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ABSTRACT
Objective: To investigate the criteria for establishing the initial treadmill speed and create a 
functional or cardiorespiratory motor training for hemiparetic individuals. Methods: Fifteen chronic 
hemiparetic individuals were recruited and qualified by the Lower Extremity Motor Coordination 
Test (LEMOCOT) and submitted to gait evaluation through the Timed Up and Go (TUG), Stress Test 
(ST), and the 10-Meter Walk Test (10MWT). Results: The analysis of the LEMOCOT results showed 
a mean of 26.87 ± 9.76 target hits for the non-paretic side and 15.40 ± 8.46 for the paretic side. 
In the TUG, the average speed of 0.37 ± 0.14 m/s was found and in the 10MWT, 0.63 ± 0.23 m/s. 
In the ST the average speed was 0.60 ± 0.25 m/s. There was strong and significant correlation 
between the TUG, 10MWT, and ST values. Conclusion: The ST and 10MWT are suitable tests to be 
used as eligibility criteria for the initial speed of aerobic trainings, however the ST is able to reveal 
the time for which the patient is able to maintain the gait. The TUG did not prove to be a good 
instrument to establish the initial training speed.
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INTRODUCTION

Strokes (CVA) are a worldwide health 
problem and one of the main causes of dis-
ability.1 The most evident sequela is hemipare-
sis, characterized by motor deficiency, spastic-
ity, and muscle weakness on side contralateral 
to the brain injury. It can be accompanied by 
difficulties in shifting one’s posture, deficits in 
mobility, motor coordination, and selectivity 
of movements, as well as sensory, cognitive, 
perceptual, and language alterations,2 which 
affect all the domains of the ICF (Internation-
al Classification of Functioning, Disability, and 
Health) with limitations on activities and re-
strictions on participation.3

Stroke victims are commonly relegated to 
sedentary life and little physical conditioning 
due to the alterations brought on by the lesion, 
which can increase the risk of a recurrence in 
addition to precipitating other problems such 
as falling, osteoporosis, limitations in physical 
ability, reduction in social participation, and 
dependence on others. After completing their 
rehabilitation, 14% of individuals manage a 
full recovery of physical function, 60-70% are 
able to walk independently, 25-50% of them 
need some help with their activities of daily 
living, and only 7% are able to walk around in 
the community.4-7

Hemiparetics present an independent gait 
after completing their rehabilitation, however 
this gait has defects such as reduced speed, 
reduced distance, asymmetrical movements, 
and postural instability,6-8 so in this context 
their need to continue participation in mo-
tor training is evident in order to maintain 
or improve their physical conditioning and 
functioning and reduce sedentarism and its 
consequences.

The rehabilitation of these individuals of-
ten ends when they reach the chronic stage 
(more than six months after the stroke), for 
motor recuperation no longer shows the sig-
nificant results seen at the beginning of the 
treatment. Chronic hem iparetic patients 
reach a plateau or slow down their motor re-
covery, which can occur due to the minimum 
specific training practiced in the clinical envi-
ronment, associated with their inactivity in 
the domestic environment.9

Physical training can promote a series 
of positive effects such as reducing blood 
pressure and cardiovascular risks, improving 
respiratory conditioning, reducing mortali-
ty via coronary disease, and alleviating de-
pression. In addition, training can mitigate 
various post-stroke problems such as fatigue 

and the incidence of falls and fractures, as 
well as improve independence and quality of 
life, and help avoid another stroke.10 Various 
studies show that aerobic physical training 
can benefit the hemiparetic at any post-stroke 
phase.2,4,11-13

In introducing aerobic training to hemipa-
retics, it is fundamental to establish suitable 
parameters including intensity, frequency, and 
duration of the training, for normally physio-
therapy sessions do not provide enough stim-
ulation to increase cardiorespiratory capaci-
ty.14 The intensity of the physiotherapeutic ac-
tivities performed in post-stroke rehabilitation 
only increases the heart rate reserve (HRR) by 
approximately 30%, which contributes to the 
low cardiorespiratory performance levels and 
reinforces sedentarism.15

