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Abstract 21 

Background: Slips and falls are a serious health concern, particularly among older 22 

adults. Current physical therapy protocols strengthen the legs to improve balance. 23 

However, arm movements help maintain balance during a slip incident. Understanding 24 

how arm movements improve balance may help clinicians develop more comprehensive 25 

fall-prevention protocols to improve patient outcomes.  26 

Clinical Question: What limitations exist in current physical therapy interventions for 27 

preventing falls in older adults during slip incidents, and what new strategies can enhance 28 

these outcomes?  29 

Key Results: Slip incidents often result in a sideways loss of balance, leading to hip 30 

fractures in older adults. During a slip, the legs do not produce sideways motion and are 31 

less effective in regaining balance in this direction. Contrary, the arms produce 100+ 32 

degrees of abduction and this motion reduces falls by 200%+ during a slip incident. 33 

Notably, older adults exhibit slower arm abduction responses compared to younger 34 

adults. This delay may be attributed to age-related decreases in type II fibers of the 35 

deltoid. High-velocity and ballistic training have been shown to improve the proportion 36 

and size of type II fibers.  37 

Clinical Application: Therefore, I propose incorporating arm abductor training, alongside 38 

leg exercises, as a cost-effective and low-risk intervention to enhance the slip responses 39 

in older adults. Given its low risk and high potential benefits, why not start training the arm 40 

abductors in older adults now? 41 

Keywords: balance, physical exercise, physical therapy, slips, training, prevention 42 
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Introduction 43 

Slips and falls are a serious health concern across the globe. It is reported that 44 

approximately 56% of older adults’ falls result from a slip incident, which then leads to 45 

injuries and a lower quality of life1. Furthermore, people spend more of their personal 46 

income on fall-related injuries than all cancers combined in the United States of America2. 47 

Current physical therapy practices target strengthening of the legs to improve balance 48 

outcomes in older adults3,4. However, there has been an emerging body of literature that 49 

suggests the arms play a significant role in maintaining balance during a slip incident5. As 50 

such, it is important to understand the utility of the arms in regaining balance from a slip 51 

incident and how the arms can potentially be trained to supplement the current physical 52 

therapy fall-prevention protocols. The purpose of this perspective is to review whole-body 53 

human movements during a slip incident, discuss the current fall-prevention protocols, 54 

and propose the arms’ role in slip incidents to provide another perspective that can 55 

enhance our current fall-prevention paradigms to reduce the risk of adults falling from a 56 

slip incident. Understanding the mechanisms individuals use to recover from a slip may 57 

provide insight into developing low-cost interventions that can reduce significant injuries 58 

from occurring.  59 

Clinical Question 60 

What is a limitation of current physical therapy interventions for older adults to prevent 61 

falls during slip incidents, and what new strategies can improve these outcomes? 62 

How the Body Moves During a Slip Incident 63 
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Individuals experience a sideways-directed loss of balance in response to a slip 64 

incident6–9. During a slip, an individual is walking when the forward foot accepting weight 65 

steps onto a contaminant such as soapy water, cooking oil, or some other substance that 66 

lowers the friction of the floor. The anterior foot slides ahead of the individual (Fig. 1)10–13 67 

and their body rotates to the side, towards the side of the slipped foot (Fig. 2). The leg 68 

that experienced a slip must retract and pull itself directly back under the body since the 69 

feet serve as the base of support for the body12,14,15. Individuals will experience a loss of 70 

balance if their center of mass leaves the base of support either from both feet ending up 71 

in front of the body10, or if the center of mass moves too much to the side where the legs 72 

cannot support the body. A sideways loss of balance in older adults is considered 73 

potentially more hazardous, as a sideways loss of balance is known to lead to hip 74 

fractures on the greater trochanter of the femur16–19. Because of that, finding ways to 75 

minimize a sideways loss of balance is the primary key to reducing hip fractures. As the 76 

