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Abstract
OBJECTIVES: This study aimed to explore the feasibility (including 
recruitment, safety and adherence) and the effects of a twice weekly 
supervised Judo-based exercise program over eight weeks on mobility, 
balance, physical performance, quality of life, fear of falling and 
physical activity (including by frailty status) in community-dwelling 
older people aged ≥65 years.
DESIGN: Pre-post study.
PARTICIPANTS: A total of 17 participants (mean age 74.3±6.2; range 
66-87 years; 76.5% female).
INTERVENTION: A Judo-based exercise program conducted twice 
weekly for 60 minutes per session over eight weeks.
MEASUREMENTS: Pre and post assessments included the Timed 
Up & Go (TUG); the Berg Balance Scale (BBS); the Short Physical 
Performance Battery (SPPB); the Short Form Health Survey-36 (SF-
36); the Falls Efficiency Scale International (FES-I); and an ActivPal 
accelerometer to measure participants’ physical activity. 
RESULTS: Most participants had low (≤3) Charlson’s Comorbidity 
Index scores (n=17, 100%), were well nourished (n=16, 94.1%), not 
sarcopenic (n=16, 94.1%), and not cognitively impaired (n=13, 76.5%), 
anxious or depressed (n=14, 82.4%). Ten participants (58.8%) were 
non-frail and seven were pre-frail (41.2%). Significant improvements 
(p<0.05) were seen for mobility (TUG), balance (BBS) and physical 
performance (SPPB). Pre-frail participants showed greater improvement 
in mobility (TUG) than non-frail participants (p=0.020). No changes 
(p≥0.05) were seen in quality of life, fear of falling, or physical activity. 
Participants’ adherence (i.e., attending sessions) was high (i.e., ≥81.2%). 
No serious adverse events or withdrawals were reported.
CONCLUSION: Findings suggest that the eight week Judo-based 
exercise program can be delivered safely to older adults aged ≥65 years, 
including those at-risk of frailty, as long as there is close supervision 
with individualisation of the program in response to emergent health 
symptoms and the program is conducted on requisite Judo mats. This 
Judo-based exercise program is effective in improving physical function 
with potential to prevent falls and frailty risk.   

Key words: Judo, older adults, frailty, falls, physical function.

Introduction

With globalisation, interest has increased in foreign 
cultures. Martial arts from Eastern countries 
have been adopted by many in the West for both 

their recreational value and health benefits. Increasingly, the 
possibility of improving the health of older people through 
supervised martial arts programs has become an area of interest 
among health professionals. 

Tai Chi, for example, which has a focus on balance, has been 
shown to be beneficial in falls prevention (1). Judo, on the other 
hand, is a multi-component martial art that includes not only 
balance and strength training, but also teaches specific safe 
landing techniques (ukemi) that can be modified to teach older 
adults how to land safely when falling (2, 3). These safe landing 
techniques (ukemi) are unique to the sport of Judo and could 
potentially minimise harm and injury during falls (2, 3). 

Falls are a common consequence of frailty, and 
improvements in parameters such as mobility, physical 
performance and balance have been associated with a reduction 
in frailty and falls risk in older people (4-7). Given the ageing 
population globally and the increasing prevalence of frailty and 
frailty-related consequences, such as falls (8), exploration of 
the health effects of martial arts, such as Judo, in older people 
is timely. 

We conducted a scoping review (9) and found that there 
have been seven studies from Europe (i.e., Sweden, Italy, Spain 
and the Netherlands) focusing on community-dwelling older 
adults (mean age range 68.9 to 76 years) that have examined 
the effect of Judo on various health-related measures, including 
physical performance, gait speed, strength, quality of life, 
fear of falling, and flexibility. None of the studies had been 
conducted in Australia or reported on the effects of Judo in 
participants with varying frailty status.  

Five of the studies were conducted over 10 to 16 weeks 
(sample size range 19 to 30) and significant improvements 
were noted in physical performance, gait speed, strength, fear 
of falling and flexibility (10-14) while two studies were of 
shorter durations (i.e. five to six weeks) with a similar sample 
size and found a reduction in fear of falling (15, 16). Only one 
study looked at the effects of Judo on balance in older adults 
(mean age 72±4.9 years) and showed improvements over 12 
weeks (14), whilst no study to date had examined the effects of 
Judo on the Timed Up & Go (TUG), a mobility measure that 
assesses for falls and frailty risk in older adults (17, 18). The 
TUG includes gait speed, turning and sitting (17), providing 
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more information than single-item measures such as gait speed. 
The aims of the present study were to explore the feasibility 

(including recruitment, safety and adherence) and the effects of 
a twice weekly supervised Judo-based exercise program over 
eight weeks on mobility (including the TUG), balance, physical 
performance, quality of life, fear of falling and physical activity 
(including by frailty status) in community-dwelling older 
people aged ≥65 years.

