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Abstract

 Background and Study Aim:  Aikido is a philosophy and a Japanese art of self-defense, practiced nowadays all over the word as a lifelong 
recreational activity. Although it is claimed to have beneficial effects on physical health, empirical evidence 
is scarce. Our study aims is knowledge about the cardiovascular load of traditional aikido workouts, and var-
ious aspects of aikido practitioners’ fitness.

 Material and Methods:  Thirty-eight (age: 36.3 ±9.28 years) male Hungarian aikido practitioners were measured with respect to max-
imum oxygen uptake (VO2max), body composition, strength, and flexibility. Cardiovascular load posed by ai-
kido workouts were also assessed with continuous heart rate measurement.

 Results:  The percentage of time spent in the aerobic and anaerobic heart rate training zones was 35.2 ±17.34% and 
16.5 ±18.43%, respectively. Average values were better in the aikido group than the gender and age matched 
reference values for maximal oxygen uptake (t37 = 3.352; p = 0.002, ES = 0.544), body mass index (Wilcoxon 
statistic = 220.0; p = 0.030, ES = −0.406), body fat (t37 = −1.804; p = 0.079, ES = −0.293), and lateral side 
bending (t37 = 4.433; p<0.001, ES = 0.719). However, the aikido group was inferior with respect to sit-and-
reach values (t37 = −6.175; p<0.001, ES = −1.002), body muscle percent (Wilcoxon statistic = 77.00; p<0.001, 
ES = −0.792), and hand grip strength (t37 = −3.648; p<0.001, ES = −0.592). No difference between the grip 
strength of the two hands was found (t-test: t37 = 0.726; p = 0.473, ES = 0.118).

 Conclusions:  Considering the recommendations of the American College of Sports Medicine, aikido represents a recre-
ational activity with considerable health protective effects. To optimize its beneficial effects, however, addi-
tional emphasis on resistance training, muscle strength, and the avoidance of injuries are needed.
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INTRODUCTION

Aikido is a Japanese martial art (budo) invented in 
the early twentieth century, and practiced now-
adays in 130 countries around the world [1]. Its 
founder, Morihei Ueshiba, developed it after 
extensively studying several armed and unarmed 
systems of combat. Aikido is a fighting art, 
a method of self-defense, and at the same time 
a philosophy, with the aim to “improve one’s char-
acter according to the rules of nature” [1]. The name 
can be interpreted as „the way of spiritual har-
mony”, where „ai” means harmony, connection, 
„ki” refers to spirit, life or cosmic energy, and „do” 
is a method, a way. Aikido is typically practiced in 
pairs; the defender (tori) intends to defend him or 
herself without causing harm to the attacker, and 
create a harmony of movements. This is achieved 
by blending with the motion of the attacker and 
redirecting the force of the attack, based on 
moving from the center of the body in a calm 
and aware state, by circular and spherical move-
ments [1, 2, 3]. Throws, rolls, twists, and force 
downs (with pins and joint locks) belong to the 
characteristic techniques of aikido. Based on the 
philosophy of aikido and the statements of practi-
tioners, many beneficial physiological and psycho-
logical health effects could be attributed to aikido.

Rogers [4] described recreational exercise as 
a participation in any physical activity during 
leisure time that does not involve formal com-
petition or monetary payment. The humanis-
tic approach to exercise emphasizes freedom of 
choice when exercising, the joy of effort, and aids 
in establishing lifetime participation. Recreational 
exercise is intrinsically motivated, characterized 
by positive affect and joy, and substantially con-
tributes to the individual’s stress management. 
Exercise activities that have the following fea-
tures are good choices for enhancing the psy-
chological benefits of exercise. They should: 
influence participants breathing patterns; include 
relatively little interpersonal competition; closed; 
predictable or temporally and spatially certain; 
and exhibit rhythmical and repetitive movements. 
As each of the aforementioned aspects is typical 
of aikido, it can be regarded as an excellent rep-
resentative of recreational physical activity [5].

