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Abstract 

Clinical and Biomechanical Outcomes following Unicondylar Knee Arthroplasty 

with Preservation® Fixed and Mobile Bearing Tibial Components 

Unicondylar knee arthroplasty (UKA) has re-emerged as a successful treatment 

option for isolated single compartment tibio-femoral joint osteoarthritis. However 

despite its increasing use, controversy still remains over fixed or mobile bearing tibial 

components, as there is a lack to prospective randomised studies reported in the 

literature. In addition, the theoretical advantages of the mobile bearing for knee 

kinematics, kinetics and clinical outcome have not been evaluated in vivo. 

 

 The aim of this research study was to explore the clinical and biomechanical 

outcomes of the fixed and mobile bearing UKA. Using 3 dimensional gait analysis, 

changes in gait following UKA were evaluated, as was the influence of the mobile 

bearing design on gait. Clinical measures and knee strength were also measured to 

investigate the affect of these on gait patterns. In addition we explored the clinical 

differences between the fixed and mobile bearing tibial component, and the affect gait 

had on this clinical outcome. Migration of fixed bearing tibial components after UKA 

was also assessed using Roentgen stereophotogrammetric analysis (RSA). Knee loading 

in walking, exposure to walking (measured using activity monitors) and other 

anthropometric measures were used to identify predictors of component migration in the 

fixed bearing design. 

 

 Two research trials were conducted, an initial cross sectional study of 14 

patients, two years following UKA with the Miller/Galante (Zimmer, Warsaw, USA) 

unicompartmental knee. The second prospective randomised control trial incorporated 

39 knees in 35 patients, who received the Preservation (DePuy International, Leeds, 
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UK) unicompartmental knee, and were assessed prior to surgery and 12 months 

following with three dimension gait analysis, clinical scores of the Knee Injury and 

Osteoarthritis Outcome Score (KOOS) and Knee Society Clinical Rating System (KSS).  

 

 Clinical comparison of the fixed and mobile bearing Preservation 

unicompartmental knees revealed excessive early revision rate for component loosening 

of the Mobile bearing prosthesis at 21% (4 out of 19) for this group. There were no 

revisions in the fixed bearing group, however RSA analysis predicted potential early 

loosening of one prosthesis. In addition to the high revision rate, the mobile bearing 

group reported anterior/medial knee pain in 47% of patients compared to 10% in the 

fixed bearing group (fishers exact test p = 0.014). This patient group was less satisfied 

(p = 0.101) and reported more intensive post-operative knee pain (p = 0.086), however 

not significant. For the whole patient group, rapid recovery was made for knee range of 

motion, satisfaction, KOOS and KSS outcome scores within 6 months of surgery, which 

all remained unchanged at 12 months following surgery. As a result of this study, the 

mobile bearing prosthesis was abandoned, as the implantation technique and design of 

the mobile bearing resulted in excessive revision rate and increased post-operative knee 

pain. The design of choice in the Preservation knee is the all polyethylene tibial 

component.  

 

 Assessment of pre- and post-operative gait revealed results unique to UKA. 

Significant improvements were achieved by patients for temporal-spatial parameters, to 

comparable levels to their aged match controls. Knee joint kinetics was also 

transformed back to normal patterning. The pre-operative knee flexion moments were 

reverted to normal biphasic patterning in all but 12% (5/39) of patients, which is 

comparable to the control group. When post-operative pain was controlled for, 
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quadriceps strength was the best predictor of the improvement in sagittal plane knee 

kinetics. Knee kinematics also improved following UKA, however the knee angle at 

heel strike, and minimum knee flexion angle in late stance failed to reach ranges 

comparable to the aged matched control group. Knee kinetics, kinematics and temporal 

spatial parameters showed no difference for patients with a fixed or mobile bearing 

prosthesis. The theoretical advantages of the mobile bearing design had no influence on 

post-operative gait.  

 

 When the results for the both studies were combined, utilising the Preservation 

and MG fixed bearing prostheses, there was a significant relationship between knee 

adduction moment, and a poor prognosis predicted from RSA. Those patients with 

translation or rotation of the tibial component in any direction above 1mm and 1.5 

degrees respectively were considered to have a poor prognosis for long term fixation. Of 

the 28 patients, the 8 patients considered to have a poor prognosis, had increased knee 

adduction moments post-surgery (mean difference = 1.66Nm.kg-1, p = 0.007). There 

was no difference between the groups for knee flexion moment (mean difference 

0.16Nm.kg-1, p = 0.844). Pre-surgery gait was unable to predict the post-surgery 

outcome, due to the significant changes in gait from pre- to post-surgery. 

 

 Care must taken when implanting the Preservation mobile bearing prosthesis, as 

long term outcome is questionable. The mobile bearing prosthesis also produced the 

worst clinical outcome, however the theoretical advantages of the mobile bearing does 

not affect gait. Gait analysis is a useful tool to identify patient who are overloading their 

prosthesis, leading to potential early failure. Identification of these gait patterns can 

allow for early intervention to reduce joint load, and possible extend the longevity of the 

prosthesis.  
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~ Chapter 1 ~ 

INTRODUCTION 

 

1.1 Unicondylar Knee Arthroplasty 

The anatomical features of the knee make medial compartment knee 

osteoarthritis suitable for treatment by Unicondylar Knee Arthroplasty (UKA) (White et 

al., 1991). UKA involves replacing only the arthritic medial compartment of the joint 

with a metal and polyethylene prosthesis. The lateral and patello-femoral compartment 

of the knee remains intact, as do both cruciate ligaments. UKA first emerged in the 

1970’s, unfortunately with poor clinical results. The 10 year survival rates ranged from 

70 to 85% (Marmor, 1988; Scott et al., 1991). This was predominantly due to poor 

prosthesis design and patient selection criteria (Goodfellow et al., 1988). Over the last 

decade, survival and function of UKA has improved dramatically, reviving the interest 

in UKA as a successful treatment option for medial compartment osteoarthritis (Berger 

et al., 1999; Deshmukh & Scott, 2001; Squire et al., 1999; Svard & Price, 2001).  

 

Despite the improved outcomes for UKA, tibial component migration (Bohm & 

Landsiedl, 2000), which leads to component loosening (Ryd et al., 1995) requiring 

revision, still remains a significant problem for orthopaedic surgeons. The mechanism 

behind component migration has only been assessed in total knee arthroplasty (TKA). 

Bone mineral density influences fixation of the tibial component in TKA when 

uncemented components are used (Li & Nilsson, 2000). The use of bone cement can 

compensate for poor bone quality in the early post-operative period (Li & Nilsson, 

2000). The impact or poor bone mineral density has not been assessed in UKA. Knee 

joint loading during gait also has an effect on tibial component fixation in TKA 

(Hilding et al., 1999). High, and predominately flexing external knee moments cause 
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increased migration of the tibial component (Hilding et al., 1996; Hilding et al., 1999). 

Prosthesis design and fixation technique can also affect prosthesis fixation. In UKA, 

factors such as all polyethylene tibial components (Hyldahl et al., 2001), can improve 

tibial component fixation, leading to longer prosthesis lifespan. All poylethelene 

bearings provide more stable fixation compared metal backing, with decreased 

maximum total point migration as measured by RSA (Hyldahl et al., 2001). All 

polyethylene tibial components have similar mechanical properties to native bone, 

suggesting improved transfer of mechanical stress. In addition the increased volume of 

polyethylene can avoid the potential for early catastrophic wear, when compared to 

metal backed components. The potential for altered knee joint loading during gait or 

bone quality has not been applied to migration in UKA. It is unknown how these factors 

may influence prosthesis migration in UKA. 

 

Traditionally, migration or loosening is determined with plain film radiographs 

and simple rulers. Areas of radiolucency are measured and followed over time to 

determine if prostheses are migrating within the bone leading to loosening. 

Unfortunately, using this technique, loosening may only be evident after five or more 

years of continuing migration. With the introduction of Radiosterometric analysis 

(RSA), loosening of the prosthetic component can be predicted as early as two years 

following surgery (Ryd, 1986). These benefits of RSA have allowed prediction of 10 

year outcome of a TKA by 2 years post-surgery, enabling quick evaluation of new 

prostheses, surgical techniques or post-operative interventions. The benefits of RSA are 

rarely applied to UKA, and have only either described the amount of micro motion in 

UKA (Soavi et al., 2002), or compared metal backing to all polyethylene components 

(Hyldahl et al., 2001; Ryd et al., 1992), leaving a substantial deficit in the literature 

relating to the migration of UKA components.  
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There are many benefits of UKA over other treatment options like tibial 

osteotomy or total knee arthroplasty for medial compartment osteoarthritis. Firstly, the 

minimally invasive nature of UKA surgery with small 6-10 cm incisions decreases the 

trauma to the joint capsule and surrounding bone (Gesell & Tria, 2004). This allows for 

reduced hospital stays, decreased complication risk and cost (Engh & McAuley, 1999; 

Robertsson et al., 1999). Secondly the preservation of the patello-femoral compartment 

and cruciate ligaments potentially leads to improved knee function (Chassin et al., 

1996). These benefits have been shown during walking, with the use of 3-dimensional 

gait analysis where knee kinematics and kinetics have been shown to replicate the 

uninjured population (Chassin et al., 1996; Fuchs et al., 2005). However these studies 

by have only assessed post-operative gait, without accounting for any pre-operative 

similarities or differences.  

 

 There are two types of UKA available on the Australian market today: the fixed 

bearing and the mobile tibial bearing design (see table 1). The fixed tibial bearings 

available vary slightly in design, but generally consist of a slightly concaved 

polyethylene surface, which is not congruent with the femoral component, and the 

polyethylene is fixed to the metal backing, or directly cemented into the bone. The 

mobile bearing consists of a fully congruent bearing, which is free to slide anterior or 

posterior on its metal backing (Argenson, 1993). There are many theoretical advantages 

of the mobile bearing design. The mobile bearing allows for more natural joint 

mechanics, as the femoral roll back is controlled by the ligaments (Goodfellow & 

O'Connor, 1978). In addition the confirming articular surfaces provide a larger contact 

area, decreasing the contact stress (Goodfellow & O'Connor, 1978). In theory this 

reduces polyethylene wear and reduces shear forces at the bone cement interface, 

reducing the possibility for tibial component migration. Unfortunately these benefits 
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have only been identified in cadaver studies (Goodfellow & O'Connor, 1978), or 

research trials which compare prostheses from different manufactures (Confalonieri et 

al., 2004; Gleeson et al., 2004), which have differing prostheses geometry, materials 

and implantation techniques. No research has prospectively compared these two bearing 

types in the same prosthesis design.  

 

Table 1. Top 10 Unicompartmental Knee Prostheses used in Primary Knee Replacement 

Australian Joint replacement Registry, 2005. 

Rank  1999  2000  2001  2002  2003  2004  
1  Oxford 

3  
(10)  

Oxford 3  
(345)  

Oxford 3  
(1056)  

Oxford 3  
(1577)  

Oxford 3  
(1359)  

Oxford 3  
(1124)  

2  LCS  
(5)  

Allegretto 
Uni (111)  

Repicci  
(337)  

Repicci  
(579)  

Repicci  
(420)  

Repicci  
(365)  

3  M/G  
(5)  

M/G  
(70)  

Allegretto Uni 
(232)  

Allegretto 
Uni (373)  

Preservation 
fixed (371)  

M/G  
(362)  

4  Repicci  
(2)  

PFC Sigma  
(34)  

M/G  
(209)  

M/G  
(334)  

M/G  
(349)  

Preservation 
fixed (354)  

5  Genesis  
(1)  

Unix  
(30)  

Unix  
(182)  

Preservation 
fixed (294)  

Allegretto 
Uni (336)  

Genesis  
(291)  

6  PFC 
Sigma  
(1)  

Genesis  
(22)  

PFC Sigma  
(90)  

Unix  
(236)  

GRU  
(318)  

GRU  
(286)  

7   Repicci (13)  Preservation 
fixed (79)  

Genesis  
(129)  

Genesis  
(276)  

Unix  
(237)  

8   LCS (7)  Genesis  
(51)  

Preservation 
mobile (149) 

Unix  
(260)  

Allegretto 
Uni (186)  

9   Natural 
Knee (5) 

Natural Knee 
(37)  

GRU  
(46)  

Preservation 
mobile (121)  

Endo-Model 
Sled (172)  

10   Preservation 
mobile (15) 

Natural 
Knee (42)  

Endo-Model 
Sled (101)  

AMC  
(64)  

% 
Procedu

res 
using 

Top 10  

100%  100%  99.5%  98.3%  96.2%  95.1%  

Total N 
Procedu

res  

24  637  2300  3823  4065  3619  

 

1.2 Statement of the Problems 

a. The theoretical advantages of mobile meniscal bearing unicondylar knee 

arthroplasty have not been justified in vivo in a scientifically sound prospective 

study. So far, the theory of less incidence of loosing, improved clinical outcome 
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and superior kinematics is yet to be shown. Previous studies have been 

retrospective, and/or have compared implants from different manufactures.  

 

b. There is no prospective research addressing the effects of UKA on patient’s knee 

kinematics and kinetics during gait from pre- to post-surgery. In addition the 

theoretical benefits of improved knee kinematics and kinetics of the mobile 

bearing tibial component has not been evaluated during walking.  

 

c. Few factors have been identified that influence the long-term outcome of 

unicondylar knee arthroplasty. Identification of joint loading patterns in gait that 

may have detrimental effects on the prosthesis needs to be identified to improve 

prosthesis design, implantation techniques and develop preventative measures to 

combat early failure. 

 

1.3 Study Aims 

With the introduction of the Preservation® Unicompartmental Knee, it is now possible 

to directly compare the fixed and mobile bearing tibial component in prostheses from 

the same manufacture, which utilises the same femoral component and surgical 

technique. Based on these new prostheses this thesis aims to: 

a. Identify any improvements in gait from pre-surgery to post-UKA. We aim to 

assess these improvements in terms of temporal spatial parameters, knee 

kinematics and knee kinetics during walking.  

b. Evaluate the theoretical benefits of the mobile bearing tibial component for knee 

kinematics and kinetics during gait compared to the fixed bearing tibial 

component in prostheses from the same manufacturer (Preservation, DePuy). 
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c. Evaluate the effect of knee joint loading in gait and physical activity levels on 

early tibial component migration of UKA prostheses. 

d. Prospectively compare the clinical outcomes of the fixed and mobile bearing 

tibial components in prostheses from the same manufacturer. Clinical 

comparisons will include subjective measures of knee pain, function and 

satisfaction, and quantitative measures of knee range of motion and tibial 

component migration.  