Methods

The study was conducted between September and November 
2021. Ethics approval was obtained from the University of 
Adelaide Human Research Ethics Committee (H-2021-078). 
The trial was registered with the Australian New Zealand 
Clinical Trials Registry (ACTRN12621001070820) prior to 
participant enrolment.

Participants 

Participants were eligible if they were aged ≥65 years, 
community-dwelling, able to walk unsupported for everyday 
tasks, and had no diagnosed illnesses or conditions that would 
prevent them from participating in exercise. Participants 
were excluded if they had: a) been advised against physical 
exercise by their physician; b) a past history of congestive 
cardiac failure; c) experienced chest pain, dizziness or angina 
during exercise; d) uncontrolled high blood pressure; e) severe 
osteoporosis (T score <-2.5); f) atlantoaxial instability; g) or 
were unable to comply with the study protocol. The study was 
conducted at the Adelaide University Judo Club (AUJC) in 
Thebarton, Adelaide, South Australia.

Recruitment

Participants were recruited through the City of West Torrens 
(Local Government Council), which distributed flyers across 
newsletters, libraries and community groups. In addition, 
participants were recruited through social media, a newspaper 
advertisement, and flyers distributed across the AUJC network 
and the Centre of Research Excellence (CRE) in Frailty and 
Healthy Ageing, as well as the Basil Hetzel Institute for 
Translational Health Research in Adelaide, South Australia. 

Individuals who expressed interest in the study were 
contacted via phone by the research team, who screened 
for eligibility and answered any questions. A participant 
information sheet (PIS), consent form, and a medical clearance 
template were then sent via post to eligible and interested 
individuals. Individuals were enrolled if they met all eligibility 
criteria and provided medical clearance from their general 
practitioner (GP), as well as written informed consent, prior to 
study start.

Judo-Based Exercise Intervention 

The exercise program was based on Judo and included 
Judo-specific exercises such as break-falls (ukemi), a specific 

technique to learn how to land safely when falling, as well 
as a range of balance, strength and mobility tasks, which 
progressively increased in intensity and complexity over the 
course of the eight week study. 

The Judo-based exercise program involved two supervised 
60-minute group exercise sessions (max 10 participants per 
group) weekly for eight weeks, delivered by an experienced 
team of Judo coaches from the AUJC. The coaches included the 
Head Coach (6th degree black belt), the Technical Coach (4th 
degree black belt), and other 1st degree black belt Judo coaches, 
ensuring a 3:1 participant-instructor supervision. Both groups 
were supervised by the same team of Judo coaches. 

The Judo-based exercise program was conducted on a sprung 
Judo tatami mat with softer landing mats added on top as 
needed. Each exercise session consisted of (1) a warm-up and 
practice getting up and down from the ground (10 min); (2) 
balance, strengthening and mobility exercises (10 min); (3) 
safe falling techniques (ukemi) (30 min); and (4) cool down 
exercises, including stretching and flexibility (10 min).  

(1) Warm-up exercises included gentle, low impact limb 
and torso movements in various directions, including stretches 
up, down and side-to-side, as well as sequentially lowering to 
a seated position and rising again. The level of difficulty of the 
exercises increased over multiple sessions, commencing with 
the use of support – leaning on a chair or using two hands on 
the mat - progressing to no support. 

(2) Balance, strength and mobility exercises included 
developing stable balance by learning to adopt a Judo stance. 
Participants stood with their feet shoulder width apart, gradually 
learning how to shift their weight when moving forwards, 
backwards and sideways, as well as when stepping up and 
down. Part way through the study, participants were encouraged 
to balance stably on one leg at a time. Strengthening the legs 
and core required slow, controlled, active sit-stands on sled 
chairs placed on the mat, which progressed to crawling across 
the mat, first on the stomach, later on the side or in a seated 
position.

(3) Safe falling techniques (ukemi) focussed on teaching 
head and neck control in the initial exercise sessions with 
the use of small beanbags held by the chin under the neck. 
This progressed to learning backward break-falls from seated 
positions through to standing positions, initially onto a landing 
mat, and then onto the Judo mat surface. Halfway through the 
program, participants began to learn side-falls onto landing 
mats from a simulated trip, as well as side-rolls from kneeling 
to automate a safe landing position. Exercises for front-falls 
onto forearms from knees and into a plank position were 
introduced mid-way through the program. By the final week, 
participants were introduced to forward-rolls over the shoulder 
differentiated between stable and unstable support during 
simulated fall exercises. 