As aikido does not involve competition and 
championships (i.e. periods when peak perfor-
mance is needed), there are no training cycles 
or periodization in the training schedule. A typi-
cal (60- or 90-minute-long) aikido workout starts 
with a 15 minutes long warming-up period that 

also includes stretching elements. The rest of the 
session is practiced in pairs. First, the instructor 
presents a technique several times, then every-
one chooses a partner and they practice the pre-
sented technique together, changing the roles 
of attacker and defender on a regular basis. The 
major emphasis is put on the technically perfect, 
fluent, and elegant execution of the techniques, 
which requires a high level of coordination and 
balance. The two partners try to achieve a steady 
state, i.e., an intensity which makes continuous 
and focused practice possible. After approxi-
mately 10-15 minutes of practicing, another 
technique is presented and a different partner 
is chosen. As aikido practitioners show consid-
erable differences with respect to age (from the 
age of about 15 to 80 years), gender, and vari-
ous aspects of fitness, the actual training load 
and its components (endurance, strength, etc.) 
also change with every partner. In other words, 
the actual training load is always determined by 
the technique and the partner.

Theoretically, aikido workouts, when performed 
on a regular basis (i.e. 2-3 times 60-90 minutes 
a week), can fit the recent recommendations 
of the American College of Sports Medicine 
(ACSM) [6] with respect to the optimal amount 
of moderate and vigorous intensity cardio-respi-
ratory load, and exercises targeting flexibility, 
balance, and coordination. Resistance exercise, 
however, is not a component of typical aikido 
bouts.

The scientific evidence concerning the above 
mentioned health protective characteristics of 
aikido is scarce [7]. There was only one study on 
the cardiovascular load of aikido workouts [8] 
with the conclusion that aikido is not an aer-
obic exercise. A few studies were conducted 
to shed more light on the fitness characteris-
tics of aikido practitioners. In one research [9], 
isokinetic strength of the wrist was measured. 
According to the results, aikido practitioners had 
weaker hand grip strength than other martial arts 
and combat sports athletes (e.g. practitioners of 
judo or wrestling), however, showed no differ-
ences between left and right hand. Concerning 
anthropometric characteristics, they showed no 
differences compared to a non-athlete popula-
tion [10]. Beginners were characterized by better 
body fat and BMI values than advanced practi-
tioners in another study [11], however age was 
not controlled for in these two studies. Aikido 
practice was associated with a larger flexibility 

Budo (Budō) – originally 
a term denoting the “Way of 
the warrior”, it is now used 
as a collective appellation for 
modern martial arts of kendō, 
jūdō, kyūdo and so on. The 
primary objective of these 
“martial ways” is self-perfection 
(ningen-keisei) [28].

Dan (dan’i) – a term used to 
denote one’s technical level or 
grade. In jūdō, the “dan” ranks 
start at shodan (1- dan) and 
go up to the highest grade of 
jūdan (10- dan) [29].

Kyū – the series of grades that 
precede dan ranks. Ikkyū is 
the grade immediately below 
shodan [29].

Periodisation – noun the act of 
planning a long-term training 
schedule for professional 
athletes, working around 
competitions [30].

Resistance training – noun 
training that increases muscle 
strength by working against 
resistance such as a weighted 
dumbbell or barbell [30].

Technique– noun a way of 
performing an action [30].

Workout – noun a session of 
strenuous physical exercise 
or of practising physical skills 
as a way of keeping fit or as 
practice for a sport [30].

Training load – “A simple 
mathematical model of 
training load can be defined 
as the product of qualitative 
and quantitative factor. This 
reasoning may became unclear 
whenever the quantitative 
factor is called ‘workload 
volume’ or ‘training volume’ 
interchangeably with ‘volume 
of physical activity’. Various 
units have been adopted as 
measures i.e. the number of 
repetitions, kilometres, tons, 
kilocalories, etc. as well as 
various units of time (seconds, 
minutes, hours) (…) As in the 
real world nothing happens 
beyond the time, the basic 
procedure of improvement of 
workload measurement should 
logically start with separation 
of the time factor from the 
set of phenomena so far 
classified together as ‘workload 
volume’. (…) Due to the fact 
that the heart rate (HR) is 
commonly accepted as the 
universal measure of workload 
intensity, the product of effort 
duration and HR seems to 
be the general indicator of 
training load defined as the 
amount of workload. It is 
useful in analyses with a high 
level of generality. (…) In 
current research and training 
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of the upper extremities than other sports (e.g. 
tennis and baseball) [12]. Moreover, a number of 
well-conducted studies revealed positive effects 
of aikido practice on scoliosis [13-15], balance 
stability [16, 17], and functional efficiency [18].

