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OBJECTIVE: To compare the energy expenditure in patients with unilateral knee osteoarthritis while walking with canes of differ-
ent lengths. 
METHODS: A quasi-experimental study (single-group) was carried out on thirty patients with unilateral knee osteoarthritis. An ad-
justable aluminum cane was used, and three different cane lengths were determined for each subject: C1 – length from the floor to the 
greater trochanter; C2 – length from the floor to the distal wrist crease; and C3 – length obtained by the formula: height x 0.45 + 0.87 
m. Resting and walking heart rates were measured with a Polar hear rate meter. Walking speed was calculated by the time required for 
the patient to walk 10 m. Gait energy cost was estimated using the physiological cost index, and results were compared.
RESULTS: The sample consisted of 25 women and five men (average age of 68 years). Statistically significant differences in physi-
ological cost index measurements were observed between unassisted walking and assisted walking with a cane of any length (p<0.001), 
as well as between walking with a C2-length cane and unassisted walking, and walking with a C1-length cane and walking with a 
C3-length cane (p=0.001; p = 0.037; p=0.001; respectively).
CONCLUSION: These data demonstrate that small alterations in the length of canes used for weight-bearing ambulation in patients 
with unilateral knee osteoarthritis increase the energy expenditure measured by the physiological cost index during walking. Further 
studies are needed for a more precise quantification of the increase in energy expenditure during cane-assisted gait and an assessment 
of the effectiveness of cane use in relieving pain and improving function in patients with knee osteoarthritis.
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Introduction

Osteoarthritis (OA) is the most common joint disease 
worldwide, and is characterized by progressive alterations 
in joint cartilage and substantial regenerative changes due 
to the formation of new subchondral bone (osteophytes and 
sclerosis).1 Patients with knee osteoarthritis normally present 
with gait changes as a result of muscle weakness, pain, joint 
deformity and joint instability, leading to gait instability and 
increased energy requirements for walking. This, in turn, in-
creases fatigue and muscle weakness.2 

Canes are commonly prescribed on an outpatient basis. The 
main functions of these mobility aids are to increase the support 

base, improve balance, and share the body weight load with the 
upper limbs, which is achieved by directly applying force to the 
handle of the cane. Canes also increase patient confidence in 
the performance of daily activities and reduce the risk of falls3 

that is an important issue in the elderly population.4 Patients 
with knee OA frequently have to use canes during walking to 
improve gait, reduce stress on the joints, and spare the contral-
ateral side, which is normally overloaded.5,6

Of the many types of canes available, wooden and adjust-
able aluminum canes are among the most widely used.7,8 The 
cane handle is also important and should be selected primarily 
on the basis of patient comfort and the capacity to provide an 
adequate surface for effective weight transfer from the upper 
limbs to the ground. The handle should permit the weight to 
be conveyed to the center of the cane, thereby increasing the 
support base and improving the patient’s balance.3 Different 
methods have been used to estimate the appropriate length 
of a cane. Measurements of cane length from the floor to the 
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greater trochanter of the femur or from the floor to the distal 
wrist crease are the most common methods used. Cane length 
can also be determined by the formula: Height of the Indi-
vidual (meters) x 0.45 + 0.87 m.9

Canes are normally used on the contralateral side, and 
during walking, the affected lower limb is advanced together 
with the contralateral upper limb carrying the cane following 
the normal gait pattern.3 However, the use of a contralateral 
cane has not yet been proven to be the best approach. In cases 
of continuous pain or diseases affecting both sides, the use of 
an ipsilateral cane might be indicated, but these cases should 
be carefully evaluated in order to identify the most beneficial 
side for the patient.10 

To our knowledge, no studies have yet been conducted 
to determine the effect of cane use on energy expenditure in 
patients with knee osteoarthritis. The objective of the present 
study was to compare energy expenditure in patients with 
unilateral knee osteoarthritis during walking with canes of 
different lengths. 

