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SUMMARY: 25 
The aim of this study is to present an agility training program for older people. The feasibility of 26 
this program is described, and the training protocol demonstrated by video imaging. 27 
 28 
ABSTRACT: 29 
Aging impairs physical and cognitive functions and limits daily activities. Agility training can 30 
improve or maintain physical functioning in older people. The purpose of this study is to report 31 
the physical fitness benefits of a training program for independent community-dwelling older 32 
adults using an agility ladder. Each training session lasted approximately 30 minutes, and the 33 
benefits were achieved with two sessions per week for 14 weeks. Training was timed and 34 
involved four different drills and varying levels of difficulty through time. The exercises were 35 
performed at the School of Physical Education of the University of Campinas, São Paulo state, 36 
Brazil. The study participants (n = 16; mean age of 66.9 ± 5.0 years) were instructed to perform 37 
the exercises as quickly as possible without making mistakes and were assisted by a physical 38 
trainer when they made mistakes. Assessments were performed both before and after training 39 
using five functional tests (i.e., Illinois agility, five times sit-to-stand, timed up-and-go, walking 40 
usual speed, and one-leg stand). Although the study sample was not compared with a control 41 
group, the results indicate that training protocols using an agility ladder are easy and practical 42 
and improve physical function performance in older adults. 43 
 44 
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INTRODUCTION: 45 
Being active while aging can optimize opportunities to improve physical, social, and mental 46 
health, enabling older people to participate actively in society1. Older adults should be payed 47 
attention to because of the consequences of aging2. People worldwide are living longer, and life 48 
expectancy is greater than 70 years for the first time in history. The number of individuals aged 49 
60 years or older is increasing rapidly, and the health of these populations is usually poor. Aging 50 
impairs physical functions, mental capacity, and social interactions as a direct result of diseases 51 
or syndromes2. 52 
 53 
Decrease in physical function may lead to falls, fractures, less access to health care, depression, 54 
and poor quality of life. Agility is crucial to prevent falls and maintain independence in older 55 
people. Sheppard and Young3 reported that agility involved “whole-body movements in different 56 
directions in response to a stimulus.” 57 
 58 
Most studies evaluate agility in high-performance athletes4, although a few studies assess this 59 
parameter in older adults. Agility training for older people comprises preplanned gait adaptability 60 
training and reaction training (i.e., response to a signal)5. Liu-Ambrose et al.6,7 found that agility 61 
training improved postural stability, balance, and balance confidence, and decreased the risk of 62 
falls in older people. Moreover, this type of training is integrative and improves cognitive 63 
functions (e.g., perception, mental flexibility, and working memory) as well as neuromuscular 64 
and cardiovascular functions8,9. 65 
 66 
Agility training is characterized by a set of exercise drills and can be automated. However, a 67 
physical trainer/instructor is necessary to create and teach the drills and indicate the right 68 
moment to increase the level of difficulty. Some studies found that step training improved 69 
physical fitness (e.g., balance, agility, lower limb strength and power, and decreased risk of falls) 70 
and cognitive function (e.g., choice stepping reaction time, inhibitory action, and executive 71 
function)5,10,11. The present study uses an agility ladder as a cost-effective instrument to assess 72 
the effects of preplanned gait training on the physical fitness of independent community-73 
dwelling older adults. 74 
 75 
The agility ladder used in the present study was previously employed to train school children and 76 
athletes12,13. The ladder had a length of 4.8 meters and 12 transverse rungs and was drawn on 77 
the floor using a 2 cm wide adhesive tape (Figure 1). Building a ladder on the floor avoided 78 
interruptions during training12 and decreased the risk of injuries. The study population was 79 
healthy, with a mean age of 66.9 ± 5.0 years, and lived independently in a community setting. 80 
The participants received 30 minute training sessions twice a week for 14 weeks. 81 
 82 
PROTOCOL: 83 
 84 
The study was approved by the Research Ethics Committee of the University of Campinas 85 
(UNICAMP) under Protocol Number 2479761. Written informed consent was obtained in-person 86 
from all study participants. Sixteen participants of both sexes were recruited from the community 87 
of the metropolitan region of Campinas by searching the database of the Applied Kinesiology 88 