In the present research, with respect to partici-
pants, it was expected that regular aikido practice 
will be associated with improved cardiovascular 
fitness, and anthropometric and flexibility char-
acteristics. Finally, we assumed no improved 
strength for and no difference between the grip 
strength of the two hands in the aikido group.

Our study aims is knowledge about the cardio-
vascular load of traditional aikido workouts, and 
various aspects of aikido practitioners’ fitness.

MATERIAL AND METHODS
Participants
Participants (n = 38, mean age 36.3 ±9.28 yrs, 
ranging from 18 to 52 years) were male aikido 
practitioners recruited from the Hungarian Aikido 
Federation. The average duration of partici-
pants’ aikido practice was 11.9 ±6.86 years; they 
spent about three hours a week (±1.24 hours) 
with aikido exercise, the average weekly num-
ber of bouts was 2.0 ±0.85. Concerning partic-
ipants’ rank, 28.9% were beginners (up to third 
kyu), 18.4% were on the intermediate (second 
and first kyu) and 52.6% on the advanced level 
(dan holders). Additional sports were exercised 
by 60.5 % of the participants, with a mean of 1.8 
±1.95 hour/week exercise.

The study was approved by the Institutional 
Ethics Board of Eötvös Loránd University. All 
participants read and signed an informed con-
sent form before completing the measurements.

Design and procedure
A maximal oxygen uptake (VO2max) measurement 
was conducted to estimate cardiovascular capac-
ity and anaerobic threshold. A spiroergometer 
(Cosmed Fitmate Med, Cosmed The Metabolic 
Company, Italy) and a cycle ergometer (Ergo Bike 
Premium8, Daum Electronic, Germany) were used 
to measure oxygen consumption during exercise. 
We conducted a maximal graded exercise test. 
After a short warp-up period (subjects cycled 
for 3 min at minimum resistance, i.e. 20 Watt/
min), the resistance of the ergometer increased 
in 25 Watt/min increments until the subject 

reached his or her limit of tolerance. The pedal 
rate was maintained at 80 ±5 rpm throughout the 
test (i.e. if the pedal rate dropped permanently 
under 75 rpm, the test was finished). Subjects 
were verbally encouraged to provide a true max-
imal effort. During the test protocol, ventilation, 
O2 consumption (VO2), and heart rate (HR) were 
simultaneously measured.

Body composition. The Omron BF511 (Omron 
Healthcare Co., Japan) body composition mon-
itor was used to measure body weight, body fat 
percent, and skeletal muscle percent. Body height 
was measured manually.

Hand grip. Maximal static grip strength (kg) mea-
sures were collected for both hands with a hand 
grip dynamometer (EH101, Deyard, China). 
Maximal grip scores were converted to Newtons, 
and normalized to body mass. 

Lateral side bending flexibility. Trunk flexibil-
ity was measured with the lateral side-bending 
test (EUROFIT). The test measures the range of 
movement in lateral flexion of the thoracic and 
lumbar spine and pelvis. For each individual, the 
mean of the right-side and left-side performance 
was calculated.

Sit and reach flexibility test (EUROFIT) was carried 
out to measure the flexibility of the lower back 
and hamstring muscles.

Heart rate (HR). Continuous heart rate measure-
ments were carried out during regular aikido 
workouts (90 minutes; a minimum of 3 bouts/
person), with the Firstbeat TeamBelt system 
(Firstbeat Technologies Ltd., Jyväskylä, Finland). 
The system uses a chest belt attached to the rib-
cage under the musculus pectoralis major, and 
contains two built-in electrodes and a wireless 
unit that transmits data in real time to a receiver 
connected to a computer. Data were analysed 
using a dedicated software (Firstbeat Sports 
v4.7.2.1) [19]. The software estimates energy 
expenditure and excess post-oxygen consump-
tion (EPOC) from measured HR taken into 
consideration individual anthropometric charac-
teristics and VO2max.

