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Abstract.	 [Purpose] The objective of this study was to examine the effect of step climbing exercise on the walk-
ing ability of stroke patients. [Subjects and Methods] Among hospitalized stroke patients, 24 were selected based on 
the study criteria and randomly divided into two groups: an experimental group (12 patients) and a control group (12 
patients). The patients in both groups participated in 15-minute exercise sessions three times a week for eight weeks. 
To analyze the effect of the exercise, muscle strength, the Timed Up and Go test, and step length were measured 
before and after the exercise. [Results] step climbing exercise improved the muscle strength in the lower limbs of 
the stroke patients, as well as their Timed Up and Go results and step lengths. [Conclusion] The effects were similar 
to a stair gait exercise, and thus, step climbing may be more broadly applied to the treatment of stroke patients.
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INTRODUCTION

After a stroke, a hemiplegic stroke patient experiences 
symptoms such as weakened muscle strength, stiffness, pain, 
language disability, and circulation problems as well as func-
tional problem with walking, walking up the stairs, standing 
up, turning around, and maintaining balance1). Walking 
ability is a key indicator of a hemiplegic patient’s advanced 
motor functions and his or her recovery2, 3). Enhancing 
independent walking ability is among the primary goals of 
treatment. Recovery of walking ability in the rehabilitation 
program is important because walking is a complex form 
of exercise that requires a high level of harmony among 
coordination, balance, kinesthetic sense, proprioception, and 
integrated working of joints and muscles. Walking is also 
among the important indicators of independent functional-
ity4, 5). Recovering and improving walking ability is a key 
goal and plays an important role in rehabilitation of stroke 
patients so that they can eventually return to the workforce 
and society6). in Particular, walking up and down stairs is a 
basic activity in daily life, but only 5–25% of stroke patients 
are capable of this activity when they are discharged from 
a rehabilitation center7). A Stair gait exercise is among the 
exercises that strengthen the lower limbs of stroke patients, 
and it is frequently used for transportation and walking on 
flat ground. Compared with flat-area walking, stair climb-

ing requires more energy and muscle strength in the lower 
limbs, as it involves horizontal movement and vertical ascent 
at the same time, while keeping the body balanced. These 
days, steppers are widely used for lower limb exercise and 
rehabilitation, which has benefit of reducing stress on the 
knee joints6, 8). They are also recommended for use in aero-
bic exercise similar to stair walking, which builds muscle 
strength9).

However, few studies have been conducted on the ef-
fect of step climbing on stroke patients. In this paper, we 
examine the effect of step climbing and stair gait exercises 
on walking in stroke patients to determine determine a more 
effective therapy for the rehabilitation of stroke patients.

SUBJECTS AND METHODS

For the study, 24 stroke patients were selected who 
had had hemiplegia for six months or longer, had been 
diagnosed based on CT or MRI scanning at S Hospital in 
the city of Daegu, and were capable of independent indoor 
walking a supporting device, which indicates the capability 
to understand and follow the researcher’s instructions. The 
participants were given an explanation of the research pur-
pose and provided consent prior to the study. Among the 24 
participants, 12 were randomly assigned to a step climbing 
exercise group, and 12 were randomly assigned to a stair gait 
exercise group.

Their average duration of disease was 35.04±13.99 
months, their average height was 161.8±11.9 cm, and their 
average weight was 58.08±7.76 kg. Subject characteristics 
were homogeneous at baseline (p>0.05).

The two groups participated in the training three times 
a week for a total of eight weeks. Each session lasted 15 
minutes and began after basic exercise therapy. The step 
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climbing exercise group were doing a cross-exercise of the 
lower limbs, a patient stepped on the stepper, pushed down 
one side, and switched to the other side before the foot pad 
touched the frame. For safety, the subjects held a handrail 
during the climbing exercise, and a therapist oversaw the 
process and corrected the posture of the patients without 
directly touching them. Stair gait exercise group performed 
a stair exercise. For this exercise, a set of five wooden steps 
was made that was 0.8 m in width, with each step being 
28 cm deep and 10 cm long. A therapist assisted patients if 
their balance was poor, and patients held a support bar when 
necessary.