legs serve as the base of support for the body during a slip, leg strengthening is a priority 77 

in rehabilitation because falls are imminent if the legs are not positioned correctly to 78 

maintain balance. 79 

The Lower Extremities’ Role in Physical Therapy and Slip Incidents 80 

 The legs have received a substantial amount of attention in physical therapy 81 

research when it comes to balance and its applications in rehabilitation. It is intuitive that 82 

researchers dedicate their efforts to focus on the legs as studies report that increases in 83 

leg strength have direct improvements in maintaining balance. In fact, dozens of studies 84 

report interventions that highlight the clear benefits of leg strengthening exercises, 85 

standing balance tasks, and TUG-type walking tests on fall prevention in older adults, 86 
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making leg strengthening a cornerstone for physical therapy fall prevention protocols3,4,20–87 

24. More specifically, many of these interventions focus on resistance training for knee 88 

flexors, hip abductors, ankle dorsi/plantar flexors, and knee extensors. Functionally, many 89 

of these programs emphasize TUG, walking sideways, walking backwards, and sit-to-90 

stand exercises. Inherently, improving stability and strength of the lower extremities is 91 

paramount to promote improved movements to regain balance from a slip incident by 92 

allowing older adults to generate rapid and high forces of their leg muscles to pull the 93 

slipped leg back towards the body. However, the legs’ role in controlling a sideways loss 94 

of balance is questionable as a slip makes the body rotates within the frontal plane, and 95 

a sideways loss of balance requires sideways movements to maintain balance. The legs 96 

do not produce sideways motion during a slip incident10,25–27 and are unlikely to contribute 97 

to the restoration of balance from a slip in the sideways direction for two reasons: 1) large 98 

abduction movements of one leg would reduce the base of support to one foot and 99 

increase the likelihood of falling, and 2) the hip range of motion is about 37 degrees28 100 

which may not provide sufficient motion to counter the lateral rotation of the body. As 101 

mentioned previously, maintaining stability from a sideways loss of balance is critical to 102 

prevent hip fractures as hip fractures are known to occur from a sideways loss of balance. 103 

As such, the arms are the likely segments that will aid in regaining balance from a 104 

sideways-directed loss of balance as the arms can produce 160-180 degrees of 105 

abduction29,30 and the arms account for approximately 10% of the body’s mass31 making 106 

them a strong contender for facilitating quick adjustments to the center of mass and 107 

maintaining balance within the frontal plane. 108 

The Role of the Arms in a Slip Incident 109 
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 The arms are critical for maintaining balance during a slip incident. The earliest 110 

research reporting abduction of the arms during an overground slip incident was 111 

published in 202232. Through more recent work, we know that this arm abduction reduces 112 

the lateral excursion of the center of mass by 37.5%33. This explains why slip incidents in 113 

young and healthy adults reduce their fall rate by 200-300% when their arms are free to 114 

move compared to when they are constrained5. The mechanical benefits of arm 115 

movements during a slip have significant effects on reducing sideways loss of balances 116 

in several biomechanical measurements of stability. However, the mechanical benefits of 117 

arm movements are not exhibited in older adults experiencing an overground slip incident. 118 

A study reported that older adults’ center of mass moved 2.26x farther away from the 119 

initial position compared to young adults experiencing a slip incident even though they 120 

exhibited similar amounts of arm abduction34. A key finding was that the older adults’ arm 121 

acceleration was significantly slower and their time to peak arm movements was delayed 122 

by 310 milliseconds compared to younger adults leading to a higher likelihood of a 123 

sideways loss of balance from a slip incident. A separate study also reported that older 124 

adults exhibited delayed reactive arm responses compared to younger adults during a 125 

slip incident35. Currently, we know how the arms should move to restore balance after a 126 

slip incident, but it is currently unclear if the arms can be trained and how they should be 127 

trained. 128 

Arm Abductors in Aging 129 

 The abductors of the arm may need to be an additional focus of resistance training 130 

in older adults for fall prevention protocols. Previous work reported a rapid observation of 131 

arm abduction in younger adults and slower arm abduction acceleration in older adults32. 132 
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The proportion of type IIb muscle fibers in the deltoid muscle was 2.58 times higher in 133 

males aged 50-59 compared to males aged 70-7936. The type IIb muscle fiber diameter 134 

was 1.58 times higher in females aged 50-59 compared to females aged 70-7936. 135 