Training zone. To establish training heart rate 
zones, individual anaerobic thresholds were esti-
mated from the spiroergometric data obtained 
from the maximal graded exercise test. For 
each person, actual oxygen consumption and 

practice the product of effort 
duration and HR was referred 
to as conventional units’ or 
further calculations have 
been made to convert it into 
points.” [31, p. 238].

Anaerobic threshold – noun 
same as onset of blood 
lactate accumulation [30].

Threshold – noun 1. The point 
at which something starts, 
e.g. Where something can 
be perceived by the body or 
where a drug starts to have an 
effect 2. The point at which 
a sensation is strong enough 
to be sensed by the sensory 
nerves [30].

Maximal oxygen consumption 
– noun same as VO2Max [30].

Training zone – noun the 
heart rate range within 
which a person should aim 
to exercise for maximum 
effect [30].

Training session – noun 
a period of time during which 
an athlete trains, either alone, 
with a trainer or with their 
team [30].
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ventilation were used to calculate the ventila-
tory (anaerobic) threshold. Threshold was esti-
mated as the point at which ventilation started 
disproportionately increase compared to oxygen 
uptake. This break point was determined by the 
consensus of three experts. Experts considered 
the results of an algorithm written in Matlab to 
detect break point and also the slope of the ven-
tilation-oxygen consumption curve. The detec-
tion algorithm implements the sixth method 
described in the paper of Ekkekakis and col-
leagues [20], i.e., the breakpoint was determined 
on the [VE/VO2 vs. VO2] diagram by the statis-
tical method of Jones and Molitoris [21]. Using 
the calculated anaerobic VO2 threshold values, 
the corresponding anaerobic HR threshold values 
were obtained from the [HR vs. VO2] diagram by 

another Matlab program (the custom algorithms 
are available upon request). Finally, two training 
zones were calculated with the use of the indi-
vidual anaerobic HR for each participant. First, 
“anaerobic exercise zone” was considered the HR 
zone above the anaerobic HR threshold. Second, 
following the practice and recommendations of 
ACSM [6] “aerobic exercise zone” was defined and 
calculated as the range between HR correspond-
ing to 0.4 x (VO2max − VO2resting) and the anaer-
obic HR threshold. Then the average percentage 
values of time spent in the two zones were cal-
culated for each participant (Figure 1).

Fitness measurements were taken at a 1 week 
long aikido training camp in summer 2017, in 
the following order for each participant: body 

Figure 1. Changes in HR during the graded exercise test and a typical aikido workout (31 years old male aikido 
practitioner).
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composition, hand grip strength, lateral side 
bending flexibility, sit and reach test, and VO2max 
measurement. HR measurements were carried 
out in different seasons of the year 2016/2017 
(usually once every month) during 90 minutes 
long training sessions. HR related data were miss-
ing for 8 participants due to technical difficulties.

Statistical analysis
Statistical analysis was conducted using the JASP 
v0.8.5.1 software. Measured value of each mea-
sured variable (maximal oxygen uptake, body fat 
percent, skeletal muscle percent, body mass index) 
of each individual was compared to the age and 
gender adjusted mean value of a non-representa-
tive Hungarian sample that consisted of physically 
inactive men [22, 23].  In the absence of appro-
priate Hungarian reference values, measured val-
ues for grip strength, sit and reach test, and lateral 
side bending were compared to the respective ref-
erence values of the EUROFIT [24]. Delta values 
were calculated by subtracting the respective 
reference value from the measured value then 
dividing by the reference value (Δ = (measured – 
reference) / reference). If Shapiro-Wilk test indi-
cated no deviation from normality, one-sample 
t-test was used to check the deviation of the delta 
value from zero. If the normality assumption was 
violated, Wilcoxon-test was used. Grip strengths 
of the two hand were compared with paired-sam-
ples t-test. Effect sizes (ES) were Cohen’s d values 
for t-tests, and matched rank-biserial correlations 
for the Wilcoxon-test.

According to the results of a priori sample size cal-
culation for one-tailed one-sample t-test, assum-
ing an alpha value of 0.05, a power (1-beta) of 
0.90, and a medium effect size of 0.5, the min-
imum acceptable sample size is 36 (G*Power 
v. 3.1.9.2) [25]. 

