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Abstract 

To investigate the gait dynamics and hip muscle recruitment patterns associated 

with pre- and post-operative total hip replacement (THR), a gait analysis was performed 

on THR patients prior to surgery, and at four and eight months after surgery. 

Asymmeîries between the afTected and contralateral limbs were significant for ground 

reaction forces and hip kinematics at al1 t h e  points. Patients used less hip extension 

moment, not hip abduction moment, possibly to reduce hip compressive loads. Cane use 

decreased affected hip abduction moment and ground reaction forces, but had no 

significant effect on lateral torso sway or hip kinematics. Cane use may have increased 

the abduction moment in the good bip, potentidy accelerating disease. At four months 

post-operative, tensor fascia lata activity was Longer, potentially as compensation for a 

surgicdy damaged gluteus medius. Resuits of tiiis study provide quantitative data about 

the post-operative progress of THR patients with regard to gait dysfûnction. 
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Chapter 1 

Background 

1.1 Introduction 

Total Hip Replacement (THR) is usually an elective surgical procedure with the 

primary indication king pain relief [Olsson et al., 19851. Secondary to pain relief, but 

stiU very important, is a patient's desire to improve his or her physicd fiuiction and 

quality of Me. In particular, patients may elect for THR to allow continued participation 

in activities such as w&g and golnng. The patient's long term expectations for 

participation in these activities are linked to the outcome of their rehabilitation. 

Total hip replacement is performed in patients with significant pain or fiinctiollsij 

disability of the hip for whorn less invasive procedures have not been successful or are 

not medicaUy feasible. More than half (54%) of al1 THRs are to treat osteoarthritis, with 

the remainder of diagnoses including treatment of fi=actures (18.3%), implants requiring 

revision (1 3.7%), aseptic necrosis and other bone disorden (6.9%), and rheumatoid 

arthritis (2.2%) m e m e r  et al., 19921. Total hip replacement is generally done in the over 

65 year old population (Fig. 1). Over 200,000 hip replacements are perforrned annuaily in 

the U.S., with 123,000 being THRs. Allowed charges for THR totaled over $190 million 

to the US. Medicare in 1989. 

In this study, we were interested specificaily in which factors contribute to an 

abnormal gait pattern fiequently observed in postsperative THR patients. Irnproved 
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understanding of this abnonnal gait pattern may have substantial impact on the post- 

operative management of THR patients with regard to physiotherapy treamients targeted 

at correcting gait dysfimction. 

Long-tem improvement in symptoms and fiuiction are expected in moa patients, 

but mechanical or biologid failure leadhg to revision nngery is srill cornmon. 

Conventional THRs are not likely to have a favorable outcome d e r  15 years ~amamuro 

et al., 19901. By 12 years post-operative, 20% of cemented and non-cemented THRs need 

revision [Cheal et al., 1992; Schurman et al., 19891. Age and obesity are the most 

significant factors leading to poor long term outcome. Patients over 80 years oid reported 

no loosening in follow-ups for up to five years [Levy, 19951, but the revision rate for 

patients less than 45 years old has been reported to be greater than 35% for cemented 

prostheses and 12% for non-cemented, press-fit prostheses after five to ten years 

folIowing surgery Mont et ai., 19931. niese failure rates are substantial considering the 

duration that a young patient will expect to use the prosthesis. Revision surgery is 

possible, but the rate of success diminishes with each revision [Booth et al., 1988; Dee et 

al., 19891. Overloading of the prosthesis through impact activity and obesity has been 

proposed as the cause of failure in young and obese patients pubs et al., 1983; Kilgus et 

at., 1991, Mont et al., 1993; Ritter and Meding, 1987; White, 19921. Mont et al.[33] 

refuted these fhdhgs. They reported that revision surgery, obesity, or level of activity 

was not significantly correiated with failure rates or fiinctional grading of the hips. Low 

numbers of subjects may have accounted for their finding wont et al., 19931. 



In the weeks following THR surgery there is generally a marked decrease in pain 

following the initial sofi tissue healing [Olsson et al., 19851. As pain decreases, patients 

may become increasingly aware of physicai limitations, such as decreased cardiovascular 

endurance, and the effect this has on overail fiinction. Also, at this point (generally eight 

to twelve weeks pst-operative), many patients and farnily members express 

dissatisfaction with the aesthetic quality of gait and the inability to ambulate long 

distances. Mer surgery, patients often continue to demonstrate a "lurching" gait pattern, 

or limp, characterized by excessive lateral tnink movement over the affected hip. The 

abnormal pattern is often associated with hip abductor muscle weakness, but many 

patients demonstrate this pattern despite adequate "strength" of these muscles. Many 

studies have examined the survivorship of THR, but few have examined the quality of 

Me after surgery pdworthy et al., 19931, Literature describing the mechanics of the hip 

joint of the THR patient is rare, and no one has examined the precise pattern of gait 

involved with the lurch. 

f.2 Gaif 

1.2.1 Mechanics of the limp 

The sbnce phase of human gait places large compressive forces on the hip joint. 

About 516 of body weight lies above the level of the hip during the stance phase of gait, 

the other 116 representing the stance limb [Delp et ai., 19963, but compressive forces at 

the hip have been estimated to be greater than 2.5 times body weight (BW) during gait 

[Bergmann et al., 1993; Brand and Crowninshield, 1980; Crowninshield et al., 1978; 
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Davy et al., 19881. The activity of muscles crossing the hip to maintain posture during 

single limb support accounts for the rnajority of the compressive forces at the hip 

WacKinnon and Witer, 1993; Neumann and Cook, 1985; Neuman et al., 1992; 

Neumann and Hase, 19941. In the static mode1 of the hip during single limb stance 

(Fig. 2), the force of gravity acting on the center of mass of the body creates an axial load 

at the hip joint and a moment about the hip. This moment is opposed by the force of the 

hip abductor muscles that also create a compressive force at the hip- The abductor force is 

much larger than the weight of the body since the moment a m  of the muscles is much 

srnalier than the moment arm of the body weight vector. Hip contact force may be even 

larger due to co-contraction of the hip adductor muscles and the hip abductors, or due to 

the role of the muscles in correcting medial and lateral imbalances during gait 

[MacKinnon and Winter, 19931. 

Patients with painfiil hips attempt to avoid the hi& compressive forces seen at the 

hip durjng gait. To reduce the compressive force of the abductor muscles, many patients 

lurch over their painful hip during gait. This places the center of mass more cver the hip 

to reduce the moment arm of the body weight about the hip. This in tum reduces the force 

requirernent of the abductor muscles, and therefore the compressive load on the hip joint. 

Peivic stability is maintained mechanically, and abductor muscle force can be reduced 

P l o m  19561. Lurching gait requises M e  activation of the hip abductor muscles, and 

these muscles subsequently grow weak. Conversely, patients with weak hip abductor 

muscles or an improper muscle recruitment may be required to walk with a limp or other 

compensatory gait to maintain stability durhg each single limb support on the afTected 
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side. The Trendelenburg test meanircs the weakness in hip abductor muscles that may 

result from a lurching gait During diis test, the patient is asked to stand on one Ieg, and 

weakness is present if the pelvis on the contraiateral side drops Echternach, 19901. It is 

estimated that a decrease of 42% in hip abductor strength in a normai hip will result in an 

inability to generate the moment about the hip to maintain a Level hip [Delp et al., 19961. 

Olsson et ai. [1985] reported that 38% to 44% of pre-operative THR patients in his study 

displayed a positive Trendelenburg test, and 92% of the patients displayed a moderate or 

severe h p .  Mont et al. [1993] reported a moderate or severe limp in 73% of pre- 

operative THR patients. Both studies show that at lest a slight limp is present in more 

than 95% of patients Mont et al., 1993; Olsson et al., 19851. 

After THR surgery, many patients continue to walk with a limp and ofken display 

residual weahess in the abductor muscles. Olsson et ai. [1985] reported a moderare or 

severe limp in 35% and 30% of patients at six months and twelve months post- 

operatively. By five years post-surgery, Mont et al. [1993] reported that 16% of patients 

had a mild limp and 9% had a moderate limp. Murray et al. [198 11 presented data on the 

degree of limp as a hction of the laterd head motion. Significant decreases in lateral 

head motion were noticed after THR, especially within the fist six months, but by two 

years the average lateral head motion was greater than for the normal population. 

Significant abductor muscle weakness was present in this population, however, it is 

unclear as to whether this weakness resulted in a limp, or if a persistent Limp allowed for 

the abductor muscles to grow weak. 



13.2 Asymmetry of gait 

In pre-operative patients with unilateral disability? the degree of asymmetry? often 

related to the degree of lurch, is the most notable abnormaiity of gait Pre-operatively, 

there is a 5% to 17% ciifference in single Limb support times between affected and 

unaffected limbs Fang et al., 1993; Murray et al, 198 1; Olsson et ai., 19851. This 

diEerence continues to decrease afkr surgery, and by one year after surgery? there is only 

a 1% to 8% merence. nie asymmetry in step length decreases fiom 5% to 10% before 

surgery to nearly symmetncal by two years pst-operative @Murray et al., 198 11. 

Gait asymmetry is reflected in the amount of loading on the afTected and 

unaEected limbs. Pre-operatively, the affected limb experiences a 6% to 8% smaller 

maximum vertical ground reaction force (GRF) during gait tban the udected limb 

[Long et al., 1993; Olsson et al., 19851. Olsson et al. [1985] and Long et al. [1993] 

reported pre-operative vertical GRFs of 0.96 BW and 1 .O7 BW on the af5ected limb. 

Although patients place higher loads on their affected limb after THR surgery, GRF 

loading asymmetry does not r e m  to normal after surgery. The digerence in 

weightbearing between the afTected and iinaffected limbs during quiet standing remains 

to be 4% to 8% at one year afier surgery pong et ai., 1993; Olsson et al, 19851, and 8% . 

to 12% at two yean after surgery Long et al., 1993; Murray et al., 19811. 

Before surgery, weight acceptance time, defhed as the time to the fim peak of the 

vertical component of the ground reaction force, was much longer for the affected limb 

than the d e c t e d  h b .  Weight acceptance time for the involved limb of the pre- 
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operative T H .  patients was 21% of the gait cycle, decreasing to 17% by one year post- 

operative [Olsson et al., 19851, whereas normal subjects have full weight acceptance 

within the first 10% of the gait cycle perry, 19821. Therefore, THR patients guard their 

hip by loading their limb more slowly. During quiet standing during there is a ciifference 

in vertical ground reaction force of 28% between af6ected and unaffected limbs Murray 

et al., 198 11. 

1.2.3 Joint loading 

Weight bearing pain in THR patients has ben shown to correlate with the veriical 

GRF [Olsson et ai,, 19851, but no study has presented correlations between pain at the hip 

and hip joint loading. Hip joint loading during normal gait has k e n  estimated using 

optimization methods and measured using instrumented prostheses. Using minimum total 

muscle stress as the criterion, Crowninshield et ai. [1978] caiculated peak hip joint 

contact forces that ranged fkom 3.3 BW to 5 BW durhg normal gait. Brand and 

Crowninshield [1980] later used this technique to determine hip joint loading in THR 

patients. Estimated hip contact forces for fiee walking speed were 3.4 BW pre- 

operatively and 3.7 BW at one year pst-operatively [Brand and Crowninshield, 19801. 

Direct rneasurement of hip joint loading requires the use of invasive techniques, 

therefore human studies are lirnited Fergrnaan et al., 1993; Davy et al., 19881. Davy et 

al. [1988] and Bergmann et al. [1993] studied hip joint forces after THR using an 

instrumented prosthesis. At one month pst-surgery, Davy et al. [1988] reported a hip 

contact force of 2.1 B W during static single limb stance, and between 2.6 BW and 2.8 
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BW during gait. Bergman. et ai. [1993] followed two patients with instnmiented 

prostheses for 18 and 30 months respectively, and reported resultant hip joint forces 

during gait to range fiom 2.8 BW at a speed of 0.28 m i s  to 4.8 BW at a speed of 1.39 m/s. 