Furthermore, this general effect of aging on decreases in type II fibers of the deltoid were 136 

also shown in a systematic review37. The older adults’ slower arm abduction responses 137 

could be due to a reduction size and decline in type IIb fibers within the deltoid muscle. It 138 

is reported that performing high-velocity ballistic movements for training may increase 139 

type II fibers rather than the convention exercises of lifting a weight at slow and controlled 140 

speeds38. Therefore, it is possible that training the abductors of the arm through rapid and 141 

ballistic movements may improve the capability to generate rapid arm abduction forces, 142 

reduce the reaction times to create abduction, and thus improve the ability to restore a 143 

sideways loss of balance from a slip incident. Older adults’ restoration of balance could 144 

be improved significantly if they are trained appropriately to facilitate rapid arm responses 145 

during a slip perturbation.  146 

The Ability to Train the Arms in Older Adults 147 

There are indirect measurements that suggest training older adults’ arms to assist 148 

in resisting falls is a plausible strategy. One study demonstrated that older adults’ reaction 149 

times to visual cues can improve with training39, implying that the neural inputs and control 150 

of movements of older adults can adapt to proper stimuli. Furthermore, it is reported that 151 

the arm movements observed during a slip incident were recruited as early as 57 ms after 152 

slip initiation and may partially be initiated from active control32, suggesting that the 153 

nervous system is actively initiating arm responses to a slip incident, and the arm 154 

responses have the potential to be trained. Lastly, perturbation training has been shown 155 
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to be an effective tool against fall incidents40–45. The idea that the nervous system can 156 

adapt to large perturbations also provides credence that the nervous system can be 157 

trained to produce more effective movements. As such, perturbation training likely 158 

requires a certain amount of lower extremity strength to be effective, and similarly, 159 

perturbation training could potentially be enhanced with strength improvements to the arm 160 

abductors. Furthermore, strength training in older adults above the age of 85 years old 161 

showed the ability to significantly improve muscle mass and strength meaning that 162 

improved adaptations are possible across the age range46. Lastly, stroke survivors 163 

improved their arm speed and range of motion with rapid movement training47. This 164 

suggests that adaptations are possible at considerably older ages and training the arms 165 

may be feasible for the older population.  166 

This perspective should be read with caution as there are limitations to this opinion. 167 

While the lower extremities have received numerous experimental studies, meta-168 

analyses and systematic reviews exhibiting the positive effects on balance from strength 169 

training, it is imperative to note that there are no intervention studies demonstrating the 170 

efficacy of arm abductor training and improved fall outcomes during a slip incident. This 171 

perspective to train the arm abductors through high-velocity and ballistic training is 172 

supported with indirect evidence, and the notion that arm abductor training may have 173 

positive effects on restoration of balance from a slip incident is theoretical at this juncture. 174 

However, I posit that there is clear evidence that the arms reduce a sideways loss of 175 

balance during a slip and adding a few minutes of strength training of the arm abductors 176 

is a low-cost and low-risk intervention for a possible avoidant of highly debilitating injuries. 177 

So, I ask the question, “Why not start training the arm abductors in older adults now?” 178 
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Key Points 179 

Findings: Older adults exhibit significantly slower arm abduction responses compared to 180 

younger adults during slip incidents, potentially increasing their risk of side falls and 181 

severe injuries. Studies reveal a notable decline in type II muscle fibers in the deltoids of 182 

older adults, which can be countered through high-velocity and ballistic training. 183 

