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SUMMARY

This study was designed to investigate the effects of cane usage, for three weeks, on pain severity, stiff-
ness, physical functioning and gait characteristics of patients with osteoarthritis of knee. 
Fifteen patients (9 women, 6 men) with an average age of 53.1 ± 9.7 years, having osteoarthritis of knee
but free of symptoms from their hips or ankle joints were enrolled into the study. Sociodemographic and
clinical characteristics were documented. The outcome parameters, measured before and after three we-
eksÕ cane usage, were Western Ontario and Mc Master University Osteoartritis Index and time-distance
(walking velocity, step time, step length), kinematic (joint rotation angles of knee in sagittal and coronal
planes) and kinetic (adductor and extensor moments of knee and scaled vertical ground reaction forces)
characteristics of gait using a three-dimensional computerized gait analysis system. After the first as-
sessment, all the patients were instructed to use a standard adjustable aluminum cane for three weeks.
There was not a significant difference in assessed parameters after the usage of cane. A slight decrease
in walking velocity was observed after the usage of a cane from 1.0 ± 0.06 m/sec to 0.96 ± 0.04 m/sec.
However, the adductor and extensor moments, and vertical ground reaction forces which are the major
determinants of knee loading did not differ with cane usage. 
In conclusion, this study could not show a significant effect of cane usage for three weeks on pain se-
verity, stiffness, physical functioning, and kinematic and kinetic gait characteristics of patients with os-
teoarthritis of knee.
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�ZET

DÜZ OSTEOARTRÜTÜ OLAN HASTALARDA BASTON KULLANIMININ KLÜNÜK VE Y�R�Y�Þ DEÚÜÞKENLE-
RÜ �ZERÜNE ETKÜSÜ

Bu �alÝßma, diz osteoartriti olan hastalarda �� haftalÝk baston kullanÝmÝnÝn, aÛrÝ ßiddeti, tutukluk, fiziksel
fonksiyonellik ve y�r�y�ß deÛißkenleri �zerine etkilerini araßtÝrmak amacÝyla planlandÝ. 
�alÝßmaya, diz osteoartriti tanÝsÝ alÝp, kal�a ve ayak bileklerinde yakÝnmasÝ olmayan, yaß ortalamalarÝ 53,1
± 9,7 yÝl olan 15 hasta (9 kadÝn, 6 erkek) alÝndÝ. Sosyodemografik ve klinik �zellikleri kayÝt edildi. AÛrÝ
ßiddeti, tutukluk, fiziksel fonksiyonellik ÒWestern Ontario and Mc Master University Osteoartritis IndexÓ
ile y�r�y�ß�n zaman-uzaklÝk (y�r�y�ß hÝzÝ, adÝm uzaklÝÛÝ ve s�resi), kinematik (sagital ve koronal plan-
da diz eklem hareket a�ÝlarÝ) ve kinetik (dizin adduktor ve ekstans�r momentleri ve dik yer tepkime kuv-
veti) deÛißkenleri �� boyutlu bilgisayarlÝ y�r�me analizi kullanÝlarak tedavi �ncesi ve sonrasÝ olmak �ze-
re iki defa deÛerlendirildi. Ülk deÛerlendirmeden sonra hastalara �� hafta kullanmalarÝ i�in standart ayar-
lanabilir aluminyum baston verildi. 
�� haftalÝk baston kullanÝmÝ sonrasÝnda deÛerlendirilen deÛißkenlerin hi�birinde istatistiksel olarak an-
lamlÝ deÛißme olmadÝÛÝ g�zlendi. Baston kullanÝmÝ ile y�r�y�ß hÝzÝnda 1,0 ± 0,06 m/snÕden,  0,96 ± 0,04
m/snÕye olacak ßekilde hafif bir d�ßme olduÛu izlendi. Dizde y�klenmenin ana g�stergeleri olan dizin ad-
dukt�r ve ekstans�r momenti ve dik yer reaksiyon kuvvetlerinde �� haftalÝk baston kullanÝmÝ ile bir de-
Ûißiklik olußmadÝ.
Sonu� olarak bu �alÝßmada, diz osteoartriti olan hastalarda �� haftalÝk baston kullanÝmÝnÝn, aÛrÝ ßiddeti,
tutukluk, fiziksel fonksiyonellik ve y�r�y�ß deÛißkenleri �zerine olumlu bir etkisi g�sterilememißtir. 
Anahtar Kelimeler: Osteoartrit, diz, baston, y�r�me analizi, WOMAC.
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raphs (weight-bearing, antero-posterior view x-