   

 

Laboratory (AKL). The inclusion criteria were 1) individuals aged 60 and older; 2) ability to answer 89 
the questionnaires used in this study; 3) ability to walk independently without difficulty; 4) 90 
availability to participate in the intervention during 3 months with at least 90% attendance. The 91 
exclusion criteria were 1) severe cardiovascular or pulmonary diseases; 2) orthopedic diseases 92 
that prevented performing daily activities; and 3) diseases that increased the risk of falls such as 93 
Parkinson’s and Alzheimer’s. All assessments were performed by researchers and professional 94 
physical trainers from the AKL. 95 
 96 
1. Assessment 97 
 98 
1.1. Assess physical fitness using the following functional tests: Illinois agility, sit-to-stand, timed 99 
up-and-go, walking usual speed, and one-leg stand. Perform all tests before and after training.  100 
 101 
NOTE: Here, the participants repeated each test 2x, and the best result was used. 102 
 103 
1.1.1. Illinois test: Have the participants move through obstacles in multiple directions.  104 
 105 
1.1.1.1. The length of the course is 10 m and the width is 5 m. Place a marking cone in each corner 106 
of the course: a start and finish cone at one end, 5 m apart; two at the turning points on the other 107 
end of the course, 5 m apart; and four cones in the center of the course spaced 3.3 m apart from 108 
each other. 109 
 110 
1.1.1.2. Have the participants jog in a straight line from the start line to the first turning point 111 
and then in the opposite direction towards the first center cone. They should weave back and 112 
forth through the four center cones from one end of the course to the other. Then, they should 113 
run diagonally from the first center cone to the second turning point located on the far right and 114 
then in the opposite direction towards the finish line14. 115 
 116 
1.1.2. Sit-to-stand test: Have the participants rise from a chair 5x as quickly as possible with the 117 
arms crossed in front of the body, lifting the hips from the chair when the timer is started. The 118 
participants should stand up completely by extending the knees and sit down completely by 119 
maintaining the back against the chair15. Stop the timer after the participant sits down for the 120 
fifth time. 121 
 122 
1.1.3. Time up-and-go (TUG) test: Have the participants get up from a chair without pushing up 123 
with their arms, walk as quickly as possible along a 3 m line demarcated on the floor upon hearing 124 
the command “Go,” return to the same position, and sit down on the chair again. Timing starts 125 
as the participants get up from their chair and stopped when the participant sits down16. 126 
 127 
1.1.4. Walking usual speed test: Have the participants walk 10 m at their usual gait. Start the 128 
timer when a foot reaches the 1 m line and stop when a foot reaches the 11 m line. Do not include 129 
the first and last 1 m stretches in the analysis because they are used to measure acceleration and 130 
deceleration, respectively17. Present the results as velocity in m/s (Figure 2). 131 
 132 



   

 

1.1.5. One-leg stand test: Have the participants stand on the foot from the dominant leg while 133 
flexing the contralateral knee at 90°, folding the arms across the chest, and maintaining the head 134 
straight. Have the participants lift one foot from the floor when the timer is activated. Stop the 135 
timer when the foot touches the floor again. Test both legs18. 136 
 137 
2. Training program design 138 
 139 
2.1. Have the participants perform agility training for 12 min, including four 3 min sets with a 1 140 
min rest between each set (i.e., the first set starts with sequence 1). Each set is composed of four 141 
30 s subsets, a 15 s rest between subsets (Figure 3), and 1 min rest between sets. 142 
 143 
2.1.1. In addition to the four exercise sequences, include a 10 min warm-up and 5 min cool-down, 144 
using whole-body low-intensity stretching. 145 
 146 
NOTE: During this program, each participant trained 2x per week for 14 weeks. 147 
 148 
2.2. Increase the level of difficulty by augmenting exercise complexity and volume, depending on 149 
individual adaptation to the program. The level of adaptation dictates the level of increase in the 150 
velocity of the drills. 151 
 152 
2.2.1. Increase training complexity after 6 weeks of training with four sequences of coordination. 153 
After a period of adaptation, substitute sequences 2 and 3 for more challenging drills. 154 
 155 
2.2.2. Increase the training time after 10 weeks of training. Start with 12 min of exercise (four 3 156 
min sets) and end with 15 min (five 3 min sets). 157 
 158 
NOTE: At the end of each 30 s subset, the time taken to perform the activity is recorded. This 159 
procedure allows comparison of the distance travelled by each participant during each session of 160 
the training program. 161 
 162 
3. Agility ladder 163 
 164 
3.1. Perform the exercises using a ladder with a length of 4.8 m and 12 transverse rungs forming 165 

