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Abstract  

Objective: Walking aids are widely prescribed for supporting ambulation in stroke patients. Many 
factors must be considered to decide which walking aid will be prescribed, including the energy cost 
and the walking performance produced by using the walking aids. This research aimed to investigate 
the differences between the Physiological Cost Index (PCI), the Timed Up and Go (TUG) Test, and 
walking speed in stroke patients according to the type of walking aid used. Methods: A total of 26 
patients with subacute stroke were sampled in a consecutive sampling at Malang Saiful Anwar General 
Hospital's PM&R outpatient clinic. Each patient completed walking with four different walking aids: a 
fixed walker, a rollator, a quad cane, and a single-point cane, resting between tests until the patient's 
heart rate returned to its resting level. We measure the PCI using heart rate and walking speed during 
a 10-meter walk test (10MWT) and mobility performance during the Timed Up and Go (TUG) Test. 
Results: The PCI was lower with the single-point cane (p<0.001), and the walking speed and mobility 
performance were higher with the single-point cane (p<0.001) than with any other walking aid. 
Conclusion: Our research revealed that a single-point cane requires less energy and permits more 
excellent performance for stroke patients who can already walk with a walking aid. 

Keywords: Stroke, Walking Aid, Physiological Cost Index, Walking Performance.  

 
1. INTRODUCTION 

The ability to ambulate is a critical function for carrying out daily activities. However, 
ambulation disorders are also the most common sequelae of stroke. Thus, the impact 
on daily activities and the quality of life of post-stroke patients is enormous (Danielsson 
et al., 2012; Winstein et al., 2016). The pathophysiology of ambulation disorders in 
stroke patients can be influenced by various factors, including muscle weakness, loss 
of voluntary movement, asymmetrical patterns of posture, balance disturbances and 
instability, spasticity, sensory disturbances, and visual disturbances that occur as 
manifestations of stroke (Beyaert et al., 2015). Although stroke reduces ambulation 
function, as many as 50%-85% of stroke survivors can ambulate independently, both 
with and without walking aids, 6 months after the stroke (Danielsson et al., 2012; 
MEDICA, 2018; Park et al., 2017; van Bloemendaal et al., 2012). 

The use of ambulation aids to improve gait patterns and balance as well as the 
efficiency and safety of ambulation is supported by class I recommendations and level 
B evidence. Research shows that more than 50% of post-stroke patients need walking 
aids (a cane, walker, rollator, or wheelchair) to help improve their ambulation function 
(Jutai et al., 2007; Winstein et al., 2016). Tyson and Polese showed in their research 
that the use of walkers can improve the functional ability of ambulation in post-stroke 
patients. In this research, it was also stated that post-stroke patients felt their 
confidence and sense of security when walking increased if they walked using an 
ambulation aid (Polese et al., 2012; Tyson & Rogerson, 2009; Winstein et al., 2016). 
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In line with the above research, previous research from Laufer has also stated that the 
use of walking aids can reduce postural sway and improve walking stability and 
performance (Laufer, 2002; Winstein et al., 2016). 

In post-stroke patients, energy requirements when walking will increase due to limb 
weakness and other functional disorders. The severity of functional impairment and 
the level of disability can also affect the efficiency and safety of the ambulation process 
(Polese et al., 2017). Oxygen consumption and the energy cost of walking (ECW) have 
been used extensively in the literature to investigate the efficacy of interventions 
performed for It has been widely reported previously that a reliable measurement 
method for measuring energy requirements is air exchange (in this case, oxygen) 
analysis. However, this method is relatively difficult to do in some conditions and 
depends on the availability of instruments (which are relatively expensive) and other 
resources (da Cunha-Filho et al., 2003; Delussu et al., 2014; Eng et al., 2004). Another 
method that can be used to measure energy needs is the Physiological Cost Index 
(PCI) proposed by MacGregor. This PCI theory is based on the submaximal effort, 
where there is a correlation between heart rate and oxygen volume (VO2). The 
Physiological Cost Index (PCI) has also been used to measure energy requirements 
when working on several conditions, including stroke, lower limb amputation with the 
use of prostheses, multiple sclerosis, cerebral palsy, spinal cord injury, and in the 
elderly (Arazpour et al., 2016; Cetin et al., 2010; Du Plessis et al., 2019; Narimani et 
al., 2016; Sadeh & Sharifatpour, 2020). 