The Judo-specific details of the program are presented in 
Supplemental File 1.

Baseline Characteristic Assessments

Baseline data were collected one week prior to intervention 
start (week 0) and included information about the participants’ 
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health, as well as socio-demographic information. The data 
recorded included number of falls over the past 12 months; 
participants’ mortality risk (Charlson Comorbidity Index – 
CCI) (19); risk of sarcopenia (SARC-F) (20); nutritional status 
(Mini Nutritional Assessment Short Form – MNA-SF) (21); 
cognition (Rapid Cognitive Screen - RCS) (22); anxiety and 
depression (Patient Health Questionnaire-4 – PHQ-4) (23); and 
grip strength (hand dynamometer) (24). Falls were defined as 
slipping, tripping, rolling and sliding resulting in the participant 
coming to rest inadvertently on the ground, floor or other lower 
level (25). 

Frailty Status

Participants’ frailty status was assessed at baseline using 
the FRAIL Scale (26). The FRAIL Scale is a screening tool 
for frailty, which includes five yes-no questions about fatigue, 
resistance, ambulation, illness, and weight loss (26, 27). The 
FRAIL screen categorises adults into non-frail (0 indicators), 
pre-frail (1-2 indicators) and frail (≥3 indicators) based on the 
number of yes responses. 

Intervention Satisfaction Assessment 

Participants’ feedback and satisfaction on the Judo-based 
exercise program was sought using a post-intervention survey 
(Supplemental File 2).

Outcomes Assessment

The research team consisted of four research volunteers 
and two senior medical students who were trained by the lead 
researcher (i.e. exercise physiologist) on how to collected data 
prior to the study. All physical assessments were conducted 
by the lead researcher (i.e. exercise physiologist) and a senior 
medical student. The following assessments were conducted 
one week prior to intervention start (week 0) and one week after 
the intervention finished (week 9):
a)  The Timed Up & Go (TUG) (17), a measure of mobility 

falls and frailty risk in older adults (17, 18). A cut-off score 
of ≥12 seconds was used to indicate limited mobility and a 
greater risk of falling (17).

b)  The Berg Balance Scale (BBS) (28), a 14-item objective 
measure to assess falls risk and balance (static and dynamic) 
in older adults. Each item is scored between 0 (lowest level 
of function) and 4 (highest level of function). Possible scores 
range from 0 to 56 and risk is categorised as high falls risk 
(score 0-20), moderate falls risk (score 21-40), and low falls 
risk (score 41-56). 

c)  The Short Physical Performance Battery (SPPB) (29) 
combines the results of gait speed, chair stands and balance, 
and is used clinically to identify frailty risk (4). Possible 
scores range from 0 to 12, and physical limitation scores 
are categorised into severe physical limitations (score 0-3), 
moderate physical limitations (4-6), mild physical limitations 
(score 7-9), and minimal or no physical limitations (score 
10-12) (29). 

d)  The Short Form Health Survey-36 (SF-36) (2), a self-
reported health questionnaire containing 36 items measuring 
eight domains of physical and mental health. A scoring 
algorithm is used to convert the raw scores to a range 
between 0 and 100, with higher scores indicating a better 
quality of life.

e)  The Falls Efficiency Scale International (FES-I) (30), a self-
reported 16-item questionnaire assessing the fear of falling 
in older adults. The 16-items are scored between 1 (not at all 
concerned) and 4 (very concerned). Scores range from 16 to 
64, and fear of falling is categorised into low concern (score 
16-19), moderate concern (score 20-27), and high concern 
(score 28-64) of falling (31). 

To reduce assessment time, the following questionnaires 
were handed/posted out to participants one week prior to their 
assessment: CCI, SARC-F, FRAIL Scale and satisfaction 
survey. Participants were instructed to complete the 
questionnaires/surveys within 48 hours prior to their assessment 
and bring the completed questionnaires to their appointment. 
The questionnaires were then checked for completion by the 
research team on assessment day.

Physical Activity Assessment

The ActivPal accelerometer is a thigh-worn device allowing 
for objective measure of physical activity in older adults 
(32, 33). The accelerometer was attached to a participant’s 
upper thigh with waterproof OPSITE dressing one week prior 
to intervention start (week 0) and again on the last day of 
the intervention (week 8). It was worn for seven days. Data 
extracted included average hours per day of lying/sitting, 
standing and stepping, as well as the number of steps and the 
number of sit-to-stand transitions, and the energy expenditure 
in the form of metabolic equivalents (METs). The average per 
day was calculated by summing up the data and dividing it by 
the days worn. 