12 squares (areas delimited by the rungs) measuring 40 cm  40 cm (Figure 1). Instruct the study 166 
subjects to step in the squares and not on the rungs. 167 
 168 
4. Familiarization period  169 
 170 
4.1. Perform four sequences of the training program (1, 2A, 3A, and 4) during the 2 week 171 
familiarization period. Exercise sessions were spaced at least 48 h apart, and there was no time 172 
limit to complete the sequences in each session. Instruct the participants to practice these 173 
sequences to perform as well as possible during the training period. 174 
 175 
5. Training program 176 



   

 

 177 
NOTE: All drills start with both feet together on the start line. 178 
 179 
5.1. Sequence 1: Have participants place their left foot in the first square, the right foot in the 180 
second square, and so forth (Figure 4). Each sequence should be performed in both directions on 181 
the ladder for 30 s. 182 
 183 
5.2. Sequence 2A: Have participants position their right foot in the first square, then position the 184 
toes of the left foot in the first square, move the left foot to the second square, place the toes of 185 
the right foot on the second square, and so on (Figure 5). 186 
 187 
5.3. Sequence 2B: Increase the level of difficulty depending on individual adaptation to sequence 188 
2A (Figure 6) by having participants move through the ladder in small jumps, with toe-tapping 189 
movements. 190 
 191 
5.3.1. Have participants jump to the first square with both feet together such that the sole of the 192 
right foot touches the ground while the toes of the left foot touch the ground. 193 
 194 
5.3.2. Then, have them jump to the second square with both feet together, ensuring that the sole 195 
of the left foot touches the ground while the toes of the right foot touch the ground. 196 
 197 
5.3.3. Have subjects repeat this sequence until the end of the ladder. 198 
 199 
5.4. Sequence 3A: Have participants perform the drill with diagonal and lateral movements. 200 
 201 
5.4.1. Have them place their left foot, followed by the right foot, outside the first square to the 202 
left. 203 
 204 
5.4.2. Then, have them put the right foot in the first square, followed by the left foot. They will 205 
then place the right foot outside the second square to the right, followed by the left foot. 206 
 207 
5.4.3. Have subjects continue this sequence until the end of the ladder (Figure 7). 208 
 209 
5.5. Sequence 3B: Use this sequence to increase the difficulty level depending on individual 210 
adaptation to sequence 3A. 211 
 212 
5.5.1. Have participants position their left foot outside the ladder next to the first square to the 213 
left, and then the right foot in the first square, followed by the left foot, maintaining both feet 214 
together. Then, they will put the right foot outside the second square to the right and then the 215 
left foot in the second square, followed by the right foot, keeping both feet together (Figure 8). 216 
 217 
5.6. Sequence 4: Have participants place their right foot in the first square, the left foot outside 218 
the ladder to the left next to the rung separating the first and second squares, and the right foot 219 
outside the ladder across from the left foot. 220 



   

 