There are many methods that can be used to measure walking performance in post-
stroke patients, including the 6-minute walk test, the 10-meter comfortable walk test, 
the 10-meter fast walk test, and many others. Achievements measured include walking 
distance, walking speed, and the functional ambulation of the patient. 4 The Timed Up 
and Go (TUG) test is also used to measure the functional ability of ambulation. 
Research states that the TUG Test is a valid, reliable, and easy method of measuring 
ambulation/walking performance.20,21,22 
 
2. MATERIALS AND METHODS 

For this cross-sectional research, the participants were recruited consecutively from 
the Department of Physical Medicine and Rehabilitation at Malang Saiful Anwar 
General Hospital. This research was conducted from October 2021 to March 2022. 
This research was approved by the ethical committee of Malang Saiful Anwar General 
Hospital under Ethic Approval No. 400/153/K.3/302/2021. Each participant was given 
all the information they needed to consent to participate in the research, and they all 
gave their consent for the research's data and, if necessary, images or videos, to be 
published. 

2.1 Participants 

Inclusion criteria for the patients were: age 21–60 years, infarct or hemorrhagic stroke 
in the subacute phase with walking disturbance, using a walking aid for daily activities, 
being able to walk at least 10 meters at a parallel bar, being able to use the walking 
aid tested, being cooperative, not having cognitive impairment (Moca-INA > 26), being 
pain-free (VAS < 2), and giving consent to participate in this research. Exclusion 
criteria were: comorbidities or disabilities other than stroke affecting walking capability; 
an unstable condition (new symptoms related to the disease, SBP > 160mmHg, DBP 
> 100mmHg, resting HR > 120x/m, SpO2 < 95%, RR > 24x/m, Borg scale > 13). 
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2.2 Equipment 

Materials used were a fixed walker, a rollator, a quadripod cane, and a single-point 
cane; a HR monitor (Polar H10 heart rate sensor chest strap (Polar Electro)); a timing 
sensor system (Speed Tech Wireless Laser Timer (Speed Tech)); a stopwatch; and a 
chair with an armrest. 

 

Figure 1: Fixed walker 

 

Figure 2: Rollator 

 

Figure 3: Quadripod Cane 
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Figure 4: Single-point Cane 

2.3 Procedure 

Before the research began, patients had the chance to test out various walking aids 
for a short while in front of the researcher until they felt comfortable using them to 
confirm their proper use and customize the height for each patient. 

We conducted the measures in the following manner: 

 Evaluation of the resting heart rate with the subject seated in a chair with a heart 
rate monitor 

 The TUG test measurement using a fixed walker 

 Recuperating until the subject is able to return to their resting heart rate 

 The 10MWT was measured with a fixed walker at comfort speed; measurements 
were taken once the comfort speed was reached: walking time and maximal heart 
rate during the test.  

 Recuperating until the subject is able to return to their resting heart rate 

 The TUG test and 10MWT were measured consecutively for rollator, quadripod 
cane, single-point cane, and without any walking aid, with rests in between to allow 
heart rate to return to resting levels.  

The PCI uses the following formula to calculate the number of extra heartbeats 
required per meter walked:12  

 

  

Figure 5: The Patient Performs the Walking Test with Various Walking Aids 
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2.4 Statistical Analysis 

The data obtained is in the form of walking performance, as measured by the TUG 
Test and walking speed, as well as the Physiological Cost Index (PCI). Descriptive 
data is presented as means and standard deviations, whereas categorical data is 
presented as percentages. The data will be analyzed using the SPSS 26 program with 
a 95% confidence level (α<0.05) and 80% power. We analyzed group differences with 
the Friedman test due to heterogeneity. The Wilcoxon signed-rank test was used for 
within-group comparisons within the walking aid. The data is also compared with the 
minimal detectable change (MDC) and minimal clinically important difference (MCID) 
constants for each running performance variable and PCI. 
 
3. RESULTS 

There were a total of 117 stroke patients in the Medical Rehabilitation Installation at 
Malang Saiful Anwar General Hospital during the period October 2021 to March 2022. 
There were 26 subjects who fulfilled the inclusion criteria, while 91 others did not meet 
the requirements. All 26 subjects who met the requirements successfully followed the 
procedures, and there was no dropout. No unexpected events, either falls or injuries, 
occurred during the implementation of this research. All subjects were then included 
in the analysis for research results. 