Compliance and Safety

Compliance and adverse events (AEs) were recorded by the 
research team at each exercise session using weekly compliance 
notes and adverse event forms. The type, duration, causality 
to the intervention, severity of symptom (i.e., mild, moderate, 
severe) and action (i.e., intervention unchanged, temporarily/
permanent changed, or reduced\discontinued) were recorded 
for any physical symptoms experienced by the participants. The 
severity of a symptom was graded as follows: a) mild, if the 
symptom caused minimal discomfort and was easily tolerated 
by the participant; b) moderate, if the symptom was sufficiently 
discomforting; and c) severe, if the symptom was experienced 
as incapacitating. Participants were deemed to be compliant and 
were included in the analyses if they attended at least ≥70% of 
the exercise sessions (i.e., 11 out of 16 sessions).
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Sample Size

This feasibility study aimed to include 20 participants (no 
age limit) to trial the eight week Judo-based exercise program. 
The results of the study will help to inform power calculations 
for a possible definitive randomised controlled trial.

Blinding

There was no blinding. Those collecting data were not 
involved in delivering the intervention.

Statistical Methods

Data were examined for normal distribution by inspecting 
histograms and using the Kolmogorov-Smirnov Test. Changes 
between pre and post data were analysed using the paired 
T-Test for normally distributed variables and the Wilcoxon 
signed rank test for not normally distributed variables. 
Differences between frailty group (i.e. non-frail and pre-frail) 
were analysed using the independent T-Test for normally 
distributed variables and the Mann-Whitney U Test for not 
normally distributed variables. 

Descriptive data is presented as mean and standard 
deviation (SD). The statistical software SPSS version 25 (IBM 
Corporation. Armonk, NY) was used. The level of statistical 
significance was set at p<0.05. 

Results

Recruitment 

A total of 48 individuals expressed interest in the study 
(Figure 1). Out of the 48, 10 individuals were excluded due 
to not meeting the eligibility criteria, while 21 individuals 
opted out (43.8%): two were not interested, 17 had either 
personal reasons, other commitments or physical limitations 
that prevented them from participating, while two individuals 
did not respond.

Of the 48 interested individuals, almost half (n=23; 47.9%) 
became involved after a newspaper advertisement, with nine 
enrolling to participate (i.e. 39.1%). Promotion via the local 
council (The City of West Torrens) attracted eight individuals 
with three enrolling to participate (i.e. 37.5%). The five 
remaining study participants were recruited via word of mouth.  

Participants

A total of 17 participants (mean age 74.3±6.2, range 
66-87 years, 76.5% female) were included in the study. All 
participants had low (≤3) CCI scores (n=17, 100%) and the 
majority were well nourished (n=16, 94.1%), not sarcopenic 
(n=16, 94.1%), not cognitively impaired (n=13, 76.5%), 
anxious or depressed (n=14, 82.4%). 

Ten participants (58.8%) were non-frail; seven were pre-frail 
(41.2%); and none were frail (Table 1).

Withdrawals

There were no withdrawals.

Compliance   

Compliance was high (≥81.2%), with all participants 
attending at least 13 out of 16 exercise sessions. Of these, 
seven participants attended 100% of the 16 exercise sessions, 
while ten participants missed between one and three exercise 
sessions (attendance range 93.7%-81.2%) over the eight week 
intervention.

Table 1. Participants’ Baseline Characteristics 
Characteristic Total (n=17) Min Max
Age (years), mean (SD) 74.29 (6.19) 66 87
Female, n (%) 13 (76.5)
FRAIL Screen, mean (SD) 0.53 (0.7) 0 2
      • Non-frail (0), n (%) 10 (58.8)
      • Pre-Frail (1-2), n (%) 7 (41.2)
      • Frail (≥3), n (%) 0 (0.0)
CCI, mean (SD) 1.18 (1.6) 0 3
      • Low Risk (≤3), n (%) 17 (100)
      • Moderate Risk (4-5), n (%) 0 (0)
      • High Risk (≥6), n (%) 0 (0)
SARC-F, mean (SD) 0.88 (1.0) 0 4
     • At-Risk (≥4), n (%) 1 (5.9)
RCS, mean (SD) 8.7 (1.7) 5 10
      • Normal (8-10), n (%) 13 (76.5)
      • Mild impaired (6-7), n (%) 3 (17.6)
      • At-Risk of Dementia (≤5), n (%) 1 (5.9)
PHQ-4, mean (SD) 1.18 (2.2) 0 8
      • Normal (0-2), n (%) 14 (82.4)
      • Mild (3-5), n (%) 2 (11.8)
      • Moderate (6-8), n (%) 1 (5.9)
      • Severe (9-12), n (%) 0 (0)
MNA-SF, mean (SD) 13.24 (1.5) 8 14
      • Normal (12-14), n (%) 16 (94.1)
      • At Risk (8-11), n (%) 1 (5.9)
      • Malnourished (0-7), n (%) 0 (0)
Grip Strength, mean (SD) 23.5 (5.9) 14.3 39.5
      • Normal (m≥27kg, f≥16kg) 14 (82.4)
      • Low (m<27kg, f<16kg) 3 (17.6)
IQR: interquartile range; CCI: Charlson Comorbidity Index; RCS: Rapid Cognitive 
Screen; PHQ-4: Patient Health Questionnaire-4; MNA-SF: Mini Nutritional Assessment 
Short Form, m:male; f:female