Gait training on a treadmill has been de-
scribed as a good method for improving the 
motor performance and cardiorespiratory 
condition of hemiparetics, in spite of residual 
deficiencies, asymmetries, and limitations of 
activities,7,15 aside from diminishing seden-
tarism. The trainings are done at intensities 
that range from 40 to 85% of the HRR2,14,16,17 as 
determined by the formula proposed by Kar-
vonen et al.18 The HRR is an important phys-
iological variable to quantify the maximum 
effort during training, and is also an important 
indicator used to prescribe training intensities 
of aerobic exercise programs - in addition, 
it presents a good correlation with the tests 
done on stationary bicycles.19,20

The importance of and the training param-
eters for hemiparetics are well established, 
however there is no clear description as to the 
speed to be used to begin treadmill training in 
a clinical physiotherapeutic practice.

OBJECTIVE

The objective of this work was to ana-
lyze gait tests to establish the initial treadmill 
speed for functional and aerobic motor train-
ing for hemiparetic patients.

METHODS

To do this methodological clinical study, 
hemiparetic patients were recruited who 
were attending physiotherapy at the Cen-
tro de Estudos Atendimento de Fisioterapia 
e Reabilitação (CEAFIR) at the Universidade 
Estad ual Paulista (UNESP) at the Presiden-
te Prudente Campus. Included in this study 

were medically-referred patients with a uni-
lateral hemiparesis for more than 12 months 
capable of walking without a prosthesis, able 
to do the walking test, free of any cognitive 
deficits as evaluated by the Mini-Mental State 
Examination21 (cut-off point for illiterate per-
sons 18/19 and for those schooled, 24/25), 
having no tonus alterations in the ankle exten-
sor muscles on the paretic side, and a non-zero 
score on the Modified Ashworth scale.22

All patients volunteering for this study 
were informed as to its objectives and pro-
cedures, and after agreeing to participate, 
signed the informed consent form. The study 
was approved by the Ethics Committee of the 
FCT-UNESP (CAAE: 34601014.4.0000.5402).

Individual interviews were arranged to 
collect data, then they were evaluated to es-
tablish the presence of hemiparesis using the 
Lower Extremity Motor Coordination Test 
(LEMOCOT) and 3 tests of functional mobility 
and gait. The first test was the Timed Up and 
Go test (TUG), followed by the Ten Meter Walk 
Test (10MWT), and a Stress Test (ST).

The LEMOCOT is an instrument to evaluate 
motor coordination (MC) of the lower limbs. 
To do the test, the subject sits in an adjustable 
chair so that his knees are approximately 90º 
with no shoes on. Two standardized 6 cm tar-
gets are installed on a rigid plate on the floor, 
one closer and the other 30 cm farther away. 
After 5 to 10 seconds to familiarize each leg 
the test is done - starting with the non-paretic 
side. To begin the test, the big toe is positioned 
on the nearer target and, when signaled by the 
examiner, the subject moves the big toe from 
one target to the other for 30 seconds as rap-
idly as possible.

The number of hits on a target is the per-
son’s score and the predictive equation deter-
mines the number of healthy individuals.23 This 
instrument was used to demonstrate the dif-
ference between the subjects’ hemibodies and 
determine whether they had hemiparesis. The 
scores were expressed as the number of hits.

The TUG evaluates the mobility and func-
tional ability of the elderly during gait and 
consists of seating the subject in a comfortable 
chair, with support for back and arms, wearing 
their normal shoes and their assistive gait de-
vice. After the “go” command, the subject gets 
up from the chair and walks a linear path for 
3 meters, with firm steps, turns around and 
returns to the chair, sitting again. The time re-
quired to complete the task was measured in 
seconds by a chronometer24 and the speed to 
perform the test was expressed in meters per 
second.
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The 10MWT evaluates the gait and con-
sists of walking at the regular pace through 
a corridor of at least 14 meters, where the 
time needed to walk the central 10 meters is 
recorded by a digital chronometer, not con-
sidering the two initial and final meters.25 The 
speed to perform the test was calculated and 
expressed in meters per second.