 

1.4 Hypotheses 

a. Early tibial component migration in the mobile bearing tibial reduced when 

compared the fixed bearing tibial component in UKA when the same femoral 

component design produced by the same manufacturer is used. 

b. Clinical results of the mobile bearing tibial component in UKA is improved due to 

the superior joint kinematics when compared to the fixed bearing tibial component 

c. Knee kinetics and kinematics are improved, close to normal one year following 

UKA. 

d. Patients who walk with a higher external knee adduction moments, which increases 

the load on the medial compartment, will demonstrate increased early migration of 

the tibial component as measured by RSA. 

 

1.5 Thesis Overview 

This thesis is presented as a series of papers which have been submitted for publication, 

or are to be submitted. Each of the 4 papers aims to resolve the research problems with 

respect to the research aims. Chapter 3 is an initial pilot study of the post-operative gait 

patterns of 14 patients, 2 years following UKA, and the effects of their knee joint 

loading on predicted long term outcome of tibial component migration. Chapter 4 
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explores the improvements is pre-operative gait in a prospective randomised trial, 

comparing the fixed and mobile bearing Preservation UKA, at one year post-surgery. 

Chapter 5 is a prospective comparison of clinical outcomes of the fixed and mobile 

bearing designs of the Preservation UKA. Chapter 6 combines the previous two 

chapters’ results, to predict patients’ clinical outcome using gait analysis.  

 

1.6 Delimitations and Limitations 

Delimitation 

 Patients will be included only if they fit the selection criteria for surgery set by the 

manufactures, and assessed by the consulting surgeon, which includes: 

− Preserved lateral compartment  

− Intact anterior cruciate ligament 

− Varus deformity less than 15 degrees 

− Excessive ligament laxity  

− Excessive fixed flexion deformity 

 The tibial and femoral components of the prosthesis are equal in design and 

construction material made by the same manufacture. 

 Patients between the age of 50 to 80 years old will only be recruited 

 Body Mass of the patients will be restricted to a Body Mass Index less than 35. 

 Patients must be able to walk unaided for at least 200 metres 

 

Limitations 

 Bone Quality (except osteoporosis) may differ between patients, having a potential 

affect on the prosthesis fixation. The true extent of this effect is still unknown. 

 It is assumed that walking data generated in gait laboratory represents normal 

patterns of walking performed by the patients. 
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1.7 Definition of Terms 

Unicondylar Knee Arthroplasty (UKA) 

A surgical method of removing the arthritic surface of either the medial or 

lateral compartment of the knee and replacing it with metal components separated by a 

polyethylene bearing. This study is limited to only medial compartment UKA. 

 

Mobile Bearing UKA 

 The polyethylene component of the prosthesis is free to slide in an anterior 

posterior direction. The proximal surface in concave to articulate with the femoral 

component, with the distal surface being flat to articulate on the tibial base. 

  

Radiosterometric Analysis (RSA) 

 A radiographic and computerised method to measure the 3 dimensional position 

and movement of prostheses in situ (Selvik, 1978). RSA can detect small movements of 

the prosthesis with high accuracy (Onsten et al., 2001) 

 

Gait Analysis 

 Gait analysis, in this thesis, combines multiple specialised video cameras 

synchronised to force plates to assess the walking patterns of people. The cameras are 

used to reconstruct a 3-dimensional position of body segments and the force plates 

measure the ground reaction forces applied to the person. Combining the positional and 

force data, inverse dynamics are used to calculate joint and segment movement and 

moments (Besier et al., 2003).  
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Phases of the Gait cycle: 

Stance phase - the phase of the gait cycle when the foot is in contact with the ground. 

This phase in then broken down into 4 periods: 

Heel strike - the instance when the foot makes initial contact with the floor.   

Weight Acceptance - The period of rapid knee flexion to absorbed the initial ground 

reaction force. It is defined from heel strike until maximal knee flexion in 

early stance.  

Mid-Stance - the period of knee extension from maximum knee flexion at weight 

acceptance until peak knee extension.  

Terminal stance phase - the period peak knee extension until toe off. 

Swing phase - the phase of the gait between toe-off to heel strike where the foot is not in 

contact with the floor. 

 

Gait Parameters 

Double support time - period of time (seconds) when both feet are in contact with the 

ground. This occurs twice in each gait cycle. 

 

Single support time - period of time when only one foot is in contact with the ground. 

This occurs twice in each gait cycle 

 

Stride length - the distance between two successive placements of the same foot.  

Cadence - the number of steps taken in one minute (steps/minute).  

 

Walking velocity - the displacement of the person over time, determined by 

Velocity (m/s) = stride length (m)/stride time (s) 
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External joint moment - the sum of affect of externally applied and inertial loads, which 

can be interpreted as the load tending to rotate the limb around an axis of 

the joint. 
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~ Chapter 2 ~ 

CLINICAL AND BIOMECHANICAL REVIEW OF FIXED 

AND MOBILE BEARING UNICONDYLAR KNEE 

ARTHROPLASTY 

Literature Review 

 

Knee osteoarthritis (OA) has the greatest impact on activities of daily living in 

the elderly population (Guccione et al., 1994). OA effects over half of the Australian 

population aged over 75 (Australian Bureau of Statistics, 1995). Despite its prevalence 

in the aged population, the cause of knee OA, involving a complex integration of 

biological, mechanical and structural processes (Andriacchi et al., 2004), remains poorly 

understood. OA is characterised by initial damage to the articular cartilage, whereby 

increasing load are applied to the subchrondral bone, eliciting increased bony growth, 

further degradation the articular cartilage. Radiographically knee OA presents with the 

formation of osteophytes at the joint margins, joint space narrowing, subchondral 

sclerosis, subchondral cyst formation (Scott et al., 1993). 

 

OA is the most common form of articular cartilage degeneration, with the knee 

being the most commonly involved joint. The knee joint is required to withstand large 

forces in daily activities such as walking and with 70% of the knee joint load passing 

through the medial compartment (Johnson et al., 1980), it is most common site for 

arthritis development. Symptomatic knee OA is described by suffers as deep aching 

pain, most often associated with activity involving the knee. Pain often increases with 

disease progression, including rest or night pain, with loss of knee range of motion, 

swelling and crepitus. Knee OA results in significant disability in the elderly population 
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(Guccione et al., 1994). Knee OA is responsible for more disability in a persons 

mobility, limiting walking ability and distance, use of stairs and also limits household 

activities than any other disease (Guccione et al., 1994).  

 

Mechanical loads applied to the knee during walking can affect the progression 

of OA (Miyazaki et al., 2002), and also have a significant affect on the treatment 

outcomes for knee OA (Hilding et al., 1999; Prodromos et al., 1985). These mechanical 

loads also affect the other surgical options for medial compartment OA (Hilding et al., 

1999; Prodromos et al., 1985), which may also be affecting the outcome of UKA in a 

similar manner.  

 

Treatment options for medial compartment OA range form conservative (e.g. 

bracing and exercise) to surgical techniques (e.g. tibial osteotomy or joint replacement). 

The treatment options for isolated medial compartment knee OA remains controversial, 

however the advances in prosthesis design and surgical technique has resulted in a re-

emergence of unicondylar knee arthroplasty as the superior treatment option over 

osteotomy (Carr et al., 1993; Murray et al., 1998) or total knee arthroplasty (Deshmukh 

& Scott, 2001). Two design types of UKA currently exist on the market, either a fixed 

tibial bearing, or mobile tibial bearing, where the polyethylene is free to side 

anterior/posterior of the metal backing. The literature contains few direct comparisons 

between these two design types, despite their extensive use.  

 

 The success of the many treatment options available for medial compartment 

OA, including both conservative and surgical techniques vary. Therefore, optimal 

treatment for isolated medial compartment OA remains controversial. 

 14



2.1 Conservative or Non-Operative Treatments 

Three non-operative or conservative treatment options have been used to treat 

medial compartment OA, these being lateral-wedged insole, OA knee braces, and 

exercise. A brief review of results and mechanism of action of these conservative 

treatment options are outlined below. 

 

A simple treatment option for medial compartment OA is the use of a lateral-

wedged insole in the patient’s shoe. The aim of the insole is to decrease the load being 

transmitted through the medial compartment of the knee by changing the varus/valgus 

angle at the ankle. This has the potential to decrease patients’ knee pain during weight 

bearing activities. This treatment option has been used since the early 1970’s and many 

researches have shown it to be an effective option for patients with mild to moderate 

osteoarthritis of the knee (Keating et al., 1993; Sasaki & Yasuda, 1987; Tohyama et al., 

1991).  

 

Little research has addressed the manner by which lateral heel wedges contribute 

to decreased pain. It is suggested that lateral-wedged insoles change the tibio-femoral 

angle, redistributing the load to the lateral compartment (Yasuda & Sasaki, 1987). 

Lateral-wedged insoles have been shown to reduce the medial compartment load in 

normal subjects (Crenshaw et al., 2000). One in vivo fluoroscopy study showed 33% of 

participants had unloading of the medial compartment when using lateral-wedged 

insoles (Komistek et al., 2001). These studies concluded that the unloading of the 

medial compartment contributes to a reduction in knee pain. Studies have only reported 

the unloading benefit in normal unaffected subjects. The overall affect in the 

osteoarthritic knee is yet to be assessed.  
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OA knee braces are commonly used and have been well researched. OA braces 

aim to unload the affected compartment by applying a 3 way force. Two medial forces 

at the mid femur and tibia, with a lateral force at the joint line. This potentially unloads 

the affected medial compartment, in order to reduce pain within the knee during weight 

bearing activities, which may also improve function (Draper et al., 2000; Hewett et al., 

1998; Kirkley et al., 1999). Studies have also examined if actual unloading of the 

affected compartment occurs (Hewett et al., 1998; Komistek et al., 2001). An unloading 

brace for medial compartment OA has been shown to decrease the knee adduction 

moments and therefore medial compartment load (Hewett et al., 1998). A more recent 

fluoroscopy study showed condylar lift off of the medial compartment occurred at heel 

strike whilst wearing an unloading OA brace (Komistek et al., 2001). The effects of 

these braces on direct measures of in vivo contact pressure have been challenged. 

Anderson and colleagues could not detect a difference in contact pressures with pressure 

sensitive film inserted during arthroscopic whilst wearing an unloading brace for medial 

compartment OA (Anderson et al., 2003).  

 

Exercise therapy for OA is generally well tolerated by patients, contrary to early 

beliefs. The goal of exercise therapy is to reduce pain and disability, which is thought to 

occur through improvements in muscle strength, stability of joints, range of motion and 

aerobic fitness (van Baar et al., 1999). Factors which are commonly impaired in patients 

with knee OA (Dekker et al., 1992). Exercise as a treatment option for OA has been 

shown to have small to moderate effects on pain, disability and moderate improvement 

in muscular strength (Ettinger & Afable, 1994; van Baar et al., 1999; van Baar et al., 

1998). However the long-term results of these benefits have yet to be demonstrated 

(Petrella, 2000). 
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Despite the benefits of these treatments, there is no long term evidence of their 

success. As a result, knee arthroplasty remains the most common treatment option for 

medial compartment knee OA ("Australian Orthopaedic Association National Joint 

Replacement Registry Annual Report," 2005). 

 

2.2 Unicondylar Knee Arthroplasty for Treatment of Medial Compartment 

Osteoarthritis 

The anatomical features of medial compartment OA render it suitable for 

treatment by (UKA) (White et al., 1991). UKA first emerged in the 1970’s, 

unfortunately with poor clinical results. The 10 year survival rates were between 70 to 

85% (Marmor, 1988; Scott et al., 1991).  These poor results were contributed to older 

prosthetic designs and poor patient selection. Several studies have shown failure rates 

increase in patients with an absent anterior cruciate ligament (ACL). Goodfellow et al., 

(1988) and colleagues found the failure rate in patients with an absent ACL was 16.2%, 

much higher than the failure rates in patients with an intact ACL, reported at 4.8%.  

Improved patient selection guidelines now include an intact ACL, uninvolved opposite 

compartment and good range of motion, has dramatically raised the rates of long term 

outcomes (Robertsson, 2000).   

 

In the past 10 years, the reported survival rates for UKA have shown promising 

improvement. Berger et al., (1999) reported the 10 year survival of 62 consecutive 

cemented modular UKA at 98%, with 78% of patient having excellent results. 

Deshmukh & Scott, (2001) reported 8 to 10 year results from two centres (one using 

fixed bearing and one using mobile bearing) to be comparable to those with total knee 

arthroplasty. Studies on the Oxford meniscal bearing prosthesis have shown 10 year 

survival rates at 95% (Svard & Price, 2001) to 98% (Murray et al., 1998).  Fifteen to 20 
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year survival analysis by Squire et al., (1999) for the Marmor cemented UKA reported 

survival rates at 90% and 84% respectively.  These improved survival rates are no 

longer significantly different form total knee arthroplasty (TKA) (Deshmukh & Scott, 

2001) and better than high tibial osteotomy (HTO) (Carr et al., 1993; Murray et al., 

1998) for treatment for medial compartment OA. 

 

In addition to improved survival rates UKA can be performed with minimally 

invasive surgical techniques. This techniques involves making a small, 6-10cm incision, 

without the lateral dislocation of the patella.  Less invasive surgery has the potential for 

significantly shorter hospital stay and rehabilitation periods. Robertsson et al., (1999) 

found UKA patients to have a 2-day shorter hospitalisation period, with less serious 

complication than those undergoing TKA. When cheaper implant costs are combined 

with shorter hospitalisation periods, UKA produces a significant cost saving over TKA 

(Robertsson et al., 1999).   