Post-Intervention Evaluation 

All participants reported being satisfied (11.8%, n=2) or very 
satisfied (88.2%, n=15) with the Judo-based exercise program.
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Safety  

Six non-serious AEs involving six participants were 
recorded, but only two were related to the study. Both were 
falls in week 5. One participant continued the study with 
no interruption. The other participant fell when attempting a 
backward-fall on a harder mat, which resulted in bruising and 
two physiotherapy appointments. This resulted in one missed 
and two reduced exercise sessions.

The four AEs unrelated to the study, which affected four 
different participants, included a muscle strain (week 5), an 
overnight fall (week 4), chest pain (week 4), and a car accident 
(week 7). The muscle strain resulted in three weeks (i.e., 6 
sessions) of reduced exercises, whilst the chest pain led to one 
missed exercise session due to medical appointments. The 
overnight fall and car accident did not affect participation. 

Intervention Modifications

Four participants (23.5%) progressed through the Judo-based 
exercise program without experiencing any physical symptoms. 
Thirteen participants (76.5%) suffered from pre-existing 
conditions and reported mild to moderate muscle stiffness or 
soreness in either neck (n=6), lower back/core (n=6), shoulders 
(n=4), triceps (n=3), knees (n=2), hips/legs (n=4) or ankles 
(n=2). In addition, one participant suffered from nausea during 
the back-rolls, and another participant experienced severe 
vertigo after doing side-rolls repetitively. 

Modifications tailored to relieve participants’ symptoms 
included using foam blocks (provided by AUJC) to allow 
participants’ necks to rest during the exercises. The range of 
motion during shoulder warm-ups was reduced for participants 
suffering from shoulder pain, and the amount of side and back-
rolls limited for participants suffering from nausea or vertigo. 

Wearing knee pads or lower back support braces (supplied by 
participants) helped reduce the impact on participants’ knees 
and lower backs where necessary (Table 2). 

Outcome Measures 

Timed Up & Go

Pre-intervention, the majority of participants (n=16; 94.1%) 
exhibited good mobility (mean TUG 9.38±1.25 sec). The eight 
week Judo-based exercise program led to a significant positive 
change in TUG time (p<0.001) with the majority of participants 
(n=15, 88.2%) improving, while two participants worsened 
(Table 3). 

Both non-frail and pre-frail participants improved 
significantly (p<0.05), with greater improvement seen in pre-
frail participants than in non-frail participants (p=0.020) (Table 
4).

Berg Balance Scale

All 17 participants (100.0%) had a low falls-risk, with BBS 
scores being high pre-intervention (mean 52.76±3.89). The 
eight week Judo-based exercise program led to a positive 
change in balance scores (p=0.007), with the majority of the 
participants (n=16, 94.1%) either improving (n=9) or remaining 
the same (n=8). Only one participant had a decrease in BBS 
total score (Table 3). 

Pre-frail participants improved significantly in their BBS 
score post-intervention (p=0.042). However, this change was 
not significantly different to non-frail participants who did not 
significantly change following intervention (p=0.105) (Table 4).

Short Physical Performance Battery

SPPB total scores were high pre-intervention (mean score 
11.06±1.39). The majority of the participants (n=15, 88.2%) 
exhibited either no or minimal physical limitations. At the 
end of the Judo-based exercise program, the majority of the 
participants (n=16, 94.1%) recorded a significant positive 
change in SPPB scores (p=0.035), either improving (n=7) or 
remaining the same (n=9). However, one participant recorded a 
decrease in the SPPB total score (Table 3). 

No significant changes or differences were noted in the 
subgroups of pre-frail and non-frail participants (p≥0.05) (Table 
4).

Quality of Life

Participants’ QoL scores ranged between 48.34±6.86 for 
the physical SF-36 component and 53.14±7.51 for the mental 
SF-36 component pre-intervention. Neither the mental nor the 
physical component changed for the total group (p≥0.05) and 
the sub groups of pre-frail and non-frail participants (p≥0.05) 
over the course of the study (Tables 3 and 4). 