The ST sought to verify the subject’s tol-
erance to exercise. In the stress test used in 
this study, the patients walked through a sig-
nalized 30-meter corridor, where they were 
constantly encouraged by the therapist until 
they asked to stop due to tiredness. In the 
presence of signs and symptoms such as diz-
ziness, shortness of breath, abrupt change in 
the heart rate, or intense pains, the test was 
stopped, regardless of the intensity of tired-
ness. The cardiorespiratory parameters (blood 
pressure, heart rate, and O2 saturation) were 
measured with the patient at rest, during, and 
after the test. The heart rate was monitored 
constantly to prevent readings from surpass-
ing the maximum heart rate (MHR) deter-
mined by the formula: MHR = 220 - age.18 At 
the end of the test, the distance walked and 
the time spent for that were checked and, 
based on those values, the gait speed was cal-
culated and expressed in m/s.

For the statistical treatment, the 
Shapiro-Wilk test was used to verify the nor-
mality in the data set. In the analysis the 
data were presented as mean and standard 
deviation values. The analysis of repeated 
measurements, followed by the Tukey post-
hoc were used to compare the three speeds 
(ST, 10MWT, and TUG) and identify possible 
differences. The relationship between the 
variables was tested by the Pearson or Spear-
man correlation according to the distribution 
of normality. All the analyses were made with 
the BioEstat (version 5.0) statistical software. 
The significance level was established at 5%.

RESULTS

The sample consisted of 15 hemiparet-
ic individuals. Of those, 9 were males and 6 
were females, aged 58.27 ± 13.42 years, rang-
ing from 28 to 73 years. Right hemiparesis was 
found in 5 individuals and 9 had left hemi-
paresis. As for muscle tone, two hemiparetic 
subjects scored 0, six scored 1, four scored 1+, 
and three scored 2. The average time with the 
lesion was 59.80 ± 50.40 months.

The analysis of the values for the 
LEMOCOT performed by the subjects of this 

study showed a mean of 29 ± 6.4 target hits 
for the non-paretic side and 14 ± 8.9 on the 
paretic side. The statistical analysis revealed a 
significant difference (p ≤ 0.05) between the 
paretic and non-paretic sides.

The TUG showed a mean speed of 0.35 ± 
0.14 m/s and of 0.64 ± 0.23 m/s in the 10MWT. 
In the ST, the mean speed was 0.61 ± 0.25 m/s. 
The statistical analysis showed a difference be-
tween the TUG and ST values (p ≤ 0.006) and 
between the TUG and 10MWT (p ≤ 0.002), 
however, no difference between the 10MWT 
and ST was found.

The analysis showed a strong correlation 
(r = 0.865, p ≤ 0.05) between the ST and the 
10MWT and between the ST and the TUG 
(r = 0.756, p ≤ 0.05). The same strong correla-
tion (r = 0.865, p ≤ 0.05) could be seen be-
tween the TUG and 10MWT values.

DISCUSSION

Various studies showed results of training 
based on the MHR or VO2max, however they 
did not clarify how the treadmill speed was es-
tablished to start the training. 2,14,16,17

The present study investigated which of 
the tests used could define the initial speed on 
a treadmill to improve functional and aerobic 
motor performance of chronic hemiparetic in-
dividuals. These individuals frequently present 
a sedentary lifestyle that negatively affects their 
performance in the activities of daily living.4

The average time of lesion above 12 
months indicated the chronic stage of pathol-
ogy in the hemiparetic sample used in this 
study. The results shown by the LEMOCOT23 
indicated a significant difference in the coor-
dination between the paretic and non-paretic 
sides, clearly characterizing the hemiparesis 
and the functional motor deficits of those in-
dividuals.

The results for the 10MWT and ST showed 
similar speeds. The values of those speeds re-
vealed that the hemiparetic subjects evaluat-
ed presented deficient community-dwelling25 
and, therefore, reinforced the need for appro-
priate training so that these patients could im-
prove their capacities.

The guidelines to prescribe exercising em-
phasize its potential to improve the cardio-
respiratory function, to reduce conditions of 
risk, and to improve quality of life, and recom-
mend physical activities at different intensities 
from 20 to 60 minutes a day, at least in 3 of 
the 7 weekdays, continuously or with breaks, 
depending on the patient’s level of physical 

aptitude of the.22,27 The present study has 
shown that the 10MWT as well as the ST are 
suitable for establishing the initial treadmill 
speed, however, the 10MWT is not capable of 
measuring for how long the patient can walk, 
while the ST reveals the time for which the 
patient is able to maintain his gait. Based on 
this time, it is possible to infer the minimum 
condition in relation to the values established 
by the protocols for exercising, 27 that is, 20 
minutes of gait.