 

UKA is associated with decreased morbidity, lower risks of serious 

complications, minimal blood loss, and decreased rehabilitation periods (Engh & 

McAuley, 1999). Post-operative function and knee range of motion are usually both 

greater after UKA than that experienced by patients following TKA, and UKA requires 

fewer manipulations under anaesthetic. Extensor mechanism problems are rarely 

experienced following UKA (Rougraff et al., 1991). When patients have been treated 

with both a UKA and TKA, patient preferred the UKA (Laurencin et al., 1991). The 

preservation of the Patello-femoral joint in UKA, may also provide a proprioceptive 

benefit (Laurencin et al., 1991) and performing UKA early in the disease process may 

stop the disease progression to the opposite compartments (Weale et al., 1999).  
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Another advantage of UKA is the retention of both the anterior and posterior 

cruciate ligaments. In TKA, the ACL must be sacrificed to accommodate the tibial 

component, which can lead to post-operative gait abnormalities, in particular a 

quadriceps, or more correctly extension moment avoidance gait, where the subject 

avoids using the quadriceps muscles while walking due to pain, loss of strength, or 

learned response due to the OA condition (Andriacchi & Hurwitz, 1997a). However, it 

is unknown if gait of those with a UKA also exhibits quadriceps avoidance strategies. 

Moreover, the retention of the ACL in UKA may have the advantage of retaining 

normal kinetic and kinematic patterns during gait, which will be discussed later in more 

detail.  

 

Revision to a TKA after a failed UKA produces superior results over revision to 

another UKA. Lewold et al., (1998) reported the re-revision rate at 26% when the 

primary UKA is revised to a secondary UKA. Much higher than re-revision rate when a 

UKA is revised to TKA. Re-revision rate for failed UKA to TKA is just 7%, 

comparable to the results of a primary TKA (Lewold et al., 1998). Ease of revision from 

UKA to TKA remains controversial. Several studied have reported high rates of bone 

grafting, in up to 50% of patients, however more recently McAuley et al., (2001) 

reported on 30 UKA revisions. Only 10 patients required local bone grafting. Primary 

femoral components were used in all patients, and all procedures were considered 

simple, and the complications encountered compared favourably with those of TKA 

revision.  

 

UKA has many advantages over High Tibial Osteotomy (HTO) for medial compartment 

OA. HTO involves removing a wedged piece of bone from the proximal tibia in order to 

realign the knee joint. This aims to redistribute the joint load to the unaffected 
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compartment of the knee. UKA has considered advantageous over treatment by HTO. 

UKA can be performed bilaterally under the one anaesthetic, where bilateral HTO must 

be scheduled 3-6 months apart (Hanssen et al., 2001). UKA has also been associated 

with higher rates of initial success, with fewer early complications. Generally full 

recovery is achieved 3 months following UKA, where HTO can take up to 1 year to 

achieve similar results. UKA has shown to produce greater improvement over HTO in 

temporal-spatial parameters in gait, ie. faster walking speeds and more symmetrical gait 

(Weidenhielm et al., 1993).  

 

Given all the advantages of UKA, patient satisfaction is excellent. This is 

arguably the most important outcome for the patient following knee replacement. A 

study by Laurencin and colleagues showed no differences between patient reported 

satisfaction for primary TKA and UKA, satisfaction after revision for UKA was higher 

than after revision of a TKA (Laurencin et al., 1991). 

 

There are known disadvantages for this treatment. UKA is not indicated for all 

patients with medial compartment OA. For successful results, patients must have an 

intact and functioning ACL, ligament stability, good range of motion and limb 

alignment. Other contra-indications include varus angles above 15°, severe fixed flexion 

deformities and moderate to severe patello-femoral OA. These guidelines are part of the 

manufactures instructions for patient selection and implantation of a UKA (DePuy). 

Several authors have argued that UKA should not be used in young, very active, or 

obese patients whom the loads placed on the prosthesis are too high (Capra & Fehring, 

1992; Scott et al., 1991). Even though the actual load on the prosthesis and physical 

activity levels in UKA patients is yet to be assessed, the estimated 10 year survival of 
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UKA in young active patients decreases to approximately 80% (Engh & McAuley, 

1999).  

 

2.3 Mobile Meniscal Bearing Designs of Unicondylar Knee Arthroplasty 

The most common mode of failure of UKA is aseptic loosening, and 

polyethylene wear (Bohm & Landsiedl, 2000; Engh & McAuley, 1999).  The 

introduction of the mobile bearing design UKA was introduced to combat these 

problems, with the design concept first introduced in 1978 (Goodfellow & O'Connor, 

1978). To allow natural femoral roll back during knee flexion, a moveable concave 

bearing is required. With fixed bearing UKAs, the axis of movement is fixed in one 

position, but the normal articular and ligament mechanics require movement of this 

axis. It has been suggested the fixed bearing resists the normal anterior-posterior and 

medial-lateral knee translation, thus transmitting higher associated shear forces to the 

bone cement interface, potentially loosening the prosthesis (Goodfellow & O'Connor, 

1978). With the mobile meniscal bearing design, the flexion axis is free to move, 

allowing normal femoral roll-back, whilst maintaining a large contact area. The result is 

reduced contact shear stresses, and theoretically longer prosthesis life (Goodfellow & 

O'Connor, 1978). 

 

This mobile bearing design first used in the Oxford meniscal bearing 

unicondylar knee replacement (Goodfellow & O'Connor, 1986). The theoretical 

advantages of the meniscal bearing prosthesis were described as: (1) the articulating 

surfaces of the components are congruent throughout the entire range of motion. This 

provides a large contact area with reduced contact stress, reducing the likelihood of 

wear and migration. (2) The freedom for the unconstrained bearing to slide upon the 

tibial component ensures the axis of flexion is not fixed, but is controlled by the 
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ligaments. (3) All ligaments can therefore be preserved, particularly the cruciates. (4) 

Ligamentous tension can be adjusted after the fixed components have been implanted 

into the bone by selected the appropriate choice of bearing thickness for each patient. 

(5) Both femoral and tibial resurfacing components are made of metal and are thin and 

strong, requiring minimal bone removal. (6) The spherical form of the femoral-meniscal 

articulation and the flat meniscal-tibial articulation combine to accommodate for minor 

inaccuracies of implantation, as each set of components behave as a universal joint. (7) 

Finally, the simple shapes of the components make them interchangeable and easy to 

manufacture.  

 

Cadaveric studies with the Oxford mobile meniscal bearing UKA showed that 

implantation of the prosthesis that retains all the ligaments, allows the articular surfaces 

to move under control of those ligaments. This reproduces the natural leverage of the 

muscles (Goodfellow & O'Connor, 1986). Compared to fixed bearing designs, the in 

vitro kinematics of mobile bearing designs has been shown to produce a closer 

approximation of the normal knee mechanics (Goodfellow & O'Connor, 1992). 

  

Despite both fixed and mobile bearing implants being widely used, the literature 

contains few direct comparisons between the bearing designs. Gleeson and colleagues 

(2004) performed the only prospective trial, comparing the fixed bearing St George sled 

with the mobile bearing Oxford knee. Two years following surgery, the fixed bearing 

design produced the best clinical results. Significantly more knee pain was reported in 

the oxford knee, in addition to a higher revision rate for pain or bearing dislocation 

(Gleeson et al., 2004). Despite these differences, there was no difference in patient 

reported function from the Bristol and Oxford knee scores. Lewold et al., (1995)  

reported the results from the Swedish knee arthroplasty registry, with a retrospective 
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analysis of 699 Oxford mobile bearing knee, compared to their series of Marmor fixed 

bearing knees. Similar results were reported to the previous study with higher revision 

rates in the mobile bearing knee. Most revisions were conducted for bearing dislocation 

then component loosening.  

 

One of the main limitations of these studies (Gleeson et al., 2004; Lewold et al., 

1995) is that they compared the fixed and mobile bearing prostheses from different 

manufactures. This introduces additional confounding variables like surgical technique, 

design of the femoral component, and different methods of fixation. Due to the 

differences in these variables between different manufactures’ designs, this comparison 

between fixed and mobile bearing prostheses has major shortcomings which require 

addressing.  

 

Most clinical measures of UKA outcome measures are in the form of patient 

reported subjective scores, measures of pain and knee range of motion. Quantitative 

measures of outcome are restricted to revision surgery numbers and reason for revision, 

i.e. component loosening or polyethylene wear. These outcome measures require 

extended follow up periods, often over 10 years. During this time, thousands of 

potentially poorly performing prostheses are implanted, unbeknown to the surgeon. The 

development of Radiostereometric Analysis, has allowed an early prediction of long-

term outcome that can help overcome the problems associated with the implementation 

and evaluation of new prosthesis designs.  

 

2.4 Radiostereometric Analysis 

Radiostereometric Analysis (RSA) is a computerised radiographic technique 

used to measure the 3 dimensional motions of objects in vivo with high accuracy. RSA 
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was first introduced in the 1970s in Sweden by Selvik, (1978) and involves the 

implantation of at least three 1mm tantalum markers into the bone and/or other areas of 

interest such as the prosthesis. Two radiographs are then taken simultaneously of the 

subject from two directions, with the subject’s limb positioned over a calibration frame. 

These radiographs are repeated over the desired time period and digitised onto a 

personal computer. Custom software can reconstruct the position of the markers in 3 

dimensions with accuracy of 50 micrometres in vivo (Onsten et al., 2001).  

 

RSA has been used for the measurement of joint kinematics, fracture healing, 

bone growth and prosthesis wear and migration (Karrholm, 1989). Most pertinent to this 

review is the use of RSA to predict joint replacement outcome. Prosthesis failure 

requiring revision has been correlated to early prosthesis micromotion in total knee 

arthroplasty. In particular, it has been noted that all tibial components undergo early 

migration as the components settle into the bone, but in most cases, this movement 

ceases between 6 months and 1 year (Ryd & Egund, 1995). Implants that continue to 

migrate go on to manifest as clinical and radiographic loosening by 8 to 10 years post-

surgery. RSA migration for total knee replacement is reported as the maximum total 

point migration. This if the greatest distance any one bead moves over the designated 

time period. Migration can also be separated into it 3-dimensional translation and 

rotations of the component in the anterior/posterior, medial/lateral or proximal/distal 

directions.  

 

In total knee arthroplasty, maximum total point migration can reliably predict 

long term outcome (Ryd et al., 1995). Prostheses that have maximum total point 

migration greater that 2mm between 1 and 2 years post-surgery can be considered to 

have a poor outcome, which will progress to loosening by 10 years following surgery. 

 24



RSA can be reliably used to predict early implant failure that would not become 

apparent for several more years using conventional radiography (Ryd et al., 1995). With 

the ability to detect long term outcome after only a few years, it becomes possible to 

quickly evaluate new techniques and implants.  

 

2.5 Gait Analysis in Osteoarthritis and Evaluation of Osteoarthritis and 

Surgical Treatments  

With the advancement in 3-dimensional gait analysis techniques, accurate and 

repeatable measures of body segment motion and forces can be obtained. Gait analysis 

has emerged as a useful too to assess function of those with knee OA. Most research has 

focused on the affects of knee OA on walking patterns and ability.  

 

Kinematics of the osteoarthritic knee has been well researched over recent years. 

Most studies have found that the sagittal plane kinematics of an osteoarthritic knee is 

comparable to normal subjects (Kaufman et al., 2001), or report small decreases in the 

knee flexion range of motion during weight acceptance and swing phases (Deluzio & 

Astephen, 2006) (Figure 1). Although OA patients have reduced knee flexion range of 

motion, this generally does not have a large impact on sagittal plane kinematics. In the 

frontal plane, the varus laxity which develops in the knee from lass of medial joint 

space is reflected in the frontal plane kinematics, with increased varus knee angle 

throughout the stance phase (Gok et al., 2002). 

 

 

 25



Knee Flexion Angle

0

10
20

30

40

50
60

70

0 8 16 24 32 40 48 56 64 72 80 88 96

% of Gait Cycle

Kn
ee

 F
le

xi
on

 (D
eg

)

Knee OA
Normal

 

Figure 1. Comparison of the sagittal plane knee kinematics for knee osteoarthritis 

(dashed line) and age matched normal population (solid line) (Deluzio and Astephen 

2006).  

 

Sagittal plane knee kinetics of the normal knee is characterised by a biphasic 

knee flexion/extension moment pattern. During weight acceptance, the knee torque is 

predominately extensor to absorb the initial impact force. Through the majority of the 

stance phase the knee moment moves into a flexing moment, as the knee remains 

slightly flexed, with the ground reaction force posterior to the knee. During push off, the 

knee moment moves back into extension to generate forward propulsion. Patients with 

OA generate significantly reduced external knee flexor moments (Kaufman et al., 

2001). This has been termed a quadriceps avoidance pattern (Figure 2), which reflects 

the patients desire to reduce the amount of loading at the knee (Kaufman et al., 2001).  
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Figure 2. Comparison of the sagittal plane knee kinetics for knee osteoarthritis (dashed 

line) and age matched normal population (solid line) (knee flexion moment positive, 

extension moment negative). 

 

In the frontal plane during gait, the ground reaction force remains medial to the 

knee, throughout the stance phase. This creates a continuous knee adduction moment. 

Normal anatomical alignment of the knee is considered as 7 degrees of valgus, however, 

the degeneration of the medial compartment changes knee alignment towards a varus 

alignment. This change in knee alignment also affects the knee adduction moment 

(Hurwitz et al., 2002). In the OA knee, the knee adduction moment is increased, both 

when compared to the un-affected side, and the normal population (Baliunas et al., 

2002; Hurwitz et al., 2002) (figure 3). A method by which patients possibly reduce their 

knee joint load, particularly on the medial compartment in by reducing the adduction 

moment (Hurwitz et al., 2000). Reducing the adduction moments is thought to directly 

decrease the medial compartment load and positively affect knee pain (Hurwitz et al., 

2000). To reduce the adduction moment, patients may walk with a large toe-out angle, 
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which has been correlated with lower adduction moments (Hurwitz et al., 2002). These 

compensatory gait patterns arise from pain experienced within the joint during load-

bearing activities. Reduced knee pain from injection of non-steroidal anti-inflammatory 

medication into the knee joint returns knee extension moments back to normal 

magnitudes, but can increase adduction moments (Hurwitz et al., 2000; Schnitzer et al., 

1993), suggesting pain is also a primary contributor to these altered knee kinetics. 
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Figure 3. Comparison of the frontal plane knee kinetics for knee osteoarthritis (dashed 

line) and age matched normal population (solid line) (knee adduction moment positive). 