 

Figure 1. Judo Feasibility Study Consort Flow Diagram



6

JUDO TO REDUCE FALLS AND FRAILTY RISK

Fear of Falling

Participants’ fear of falling scores were low pre-intervention 
(mean 21.12±4.78), with the majority of participants (n=10, 
58.8%) having little concern about falling. The exercise 
program did not lead to any significant changes in participants’ 
fear of falling scores for the total group (p≥0.05) and the sub 
groups of pre-frail and non-frail participants (p≥0.05) (Tables 3 
and 4).

Physical Activity

Participants’ physical activity pre- and post-intervention, 
including lying/sitting, standing, stepping, as well as step count, 
sit-to-stand transitions, and energy expenditure (MET), did 
not result in lasting behavioural change. Pre- and post-values 
remained the same for the total group (p≥0.05), and the sub 

groups of pre-frail and non-frail participants (p≥0.05) (Tables 3 
and 4).

Discussion

To the best of our knowledge, this is the first feasibility study 
reporting on the effects of a twice weekly Judo-based exercise 
program conducted over eight weeks on mobility (using the 
TUG) in older community-dwelling adults aged ≥65 years 
where over 40% of participants were pre-frail. Also, this is the 
first study originating from Australia. The findings suggest that 
the eight week Judo-based exercise program can be delivered to 
older adults, including those at-risk of frailty, as long as there is 
close supervision with intervention modifications in response to 
emergent symptoms or health issues. Given the improvements 
noted for mobility, balance and physical performance and 
given that measures such as the TUG and SPPB are cited in the 

Table 2. Participants’ Physical Limitations and Symptoms Experienced during the Study 
n   Symptoms/Limitations Causality Severity Action/Strategy

6   Sore neck Pre-consisting condition & related to intervention Mild - Moderate Use of foam blocks or alternating exercises to 
rest neck

6   Sore lower back/core Pre-consisting condition & related to intervention Mild Use of support brace around lower back and/or 
gradual strengthening of core

4   Sore shoulders Pre-consisting condition & related to intervention Mild Shoulder warm-up/stretching and rolls reduced 
or modified

4   Sore hips/legs Related to intervention Mild - Moderate Reduced the number of repetitions of leg 
exercises until recovery

2   Sore knees Pre-consisting condition Mild - Moderate Use of knee pads and additional use of the softer 
landing mats

3   Sore triceps Pre-consisting condition & related to intervention Mild - Moderate Reduced the number of arm exercises until 
recovery

2   Sore ankle Pre-consisting condition & related to intervention Mild Balance exercises reduced until recovery 

1   Nausea Pre-consisting condition & related to intervention Moderate Number of rolls & range of motion reduced

1   Vertigo Related to intervention Severe Number of side-rolls reduced

n: number of participants 

Table 3. Change in Primary and Secondary Outcomes Pre and Post Intervention 
Assessment Mean (SD) Better Worse Same P-Value

Pre (Week 0) Post (Week 9) Change n n n Change

BBS Total Score† 52.76 (3.90) 55.47 (0.94)   2.71 (3.58) 9 1 7   0.007*

TUG (sec)‡ 9.39 (1.26) 8.22 (0.91) -1.17 (1.12) 15 2 0 <0.001*

SPPB Total Score† 11.06 (1.39) 11.65 (0.70)   0.59 (1.28) 7 1 9   0.035*

SF-36 Physical Score† 48.34 (6.90) 49.64 (6.07)   1.30 (2.95) 10 7 0   0.136

SF-36 Mental Score‡ 52.45 (7.94) 53.14 (7.51)   0.70 (6.37) 12 5 0   0.658

FES-I Total Score‡ 21.12 (4.78) 20.00 (3.61) -1.12 (2.62) 8 4 5   0.098

Lying/Sitting (h/day)‡ 16.35 (1.64) 16.57 (1.69)   0.22 (0.76) 9 7 0   0.255

Standing (h/day)‡ 4.65 (0.97) 4.57 (1.30)  -0.07 (0.68) 6 10 0   0.677

Stepping (h/day)‡ 2.01 (0.56) 1.94 (0.60)  -0.06 (0.31) 7 9 0   0.442

Step Count (n/day)‡ 10316.51 (3648.72) 10314.02 (4494.49)   2.49 (2158.12) 7 9 0   0.996

Sit to Stand (n/day)‡ 42.69 (10.22) 41.07 (7.79)  -1.62 (6.87) 5 11 0   0.361

MET (h/day)‡ 35.13 (1.42) 35.13 (1.73)   0.01 (0.51) 6 10 0   0.995

‡parametric test; †non parametric test; SD: standard deviation; BBS: Berg Balance Scale; n: number; h: hours, MET: one metabolic equivalent;  SPPB: Short Physical Performance Bat-
tery; TUG: Timed Up and Go; FES-I: Falls Efficiency Scale International; SF-36: Short Form Health Survey-36; *significant p<0.05
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literature as assessment methods for falls and frailty risk (4, 18), 
this intervention has the potential to reduce both falls and frailty 
risk in older community-dwelling adults, but this hypothesis 
requires further exploration through a randomised controlled 
trial.  