rays) were used to demonstrate the degree of OA

in terms of joint space narrowing and osteophyte

formation. Entry criteria consisted of, willingness to

participate in the study, being older than 40 years

of age, and having radiographic evidence of Kellg-

ren and Lawrence grade II-III OA of the knee. Os-

teoarthritis of the hips, ankles and feet were ruled

out during the medical history. The subjects had

OA of the knees and associated symptoms (joint

pain, tenderness, swelling, crepitus and improved

mobility) for more than 2 years. However, none of

the subjects had any type of surgery or had been

using cane.

Patients were evaluated twice, before and after

3 weeks of cane usage. Canes were the standard

adjustable aluminum functional grip canes. Height

of the cane was adjusted so that the top of the ca-

ne corresponded to the top of the greater trochan-

ter. The lower tip of the cane was placed at a point

15cm. lateral to the litle toe (8). After the initial eva-

luation, all of the patients were trained for three-po-

int walking using cane and for shifting weight to ca-

ne, by the same physiotherapist. Patients were

instructed to use their cane in the hand, contralate-

ral to the most symptomatic side, for three weeks

inside and outside their house.  

The outcome parameters, measured before and

after the intervention (three weeksÕ cane usage)

were 1) Pain, stiffness and physical functioning

subscores of Western Ontario and Mc Master Uni-

versity Osteoartritis Index (WOMAC) 2) Time-dis-

tance, kinematic and kinetic characteristics of gait

using a three-dimensional computerized gait analy-

sis system.

WOMAC is a tri-dimensional, disease-specific,

self-administered, health status measure. It probes

clinically important, patient-relevant symptoms in

the areas of pain, stiffness and physical function in

INTRODUCTION

Osteoarthritis (OA) is the most prevalent joint dise-

ase in older adults, and knee is the second most

commonly afflicted joint of osteoarthritis. According

to the American College of Rheumatology (ACR)

Guidelines for the Medical Management of Oste-

oarthritis, the goals of management for patients

with OA of the knee are to control pain and other

symptoms, maintain/improve joint mobility, minimi-

ze disability, and educate patients and their famili-

es about the disease and its therapy (1). The Gu-

ideline specify ambulatory assisstive devices under

the Ònon-pharmacological therapy modalitiesÓ. Ca-

nes are among the most commonly prescribed am-

bulatory devices. They are helpful in unloading pa-

inful joints and in stabilizing the ambulation in pati-

ents with impaired balance (2). In physical medici-

ne and rehabilitation clinics, patients with knee OA

are usually instructed to use canes to protect the

involved joints from mechanical damage and pre-

vent overloading of the knees (3). 

In most of the western countries, canes are the

symbol of power and aristocracy (4). However, in

Turkey, many patients with osteoarthritis are usu-

ally psychologically unprepared to accept an ambu-

latory aid and they usually suggest that they feel ol-

der or disabled while using a cane.

Although there are several studies in the litera-

ture regarding the effects of cane usage on bi-

omechanics of hip joint, biomechanical characteris-

tics of knee joint has not been investigated before

(5-7). This study was designed to investigate the

effects of cane usage on pain severity, stiffness,

physical functioning and gait characteristics of pati-

ents with osteoarthritis of knee.

MATERIAL AND METHOD

Subjects were 15 patients (9 women, 6 men) with

an average age of 53.1 ± 9.7 years. Knee radiog-
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patients with the hip and/or knee. The index con-

sists of 24 questions (5 pain, 2 stiffness, 17 physi-

cal function) and can be completed in less than 5

minutes. WOMAC is valid, reliable, and sufficiently

sensitive to detect clinically-important changes in

health status following a variety of interventions (9-

10). 