Implications: This research challenges the current focus of fall prevention physical 184 

therapy, which primarily emphasizes leg strengthening, balance, and gait training, and 185 

overlooks the potential of arm training. Integrating low-risk, cost-effective arm abductor 186 

training into existing protocols could notably enhance fall recovery for older adults during 187 

slip incidents. 188 

Caution: It is important to acknowledge the absence of direct intervention studies linking 189 

arm abductor training to improved fall outcomes during slip incidents. The advocated 190 

perspective is based on indirect evidence, necessitating further research for conclusive 191 

support. 192 

 193 

 194 

 195 

 196 

 197 

 198 

 199 



10 
 

References 200 

1.  Pitchai P, Dedhia HB, Bhandari N, Krishnan D, D’Souza NRJ, Bellara JM. 201 

Prevalence, risk factors, circumstances for falls and level of functional 202 

independence among geriatric population-A descriptive study. Indian J Public 203 

Health. 2019;63(1):21. https://doi.org/10.4103/ijph.ijph_332_17 204 

2.  Dieleman JL, Baral R, Birger M, et al. US Spending on Personal Health Care and 205 

Public Health, 1996-2013. J Am Med Assoc. 2016;316(24):2627. 206 

https://doi.org/10.1001/jama.2016.16885 207 

3.  Leem SH, Kim JH, Lee BH. Effects of Otago exercise combined with action 208 

observation training on balance and gait in the old people. J Exerc Rehabil. 209 

2019;15(6):848. https://doi.org/10.12965/jer.1938720.360 210 

4.  Chiu HL, Yeh TT, Lo YT, Liang PJ, Lee SC. The effects of the Otago Exercise 211 

Programme on actual and perceived balance in older adults: A meta-analysis. 212 

PLoS One. 2021;16(8):e0255780. https://doi.org/10.1371/journal.pone.0255780 213 

5.  Lee-Confer JS, Kulig K, Powers CM. Constraining the arms during a slip 214 

perturbation results in a higher fall frequency in young adults. Hum Mov Sci. 215 

2022;86:103016. https://doi.org/10.1016/j.humov.2022.103016 216 

6.  Allin LJ, Nussbaum MA, Madigan ML. Feet kinematics upon slipping discriminate 217 

between recoveries and three types of slip-induced falls. Ergonomics. 218 

2018;61(6):866-876. https://doi.org/10.1080/00140139.2017.1413212 219 

7.  Rasmussen CM, Hunt NH. Unconstrained slip mechanics and stepping reactions 220 



11 
 

depend on slip onset timing. J Biomech. 2021;125:110572. 221 

https://doi.org/10.1016/j.jbiomech.2021.110572 222 

8.  Troy KL, Grabiner MD. Recovery responses to surrogate slipping tasks differ from 223 

responses to actual slips. Gait Posture. 2006;24(4):441-447. 224 

https://doi.org/10.1016/j.gaitpost.2005.09.009 225 

9.  Lee-Confer JS. Overground walking slip perturbations induce frontal plane motion 226 

of the trunk indicating that slips are not just a backwards but also a sideways loss 227 

of balance. bioRxiv. Published online 2023:2011-2023. 228 

https://doi.org/10.1101/2023.11.25.568692 229 

10.  Wang S, Liu X, Lee A, Pai Y-C. Can recovery foot placement affect older adults’ 230 

slip-fall severity? Ann Biomed Eng. 2017;45(8):1941-1948. 231 

https://doi.org/10.1007/s10439-017-1834-4 232 

11.  Marigold DS, Patla AE. Strategies for dynamic stability during locomotion on a 233 

slippery surface: effects of prior experience and knowledge. J Neurophysiol. 234 

2002;88(1):339-353. https://doi.org/10.1152/jn.00691.2001 235 

12.  Beschorner K, Cham R. Impact of joint torques on heel acceleration at heel 236 

contact, a contributor to slips and falls. Ergonomics. 2008;51(12):1799-1813. 237 