Judo-based exercise programs have been shown to improve 
physical function parameters in older adults, including balance 
(14), physical performance (using the SPBB) (10, 14), gait 
speed (11) and muscle strength (12). Novel to our study was 
that an eight week Judo-based exercise program improved 
TUG time in older adults. Also, improvements in pre-frail 
participants were better than the improvements seen in non-frail 
participants. Impairment in TUG time has long been proposed 
as a method for screening for frailty risk (18). Therefore, this 
finding provides new evidence that Judo might be an effective 
intervention for frailty prevention for older people. 

Adding to this, and similar to research recently reported 
elsewhere (10, 14), improvements to SPPB were noted in the 
majority (i.e., 9 out of 17) of participants. Everyone else, bar 
one, remained stable following the eight week program. Similar 
to TUG, SPPB is used clinically to identify frailty risk (4), and 
therefore interventions that can improve SPPB scores can be 
beneficial for frailty prevention. 

In terms of Qol, fear of falling and physical activity, studies 
are sparse and results are mixed. Two studies examined QoL 
in older adults over 12 (14) to 16 (12) weeks and reported 
no significant changes, while there is some evidence to 
suggest that improvements in QoL may be noticed after longer 
interventions (i.e. 9 months, 3 session per week) when mixed-
aged participants (aged 45 to 83 years) are investigated (2). 
Fear of falling improved in four (15, 16, 34, 35) out of six 
studies (12, 13, 15, 16, 34, 35) conducted in older adults with 
interventions ranging from five to 16 weeks, while physical 
activity was only studied in one study involving older adults 
showing improvements after twelve weeks (35). More research 
is needed to investigate the effects of Judo on health outcomes 
such as QoL, fear of falling, and physical activity.

A previous study has suggested that for Judo, the optimal 

program duration should consist of at least weekly sessions for 
12 weeks (10), while another study suggests that motor skills 
and safe landing techniques can be learned by older adults 
(mean age 72±4.9 years) in a much shorter time of six to nine 
weeks of weekly sessions (14). Our study confirms that twice 
weekly sessions for eight weeks are feasible and we believe 
that this allows for effective progress including modification 
of intervention in response to participant symptoms or health 
issues. However, longer periods of participation may be 
recommended to realise health benefits, such as improved QoL 
(2) and bone mineral density (36-38).

Prior to this study, only one study, which included 28 
healthy older adults (aged 60-88 years), has examined the 
safety and feasibility (i.e., recruitment and drop-out rates, time 
and recourses, and location) of a 45-60 minutes weekly Judo-
based exercise program over 10-16 weeks (10). Each session 
was conducted with 7-10 participants and two Judo instructors 
(10). As in the present study, no serious adverse events were 
recorded (10). Our recommendation however is that close 
supervision is necessary when older adults with pre-existing 
health conditions, including pre-frailty, are participants. For 
example, in our study some pre-existing health conditions were 
exacerbated in some older participants, but modifications to 
their program enabled them to continue to participate. Also, 
many participants had health issues unrelated to the Judo 
program that required consideration also. Therefore, to ensure 
safe translation of Judo-based exercise programs into practice, 
Judo coaches need experience in both teaching Judo to a range 
of beginners and working with older adults. 

Previous research also suggests that for older people, 
the local Judo club is a preferable location for an exercise 
program as Judo mats and Judo instructors are available at these 
locations (10). In our study, the Judo club proved essential in 
terms of providing time for the program and equipment. The 
permanent sprung Judo tatami mat surface proved essential 
for training and safety reasons when conducting safe-landing 
techniques (ukemi) with older adults.