patients and Methods

Thirty patients with unilateral knee osteoarthritis were con-
secutively selected from the Rheumatology Outpatient Clinics 
and were invited to participate in this study. Knee osteoarthri-
tis was classified according to the clinical and radiographic 
criteria of the American College of Rheumatology.11 Patients 
with other rheumatic or osteomuscular diseases in the lower 
limb or upper limb that would handle the cane were excluded 
from the study, as well as patients who had prior experience 
with canes. The study was approved by the Ethics Committee, 
and patients who fulfilled the criteria were evaluated. Height, 
weight, OA classification through X-ray analysis, duration of 
osteoarthritis, dominance, affected side, presence of pain and 
crepitation, knee and elbow range of motion, cane length, rest-
ing heart rate (RHR), walking heart rate (WHR) and walking 
velocity (WV) were determined for all patients.

An adjustable aluminum cane equipped with a telescopic 
system was used, and the cane length was determined for 
each individual as follows: Cane 1 (C1) - from the floor to the 
greater trochanter; Cane 2 (C2) - from the floor to the distal 
wrist crease; and Cane 3 (C3) - using the formula L = H x 0.45 
+ 0.87 m.8 The elbow flexion angle provided by each cane was 
determined with a goniometer.

Gait was analyzed in the Gait Laboratory, where the pa-
tient was instructed to grip the cane with the contralateral hand 
and follow a normal gait pattern. RHR was measured with a 
Polar Heart Rate Monitor – A3 (Polar Electro Oy - Finland). 
The patient was then asked to walk at their normal gait veloc-
ity 10 times over a distance of 10 m, and WHR was recorded 
each time the patient crossed a line marked at the center of the 

course. WHR was measured during walking without a cane 
(WWC) as well as walking with C1 (WC1), walking with C2 
(WC2) and walking with C3 (WC3), providing the mean of 
10 WHR measurements for each variable. The patient rested 
for 10 min between measurements to allow the heart rate to 
return to baseline. The results of these 10 measurements were 
used to calculate the mean velocity. Based on these data, gait 
energy cost was estimated using the physiological cost index 
(PCI),12 which was calculated according to the formula PCI 
= (WHR – RHR)/WV, and the results were compared among 
groups. Data are presented as mean and standard deviation or 
percentage when appropriate. Differences between measure-
ments were tested by the Student’s t-test. The significance 
level was set at p < 0.05.

Results

The sample consisted of 25 women (83.3%) and five men 
(16.7%), ranging in age from 48 to 92 years, with an average 
age of 68 years. Based on the criteria of the American Col-
lege of Rheumatology,11 most patients (76.6%) had Grade II 
and Grade III osteoarthritis. Symptom duration ranged from 
three months to 20 years. All patients were right-handed, but 
53.3% had osteoarthritis in the left knee. Pain was reported by 
93.3% of the patients, and crepitation was present in 96.7%. 
The clinical characteristics of this population are summarized 
in Table 1.

Mean cane length was 83.1 cm for C1, 78.6 cm for C2, 
and 79.7 cm for C3, with a significant difference observed 
between C1 and the other cane lengths (p < 0.001), and no 
significant difference between C2 and C3 (p = 0.148). The 
elbow flexion angle that these cane lengths imposed averaged 

Table 1 - Clinical characteristics of patients with knee os-
teoarthritis (OA)

Sex (n) Female 25

Male 5

Age / years (Mean ± SD) 65.7 ± 9.2

OA grade (n) 1 5

2 14

3 9

4 2

Duration of OA / years (Mean ± SD) 6.3 ± 5.8

Dominance (n) Right 30

Left 0

Affected side (n) Right 14

Left 16

Pain (n) Yes 28

No 2

Crepitation (n) Yes 29

No 1
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37.6º for C1, 28.3º for C2 and 29.3º for C3, with a significant 
difference again observed between C1 and the other cane 
lengths (p < 0.001), while no statistically significant difference 
was found between C2 and C3 (p > 0.999).	