To test the muscle strength of the lower limbs, a Manual 
Muscle Tester (Model01163, Lafayette Instrument Com-
pany, Lafayette, IN, USA) was used on the rectus femoris 
(RF), tibialis anterior (TA), and gastrocnemius (GCM) of 
the stroke-affected side. The RF was measured while the 
patients sat down on a chair with a back, with the pressure 
plate put against the front of the ankle an instruction was 
given to straighten the knee. The TA and GCM were mea-
sured on the knee in a long-sitting position. The pressure 
plate was placed against the distal side of the foot instep to 
measure the dorsiflexion of the ankle joint and against the 
distal side of the foot sole to measure the plantar flexion. 
In measuring muscle strength, the patient’s stiffness and 
compensation mechanism were kept at a minimum level us-
ing a posture and method that enabled a measurement of the 
target muscles as accurately as possible10). Measurements 
were taken three times, and the average was used. For Timed 
Up and Go (TUG) test, the time taken for a patient to sit up 
from a 46 cm high chair with an armrest, move 3 m forward, 
move 3 m back, and sit down on the chair was measured. 
It was measured twice, and the average of was used. The 
patients were allowed to wear their daily shoes or support 
device, but they could not receive aid from their caretaker 
or therapist11). To measure the difference in step length be-
tween the stroke-affected side and the unaffected side, a gait 
checker (Gait Checker, GHiWell, Seoul, Republic of Korea) 
was used. The step length was measured three times, and the 
average was used for comparative analysis.

PASW Statistics 18.0 for Windows was used for statis-

tical analysis of the data; a paired t-test was conducted to 
examine the changes before and after the exercise in each 
group; an independent t-test was conducted to examine 
changes among the groups based on the changes before and 
after the exercise. The level of statistical significance (α) was 
set at 0.05.

RESULTS

Muscle strength changed significantly in both groups 
after the exercise (p<0.05). In an intergroup comparison, the 
RF showed a significant change in the step climbing exercise 
group, and the TF showed a significant change in the stair 
gait exercise group (p<0.05). The TUG results improved 
significantly in both groups after the exercise (p<0.05), but 
there was no significant difference in the changes in TUG re-
sults between the two groups (p>0.05). Step length improved 
significantly in both groups after the exercise (p<0.05), but 
there was no significant difference in the results between the 
two groups (p>0.05) (Table 1).

DISCUSSION

Walking dysfunction is the most significantly affected by 
a stroke. Among early-stage stroke patients, 80% lose walk-
ing ability, and they begin to recover it within six months. 
Enhancing walking ability to restore functions and social 
activities of stroke patients is one of the key goals of treat-
ment, and the ability to walk independently is an important 
goal of rehabilitation for stroke patients and therapists12). 
The stair gait exercise is part of the rehabilitation program 
to efficiently restore the walking ability of stroke patients13), 
and previous experiments showed similar effects of the stair 
gait exercise and step climbing exercise on strengthening of 
the lower limbs of stroke patients when changes in muscle 
activity were examined using electromyography(EMG)14). 
In comparing the muscle strengths of patients among dif-
ferent groups, an EMG analysis showed an increase in the 
muscle strengths of the RF, GCM, and TA, both in step 
climbing exercise and stair gait exercise groups14). Similarly, 
in this study, patients in both groups showed significant in-

Table 1.  Comparison of muscle strength, TUG time, and step length

Before After Difference Difference  
between groups

Before

Muscle 
strength

RF SC 6.42±1.06 8.05±0.89 1.63±0.53* 0.00*
SUD 6.59±1.83 7.2±1.74 0.61±0.43*

GCM SC 3.76±1.02 5.0±0.91 1.24±0.45* 0.22
SUD 4.98±1.43 6.5±1.55 1.51±0.6*

TA SC 3.53±1.16 4.9±1.3 1.37±0.58* 0.01*
SUD 4.39±1.26 6.41±1.21 2.02±0.64*

TUG SC 23.08±5.9 19.83±5.7 3.25±0.62* 0.07
SUD 23.75±8.09 21.08±7.84 2.66±0.88*

Step length SC 23.45±12.16 17.66±10.92 5.78±4.75* 0.25
SUD 23.12±9.05 19.2±8.17 3.92±2.68*