 

Dynamic measures of knee joint loading during gait have been shown to have 

better predictive value of clinical outcome than static measures traditionally obtained 

(Andriacchi et al., 2000). Recently measures of bone mineral density (BMD) at the 

proximal tibia have been correlated with increase knee adduction moments during gait 

in patients with knee OA (Wada et al., 2001). This supports the relationship between 

increased knee joint loading, adduction moments and the development of OA. The 

progression of knee osteoarthritis is associated with increased knee adduction moment 
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(Miyazaki et al., 2002). In those patients with progression of OA over the 6 year period, 

displayed higher knee adduction moments at baseline compared to those patients with 

stable osteoarthritis. In addition Miyazaki et al., (2002) reported the knee adduction 

moment was correlated with mechanical axis (knee alignment). Their Logistic 

regression model demonstrated a 1% increase in knee adduction moment increased the 

osteoarthritis disease progression by 6.46 times.  

 

Gait analysis has also been frequently used to predict patient outcomes following 

High Tibial Osteotomy (HTO) for knee osteoarthritis.  In 1985, Prodromos et al., first 

reported on the effect of the knee adduction moment during the stance phase of gait on 

clinical outcome. Two major finding arose from this study. Firstly, although adduction 

moments were reduced following surgery, those patients with higher adduction 

moments had significantly worse clinically outcome after 3 years, with a return to the 

varus deformity. Secondly, pre-operative knee adduction moments correlated with post-

operative adduction moments, therefore they concluded the pre-operative measures of 

adduction moments are predictive of post-operative clinical outcome. Wang et al., 

(1990) found similar results, with high pre-operative adduction moments predicting a 

poor post-operative clinical outcome. Wang and colleges also found that patients 

adopted a toe-out walking pattern and shorted stride length to reduce the magnitude of 

the adduction moment post-operatively.  

 

Wada et al., (1998) also studied the relationship between clinical results, limb 

alignment and adduction moment at the knee following HTO. The peak knee adduction 

moment for the whole group correlated with alignment and foot angle before and 6 

years after surgery, but did not correlate with stride length or walking velocity. In 

addition, only excessive varus alignment was associated significantly with clinical 
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outcome 6 years after surgery. This suggests pre-operative adduction moments do not 

correlate with clinical or radiographic outcomes of HTO, provided adequate alignment 

is achieved at the time of surgery. 

 

More recently Andriacchi et al., (2000) reported that patients with lower pre-

surgery knee adduction moments have potentially better long-term radiographic and 

clinical outcome than patients who walk with a high knee adduction moment. Post-

operative knee adduction moments are also a better predictor of post-operative clinical 

outcome than mechanical axis (limb alignment). They also reported no correlation 

between the post-operative knee adduction moment and mechanical axis of the knee 

(Andriacchi & Alexander, 2000).  

 

Gait analysis has shaped the evolution of joint replacement. Patients who 

received a total knee arthroplasty, showed significant gait differences to normal subjects 

(Andriacchi et al., 1982; Whittle & Jefferson, 1989; Wilson et al., 1996).  These studies 

have shown that 25% to 36% of patients studied exhibit a predominantly flexing knee 

moment, or a predominantly knee extension moments were reported in 27% to 46% of 

patients following TKA (Andriacchi et al., 1982; Whittle & Jefferson, 1989; Wilson et 

al., 1996). These results indicate that although patients have reduced pain and improved 

function following TKA, the knee biomechanics remain abnormal following surgery. 

 

There are far fewer research papers on gait analysis in UKA patients.  Early 

studies by Weidenhielm et al., (1993) compared HTO and UKA patients one year 

following surgery.  Simple electrogoniometers and force plate data was used to compare 

the two groups for step times, distances and frequencies.  The authors found greater 
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improvement following UKA than after HTO, particularly in walking speed, greater gait 

symmetry and decreased double stance time. 

 

More recently, Chassin et al., (1996) reported on gait analysis following UKA. 

During TKA, the anterior cruciate ligament must be sacrificed, which results in gait 

abnormalities (Andriacchi, 1993) after surgery, such as the knee flexion angle during 

walking being reduced, along with walking velocity (Lee et al., 1999). However, 

following UKA temporal-spatial gait parameters are not significantly different to an age 

matched normal population. The knee kinetics of the ten subjects following UKA, 

showed 70% of patients retained a normal biphasic flexion/extension moments or a 

quadriceps overuse pattern. The authors implied that the preservation of the anterior 

cruciate ligament in UKA allows patient to maintain normal quadriceps mechanisms. 

However, patients after UKA had significantly higher adduction moments than patients 

following TKA. This is most likely due to the residual varus knee alignment following 

surgery, as over correction in valgus in contraindicated. What affects these high 

adduction moments following UKA have on the clinical outcome of the prosthesis is 

unknown.  

 

The largest study of post-operate gait following UKA was performed by Fuchs 

and Colleges. They assessed 29 UKA (4 lateral and 25 medial), and made a direct 

comparison to the non-operated leg. The Repicci sledge prosthesis was utilised in all 

cases. There was no difference between operated and non-operated legs for temporal-

spatial characteristics for walking velocity, stance times or knee kinematics. The knee 

kinetics did show significant differences for the knee adduction moment, with the 

operated leg exhibiting a lower peak force. This can be attributed to the reduced vertical 

ground reaction force, which was also significantly lower in the operated leg, as patients 
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favour the non-operated side. These results suggest despite the relief of pain, patients 

fail to return to normal loading of the operated side (Fuchs et al., 2005).  

 

2.6 Effects of Joint Loading on the Survival of Knee Prostheses 

To achieve meaningful results in joint replacement over shorter period of time, 

only Hilding et al., (1999) have combined RSA and gait analysis technologies to 

measure the effect of increased joint loading on tibial component migration in TKA. 

This group measured patient’s gait pattern prior to surgery and at least 4 years following 

surgery. The patients that had a poor prognosis, as measured by continued migration of 

the tibial component after 1 year, also had significantly higher knee flexion moments 

during level walking.  Also interesting to note was patients with a good prognosis had 

smaller oscillations of flexion/extension moments around the zero point. This indicated 

that although this is an abnormal pattern, the overall reduction in joint load across the 

gait cycle might actually protect the joint form early failure.   

 
2.7 Summary 

 Despite the use of both fixed and mobile bearing tibial component in UKA, little 

research has assessed the clinical benefits of either bearing type. The literature only 

contained one prospective study (Gleeson et al., 2004), however, this compares 

prostheses form different manufactures, which adds confounding variables, affecting 

results. With the introduction of the Preservation (DePuy) UKA, it is now possible to 

compare fixed and mobile bearing tibial component that have the same femoral 

component and surgical technique.  

 

 The biomechanical benefits during walking of UKA have only been assessed in 

retrospective, post-operative studies, without accounting for the similarities and 

differences to normal prior to surgery. These studies report knee kinematics and kinetics 
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similar to the normal population, however these patients may not have differed prior to 

surgery. How these changes in gait following UKA affect the clinical outcome also 

requires investigation. The affects of knee joint loading on HTO and TKA clinical 

results may also have a significant impact on the clinical outcome of UKA.   
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~ Chapter 3 ~ 

GAIT AFFECTS TIBIAL COMPONENT MIGRATION IN 

UNICONDYLAR KNEE ARTHROPLASTY 

Brendan Joss1+2, David Wood2, David Lloyd1 and Ming Gou Li2 

1. University of Western Australia, School of Human Movement and Exercise Science 

2. University of Western Australia, School of Surgery and Pathology  

 

Abstract 

Tibial component loosening remains the most common cause of failure following 

unicondylar knee arthroplasty. This study explores the affects of high peak knee 

moments measured during gait on tibial component migration in unicondylar knee 

arthroplasty. Radiostereometric analysis and three dimension gait analysis was 

preformed on 14 medial compartment unicondylar knee arthroplasties 24 months 

following surgery.  The peak knee flexion moment during the early mid stance phase of 

gait significantly correlated with the anterior/posterior migration (r=0.617) of the tibial 

component, as did the 2nd peak knee adduction moment with medial/lateral migration 

(r=0.487). When combined with the frequency of loading (steps per day), correlations 

were strengthen or raised to significance with both 1st and 2nd knee adduction moments 

significantly correlating with medial/lateral migration (r=0.529 and r=0.494 

respectively), and all peak knee moments correlated with total translation of the 

prosthesis (flexion r=0.559, 1st adduction peak r=0.584 and 2nd adduction peak r=0.558). 

This is the first study to suggest high knee moments during walking have a detrimental 

effect on unicondylar tibial component migration. The direction of load applied via the 

joint moment was also consistent with the direction of tibial component migration.  

Keywords 

Unicondylar knee Arthroplasty, Gait Analysis, Radiostereometric analysis, Migration 
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3.1 Introduction 

The last two decades has seen a growing use of Unicondylar knee arthroplasty 

(UKA) for isolated single compartment osteoarthritis, predominantly due to improved 

prosthesis designs and surgical techniques. Recent studies have shown that ten-year 

survivorship above 90% has been achieved (Berger et al., 1999; Cartier et al., 1996; 

Murray et al., 1998). Subsequently, UKA has been regarded as a reliable procedure for 

medium- to long-term success in the treatment of unicompartmental osteoarthritis of the 

knee. However, tibial component loosening still remains one of the most common 

causes of failure in this patient group (Gioe et al., 2003; Lewold et al., 1998; Squire et 

al., 1999). Unlike total knee arthroplasty (TKA), little research has focused on the 

processes behind mechanical loosening of the tibial component in UKA. 

 

Previous studies have shown that individuals can exhibit different knee joint 

moments magnitudes during walking, which can affect outcomes after surgery or 

progression of knee degeneration. High knee joint moments are predictive of the  

development of chronic knee pain (Amin et al., 2004) and accelerate the progression of 

knee osteoarthritis (Amin et al., 2004; Miyazaki et al., 2002). Pre and post-operative 

joint moments are predictive of poor clinical results following high tibial osteotomy and 

total knee arthroplasty (Prodromos et al., 1985; Smith et al., 2004) and tibial component 

migration after total knee arthroplasty (Hilding et al., 1999).  

 

The force applied to the prostheses during walking increases the shear stress at 

the bone cement interface, which may lead to aseptic loosening (Hilding et al., 1996). 

Knee compressive forces in gait may also cause prosthesis migration (Hilding et al., 

1996). Increased or excessive amounts of walking with high knee joint moment patterns 
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potentially expose the prosthesis to these high loads, exacerbating the migration as 

measured by radiostereometric analysis techniques, leading to component loosening.  

 

It is the aim of this study to explore the affects of knee joint loading during gait 

on tibial component migration. It is therefore hypothesized that the magnitude and 

frequency of joint loading during gait affects the amount and direction of tibial 

component migration in UKA. 

 

3.2 Methods 

Seventeen patients with a mean age of 64.8± 8.2 years gave informed written 

consent to participate, from a larger prospective randomized prospective study. All 

patients received a medial compartment UKA (Miller/Galante, Zimmer, Warsaw, USA), 

and were followed up with a complete series of radiographs at baseline, 6 and 12 

months post-operatively. At 24 months post-surgery, patients were assessed with three 

dimensional (3D) gait analysis and had another full set of radiographs taken. Fourteen 

age matched normal control subjects, without any reported lower limb pathology were 

also tested with gait analysis for comparison.  

 

3.2.1 Gait analysis 

Three dimensional (3D) Gait analysis was preformed using a Vicon 370 motion 

analysis system (Oxford Metrics, Oxford UK) utilising seven 50 Hz infra red cameras. 

Ground reaction forces were collected simultaneously with two AMTI force platforms 

(AMTI, Watertown, MA) at 2000 hertz. The gait analyses were performed using the 

marker set, methods and modelling developed by Besier et al. (2003). In this, passive 

reflective markers were attached to the feet, tibia, thigh and pelvis using hypoallergenic 

double sided adhesive tape, directly to the skin over the areas of least skin movement.  
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Functional hip joint centres and knee axes of rotation were calculated using dynamic 

limb movements throughout the entire range of motion for the knee and hip joint 

(Besier et al, 2003). Patients were asked to wear their everyday footwear for the 

assessment. Eight gait trials were collected with double foot contact on the two force 

plates where possible, with patients walking at their normal self selected speed. The 

average of four trials was used for final analysis.  

  

Stance phase kinetics were calculated using the inverse dynamics model 

described by Besier et al. (2003) and normalized to 51 data points using custom 

software in Matlab v7.0 (Mathworks, 2004, Massachusetts, USA). Kinetics were 

reported as external joint moments. No normalization to bodyweight or height was 

conducted as this study focused on the total load being applied to the prosthesis. The 

peak knee flexion moment at early mid stance was extracted for analysis, along with the 

first and second peak knee adduction moments (see figure 1). Following gait analysis, 

each patient wore an Actigraph® activity monitor (Computer Science and Application, 

inc) for seven days to record the average number of steps taken per day. The average 

number of steps taken per day was multiplied by each peak knee moment to create a 

measure of cumulative joint load.   
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Figure 1a 

 

Figure 1b 

Figure 1.   Peak knee kinetics parameters extracted for analysis:  

 1a.  PFM = peak external flexion moment 

1b. 1AM = 1st peak external adduction moment, 2AM = 2nd peak external 

adduction moment. 
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3.2.2 Migration of the tibial component  

Five to seven tantalum beads (ø=1 mm) were inserted into the proximal tibia and 

tibial polyethylene bearing during surgery for postoperative migration measurement of 

the tibial component using Radiostereometric Analysis (RSA). The RSA radiographs 

were taken within one week postoperatively (baseline) and repeated at 6, 12, and 24 

months using a No. 43 calibration cage (BioMedical Innovations AB, Umeå, Sweden). 

The RSA radiographs were measured and analysed using UmRSA Digital Measure 6.0 

and UmRSA 6.0, respectively (BioMedical Innovations AB, Umeå, Sweden). The cut-

off levels for rigid body fitting and for the condition number was 0.29 mm and 100, 

respectively. The precision of RSA measurement was determined by performing double 

examination of the knees. The absolute mean value of the difference between the double 

examinations with 1.96 SD represents the precision at 95% level. It was 0.12 mm for 

translation and 0.46 degree for rotation.  

