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What was the purpose of the Clinical Practice 
Guideline to Improve Locomotor Function 
Following Stroke, incomplete SCI, and Brain 
Injury? 

The purpose of the CPG was to evaluate available 
evidence of the efficacy of various physical 
interventions to improve walking function of 
individuals with a history of a stroke (CVA), motor 
incomplete spinal cord injury (SCI), or traumatic 
brain injury (TBI) of > 6 months duration. Access 
the publication here.  

 
What were the populations under study? 

Individuals with a history of a stroke, motor 
incomplete SCI, or TBI of > 6 months 
duration. Patients were defined as ambulatory. 

 
What is moderate to high intensity gait training? 

Moderate to high intensity gait (or walking) 
training is large amounts of structured and graded 
walking practice delivered at moderate to high 
cardiovascular intensities with targeted heart rate 
ranges of 60-80% of heart rate reserve or 70-85% 
of maximum heart rate.1 

 
Will I harm my patient when delivering high 
intensity gait training? 

Evidence: The potential for adverse events with 
high intensity gait training has been shown to be 
no greater than conventional therapy.2-4 
Recommendations: 
• When in doubt check it out! Gain medical 

clearance from the referring physician or 
cardiologist if there are concerns (e.g. 
multiple comorbidities, decreased exercise 
tolerance) 

• Continuously monitor heart rate, blood 
pressure and oxygen saturation before, 
during, after exercise at a minimum 

• Follow American College of Sports Medicine 
(ACSM) and American Heart Association (AHA) 
recommendations for safe exercise 
parameters 

Should I be concerned I am causing orthopedic 
issues (i.e. pain, joint instability, musculoskeletal 
trauma) when doing high intensity gait training? 

Evidence: There is negligible evidence in adults in 
acute-onset CNS injury that high intensity walking 
exacerbates pain.5-7 
Recommendations: 
• Utilize bracing as appropriate (e.g. AFO, taping 

for ankle inversion, Swedish knee cage) 
• Modify upper body support and/or increase 

body weight support (BWS) if patient is 
experiencing musculoskeletal discomfort 

• Patients should wear comfortable shoes for 
proper support 

 
Should I be concerned about my patient’s 
movement quality while performing high 
intensity gait training? 

Evidence: Prioritization of movement quality 
during walking training can reduce the amount 
and intensity of practice, which are key training 
parameters to facilitate improvement in 
locomotor ability. Further, prioritization of 
movement quality does not appear to actually 
improve movement quality nor improve functional 
outcomes when compared to treatment strategies 
focused on the amount and intensity of practice. 
Evidence demonstrates improvements in walking 
outcomes regardless of movement errors during 
practice and that “perfect practice” does not lead 
to better outcomes. Additionally, data suggests 
that movement quality improves following high 
intensity gait training interventions even when 
quality of movement is not a priority of training. 8-

14 These findings are consistent with motor 
learning literature that identifies the importance 
of trial and error practice in skill acquisition, and 
specifically patient recognition of movement 
errors and the subsequent altering of motor 
output to increase walking success.15-19 
 
Recommendations: 

• Prioritize intensity and amount of practice  
• Allow errors in movement to promote 

motor learning 

https://journals.lww.com/jnpt/Fulltext/2020/01000/Clinical_Practice_Guideline_to_Improve_Locomotor.8.aspx
https://journals.lww.com/jnpt/Fulltext/2020/01000/Clinical_Practice_Guideline_to_Improve_Locomotor.8.aspx
https://neuropt.org/docs/default-source/cpgs/locomotor/vital-signs-parameters_final167a38a5390366a68a96ff00001fc240.pdf?sfvrsn=d6795e43_0
https://neuropt.org/docs/default-source/cpgs/locomotor/vital-signs-parameters_final167a38a5390366a68a96ff00001fc240.pdf?sfvrsn=d6795e43_0
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What if my patient needs to work on activities 
like standing balance and transfers?  

Evidence: High intensity gait training has been 
shown to improve non-locomotor tasks like 
transfers and standing balance, without their 
explicit practice. Further, larger gains in walking 
outcomes are observed with prioritization of high 
intensity gait training as compared to practicing 
non-locomotor tasks.4,10,20 

Recommendations: 
• Prioritize high Intensity gait training
• Monitor the effect of high intensity gait

training on balance, transfers and other non-
locomotor tasks

Why are body weight supported treadmill 
training and robotic-assisted training “should 
not” recommendations? 