The TUG revealed a significantly slower 
speed than the 10MWT and ST, which could 
be justified by the test measuring the time 
spent for the patient to get up from the chair, 
walk 3 meters and sit again, and therefore, 
showed the functionality of sitting down and 
getting up associated with the gait. A number 
of authors have used this instrument to eval-
uate the functional mobility of hemiparetic 
individuals submitted to treatment and not 
as a test to determine the speed to initiate a 
training.28,29 The gait speed between the ST, 
10MWT, and the TUG showed a strong and 
significant correlation demonstrating their 
similar abilities to evaluate gait, however with 
different characteristics and objectives.

Hemiparetic individuals in the chronic 
phase may benefit from exercising, with chang-
es in their capacity to walk and improvement in 
their activities and social participation, in addi-
tion to improving psychosocial aspects, howev-
er, many physiotherapists still do not use car-
diorespiratory training as an intervention, due 
to their doubts on the proper manner of appli-
cation or even for fear of reinforcing patholog-
ical patterns, preferring classic physiotherapy 
methods that have low intensity and do not 
present enough stimulus to take the individual 
in the chronic phase out of the sedentary con-
dition.14

One of the propositions to modify the sed-
entary condition of hemiparetic individuals is 
to include aerobic exercise in their therapeu-
tic routine as long as the directives from the 
American College of Sports Medicine (ACSM)27 
and Healthcare Professionals From the Ameri-
can Heart Association/American Stroke Associ-
ation30 are respected regarding dose, intensity, 
and duration of these exercises. Many studies 
show gait training for hemiparetic individuals 
on the treadmill lasting 20 to 60 minutes at 
different intensities.2,14,16

Therefore, after establishing the initial 
speed for the treadmill, it is necessary to study 
training routines with more suitable inten-
sity for these individuals and that is safe for 
the patient as well as for the physiotherapist. 
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Choosing a good evaluation instrument al-
lows a training to start appropriately. The ST, 
in addition to determining the initial speed, 
contributes to guide the best type of training.

CONCLUSION

In the present study, the ST and the 10MWT 
showed themselves to be suitable tests to 
choose the initial speed of aerobic trainings, 
however the ST is capable of revealing the time 
for which the patient is able to maintain the 
gait. The TUG did not prove to be a good instru-
ment for establishing the initial training speed.

REFERENCES
1.	 Dobkin BH. Clinical practice. Rehabilitation after stroke. 

N Engl J Med. 2005;352(16):1677-84. DOI: http://
dx.doi.org/10.1056/NEJMcp043511

2.	 Brogårdh C, Lexell J. Effects of cardiorespiratory 
fitness and muscle-resistance training after stroke. 
PM R. 2012;4(11):901-7. DOI: http://dx.doi.
org/10.1016/j.pmrj.2012.09.1157

3.	 CIF: Classificação Internacional de Funcionalidade, 
Incapacidade e Saúde. São Paulo: Edusp, 2003.

4.	 Gordon NF, Gulanick M, Costa F, Fletcher G, Franklin 
BA, Roth EJ, et al. Physical activity and exercise 
recommendations for stroke survivors: an American 
Heart Association scientific statement from the Council 
on Clinical Cardiology, Subcommittee on Exercise, 
Cardiac Rehabilitation, and Prevention; the Council 
on Cardiovascular Nursing; the Council on Nutrition, 
Physical Activity, and Metabolism; and the Stroke 
Council. Circulation. 2004;109(16):2031-41. DOI: http://
dx.doi.org/10.1161/01.CIR.0000126280.65777.A4

5.	 van de Port IG, Wood-Dauphinee S, Lindeman E, 
Kwakkel G. Effects of exercise training programs on 
walking competency after stroke: a systematic review. 
Am J Phys Med Rehabil. 2007;86(11):935-51. DOI: 
http://dx.doi.org/10.1097/PHM.0b013e31802ee464

