180°.sec’: left (sec) 0.62 £0.04 0.63 +£0.08 0.65 +£0.48
Quad. time to peak torque 180°.sec": right (sec) 0.65+0.49 0.62 +0.60 0.61+0.04
Hamstring time to peak torque 180°.sec: left (sec) 0.62 £0.04 0.62 £0.07 0.64 £0.04
Hamstring time to peak torque 180°.sec: right (sec) 0.63+0.39 0.62 +0.63 0.60 +0.30

Values are means standard deviation () kg: kilograms; cm: centimetres; °: degrees; Nm: Newton metres
* Indicates a significant (p<0.05) difference between Group 1 and Group 2
t Indicates a significant (p<0.05) difference between Group 1 and Group 3
% Indicates a significant (p<0.05) difference between Group 2 and Group 3

With regards to muscular strength, the elite kara-
teka were found to have superior strength in their
quadriceps at 60 (left: p = 0.001; right: p = 0.001)
and 180°.sec™ (left: p = 0.047; right: p = 0.046)
and hamstrings at 60°.sec™* (left: p = 0.020; right:
p = 0.031) when compared to the active controls.
The elite karateka were also found to have sig-
nificantly higher quadriceps peak torque values
at 60°.sec’* when compared to the active kara-
teka (left: p = 0.040; right: p = 0.048). In addition,
the active karateka were found to have signifi-
cantly increased lower-body strength on all mea-
sures when compared to the active controls. For

muscular power, elite karate athletes were found
to have a lower time to peak torque at 60°.sec™*
for their quadriceps when compared to active
karate athletes (left: p = 0.039; right: p = 0.042).
However, the elite karateka took more time to
peak torque for their hamstrings at 60°.sec™®
than non-karate athletes (left: p = 0.030; right:
p = 0.048). In turn, the active karate athletes
demonstrated higher time to peak torque in their
quadriceps (left: p = 0.018; right: p = 0.026) and
left hamstring (p = 0.047) than active non-karate
athletes (Table 1).
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DISCUSSION

Recently, there has been an increase in popu-
larity of martial arts, primarily due to the rise
of mixed martial arts [16]. This study demon-
strates that there is no difference in flexibil-
ity of the lower-body between elite and active
karateka. However, the study made an inter-
esting finding that physically active individuals
not participating in karate have superior lower-
body flexibility when compared to karateka, irre-
spective of level of karate training. The present
study’s findings contrast those found in previous
longitudinal [17, 18] and cross-sectional stud-
ies [19]. Possible reasons for this finding may
be due to the karateka in this sample having
increased hypertrophy in their lower body when
compared to the other sampled athletic popu-
lation, although this was not measured by the
present study. In addition, static flexibility mea-
sures such as those used in the present study
may not prove appropriate to evaluate karate
performance. The present study also focuses on
one style (i.e. ISKF) and therefore caution should
be exercised in extrapolating the findings to all
styles of karate. Other forms of karate may dis-
play different flexibility levels due to different
training patterns and differences in teaching phi-
losophies, and this cross-sectional finding mer-
its further investigation.

The study demonstrated that elite karateka have
superior strength in their quadriceps at 60 and
180°.sec™* and hamstrings at 60°.sec™ . The elite
karateka were also found to have higher quad-
riceps peak torque values at 60°.sec™! than the
active non-karateka. This confirms the previ-
ous research that has demonstrated increases in
strength following a period of karate training [17]
and other cross-sectional studies [19].

While the Wingate test has mainly been uti-
lized to determine power, or changes thereof,
following a period of longitudinal karate train-
ing [20], the present found conflicting results of
the effect of karate when compared to generally
active athletes. While several studies have dem-
onstrated that karate training increases power
longitudinally [18, 21], the present study found
that elite karateka have more power in their
quadriceps when compared to active karate
athletes. However, these elite karateka had less
power in their hamstrings than non-karate ath-
letes. In turn, the active karate athletes dem-
onstrated lower power in their quadriceps and
left hamstring than active non-karate athletes.

Shaw | et al. - Lower-body strength...

This finding is disconcerting in that a karate-
ka's ability to accelerate their lower limbs rap-
idly to maximal force seems critical to athletic
success in that sport. Again, since the present
study focuses on one style (i.e. ISKF), caution
should be exercised in extrapolating the find-
ings to all styles of karate. In addition, it has
previously been found that karate performance
relies more on muscle power at low rather than
high loads [22]. However, little or no research
has been conducted cross-sectionally compar-
ing power of matched karate athletes and other
non-karate sports and additional research is
warranted to confirm this finding.

CONCLUSIONS

An increasing incidence of physical inactivity
and the increasing longevity of the global popu-
lation have led to the development of disabilities
and physical limitations that affects an individ-
ual’s ability to maintain independence, quality
of life and physiological functional capacity. As
such, novel interventions are required to main-
tain independence, quality of life and physiolog-
ical functional capacity. This may be achieved
through the use of cost-effective physical
activity interventions or sports such as martial
arts. The findings of the present study confirm
karate training’s long history of improving gen-
eral health and wellbeing [23], by demonstrat-
ing that karateka display greater lower-body
strength and power than their active counter-
parts and that the strength benefit is increased
dependant on the level of karate experience.
Problematically, the non-karate athletes dis-
played improved lower-body flexibility when
compared to the karateka, irrespective of level
of training. This implies a possible need to sup-
plement karate training with a flexibility-spe-
cific training program to more comprehensively
improve muscular fitness.
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