Evidence: It is important to remember that the 
recommendations of the CPG are applicable to 
patient populations who have some capacity to walk. 
Providing additional support through unweighting or 
robotics could potentially reduce the intensity of 
practice, a training parameter that is known to be 
critical. Body weight support devices or robotics may 
be indicated to allow for non-ambulatory patients to 
engage in high intensity gait training, although this 
population was not included in the CPG. 3,18,21,22 

Recommendations: 
• Maximize the amount and intensity of work

during sessions - don't provide assistance
that is not needed!

• Avoid the use of body-weight support and
robotics unless necessary for safe
participation in high intensity gait training

What additional equipment could be required to 
perform high intensity gait training safely? 

Recommendations: 
• Heart rate monitor
• Walking space or a treadmill
• Safety harness system/devices – may be

useful to ensure safety 

What if I do not have enough help to deliver high 
intensity gait training? 

Evidence: When patients are challenged with large 
amounts of intensive walking practice, the potential 
for imbalance and falling increases. Investing in a fall 
protection harnessing system can be helpful to 
optimize safety during sessions when additional 
support from a second person is not available. Rarely 
are three people required to deliver high intensity 
gait training, especially considering the lack of 
prioritization around movement quality. 15,19,24,25   

Recommendations: 
• Refer to “how to” videos under the

implementation section for more guidance.

Should I apply high intensity gait training in 
inpatient rehabilitation? 

Evidence: The focus of the CPG was on individuals in 
the chronic stages following stroke, incomplete 
spinal cord injury, and traumatic brain injury 
however there is growing body of evidence that 
indicates high intensity gait training is feasible and 
beneficial for the sub-acute stroke population.
4,10,23,24 A CPG is currently underway for this patient 
population, more to come!  

Recommendation: 
• Refer to the ”Intensity Matters” webpage

for evidence in sub-acute populations.

https://www.neuropt.org/docs/default-source/cpgs/locomotor/continuous-heart-rate-monitoring-device-choicesbea038a5390366a68a96ff00001fc240.pdf?sfvrsn=7ea35e43_0
https://neuropt.org/docs/default-source/cpgs/locomotor/unweighting-system-and-harness-options.pdf?sfvrsn=77625e43_0
https://neuropt.org/practice-resources/anpt-clinical-practice-guidelines/locomotor-cpg/Reducing-Barriers/self_efficacy
https://neuropt.org/practice-resources/locomotor


FREQUENTLY ASKED QUESTIONS        
CLINICAL PRACTICE GUIDELINE TO IMPROVE LOCOMOTOR  
FUNCTION FOLLOWING CHRONIC STROKE, INCOMPLETE  
SPINAL CORD INJURY AND BRAIN INJURY 
 

Academy of Neurologic Physical Therapy 
www.neuropt.org     info@neuropt.org 

References 
1. Hornby TG, Reisman DS, Ward IG, et al. Clinical Practice Guideline to Improve Locomotor Function Following Chronic Stroke, 

Incomplete Spinal Cord Injury, and Brain Injury. Journal of neurologic physical therapy : JNPT. 2020;44(1):49-100. 
2. Pang MY, Charlesworth SA, Lau RW, Chung RC. Using aerobic exercise to improve health outcomes and quality of life in stroke: 

evidence-based exercise prescription recommendations. Cerebrovascular diseases (Basel, Switzerland). 2013;35(1):7-22. 
3. Billinger SA, Arena R, Bernhardt J, et al. Physical activity and exercise recommendations for stroke survivors: a statement for 

healthcare professionals from the American Heart Association/American Stroke Association. Stroke. 2014;45(8):2532-2553. 
4. Hornby TG, Holleran CL, Leddy AL, et al. Feasibility of Focused Stepping Practice During Inpatient Rehabilitation Poststroke and 

Potential Contributions to Mobility Outcomes. Neurorehabilitation and neural repair. 2015;29(10):923-932. 
5. Tani Y, Otaka Y, Kudo M, Kurayama T, Kondo K. Prevalence of Genu Recurvatum during Walking and Associated Knee Pain in 

Chronic Hemiplegic Stroke Patients: A Preliminary Survey. Journal of stroke and cerebrovascular diseases : the official journal of 
National Stroke Association. 2016;25(5):1153-1157. 

6. Lundström E, Smits A, Terént A, Borg J. Risk factors for stroke-related pain 1 year after first-ever stroke. European journal of 
neurology. 2009;16(2):188-193. 

7. Harrison RA, Field TS. Post stroke pain: identification, assessment, and therapy. Cerebrovascular diseases (Basel, Switzerland). 
2015;39(3-4):190-201. 