 

Figure 6: Research Flowchart 
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Table 1: Subjects Baseline Characteristics 

Characteristics Results (n = 26) 

Age 49,35 ± 9,73 

Gender  

Male 15 (57,7%) 

Female 11 (42,3%) 

Stroke type  

Non-bleeding 16 (61,5%) 

bleeding 10 (38,5%) 

Paretic side  

Right 13 (50%) 

Left 13 (50%) 

Onset (days) 43,46 ± 20,28 

Systolic blood pressure (mmHg) 130 + 10 

Diastolic blood pressure (mmHg) 80 + 10 

Resting heart rate (beae/minute) 79,54 ± 7,17 

Respiratory rate (breath/minute) 20 + 4 

Oxygen saturation (%) 98 + 2 

Spasticity (MAS)  

1 17 (65,4%) 

2 9 (34,6%) 

FMA UE 23 + 2,45 

FMA LE 28,62 ± 1,30 

7-items BBS 10,81 ± 1,41 

Borg scale 9 + 2 

MAS = Modified Asworth Scale; FMA =  Fugl-Meyer Assessment; UE: 
Upper Extremity; LE: Lower Extremity; BBS = Berg Balance Score 

The subjects in this research had a mean age of 49.35 years, were 57.7% male, had 
61.5% non-hemorrhagic strokes, 50% right-sided weakness, and had been 
hospitalized for an average of 43.46 days. They had a blood pressure of 130/80 
mmHg, a resting pulse rate of 79.54 beats per minute, a respiratory rate of 20 breaths 
per minute with an oxygen saturation of 98%, MAS 1 spasticity of 65.4%, an FMA/AGA 
score of 23 points and an AGB/AGA score of 28.62 points, a BBS score of 10.81 
points, and a Borg scale of 9 (Table 1).  

 

Figure 7: Physiological Cost Index (PCI) and Walking Performance within 
Walking Aids 
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Table 2: Comparison of Physiological Cost Index (PCI) and Walking 
Performance within Walking Aids 

Walking Performance Walking Aids N Mean + SD P 

TUG (second) Fixed Walker 26 21,76 + 4,45 <0,001* 

 Rollator 26 18,02 + 4,33  

 Quadripod cane 26 17,16 + 5,45  

 Single-point cane 26 14,66 + 3,63  

 Without walking aid 26 15,11 + 4,66  

10MWT (m/second) Fixed Walker 26 0,54 + 0,14 <0,001* 

 Rollator 26 0,82 + 0,35  

 Quadripod cane 26 0,82 + 0,28  

 Single-point cane 26 0,90 + 0,31  

 Without walking aid 26 0,94 + 0,29  

PCI (beat/meter) Fixed Walker 26 0,707 + 0,285 <0,001* 

 Rollator 26 0,450 + 0,244  

 Quadripod cane 26 0,406 + 0,203  

 Single-point cane 26 0,304 + 0,164  

 Without walking aid 26 0,313 + 0,180  

Friedman Test 

TUG = Timed Up and Go Test; 10MWT = 10 Meters Walking Test; PCI = Physiological Cost 
Index 

The slowest average TUG value was in a fixed walker (21.76 seconds), then 
increasing sequentially in a rollator (18.02 seconds), quadripod (17.16 seconds), and 
reaching the fastest value on a single-point cane (14.66 seconds), but slower without 
a walking aid (15.11 seconds). The average value of walking speed as assessed by 
the 10MWT is the slowest with a fixed walker (0.54 meters/second), then it increases 
faster with the same results in rollators and quadripods (0.82 meters/second), single-
point canes (0.90 m/s), and the fastest without walking aids (0.94 m/s). The highest 
mean PCI value was in the use of a fixed walker (0.707 beats/meter), then decreased 
sequentially in the use of a rollator (0.450 beats/meter), quadripod (0.406 
beats/meter), and became the lowest in the use of a single-point cane (0.304 
beats/meter), but increased even more without the use of a walking aid (0.313 
beats/meter) (Figure 7). 