Computerized gait analysis has been used to

quantify objectively the changes on biomechanics

of walking for patients with knee OA. Sagittal plane

knee joint rotation angles, peak extensor and ad-

duction moments and peak scaled vertical ground

reaction forces are the most recommended variab-

les for the outcome studies of knee OA (11-16). Fif-

teen passively reflective markers were placed on

standard and specific anatomical landmarks: sac-

rum, bilateral anterior superior iliac spine, middle

thigh, lateral knee (directly lateral to axis of rotati-

on), middle shank (the middle point between the

knee marker and the lateral malleolous), lateral

malleolous, heel and forefoot between the second

and third metatarsal head (17). After the subjects

had been instrumented with retro-reflective mar-

kers, they were instructed to walk at a self-selected

speed over a 10-meter walkway during which data

capture was completed. Best data of three trials

used in analysis. The trial, in which all the markers

were clearly and automatically identified by the

system, was determined as best data. Three di-

mensional gait data were collected with the Vicon

370 systema and two Bertec forceplates. Concomi-

tant vidotape recordings of the subjectsÕ gait were

also performed. Five cameras recorded (at 60Hz)

the three-dimensional spatial location of each mar-

ker as the subject walks. Time-distance (walking

velocity, step time, step length), kinematic (joint ro-

tation angle of knee in sagittal and coronal plane)

and kinetic (scaled vertical ground reaction forces,

extensor and adductor moments of knee) variables

were processed using Vicon Clinical Manager soft-

ware. Calibration of the motion analysis system

was performed daily. Anthropometric data inclu-

ding height, weight, leg length and joint width of the

knee and ankle were collected.

Data analysis was performed using SPSS for

Windows version 9.0b. Wilcoxon matched-pairs

signed-ranks test was used to determine the diffe-

rences of pain severity, stiffness, physical functi-

oning and gait characteristics between walking with

or without a cane.

RESULTS

Mean ± SD age of the fifteen patients was 53.1 ±

9.7 years. Nine of them were female, all of the pa-

tients had bilateral involvement (7 with grade II, 8

with grade III radiological evidence score) and the

average disease duration was 4.6 ± 3.4 years. Me-

an ± SD values for WOMAC and gait characteris-

tics were presented in Table I. There was not a sta-

tistically significant difference between walking,

with and without a cane, in terms of neither pain se-

verity, stiffness, physical functioning, nor time-dis-

tance, kinematic and kinetic variables of gait. A

slight decrease in walking velocity was observed

while walking with a cane from 1.0 ± 0.06 m/sec to

0.96 ± 0.04 m/sec. However, the adductor and ex-

tensor moments, and vertical ground reaction for-

ces which are the major determinants of knee lo-

ading did not differ with cane usage.  

DISCUSSION

In this study we could not find a significant effect of

cane usage, for three weeks, on pain severity, stiff-

a VICON, Oxford Metrics Limited, 14 Minns Estate, West Way, Oxford,
OX2 OJB

b Statistical Package for the Social Sciences (SPSS) for Windows, Ver-
sion 9.0; SPSS Inc., 444 N. Michigan Avenue, Chicago, IL.
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ness, physical functioning, and kinematic and kine-

tic gait characteristics of patients with osteoarthritis

of knee. In previous studies, it has been shown that

canes increase stability, augment muscle action

and reduce the load on weight bearing structures

(18). Decreasing the loads applied to damaged ar-

ticular surfaces may help decrease the pain asso-

ciated with osteoarthritis for some patients. Canes

are are thought to decrease symptoms by decre-

asing loads on severely involved areas of the joint

(2). 

Being an objective and reliable tool, computeri-

zed gait analysis has been suggested for the out-

come studies of knee OA (11-16). In order to docu-

ment the effectiveness of cane usage on knee joint

loading and gait deviations, we used knee excursi-

on in sagittal and coronal plane, extensor and ad-

ductor moments of the knee and peak scaled verti-

cal ground reaction forces. Instead of maximum

and minimum joint rotation angles, total excursions

has been used for kinematic analysis. Carlson et

al. suggested to use the total excursion (peak flexi-

on Ð peak extension joint rotation angles in degre-

es) of pelvis, hip, knee and ankle in the data analy-

sis rather than actual maximum and minimum valu-

es to minimize errors inherent in minor changes in

marker placement between sessions (19). 