8. Holleran CL, Straube DD, Kinnaird CR, Leddy AL, Hornby TG. Feasibility and potential efficacy of high-intensity stepping training in 
variable contexts in subacute and chronic stroke. Neurorehabilitation and neural repair. 2014;28(7):643-651. 

9. Leech KA, Kinnaird CR, Holleran CL, Kahn J, Hornby TG. Effects of Locomotor Exercise Intensity on Gait Performance in Individuals 
With Incomplete Spinal Cord Injury. Physical therapy. 2016;96(12):1919-1929. 

10. Hornby TG, Holleran CL, Hennessy PW, et al. Variable Intensive Early Walking Poststroke (VIEWS): A Randomized Controlled Trial. 
Neurorehabilitation and neural repair. 2016;30(5):440-450. 

11. Mahtani GB, Kinnaird CR, Connolly M, et al. Altered Sagittal- and Frontal-Plane Kinematics Following High-Intensity Stepping 
Training Versus Conventional Interventions in Subacute Stroke. Physical therapy. 2017;97(3):320-329. 

12. Lewek MD, Cruz TH, Moore JL, Roth HR, Dhaher YY, Hornby TG. Allowing intralimb kinematic variability during locomotor training 
poststroke improves kinematic consistency: a subgroup analysis from a randomized clinical trial. Phys Ther. 2009;89(8):829-839. 

13. Ardestani MM, Henderson CE, Salehi SH, Mahtani GB, Schmit BD, Hornby TG. Kinematic and Neuromuscular Adaptations in 
Incomplete Spinal Cord Injury after High- versus Low-Intensity Locomotor Training. Journal of neurotrauma. 2019;36(12):2036-
2044. 

14. Ardestani MM, Hornby TG. Effect of investigator observation on gait parameters in individuals with stroke. J Biomech. 
2020;100:109602. 

15. Dobkin B, Apple D, Barbeau H, et al. Weight-supported treadmill vs over-ground training for walking after acute incomplete SCI. 
Neurology. 2006;66(4):484-493. 

16. Yagura H, Hatakenaka M, Miyai I. Does therapeutic facilitation add to locomotor outcome of body weight--supported treadmill 
training in nonambulatory patients with stroke? A randomized controlled trial. Archives of physical medicine and rehabilitation. 
2006;87(4):529-535. 

17. Piira A, Lannem AM, Sørensen M, et al. Robot-assisted locomotor training did not improve walking function in patients with 
chronic incomplete spinal cord injury: A randomized clinical trial. Journal of rehabilitation medicine. 2019;51(5):385-389. 

18. Hornby TG, Campbell DD, Kahn JH, Demott T, Moore JL, Roth HR. Enhanced gait-related improvements after therapist- versus 
robotic-assisted locomotor training in subjects with chronic stroke: a randomized controlled study. Stroke. 2008;39(6):1786-1792. 

19. Duncan PW, Sullivan KJ, Behrman AL, et al. Body-weight-supported treadmill rehabilitation after stroke. The New England journal 
of medicine. 2011;364(21):2026-2036. 

20. Straube DD, Holleran CL, Kinnaird CR, Leddy AL, Hennessy PW, Hornby TG. Effects of dynamic stepping training on nonlocomotor 
tasks in individuals poststroke. Physical therapy. 2014;94(7):921-933. 

21. Billinger SA, Boyne P, Coughenour E, Dunning K, Mattlage A. Does aerobic exercise and the FITT principle fit into stroke recovery? 
Curr Neurol Neurosci Rep. 2015;15(2):519. 

22. Brazg G, Fahey M, Holleran CL, et al. Effects of Training Intensity on Locomotor Performance in Individuals With Chronic Spinal 
Cord Injury: A Randomized Crossover Study. Neurorehabilitation and neural repair. 2017;31(10-11):944-954. 

23. Winstein CJ, Gardner ER, McNeal DR, Barto PS, Nicholson DE. Standing balance training: effect on balance and locomotion in 
hemiparetic adults. Archives of physical medicine and rehabilitation. 1989;70(10):755-762. 

24. Barbeau H. Locomotor training in neurorehabilitation: emerging rehabilitation concepts. Neurorehabilitation and neural repair. 
2003;17(1):3-11. 

25. Ada L, Dean CM, Morris ME, Simpson JM, Katrak P. Randomized trial of treadmill walking with body weight support to establish 
walking in subacute stroke: the MOBILISE trial. Stroke. 2010;41(6):1237-1242. 

 