The results of the Friedman test analysis between walking performance and PCI with 
the walking aids used showed significant results (p<0.001), which means that in each 
parameter assessed, there were at least 2 types of walking aids that had significantly 
different walking parameters (Table 2). In order to find out which pair of walking aids 
differed significantly in each walking parameter studied, a post hoc test was used. 

Table 3: The Physiological Cost Index and Walking Performance in Walking 
Aids: A Posthoc Comparison 

Walking Aids 
p 

TUG 
(second) 

10MWT 
(m/second) 

PCI 
(beat/meter) 

Fixed Walker vs Rollator <0,001* <0,001* <0,001* 

Fixed Walker vs Quadripod cane <0,001* <0,001* <0,001* 

Fixed Walker vs Single-point cane <0,001* <0,001* <0,001* 

Fixed Walker vs Without walking aid <0,001* <0,001* <0,001* 

Rollator vs Quadripod cane 0,013* 0,534 0,023* 

Rollator vs Single-point cane <0,001* 0,096 <0,001* 

Rollator vs Without walking aid <0,001* 0,003* <0,001* 

Quadripod cane vs Single-point cane <0,001* 0,002* <0,001* 
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Quadripod cane vs Without walking aid <0,001* <0,001* 0,003* 

Single-point cane vs Without walking aid 0,191 0,014* 0,829 

Wilcoxon Signed Ranks Test 

TUG = Timed Up and Go Test; 10MWT = 10 Meters Walking Test; PCI = Physiological Cost 
Index * p<0,05 

In the TUG parameter, all types of walking aids had significant differences (p<0.05), 
except between single-point canes and without walking aids (14.66 seconds vs. 15.11 
seconds; p=0.191). In the 10MWT parameter, there was a significant difference 
between types of walkers with p<0.05, except between rollators and quadripod 
walkers (0.82 m/s vs. 0.82 m/s; p=0.534) and rollators with single-point canes (0.82 
m/s vs. 0.90 m/s; p=0.096). The PCI parameters showed that there was a significant 
difference in the comparison of all types of walking aids (p<0.05), except between a 
single-point cane and no walking aids (0.304 beats/meter vs. 0.313 beats/meter; 
p<0.829) (Table 3). 

Table 4: Physiological Cost Index and Walking Performance within Walking 
Aids: Minimal Detectable Change and Minimal Clinically Significant Difference 

Walking Aids 

MDC & MCID 

TUG 
(second) 

10MWT 
(m/second) 

PCI 
(beat/meter

) 

MDC 2,08 0,04 0,52 

MCID 3,4 0,14 0,76 

Fixed Walker vs Rollator 3,74a,b 0,28a,b 0,257 

Fixed Walker vs Quadripod cane 4,60a,b 0,28a,b 0,301 

Fixed Walker vs Single-point cane 7,10a,b 0,36a,b 0,403 

Fixed Walker vs Without walking aid 6,65a,b 0,40a,b 0,394 

Rollator vs Quadripod cane 0,86 0,00 0,004 

Rollator vs Single-point cane 3,36a 0,08a 0,146 

Rollator vs Without walking aid 2,91a 0,12a 0,137 

Quadripod cane vs Single-point cane 2,50a 0,08a 0,102 

Quadripod cane vs Without walking aid 2,05 0,12a 0,093 

Single-point cane vs Without walking aid 0,45 0,04a 0,009 

MDC = Minimal Detectable Change; MCID = Minimal Clinically Important Difference; TUG = 
Timed Up and Go Test; 10MWT = 10 Meters Walking Test; PCI = Physiological Cost Index 