RESULTS

Participants spent approximately one third of the 
total training time in the aerobic domain and about 
16% in the aerobic domain (Table 1).

Variables describing aikido practitioners’ fitness and 
their calculated deviations from the respective ref-
erence value are summarized in Table 2.

Normalized grip strength: maximal grip scores con-
verted to Newtons, and normalized to body mass. 

Concerning maximum oxygen uptake, the aikido 
group showed a significantly better mean value 
than the reference value (t-test: t37 = 3.352; 
p = 0.002, ES = 0.544). Average grip strength of the 
aikido group was worse than that of the reference 
value (t-test: t37 = −3.648; p<0.001, ES = −0.592). 
No difference between the grip strength of the 
two hands was found (t-test: t37 = 0.726; p = 0.473, 
ES = 0.118). As for flexibility, lateral side bend-
ing values were better in the aikido group than 
the reference values (t-test: t37 = 4.433; p<0.001, 
ES = 0.719), while sit and reach values were 
worse (t-test: t37 = −6.175; p<0.001, ES = −1.002). 
Anthropometric measurements showed a smaller 
average BMI (Wilcoxon statistic = 220.0; p = 0.030, 
ES = −0.406) and marginally smaller body fat per-
cent (t-test: t37 = −1.804; p = 0.079, ES = −0.293), 
but also a smaller body muscle percent (Wilcoxon 
statistic = 77.00; p<0.001, ES = −0.792) for aikido 
practitioners than the reference value.

DISCUSSION

The present study represents the first attempt to 
directly measure the cardiovascular load of tra-
ditional aikido workouts (Figure 2). During aikido 
bouts, participants spent in average 35% of their 

Table 1. Descriptive statistics of the aikido workouts (n = 30).

Variable Mean, SD

heart rate (beat×minute−1)  116.6 ±13.45

estimated energy expenditure (kcal) 607.2 ±164.30

EPOC (ml×kg−1) 38.0 ±31.92

aerobic zone (%) 35.2 ±17.34

anaerobic zone (%) 16.5±18.43

EPOC: excess post-oxygen consumption.
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time in the aerobic and 16% in the anaerobic 
training heart rate zone. Compared to the respec-
tive reference group, individuals practicing aikido 
on a regular basis were characterized by better 
VO2max, BMI, body fat, and lateral side bending 
values; however, they were inferior with respect 
to the sit and reach test, body muscle percent 
and hand grip strength.

Our findings concerning the cardiovascular load 
represented by aikido workouts were contra-
dictory to the conclusion of Jasnoski et al. [8], 
namely, that aikido is not an aerobic exer-
cise. We found that one third of the time (i.e., 
more than half an hour during a 90-minute-
long bout) is spent in the aerobic pulse zone. 
Moreover, the aikido group showed better car-
diovascular fitness (VO2max) than the matched 
reference value. It is important to mention, 
that, unlike Jasnoski et al. [8] who draw their 
conclusion from measuring pulse rates imme-
diately after the training sessions, we applied 
a more advanced measurement method (i.e. 
continuous heart rate monitoring during train-
ing sessions), and also took into account indi-
vidual anaerobic thresholds. According to our 
results, regular (2-3 bouts/week) aikido training 

does represent a considerable aerobic cardiovas-
cular load, which has positive long-term cardio-
vascular effects.

Regarding body composition, our findings are 
more positive for aikido practitioners (i.e. lower 
BMI and body fat percent), than those reported 
by Reguli et al. [10]. This difference can be 
explained mostly by the poor health status (e.g. 
adult obesity rates are among the highest in the 
world [26]) of the Hungarian population reflected 
by the reference values, as the reported average 
body fat value of the Czech aikido sample was 
even a little lower than that of the Hungarian. 
Moreover, the Reguli et al. [10] study did not take 
into consideration age related differences in body 
composition.

Concerning strength related findings, our aikido 
group showed a lower body muscle percent and 
less grip strength than the reference values. The 
weaker hand grip of aikido practitioners appears 
to characterize aikido not just in comparison to 
other martial arts and combat sports, as reported 
in the Vodicka at al. [9] study, but also compared 
to reference values. These findings indicate that 
traditional aikido training does not enhance 

Table 2. Descriptive statistics of male aikido practitioners’ fitness and anthropometric characteristics and their deviation 
from the respective reference values (n = 38).

