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Below Knee 
Amputees (BKA)

Population
• Average age of 50
• Causes include trauma, 

disease, and birth defects
(Ephraim, 2017)

Expected Growth
• Double to 3.6 million by 

2050
• Risk increases with age 

(Wong, 2016)



Falls
Higher fall risk
• Decreased balance and balance confidence
• Diminished strength and lack of surrounding musculature
• Limitations of the lower limb prosthetic’s fabrication and 

alignment
(Wong, 2016).

Associated with
• In 2015, $50 billion in medical costs (Florence, 2018)



Spatiotemporal Gait Asymmetry  

Symmetry ratios
• Step length
• Swing time
• Stance time

GAITRite system
• 4.3 m pressure sensitive
walkway (Lutz, 2017)



Research Objective

The study was performed to investigate differences 
between spatiotemporal gait patterns, functional 
mobility, and balance confidence among unilateral 
BKA fallers and non-fallers.



Methodology

Equipment and Procedure
• Participants completed 5 walking trials, at a self-selected 

speed, on a 4.3 m GAITRite system.
• Step length, swing time, and stance time for each limb were 

collected. Symmetry ratios between limbs were calculated 
between the prosthetic and non-prosthetic limbs. 
• Self-reported falls within the past 12 months.

Physical tasks
• Timed Up and Go (TUG) test measuring mobility and fall risk.



Methodology

Questionnaire
• Activity-Specific Balance Confidence (ABC) 

questionnaire measuring balance confidence in daily 
activity. 

Statistical analysis
• Independent t-tests were performed to compare means 

of the BKA fallers and the non-fallers.
• TUG test
• ABC questionnaire
• Symmetry ratios



Results
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Discussion

• BKA fallers had increased gait asymmetry 
compared to the non-fallers, which may be 
attributed to prosthetic alignment, as well as 
acquired gait changes because of diminished 
strength, and range of motion.

• These results suggest that spatiotemporal 
asymmetry could be useful in distinguishing 
prospective fallers from non-fallers among BKA.



Conclusion

• These findings should be used by clinicians to 
identify BKA at a greater risk of falling, and 
specific functional and psychological interventions 
should be considered for these individuals to 
improve gait asymmetry, functional mobility, and 
balance confidence (Pirker, 2017).



Limitations

• Lack of potentially pertinent medical information 
obtained at initial assessment.

• Manufacture and fabrication of the prosthesis used.

• Similar statistical analysis should be repeated with a 
larger sample size.



Acknowledgements

• Department of Kinesiology - Dr. Brian Street & 
Research Assistants

• Valley Institute of Prosthetics and Orthotics

• Kern Medical Southern San Joaquin Valley 
Research Forum 



References
Ephraim, P., & Duncan, L. (2015, October 7). Limb Loss Statistics. Retrieved May 11, 2020, 
from https://www.amputee-coalition.org/limb-loss-resource-center/resources-
filtered/resources-by-topic/limb-loss-statistics/

Florence, Curtis S., et al. “Medical Costs of Fatal and Nonfatal Falls in Older Adults.” Journal 
of the American Geriatrics Society, vol. 66, no. 4, 2018, pp. 693–698., doi:10.1111/jgs.15304.

Hausdorff, J.M., Rios, D.A., & Edelberg, H.K .(2001). Gait variability and fall risk in 
community-living older adults: a 1-year prospective study. Archives of Physical Medicine and 
Rehabilitation, 82(8): 1050-6.

Hunter, Susan W., et al. “Evaluating Knowledge of Falls Risk Factors and Falls Prevention 
Strategies among Lower Extremity Amputees after Inpatient Prosthetic Rehabilitation: a 
Prospective Study.” Disability and Rehabilitation, 2019, pp. 1–10., 
doi:10.1080/09638288.2018.1555721.

Lutz, E. M. (2017, July 14). School shows amputees a new life without wheelchairs. 
Retrieved May 11, 2020, from https://www.indystar.com/story/news/2017/07/13/school-
shows-amputees-new-life-without-wheelchairs/459077001/



References

Pirker, W., & Katzenschlager, R. (2017). Gait disorders in adults and the elderly: A clinical guide. 
Wiener Klinische Wochenschrift, 129(3), 81–95.

Wong, C, et al. “Risk of Fall-Related Injury in People with Lower Limb Amputations: A Prospective Cohort 
Study.” Journal of Rehabilitation Medicine, vol. 48, no. 1, 2016, pp. 80–85., doi:10.2340/16501977-2042.

(2017). photograph. Retrieved from https://www.gannett-cdn.com/-mm-
/af6a786a90a2ac67ba6c9ed3465ee8b464754081/c=0-344-4195-2714/local/-
/media/2017/07/06/INGroup/Indianapolis/636349536883000080-BOB-7496-
2.jpg?width=660&height=373&format=pjpg&auto=webp



Acknowledgements



Questions?