a = meet MDC; b = meet MCID 

The MDC value of the TUG test is 2.08 seconds, while the MCID value for the TUG 
test is 3.4 seconds.23 In comparisons between walking aids used in stroke patients 
with hemiparese, all of them met the MDC value of the TUG test (> 2.08 seconds), 
except for the comparison between rollators and quadripods (0.86 seconds), 
quadripods without walkers (2.05 seconds), and single-point canes without a walker 
(0.45 seconds). Those that meet the MCID value of the TUG test are the comparisons 
of fixed walkers with rollators (3.74 seconds), quadripod canes (4.60 seconds), single-
point canes (7.10 seconds), and without walking aids (6.65 seconds).  The MDC value 
of 10MWT in stroke patients is 0.04 meters/second, while the MCID value is 0.14 
meters/second.24 In comparison between walkers used in stroke patients with 
hemiparesis, all of them met the MDC value of 10MWT (>0.04 meters/second), except 
for the comparison between the rollator and quadripod cane (0.00 meters/second). 
Those that meet the MCID value of 10MWT are the comparisons of fixed walkers with 
rollators (0.28 meters/second), quadripod canes (0.28 meters/second), single-point 
canes (0.36 meters/second), and without walking aids (0.40 meters/second). The 
MDC value for PCI is 0.52 beats/meter, while the MCID value for PCI is 0.76 
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beats/meter.12 In comparisons of walking aids used in stroke patients with 
hemiparesis, all did not meet PCI's MDC or MCID values. 
 
4. DISCUSSION 

4.1 Physiological Cost Index 

Oxygen consumption and the energy cost of walking (ECW) have been used 
extensively in the literature to investigate the efficacy of interventions to improve 
walking ability. One method that can be used to measure energy needs is PCI, as 
proposed by MacGregor. This method is done by measuring the total heart rate during 
activity minus the heart rate at rest, then dividing it by walking speed. The PCI theory 
is based on the fact that there is a correlation between heart rate and oxygen volume 
(VO2) at submaximal effort, with units of beats per meter. Several studies have been 
conducted to test the validity of this PCI method, which showed that PCI is a valid 
measuring tool for measuring energy requirements when walking (ECW).12 In post-
stroke patients, the Physiological Cost Index (PCI) has also been used as a 
measurement method.12 Fredrickson25 has conducted research on the use of PCI in 
measuring the ability to walk in post-stroke patients, and the results stated that PCI 
can be used to represent energy requirements when walking in post-stroke 
patients.  Jaiyesimi26 also concluded that PCI is a measurement tool that is easy to 
use, valid, and can be recommended for measuring energy requirements and 
evaluating functional abilities.  

According to Jeong27, the energy required for stroke patients to walk using a walking 
aid was lowest when a single-point cane was used, followed by a quadripod cane and 
a hemi-walker (p<0.01). Kim's28 research discovered that walking with a walking aid 
and climbing stairs as high as 7 cm (p<0.005) can reduce PCI in stroke patients. 
Deltombe29 discovered no significant difference in PCI in stroke patients who walked 
with a rolling cane walker versus a quadripod cane.  

Holder30 and Aiyejusunle31 mention that energy requirements when walking increased 
with the use of a heavier and more complex walking aid (walkers compared to canes), 
whereas without the use of a walking aid the energy requirements were the lowest. 
This is in accordance with the results of this research, except for those without a 
walking aid who have a higher PCI compared to the use of a single-point cane. 
Increased PCI with the use of a more complex walking aid can be caused by the weight 
and complexity of their use, which increase the metabolic rate and cardiopulmonary 
response and can result in increased fatigue. Meanwhile, without a walking aid, the 
muscle weakness that occurs in stroke patients also contributes to an increase in 
metabolic rate and cardiopulmonary response and can further trigger fatigue. Thus, 
that in this research, the PCI results obtained were higher than PCI on a single-point 
cane.30,31 

4.2 Timed Up and Go Test 

The Timed Up and Go Test (TUG test) is a method used to measure the functional 
ability of ambulation, one of which is walking performance. This test can be performed 
on elderly patients, patients with chronic diseases, patients with a high risk of falling, 
and also stroke patients. This test also correlates closely with the 10-meter walk test. 
This test has also proven to be valid for both children, adolescents, adults, and the 
elderly.32 A systematic review stated that the TUG test is a sensitive, valid, and reliable 
indicator for measuring walking performance in post-stroke patients.33 Ng and Hui-
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Chan20, Pollock21, and Chan22 also both stated that the Timed Up and Go Test (TUG 
Test) is a valid, reliable, and easy method of measuring ambulation/walking 
performance. 