SC: Step climbing exercise group, SUD: Stair gait exercise group, RF: rectus femoris, TA: tibialis ante-
rior, GCM: gastrocnemius, TUG: Timed Up and Go test
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creases in muscle strength after eight weeks of exercise. A 
comparison between the groups showed that the strength of 
the RF increased more in the step climbing exercise group 
than in the stair gait exercise group, while the strength of 
the TA increased more significantly in the stair gait exercise 
group than in the step climbing exercise group. MacCulloch 
reported that dorsiflexion of the ankle joint occurs when a 
person climbs up stairs in stair gait exercise and showed that 
maximum dorsiflexion occurs in the swing phase15). Com-
pared with the stair gait exercise, which repeatedly stimulates 
the TA, a person participating in the step climbing exercise 
does not need ankle dorsiflexion to climb to the next step, 
so the muscle strength of the TA increases relatively less. 
Damiano reported that in a cross-exercise of lower limbs, the 
short moment arm of the bent knee joint is increased with the 
extension of the knee to support one’s weight, which exerts 
significant stress on the knee extensor to stabilize the knee 
joint16). Lu showed that an increased moment arm requires 
greater force, and thus, the muscle activity of the knee exten-
sor is greater than in other walking conditions17). The step 
climbing exercise extends the knee opposite to the stepping 
foot, and this could be more effective in strengthening the RF 
than stair gait exercise. In comparison of the TUG results, a 
significant improvement was observed in both groups after 
the exercise, but no significant difference was shown be-
tween the two groups. Kim reported that an exercise that in-
creases the muscle strength of the foot instep joint decreases 
center of pressure sway in stroke patients18). Park showed 
that a proprioceptive exercise for the ankle increased muscle 
strength and improved the dynamic balance of the affected 
patients but that the TUG time fell from 20.47 seconds to 
15.27 seconds after six weeks of exercise19). Kim reported 
that the step exercise results in significant improvements in 
ankle balance and that step exercise could be effective as an 
early-stage walking exercise for stroke patients14). Similarly, 
in this study, both groups showed improved TUG results af-
ter the exercise due to increased muscle strength in the lower 
limbs and improved dynamic balance. In a comparison of 
walking ability between the two groups, patients in both 
groups showed significant improvements, but no significant 
difference was observed between the two groups. Many 
studies have been performed on the correlation between 
the muscle strength of the lower limbs and walking abil-
ity20, 21). Persch demonstrated increased muscle strength and 
improvement in walking-related variables after lower limb 
strengthening exercise22). Suzuki reported that five months 
after a stroke, the muscle strength of the lower limbs on 
the stroke-affected side affected the walking speed in 54% 
of patients23). Park reported that, increased step length and 
walking speed because of increased dorsiflexion, contributed 
to the prevention of foot drop and lower limb stability upon 
initial contact in the swing phase and explained that a stable 
walking pattern could enhance both static and dynamic 
stability by reducing postural sway19). Flansbjer argued that 
improved knee extensor strength is a significant predictor of 
the 6 m walking distance and endurance and that improved 
extensor strength led to an increased walking speed24). Kim 
reported that a step exercise could facilitate a patient’s 
walking pattern when conducting a stepping motion and it 
could increase walking speed, as found with the stair gait 

exercise14).
The results of our study showed that a step climbing 

exercise affects the muscle strength, balance, and step length 
of stroke patients in a manner similar, similar to the stair 
gait exercise. Therefore, it can be used as a more efficient 
treatment for stroke patients. Future research should be 
conducted using a larger group of patients.

REFERENCES

1)	 Peurala SH, Könönen P, Pitkänen K, et al.: Postural instability in patients 
with chronic stroke. Restor Neurol Neurosci, 2007, 25: 101–108. [Medline]

2)	 Patterson SL, Forrester LW, Rodgers MM, et al.: Determinants of walk-
ing function after stroke: differences by deficit severity. Arch Phys Med 
Rehabil, 2007, 88: 115–119. [Medline]  [CrossRef]

3)	 Ng MF, Tong RK, Li LS: A pilot study of randomized clinical controlled 
trial of gait training in subacute stroke patients with partial body-weight 
support electromechanical gait trainer and functional electrical stimula-
tion: six-month follow-up. Stroke, 2008, 39: 154–160. [Medline]  [Cross-
Ref]

4)	 Norkin CC, Levangie PK: Joint structure and function, 2nd ed.. USA: FA 
Davis, 1992, pp 448–470.