 221 
5.6.1. Have participants put the left foot in the second square, the right foot outside the ladder 222 
to the right next to the rung separating the second and third squares, and the left foot outside 223 
the ladder opposite the right foot. Have the subjects follow this pattern until the end of the ladder 224 
(Figure 9). 225 
 226 
REPRESENTATIVE RESULTS: 227 
Sixteen male and female independent community-living older people with a mean age of 66.9 ± 228 
5.0 years were enrolled in the study. The interventions and assessments were performed at the 229 
School of Physical Education of UNICAMP. 230 
 231 
Statistical analysis was performed using Minitab 18 software. The Mann-Whitney test was used 232 
to compare the functional test results before and after training. P values smaller than 0.05 were 233 
considered significant. Delta was calculated as follows: (baseline values - post-training values) / 234 
baseline values x 100. 235 
 236 
Significant differences between before and after training were determined using physical 237 
function tests to assess agility (Illinois test), lower limb strength and power (five times sit-to-238 
stand), dynamic balance (TUG), gait (walking usual speed test), and static balance (one-leg stand). 239 
 240 
FIGURE AND TABLE LEGENDS: 241 
 242 
Figure 1. Agility ladder. The ladder had a length of 4.8 m and 12 rungs, forming 12 squares (40 243 
cm x 40 cm). 244 
 245 
Figure 2. Walking usual speed test. 246 
 247 
Figure 3. Exercise set. Each 3-min set was composed of four 30 s subsets and a 15 s rest between 248 
subsets. 249 
 250 
Figure 4. Sequence 1. (A) the left foot in the first square, (B) the right foot in the second square, 251 
(C) the left foot in the third square. 252 
 253 
Figure 5. Sequence 2A. (A) The right foot in the first square, (B) the left foot in the first square, 254 
(C) the left foot in the second square, (D) the right foot in the second square. 255 
 256 
Figure 6. Sequence 2B. (A) The right foot in the first square and the toes of the left foot in the 257 
first square, (B) the left foot in the second square and the toes of the right foot in the second 258 
square, (C) the right foot in the third square and the toes of the left foot in the third square. 259 
 260 
Figure 7. Sequence 3A. (A) The left foot outside the ladder to the left next to the first square, (B) 261 
the right foot outside the ladder next to the left foot, (C) the right foot in the first square, (D) the 262 
left foot in the first square, (E) the right foot outside the ladder to the right next to the first 263 
square, (F) the left foot next to the right foot. 264 



   

 

 265 
Figure 8. Sequence 3B. (A) The left foot outside the ladder to the left next to the first square, (B) 266 
the right foot in the first square, (C) the left foot next to the right foot, (D) the right foot outside 267 
of the ladder to the right next to the first square, (E) the left foot next to the right foot. 268 
 269 
Figure 9. Sequence 4. (A) The right foot in the first square, (B) the left foot outside the ladder to 270 
the left next to the rung that separates the first and second squares, (C) the right foot outside 271 
the ladder to the right across from the left foot, (D) the left foot in the second square, (E) the 272 
right foot outside the ladder to the right next to the rung that separates the second and third 273 
squares, (F) the left foot outside the ladder across from the right foot. 274 
 275 
Figure 10. Delta values of the function test results. The percentage of training (delta) of each 276 
measurement was assessed over time. FTSS, five times sit-to-stand; WS, walking speed; TUG, 277 
timed up-and-go; OLS, one-leg stand using the right left (R) and left leg (L). 278 
 279 
Table 1. Functional test results at baseline and post-training. Data are presented as means ± 280 
standard deviations and were considered significantly different at p < 0.05. *The Mann-Whitney 281 
test was used to compare differences between before and after training. FTSS, five times sit-to-282 
stand; WS, walking speed; TUG, timed up-and-go; OLS, one-leg stand (OLS); R, right leg; L, left leg. 283 
 284 
DISCUSSION: 285 
Several agility training programs are used for different populations, including sports teams4, 286 
children12, and older people6,10. These programs include square stepping exercises10,11 like the 287 
sequences described in the present study and can significantly improve the overall physical 288 
fitness of older adults by decreasing the risk of falls, fractures, immobilizations, and dependence. 289 
 290 
The training protocol presented in this study, with explanations about exercise drills and training 291 
volume and intensity, constitutes another approach to improve agility in older people. This 292 
protocol is cost-effective, practical, readily accessible, and easily adapted to specific populations 293 
by changing velocity and complexity19. Furthermore, this method improved physical fitness even 294 
in robust and healthy populations. 295 
 296 
The literature stresses the importance of using power exercises for older people. Muscle power 297 
is decreased with advancing age20. Therefore, neuromuscular performance is reduced even in 298 
robust and healthy older adults. This study reports an alternative training method using an agility 299 
ladder to help improve or maintain muscle power. Furthermore, the outcomes can be compared 300 
with those of other training programs, such as square stepping, which present physical and 301 
cognitive benefits10. Older people can benefit from several stimuli from a single exercise8,10. 302 
 303 
This type of training can be included in multicomponent exercise programs for older people and 304 
has been shown to improve muscle strength and power, physical endurance, flexibility, and 305 
balance21. Nonetheless, few studies have evaluated the benefits of agility training in 306 
multicomponent programs, and most of these programs do not contemplate agility training21. 307 
Nevertheless, agility training can be included in multicomponent training because it improves 308 