It has been shown that higher adductor and ex-

tensor moments are the major determinants of the

higher loading at the knees with OA (14,15). The

patients with knee OA try to reduce internal knee

extensor moments to reduce the knee joint loading.

Although computerized gait analysis could not me-

asure the loading of knee joint directly, adductor

and extensor moments and scaled vertical ground

reaction forces are shown to be reliable enough to

demonstrate joint loading. Our patients used the

cane for three weeks before the second assess-

ment. This period is enough to expect some chan-

ges in kinematic and kinetic gait parameters. Besi-

des, at least pain severity should have been impro-

ved in the first week, if cane had significant effects

on load distrubution of joints. 

Kuan et al. investigated the effect of cane on

gait of stroke patients and suggested that walking

with a cane had kinematics more normal than tho-

Table I: Mean values ± SD for WOMAC (pain, stiffness, physical function), walking velocity, step length, step time, excursion
of knee in sagittal and coronal planes; vertical ground reaction force (1st peak) of patients with and without cane

Without cane With cane P

WOMAC pain 19.8 ± 10.2 19.6 ± 10.0 0.920
WOMAC stiffness 9.5 ± 5.3 9.6 ± 5.0 0.891
WOMAC physical function 39.5 ± 33.0 39.4 ± 33.5 0.964
Walking velocity (m/sec) 1.0 ± 0.06 0.96 ± 0.04 0.873
Step length (m) 0.60 ± 0.02 0.62 ± 0.04 0.871
Step time (sec) 58.21 ± 2.1 60.11 ± 3.2 0.611
Knee excursion in sagittal plane 64.1 ± 11.2 64.0 ± 10.5 0.989

(in degrees)
Knee excursion in coronal plane 21.2 ± 0.8 20.3 ± 0.9 0.912

(in degrees)
Knee extensor moment (Nw/kg) 40.8 ± 7.1 41.8  ± 5.6 0.783
Knee adductor moment (Nw/kg) 0.18 ± 0.16 0.19  ± 0.11 0.785
Vertical ground reaction force 89.0  ± 4.7 89.5  ± 4.6 0.978

1st peak (Newtons/%bodyweight)
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se of patients without a cane (20). Ashton-Miller

and associates studied the use of a cane by perip-

heral neuropathy patients and concluded that cane

use significantly reduced their risk of losing balan-

ce on unstable surfaces (21). It is also well known

that contralateral cane use can reduce total forces

across the hip joint (22). However, the studies of 10

able-bodied subjects by Vargo et al. revealed that

contralateral cane use did not result in uniformly

decreased muscular activity around the knee joint

(23). Contralateral cane usage is advised to main-

tain a resiprocal gait pattern; however, if this is not

effective in reducing pain, a trial of ipsilateral cane

usage has been recommended. Vargo et al did not

report a difference betweeen contralateral versus

ipsilateral cane usage in terms of reducing muscle

activity at the knee (23). In their study, cane-assis-

ted ambulation was not found to significantly lower

strain magnitudes; however, tibial strain rates were

significantly lowered by both ipsilateral and contra-

lateral cane usage. They conclude that either ipsi-

lateral or contralateral cane usage may be benefi-

cial when lowering tibial strain rate is desired, such

as in the treatment of tibia stress fracture or oste-

oarthrosis of the knee. In this study, our patients

had bilateral pain and osteoartritic involvement of

the knees, so that, changing the side of the cane

would not be meaningful. Patients were instructed

to use their cane in the hand, contralateral to the

most symptomatic side.

In conclusion, this study could not show a signi-

ficant effect of cane usage for three weeks on pain

severity, stiffness, physical functioning, and kine-

matic and kinetic gait characteristics of patients

with osteoarthritis of knee.

REFERENCES

1. Hochberg MC, Altman R, Brandt K, Clark B, Dieppe P, Grif-
fin M, et al. Guidelines for the medical management of os-
teoarthritis: part II. Osteoarthritis of the knee. Arthritis
Rheum 1995;38:1541-46.

2. Deathe AB, Hayes KC, Winter DA. The biomechanics of ca-
nes, crutches, and walkers. Crit Rev Phys Rehabil Med
1993;5:15-29.