6.	 Donovan K, Lord SE, McNaughton HK, Weatherall M. 
Mobility beyond the clinic: the effect of environment 
on gait and its measurement in community-ambulant 
stroke survivors. Clin Rehabil. 2008;22(6):556-63. 
DOI: http://dx.doi.org/10.1177/0269215507085378

7.	 Hornby TG, Straube DS, Kinnaird CR, Holleran 
CL, Echauz AJ, Rodriguez KS, et al. Importance of 
specificity, amount, and intensity of locomotor 
training to improve ambulatory function in patients 
poststroke. Top Stroke Rehabil. 2011;18(4):293-307. 
DOI: http://dx.doi.org/10.1310/tsr1804-293

8.	 Brazzelli M, Saunders DH, Greig CA, Mead GE. Physical 
fitness training for patients with stroke: updated 
review. Stroke. 2012;43(4):e39-e40. DOI: http://dx.doi.
org/10.1161/STROKEAHA.111.647008

9.	 Moore JL, Roth EJ, Killian C, Hornby TG. Locomotor 
training improves daily stepping activity and 
gait efficiency in individuals poststroke who 
have reached a “plateau” in recovery. Stroke. 
2010;41(1):129-35. DOI: http://dx.doi.org/10.1161/
STROKEAHA.109.563247

10.	 Saunders DH, Sanderson M, Brazzelli M, Greig CA, 
Mead GE. Physical fitness training for stroke patients. 
Cochrane Database Syst Rev. 2013;10:CD003316.

11.	 Polese JC, Ada L, Dean CM, Nascimento LR, 
Teixeira-Salmela LF. Treadmill training is effective for 
ambulatory adults with stroke: a systematic review. 
J Physiother. 2013;59(2):73-80. DOI: http://dx.doi.
org/10.1016/S1836-9553(13)70159-0

12.	 Duncan P, Richards L, Wallace D, Stoker-Yates J, Pohl P, 
Luchies C, et al. A randomized, controlled pilot study of a 
home-based exercise program for individuals with mild 
and moderate stroke. Stroke. 1998;29(10):2055-60. 
DOI: http://dx.doi.org/10.1161/01.STR.29.10.2055

13.	 Kuys SS, Brauer SG, Ada L. Higher-intensity 
treadmill walking during rehabilitation after 
stroke in feasible and not detrimental to walking 
pattern or quality: a pilot randomized trial. Clin 
Rehabil. 2011;25(4):316-26. DOI: http://dx.doi.
org/10.1177/0269215510382928

14.	 Globas C, Becker C, Cerny J, Lam JM, Lindemann 
U, Forrester LW, et al. Chronic stroke survivors 
benefit from high-intensity aerobic treadmill 
exercise: a randomized control trial. Neurorehabil 
Neural Repair. 2012;26(1):85-95. DOI: http://dx.doi.
org/10.1177/1545968311418675

15.	 Jorgensen JR, Bech-Pedersen DT, Zeeman P, Sorensen 
J, Andersen LL, Schonberger M. Effect of intensive 
outpatient physical training on gait performance and 
cardiovascular health in people with hemiparesis after 
stroke. Phys Ther. 2010;90(4):527-37. DOI: http://
dx.doi.org/10.2522/ptj.20080404

16.	 Macko RF, Ivey FM, Forrester LW, Hanley D, Sorkin JD, 
Katzel LI, et al. Treadmill exercise rehabilitation improves 
ambulatory function and cardiovascular fitness in 
patients with chronic stroke: a randomized, controlled 
trial. Stroke. 2005;36(10):2206-11 DOI: http://dx.doi.
org/10.1161/01.STR.0000181076.91805.89

17.	 Askim T, Dahl AE, Aamot IL, Hokstad A, Helbostad J, 
Indredavik B. High-intensity aerobic interval training 
for patients 3-9 months after stroke. A feasibility study. 
Physiother Res Int. 2014;19(3):129-39. DOI: http://
dx.doi.org/10.1002/pri.1573

18.	 Karvonen MJ, Kentala E, Mustala O. The effects of 
training on heart rate; a longitudinal study. Ann Med 
Exp Biol Fenn. 1957;35(3):307-15.