5)	 Turnbull GI, Charteris J, Wall JC: A comparison of the range of walking 
speeds between normal and hemiplegic subjects. Scand J Rehabil Med, 
1995, 27: 175–182. [Medline]

6)	 Prado-Medeiros CL, Sousa CO, Souza AS, et al.: Effects of the addition 
of functional electrical stimulation to ground level gait training with body 
weight support after chronic stroke. Rev Bras Fisioter, 2011, 15: 436–444. 
[Medline]  [CrossRef]

7)	 Paolucci S, Bragoni M, Coiro P, et al.: Quantification of the probability of 
reaching mobility independence at discharge from a rehabilitation hospital 
in nonwalking early ischemic stroke patients: a multivariate study. Cere-
brovasc Dis, 2008, 26: 16–22. [Medline]  [CrossRef]

8)	 Alton F, Baldey L, Caplan S, et al.: A kinematic comparison of overground 
and treadmill walking. Clin Biomech (Bristol, Avon), 1998, 13: 434–440. 
[Medline]  [CrossRef]

9)	 Nadeau S, McFadyen BJ, Malouin F: Frontal and sagittal plane analyses 
of the stair climbing task in healthy adults aged over 40 years: what are 
the challenges compared to level walking? Clin Biomech (Bristol, Avon), 
2003, 18: 950–959. [Medline]  [CrossRef]

10)	 Krebs DE, Scarborough DM, McGibbon CA: Functional vs. strength 
training in disabled elderly outpatients. Am J Phys Med Rehabil, 2007, 86: 
93–103. [Medline]  [CrossRef]

11)	 Podsiadlo D, Richardson S: The timed “Up & Go”: a test of basic function-
al mobility for frail elderly persons. J Am Geriatr Soc, 1991, 39: 142–148. 
[Medline]  [CrossRef]

12)	 Maynard V, Bakheit AM, Shaw S: Comparison of the impact of a single 
session of isokinetic or isotonic muscle stretch on gait in patients with 
spastic hemiparesis. Clin Rehabil, 2005, 19: 146–154. [Medline]  [Cross-
Ref]

13)	 Seo KC, Kim HA: The effects of gait ability in the stroke patients after 
stair gait exercise and lamp gait exercise. J Korean Soc Phys Med. 2013, 8: 
397–406.  [CrossRef]

14)	 Kim CR, Choi SJ, Shin WS: EMG study for muscle activation during vari-
able gait training in stroke patients: stepper climbing, stair-up and level-
ground gait. J Korean Soc Phys Ther. 2013, 25: 393–398.

15)	 MacCulloch PA, Gardner T, Bonner A: Comprehensive fall prevention 
programs across settings: a review of the literature. Geriatr Nurs, 2007, 28: 
306–311. [Medline]  [CrossRef]

16)	 Damiano DL, Norman T, Stanley CJ, et al.: Comparison of elliptical train-
ing, stationary cycling, treadmill walking and overground walking. Gait 
Posture, 2011, 34: 260–264. [Medline]  [CrossRef]

17)	 Lu TW, Chien HL, Chen HL: Joint loading in the lower extremities during 
elliptical exercise. Med Sci Sports Exerc, 2007, 39: 1651–1658. [Medline]  
[CrossRef]

18)	 Kim TH, Yoon JS, Lee JH: The effect of ankle joint muscle strengthen-
ing training and static muscle stretching training on stroke patients’ C.o.p 
sway amplitude. J Phys Ther Sci, 2013, 25: 1613–1616. [Medline]  [Cross-
Ref]

19)	 Park YH, Kim YM, Lee BH: An ankle proprioceptive control program 
improves balance, gait ability of chronic stroke patients. J Phys Ther Sci, 
2013, 25: 1321–1324. [Medline]  [CrossRef]

20)	 Kligyte I, Lundy-Ekman L, Medeiros JM: [Relationship between lower 
extremity muscle strength and dynamic balance in people post-stroke]. 