The Timed Up and Go Test (TUG Test) is also a simple test to determine the dynamic 
balance status when running. The lower the TUG test value, the lower the risk of falling 
that might occur in stroke patients with walking disorders. Bower34 demonstrated that 
using a walking aid while walking can improve dynamic balance in stroke patients 
(p<0.005). This research states that the results of the TUG test within 14 seconds 
significantly reduce the risk of falling. By increasing the dynamic balance when 
running, the running performance will also increase, whether assessed by the TUG 
test, 10MWT, or 6MWT.34,35 Although it has not been able to increase TUG test results 
by 14 seconds to reduce the risk of falling, the trend of TUG test values in this research 
shows that walking speed is getting better in stroke patients who walk with the use of 
walking aids.  

Elmamoun36 showed that the use of a walker can improve gait patterns, reduce 
postural sway, increase stability, and provide weight support. Fixed walkers are more 
stable but are said to not improve walking performance too much because they are 
stiff, while rollators improve walking performance more because they don't need to be 
lifted, but stability is inferior even though they are equipped with a handbrake.36 

4.3 Walking Speed 

The 10-meter walking test (10MWT) is a method that can be used to measure walking 
performance in post-stroke patients. According to Peters38, the recommended short-
distance walking performance test is the 10-meter walk test. Dalgas40 stated that both 
long (6-minute walk test) and short (10-meter walk test) walking performance tests can 
be used to measure the walking performance of post-stroke patients. The research 
stated that the 10-meter walk test is good for assessing lower limb strength 
performance and walking speed, while the 6-minute walk test is good for assessing 
aerobic capacity and walking distance. Cheng41 also stated that the 10-meter walk test 
is valid and comparable to the 6-minute walk test in measuring walking performance 
in post-stroke patients. 

The results of this research are in accordance with research from Aiyejusunle and 
Hardi, which states that walking speed when using a cane is faster than using a tripod 
and walker (p<0.001). 31,42 According to Jeong27, the best walking speed of a stroke 
patient occurred with the use of a single-point cane, as opposed to a quadripod and a 
hemi-walker (p<0.01). The use of a walker results in a slower walking speed, possibly 
because the walker requires the use of both hands to lift it and then take a step 
forward, step by step. Whereas the use of a single-point cane, apart from being simpler 
and used with one hand, is also lighter. Thus, that it is easier to use and results in a 
faster walking speed. The use of a tripod produces a slower walking speed than a 
single-point cane because a tripod has more legs, which makes a tripod heavier and 
more complex in its use.27,31 

The increase in walking speed as assessed by the 10MWT was also influenced by the 
improvement in dynamic balance when walking as assessed by the TUG test, thus 
improving walking performance in stroke patients with gait disorders.34,35 According to 
the Kim28 research, using walking aids can increase walking speed in stroke patients 
when walking and climbing stairs up to 7 cm high (p 0.005). Deltombe29 who studied 
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walking speed in stroke patients, showed that walking speed also increased with the 
rolling cane walker compared to the quadripod cane (p<0.001). 

4.3 Walking Aids in Stroke Patients  

The results of this research indicate that the use of a single-point cane in stroke 
patients provides the best walking performance compared to other walking aids, as 
indicated by the fastest TUG test value (14.66 seconds) and the fastest 10MWT value 
(0.90 m/ seconds), as well as the lowest energy requirement when walking (0.304 
beats/meter). For this reason, the prescription of single-point canes is recommended 
for post-stroke patients to improve their walking ability. However, the selection of a 
walking aid must still be based on the functional ambulation capabilities of each 
patient. 

Walker has a specific design that can be adjusted to the needs of its users, including 
being foldable and height adjustable. A walker is useful for people who have poor 
coordination and balance; it can be used to reduce weight bearing on both legs; it is 
useful for the elderly and those who are obese; it is useful for long-distance 
ambulation; it is useful for people who have low endurance; and it can be used for 
endurance training. The use of a walker is to improve mobility, stability, and the ability 
to sit, stand, and walk. Meanwhile, the disadvantages of using a walker include being 
difficult to use in crowds or less roomy environmental conditions, difficult to use on 
stairs, and difficult to use on rough and uneven terrain.43,44,45 

The rollator also has design specifications that can be adjusted to the needs of its 
users, including folding, adjustable height, brakes, and adjustable seats. The benefits 
of using a rollator include the ability to reduce weight bearing on both legs, use in the 
elderly, with obesity, for long-distance ambulation, with low endurance, and for 
endurance training. The use of a rollator, besides being able to prevent the risk of 
falling, can also improve mobility, including the ability to sit, stand, and walk. 
Meanwhile, the disadvantages of using a rollator include being difficult to use in 
crowded or less roomy environmental conditions, difficult to use on stairs, and difficult 
to use on rough and uneven terrain.43,44,45 