Joint loading is related, in part, to the activity of muscles crossing the hip joint. 

Electromyography @MG) is a tool used ta evaluate muscle activity by amplifting the 

electrical impulses generated during muscular contraction yW-iter, 19791. Timing and 

relative intensity of muscle activity can be measufed, but this activity cannot be equated 

to muscle force pogey et al., 1992; Perry, 1992; Witer, 19791. Recruitment of muscles 

about the hip is n o d y  phasic, with abductor muscles king active for the Ioading 

response and most of the midstance of gait (?Bogey, 1992; Perry, 19921. In a qualitative 

report by Long et al. [1993], abnormal EMG patterns during gait were reported pre- 

operatively in 8 out of  18 patients. These patients included five patients with continuous 

firing of severai of the muscles that cross the hip, and three patients who Iacked glueus 

medius and upper gluteus maximus activity. The three patients who lacked abductor 

activity had an associated Trendelenburg gait and decreased hip extension. By two years 

post-surgery, all abnormal EMG patterns had returned to normal, however, four patients 

with nomal pre-operative EMG developed abnormal patterns pst-operatively. 

1.2.4 Time and distance parameters of gait 

Walkùlg speed is signifïcantiy slower in THR patients than in normal subjects 

[Andriacchi et al., 19771. Pre-operative hip patients walk at a fiee speed of 0.45 d s  to 

0.60 m/s [Brand and Crowninshield, 1980; McBeath et al., 1980; Murray et al., 1981; 
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Olsson et ai., 19851 and a maximum wallring speed of 0.93 d s  to 1.03 mls wattson et 

al., 1990; Olsson et al., 19851. Free wallaag speed inmases by 32% to 55% fiom before 

THR surgery to six months after surgery WcBeath et al., 1980; Murray et al., 198 1; 

Olsson et al., 19851, and it increases a m e r  7% to 10Y0 between six and twelve months 

Mont et ai., 1993; Perry, 19921. One year after surgery, fke waikïng speed (0.77 mis to 

0.98 d s )  [Brand and Crowninshield, 1980; McBeath et al., 1980; Olsson et ai., 19851 

remains much lower than the normal addt w a b g  speed of 1.33 mis. Long et al. [1993] 

reported that walking speed retumed to 94% of normal after one year and to 100% by two 

years, but normal walking speed was not defïned in thei. study. Maximum walkhg speed 

for THR patients one year post-operatively reaches 1.1 7 m/s to 1 -3 3 m/s wattson et al., 

1990; Olsson et al., 19851. Walking speed equals the product of step length and cadence. 

Studies have shown that both step Iength and cadence increase with an increase in 

w a h g  speed [Andriacchi et al., 1977; Crownuishield et ai., 19781. Reports indicate that 

cadence increases with time after surgery from 95% of normal pre-operatively to 100% of 

normal by two years post-operatively pong et al., 1993; Murray et al., 198 11. Step length 

increases from 41 cm to 52 cm by one year post-operatively [Olsson et ai., 19851. 

Step length can be influenced by the range of motion in the hip. Total hip 

replacement patients experience large increases in the range of motion of the hîp 

following surgery Mont et al., 1993; Murray et al., 198 11. Mont et al. [33] reported an 

increase in Harris hip score for range of motion fiom 2.8 out of 5 points pre-operatively 

to 4.3 points five years postsperatively. Long et al. [28] described the functional range of 

motion during gait to increase fiom 27" presperatively to 37O by one year post- 
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operatively, which is considered to be normal by the authoa Long et al., 1993; Perry, 

1 9921. 

1.2.5 Energy of gait 

Oxygen co~lsumption is used as a measure of the energy expended during walking 

in THR patients. Despite large increases in walking speed, McBeath et al. [1980] reported 

no changes in oxygen consumption per minute in patients fiom before nirgery to four 

years after surgery. This resulted in a decrease in oxygen consumption per meter, or an 

increased wallcing efficiency, fkom 0.500 ml/kg/m pre-operatively to 0.174 mVkg/m at 

four yean post-operatively. hcreases in energy efficiency were c o b e d  by Mattson et 

al. [1990] ushg a fked walking speed for up to a year after surgery. It is believed that the 

increased efficiency may be the resuit of changes in gait patterns which reduce the 

energy cost- 

1.2.6 Summary 

Total hip replacement patients wallc distinctly difrentiy fkom normal elderly 

patients with normal gait patterns. Their abnormal gait pattern are likely to be, in part. 

mechanisrris to reduce pain during gait. Their walk is typicdy characterized by a limp, 

which is thought to decrease pain by reducing the load on the hip. They walk at a slower 

waking speed which has also been show to decrease lùnb loading. Theù asymmemcal 

gait m e r  reduces limb loading on the afkcted side. However, their antalgic gait is also 

associated with a higher energy cost and a limited w a h g  distance. Post-operatively, 
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patients report a reduced amount of pain in the a f f d  hip, and although their gait is 

closer to normal, they often continue to walk with signifiant gait abnormalities. 

1.3 Cane use 

13.1 Cane use in rehabilitation 

The use of a cane can improve gait when there is weakness or pain at the hip 

prand and Crowninshield, 1980; Ely and Smidt, 1977; Joyce and Kirby, 19911. Pre- 

operatively, walking aids are necessary for rnany patients. Mont et al. [1993] reported that 

50% of the pre-operative patients in their study used one or two waiking ai& most of the 

time, and 18% used a wallcer or could not walk [Mont et al., 19931. Other research 

consistently reports at least one haif of THR patients use a cane during gait pre- 

operatively wattson et al., 1990; Murray et al., 1981; Olsson et al., 19851. An additional 

5% to 15% used two canes or crutches w t t s o n  et ai., 1990; Murray et ai., 1981; Olsson 

et al., 19851, and Murray reported 3% of the patients receiving THR with a trochantenc 

osteotomy used a walker during gait presperatively Murray et ai., 19811. McBeath et al. 

[1980] reported that only 29% of the patients in their study could ambulate pre- 

operatively without the use of an aid. 

Historically, patients and health-care workers have been reluctant to prescribe or 

use a cane, in part because of the stigma aitached to using an assistive device. Studies 

using assistive devices as an outcome measure often neglect to address the quality of gait 

with and without the use of these devices, and a simple decrease in use of these devices is 

considered a better outcome. However, the use of a cane can reduce joint loadùig and 
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possibly compensate for muscle weakness prand and Crowniflshield, 1980; Ely and 

Smidt, 1977. Cane use may improve the q d t y  of gait post-operatively and codd be 

considered as a tool for the rehabilitation of THR patients. 

13.2 Ipsilateral versus contralaterd cane use 

Patients with hip or hee  iastability often prefer to use the cane on the ipsilateral 

side to the Bected limb, and, thus, to use the cane as a spliat and for weightbearing 

Edwards, 19861. Total hip replacement patients, generally, use the cane on the 

condateral side to the affected hip pean and Ross, 1993; Edwards, 1986; Ely and 

Smidt, 1977; Joyce and Kirby, 1991; McConnel, 19911. This is recommended since a 

cane in the contralateral hand encourages a nonnal reciprocal gait pattern, and it reduces 

the hip joint forces more effectively than an ipsilateral cane [Edwards, 1986; Joyce and 

Kirby, 199 1; McConnel, 19911. A cane reduces the force at the hip joint by supporting 

the weight of the torso, and more importantIy, by reducing the force requirernent of the 

abductor muscles by providing a stab-g moment about the hip [Edwards, 1986; Ely 

and Smidt, 1977; Joyce and Kirby, 199 11. During single iimb stance, the upward force of 

the cane on the contralaterai arm causes a moment that opposes the moment caused by 

the body weight (Fig. 2). It is recommended that ïHR patients exert a maximum of 0.25 

BW on the cane. These smail forces significantiy reduce the hip joint loading due to the 

large moment a m  of the contralateral caae about the hip [Edwards, 1986; Ely and Srnid< 

19771. 



13.3 Limb loading 

Many researchers have reported decreased loading on the limb during cane- 

assisted gait Ely and Smidt [1977] xported that for patients who limp due to a hip 

disability, 0.15 BW applied to a cane in the coniralateral hand reduces the maximal 

vertical GRF fiom 1 .O0 B W to 0.89 B W. While speed remained the same for gait with or 

without a cane, cane-assisted gait had a longer siride length and a lower cadence. Opila et 

al. [1987 presented impulse data fiom GRFs of THR patients 11 to 15 days d e r  surgery. 

Aithough these patients had a unilateral disability, they waiked using two points of aid. 

The aids supported weight at ail times during gait, thereby decreasing the vertical GFW on 

both limbs and assisting in restraint and propulsion of the body. Edwards [1977] 

compared GRFs for the affected iÏmb during ipsilateral and contralaterd cane use. Free 

walking speed increased fiom 0.47 mls  for ipsilateral cane use to 0.55 m/s for 

contralaterai cane use. At these speeds, cane force of 0.3 1 BW to 0.32 BW corresponded 

to maximum vertical GRFs on the affected limb of 1.03 BW and 0.99 BW for ipsdateral 

and contralaterai cane use respectively. Edwards' study pdwards- 19861 supports the use 

of contralateral rather than ipsilateral cane use except when reduced hip motion is 

desired- 

The effect of a contraiated cane on limb loading is most noticeable at the hip, 

due to the reduction in hip abductor muscle activity. Brand and CrowniclShield [1980] 

reported a 56% decrease in hip contact force during gait with the use of a cane in the 

contralateral hand as compared to without a cane in presperative THR patients. 
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However, patients in their study walked slower with a cane than without a cane (0.43 mfs 

with, and 0.57 m/s without), which may account for some of the ciifference. Kleissen et 

al. [1989] demonstrated the decrease in hip abductor muscle activity with the use of a 

cane. He reported a 25% decrease in gluteus medius muscle activity with the use of a 

cane as compared to without the use of a cane. 

Neumann and coiieagues meumann and Cook, 1985; Neutnann et ai., 1992; 

Neumann and Hase, 19941 have presented data c o n c e h g  the EMG activity of hip 

abductors during gait while carrying Ioads in various positions. During single limb 

stance, a hand-held load has the oppsite effect at the hip as  a cane. A load held 

contralaterally would be added to the body weight and would shifi the body weight vector 

away fiom the affected hip, thereby inaeasing the abductor muscle activity required to 

stabilize the pelvis. A load of 30% BW held in the contraiateral hand causes a 243% 

increase in abductor musde EMG magnitude as compared to wallcing without a load 

[Neumann and Hase, 19941. An ipsiIateral Ioad, on the other hand, would cause a moment 

about the hip that opposes the body weight and results in less activation of the abductor 

muscles. Loads of 30% BW held ipsilateraliy do not cause any increase in the abducror 

muscle activity as compared to walkjng without a load ~ e u m a n n  and Hase, 19941. 

1.3.4 Summary 

Canes are used in post-operative rehabilitation to reduce the force on the 

prosthetic hip during healing by reducing the force requirements of abductor muscles 

crossing the hip, thereby compensating for weak abductor muscles. Canes used in the 



15 

contralateral hand may prevent Iurching gait by reducing weightbearing pain and 

assisting weak abductor muscles. Canes have been shown to reduce limb loading, hip 

muscle requirements, and hip contact forces. Post-operatively, if patients are encouraged 

to walk without a cane before adquate strength has been regained by the hip muscles, 

they may return to the pre-operative lurching pattern that had developed as a means of 

stabilizing the pelvis. 

1.4 Objective 

The objective of this study was to examine the relation between a Iurching gait 

pattern, the use of a cane, and the recruitment of lower extrernity muscks. The primary 

goal was to iden@ the gait dynamics and hip muscle recruitment patterns associated 

with pre- and post-operative THR. 

1.5 Hypothesis 

Patients will have an abnormal gait pattem pnor to THR characterïzed by a 

s i w c a n t  asymmetq in their gait parameters (Le., joint kinematics, jouit moments, 

ground reaction forces, and muscle recruitment patterns). These asymmetries d l  persist 

for at least eight months post-operatively, and use of a cane wiU decrease the degree of 

=ymmew- 
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Fig. 1 : Percent distribution of total hip replacement by age (US data) praemer, 19921. 

e-? 