 

Tibial component motion was defined as translation in the anterior/posterior (x-

axis), medial/lateral (y-axis), and proximal/distal (z-axis) directions measured in 

millimetres and the rotations of medial/lateral tilt, anterior/posterior tilt, 

internal/external rotation measured in degrees.  Total translation was calculated by the 

square root of the sum of the translation squared (total translation = √x2+y2+z2).   

 

3.2.3 Radiographic Evaluation  

A standing Maquet X-ray was also obtained at 2 years post-surgery for the 

measurement of limb alignment. Hip-Knee-Ankle angle was determined by measuring 

the angle of one line running from the centre of the femoral head to the mid point 

between the medal and lateral femoral condyles, and second line running from the 

medal and lateral femoral condyles mid point to the mid point between the medial and 
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lateral malleolus. The anterior-posterior slope of the prosthesis was also assessed with a 

lateral plain radiograph.   

 

3.2.4 Clinical Assessment 

In addition to the gait analyses performed at 2 years post surgery all the patients’ 

clinical outcomes were assessed with the Knee Society clinical rating scale (Insall et al., 

1989), administered by an experienced researcher. At the same time, the general 

measures of age, height and weight were also collected for the calculation of body mass 

index and patient demographics.  

 

3.2.5 Statistics 

All data was imported into Statistical Package for Social Science version 12.0.1 

for Windows (SPSS inc, 2003, Chicago, IL) for analysis. The relationship between peak 

knee joint moments and migrations and rotations of the tibial component in all 

directions was calculated with a Pearson product-moment correlation with significance 

set at p<0.05. A linear regression model assessed the additional influence steps per day 

and peak knee moment on tibial component migration. Independent t test compared the 

mean parameters between UKA and control patients.  

 

3.3 Results 

Fourteen of the 17 patients tested were included in the final analysis. In three 

patients the tantalum beads were hidden by the prosthesis so no results of migration 

could be obtained, and these patients were excluded. One activity monitor failed to 

collect any data, and was excluded form the activity analysis.  
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All patients were considered to have a successful outcome following UKA as 

seen with a Knee Society clinical score of 88.0±6.0 and a function score of 82.5±17.7. 

The mean migration and rotation of the tibial components 2 years following surgery 

suggest adequate fixation has been achieved overall, as the mean migration was below 

1.5mm and 1 degree (see table 1). 

 
Table 1. Mean directional migration of the tibial component as measured by RSA. 

 
  Mean (n=14) Std. Deviation 

Ant/Posterior Migration (mm) 0.17129 0.168744 

Medial/Lateral Migration (mm) 0.33371 0.400625 

Proximal/Distal Migration (mm) 0.28000 0.284329 

Medial/Lateral Tilt (deg) 0.88179 1.070168 

Ant/Posterior Tilt (deg) 0.57036 0.721095 

Internal/External Rotation (deg) 0.77393 0.651868 

Total Translation (mm) 0.52429 0.455542 

Total Rotation (deg) 1.50967 1.204636 

 

 

Peak knee flexion and first and second peak knee adduction moments were 

higher in the UKA group, however these were not statistically different from those in 

the normal participants (p>0.05).  

 

Tibial component migration at two years post-surgery was associated to the peak 

knee moments (Table 2). The peak knee flexion moment had the strongest significant 

correlation with anterior/posterior migration (r=0.617, p<0.05) (Table 2).  

Proximal/distal migration and medial/lateral tilt along with total translation of the tibial 
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component also had moderate, significant correlations with peak knee flexion moment 

(r=0.563, r=0.498, r=0.536 respectively, p<0.05). Only the 2nd peak knee adduction 

moment was significantly correlated with medial/lateral migration (r=0.487, p<0.05) 

and total translation (r=0.516, p<0.05).   

Table 2.  Pearson Product moment correlations for peak knee moments. 

   

 
Peak Knee 

Flexion 
1st Adduction 

Peak 
2nd Adduction 

Peak 
Ant/Posterior Migration 0.617 0.233 0.283 

Medial/Lateral Migration 0.332 0.317 0.487 

Proximal/Distal Migration 0.562 0.199 0.384 

Medial/Lateral Tilt 0.498 0.292 0.370 

Ant/Posterior Tilt -0.228 0.293 0.366 

Internal/External Rotation 0.390 0.316 0.025 

Total Translation 0.536 0.339 0.516 

Total Rotation 0.403 0.447 0.457 

Significant correlation in bold.  

 

Compared to joint moments alone, the cumulative joint loads parameters (peak 

knee moment x steps per day) tended to increase the correlations with tibial component 

migration (Table 3). Medial/lateral tibial component migration was raised to 

significance when correlated with the cumulative joint loads for the 1st and 2nd peak 

adduction moments. Each correlation between peak knee flexion moment and 

migrations were also strengthened when steps per day was combined, except 

anterior/posterior migration which was slightly reduced. Even though we observed these 

increases in the correlation coefficients, the changes were not significant compared to 

when joint moments only in a linear regression model. 
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Table 3. Cumulative joint load (Peak knee moment * Steps per day) with 

translation/rotational migration of the tibial component.  

  

Cumulative 
Flexion Load 

Cumulative 1st 
pk Adduction 

Load 

Cumulative 2nd 
pk Adduction 

Load 
Ant/Posterior Migration 0.568 0.439 0.319 

Medial/Lateral Migration 0.348 0.529(#) 0.494 

Proximal/Distal Migration 0.616(#) 0.389 0.465 

Medial/Lateral Tilt 0.529(#) 0.410 0.399 

Ant/Posterior Tilt -0.212 0.308 0.274 

Internal/External Rotation 0.346 0.357 0.039 

Total Translation 0.559(#) 0.584(#) 0.558 

Total Rotation 0.413 0.580(#) 0.444 

Significant correlation in bold. Correlations raised to significance when steps per day 
was combined with peak moment indicated by #. 

 

The majority of patients were overweight with mean BMI of 30.31, significantly 

greater than the control group (p=0.006). There was no significant correlation between 

body mass or BMI and migration. Knee alignment also produced no significant 

correlation with peak knee adduction moments or migration of the tibial component 

(r=0.26). 

 

3.5 Discussion 

The results of this study suggest that the magnitude of the knee flexion and 

adduction moments increase the migration of the tibial component in UKA as measured 

by RSA. This may be related to the increased shear and compressive forces being 

applied to bone cement interface of the prosthesis during walking (Hurwitz et al., 1998). 
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When combined with the frequency of loading there was also a trend for these 

associations to be strengthened.  

 

The direction of the load being applied to the prosthesis through the knee joint 

moment was consistent with the direction of tibial component migration. Knee flexion 

moments acting in the sagittal plane were the best predictor of anterior/posterior 

migration, and both knee adduction moments acting in the frontal plane predicted 

medial/lateral migration. This suggests a direct association between knee joint moment 

and tibial component migration. 

 

Similar results were observed in TKA patients where high peak knee flexion 

moments produced detrimental outcomes after surgery (Hilding et al., 1999). Hilding et 

al, (1999) studied two groups of TKA patients with stable (good prognosis) and 

continually migrating (poor prognosis) tibial components. The poor prognosis group 

had significantly higher peak knee flexion moments, suggesting greater forces at the 

bone cement interface, leading to potential loosening of the prosthesis.  High peak knee 

flexion moments has also been shown to be predictive of the presence and severity of 

anterior knee pain following TKA (Smith et al., 2004). The magnitude and duration of 

the knee flexion moment during gait had a detrimental affect on the clinical outcome 

following total knee replacement.  

 

The knee adduction moment did show some significant, but moderate 

correlations with migration in the medial/lateral direction. It was hypothesised that the 

adduction moment, acting directly on the medial compartment, thus the prosthesis 

would have the greatest detrimental impact, like that seen after tibial osteotomy 

(Prodromos et al., 1985; Wang et al., 1990). However, the peak knee flexion moment 
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had the greatest influence on tibial component migration, most likely due to the flexion 

moment being nearly two times the magnitude of the adduction moment.  

 

This study confirmed the anecdotal belief that excessive physical activity is 

detrimental to the long-term fixation of the prosthesis when excessive physical activity 

(number of steps per day) is coupled with high knee joint loading (r = 0.580 to 0.584).  

No direct association between the level of physical activity and component failure could 

be established is this study, possibly due to small study numbers and low statistical 

power for this calculation (power = 26%). 

 

Even though excessive exposure to high knee joint loading was detrimental to 

prosthesis fixation, body mass had no effect on the migration of the tibial component. 

This again could have been due to low numbers of subjects. However, in previous 

studies body mass was eliminated as being predictive of patello-femoral pain after TKA 

surgery (Smith et al., 2004) or progression of knee OA (Miyazaki et al., 2002) when 

knee joint loading in gait was included in the step wise linear or logistic regressions. 

Body mass is only one factor that increases the knee joint load during walking, therefore 

using this measure alone may result in misleading information. Direct measures of knee 

joint load will improve the associations between knee load and clinical outcome. 

 

RSA has been reported to predict the potential for component loosening in 

prosthesis where the maximum total point migration (MTPM) is greater than 2mm from 

12 to 24 months post-surgery. MTPM with RSA as a predictive measure of potential 

loosening has not been assessed in UKA, and therefore we cannot draw any conclusions 

on the long term stability of UKA components. 
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It could be argued that the gait patterns observed were caused by the prosthesis 

migration. However the amount of migration ranging from 0.5mm to 3.5mm in any 

direction, and 0.6° to 2.8° of rotation, suggest migration is not large enough to affect 

gait. The assessment of 2-year plain radiographs also indicated slope and alignment of 

the prosthesis was within normal limits.  

 

In addition, pre-operative gait patterns are retained following knee replacement 

surgery (Andriacchi et al., 1982; Hilding et al., 1996; Smith et al., 2004; Wilson et al., 

1996) suggesting patients with high joint moments pre-surgery can be targeted for gait 

retraining and rehabilitation following surgery. From this retrospective study, we cannot 

categorically determine if migration of the tibial component affected gait. A prospective 

study is still required to confirm the relationship between pre-operative gait patterns, 

retention of gait patterns post-surgery and UKA component migration. 

 

Despite these limitations, gait may have a significant affect on tibial component 

loosening in UKA. What are we to do about this? Lateral shoe wedges are an effective 

and economical method of reducing the knee adduction moment (Crenshaw et al., 2000; 

Kerrigan et al., 2002), and therefore reducing load on the medial compartment 

prosthesis. Care must be taken not the overload the lateral compartment and accelerate 

the development of OA. A growing body of research is indicating that high knee flexion 

and adduction moments have a significant effect on clinical outcome (Hilding et al., 

1999; Miyazaki et al., 2002; Smith et al., 2004; Wang et al., 1990), however there are 

no rehabilitation strategies or gait retraining program available that have been proven to 

be effective in lowering knee flexion moments. This should be the direction of future 

research. 
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3.6 Conclusion 

In conclusion, we have demonstrated for the detrimental affects of high peak 

knee joint moments on the early migration of the tibial component in UKA. The 

direction of this knee joint loading is also consistent with tibial component migration 

direction. The continuing migration of these prostheses may lead early failure by 

mechanical loosening. 

 

 47



3.7 References 

Amin, S., Luepongsak, N., McGibbon, C. A., LaValley, M. P., Krebs, D. E., & 

Felson, D. T. (2004). Knee adduction moment and development of chronic knee pain in 

elders. Arthritis & Rheumatism, 51(3), 371-376. 

Andriacchi, T. P., Galante, J. O., & Fermier, R. W. (1982). The influence of 

total knee-replacement design on walking and stair-climbing. Journal of Bone & Joint 

Surgery - American Volume, 64(9), 1328-1335. 

Berger, R. A., Nedeff, D. D., Barden, R. M., Sheinkop, M. M., Jacobs, J. J., 

Rosenberg, A. G., et al. (1999). Unicompartmental knee arthroplasty - Clinical 

experience at 6-to 10-year followup. Clinical Orthopaedics & Related Research(367), 

50-60. 

Besier, T. F., Sturnieks, D. L., Alderson, J. A., & Lloyd, D. G. (2003). 

Repeatability of gait data using a functional hip joint centre and a mean helical knee 

axis. Journal of Biomechanics, 36(8), 1159-1168. 

Cartier, P., Sanouiller, J. L., & Grelsamer, R. P. (1996). Unicompartmental Knee 

Arthroplasty Surgery - 10-Year Minimum Follow-up Period. Journal of Arthroplasty, 

11(7), 782-788. 

Crenshaw, S. J., Pollo, F. E., & Calton, E. F. (2000). Effects of lateral-wedged 

insoles on kinetics at the knee. Clinical Orthopaedics & Related Research(375), 185-

192. 

Gioe, T. J., Killeen, K. K., Hoeffel, D. P., Bert, J. M., Comfort, T. K., 

Scheltema, K., et al. (2003). Analysis of unicompartmental knee arthroplasty in a 

community-based implant registry. Clin Orthop Relat Res(416), 111-119. 

Hilding, M. B., Lanshammar, H., & Ryd, L. (1996). Knee Joint Loading and 

Tibial Component Loosening. RSA and gait analysis in 45 osteoarthritic patients before 

and after TKA. Journal of Bone & Joint Surgery - British Volume, 78B(1), 66-73. 

 48



Hilding, M. B., Ryd, L., Toksvig-Larsen, S., Mann, A., & Stenstrom, A. (1999). 

Gait affects tibial component fixation. Journal of Arthroplasty, 14(5), 589-593. 

Hurwitz, D. E., Sumner, D. R., Andriacchi, T. P., & Sugar, D. A. (1998). 

Dynamic Knee Loads During Gait Predict Proximal Tibial Bone Distribution. Journal 

of Biomechanics, 31(5), 423-430. 

Insall, J. N., Dorr, L. D., Scott, R. D., & Scott, W. N. (1989). Rationale of the 

Knee Society clinical rating system. Clin Orthop Relat Res(248), 13-14. 