Table 2 displays RHR, WHR, WV, and PCI measurements 
during walking with and without canes. No statistically signifi-
cant differences were found in RHR measured before WWC 
and before walking with the different canes (WC1, WC2 
and WC3). WHR differed significantly between WWC and 
walking with canes (p < 0.001), whereas no difference was 
observed in WHR among WC1, WC2 and WC3. Significantly 
higher WV was observed in patients walking without canes 
than that of patients walking with canes (p < 0.001), while no 
difference in WV was observed among WC1, WC2 and WC3 
(p = 1.000). Mean PCI obtained during walking was 0.17 
for WWC, 0.28 for WC1, 0.25 for WC2, and 0.28 for WC3  
(Figure 1). Significant differences in PCI were observed 
between WWC and the other measurements (p < 0.001), and 
between WC2 and the other measurements (WWC, p = 0.001; 
WC1, p = 0.037; WC3, p = 0.001), while no difference in PCI 
was observed between WC1 and WC3 (p > 0.999). 

Discussion

These results demonstrate that small changes in the length 
of canes used for walking in patients with unilateral knee os-

teoarthritis can increase energy expenditure, suggesting that 
special attention should be given to the use of mobility devices 
in this population. The cane length in the present study could 
not be fixed to an exact length, so the cane was adjusted as 
close as possible to the desired length.

The desired elbow flexion angle reported in the literature 
for cane use is estimated to be between 20 and 30 degrees.8 
In the present study, C2 and C3 allowed elbow flexion angles 
similar to these values, although angles between 30 and 40 
degrees were also observed with these cane lengths in some 
patients. The C1 cane length was furthest from the desired 
angle of elbow flexion and was also the only cane length that 
permitted an elbow flexion angle between 40 and 50 degrees, 
which is usually not recommended for a weight-bearing 
cane.

RHR did not differ significantly among the four time 
points studied. This suggests that the resting time between 
each walk was sufficient, which is important for excluding any 
HR influence on the PCI calculation. We found that WHR was 
significantly higher while walking with a cane than without 
a cane. This can be explained by the greater effort associated 
with walking with canes, especially in patients that have not 
had an adaptation period.

We observed a statistically significant reduction in WV 
during walking with the different canes (WC1, WC2 and 
WC3) as compared to WWC. We believe that one of the 
reasons for this is that this was the patients’ first experience 
with a cane, and that this could have been avoided by the in-
troduction of a period of adaptation to the cane. In the present 
study, patients were instructed to walk at their normal velocity; 
however, some authors have suggested the establishment of a 
gait speed, since this velocity has a linear relationship with 
energy expenditure.13,14 Pagliarulo et al.15 reported that during 
walking with canes and prostheses, energy expenditure was 
lower when the patient was allowed to walk at a self-selected 

Table 2 - RHR, WHR, WV and PCI measurements (mean ± 
SD) for patients with knee osteoarthritis while walking with 
and without canes

resting heart rate (beats/minute) WWC 77.1 (10.1)

WC1 77.3 (10)

WC2 78.1 (9.9)

WC3 77 (9.4)

walking heart rate (beats/minute) WWC 85.2 (9.8) *  ×
WC1 88.1 (9.9)

WC2 87.7 (9.6)

WC3 87.8 (9.8)

walking velocity (meters/minute) WWC 46 (9.6) *  ×
WC1 38.4 (7.4)

WC2 38.6 (6.8)

WC3 38.6 (6.4)

physiological cost index (beats/meters) WWC 0.17 (0.07) *  ×
WC1 0.28 (0.10) ° •
WC2 0.25 (0.10) ∝ × ∇
WC3 0.28 (0.10) ° φ

WWC = walking without cane; WC1 = walking with a cane length to the 
greater trochanter; WC2 = walking with a cane length to the distal wrist 
crease; WC3 = walking with a cane length obtained by the formula: Length = 
Height x 0.45 + 0.87 m; * p < 0.01 compared to WC1;  p < 0.001 compared 
to WC2; × p < 0.01 compared to WC3; ° p < 0.01 compared to WWC; • p < 
0.05 compared to WC2; ∝ p < 0.05 compared to WC1; ∇ p < 0.05 compared 
to WWC; φ p < 0.01 compared to WC2. 