Fig. 2. Right hip abductor force (HM) stabilizing the pelvis and trunk about the hip during 
single limb support. The intemal torque produced by the HA musde about moment am D must 
be equal but opposite to the extemal torque produced by the body weight (BW) about moment 
arm Dl. The resultant joint force (IF) equals the sum of the vectors W and BW [Neumann and 
Hase, 19941. 



Chapter 2 

Methods 

2.1 Patients 

Fourteen patients scheduled to undergo total hip replacement between November, 

1994 and March, 1996, were reCTUited through the orthopaedic services at three adult 

medical centers in Calgary: the FootbilIs Hospital, the Calgary General Hospital, and the 

Roc*ew Hospital. Patients were recruited by physiotherapists or nurses at the pre- 

operative clinics at these hospitals. Patients were introduced to the goals of the study by 

the health care professional and given a written description of their responsibility in the 

study. When the patients had the opportunity to review the written material, they were 

asked to sign an informed consent fom (Appendix), which was approved by the 

University of Calgary Conjoint Medicai Ethics Cornmittee. Patients' participation was 

voluntary with reimbursement for miieage and parking for each testing session. At no 

time was the patient's pre-operative or post-operative care influenced in any way by the 

decision to participate in or to be excluded fiom the study. 

The patients recruited for this study kluded only those scheduled for unilateral 

primaq THR as a treatment for osteoarthritis of the hip. The osteoarthntis was diagnosed 

as uniarticular, and patients lived in or near Calgary. The following exclusion critena 

were used for this project: previous surgery to either hip; recent trauma (e-g., fall, 

accident) precipitating the T m ,  pain or gait abnormality involving the non-operative 
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lower extremity, the knee, or ankle of the operative h b ;  surgicd complication; 

pulmonary or cardiac disease that presented potential risk to the patient during &ta 

collection; preexisting neuromuscuIar disease that might manifést itseif as lack of 

balance, absent or diminished strength in the tnuik or extremities, absent or diminished 

sensation in the lower extremities; or an inability to ambulate prior to THR. 

2.2 Study design 

In this longitudinal study, THR patients were examined on three occasions and 

each patient served as their control. The £kt  testing session occurred within three weeks 

prior to surgery, the second and third testing sessions occurred at four mondis and eight 

months after surgery respectively. During each testing session, a clinid assessment of 

the hip and a gait analysis was performed. 

2.3 Chical assessments 

At each testuig session, ail participants had a standardized clinical assessment 

carried out by a physiotherapist. The assessment included range of motion and muscle 

testing, as well as an inte~ew.  Static range of motion of the hip was measured with a 

goniorneter accurate to within l0 (Fred Samrnons Inc., Brookfield, IL) using standard 

measuring procedures meck et ai., 19651. Strength of the hip joint musculature was 

measuted using a conventional manual muscle testing sale of O to 5 (Table 1) [Clarkson 

and Gilewich, 1989; DanieIs and Worthingbam, 1986; Magee, 19921. This method was 

chosen for its speed and ease of collection. Patients were in te~ewed  using the Calgary 

Total Hip Assessrnent questionnaire m o n  et al., 19921, which specifies degree of pain 
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and disability of the hip in daily living. Each patient's height and weight were measured 

while the patients wore their shoes, ail clothing, and the belt pouch used for the EMG 

data collection during the gait analysis. KUietic data were expressed as per unit body 

weight. 

2.4 Gait analysis 

Gait characteristics were recorded while patients wallced the lengtb of a 6 m 

walkway. They were asked to walk with theü personal waiking shoes on and at a seif- 

selected speed. Three types of data were coliected synchronousiy during d l  walking 

trials: high-speed video of subject movement, ground reaction forces, and EMG. To 

collect data for the patients' affected and contralateral limbs, patients walked with their 

right iimb towards the video system for the f h t  six trials during each testing session, and 

then waiked for six more trials with their left limb facing the cameras. For each direction, 

patients walked without a cane and with a cane for three trials each. A standardized cane 

(Guardian Sunrise Medical, Arleta, ,CA) was supplied and adjusted so that the hand grip 

was ievel with the wrist joint when the patient was standing with his or her a m  Mly 

extended. Patients were required to use the cane in the contralateral hand to the affected 

hip, and to walk while moving the cane and the affected limb at the same tirne. Patients 

wore a T-shirt and shorts which exposed the greater trochanter during w a h g  trials. 

2.4.1 Knematics 

Three dimensionai motions of the body segments were recorded using a two 

camera high-speed video digitking system (Motion Analysis Coq., Santa Rosa, 



20 

California) which captured the images of reflective markers placed on the patient. 

Cameras were placed in the anterior lateral direction to the patient when the patient was 

standing on the waikway, with a camera separation angle of approximately 45O. Camera 

positions were chosen to achieve the highest separation angle while maintahhg adequate 

marker views fiom both carneras. Images from both cameras were synchronized and 

digitized at a fnme rate of 200 Hz. The laboxatory coordinate system was defined as a 

right h d e d  system having the x axis in the direction of walking, the z axis pointing 

verticaily, and the y axis orthogonal to the x and z axes, using a caiibration fiame with 

eight isotropicaily distributed markers. 

A right handed coordinate system for each of the tbigh, shank, and foot segments 

was defined having the origin at the proximal joint center, the x axis pointing infenorly, 

the y axis pointing anteriorly, and the z axis pointing to the right For the foot, inferior 

was defined as perpendicular to the sole of the foot, and anterior was defined as dong the 

long axis of the foot. On each segment, including the torso, three non-collinear markers 

were taped in specific anatomical locations (Table 2) for recording the three-dimensional 

movement. Six markers were placed on either the fiont or laterai side of the segment at a 

known distance distally fiom the joint center. A trial was collected with the subject 

standing in the anatomid position in line with the wakway, and a computer algorithm 

(Matlab, The Mathworks Inc., Natwick, Mass.) calculatecl the lower limb marker 

locations with respect to the joint coordinate systern (JCS) axes which is a pre-dehed 

axis system for each segment [Grood and Suntay, 19831. Markers on the limb were taped 

to the skin over bony landmarks, when possible, to avoid excessive marker movement. 
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Markers were only placed on the Iimb closest to the cameras and were traasfened when 

the second limb was recorded. Joint centers were estimated using the location of bony 

lmdaiarks. The ankle and knee joint centers were estimated to be the MO mafeoli and 

fernord epicondyles respectively. The hip joint center was estimated to be the midpoint 

between the anterior superior iliac spine and the symphysis pubis, deep to the greater 

trochanter. 

The two Mdeo files for each trial were tracked using the Expert Vision software 

(Motion Analysis Corp.). This process used a direct linear transformation OLT) to 

determine the three dimensional positions of each of the markers in each fkme of data 

Gaps in tracked marker data were estimated by linearly interpolating between measured 

points. No mathematical smoothing was performed duruig the tracking process. 

2.4.2 Ground reaction forces 

Ground reaction forces (GRF) were measured using a piezoelectric force plate 

(Kistler Instniments Corp., Amherst, N.Y .) embedded in the center of the walkway with 

the major axis of the force plate lining up with the direction of wallcing. The raw force 

plate signal was amplineci, then digitized (EGAA, RC Electronics Inc., Santa Barbara, 

CA) at 1 lcHz and stored on a personai cornputer (Model 6387, B M ,  Armonk, NY). 

Trials were accepted only if the patient landed with only one foot entirely on the force 

plate, and the cane did not corne in contact with the plate. 



2.4.3 Electromyogmphy 

Surface electromyography @MG) recorded the elecmcal activity fiom the 

foIlowing eight muscles: bilateral gluteus medii, bilateral tensor fascia latae, bilateral 

erector spinae, and unilateral rectus femoris and lateral hamstrings on the operative limb. 

Indwelling electrodes are required to measure EMG in small, deep muscles (Basmajian 

and De Luca, 1985), but the muscies we examined were superfïciaI and large. Therefore, 

surface electrodes were used for this study since they reiiably acquired signals fiom the 

muscles studied, and caused Iess discodort and nsk for patients. Surface electrodes have 

also been shown to produce more repeatable results (Kabada et ai., 1985) and do not 

affect gait as much as indwelling electrodes (Young et al., 1989). 

Prior to electrode placement, the skin was prepared by shaving and then cleaning 

with isopropyl alcohol- The EMG signal was pre-amplifïed 100 times at a distance of 4 

cm fiom the electrodes pnor to being sent to the signai multiplexer on a belt pouch worn 

by the patient (Bortec Electronics Xnc., Calgary, AB). The multiplexed signal was 

transmitted over a I l  m cable to the amphfier where it was ampüfied to a 5 volt range. 

The amplified signal was digitized at a £iequency of 1 kHz (EGAA, RC Electronics) and 

stored on a personal cornputer (IBM). Prior to M e r  data analysis, EMG data hi&-pass 

filtered at a cutoff fiequency of 25 Hz to remove movement artifacts. 



2.5 Data analysis 

2.5.1 Kinematics 

Tracked video data, raw GRF data, and raw EMG data were analyzed using the 

Kintrak biomechanical analysis software (Motion Analysis Corp.) on a Sparc station 

WC, Sun Microsystems, Mounbin View, CA). 

Lower limb joint angles were calculated as JCS angles [Grood and Suntay, 19831, 

where joint angles described an ordered rotation about a selected Cartesian coordinate 

system described in terms of three independent angles. For the hip joint, the proximal 

segment was represented by the room coordinate system and the distal segment was 

represented by the thigh segment. Therefore, hip joint angles represented movement of 

the thigh segment relative to the horizontal and vertical axes of the room rather than with 

respect to the torso. With this method, resultant angles were similar to the clinid 

description of joint angles. Afl joint angles were filtered using a zero-lag four-pass low 

pass Butterworth filter at a cutoff fiequency of 10 Hz. Wallùng speed was determined by 

calculating the average velocity of the greater trochanter marker in the direction of 

walking, over the fidi duration of the triai (Kintrak). 

Laterai torso sway was calculated using a cornputer algorithm (Matlab). Positions 

of the torso markers were smoothed by a zero-lag four-pass low pass Butterworth filter at 

a cutoff frequency of 10 Hz using the Kintrak software. A line was calculated between 

the mid-sternum marker and the midpoint between the right and lefi pelvis markers. This 
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Iine was projected on the y-z plane. A v d c a l  line was considered to be a torso sway 

angle of O*. 

2.5.2 Ground reaction forces 

Vertical, anterior-posterior, and medial-lateral force vectors were calculated fiom 

the raw force chaanels and filtered using a zero-Iag four-pass low pass Butteworth filter 

at a cd f r equency  of 200 Hz Ail forces reported in this study were norxnalized to body 

weight (BW. 

2.5.3 Joint moments 

Joint moments .were calculated using an inverse dynamics model of the lower 

limb [Bresler and Frankel, 19501. This mode1 assumed that the lower h b  was a set of 

three rigid ellipsoids linked by freely rotating joints. Input into the model included the 

magnitude and direction of the GRF, positions, velocities, and accelerations of the body 

segments, locations of the joint centers of the body segments, and estimates of the mass 

and inertial properties of the segments. Estimates of the locations of the centers of masses 

and the relative masses of the segments were based on data fiom Clauser et al. [1969], 

and moments of inertia were based on data fiom Dempster [1955]. Force data were 

filtered at 25 Hz, and video data were nItered at 5 Hz prior to joint moment calcdations. 

Joint moments were normalized to body weight and reported as internal joint moments. 

2.5.4 Muscle activity 

Although we coilected EMG fiom eight muscles, we only analyzed the gluteus 

medius and tensor fascia lata muscle activities. Erector spinae, quadriceps and hamsning 
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muscles were not duectly related to the hip and therefore their analysis goes beyond the 

scope of this paper. 