Kerrigan, D. C., Lelas, J. L., Goggins, J., Merriman, G. J., Kaplan, R. J., & 

Felson, D. T. (2002). Effectiveness of a lateral-wedge insole on knee varus torque in 

patients with knee osteoarthritis. Archives of Physical Medicine & Rehabilitation., 

83(7), 889-893. 

Lewold, S., Robertsson, O., Knutson, K., & Lidgren, L. (1998). Revision of 

unicompartmental knee arthroplasty: outcome in 1,135 cases from the Swedish Knee 

Arthroplasty study. Acta Orthopaedica Scandinavica, 69(5), 469-474. 

Miyazaki, T., Wada, M., Kawahara, H., Sato, M., Baba, H., & Shimada, S. 

(2002). Dynamic load at baseline can predict radiographic disease progression in medial 

compartment knee osteoarthritis. Annals of the Rheumatic Diseases July, 61(7), 617-

622. 

Murray, D. W., Goodfellow, J. W., & O'Connor, J. J. (1998). The Oxford medial 

unicompartmental arthroplasty: a ten-year survival study. J Bone Joint Surg Br, 80(6), 

983-989. 

Prodromos, C. C., Andriacchi, T. P., & Galante, J. O. (1985). A relationship 

between gait and clinical changes following high tibial osteotomy. J Bone Joint Surg 

Am, 67(8), 1188-1194. 

 49



Smith, A. J., Lloyd, D. G., & Wood, D. J. (2004). Pre-surgery knee joint loading 

patterns during walking predict the presence and severity of anterior knee pain after 

total knee arthroplasty. Journal of Orthopaedic Research, 22(2), 260-266. 

Squire, M. W., Callagan, J. J., Goetz, D. D., Sullivan, P. M., & Johnston, R. C. 

(1999). Unicompartmental knee replacement - A minimum 15 year followup study. 

Clinical Orthopaedics & Related Research(367), 61-72. 

Wang, J., Kuo, K. N., Andriacchi, T. P., & Galante, J. O. (1990). The influence 

of walking mechanics and time on the results of proximal tibial osteotomy. The Journal 

of bone and joint Surgery - Amercian Volume, 72(6), 905-909. 

Wilson, S. A., McCann, P. D., Gotlin, R. S., Ramakrishnan, H. K., Wootten, M. 

E., & Insall, J. N. (1996). Comprehensive gait analysis in posterior-stabilized knee 

arthroplasty. Journal of Arthroplasty, 11(4), 359-367. 

 

 50



~ Chapter 4 ~ 

 

RETURN TO NORMAL KNEE KINETICS AND KINEMATICS 
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ARTHROPLASTY WITH A FIXED OR MOBILE TIBIAL 

COMPONENT 
Brendan Joss1+2, David Lloyd1, David Wood2,  
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2. University of Western Australia, School of Surgery and Pathology  

Abstract 

There are many advantages of Unicondylar knee arthroplasty (UKA) over total knee 

arthroplasty (TKA), including the retention of both cruciate ligaments, preservation of 

the lateral and patello-femoral compartments and smaller incision without dislocation of 

the patella.  The potential kinetic and kinematics benefits of UKA has only been 

assessed with relatively small retrospective studies of post-operative gait. In addition, 

pre-operative gait patterns can be retained post-surgery. Therefore, this study assessed 

the changes in knee kinetics, kinematics and temporal-spatial during gait from pre-

surgery osteoarthritic gait to post-surgery gait following implantation of either a fixed 

or mobile tibial bearing medial compartment UKA. Thirty nine knees were assessed 

with 3-D gait analysis 4 weeks prior to and 12 months following UKA with 20 fixed 

bearing and 19 mobile bearing Preservation (DePuy) Unicompartmental knees. 

Significant improvements were demonstrated in gait speed, stride length and both single 

and double support times (p<0.05), and the post-operative values were comparable to 

the age matched control group. For knee kinematics, the peak knee flexion angle ROM 

during early and late stance improved (p<0.05) and was comparable to normal post-

surgery, however knee angle at heel strike failed to improve, and remained greater that 

normal (p < 0.05). Knee kinetics demonstrated the greatest improvements. Principal 

component analysis of the knee flexion/extension moment curve revealed all patients 

with a predominantly extension moment, and half of the patients with a predominantly 

flexion moment returned to a normal biphasic pattern. Unicondylar knee arthroplasty is 

a successful treatment option for the return to near normal gait. This study is the first to 

show abnormal pre-surgery temporal-spatial parameters, knee kinetics and knee 

kinematics return to similar patterns of their age matched normal population.   

Keywords 

Gait Analysis, Unicondylar Knee Arthroplasty, Fixed and Mobile Bearing
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4.1 Introduction 

Gait analysis has emerged as a successful tool to objectively assess functional 

changes following a variety of knee surgeries (Andriacchi & Hurwitz, 1997b; Chassin et 

al., 1996; Weidenhielm et al., 1993). Despite the growing use of Unicondylar knee 

arthroplasty (UKA) for treatment of medial compartment osteoarthritis, little 

information is available about the effect this surgery has on the knee kinematics and 

kinetics whilst walking. There are many theoretical advantages of UKA over total knee 

arthroplasty (TKA), including the retention of both cruciate ligaments, preservation of 

the lateral and patello-femoral compartment and smaller incision without dislocation of 

the patella.  These advantages of UKA should provide benefits in regard to the gait 

patterns of these patients.  

Previous research into TKA suggests that patients retain pre-operative gait 

abnormalities following surgery, despite the relief of pain and correction of normal knee 

alignment (Andriacchi et al., 1982; Smith et al., 2004, 2006; Wilson et al., 1996). The 

same depth of research had not been presented in the UKA population, with the 

previous studies into knee kinetics and kinematics during gait only making post-

operative comparisons between either the non-operative leg, or an aged matched control 

group (Chassin et al., 1996; Fuchs et al., 2005). Chassin and colleagues assessed the 

post-operative flexion/extension knee moment pattern, reporting 7 out of 10 patients 

exhibiting a normal biphasic pattern (Chassin et al., 1996), and Fuchs et al., reported the 

post-operative peak knee flexion/extension moments were comparable to normal knees 

(Fuchs et al., 2005). It was reasoned that anterior cruciate ligament preservation in UKA 

allows patients to maintain normal quadriceps mechanisms (Chassin et al., 1996), 

thereby producing the normal biphasic sagittal knee moment. However this theory is yet 

to be tested and it may be that these people had just retained these gait patterns from 

prior to surgery.  
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The knee adduction moment following UKA follows the normal, double peaked 

pattern, as the body’s centre of gravity remains medial to the knee joint throughout the 

stance phase (Chassin et al., 1996). The magnitude of the knee adduction moment has 

also been reported as comparable to normal knees (Chassin et al., 1996; Fuchs et al., 

2005). Again, the pre-operative gait pattern has not been taken into account.  

 

Indications for selecting a fixed or mobile bearing design in UKA remain 

controversial, and previous studies have only been preformed on cadavers or have been 

constrained to static knee bending exercises. Argenson and colleagues reported minimal 

femoral rollback of 0.8mm in the medial compartment of a fixed bearing UKA, 

comparable to a normal knee (Argenson et al., 2002). Goodfellow and O'Connor 

proposed the sliding bearing allows normal femoral rollback, under control of the 

ligaments, replicating a normal knee kinematics (Goodfellow & O'Connor, 1986). The 

advantages of the mobile bearing UKA may provide superior kinematics and kinetics 

during gait compared to the fixed design. However, this is yet to be assessed. 

 

This study aims to address the lack of research into gait analysis of UKA 

patients, by providing a comprehensive analysis of pre and post-operative gait in a large 

sample of patients, assessing the changes in knee kinetics, kinematics and temporal-

spatial parameters. In addition we will assess the potential kinetic and kinematic 

advantages of the mobile bearing tibial component in UKA during gait. Finally we will 

explore the patient specific factors contributing to post-operative UKA gait. It is 

hypothesised that knee kinetics and kinematics during gait will return to normal after 

implantation of a medical compartment UKA, as the patello-femoral joint and all 

ligaments are retained following surgery, and the theoretical benefits of the mobile 
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bearing tibial component will allow a closer approximation to normal knee kinematics 

and kinetics as compared to the fixed bearing design.  

   

4.2 Methods 

4.2.1 Patients 

Thirty five patients with 39 UKA (four bilateral) and 14 control subjects gave 

written informed consent and participated in the study. Each patient was randomised to 

receive either a fixed or mobile bearing Preservation Uni-compartmental Knee (DePuy 

Orthopaedics, Leeds, UK) by random number generation.  

 

4.2.2 Clinical Scores 

Following randomisation each patient underwent a clinical and functional (gait 

analysis) assessment pre-surgery and 12 months following surgery.  Clinical assessment 

consisted of the Knee Society clinical rating scale (Insall et al., 1989). Knee pain 

severity was assessed using a visual analogue scale with a score out of 10, 0 being no 

pain and 10 extreme pain. Pain severity was measured prior to surgery and 12 months 

following surgery at the time of gait analysis. 

Limb alignment was obtained manually with a goniometry, measuring the angle 

at the midpoint of the knee, between the centre of the hip joint (anterior superior iliac 

spine) and mid point between of the ankle. This technique has been compared to the 

gold standard measurement of standing long leg radiographs, which showed the 

goniometry measurements were highly correlated with radiographic assessment (R = 

0.82), with a high intra-observer reliability (interclass correlation coefficient = 0.94) 

(Kraus et al., 2005).  
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4.2.3 Surgery 

 Patient’s suitability for UKA was determined by clinical assessment for 

sufficient knee range of motion without significant flexion deformity or varus alignment 

by the orthopaedic surgeon as per the manufactures guidelines. The integrity of the 

anterior cruciate ligament (ACL) and lateral compartment was assessed by MRI pre-

operatively, and inter-operatively. On assessment the orthopaedic surgeon considered 

all patients to have an intact and well functioning ACL. Medial compartment 

unicondylar knee arthroplasty was performed by one of two experienced surgeons using 

the Preservation Uni-compartmental Knee (DePuy International, Leeds, UK).  Surgery 

was performed on 14 left and 23 right knees with 20 fixed bearing and 19 mobile 

bearing tibial components, and the standard femoral component. Patients were 

comparable for location and severity of pain, and knee society score pre-surgery.  

 

4.2.4 Gait analysis 

Three dimensional Gait analysis was preformed with the Vicon 370 motion 

analysis system (Oxford Metrics, Oxford UK) utilising seven 50 Hz infra red cameras. 

Ground reaction forces were collected simultaneously with two AMTI force platforms 

(AMTI, Watertown, MA) at 2000Hz. Patient marker setup was preformed according to 

the method of Besier and colleagues (2003). This consisted of a cluster of three passive 

retro-reflective markers per segment attached to the feet, tibia, thigh and pelvis using 

hypoallergenic double sided adhesive tape, over the areas of least skin movement.  Joint 

centres and axes of rotation were calculated by performing dynamic limb movements 

throughout the entire range of motion for the knee and hip joint (Besier et al, 2003). 

Patients were asked to wear their everyday footwear for the assessment. Eight gait trials 

were collected with double foot contact on the two force plates where possible, with 
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patients walking at their normal self selected speed. The average of four trials was used 

for final analysis.  

 

 Sagittal plane knee kinematics were determined using the kinematic model of 

Besier et al (2003) and kinematic parameters were extracted using Excel (Microsoft, 

Redmond, CA). The parameters analysed were: knee angle at heel strike; peak knee 

flexion during stance phase; minimum knee flexion angle in late stance; peak knee 

flexion during swing; knee flexion range of motion during weight acceptance; and knee 

extension range of motion during stance (see figure 1).  

 

D C 

F 

A B 

E 

Figure 1. The knee flexion/extension kinematic parameters: A. Knee angle at Heel 

Strike; B. Peak knee flexion at weight acceptance; C. Peak knee extension at late stance; 

D. Peak knee flexion during swing; E. Knee flexion range of motion during weight 

acceptance; and F. Knee extension range of motion in late stance.  
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Stance phase kinetics were calculated using standard inverse dynamics (Besier et 

al., 2003) and normalized to 51 data points using custom software in Matlab v7.0 

(Mathworks, 2004, Massachusetts, USA). Kinetics were reported as external joint 

moments, normalised to the percentage body weight. The peak knee flexion moment at 

early mid stance and peak knee extension moment in terminal stance was extracted for 

analysis. A measure of change in flexion/extension moments was calculated as the 

difference between the flexion and extension moment peaks (see figure 2a). In the 

frontal plane the first and second peak knee adduction moments were extracted (see 

figure 2b). Temporal-spatial characteristics were calculated using custom software in 

Matlab v7.0 (Mathworks, 2004, Massachusetts, USA).  

  

Control subjects were tested only once with the Knee society clinical rating 

score and gait analysis. To enable matching of walking speed between the groups, 

control subjects were asked to perform additional trials at slow, normal and fast walking 

speeds.   
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a) 

b) 

Figure 2.  The peak a) flexion/extension and b) adduction knee moments analysed. 

PFM – Peak flexion moment, PEM – Peak extension moment, CKM – Change in knee 

moment from peak flexion to peak extension, 1AM – First knee adduction moment 

peak, 2AM – Second knee adduction moment peak. 
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4.2.5 Isometric lower leg strength and passive knee range of motion 

 Quadriceps strength of the operated leg was measured isometrically, as it 

produced little to no knee pain in the patient, limiting the neural inhibition of quadriceps 

activity in the osteoarthritic knee (Hortobagyi et al., 2005). The patients were seated 

with the knee bent at 90 degrees. A custom wall mounted force transducer was attached 

to the lower leg, 1cm proximal to the lateral malleolus with a Velcro strap.  Patients 

were asked to extend the leg as hard as they could, for 3 seconds. The greatest force 

produced over two trials was recorded. This force was then converted into knee 

extension torque by multiplying the force by the length from the lateral femoral condyle 

to the ankle strap. Knee extension torque was then normalised as a percentage of 

bodyweight (%BW).  

 

 Passive knee range of motion was also measured using hand held goniometry. 

Patient were assessed lying supine, and asked to flex their knee as far as possible, 

keeping the heel down on the table. The flexion range of motion was determined by the 

angle at the anatomical axis of the knee defined by the lateral femoral condyle, with a 

proximal line to the greater trochanter, and distal line to the lateral malleolus. This 

technique was also applied to the knee extension angle, where patients were asked to try 

and straighten their knee, flat on the table. 