   

 

physical functioning in older adults5,10,11, as demonstrated in the present study. 309 
 310 
Agility ladders are effective for health training in specific population groups (e.g., populations 311 
with mild cognitive impairment who had a stroke). Furthermore, the complexity of coordination 312 
in preplanned gait and reaction training improves executive function5,6,9,11. 313 
 314 
The study population was robust, healthy, and physically active. Therefore, further studies are 315 
necessary to assess the potential benefits of this protocol in frail and inactive older people. The 316 
two main limitations of this study were the small sample size and the lack of a control group. For 317 
this reason, the present results were not compared with those of a group that did not receive the 318 
intervention or those in traditional strength or endurance training programs. Notwithstanding, 319 
the present exercise protocol significantly improved overall physical fitness in this population. 320 
 321 
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Tests Pre Post P-Value

Illinois (s) 35.9 ± 5.4 31.5 ± 4.5 0.02*

FTSS (s) 10.7 ± 2.0 7.7 ± 1,1 <0.01*

TUG (s) 7.7 ± 1.2 5.8 ± 0.7 <0.01*

WS (m/s) 1.3 ± 0.1 1.5 ± 0,1 <0.01*

OLS R (s) 16.4 ± 10.4 23.7 ± 9.0 0.03*

OLS L (s) 15.7 ± 8.5 24.6 ± 8.1 0.01*
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Name of Material/ Equipment Company Catalog Number Comments/Description

Bluetooth speaker JBL - Used to time all protocol and signal the 30 s of each subset

Chair - - Used on assessments

Clipboard Tilibra - Used to support documents

Crepe Tape of 2cm Dexter - Used to create the agility ladder on the floor

Measuring Tape Stakley - Used to measure assessments distance

Pen Bic - Used to note data

Saucer Cone Kipsta - Used on assessments

Stowatch Vollo - Used to time assessments results

Sulfite Paper Chamex - used to write all data
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Rebuttal document 

 

Editorial comments: 

 

1. 5:14-6:28 – As noted in a previous submission, there are thin black borders on the 

top and right side of the frame. The white background should be extended to fill the 

frame. We suggest increasing the scale of the image or the background element. 

2. The numbering in the video is still wrong-there are now two section IVs. It looks like 

every number after the first ‘IV’ should be increased by 1 (so, the last section would be 

‘VII’). 

 

ANSWER: Thank you very much for the comments. The video article was revised and 

corrected. 

 

3. Please rewrite the Protocol in the imperative (not the passive voice, which is 

currently how most of the protocol is written). E.g., ‘1.1. Apply the following functional 

tests to assess physical fitness…’ 

4. Figure 1 (including in the video): Please use periods instead of commas for decimals 

(e.g., ‘15.75 inch’ instead of ’15,75 inch’). 

 

ANSWER: Thank you for the observation. We have included the correct figure, with 

number correction. The manuscript was revised again by a new English’ revisor. 
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