Electromyography (EMG) was nItered using a zero-lag four-pass low pass 

Buttenvorth filter at a cutoff fkquency of 200 Hr Data were rectified and then smoothed 

using a zero-lag four-pass low pass Buttemorth Hter at a cutoff fiequency of 25 Hz. 

Time nomalized, filtered EMG data were averaged across the three trials for each 

condition using the Matlab software (Matlab, The Maîhworks Inc., Natwick, MA). EMG 

omet and duration were calcuiated using Matlab. EMG was considered "on" when its 

amplitude was greater than 15% of the maximal nItered EMG measured during the 

testhg session. To eliminate isolated spikes of EMG actiMty, the time to cross threshold 

was recorded only if the activity remained on or off for more than 10% of stance @3ogey 

et al., 19921. The toml duration for which the muscle was considered "on" during the 

stance phase of gait was caicuiated To determine differences in the timing of the 

muscles, the stance phase was divided into time intervals (buis) equaling 10% of stance. 

I f  the muscle was "on" during any portion of each bin, the bin was assigned a value 

indicating "on." In this fashion, each of the ten bins during the stance phase as weU as the 

bin immediately prior to foot-strike, would be considered either "on" or "off." 

2.6 Statistical analyses 

Clinical ranges of motion at the three testing sessions and for both limbs were 

compared using a two-way repeated rneasures analysis of variance (ANOVA), with 

session and lirnb being the two main effects (BMDP Statisticai Software hc., Los 
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Angeles, CA). Simple effects were tested for variables with a significant interaction 

effect, and contrasts determined differences between individual time points where there 

was a session effit. 

Kinematic, GRF, and joint moment data were averaged for the three trials within 

each condition. The average of these three trials for each subject was used in all statistid 

tests. 

Cornparisons of trials without a cane were made using a two-way repeated 

measures analysis of variance for each gait variable (BMDP Statistical Software). The 

two main effects in this model were the time before or d e r  surgery (session), and the 

affected or contralateral lirnb. Significant session effects were subsequently analyzed 

using contrasts to determine where the differences were between tirne points. Sigdicant 

interaction effects were further anaiyzed using simple effects. Contrasts were again 

performed if the session effect was significant within the simple effects model. 

To determine the effect of speed on the gait variables in this study, ANOVA tests 

were repeated with speed as a covariate (ANCOVA) (BMDP Statistical Software). This 

two-way repeated measures design was similar to the ANOVA design, with session and 

Limb as main effects. Simple effects and contrasts were used to determine interaction 

effects and differences between each time point- Means for each variable at each 

condition were adjusted for the speed of waiking and reported as adjusted means. 

To assess &e effect of the use of a cane on the gait variables, a three-way repeated 

measures ANOVA was performed with session, lirnb, and cane as main effects (BMDP 

Statistical Software). Contrasts were performed to detennine where ciifferences lay within 
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the session main effect, and simple effects were perfomed for sign.ifïcant interaction 

effects. 

AU differences for the analysis of variance tests were significant if the a level was 

greater than 0.05. Al1 error bars presented in the figures and mors reported in the text 

were standard mors of the mean. 



Table 1 : Manual muscle test grading d e *  

* Clarkson an 

Movement 

Complete range of motion against gravity with maximal resistance 

Complete range of motion against gravity with near maximal resistance 

Complete range of motion against gravity with swng resistance 

Complete range of motion against g r a v i ~  with moderate r e s m c e  

Greater than one-halfthe available range of motion against gravity with moderate 

resistance 

Less than one-half the available range of motion against gravity with moderate 

resistance 

Complete range of motion against gravity 

Greater than one-half the available range of motion against gravity 

Less than one-half the avaitable range of motion against gravQ 

Complete range of motion with p v i t y  eliminated 

Greater than one-half the available range of motion with gravi5 eliminated 

Less than one-haif the available range of motion with gravity elimuiated 

Palpable or observable muscle contraction but no joint motion 

No palpable or observable muscle contraction 

Gilewich, 1989; Magee, 1992. 



Table 2: Anatomical positions for reflective markers. 

Calcaneus 

Distal Shank 

Proximal Shank 

Tibial Tuberose 

Laterd Epicondyle 

Antenor Thigh 

Greater Trochanter 

Lateral to calcaneus inferior to laterat mdeolus 

Lateral to di& fibuia 

Lateral to proximal fibula 

Mid-sagittal on tibia1 tuberosity 

, 
On primary axis of rotation of knee joint 

Anterior thigh at half limb length 

50 mm inferior to greater trochanter 

Right aiterior superior iliac spine 

' Left Pelvis 
i 

Lefi anterior superior iliac spine 

1 Mid-Stemm 
I 

1 Sternum at level of 2nd rib 1 



Chapter 3 

Clinical examination results 

3.1 Patients 

Fourteen patients volunteered for this study and were tested pre-operatively. By 

four months pst-operatively, two patients had withdrawn fiom the study, and by eight 

months post-operatively, a third patient had withdrawn. Therefore, 1 1 patients completed 

the eight month protocol, of which 9 were male and 2 were female (Table 3). The mean 

age of a l l  14 patients was 63.7 years (46 years to 74 years). 

3.2 Range of motion 

Clinicai assessrnent reveaied a significant increase in the affected hip range of 

motion after surgery. The average clinical hip flexion range of motion at the three testing 

sessions is illustrated in Fig. 3. At all time points, the afTected hip had a signilïcantiy 

smalier flexion range than the contralateral hip. The affected hip flexion range of motion 

increased after surgery and showed a significant increase by eight months afler surgery. 

With time, the clhical hip extension range of motion increased for both Iimbs (Fig. 4)- 

However, the simple effects tests indicated that only the affected limb increased 

significantiy between each tesling session. Pre-operatively and at four months pst- 

operatively, the aEected hip had a signincady smaller extension range, but by eight 

months post-operatively, symmetry was restored. For the abduction range of motion, the 

results of the ANOVA were a sigaiflcant main effect for both session and limb, where 
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abduction angle increased after surgexy? and the contralateral iimb had a larger abduction 

range than the aected limb- The interaction effect (p = 0.07) was tested using a simple 

effects model (Fig. 5)- Within the simple eEects model, the contralateral hip remained at 

a constant abduction range, while the affecteci hip increased significantly by four months 

afier surgery. Pre-operatively and at four months pst-operatively, the aBected hip had a 

significantly smaller abducbon range of motion than the contralateral hip, and at eight 

months, this effect was nearly signincant (p = 0.06). 

3.3 Manual muscle tests 

Manual muscle tests reveaied an incremental change in the strength of the affected 

hip after surgery. The frequencies of patients at each grade of muscle strengths for hip 

flexion, extension, and abduction are illustrated in Fig, 6$ Fig. 7, and Fig. 8. Pre- 

operatively, ail  patients were graded a 4 or better for fiexion and extension strength, with 

the exception of patient 12 who scored a 2 in both extension and abduction strength of the 

affected hip. Al1 patients, except for patient 6, were graded a 4 or Iower for the pre- 

operative hip abduction strength. By eight mon& post-operative, 75% of patients were 

graded a 5 for the flexion and extension strengths, and 67% of patients were graded a 5 or 

5- for the abduction strength of the affected hip. The flexion, extension, and abduction 

strengths of the contraiatd hip were graded a 5 for at Ieast 75% of patients at al1 testing 

sessions (Fig. 9, Fig. 10, Fig. 1 1). 



Table 3: Testing session date relative to surgery date for THR patients. 

Patient 

time of 

surgery 

(yean) 

1 M 58 

2 M 58 

3 M 67 

4 M 60 

5 M 69 

6 M 72 

Std. Dev. 

.e, F is female. 

Pre-ûperative 

(days prior to 

swery) 

4 Months Post- 

Operative 

(months after 

swery) 

8 Month Post- 

Operative 

(months after 

su rge ry 

8 -6 

f Patient did not complete this testing session. 



Fig. 3. CLinically measured hip flexion range of motion. Asterisks (*) represent 
ciifferences between afSected and contralateral limbs @ < 0.05). The afEected hip flexion 
was significantly greater at eight months post-operatively than pre-operatively. 

= Contralateral m 

Fig. 4. Clinically measured hip extension range of motion. Asterkks (*) represent 
merences between aEected and contralateral h b s  @ < 0.05). The affected hip 
extension range increased sipnincantly between presperative and four months post- 
operative, and between four and eight months postsperative. 



Fig. 5. Clinicaily measured hip abduction range of motion. Asterisks (*) represent 
merences between affecteci and contraiateral limbs (p < 0.05). The four and eight month 
post-operative hip abduction ranges were signincantly greater than the pre-operative 
abduction on the affected side. 
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Fig. 6. Frequency histogram for the affected hip flexion strength of THR patients. 
Strength was graded on a O to 5 scale, indicated by shades of gey. M y  integer grades 
are labeled, but each grade was assigned plus and minus. 
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Fig. 7. Frequency histogram for the afTected hip extension strength of THR patients. 
Stcength was graded on a O to 5 scale, indicated by shades of grey. Only integer grades 
are labeled, but each grade was assigned plus and minus. 



Fig. 8. Frequency histogram for the affkcted hip abduction strength of THR patients. 
Strength was graded on a O to 5 scale, indicated by shades of grey. Only integer grades 
are labeled, but each grade was assigned plus and minus. 



Fig. 9. Frequency histograrn for the contralateral hip fiexion strength of THR patients. 
Strength was graded on a O to 5 scaie, indicated by shades of grey. Only integer grades 
are labeled, but each grade was assigned plus and minus. 
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Fig. 10. Frequency histogram for the contralateral hip extension strength of THR patients. 
Strength was graded on a O to 5 scale, indicated by shades of grey. Only integer grades 
are labeled, but each grade was assigned plus and minus. 
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Fig. 11. Frequency hiStogram for the contralateral hip abduction strength of THR 
patients. Strength was graded on a O to 5 scale. Only integer grades are labeied, but each 
grade was assigned plus and minus. 



Chapter 4 

Gait analysis results 

4.1 Analysis of variance 

The analysis of variance (ANOVA) was performed for the tnals in which no cane 

was used, The two main effects in the ANOVA were session (presperative, four months 

pst-operative, and eight months post-operative) and limb (affected and contralateral). 

4.1.1 Walking speed 

The fieely selected speed of walking for patients is shown in Fig. 12. There was 

no clifference in speed during the trials collectai for the afEected limb as compared to the 

condateral iimb for all testïng sessions. Speed did increase signiscantly after surgery, 

with both the four month and eight month pst-operative speeds signincantiy greater than 

the presperative speed. 

4.1.2 Lateral torso sway 

The lateral sway of the torso averaged 4.4" t 0.2" toward either side (Fig- 13). 

There were no significant differences between testing sessions, nor were there any 

differences between affected and contralateral limbs. 

4.1.3 Ground reaction force 

The vertical component of the GRF curve (Fz) had two distinct peaks for patients 

walking in this study (Fig. 14). The first peak, or landing peak (Fzl), represented the 

acceptance of weight onto the limb. The second peak, or pushoff peak (Fz~),  represented 
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the vertical cornpent  of the pushoff onto the opposite limb. Both of these peaks were 

signincantly reduced for the affected limb as compared to the contralaterai limb during 

dl three t h e  points, but there were no signincant difrences fkom pre- to post- 

operativeIy. There was no merence for the minimum point between the two c w e s  

(Fzmin) between the affected and contralaterai limbs, but t h e  was a significant decrease 

in the four and eight month values as compared to pre-operatively. When examined as a 

range between the peaks and Fanin, there were significant différences both across t h e  

points and between iimbs. The difference between Fzl and FPnin, or yield range (FzRl), 

tended to increase &er surgery and was significantly less on the afSected side. The graph 

for the merence between Fz2 and FPnùi, or pushoff range (FzR2), showed the same 

trend as the yield range, except the session effect was sigrifkant between pre-operative 

and eight months pst-operative sessions. The pushoff range for the affected limb was 

significantly reduced compared to the contralateral limb. 