No withdrawals were reported in this eight week study, and 

Table 4. Change in Primary and Secondary Outcomes by Frailty Status 
Assessment Non-Frail (n=10) Pre-Frail (n=7) P-Value

Pre (Week 0)
Mean (SD)

Post (Week 9)
Mean (SD)

Change
Mean (SD)

P-Value
Change

Pre (Week 0)
Mean (SD)

Post (Week 9)
Mean (SD)

Change
Mean (SD)

P-Value
Change

Group

BBS Total Score† 54.00 (3.09) 55.40 (1.08)  1.40 (2.27) 0.080 51.00 (4.47) 55.57 (0.79)  4.57 (4.43) 0.042*   0.105

TUG (sec)‡ 8.94 (0.88) 8.28 (0.83) -0.66 (0.58) 0.006* 10.04 (1.49) 8.14 (1.09) -1.90 (1.34) 0.010*   0.020*

SPPB Total Score† 11.50 (0.85) 11.80 (0.42)  0.30 (0.48) 0.083 10.43 (1.81) 11.43 (0.98)  1.00 (1.91) 0.157   0.416

SF-36 Physical Score† 49.17 (7.11) 49.46 (7.03)  0.29 (1.00) 0.508 47.16 (6.95) 49.89 (4.89)  2.74 (4.19) 0.128   0.329

SF-36 Mental Score‡ 54.73 (6.30) 55.64 (7.10)  0.91 (2.39) 0.261 49.19 (9.35) 49.59 (7.05)  0.39 (9.97) 0.920   0.898

FES-I Total Score‡ 19.30 (3.30) 18.50 (3.06) -0.80 (1.93) 0.223 23.71 (5.59) 22.14 (3.39) -1.57 (3.51) 0.280   0.610

Lying/Sitting (h/day)‡ 16.17 (1.81) 16.24 (1.83)  0.07 (0.68) 0.755 16.57 (1.52) 16.99 (1.53)  0.42 (0.87) 0.248   0.384

Standing (h/day)‡ 4.77 (1.13) 4.95 (1.46)  0.17 (0.64) 0.439 4.48 (0.77) 4.09 (0.96) -0.38 (0.62) 0.152   0.100

Stepping (h/day)‡ 2.12 (0.43) 2.09 (0.51) -0.03 (0.39) 0.826 1.85 (0.70) 1.75 (0.70) -0.10 (0.17) 0.170   0.662

Step Count (n/day)‡ 10329.67 (2484.56) 10040.00 (2279.34) -289.67 (2214.51) 0.705 10299.60 (5005.15) 10666.34 (6581.52)  366.74 (2195.95) 0.674   0.564

Sit to Stand (n/day)‡ 45.54 (10.15) 44.40 (4.97) -1.14 (8.89) 0.710 39.02 (9.79) 36.80 (8.98) -2.22 (3.38) 0.132   0.744

MET (h/day)‡ 35.18 (0.99) 35.06 (0.97) -0.12 (0.91) 0.701 35.06 (1.92) 35.21 (2.49)  0.15 (0.81) 0.642   0.546

‡parametric test; †non parametric test; BBS: Berg Balance Scale; TUG: Timed Up and Go; SPPB: Short Physical Performance Battery; FES-I: Falls Efficiency Scale International; SF-36: Short Form 
Health Survey-36; h: hours, MET: one metabolic equivalent; *significant p<0.05
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compliance rates were high (≥81.2%). Other studies that had 
included healthy older adults (aged 60 to 88 years) exercising 
once to twice per week over five to 16 weeks (10-12, 15) 
reported increasing dropout rates as the length of the program 
increased. Dropout rates of 10% were recorded during a five 
week intervention (15), 15%  in a 15-16 week intervention 
(11, 12), and 25% in a 10-16 week intervention (10). Common 
reasons for leaving the program were medical (10, 11, 15) 
or personal (11) and unrelated to the intervention. Some 
participants were absent on the day of assessment (10) or had 
only attended sporadically (<75%) throughout the intervention 
(11, 12). More flexible program designs, experienced 
supervision to modify the program to participants’ health needs, 
and peer support for motivation (9, 39) could possibly counter 
poor adherence during lengthy interventions. 

A limitation of this study was that it was conducted at only 
one Judo Club limiting the generalisability of the findings, 
and that it included only a small sample size with no control 
group. Further, safe landing techniques and falls rates were not 
assessed, and the study relied on the help of research volunteers 
and senior medical students due to budget constraints. A larger 
well-funded double-blinded randomized controlled trail across 
multiple clubs is needed to confirm the findings.

Conclusion

This Australian feasibility study examined for the first time 
the effects of an eight week Judo-based exercise program on 
mobility (using the TUG) in older community-dwelling adults 
aged ≥65 years. The findings suggest that a Judo-based exercise 
program can be delivered safely to older adults, including 
those at-risk of frailty, as long as some strategies to ensure 
participant safety are adhered to. Given the improvements noted 
for mobility, balance and physical performance, this Judo-based 
exercise program has the potential to reduce falls and frailty 
risk in older adults. However, a larger randomised controlled 
trial is needed to confirm these findings.
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