 

4.2.6 Statistics 

 All data was imported into Statistical Package for Social Science version 12.0.1 

for Windows (SPSS Inc, 2003, Chicago, IL) for analysis. Paired t-test was used to test 

for significant differences between pre-and post-surgery gait variables and clinical 

scores. Independent means t-test was used to compare gait variables and clinical scores 
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for post-surgery and control subjects data, as well as comparisons between fixed and 

mobile bearing UKA post-surgery.  

 

 Principle component analysis was performed to examine the entire moment 

curve of the post-operative and control subjects knee kinetics (as previously described 

by Deluzio et al., 1999 and Smith et al., 2004). This technique deals with potential loss 

of kinetic information when only peaks of the moment curve are assessed. A principle 

component analysis model was created in SPSS utilising a Varimax rotation on the 51 

data points of the stance phase for the knee flexion/extension moment curves. The 

analysis was limited to 3 principle components based on an 80% representation of all 

moment patterns being reached. Principle components scores were extracted using the 

regression method. Pre-surgery kinetic data was then applied to the model to generate 

principal component scores for all groups.  

 

 Further visual analysis of the knee flexion/extension moment curve was 

preformed to classify each patient into a normal biphasic pattern, predominantly flexing 

pattern, or predominantly extensor pattern, by the senior author (see figure 3). 

Classification was made based on the percentage of time spent with a knee flexion 

moment. A predominately flexing moment was recorded for those patients who spent 

70% or more of the stance phase in a flexing moment (Hilding et al., 1996). Those 

patients classified as predominately extensor moments spent 70% or more of the stance 

phase with an extension moment. All other patients were classified as having a biphasic 

knee moment pattern.  
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Figure 3. Average sagittal plane knee moments for different subject classifications. 

 
  

To account for the changes in principal component analysis scores from pre-

surgery to post-surgery, predictive factors of quadriceps strength and post-operative 

knee pain were entered into a backwards regression model to determine if these factors 

were responsible for any significant changes. 

 

 This backwards linear regression model was also used to predict the knee 

extension kinematics late in stance phase. Quadriceps strength, post-operative knee pain 

and passive knee extension range of motion were entered into the model as the most 

likely predictors of knee extension kinematics.  

 

4.3 Results 

Both fixed and mobile bearing UKA patients demonstrated significantly 

improved knee society clinical rating system score following surgery (p = 0.001).  There 

were no significant differences for the Knee society clinical rating scores for the fixed 

or mobile bearing groups post-surgery (p = 0.859 and p = 0.444 respectively).  Mean 

post-operative limb alignment was corrected to 4° valgus (table 1). 
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Revision for severe pain had been preformed or was scheduled for two patients 

at the time of post-surgery gait analysis, therefore these results were subsequently 

exclude form the analysis, as it was considered the level of knee pain experienced was 

affecting their gait, and not a true representation of the sample.   

 

Analysis of the temporal-spatial gait parameters revealed significant 

improvements in all parameters (p<0.018), except single support time (p=0.899) (see 

table 2.). All post-operative temporal-spatial parameters were correlated with their pre-

operative value (p<0.008, R2=0.587 to 0.225). Comparison between the fixed and 

mobile bearing groups showed no statistically significant differences (p<0.218). There 

was also no difference in the temporal-spatial parameters between post-operative and 

control subjects (p>0.252). 

 

For the sagittal plane knee kinematics, the knee angle at heel strike, peak knee 

flexion angle at weight acceptance and peak knee flexion angle in the swing phase 

improved slightly, however none of these were statistically significant (p>0.256) (Table 

2). Knee range of motion during the initial loading phase did significantly increased by 

2.62° (p=0.005). Minimum knee flexion angle at late stance and knee extension range of 

motion in late stance was significantly improved following surgery (mean 

difference=2.69°, p=0.034 and mean difference=4.14°, p=0.001 respectively). Despite 

this improvement in minimum knee flexion knee angle and knee extension range of 

motion in late stance, the post-operative values still differed from the control group 

(p=0.018). Knee angle at heel strike was also significantly lower in the control group, 

when compared to the post-operative value (mean difference=3.08°, p=0.012) (Table 2).  
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Frontal plane knee kinetics was reduced following surgery, however only the 

first adduction moment peak was significantly lower (p=0.003) (Table 2). There was no 

significant difference between the post-operative and control subjects knee adduction 

moments (p>0.695), or any difference between the fixed or mobile bearing groups 

(p>0.103), however sufficient power for this second calculation was not reached 

(power = 56%).  

 

All sagittal knee plane kinetics improved following UKA. Early peak knee 

flexion moment was increased significantly post-operatively (mean 

difference=1.24%BW, p=0.001), as did the peak knee extension moment at terminal 

stance (mean difference=0.58%BW, p=0.046) (Table 2). This is also reflected in the 

increase in change of peak flexion to peak extension moments (mean 

change=1.49%BW, p=0.001). There was no difference in either peak knee moments 

between post-surgery patients and controls (p=0.613).  



Table 1. Patient characteristics following UKA and comparison to age matched control subjects. (KSS total/200 – total Knee Society clinical rating 

system score for both clinical and function scores combined out of a possible 200, KOOS total/500 – Total Knee Injury and Osteoarthritis Outcome 

Score out of a possible 500) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 Pre-surgery Post-surgery 1p-value Controls 2p-value 

Age (yrs) 67.9 (7.8) - - 67.6 (8.6) 0.625 

Height (m) 1.68 (0.09) - - 1.70 (0.09) 0.740 

Weight (kg) 79.7 (15.6) 80.1 (16.7) 0.011 73.5 (20.7) 0.244 

BMI 28.3 (5.7) 27.8 (5.6) 0.333 25.1 (4.0) 0.097 

*Lower limb alignment -0.17 ( 4.62) 4.68 ( 2.72) 0.001 NA - 

Quads Strength 82.27 ( 44.79) 84.86 ( 35.32) 0.637 NA - 

Pain 5.88 ( 1.89) 2.11 ( 2.75) 0.001 0 0.001 

KSS Total/200 112   (24.4) 160   (30.6) 0.001 192   (6.8) 0.001 

KOOS Total/500 176.61 (57.51) 304.83 (52.46) 0.001 422.43 (58.8) 0.001 

1Statistically significant differences between pre- operative and post-operative parameters; significant differences shown in bold 
2Statistically significant differences between post-operative and control group parameters; significant differences shown in bold. 

* A negative value is varus alignment and positive value valgus alignment
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 Pre-surgery Post-surgery p-value1 Controls p-value2 Pre to Post-surgery 
Correlation 

Temporal-Spatial Parameters  

Velocity (m/sec) 1.14 (0.21) 1.30 (0.22) 0.001 1.31 (0.11) 0.553 0.665 
Cadence (steps/min) 107.28 (10.83) 115.08 (10.42) 0.001 112.20 (7.14) 0.477 0.766 
Stride Length (m) 1.29 (0.20) 1.37 (0.21)  0.009 1.42 (0.12) 0.252 0.696 
Step Length (m) 0.64 (0.10) 0.69 (0.11) 0.018 0.71 (0.07) 0.315 0.619 
Stride Time (s) 1.13 (0.12) 1.05 (0.10)  0.001 1.06 (0.07) 0.949 0.766 
Single limb support time  0.38 (0.08) 0.38 (0.06)  0.899 0.38 (0.08) 0.783 0.492 
Double limb support time  0.30 (0.10) 0.26 (0.07) 0.006 0.24 (0.06) 0.359 0.474 

Sagittal plane knee Kinematics (°)  

Flexion angle at heel strike 5.58 (5.47) 4.41 (4.06) 0.294 1.33 (3.84) 0.012 0.235 
Peak knee flexion in stance 20.41 (8.18) 21.86 (4.850 0.260 22.13 (4.22) 0.835 0.539 
Flexion ROM during loading phase 14.83(5.58) 17.45 (4.85) 0.005 20.80 (2.76) 0.743 0.591 
Minimum flexion angle at late 
stance 

11.83 (7.78) 9.14 (4.29) 0.034 6.39 (4.28) 0.015 0.520 

Knee Extension ROM during late 
stance  

8.58 (5.50) 12.72 (4.71) 0.001 15.74 (4.35) 0.018 0.585 

Peak flexion angle in swing 64.48 (10.11) 66.98 (4.79) 0.256 67.93 (2.51) 0.499 -0.152 

Knee Moments (%BW)  

Peak Early mid-stance flexion 4.07 (2.54) 5.31 (1.98) 0.001 4.85 (1.87) 0.839 0.710 
Peak terminal stance extension -1.25 (2.13) -1.83 (1.57) 0.046 -2.29 (1.72) 0.208 0.703 
Change in knee moment from peak 
flexion to peak extension 

5.32 (2.68) 6.81 (2.14) 0.001 7.13 (1.84) 0.613 0.678 

Early peak mid-stance adduction  4.93 (1.58) 3.74 (1.48) 0.003 3.51 (1.31) 0.768 0.135 
Late peak mid-stance adduction 4.44 (1.48) 3.84 (1.51) 0.141 3.64 (1.32) 0.695 0.211 

Table 2. Comparison of pre- to post-surgery gait variables and comparison with age matched control subjects, and the correlation between 

pre- and post-surgery gait variables.  
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1Statistically significant differences between pre- operative and post-operative parameters; significant differences shown in bold 
2Statistically significant differences between post-operative and control group parameters; significant differences shown in bold. 
3Statistically significant Pearson correlation coefficient between pre-operative and post-operative value; significant differences shown in bold. 



Table 3. Post-surgery gait differences between fixed and mobile bearing tibial 

components. 

 Fixed Bearing 

N = 20 

Mobile Bearing 

N = 17 

1p-value 

Temporal-Spatial Parameters

Velocity (m/sec) 1.28 (0.23) 1.28 (0.19) 0.954 

Cadence (steps/min) 115.46 (9.19) 113.64 (12.045) 0.606 

Stride Length (m) 1.34 (0.22) 1.36 (0.18) 0.764 

Step Length (m) 0.68 (0.11) 0.68 (0.09) 0.913 

Stride Time (s) 1.06 (0.08) 1.06 (0.11) 0.714 

Single limb support time  0.37 (0.07) 0.39 (0.04) 0.218 

Double limb support time  0.26 (0.074) 0.27 (0.07) 0.918 

    

Knee Flexion Angle (°)

Flexion angle at heel strike 5.22 (4.44) 3.81 (3.28) 0.288 

Peak knee flexion in stance 22.20 (4.49) 21.27 (4.77) 0.546 

Flexion ROM during loading 

phase 

16.98 (4.89) 17.46 (3.72) 0.743 

Minimum flexion angle at late 

stance 

8.92 (4.73) 11.55 (4.19) 0.081 

Knee Extension ROM during 

late stance  

13.28 (4.95) 9.72 (3.49) 0.018 

Peak flexion angle in swing 66.50 (3.07) 67.56 (5.66) 0.473 

    

Knee Moments (%BW)

Peak Early mid-stance flexion 5.13 (2.12) 4.71 (1.84) 0.525 

Peak terminal stance extension -1.79 (1.80) -1.32 (1.10) 0.354 

Change in knee moment from 

peak flexion to peak extension 

6.93 (2.30) 6.65 (1.97) 0.702 

Early peak mid-stance varus  4.04 (1.71) 3.22 (1.31) 0.117 

Late peak mid-stance varus 4.28 (2.06) 3.31 (1.33) 0.103 
1Statistically significant differences in bold. 
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 Principle component analysis revealed three components which described 80 

percent of the variance in the knee flexion moment over the stance phase in post-

operative gait (see figure 4). Principal Component 1 (PC1) represented the terminal 

stance phase where the sagittal knee moment moves from a flexing to extending 

moment, as the ground reaction moves anterior to the centre of the knee joint. PC1 

accounted for 50% of the variance of the moment curve. Principal Component 2 (PC2) 

reflected the knee flexion moment through the weight acceptance phase, accounting for 

19% of the variance, and Principal Component 3 (PC3) mirrored the initial knee 

extension moment at heel strike, accounting for 11% of the variance. All post-operative 

principle components factor values were significantly correlated with their pre-surgical 

scores (PC1 R2=0.51, PC2 R2=0.57, PC3 R2=0.23). Despite being highly correlated, 

PC1 significantly decreased (p = 0.001) and PC2 increased significantly from pre- to 

post-surgery (p = 0.001), representing increased magnitude of the peak flexion and 

extension moments.  

 
% Stance Phase 

Figure 4. Principle components of the controls and post-operative UKA knee 

flexion/extension moments over the stance phase. These 3 components described 80% 

of the variance in the moments. 
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On visual analysis and classification of the knee flexion/extension moment 

curves pre-surgery, 10 patients were deemed as having a predominantly flexing 

moment, 4 patients had predominantly extensor moments and the remaining 14 patients 

had a normal biphasic moment pattern. Following surgery, all patients returned to a 

normal biphasic flexion/extension pattern except 5 patients who remained in a 

predominantly flexing pattern, despite showing improvement towards a normal biphasic 

pattern.  This improvement in sagittal knee moment pattern was statistically significant 

with Fisher’s Exact test when the predominantly flexion group was compared to the 

biphasic group (p=0.047).  The improvement in the predominately extensor group to a 

biphasic pattern in all 4 patients was also statistically significant with Fisher’s Exact test 

(p=0.019). No significant difference was found between the knee flexion/extension 

kinetic patterns of the fixed or mobile bearing groups. For the control group, 14% of 

patients had a predominantly flexion moment, with the remaining 86% exhibiting a 

biphasic moment pattern. 