The anterior-posterior component of the GRF (Fy) had two peaks: an anterior 

peak during the loading response, and a posterior peak during pushoff. There were no 

signincant main effects for the anterior peak, but there was a significant interaction 

between the session and limb effects (Fig. 15). nie simple effects test revealed a 

signifîcant increase in the affected limb fiom pre- to postsperative sessions, whereas the 

contralateral limb remained stable. Pre-operatively, signincant asymmetry existed 

between the affected and contralateral limbs that was not present by fou months post- 

operatively. The posterior peak on the affected Limb was signincantly smailer than the 

contraiateral limb, but there were no merences across time points (Fig. 16). 
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The medial-lateral shear component of the GRF (Fx) typicdy had a medial peak 

shortly after foot-strike and a lateral peak which lasted throughout the remainder of stance 

(Fig. 17). Simple effects revealed that the medial peak increased for the contralateral iîmb 

after surgery, but that the Sected limb did not change (Fig. 18). Pre-operativeiy, the 

affected and contralateral iimbs had equal medial peaks, but by four and eight months 

d e r  surgery, the contralateral limb increased and was sigdicantiy greater than the 

affected limb. There were no signifiant effects for the laterd peak, despite a trend 

towards a decreasing shear over t h e  (Fig. 19). 

4.1.4 Hip kinematics 

During gait, the hip reaches its maximum flexion angle at around foot strike and 

its maximum extension angle at pre-swing perry, 19921. For the patients in this stuciy, 

the maximum flexion angle did not significantly increase post-operatively, nor was the 

difference between the affected limb and the contralateral limb signifïcant (Fig. 20). The 

maximum hip exension angle was significantly smaller for the aEected limb than the 

contralaterai Iimb (Fig. 21). The extension angle clifferences between testing sessions 

were not statisticdy significant. 

4.1.5 Joint moments 

Joint moments were different among hip, knee, and adde joints. The maximal 

ankle plantar flexion moment was significantly smder on the affected side than the 

contralateral side, but there were no differences across t h e  points (Fig. 22). Knee flexion 

and extension moments showed no significant differences (Fig. 23 and Fig. 24). 
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Differences were not signincant for the maximum hip flexion moment between testing 

session or limbs (Fig. 25). The maximum hip extension moment tended to be srnalier for 

the affected limb thau the contraiateral limb (p = 0.08) (Fig. 26). Neither the limb or 

session effects were sipifkant for the hip abduction moment (Fig. 27). 

4.1.6 Hip abductor muscle duration 

The duration of activity during the stance phase for @uteus medius and tenwir 

fascia lata are shown in Fig. 28 and Fig- 29. There were no statistically signincant 

clifferences between sessions or limbs for either muscle. The gluteus medius muscle 

duration of activation on the contraiateral limb increased by 11% of the stance phase by 

four months post-operative, while the duration on the af3ected limb rernained stable. The 

tensor fascia lata duration on the contralaterai limb decreased by 7% of the stance phase 

by fou months pst-operative, while the affected limb increased by 6% of the stance 

phase. By eight months post-operative, the tensor fascia lata duration was 2% smaller on 

the affected side, and the gluteus medius duration remained reduced on the afYected side 

by 1 1% of the stance phase as compared to the contraiateral limb. 

4.1.7 Hip abductor muscle timing 

The timing of the aEected gluteus medius muscle did not differ signifïcantiy 

between testing sessions. Pre-operatively, 79% of patients had some gluteus medius 

activity from pre-stance to 60% of stance and only 14% had activity by 80% of stance 

(Fig. 30). At four months pst-operative, 71% of patients had some activity from pre- 

stance to 60% of stance and only 7% of patients had activity by 80% of stance (Fig. 3 1). 
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At eight months post-operatively, 82% of patients had some gluteus activity fiom pre- 

stance to 60% of stance and only 9% of patients had some activity by 80% of stance 

(Fig. 32). 

The timing of the Sected tensor fascia lata was similar to that of gluteus medius 

for most patients. At al l  three testing sessions, more than 86% of patients had some tensor 

fascia lata activity fkom foot strike to 60% of stance (Fig. 33, Fig. 34 and Fig. 35). From 

80% of stance to toe-oE, at most, 27% of patients had activity for any of the testing 

sessions. Dirring pre-stance, fewer patients bad tensor fascia iata activity dian after foot 

strike. 

4.2 Analysis of covariance 

The variables were analysed using an analysis of covariance (ANCOVA). 

Wallcing speed was used as a covariate to control for die potentiaily different walking 

,peeds of the trials. Speed was entered as a wvariate on a condition by condition bais, 

where the mean speed for the three trials of each condition was associated with the mean 

of each variable for each condition. The ANCOVA had two main effects, session and 

limb, as did the ANOVA. The means for each variable at each condition were adjusted 

for speed to plot results of the ANCOVA. 

4.2.1 Lateral torso sway 

The ANCOVA results for the lateral torso sway, with speed as a covariate, 

showed no significant merences between testing sessions or between limbs. 



4.23 Ground reaction force 

The landing peak of the vertical component of the GRF curve decreased 

signifcantly after surgery when it was adjusted for speed (Fig. 36). Both h b s  had a 

significantly s d e r  adjusted Ianding peak by four months post-operative, with the 

&ected limb being significantly snaller than the contraIatera1 Iimb. The adjusted pushoff 

peak differences were not signincant (Fig. 37). The minimum between the two peaks 

(Fzmin) showed no significant difference between sessions or limbs when adjusted for 

speed. The adjusted yieid (FzR1) and pushoff (FzR2) ranges were smdler on the affected 

side than the contralateral side with the pushoff range king signincant. 

The anterior component of the GRF, when adjusted for speed, was signiscantly 

smaller by four rnonths after surgery for the contralateral h b ,  but the aected limb 

remained stable (Fig. 38). ï h e  adjusted posterior component was signincantly different 

between each of the sessions (Fig. 39). The adjusted posterior peak was signincantiy 

smder on the affectecl side than îhe contralateral side. 

The medial component of the GRF was significantly smaller on the affected side 

than the unaffected side when controllhg for speed (Fig. 40). The medial peak for the 

contralateral limb did not differ over time, when controhg for speed, but the adjusted 

medial peak on the affected side decreased sigoificantly by eight months post-operative. 

The adjusted laterai peak tended to decrease &er surgery, but the effect was not 

significant (Fig. 41). 



4.2.3 Hip kinematics 

The sagittal hip range of motion during gait (when adjusted for speed) was 

smaller on the affected side than the d e c t e d  side th~oughout the eight month protocol. 

This effect was signifiant for the maxfmum extension angie (Fig. 43) andtotal range of 

motion (Fig. 44), but not for the maximum flexion angie (Fig. 42). The adjusted sagittal 

hip range of motion during gait did not increase si@cantly in the affected iimb, but 

decreased significantly in the contrdateral limb by eight months post-operative. 

4.2.4 Joint moments 

Joint moments yith speed as a covariate were similar to the joint moments 

without speed. The adjusted ankle planta flexion moment was significantly smaller on 

the Bected side than the contralateral side (Fig. 45). Adjusted knee flexion and extension 

moments were not significantly different between sessions or limbs (Fig. 46, and Fig. 47). 

The adjusted hip flexion moment was significantly Iarger on the affected side than the 

contralateral side (Fig. 48). The adjusted hip extension moment was smaller for the 

affected limb than the contraiateral Limb (p = 0.07) (Fig. 49). The adjusted hip abduction 

moment did not show any statistically s i d c a n t  differences between testing sessions or 

limbs (Fig. 50). 
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4.2.5 Hip abductor muscle duration 

The adjusted means for the durahon of activity of gluteus medius and tensor 

fascia lata are illustrated in Fig. 51 and Fig. 52. There were no statistically significant 

Werences between testing sessions or limbs for either muscle. 



Fig. 12. Free walking speed of pre- and postsperative THR patients. Four and eight 
month post-operative speeds were sigdicantly larger thao pre-operative speed 
(*, p < 0.05). 
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Fig. 13. Lateral torso sway for THR patients. 
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Fig. 14. Typical vertical GRF curve. Labeb represent landing peak (Fzl), Pushoff peak 
(Fz~), minimum during mid stance (Fzmin), yield range (FzRl), and pushoff range 
Pz=)- 



Fig. 15. Anterior shear peak of the G E  for THR patients. The asterisk (*) represents a 
ciifference between afZected and contralateral h b s  @ < 0.05). The shear on the affecteci 
side increased signifïcandy across testing sessions. 
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Fig. 16. Posterior shear peak of the GRF for THR patients. The affected leg had a 
significantly smaiier shear peak than the conbralateral leg. 



Percent of Stance 

Fig. 17. A typical c w e  for the medial-lateral component of the GRF. The medial peak 
(FxMed) typically occurred during the loading response, and the lateral peak (FxLat) 
lasted for much of the stance phase. 
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Fig. 19. Lateral shear peak of the GRF for THR patients. 
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Fig. 18. Media1 shear peak of the GRF for THR patients. Asterisks (*) represent 
ciifferences between the aEected and contralateral limbs. The contralateral limb increased 
signincantly across testing sessions. 
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21. Maximum hip extension during gait for THR patients. The hip extension angle 
significantly smaller for the affècted limb than the contralateral Iimb. 
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Fig- 20. Maximum hip flexion during gait for THR patients. 



0.14 L 

0.12. 

CI s O.'.= m 
w = 0.08 

E 
0.06 

= 

- - - œ œ  
I 

- 

0.04 

0.02 

Pre-ôp 4Mo Post-Op 810 Post-Op 

Fig. 22. Maximum ankle plantar flexion moment for THR patients- The ankle piantar 
flexion moment was signifïcantly smaiier on the affectai limb than the contralaterai side. 



Fig. 23. Maximum knee flexion moment for THR patients. 
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Fig. 24. Maximum knee extension moment for THR patients. 
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Fig. 25. Maximum hip flexion moment for THR patients. 

Fig. 26. Maximum hip extension moment for THR patients. The hip extension moment 
on the affected side was signiticantly srnaller than the contraiateral side. 
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27. Maximum hip abduction moment for THR patients. 



Fig. 28. Duration of activity of the gluteus medius during the stance phase for THR 
patients. 
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Fig. 29. Duration of activity of the tensor fascia lata during the stance phase for THR 
patients. 
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Fig. 30. Frequency histogram of the pre-operative Sected gluteus medius activity during 
each of the 10% of stance time intervals. Total number of subjects in this plot was 14. 

-10 O 10 20 30 10 50 60 70 80 90 

% of Stance 

Fig. 31. Frequency histogram of the 4 month pst-operative afFected giuteus medius 
activity during each of the 10% of stance t h e  intervals. Totai number of subjects in this 
plot was 12. 
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Fig. 32. Frequency histogram of the 8 month pst-operative affecteci gluteus medius 
activity during each of the 10% of stance tirne intervais. Total number of subjects in this 
plot was 11. 
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Fig. 33- Frequency histogram of the pre-operative affectai teosor fascia Iata activity 
during each of the 10% of stance time intervals. Total nurnber of subjects in this plot 
was 14. 

-10 O 10 20 30 40 50 60 70 80 90 

% of Stance 

Fig. 34. Frequency histogm of the 4 month pst-operative affectcd temr fascia lata 
activity during each of the 10% of stance tirne intervals. Total nwnber of subjects in this 
plot was 12. 
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Fig. 35. Frequency histogram of the 8 month pst-operative Hected tensor fascia lata 
activity during each of the 10Y0 of stance tirne intervals. Total nimiber of subjects in this 
plot was 11. 
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Fig. 36. Landing peak of the vertical GRF c w e ,  adjusted for speed of walking. By four 
months post-operative, the adjusted landing peak was significmtly smder than the pre- 
operative peak. The af5ected limb had a smaller Ianding peak tban the contralateral limb 
@ < 0.05). 