A cane has design specifications that can be adjusted to the needs of its users: that it 
can be folded, can be adjusted in height, and can have one, three, or four legs. The 
cane is also able to support balance problems and muscle weakness and can improve 
the processes of transfer and mobilization, thereby increasing the user's safety, 
independence, and self-confidence. The advantages of using a cane include being 
relatively inexpensive, functioning well on various surfaces, including stairs, and being 
used more for support than for weight bearing. While its weakness is that it cannot be 
used as a weight-bearing aid and is difficult to use for users who have poor balance 
or are afraid of falling.43,44,45 

In post-stroke patients, energy requirements when walking will increase due to limb 
weakness and other functional disorders. The severity of functional impairment and 
the level of disability can also affect the efficiency and safety of the ambulation 
process. According to Buurke46, stroke patients with hemiparesis have increased 
muscle activity in the erector spinae, gluteus maximus, gluteus medius, vastus 
lateralis, and tibialis anterior muscles, especially when walking. Increased activity of 
these muscles will certainly increase energy requirements. The use of walking aids 
has been shown to reduce the activity of the erector spinae, vastus lateralis, and tibialis 
anterior muscles as measured using surface electromyography (SEMG).11,46 
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The use of walking aids can improve the walking performance of post-stroke patients. 
Elmamoun36 shows that the use of a cane can improve gait patterns, reduce postural 
sway, increase stability, and provide weight support. The use of a quadripod can 
reduce postural sway more than a single-point cane, but the two do not differ in terms 
of balance or stability. Walkers can help patients who have poor balance and have 
difficulty standing or walking. Besides improving their walking patterns, walkers can 
also improve their posture. The fixed walker is more stable but does not really improve 
walking performance because it is stiff, while the rollator improves walking 
performance more because it does not need to be lifted, but the stability is inferior 
even though it is equipped with a handbrake.36 Ademoyegun47 also states that the use 
of a cane can reduce postural sway and improve stability and walking performance. 
Hardi42 stated that the use of walking aids (walkers and canes) improved walking 
performance when compared to not using a walking aid. In this research, gait analysis 
was carried out, which showed that the use of a cane increased speed and stride 
length (stride), decreased cadence, and decreased stride variability, while the use of 
a walker increased walking speed and stride length and reduced the base of support. 
It was stated that walking speed and step variability when using a cane were better 
than when using a walker. In this research, a single-point cane outperformed a fixed 
walker, a rollator, and a quadripod. However, in a comparison of single-point canes 
without the use of a walking aid, while they showed better results for walking 
performance and PCI, they were not statistically significantly different, indicating that 
a single-point cane was not better than not using a walker in this research. This could 
be because the patient can already walk and performed well on the TUG and 10-meter 
walk tests without using a walking aid. 
 
5. RESEARCH LIMITATION  

Several factors can influence the results of this research. The first is the complexity of 
using different walking aids, which makes it possible for research subjects to 
experience difficulty adapting to their use. Second, the research subjects had used 
one particular walker for daily ambulation. Thus, they were more used to using it. Third, 
the subjects in this research could walk as far as 10 meters without using a walking 
aid. Thus, their ambulation abilities were relatively good. Fourth, initial data on gait 
speed, balance, and gait patterns in research subjects have also yet to be considered 
for their influence on research results. For further research, to make the results more 
convincing, other comparisons are needed to assess walking performance, for 
example, walking pattern analysis, and other comparisons to assess energy 
requirements when walking, for instance, by using a walking test or training test that 
can be converted into specific and valid energy requirement units. Furthermore, initial 
data on the walking speed and balance of research subjects also need to be 
considered for their influence on research results. 
 
6. CONCLUSIONS  

According to this research, walking with a single-point cane is associated with lower 
energy costs and higher walking performance than a fixed walker, rollator, and 
quadripod cane. Walking aids significantly reduced energy expenditure and improved 
walking performance in stroke patients with ambulation problems. Our analysis 
revealed that a single-point cane requires less energy and permits more excellent 
performance for stroke patients who can already walk with a walking aid. 
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