https://doi.org/10.1080/00140130802136479 238 

13.  Cham R, Redfern MS. Lower extremity corrective reactions to slip events. J 239 

Biomech. 2001;34(11):1439-1445.  240 

https://doi.org/10.1016/s0021-9290(01)00116-6 241 



12 
 

14.  Qu X, Hu X, Lew FL. Differences in lower extremity muscular responses between 242 

successful and failed balance recovery after slips. Int J Ind Ergon. 243 

2012;42(5):499-504. https://doi.org/10.1016/j.ergon.2012.08.003 244 

15.  Parijat P, Lockhart TE. Effects of lower extremity muscle fatigue on the outcomes 245 

of slip-induced falls. Ergonomics. 2008;51(12):1873-1884. 246 

https://doi.org/10.1080/00140130802567087 247 

16.  Greenspan SL, Myers ER, Kiel DP, Parker RA, Hayes WC, Resnick NM. Fall 248 

direction, bone mineral density, and function: Risk factors for hip fracture in frail 249 

nursing home elderly. Am J Med. 1998;104(6):539-545. 250 

https://doi.org/10.1016/S0002-9343(98)00115-6 251 

17.  Robinovitch SN, Inkster L, Maurer J, Warnick B. Strategies for avoiding hip impact 252 

during sideways falls. J bone Miner Res. 2003;18(7):1267-1273. 253 

https://doi.org/10.1359/jbmr.2003.18.7.1267 254 

18.  Nasiri Sarvi M, Luo Y. Sideways fall-induced impact force and its effect on hip 255 

fracture risk: a review. Osteoporos Int. 2017;28:2759-2780. 256 

https://doi.org/10.1007/s00198-017-4138-5 257 

19.  Kleiven S. Hip fracture risk functions for elderly men and women in sideways falls. 258 

J Biomech. 2020;105:109771. https://doi.org/10.1016/j.jbiomech.2020.109771 259 

20.  Liu-Ambrose T, Davis JC, Best JR, et al. Effect of a home-based exercise 260 

program on subsequent falls among community-dwelling high-risk older adults 261 

after a fall: a randomized clinical trial. Jama. 2019;321(21):2092-2100. 262 

https://doi.org/10.1001/jama.2019.5795 263 



13 
 

21.  Chittrakul J, Siviroj P, Sungkarat S, Sapbamrer R. Multi-system physical exercise 264 

intervention for fall prevention and quality of life in pre-frail older adults: a 265 

randomized controlled trial. Int J Environ Res Public Health. 2020;17(9):3102. 266 

https://doi.org/10.3390/ijerph17093102 267 

22.  Papalia GF, Papalia R, Diaz Balzani LA, et al. The effects of physical exercise on 268 

balance and prevention of falls in older people: A systematic review and meta-269 

analysis. J Clin Med. 2020;9(8):2595. https://doi.org/10.3390/jcm9082595 270 

23.  Beato M, Dawson N, Svien L, Wharton T. Examining the effects of an Otago-271 

based home exercise program on falls and fall risks in an assisted living facility. J 272 

Geriatr Phys Ther. 2019;42(4):224-229. 273 

https://doi.org/10.1519/jpt.0000000000000190 274 

24.  Kadir MI, Hardiyanty N, Adliah F. A pilot study of the effect of Otago exercise 275 

program on fall risk and quality of life of older women. Phys Ther J Indones. 276 

2021;2(1):1-4. https://doi.org/10.51559/ptji.v2i1.16 277 

25.  Cham R, Redfern MS. Lower extremity corrective reactions to slip events. J 278 

Biomech. 2001;34(11):1439-1445.  279 

https://doi.org/10.1016/s0021-9290(01)00116-6 280 

26.  Wang S, Bhatt T, Liu X, Pai Y-C. The role of recovery lower limb segments in 281 

post-slip determination of falls due to instability or limb collapse. Ann Biomed Eng. 282 