Fig. 37. hishoff peak of the vertical GRF c w e ,  adjusted for speed of wallring. 
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Fig. 38. Peak anterior shear of the GRF, adjusted for speed of walking. t represent 
merences from pre-operative to four and eight month post-operative forces @ < 0.05). 
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Fig. 39. Peak posterior shear of the GW, adjusted for speed of walking. The affected 
limb had a signifïcantly smaller adjusted posterior shear than the contralaterd limb. 
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Fig. 40. Peak media1 shear of the GRF, adjusted for speed of waiking. t represents a 
ciifference fiom pre-operative to eight month pst-operative @ < 0.05). 
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Fig. 41. Peak lateral shear of the GRF, adjusted for speed of waiking. 



Fig. 42. Peak hip flexion angle dining gait, adjusted for speed of wallcing. 

Fig. 43. Peak hip extension angle during gait, adjusted for speed of waiking. The affected 
hip extension angle was siiificantly srnalier than the contralateral extension angle. 





Fig. 45. Peak ankle plantar flexion moment, adjusted for speed of wallàng. The moment 
on the dected side was signincantiy smaller than the contralateral side. 
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Fig. 46. Peak knee flexion moment, adjusted for speed of wallung. 

Fig. 47. Peak knee extension moment, adjusted for speed of waiking. 



Fig. 48. Peak hip flexion moment during gait, adjusted for speed of wallMg. The adjusted 
hip flexion moment was signincantly larger on the af5ected side than the contralateral 
side @ < 0.05). 
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Fig. 49. Peak hip extension moment during gait, adjusted for speed of walking. The 
adjusted affected moment was smaller than the contralateral adjusted moment @ = 0.07). 



Fig. 50. Peak hip abduction moment during gait, adjusteci for speed of w a h g .  



Fig. 5 1. Gluteus medius duration of activity during stance, adjusted for speed of walking. 
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Fig. 52. Teosor fascia lata duration of activity during stance, adjusted for speed of 
walking . 



Chapter 5 

Cane results 

5. i Analysis of variance 

The effect of a cane on THR gait was tested using a three way ANOVA, with the 

main effects king session @re-operative, four months post-operative, and eight months 

post-operative), limb (affecteci and contralateral), and cane (cane and no cane). 

5.1.1 Walking speed 

The fiee speed of waiking increased over time, with the increase being significant 

between pre-operative and eight months pst-operative (Fig. 53). Patients using a cane 

waked an average of 3% slower than the same patients without a cane @ = 0.07). Our 

patients walked 1% slower when they walked with their affected h b s  facing the 

cameras, than with their conûdateral limbs facing the cameras (p = 0.02). 

5.1.2 Lateral torso sway 

The lateral torso sway showed no significani différences between sessions or limb 

main effects. The use of a cane did not significantly influence the degree of torso sway 

(FGg. 54). 

5.13 Ground reaction force 

Neither the landing peak (FA) or the pushoff peak (Fz.2) of the vertical GRF 

curve dif5ered between testing sessions, but there were main effects for both the limb and 

cane effects. The results of the simple effects analysis for these two variables are 
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illwtrated in Fig. 55 and Fig. 56. The ianding peak (Fzl) and pushoff peak (Fz2) for the 

afftected Iimb were significantly d e r  than for the contralateral h b  with and without 

the use of a cane. The use of a cane significantiy reduced both peaks for the afTected limb 

but not for the contralateral limb. 

The minimum point between the two peaks of the vertical GRF c w e  (Fzmin) 

was signiiicantiy smder at four and eight months post-opecatively than pre-operatively. 

The use of a cane significantly decreased the Fzmin, but this effect was only present on 

the affected side. Without a cane, the af5ected and contralateral limbs had a similar 

Fzmin, but the affected side was si@cantly decreased with a cane. 

There was a significantly d e r  yield range (FzRl) and pushoff range (FzR2) for 

the affected side than the contralateral side. Both ranges tended to increase after surgery, 

but these differences were not signincant. For the yield range, there was a significant 

interaction effect between session and cane, but the simple main effects test showed no 

differences. The pushoff range had an interaction effect between Iimb and cane. Only the 

afZected limb pushoff range decreased, moderateiy, with the use of a cane @ = 0.07) and 

was significantly smder thaa the contralateral iimb with or without a cane. 

The antenor and posterior shear components of the GRF were significantly 

smaller on the affect& limb than the contralateral limb. There was a signincant 

interaction for the anterior shear between the Iimb and session and the limb and cane 

eflfects. Simple effects showed a sipnincant increase in anterior shear for the aEected 

limb over the eight month protocol, and no change in the anterior shear on the 

contralateral side (Fig. 57). The afTected Limb had a significatldy smaller anterior shear 
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than the contralateral Iimb pre-operatively, but by four months post-operatively, the 

ciifference was no longer significant 'Zhe simple effects test for the limb versus cane 

interaction showed a signiscant reduction in the anterior shear on the affected side with 

the use of a cane, and no effect of a cane on the contralateral side (Fig. 58). The posterior 

shear component was 3% smaller with the use of a cane than without @ = 0.03). 

The ANOVA results for the medial shear peak of the GRF are Uustrated in 

Fig. 59. The medial shear peak had a significant session effect in which the peak was 

significantly greater by eight months post-operatively than presperatively, but the simple 

effects mode1 revealed that the only increase was in the contralateral limb and not the 

affected 1Mb. There was a sipnincant main effect of the contralateral limb having a 

greater medial peak than the af5ected peak. In the simple effects model, both four and 

eight month post-operative time points had a significantly larger medial peak on the 

contralateral side. The lateral shear peak was decreased signincantly by 15% with the use 

of a cane, but there was no significant merence across time points or between limbs. 

5.1.4 Hip kinematics 

The maximal hip flexionextension angles did not show a signincant effect of 

cane. However, the hip extension angle tended to be larger with the use of a cane @ = 

0.06). The range of motion between the maximum hip flexion and extension had both a 

significant limb effect (affected was less than contralateral) and session effect (pre- 

operative was less than either four or eight months post-operative). Fig. 60 illumates the 

interaction effect between limb and session. The affected Limb had a significantly smaller 



76 

hip range of motion at aii time points, but was largest pre-operatively. The range of 

motion for the Sected hip increased signincantly after smgery, but the hip range of 

motion for the contralateral hip remained stable. 

5.1.5 Joint moments 

Sagittal plane joint moment results were different for the hip, knee, and ankle 

joints. The ankle plantar flexion moment and the hip extension moment were both 

signifïcaatly srnalier on the aEected side than the contralaterai side. At the knee, the 

extension moment was signifacantly larger on the affected side than the contralateral side. 

The peak knee flexion moment was smaller on the affected side than the contraiateral 

side, but the diierence was not significant @ = 0.08). The use of a cane decreased the 

knee extension moment @ = 0.02) and the hip flexion moment (p = 0.06). 

The maximai hip abduction moment showed no ciifferences over tirne, but there 

was a signincant interaction effect between the iimb and cane effects. The use of a cane 

(Fig. 61) decreased the hip abduction moment on the affected limb @ = 0.02), but did not 

significady increase the hip abduction moment on the contralateral limb (p = 0.14). 

Without a cane, the hip abduction moment on the af3ected limb was larger than the 

contralateral limb (p = 0.07), but with the use of a cane, the bip abduction moment on the . 

aected  side was smaller than the contralateral side (p = 0.07). 

5.1.6 Hip abductor muscle duration 

The use of a cane significantly innuenced the activity of hip abductor muscles* 

The duration of activity during the stance phase for gluteus medius is illustrated in Fig. 
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62. There was a sigdcant interaction between the cane and session effects. At eight 

months postiiperative, the use of a cane signiflcantiy decreased the duration of gluteus 

medius, but prespetatively and at four months post-operatively there were no difierences 

between trials with and without the use of a cane. The use of a cane significantly reduced 

the dutation of t ewr  fascia lata (Fig. 63). 



Fig. 53. Free walking speed for THR patients with and without the use of a cane. Eight 
month pst-operative walking speed was signikmtly larger than pre-operattive speed. A 
cane reduced the speed by 3% @ = 0.07). 
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Fig. 54. Lateral torso sway for THR patients for the combined effect of the three testing 
sessions. 
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Fig. 55. Landhg peak of the vertical GRF curve for THR patimts. Asterisks (*) represent 
differences between affected and contralateral h b s  (p < 0.05). A cane sigdïcantly 
reduced the landing peak of the aEected h b .  
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Fig. 56. Puçhoff peak of the vertical GRF cuve for THR patients. Asterisks (*) represent 
differences between affected and contralateral limbs @ < 0.05). A cane significantly 
reduced the pushoff peak of the afTected h b .  
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Fig, 57. Anterior shear peak of the GRF for THR patients for the combined effect of trials 
with and without the use of a cane. The asterisk (*) represents a ciifference between 
ajTected and contralateral h b s  @ c 0.05)- The anterior shear inçreased signiIicantly for 
the affecteci iimb across testing sessions. 
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Fig. 58. Anterior shear peak of the GRF for THR patients for the combined effect of the 
three testing sessions. nie  asterisk (*) represents a ciifference between the aEected and 
contralateral limb (p < 0.05). A cane decreased the anterior shear significandy for the 
affected h b .  



Fig. 59. Medial shear peak of the GRF for THR patients for the combined effect of tnaIs 
with and without the use of a cane. Asterisks (*) represent ciifferences between the 
af5ected and contralateral limbs. The contralateral limb increased significantly across 
testing sessions. 



Fig. 60. Flexion-extension range of motion of the hip during gait for IMR patients for the 
combined effect of trials with and without the use of a cane. Astensks (*) represent 
diBeremes between the aected and contralateral h b s  (p < 0.05). The afTected hip 
range of motion increased significantiy across testing sessions. 
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Fig. 61. Maximum hip abduction moment for THR patients. Asterisks (*) represent 
ciifferences between affected and contralateral limbs @ < 0.07). A cane siPnificantly 
decreased the affectai hip abduction moment. 
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Fig. 62. Duration of activity of the gIuteus medius during the stance phase for THR 
patients for the combined effect of affected and contralateral limbs. The asterisk (*) 
represents a clifference between affected and contralateral limbs @ < 0.05). 

Fig. 63. Duration of activity of the tensor fascia lata during the stance phase for THR 
patients for the combined effect of affected and contralateral b b s .  The duration of 
activity of tensor fascia lata was signincantly reduced with the use of a cane. 



Chapter 6 

Discussion 

The patients involved in our study were selected for having unilateral 

osteoarthritis of the hip, with no other joint disorder that would a&ct thek gait Thus, our 

patients did not have multiple joint involvement or other neuromuscular disorders 

commonly found in pre-operative THR patients. Furîhermore, we selected patients prior 

to their first hip surgery, eliminating afi patients who were retuming for revision surgery. 

AI1 patients in this study complained of pain and limited function pre-operatively, but 

may have been healthier than the average THR candidate. We chose these inclusion and 

exclusion criteria to ensure the gait changes seen were due to the THR surgery and not 

the innuence of a separate pathology. These criteria, as well as logistical issues in 

recruiting fiom multiple sites, put severe limitations on the number of patients eligibie for 

Our study, and in the 17 months of recmitment fiom three hospitds in Calgary, ody 

fointeen volunteer patients entered into this study. 

The cluiicdy measured ranges of motion for the affected hip increased after 

surgery. The significnt asymmetry found pre-operatively was no longer significant by 

eight months f ier surgery for both the abduction and extension angles, and was greatly 

diminished for the flexion angle. Mont et al. [1993] reported an increase in flexion angle 

fiom 71" pre-operaîively to 99' by three to seven years pst-operatively. Our patients 
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increased in flexion fiom 84" pre-optively to 9 6 O  at eight months post-operatively. The 

range of flexion for the contralateral limb was constant over time at 104'. Our patients 

may not have reached the plateau in flexion by eight months pst-operative. 

Hip muscle strength increased for the af5ected leg after singery for moa THR 

patients in our study. The flexion and extension strength was graded normal (grade 5) by 

eight months post-operative in 75% of patients. The abduction strength was graded 

somewhat lower at eight months post-operative, but there was an hprovement in 

strength fiom the pre-operative süength for most patients. Pre-operative flexion and 

extension strength was graded a 4 or better in aii but one patient, indicating a relatively 

strong sample of THR patients pre-operatively. However, there was an asymmetry in 

most patients, as the contralaterai hip strength was graded a 5 in most patients pre- and 

post-operativeiy . 