http://www.ncbi.nlm.nih.gov/pubmed/17726268?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17207686?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2006.10.025
http://www.ncbi.nlm.nih.gov/pubmed/18006861?dopt=Abstract
http://dx.doi.org/10.1161/STROKEAHA.107.495705
http://dx.doi.org/10.1161/STROKEAHA.107.495705
http://www.ncbi.nlm.nih.gov/pubmed/8602480?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22031271?dopt=Abstract
http://dx.doi.org/10.1590/S1413-35552011005000030
http://www.ncbi.nlm.nih.gov/pubmed/18511867?dopt=Abstract
http://dx.doi.org/10.1159/000135648
http://www.ncbi.nlm.nih.gov/pubmed/11415818?dopt=Abstract
http://dx.doi.org/10.1016/S0268-0033(98)00012-6
http://www.ncbi.nlm.nih.gov/pubmed/14580839?dopt=Abstract
http://dx.doi.org/10.1016/S0268-0033(03)00179-7
http://www.ncbi.nlm.nih.gov/pubmed/17251692?dopt=Abstract
http://dx.doi.org/10.1097/PHM.0b013e31802ede64
http://www.ncbi.nlm.nih.gov/pubmed/1991946?dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.1991.tb01616.x
http://www.ncbi.nlm.nih.gov/pubmed/15759529?dopt=Abstract
http://dx.doi.org/10.1191/0269215505cr853oa
http://dx.doi.org/10.1191/0269215505cr853oa
http://dx.doi.org/10.13066/kspm.2013.8.3.397
http://www.ncbi.nlm.nih.gov/pubmed/17923287?dopt=Abstract
http://dx.doi.org/10.1016/j.gerinurse.2007.03.001
http://www.ncbi.nlm.nih.gov/pubmed/21683599?dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2011.05.010
http://www.ncbi.nlm.nih.gov/pubmed/17805099?dopt=Abstract
http://dx.doi.org/10.1249/mss.0b013e3180dc9970
http://www.ncbi.nlm.nih.gov/pubmed/24409032?dopt=Abstract
http://dx.doi.org/10.1589/jpts.25.1613
http://dx.doi.org/10.1589/jpts.25.1613
http://www.ncbi.nlm.nih.gov/pubmed/24259785?dopt=Abstract
http://dx.doi.org/10.1589/jpts.25.1321


J. Phys. Ther. Sci. Vol. 27, No. 11, 20153518

Medicina (Kaunas), 2003, 39: 122–128. [Medline]
21)	 Hsu AL, Tang PF, Jan MH: Analysis of impairments influencing gait ve-

locity and asymmetry of hemiplegic patients after mild to moderate stroke. 
Arch Phys Med Rehabil, 2003, 84: 1185–1193. [Medline]  [CrossRef]

22)	 Persch LN, Ugrinowitsch C, Pereira G, et al.: Strength training improves 
fall-related gait kinematics in the elderly: a randomized controlled trial. 
Clin Biomech (Bristol, Avon), 2009, 24: 819–825. [Medline]  [CrossRef]

23)	 Suzuki K, Imada G, Iwaya T, et al.: Determinants and predictors of the 
maximum walking speed during computer-assisted gait training in hemi-
paretic stroke patients. Arch Phys Med Rehabil, 1999, 80: 179–182. [Med-
line]  [CrossRef]

24)	 Flansbjer UB, Downham D, Lexell J: Knee muscle strength, gait perfor-
mance, and perceived participation after stroke. Arch Phys Med Rehabil, 
2006, 87: 974–980. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/12626864?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12917858?dopt=Abstract
http://dx.doi.org/10.1016/S0003-9993(03)00030-3
http://www.ncbi.nlm.nih.gov/pubmed/19716637?dopt=Abstract
http://dx.doi.org/10.1016/j.clinbiomech.2009.07.012
http://www.ncbi.nlm.nih.gov/pubmed/10025493?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10025493?dopt=Abstract
http://dx.doi.org/10.1016/S0003-9993(99)90117-X
http://www.ncbi.nlm.nih.gov/pubmed/16813786?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2006.03.008