3. Buckwalter JA. Cartilage repair in osteoarthritis. Ostoarth-
ritis Diagnosis and Medical/Surgical Management. Mos-
kowitz RW, Howell DS, Goldberg VM, Mankin HJ, Phila-
delphia, W.B. Saunders, 1992:91.

4. Lyu SR, Ogata K, Hoshiko I. Effects of a cane on floor re-
action fprce and center of force during gait. Clin Orthop
Rel Res 2000;375:313-9.

5. Krebs DE, Robbins CE, Lavine L, Mann RW. Hip biomec-
hanics during gait. J Orthop Sports Phys Ther
1998;28:51-9. 

6. McGibbon CA, Krebs DE, Mann RW. In vivo hip pressures
during cane and load-carrying gait. Arthritis Care Res
1997;10:300-7. 

7. Brand RA, Crowninshield RD.The effect of cane use on hip
contact force. Clin Orthop  1980; 147:181-4. 

8. Kumar R., Roe MC, Scremin OU. Methods for estimating
the proper length of a cane. Arch Phys Med Rehabil
1995;76:1173-5.

9. Bellamy N. Musculoskeletal Clinical Metrology Lancaster
UK: Kluwer Academic Publishers, 1993:320-9.

10. McConnell S, Kolopack P, Davis AM. The Western Ontario
and McMaster Universities Osteoarthritis Index (WO-
MAC): A review of its utility and measurement properties.
Arthritis Care Res 2001;45:453-61.

11. Schnitzer TJ, Popovich JM, Andersson GBJ, Andriacchi
TP. Effect of piroxicam on gait in patients with osteoarth-
ritis of the knee. Arthritis Rheum 1993;36:1207-13.

12. Crenshaw SJ, Pollo FE, Ericka FC. Effects of lateral-wed-
ged insoles on kinetics at the knee. Clin Orthop Rel Res
2000;375:185-92.

13. Goh JCH, Mech MI, Bose K, Khoo BC. Gait analysis study
on patients with varus osteoarthrosis of the knee. Clin
Orthop Rel Res 1993;294:223-31.

14. Kaufman KR, Hughes C, Morrey BF, Morrey M, An kn. Ga-
it characteristics of patients with knee osteoarthritis. J Bi-
omech 2001;34:907-15.



Yavuzer ve Ergin 155

15. Hurwitz DE, Ryals AR, Block JA, Sharma L, Schnitzer TJ,
Andriacchi TP. Knee pain and joint loading in subjects with
osteoarthritis of the knee. J Orthop Res 2000;18:572-9.

16. Kerrigan DC, Riley PO, Nieto TJ, Croce UD. Knee joint tor-
ques: a comparison between women and men during ba-
refoot walking. Arch Phys Med Rehabil 2000;81:1162-5.

17. Kadaba MP, Ramakrishan HK, Wootten ME. Measurement
of lower extremity kinematics during level walking. J Ort-
hop Res 1990;8:383-92.

18. Joyce BM, Kirby RL. Canes, crutches and walkers. Am
Fam Physician 1991;43:535-42.

19. Carlson WE, Vaughan CL, Damiano DL, Abel MF. Orthotic
management of gait in spastic diplegia. Am J Phys Med
Rehabil 1997; 76: 219-25.

20. Kuan T, Tsou J, Su F. Hemiplegic gait of stroke patients:
The effect of using a cane. Arch Phys Med Rehabil 1999;
80:777-84.

21. Ashton-Miller JA, Yeh MWL, Richardson JK, Galloway T.
A cane reduces loss of balance in patients with peripheral
neuropathy:results from a challenging unipedal balance
test. Arch Phys Med Rehabil 1996;77:446-52.

22. Lehmann JF, deLateur BJ. Gait analysis: diagnosis and
management. In:Kottke FJ, editors:KrusenÕs Handbook of
physical medicine and rehabilitation. Philadelphia: Saun-
ders;1990:123-4.

23. Vargo MM, Robinson LR, Nicholas JJ. Contralateral v ip-
silateral cane use:effects on crossing the knee joint. Am J
Phys Med Rehabil 1992;71:170-6.