Pre-operatively, nedy  half of the patients could not abduct their hip through full 

range of motion under moderate resistance. We did not measure strength quantitatively, 

but it is questionable as to whether these patients had adequate strength in their hip for 

normal daity activities. Delp et ai. [1996] estimated that the moment required to stabilize 

the hip during one-legged standing in a 75 kg male was 51 Nm, and that the maximum 

abduction moment is normdy 88 Nm. The grading scale used considers a grade of 5 to 

be normal. Thus, grades of less than 5 in abduction strength might correlate to strengths 

less than or near the threshold required for one-legged stance. Murray et al. [1981] 

measured an increase in maximum hip abduction moment from 49 Nm to 74 Nm for men 

and fiom 29 Nm to 50 Nm for women without a trochanteric osteotomy by 2 years after 
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THR surgery- Duing gait, THR patients may need to employ dynarnic gait strategies to 

reduce the demand on the abductors to maintain baiance during the stance phase of the 

affected limb. 

6.2 No Cane 

6.2.1 Walking speed 

Freely selected speed of wallcing has been shown to decrease with age @3hann et 

al., 19881. For normal subjects aged 61 years to 68 years, the h e  speed of waiking is 

1.22 mis to 1.33 mis [Cunningham et al., 1982; Waters et al., 19881. Patients for this 

study, with an average age of 63.7 * 8 years, had a pre-operative w a b g  speed of 0.95 

mis. AIthough this speed was slower than age-matched normal subjects, it was 

considerably faster than the speeds reported for typical pre-operative patients (0.45 m/s to 

0.60 m/s) @rand and Crowninshield, 1980; McBeath et ai., 1980; Murray et al., 198 1 ; 

Olsson et al., 19851. The difkrence between our results and the reported pre-operative 

resdts may be due to the patients selected for our study. Patients in simiiar gait studies 

were not selected for uniarticdar osteoarthritis. By four months post-operative, patients 

in our study waiked 1.05 m/s, and they walked 1 .O9 m/s by eight months post-operative. 

These post-operative speeds are also greater than the one year pst-operative results of 

other studies (0.77 m/s to 0.98 d s )  [Brand and Crowninshield, 1980; McBeath et al., 

1980; Olsson et ai., 19851- Although the speed increase after surgery was sîatistically 

signincant for our patients, the magnitude of the increase was ody 15%. Reports on the 

effect of walking speed an gait variables suggest that speed affects gait kinematics and 
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kinetics, but the magnitude of speed increase is not likely to anèct gait variables 

significantiy [Andriacchi et ai., 1977; Crowninshield et al., 19781. It is possible that the 

patients in our study did not reach their free wallang speed within the 6 m wallcway, but 

since al1 tests were performed on the same walkway, the between test compatisons are 

likely to be accurate, and their seIf-selected waiking speeds were markedly faster than 

patients in other studies, 

Our patients showed a 1% clifference in waiking speeds between trials in which 

the affected limb was facing the cameras versus contralaterai iimb triais. Patients waked 

the length of the walkway hrst with their right iimb facing the cameras, then their left. Of 

the 14 patients involved in our study, 6 had right hip involvement, and 8 had left hip 

involvement. Thus, the affecteci iimb trials were collected first for some patients and 

second for others. Every assurance was made to encourage patients equally during al1 

trials to ensure reproducible gait patterns. Therefore, the difference in speeds of w a l h g  

between affected and contralateral limb trials is iikely to be a random effec~ not 

representative of THR gait. 

6.2.2 Lateral torso sway 

Patients in our study did not demonstrate a significant asymmetry in the degree of 

torso sway over the aôected and contralateral limbs. Torso sway is a measure of limp, 

thus our patients did not demonstrate a limp over the affected limb, as seen in most pre- 

operative patients Front et ai., 1993; Olsson et al., 19851. Researchers generally measure 

the degree of limp clinically. Murray et al. [1981] measured limp as the lateral motion of 
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the head, however, this variable may be memurhg head tilt or other motions. Our method 

of measuring the angular motion of the tMik is sensitive in rneasuring quafltitatively the 

degree of ümp in the torso. Murray et al. [1981] reported a significant decrease in the 

lateral head motion of THR patients by 6 and 24 months post-operative, which suggests 

that the limp decreased in their patients. However, torso sway did not change by eight 

mon& postsperative in our patients. 

6.2.3 Ground reaction force 

The pre-operative landing peak of the vertical GRF on the Sected side 

(1.04 BW) was 3% smaller than on the contralateral Limb, and the pushoff peak on the 

affected 1Mb (1.03 BW) was 2% smaller than the contralateral limb. These asymmetries 

were smaller than the 6% to 8% clifferences reported in the Lterature [Long et al., 1993; 

Olsson et al., 19851, possibly as a result of the patient sample in our study having no 

lurch. Long et al. Cl9931 reported an 11% increase in the magnitude of the landing peak 

and a 9% increase in the pushoff peak by one year post-operative, and Olsson et al. 

[1985] reported a 5% increase in the peak vertical force by one year postsperative. The 

magnitude of the vertical GRF peaks did not dBer pre-operatively to eight rnonths pst- 

operative. When the speed of waiking was controiled by using speed as a covariate in the . 

analysis, the peaks of the vertical GRF c w e  decreased after surgery. The increase in 

vertical GRF reported by Long et al. and Olsson et al. may have been related to an 

increase in w a h g  speed in their patients. 
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Pre-operatively, both the anterior and posterior shear peaks of the GRF were 13% 

and 10% d e r ,  respectively, on the Sected lunb than the contralateral limb. The 

posterior peak rernained at 7% asymmetry up to eight rnonths pst-operatively. The 

anterior peak, however, increased significantly for the Sected h b ,  to restore symmetry 

by four months pst-operatively. Long et al. [1993] reported that the antenor peak had a 

21% clifference between h b s  pre-operatively and a 14% cWTerencé at one year post- 

operative, and that the posterior peak was 10% different prespedvely and 8% dinerent 

at one year. The anterior peak, when adjusted for speed, remained stable for the aEected 

limb after nirgery, and the posterior peak decreased significantiy. This suggested that the 

increase in the antenor shear was a function of an increase in the speed of waking, and if 

patients walked at a constant speed, the posterior peak would actually decrease after 

surgery in contrast to what is reported in the litetature. 

The maximai medial shear peak of the GRF, which typïcally occurred during the 

weight acceptance phase of gait, increased significantly after surgery for the contralateral 

limb but not the aEected limb. When controllhg for speed, the condateral medial peak 

remained stable, and the afEected medial peak decreased after surgery. The maximal 

Iaterai shear force tended to decrease after surgery with or without speed as a covariate. 

suggesting a decrease in the lateral motion of the center of mass of the subject. 

WallSng speed has been comelated with GRF over a wide range of speeds 

[Andnacchi et al., 1977; Crownuishieid et al., 19781. Our results suggest that even subtie 

increases in waIking speed corresponded to significant changes in the GRF. If restncted 
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to a constant pre-operative speed, our patients may have shown a decrease in the peak 

GRF d e r  singery. 

6.2.4 Hip kinematics 

The hip range of motion during gait increased by S0 for the affiected Iimb by eight 

months post-operatively, but the angle at eight months remained significantly Less than 

the contralaterd limb range of motion. Long et al. [1993] reported a 10' increase in hip 

arc of motion after one year post-operatively, and the post-operative range was at a 

normal level of 37O. Murray et ai. [1981] also pcesented a 10° to lSO increase in 

fiinctional range of motion by six months post-operatively, but the post-operative range 

(30") did not reach normai (46' for men and 40" for women). Our patients had a 

contralateral hip range of 42" and a post-operative affected hip range of 38'. Long et al. 

[1993] reported that 70% of the increase in range of motion was attributed to an increase 

in hip extension, whereas, 64% of the range for our patients was amibuted to an increase 

in flexion angle. 

The maximum extension angle during gait for our patients increased after surgery 

on the af5ected side, but decreased on the contralateral side. To &tain a more nearly 

normal waiking speed, the contralateral limb may have k e n  extending M e r  to increase 

the step length on îhe contralateral side to compensate for the decreased hip extension on 

the affected side. As the affected hip extended M e r  post-operatively, the contralaterd 

limb no longer had to compensate, and bilateral hip extension became more symmetrical. 
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When we controiied for walking speed (ANCOVA analysis), the hip extension angle on 

the affited side did not increase after surgev. 

6.2.5 Joint moments 

N p  extension moments and ankle plantar flexion moments were maller for the 

affected limb than the contralateral iimb, but the knee extension moment was larger for 

the af5ected limb than the contralateral limb. The affected limb used greater knee and l e s  

hip and d e  moments for propulsion. With smaller hip extension moments on the 

affected side, patients may have reduced the sagittal plane moments to reduce the muscle 

activity in the large flexion-extension muscles of the hip to decrease hip compressive 

loads. 

TypicaIly, cesearchers have aîtributed the reduction in hip compressive loads to a 

reduction in hip abduction moment on the affected side p e l p  et al., 19961. This 

interpretation may be the result of studies showing a larger magnitude of moment in the 

fiontal plane than the sagittal plane [Crowninshield et al., 19781. The patients in our study 

did not have a significant reduction in hip abduction moment on the affected side. This 

difference fiom other studies may have been related to the type of patient we studied 

sùice the patients in our study had larger hip sagittai plane moments than fiontal plane 

moments. Therefore, the patients in our study may have decreased their hip compressive 

loads by only decreasing their sagittal plane moments and not their hip abduction 

moment. 
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Typi~ally~ the hip joint moments are the Ieast reliable of the variables studied in 

gait analysis. The source of error rests primarily with the location of joint centers. S m d  

mors in hip joint center location couid lead to mors in moment ami and therefore 

moment cdculation mors. In order to determine the precise location o f  the hip jouit 

center, we would be required to use invasive methods, such as x-rays. This was not 

feasible for ou .  study, and we were forced to use anatomicai landmarks to estimate the 

hip center. Between subject comparisons, as made in this paper, could stiU be made since 

the same method was used for aU subjects. 

The results of the ANCOVA on joint moment variables, with speed as a covariate 

were similar to the results of the ANOVA, with the exception of the hip flexion moment. 

This suggests that the increase in wallàag speed seen post-operatively was not of a 

sdficient magnitude to affect joint moments. 

6-2.6 Hip abductor muscle activity 

The duration of activity during the stance phase of gluteus medius and tensor 

fascia lata tended IO be dinerent with respect to testing session, however, our data were 

not powerful enough to show any signincant Merences in muscle activity. The gluteus 

medius duration increased by 11% of the stance phase by four months post-operative on 

the contralateral side but remained stable on the affiected side. Tensor fascia Iata duration 

decreased by 7% of the stance phase by four months on the contralateral side and 

increased by 6% of the stance phase on the affected side. This midy did not control for 

surgical approach, but the surgicd approach rnost commonly used for these patients was 
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an anterolateral approach @oppenfeld and deBoer, 19941, which accesses the hip through 

the intemuscular plane between gluteus medius and tensor fascia lata. The anterior part 

or the entire gluteus medius is cut for adduction of the hip during surgery. These two 

muscles play a synergistic role for hip abduction. The hcreased duration of the affected 

tensor fascia lata at four months may have been a compensation for the surgidy 

damaged gluteus medius. With the speed as a covariate in the analysis, the affected 

gluteus medius duration increased after surgery while the tensor fascia lata duration 

decreased. 

The timing of bip abductor muscle activity has been presented by many 

researchers for the normal population. The gluteus medius muscle has been reported to be 

active fiom pre-stance to approximately 50% of stance [Perry, 1992; Jaegers et al., 19961. 