Figure 1 - Mean energy expenditure (Physiological cost index – PCI) in 
patients with knee OA while walking without a cane (WWC), walking with 
a cane length to the greater trochanter length (WC1), walking with a cane 
length to the distal wrist crease (WC2) and walking with a cane length ob-
tained by the formula: individual height x 0.45 + 0.87 m (WC3)
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velocity than when stimulated to achieve a target velocity. 
Nonetheless, this phenomenon probably did not influence our 
results, as patients were tested in four different situations.

The PCI obtained for WWC was lower than that observed 
for walking with canes, regardless of cane length. This result 
clearly demonstrates that cane use increases energy expendi-
ture in patients with knee osteoarthritis. Several authors have 
reported that canes used for weight-bearing ambulation lead to 
greater energy expenditure,16-20 but none of these studies were 
carried out on patients with knee OA. The PCI index is a low 
technology technique that has been proposed as an alterna-
tive to the measurement of VO

2
, due to the linear relationship 

between HR and oxygen consumption during submaximal 
exercise.21-24 Accordingly, some authors have demonstrated 
that VO

2
 and PCI yield comparable results.12,23,25,26

The comparison of the three methods used for the choice 
of cane length revealed that C2 was associated with the low-
est energy expenditure, even though C2 was similar to C3 
in length. The small size of this sample probably prevented 
the detection of statistically significant differences in energy 
expenditure associated with cane length. 

These findings are in contrast with those obtained by 
Mullins and collaborators,27 who suggested that, within cer-
tain limits, cane length does not modify energy expenditure 
during gait. However, that study was conducted on healthy 
individuals, so their results may not apply to individuals 
with gait motor disturbances. We therefore believe that cane 
length should be taken into account for patients with knee 
osteoarthritis in order to minimize the increase of energy 
expenditure during gait. Only a few studies have analyzed 
energy expenditure during cane-assisted walking, and to our 
knowledge, none have involved patients with knee osteoar-
thritis. This prevents any comparison of the present results 
with those in the literature. 

These data demonstrate that small alterations in the length 
of canes used for weight-bearing ambulation in patients with 
unilateral knee osteoarthritis increase the energy expenditure 
(PCI) during walking. Further studies are needed for a more 
precise quantification of the increase in energy expenditure 
during cane-assisted gait, along with an assessment of the 
effectiveness of cane use in reducing pain and improving func-
tion in patients with knee osteoarthritis. 

References

1.	 Bullough PG. Osteoarthritis and related disorders: Pathology. In: Klipel 
JH, Dieppe PA. Rheumatology. 1999;8:8.1-8.8.

2.	 Cyrus C. Osteoarthritis and related disorders: Epidemiology. In: Klipel 
JH, Dieppe PA. Rheumatology. 1999;8:2.1-2.8.

3.	 Schmitz TJ. Treinamento de marcha com dispositivos auxiliares. 
In: O’Sullivan SB; Schmitz TJ. Fisioterapia:Avaliação e tratamento. 
1993;337-40.

4.	 Ishizuka MA; Mutarelli EG; Yamaguchi AM; Filho WJ. Falls by elders 
with moderate levels of movement functionality. Clinics. 2005;60:41-6.

5.	 Hochberg MC; Altman RD. Guidelines for the medical management of 
the medical management of osteoarthritis Part.II osteoarthritis of de knee. 
Arthritis & Rheumatism. 1995;11:1541-6.