19.	 Mezzani A, Hamm LF, Jones AM, McBride PE, 
Moholdt T, Stone JA, et al. Aerobic exercise 
intensity assessment and prescription in cardiac 
rehabilitation: a joint position statement of 
the European Association for Cardiovascular 
Prevention and Rehabilitation, the American 
Association of Cardiovascular and Pulmonary 
Rehabilitation and the Canadian Association 
of Cardiac Rehabilitation. Eur J Prev Cardiol. 
2013;20(3):442-67. DOI: http://dx.doi.
org/10.1177/2047487312460484

20.	 Hansen D, Stevens A, Eijnde BO, Dendale P. Endurance 
exercise intensity determination in the rehabilitation of 
coronary artery disease patients: a critical re-appraisal 
of current evidence. Sports Med. 2012;42(1):11-30. DOI: 
http://dx.doi.org/10.2165/11595460-000000000-00000

21.	 Bertolucci PH, Brucki SM, Campacci SR, Juliano Y. 
The Mini-Mental State Examination in a general 
population: impact of educational status. Arq 
Neuropsiquiatr. 1994;52(1):1-7. DOI: http://dx.doi.
org/10.1590/S0004-282X1994000100001

22.	 Gregson JM, Leathley M, Moore AP, Sharma AK, Smith 
TL, Watkins CL. Reliability of the Tone Assessment 
Scale and the modified Ashworth scale as clinical 
tools for assessing poststroke spasticity. Arch Phys 
Med Rehabil. 1999;80(9):1013-6. DOI: http://dx.doi.
org/10.1016/S0003-9993(99)90053-9

23.	 Pinheiro MB, Scianni AA, Ada L, Faria CD, Teixeira-Salmela 
LF. Reference values and psychometric properties of the 
lower extremity motor coordination test. Arch Phys 
Med Rehabil. 2014;95(8):1490-7. DOI: http://dx.doi.
org/10.1016/j.apmr.2014.03.006

24.	 Podsiadlo D, Richardson S. The timed “Up & Go”: a test 
of basic functional mobility for frail elderly persons. J 
Am Geriatr Soc. 1991;39(2):142-8. DOI: http://dx.doi.
org/10.1111/j.1532-5415.1991.tb01616.x

25.	 Bowden MG, Balasubramanian CK, Behrman AL, 
Kautz SA. Validation of a speed-based classification 
system using quantitative measures of walking 
performance poststroke. Neurorehabil Neural 
Repair. 2008;22(6):672-5. DOI: http://dx.doi.
org/10.1177/1545968308318837

26.	 Pang MY, Eng JJ, Dawson AS, Gylfadóttir S. The use 
of aerobic exercise training in improving aerobic 
capacity in individuals with stroke: a meta-analysis. 
Clin Rehabil. 2006;20(2):97-111. DOI: http://dx.doi.
org/10.1191/0269215506cr926oa

27.	 Garber CE, Blissmer B, Deschenes MR, Franklin BA, 
Lamonte MJ, Lee IM, et al. American College of Sports 
Medicine position stand. Quantity and quality of exercise 
for developing and maintaining cardiorespiratory, 
musculoskeletal, and neuromotor fitness in apparently 
healthy adults: guidance for prescribing exercise. Med 
Sci Sports Exerc. 2011;43(7):1334-59. DOI: http://
dx.doi.org/10.1249/MSS.0b013e318213fefb

28.	 Salbach NM, Mayo NE, Wood-Dauphinee S, 
Hanley JA, Richards CL, Cote R. A task-orientated 
intervention enhances walking distance and speed 
in the first year post stroke: a randomized controlled 
trial. Clin Rehabil. 2004;18(5):509-19. DOI: http://
dx.doi.org/10.1191/0269215504cr763oa

29.	 Dean CM, Richards CL, Malouin F. Task-related circuit 
training improves performance of locomotor tasks in 
chronic stroke: a randomized, controlled pilot trial. 
Arch Phys Med Rehabil. 2000;81(4):409-17. DOI: 
http://dx.doi.org/10.1053/mr.2000.3839

30.	 Billinger SA, Arena R, Bernhardt J, Eng JJ, Franklin 
BA, Johnson CM, 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):2532-53. DOI: http://dx.doi.org/10.1161/
STR.0000000000000022