Cessation time for the giuteus medius has k e n  presented as later weissen, 19901 and 

earlier [Lyons et al., 19831 than mid-stance. Our data suggest that for most THR patients, 

the gluteus medius was active fiom at least 10% prior to foot strike to between 60% and 

80% of stance. Tensor fascia lata in normal populations is active fiorn foot strike to the 

end of mid-stance Ferry, 1992; Jaegers et al., 19961. In a young nonnal population, the 

tensor fascia laîa is reported to be active for only a short burst during mid-stance [perry, 

1992; Lyons et al., 19831. Our patients had tensor fascia lata activity fkom pre-stance to 

between 60% and 80% of stance in most patients. Long et ai. [1993] reported that 3 out of 

18 pre-operative THR patients had no gluteus medius activity, and five patients had 

continuous firing of the tensor fascia lata By two years postsperative, all pre-operatively 

abnormal patients retumed to a nomial firing pattern, but four hips became abnormal. 
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None of our patients had either of these twa gait abnormalities pre-operatively, but two 

patients had a continuous firing of tensor fascia lata by eight months post-operative. 

6.3 Cane 

Al1 of the patients in out study were able to walk without the use of a cane or 

other w a h g  aid at al1 testing sessions. Our patients walked 3% slower with the use of a 

cane than without a cane pre- and post-operatively. Brand and Crowninshield [1980] 

reported a 23% lower speed of waiking in presperative THR patients. Their patients 

waiked without a cane at 0.57 m / s  in contrast to our patients who walked at 0.95 d s .  Ely 

and Smidt [1977] reported no Werence in waiicing speed with the use of a cane in 15 

patients with hip disease or hip repIacement. Meissen et al. [L989] reported a case study 

of a THR patient in which the patient walked 4% slower with the use of a cane. The use 

of a cane may diminish walking speed, but the magnitude of the decrement appears to be 

negligible for this sample. 

The use of a cane did not.significantly affect the torso sway in our patients, 

although Fig. 40 shows a slight decrease in torso sway over the afTected limb. A cane 

may reduce the lirnp seen in patients with a moderate to severe limp, but our patients with 

no limp did not demonstrate this effect significantly. 

The use of a cane reduced vertical and shear GRF for the affected limb. The 

landing and pushoff vertical GRF peaks were reduced 7% and 9% respectively with the 

use of a cane. These decreases were expected since the cane was in contact with the 

ground and transrnining load during the stance phase of the affected limb, thereby 
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reducing the load on the Iimb Ely and Smidt, 19771. The cane had no effect on the 

contraiateral iirnb since it was not in contact with the ground during contralaterai stance. 

The cane signincantIy reduced the braking shear compnent and propulsive shear 

component of the GRFs for the affected limb, possibly by transmïtting some of these 

forces as weii. The lateral shear was 15% d e r  for both h b s  with the use of a cane. 

The cane may have decreased the lateral oscillation of the center of mas, which could 

have reduced the laterai shear force component of the GRF. 

The effect of a cane on sagittal plane moments was only noticeable in knee 

extension and hip flexion. The use of a cane reduced these moments for both the af3ected 

and contraiateral limbs, and may have been a resuit of the sbwer speed of walking with 

the use of a cane. 

The hip abduction moment in the affected hip was siflcantiy reduced by 26% 

with the use of a cane in the contralateral hand- We found, however,. that the contraiaterai 

hip abduction moment increased by 28% with the use of a cane. An important role of a 

cane in THR rehabilitation is to reduce the load on the hip and, thereby, aiiow for healing 

of the bone and soft tissues. Our results suggest that this reduction was successful on the 

af5ected side, but the contraiaterai side may have experienced a .  increase in the hip 

abduction moment. This increase in the hip abduction moment may have a potential 

deletenous effect on the contralateral limb, possibly accelerating hip disease. Further 

research is necessary to determine if this effect is ubiquitous for aU patients with 

unilateral hip disease. 
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The post-operative use of a cane decreased the duration of activity of the hip 

abductor muscles tested. Pre-operativeiy, the gluteus medius duration activity was greater 

with the use of a cane, but this effect was not statistidy significant- There was no 

differential effect between the af5ected and contralateral hips for either muscle. To 

produce a larger abduction moment on the contralaierd limb than the aected limb with 

the use of a cane, the hip abductor muscles likely sironger, but we iiid not estimate the 

magnitude of force of the hip abductor muscles or the amplitude of EMG signal of these 

muxles. Our EMG resuits reflect that the duration of activity of these muscles was not 

different between sides. The amplitude of the EMG signal may have ken different 

between Iimbs, but this cornparison was not feasible using EMG electrodes over separate 

muscles and on separate testing sessions. The same muscle contraction could produce 

dinerent EMG signais depending on the Location of the electrodes and the preparation of 

the skui [Basmajian and DeLuca, 19851. Long et al. [1989] reported that the amplitude of 

EMG signal fiom the gluteus medius activity decreased by 25% with the use of a cane. 

The EMG electrodes were left in the same locations on the muscle for both tests' and thus 

this cornparison was legitimate. 

6.4 Conclusion 

This study identined the gait dynamics and hip muscle recruitment patterns 

associated with pre-and post-operative T H '  Many THR patients walk with a lurching 

gait pattern, which is often associated with weak hip abductor muscles. We examined the 

effects of the use of a cane in pst-operative rehabilitation of THR patienîs. 
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The patients selected for our study were selected for having uniarticular 

osteoartbritis of the hip prior to primary THR. This criteria was chosen to study the 

effects of THR on gait with no other joint degeneraîion which may affect gait, This 

selection criteria led to a study population which did not demonstrate a lurching gait 

pattern and represented a select portion of the THR population. 

Patients involved in this study demonstrateci an increase in hip strength, an 

increase in clinically assesseci hip range of motion, and an increase in speed of waiking 

by eight mouths post-operative. Ground reaction forces were asymmetricai between the 

af5ected and contraiaterai limbs pre-operatively and did not retuni to symrnetry by eight 

months post-operative. Patients in this study tended to use less hip and ankle moments for 

propulsion, which may have been a strategy for the reduction in bip compressive loads, 

thereby reducing pain. The hip abduction moment, however, was not signifïcantly 

different between limbs or across time points. The use of a cane decreased the hip 

abduction moment on the affected side, but may have increased the hip abduction 

moment on the contralateral side. Therefore, the use of a cane reduced hip loading on the 

healing hip, but may have increased the loads placed on the good hip, which had the 

pootential to accelerate joint disease in that hip. At four months post-operatively, the 

duration of the tensor fascia lata muscle crossing the aBected hip was increased, 

potentidly, as a compensation for the surgicaily damaged gluteus medius. 

Future M e s  should determine if the effects seen in this study are generalizable 

to a larger population of THR patients. A larger sample size of THR patients with a 

broader etiology would be needed to determine these effects. A study examining the 
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effects of the use of a cane on the affecteci and con&eral hip loads would clarify the 

role of a cane in hip disease management A study relating hip muscle recmitrnent 

patterns and gait to surgical approach and rehabilïtation protocols would reveal which 

techniques wodd most benefit THR patients' gait perfo~nace. 
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Appendix 

INFORMED CONSENT FORM 

PROJECT: 

INVESTIGATORS: 

Examination of changes in muscles elecûical activity and walking 
patterns associated with the use of a cane following total hip 
replacement 

Deborah Thon, BScS-T, Peter Clare, M A ,  F3ScS.T. 
buri Kaul, BScS-T. (Foothills Hospital Physical Therapy) 

Gary Hughes, MD, Ronald Zemicke, PhD.? Stan Ajemian, BSc. 
(Joint Injury and Atthritis Research Group, Faculty of Medicine) 

Manuel Hulliger, PhD. (Department o f  Chical Neurosciences 
and Medical P h y ~ i ~ l ~ g ~ ,  Faculty o f  Medicine) 

McCaig Centnz for Joint Injury and Arthntis Reseafch, University 
of Calgary? Heritage Medical Research Building, 3330 Hospital 
hive  N.W, Calgary7 Alberta, T2N 4N 1 

FUNDING AGENCE Canadian Orthopaedic Foundation 
Hip Hip Hooray (Calgary and National) 

This consent fonn, a copy of which has been given to you, is only part of the 
process of informed consent. It will give you the basic idea of what the research 
project is about and what your participation will involve. If you would like more 
detail about something mentioned here, or information not included here, feel fkee to 
ask. Please take the time to read this carewy and to understand any accompanying 
information. 

The purpose of this research project is to find out more about how the 
muscles that are used during walking change as a result of your total hip 
replacement. We think that because of pain that gradually increased in the yean 
prior to your surgery, you learned to walk differently to avoid the pain. This 
changed w a h g  pattern may include using your muscles differently than persons 
that do not have hip pain. We are very interested in the muscle-activity patterns afler 
surgery when the pain is gone. 



We will examine the activity of eight muscles in your legs and Iower back- 
For each muscle, we will shave and cleau with rubbing dcohol a small area (2 cm by 
2 cm), then tape a pair of electrodes to the cleaned skin. Each electrcde is a small 
cup (8 mm in diameter) that is med with a gel and attached to srnail wires. Mer the 
eight pairs of electrodes are attached, the wkes will be coiled together and taped to 
your shorts to keep them fiom swinging as you w a k  The muscles that we are 
interested are: for both hips, the muscle fomd just below your waist in the back and 
the muscle that runs dong the outside of your hip joint; the muscles t&at lie on each 
sîde of your spine at the level of your waist; and one muscle on the fiont and one 
muscle on the back of the thigh on the same side as your operated hip. To record the 
movement of your body during walking, we will videotape you while you walk 
dong a straight path. In order to measure the body movements, we wili tape small 
reflective balls (1 cm in diameter) on the skui at your shoulders, the outside surtaces 
of both hips, laiees, and ankles, and your waistline in the back. 

We will be comparing your data coliected on three occasions-before your 
surgery and four and eight months afta your surgery* We are only interested in 
understandhg how your data change over tirne, so we will not be comparing it with 
the data collected fiom other people. 

The placement of the electrodes and the marking of your joints will require 
that you Wear shorts and a blouse/shirt that we can mil up. This may be somewhat 
embarrassing to you although we wiil try to make you feel coITlfortable by providing 
you with privacy during testing. Only the researchers and technicians dkectly 
related to the study will be present during the data collection sessions, and only those 
persons will be ailowed to view the videotape after the session is completed. The 
Human Motion Andysis Laboratory is in a private room of the McCaig Centre. 

It is possible that the gel that fills the electrodes or the tape used to hold the 
electrodes and joint markers in place may cause some minor skin irritation but this 
risk is very slight. We wili minimize these possibilities by thoroughiy cleaning the - 
skin areas after the electrodes and markers are removed. The risk of any long-tem 
irritation is very srnail. During the achial walking trials, you could accidently trip 
and fall. We will minimize this risk by making sure that the lead wires fiom the 
electrodes or any other electrical cor& are not in your way, and an investigator will 
waik beside you to prevent your f a  ifyou stumble. 

The data collection involves the use of complex electronics equipment, and 
because of equipment problems, you might eqerience delays in data collection. 





than the investigators WU view your videotaped walking trials. After completion of 
data collection and analysis, you wiil be welcome to review our fïndings and 
conclusions and to view your videotape. 

We will reimbme you for mileage and parking at the end of your 
participation. If  data collection extends over a mealtime, we will reimburse you for 
a meal. Please save your receipts and r e m  them to us for the reimbursmentt 



Your signaîure on this fom indicates that you have undersfood to your satisfaction 
the information about your participation in the research project and agree to 
participate as a subject. In no way does this waive your legal rights or release the 
investigators, sponsors, or involved institutions fiom their legal and professionai 
responsibilities. You are fke to withdraw kom the study at any time without 
jeopardkhg your health care. Your continued participation should be as infonned 
as your initial cons en^ so you should feei fke to ask for clarification or new 
information throughout your participation. If you have fcurther qyestions, please 
contact: Lauri Kaul, BSc. P.T (670-2454) or Rooald Zemicke, PhD. (220-8666) 

Signature of subject 

Name of witness 

Signature of witness 

Date 



IMAGE EVALUATION 
TEST TARGET (QA-3) 

APPLIED k IMAGE. lnc 
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