2020;48(1):192-202. https://doi.org/10.1007/s10439-019-02327-9 283 

27.  Karinkanta S, Piirtola M, Sievanen H, Uusi-Rasi K, Kannus P. Physical therapy 284 

approaches to reduce fall and fracture risk among older adults. Nat Rev 285 



14 
 

Endocrinol. 2010;6(7):396-407. https://doi.org/10.1038/nrendo.2010.70 286 

28.  Chevillotte CJ, Ali MH, Trousdale RT, Pagnano MW. Variability in hip range of 287 

motion on clinical examination. J Arthroplasty. 2009;24(5):693-697. 288 

https://doi.org/10.1016/j.arth.2008.04.027 289 

29.  Barnes CJ, Van Steyn SJ, Fischer RA. The effects of age, sex, and shoulder 290 

dominance on range of motion of the shoulder. J Shoulder Elb Surg. 291 

2001;10(3):242-246. https://doi.org/10.1067/mse.2001.115270 292 

30.  Sabari JS, Maltzev I, Lubarsky D, Liszkay E, Homel P. Goniometric assessment 293 

of shoulder range of motion: comparison of testing in supine and sitting positions. 294 

Arch Phys Med Rehabil. 1998;79(6):647-651. https://doi.org/10.1016/s0003-295 

9993(98)90038-7 296 

31.  Winter DA. Biomechanics and Motor Control of Human Movement. John Wiley & 297 

Sons; 2009. https://doi.org/10.1002/9780470549148 298 

32.  Lee-Confer J, Bradley N, Powers C. Quantification of Reactive Arm Responses to 299 

a Slip Perturbation. J Biomech. 2022;133:110967. 300 

https://doi.org/10.1016/j.jbiomech.2022.110967 301 

33.  Lee-Confer JS, Finley JM, Kulig K, Powers CM. Reactive Responses of the Arms 302 

Increase the Margins of Stability During a Slip Perturbation. J Biomech. 303 

2023;157:111737. https://doi.org/10.1016/j.jbiomech.2023.111737 304 

34.  Lee-Confer J, Lo M, Troy K. Young adults accelerate their arms significantly faster 305 

and earlier than old adults resulting in improved center of mass dynamics during 306 



15 
 

an overground slip perturbation. bioRxiv. 2023; 2023-12 307 

https://doi.org/10.1101/2023.12.09.570848 308 

35.  Merrill Z, Chambers AJ, Cham R. Arm reactions in response to an unexpected 309 

slip — Impact of aging. J Biomech. 2017;58:21-26. 310 

https://doi.org/10.1016/j.jbiomech.2017.04.011 311 

36.  Fayet G, Rouche A, Hogrel J-Y, Tomé FMS, Fardeau M. Age-related 312 

morphological changes of the deltoid muscle from 50 to 79 years of age. Acta 313 

Neuropathol. 2001;101:358-366. https://doi.org/10.1007/s004010000294 314 

37.  Brunner F, Schmid A, Sheikhzadeh A, Nordin M, Yoon J, Frankel V. Effects of 315 

aging on Type II muscle fibers: a systematic review of the literature. J Aging Phys 316 

Act. 2007;15(3):336-348. https://doi.org/10.1123/japa.15.3.336 317 

38.  Wilson JM, Loenneke JP, Jo E, Wilson GJ, Zourdos MC, Kim J-S. The effects of 318 

endurance, strength, and power training on muscle fiber type shifting. J Strength 319 