Variable Mean, SD

anaerobic threshold (beat × minute−1) 137.2 ±26.62

lower threshold of the aerobic training zone (beat × minute−1) 110.9 ±17.09

VO2max (ml×kg−1 × min−1) 38.1 ±7.79

ΔVO2max (ml×kg−1 × min−1) 0.1 ±0.19

normalized grip strength (N × kg−1); dominant hand 6.3 ±1.16

Δnormalized grip strength (N × kg−1) −0.1 ±0.16

grip strength (kg; right hand) 50.4 ±7.65

grip strength (kg; left hand) 46.4 ±8.37

lateral side bending (cm) 23.9 ±4.48

Δlateral side bending (cm) 0.2 ±0.21

sit and reach (cm) 24.5 ±9.23

Δsit and reach (cm) −0.3 ±0.27

BMI (kg×m−2) 25.6 ±4.06

ΔBMI (kg×m−2) −0.0 ±0.15

body fat (%) 18.7 ±6.50

Δbody fat (%) −0.1 ±0.36

muscle (%) 39.8 ±4.47

Δmuscle (%) −0.1 ±0.11
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muscle strength. This result seems to be in accor-
dance with the basic philosophy of aikido, i.e., not 
using force against force [27]. Still, from a health 
promotion point of view, this characteristic is not 
desirable thus muscle power should be enhanced 
by additional exercises.

In accordance with the results of Vodicka 
et al. [9], we found no differences between 
the strength of the two hands. This is mostly 
valid for other martial arts as well (see Vodicka 
et al. [9]). In aikido practice, the techniques 
are always practiced on both side of the body 
equally, so both hands are loaded to the same 
extent.  

As of flexibility, the positive effect of aikido 
training on the flexibility of the upper extrem-
ities was already shown by Huang et al. [12]. 
In our present study, we aimed to investigate 
flexibility of the medium and lower part of the 
body. Aikido practitioners were better in the 
lateral flexion of the thoracic and lumbar spine 
and pelvis (as assessed by the lateral side bend-
ing test) than the reference values, and worse 
in flexibility of the lower back and hamstring 
muscles (sit and reach test).

Overall, our results demonstrate that traditional 
aikido bouts exercised on a regular basis (i.e. 90 
minutes 2-3 times a week), are in accordance 
with ACSM recommendations [6] for moderate-
intensity cardio-respiratory exercise training.

ACSM also recommends exercises to improving bal-
ance and coordination. Empirical findings [16, 17] 
demonstrate that aikido practice results in better 
balance stability. According to ACSM recommen-
dations, flexibility exercises for each of the major 
muscle–tendon groups is also an important part of 
health. Aikido seems to enhance flexibility of the 
upper extremities and thoracic and lumbar spine 
and pelvis, but not of the lower back and hamstring 
muscles. 

In conclusion, recreational aikido practice exercised 
2-3 times a week for 90 minutes suit the ACSM 
recommendations with the exception of resistance 
training. To improve muscle strength, additional 
exercises are necessary.

By considering the health effects of aikido we 
should also take into account the possibility of inju-
ries. According to Zetaruk et al. [28], aikido prac-
tice is associated with a higher risk of head/neck, 
upper extremity, and soft tissue injury compared 
with karate practitioners. The adequate measure-
ment of the possibility of injuries caused by aikido 
training is an important task for future studies.

CONCLUSIONS

Aikido represents a recreational exercise with con-
siderable health protective effects. To maximize its 
beneficial effects, however, additional emphasis on 
resistance training and the avoidance of injuries are 
needed.

Figure 2. Heart rate recording of a typical aikido workout (Firstbeat Sports software; 31 years old male aikido practitioner).
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LIMITATIONS

An important limitation of our study is that neither 
the aikido group nor the Hungarian reference val-
ues were representative of the respective popula-
tions. Also, as national reference values were not 
available for a number of fitness tests, we had to 
use the EUROFIT as reference in several cases. 
Finally, possible effects of other sports practiced by 
the participants were not taken into consideration.
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