6.	 Joyce BM, Kirbi RL. Canes, Crutches and Walkers. Am Fam Physician. 
1991;43:535-42.

7.	 Blount WP. Don’t throw away the cane. J Bone Jt Surg Am. 
2003:85-A:695-58.

8.	 Dean E; Ross J. Relationships among cane fitting, function, and falls. 
Phys Ther. 1993;73:494-500.

9.	 Kumar R.; Roe MC; Scremin OU. Methods for Estimating the proper 
Length of a cane.Arch Phys Med Rehabil. 1995;76:1173-5.

10.	 Vargo MM, Robinson LR, Nicholas JJ. Contralateral X Ipsilateral cane 
use: effects on muscle crossing the Knee joint. Am J Phys Med Rehabilit. 
1992;71:170-6.

11.	 Altman RD, Asch E, Bloch D, Bole G, Borenstein D, Brandt K, 
et al. The American College of Rheumatology criteria for the 
classification and reporting of osteoarthritis of the knee. Arthritis Rheum. 
1986;29:1039-49.

12.	 MacGregor J. The objective measurement of physical performance 
with long term ambulatory physiological surveillance equipment 
(LAPSE). In: Stott FD; Raftery EB; Guolding GL. Proceedings of 3rd 
International Symposium on ambulatory monitoring. London: Academic 
Pr. 1979:29-39.

13.	 Blessey RL, Hislop H, Waters R. Metabolic Energy cost of unrestrained 
walking. Phys Ther. 1976;56:1091-24.

14.	 Ralston HJ. Energy speed relation and optimal speed during level walking. 
Int Z Angew Physiol. 1958;17:277-83.

15.	 Pagliarulo MA, Waters R, Hislop HJ. Energy cost of walking of below-
knee amputees having no vascular disease. Phys Ther. 1979;59:538-42.

16.	 Andriacchi TP, Ogle JA, Galante JO. Walking speed as a basis for normal 
and abnormal gait measurements. J Biomecha. 1977;62:250-6.

17.	 Hinton CA, Cullen KE. Energy expenditure during ambulation with ortho 
crutches and axillary crutches. Physical Therapy. 1982;62:813-19.

18.	 Holder CG, Haskivitz EM, Weltman A. The effects of assistive devices 
on the oxygen cost, cardiovascular stress, and perception of nonweight-
baering ambulation. J Orthop Sports Phys Ther. 1993;18:537-42.

19.	 Imms FJ, MacDonald IC, Prestidge SP. Energy expenditure during walking 
in patients recovering from fractures of the leg . Scan J Rehabil Med. 
1976;8:1-9.

20.	 McBeath AA, Barrke M, Balke B. Efficiency of assisted ambulations 
determined by oxygen consumption measurement. J Bone Joint Surg. 
1974;56:994-1000.

21.	 Boyd R, Fatone S, Rodda J. High-or-low technology measurements of 
energy expenditure in clinical gait analysis. Dev Med Child Neurol. 
1999;41:676-82.

22.	 Bowen TR, Lennon N, Castango P, Miller F, Richards J. Variability of 
energy-consumption measures in children with cerebral palsy. J Pediatr 
Orthop. 1998;78:738.

23.	 Hood VL, Granat MH, Maxwell DJ, Hasler JP. A New method of using 
heart rate to represent energy expenditure: The total heart rate beat index. 
Arch Phys Med Rehabil. 2002;83:1266-73.

24.	 Ijzerman MJ, Baardman G. Validity and reproducibility of crutch force 
and heart rate measurements to assess energy expenditure of paraplegic 
gait. Arch Phys Med Rehabil. 1999;80:1017-23.

25.	 Bailey MJ, Ratclife CM. Reliability of physiological cost index 
measurement in walking normal subjects using steady-state, nonsteady-state 
and post-exercise heart rate recording. Physiotherapy. 1995;81:618-23.

26.	 Nene AV. Physiological cost index of walking in able-bodied adolescents 
and adults. Clin Rehabil. 193;7:319-26.

27.	 Mullins R, Dent RM. Crutch Length: Effect on energy cost and activity 
intensity in non-weight-bearing ambulation. Arch Phys Med Rehab. 
2000;81:569-72.