Cond Res. 2012;26(6):1724-1729. https://doi.org/10.1519/jsc.0b013e318234eb6f 320 

39.  Arnold CM, Lanovaz J, Farthing JP, Legg H, Weimer M, Kim S. Fall arrest 321 

strategy training improves upper body response time compared to standard fall 322 

prevention exercise in older women: A randomized trial. Clin Rehabil. Published 323 

online 2022:02692155221087963. https://doi.org/10.1177/02692155221087963 324 

40.  Kanekar N, Aruin AS. Aging and balance control in response to external 325 

perturbations: Role of anticipatory and compensatory postural mechanisms. Age 326 

(Omaha). 2014;36:1067-1077. https://doi.org/10.1007/s11357-014-9621-8 327 



16 
 

41.  Pai YC, Bhatt T, Yang F, Wang E. Perturbation training can reduce community-328 

dwelling older adults’ annual fall risk: A randomized controlled trial. Journals 329 

Gerontol - Ser A Biol Sci Med Sci. 2014;69(12):1586-1594. 330 

https://doi.org/10.1093/gerona/glu087 331 

42.  Karamanidis K, Epro G, McCrum C, König M. Improving trip-and slip-resisting 332 

skills in older people: perturbation dose matters. Exerc Sport Sci Rev. 333 

2020;48(1):40-47. https://doi.org/10.1249/jes.0000000000000210 334 

43.  Parijat P, Lockhart TE. Effects of moveable platform training in preventing slip-335 

induced falls in older adults. Ann Biomed Eng. 2012;40(5):1111-1121. 336 

https://doi.org/10.1007/s10439-011-0477-0 337 

44.  Liu X, Bhatt T, Wang Y, Wang S, Lee A, Pai Y-C. The retention of fall-resisting 338 

behavior derived from treadmill slip-perturbation training in community-dwelling 339 

older adults. Geroscience. 2021;43:913-926. https://doi.org/10.1007/s11357-020-340 

00270-5 341 

45.  Allin LJ, Brolinson PG, Beach BM, et al. Perturbation-based balance training 342 

targeting both slip-and trip-induced falls among older adults: a randomized 343 

controlled trial. BMC Geriatr. 2020;20(1):1-13. https://doi.org/10.1186/s12877-344 

020-01605-9 345 

46.  Marzuca-Nassr GN, Alegría-Molina A, SanMartín-Calísto Y, et al. Muscle Mass 346 

and Strength Gains Following Resistance Exercise Training in Older Adults 65–75 347 

Years and Older Adults Above 85 Years. Int J Sport Nutr Exerc Metab. 348 

2023;1(aop):1-9. https://doi.org/10.1123/ijsnem.2023-0087 349 



17 
 

47.  Junata M, Cheng KC-C, Man HS, Lai CW-K, Soo YO-Y, Tong RK-Y. Kinect-based 350 

rapid movement training to improve balance recovery for stroke fall prevention: A 351 

randomized controlled trial. J Neuroeng Rehabil. 2021;18:1-12. 352 

https://doi.org/10.1186/s12984-021-00922-3 353 

 354 

 355 

 356 

 357 

 358 

 359 

 360 

 361 



18 
 

 362 

Figure 1. A series of photographs showing the chronological events of walking and 363 

leading up to, and after, a slip incident. (A) depicts the time point when the left foot is 364 

planted onto the ground and the right foot begins swing phase before landing on the 365 

contaminated tile. (B) exhibits the moment of heel strike onto the contaminated tile. 366 

(C) shows the maximal forwards distance the foot slides ahead of the body after a 367 

slip incident. The red arrow directed left indicates the direction and magnitude of the 368 

slipped foot.  369 

 370 

 371 

 372 

 373 
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 374 

Figure 2. A frontal view time-series photograph of an individual experiencing a slip 375 

incident. (A) an individual steps onto a slippery surface with their right foot. (B) an 376 

individual’s right foot slipped, and the body begins to rotate towards the slipped foot 377 

while the contralateral arm begins to raise. (C) an individual’s body is sideways 378 

rotated towards the side of the slipped foot, and the individual’s contralateral arm is 379 

abducted. 380 
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