 

 Following surgery quadriceps strength increased only slightly, and was not 

statistically significant (mean change = 0.024 %BW, p = 0.725). Quadriceps strength 

pre-surgery was not significantly correlated with PC2 (R2 = 0.056, p = 0.151), however 

this correlation became significance post-operatively (R2 = 0.155, p = 0.011).  Further 

investigation of this association was performed in the backwards linear regression 

model. Pain was included in the model along with quadriceps strength to account for the 

reduced quadriceps strength recorded for some of the patients. The combination of 

Quadriceps strength (β = 0.376, CI = 0.162 to 1.970 R2 = 0.155, p = 0.011) and post-

operative pain (β = -0.299, CI = -0.305 -to 0.010, R2 = 0.102, p = 0.032) were the best 

predictors of the PC2 score pre-surgery.  
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The knee angle at heel strike was significantly lower in the control group, 

compared to the UKA. To explain the knee kinematic difference, knee angle at heel 

strike was correlated with quadriceps strength and passive knee extension range of 

motion, both pre- and post-surgery. There was no significant correlation between the 

knee angle at heel strike and quadriceps strength (R2 = 0.025, p = 0.186), or post-

surgery passive knee extension range of motion (R2 = 0.004, p = 0.359). However there 

was a significant correlation with the pre-surgery knee angle at heel strike (R2 = 0.385, 

p = 0.001). Quadriceps strength was however associated with the knee extension 

kinematics during late stance. Quadriceps strength (β = 0.346, CI = 0.399 to 8.504, R2 = 

0.188, p = 0.005), predicted the change in knee extension kinematics during the stance 

phase when passive knee extension range of motion (β = -0.379, CI = -1.372 to -0.098, 

R2 = 0.212, p = 0.003) was retained in the backwards linear regression model. Pain had 

no influence on this parameter and was removed from the model, as it had no significant 

predictive power.  

 

4.4 Discussion 

 Following UKA, patients experienced improvements in all temporal-spatial gait 

parameters. Although pre and post-surgery values were significantly correlated, the 

improvement in post-operative gait was such that it matched the control group, 

suggesting implantation of a medial compartment unicondylar knee returns patients 

temporal-spatial gait parameters to near normal. Weidenhielm et al, (1993) reported 

similar comparisons of 10 patients post-surgery, and Fuchs et al, (2005) reported similar 

results of 29 UKA patients where the post-surgical temporal-spatial gait results were 

comparable to their control sample. Our results also examined the outcomes for fixed or 

mobile bearing tibial component, but found no advantage for either bearing design, as 

both groups returned to normal for these parameters.  

 69



 

 The improvement in sagittal plane knee kinematics was not as pronounced. Pre-

operatively, patients made initial heel contact with a flexed knee. In contrast normal 

subjects strike the floor with an almost fully extended leg. Following surgery, the knee 

angle at heel strike improved, but failed to return to normal. This gait abnormality is 

also present following TKA (Smith et al., 2006), and it was suggested the greater knee 

angle at heel strike was due to altered proprioception or muscle activation pattern, and 

not passive knee extension range of motion. This suggestion was supported by our in 

part by our study which showed that post-operative passive knee extension range of 

motion, and post-operative quadriceps strength, were not related to the knee angle at 

heel strike. The best predictor of post-operative knee angle at heel strike was the pre-

surgery knee angle at heel strike. Patients retain this knee kinematics pattern following 

surgery, even though knee range of motion has improved, and pain was resolved. This 

suggests retention of the motor patterning, which has developed from many years of 

osteoarthritic gait, reflecting the previous work on retention of gait patterns after TKA 

(Fuchs et al., 2002; Smith et al., 2006; Weidenhielm et al., 1993). 

 

The peak knee flexion angles in this study appear not to be a significant gait 

problem in people with medial compartment knee osteoarthritis that are scheduled to 

undergo UKA.  The peak knee flexion angle in weight acceptance phase, nor the peak 

knee flexion angle in the swing were not significantly different from pre- to post-

surgery, or to the control group.  However,  low range of knee motion in stance, 

indicative of stiff knee gait is an issue for these patients, which has been described 

previously for  both UKA and TKA patients (Fuchs et al., 2005; Smith et al., 2006)  

Pre-operatively, patients walked with a stiff knee gait, probably adapted to reduce pain 

in the osteoarthritic knee (Kaufman et al., 2001). This stiff knee gait pattern was 
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characterised by a coupling of slightly reduced knee flexion during the weight 

acceptance phase and reduced knee extension into the late stance phase. Following 

UKA, the change in knee range of motion in both weight acceptance and late stance 

improved towards normal. The stiff knee gait however was not fully overcome post-

operatively as knee range of motion failed to reach comparable values to the control 

group.  

To improve this stiff knee gait post surgery it appears that some factors could be 

addressed. Quadriceps strength is associated with this decreased knee range of motion 

following TKA (Mizner & Snyder-Mackler, 2005), and pain has also been suggested to 

be related to stiff knee gait pre-operatively (Kaufman et al., 2001). In the current study 

two factors that significantly predicted this change in knee extension range of motion in 

the regression model; post-operative quadriceps strength and passive knee extension 

range of motion. The patient’s restriction for full passive knee extension resulted in 

resistance to extend the knee during the stance phase of gait. This is then coupled with 

the patient’s inability to produce enough extension torque through the quadriceps 

muscle group to extend the knee and raise their body mass. The presence and severity of 

post-operative knee pain was not related to the knee extension range of motion in late 

stance. The retention of the stiff knee gait pattern following surgery is an area which 

requiring specific rehabilitation and/or gait retraining. Future research should focus 

particularly quadriceps strengthening as an aid to overcome this abnormality.  

 

 The peak knee adduction moment decreased following UKA. This is partially 

due to the reduction in pseudo varus knee laxity, as a result of medial joint space 

narrowing in the osteoarthritic knee. This is supported by the change in static knee 

alignment from 1° varus to 4° of valgus following surgery. This reduction in peak knee 

adduction moment was only significant for the first peak, during the weight acceptance 
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phase, which was also the largest in magnitude. However following surgery neither 

peak adduction moment was different from normal, despite not achieving full correction 

of the knee alignment back to normal. Chassin and colleagues reported peak knee 

adduction moments to be comparable to the normal population, and found a significant 

relationship with the knee adduction moment magnitude and only excessive varus knee 

alignment (Chassin et al., 1996). In those patients whose knee alignment was 

considered to be within normal anatomical ranges, there was no correlation with knee 

adduction moment. Surgeons can now confidently reduce the knee adduction moment 

during gait back to near normal magnitudes, without overcorrecting knee alignment, 

which can increase the risk of arthritis progressing to the lateral compartment. The peak 

knee adduction moment in the fixed bearing group was greater than the mobile bearing 

group however, but failed to reach significance. A lack of statistical power at 56% may 

be responsible for the non significant difference, and therefore we cannot make a 

definite conclusion on the difference in adduction moment magnitude. However, based 

on the equal comparisons between the fixed and mobile bearing prosthesis types on all 

other factors, a difference in adduction moments is unlikely.   

 

The most significant change to note from this study was the post-surgery 

transformation of the pre-surgery knee flexion/extension moment pattern. Our research 

is first to show that the peak knee flexion and peak knee extension moments both 

increased in magnitude following surgery, representing a willingness to load the 

replaced joint, at a normal level. How this increase load affects the long term fixation of 

the prosthesis requires further study. In addition, both the visual and principal 

component analyses of the flexion/extension moment curves showed a significant return 

to a normal biphasic pattern. Principal component 2, describing the transition from 

flexion to extension moment in mid stance, was significantly improved from pre- to 
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post-surgery. This results indicates to move from either predominantly flexion or 

extension moment pattern, back to a normal biphasic moment pattern. This 

improvement was also supported by the visual classification of the curves, where 5 out 

of 10 patients with a predominantly flexing pattern, and all predominantly extensor 

patterns return to a normal biphasic flexion/extension moment pattern. In comparison to 

the age matched control group, 15% of patients retained the prominently flexion 

moment, which compares to the 14% of the normal control group who also display a 

predominantly flexing knee moment pattern.  It can be suggested that a small 

percentage of patients with a post-operative predominately flexing moment is normal. 

Chassin et al., (1996) reported similar results with 20% of his patient group exhibiting a 

predominantly knee flexion moment following UKA. The presence of a well 

functioning ACL is considered to be responsible for the biphasic knee flexion/extension 

moment pattern seen following UKA. Our results suggest that although the ACL is 

important, additional factors such as post-operative pain and strength are also 

responsible for the improvement in knee flexion/extension moment pattern. 

 

The common factor to the improvement in knee flexion/extension moment 

pattern in both groups was quadriceps strength. This is the first study to examine any 

relationship between quadriceps strength and UKA. Increasing quadriceps strength was 

significantly correlated with a biphasic moment pattern (PC2) (p<0.05). The backwards 

linear regression model also retained post-operative knee pain which increased the 

predictive power the model. Following surgery, patients were probably more willing to 

load their knee with an internal extension moment (quadriceps contraction) as pain is 

reduced, and quadriceps strength increases. Although we did not directly measure 

neuromuscular inhibition, we believe that this result is due to a reduction in 

neuromuscular inhibition of the quadriceps, which is present in the painful osteoarthritic 
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knee (Herzog & Suter, 1997). In some cases where pain is present post-surgery and 

partly responsible for flexion moment pattern abnormalities, this quadriceps inhibition 

may still be present in these cases.  

 

Increased quadriceps strength is also associated with improved knee kinetics in 

patients following anterior cruciate ligament rupture (Patel et al., 2003), reconstruction 

(Lewek et al., 2002) and following total knee replacement (Mizner & Snyder-Mackler, 

2005). Patel et al (2003) studied the influence of both quadriceps strength and knee 

laxity on the knee flexion and extension moment during gait in ACL deficient subjects. 

They showed that where increased strength was significantly associated with increased 

peak knee flexion moment, but that knee laxity had no affect on gait in this early post-

injury population. Following ACL reconstruction, Lewek et al., (2002), reported that 

patients with isometric quadriceps strength less that 80% of the uninvolved side had 

reduced peak knee flexion moments. They also showed that lower quadriceps strength 

was related to reduced knee range of motion in mid stance and the group with 

quadriceps weakness displayed gait patterns similar to ACL deficient knees. The results 

are similar for patients following TKA. Minzer et al., (2005) reported quadriceps 

weakness is associated with reduced functional performance (6-minute walk, timed up 

and go and stair climbing test) in patient following total knee arthroplasty. 

 

This is the first gait analysis study to report improvement in gait unique to 

unicondylar knee arthroplasty. Previous studies into total knee replacement have 

reported retention of abnormal pre-operative gait patterns (Hilding et al., 1996; Smith et 

al., 2004). In UKA the previous research has only assessed post-operative gait and 

suggested there is no significant difference in sagittal knee moments compared to 

normal subjects (Fuchs et al., 2005). It is now apparent from this study that the near 
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normal post-operative gait has improved from an abnormal pre-operative, osteoarthritic 

gait pattern as a result of the surgery decreasing pain, and associated post-operative 

quadriceps strength.  Quadriceps strengthening exercise may be important following 

surgery to assist in a return to normal knee kinetics and kinematics during gait. For the 

knee kinematics the knee angle at heel strike and knee extension range of motion at late 

stance failed to return to normal. There variables were significantly correlated with their 

pre-op value, suggesting the pre-surgery knee kinematic patterns are retained in some 

patients.  

 

 We have shown no significant benefit of implanting either a fixed or mobile 

bearing tibial component in UKA to improve knee kinetics and kinematics during gait, 

as both groups are comparable to normal. The main theoretical advantage of the mobile 

bearing is it allows normal femoral rollback under the control of the ligaments 

(Goodfellow & O'Connor, 1986). However, in the medial compartment, the tibio-

femoral contact point only moves by 0.9mm posterior, compared to 4.3 mm on the 

lateral side during gait (Argenson et al., 2002; Komistek et al., 2003). Argenson and 

colleagues reported that in medial compartment UKA, the contact point moved 0.8mm 

posterior, compared to that in lateral UKA, where it moved 2.5mm posterior. The 

similarity of medial compartment contact point movements between normal and UKA 

knees and the small magnitude of the movement, suggests why our patient’s with 

medial compartment mobile bearing UKA did not benefit with better knee kinematics 

and kinetics during gait compared to the fixed bearing design.  

 

4.5 Conclusion 

Unicondylar knee arthroplasty is a successful treatment option for the return to 

near normal gait. This study is the first to show abnormal pre-surgery temporal-spatial 
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parameters, knee kinetics and knee kinematics are returned to similar patterns to their 

age matched normal population. The predominate factor that determined a patients 

return to normal gait was quadriceps strength, when we accounted for the presence of 

post-operative knee pain. The knee adduction moments also showed a return to near 

normal values, without correcting knee alignment into normal anatomical range, which 

can progress arthritis into the lateral compartment.  

 

For knee kinetics and kinematics during gait we have been unable to find any 

significant benefits of the mobile bearing tibial component, despite the theoretical 

advantages that have been published. Decisions on use for each bearing type should be 

based on clinical outcome and long-term survival of the prosthesis.  
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Abstract 

The theoretic advantages of the mobile bearing tibial component in unicondylar knee 

arthroplasty (UKA) have been documented in cadaver studies. However the literature 

contains few direct comparisons between fixed and mobile bearing tibial components. 

This purpose of this study is to compare the clinical outcomes of fixed and mobile tibial 

components in the same prosthesis design. 39 Preservation (DePuy) medial 

compartment UKA’s (20 fixed and 19 mobile bearing) were prospectively assessed for 

clinical outcome with the Knee Injury Osteoarthritis Outcome Score (KOOS), Knee 

Society Clinical Rating System (KSS), and patient reported pain location, pain severity 

and overall satisfaction. All patients demonstrated significant improvements from pre-

surgery to 6 months post-surgery in KOOS and KSS scores, there after these scores 

remained unchanged. The mobile bearing tibial component performed poorly, with 4 

revisions to total knee replacement (10%), and significantly more anterior/medial knee 

pain.  Implantation of the fixed bearing prosthesis yielded excellent clinical results by 6 

months following surgery, however the high incidence post-operative knee pain and 

revision rate lead to the use of the mobile bearing prosthesis being abandoned. 

 

 

Keywords 
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5.1 Introduction 

With the prevalence of unicondylar knee arthroplasty increasing in Australia 

("Australian Orthopaedic Association National Joint Replacement Registry Annual 

Report," 2005), so does the controversy over the use of fixed or mobile bearing tibial 

components. The theoretical advantages of a mobile bearing tibial component has been 

reported in the Oxford knee in early cadaver studies (Goodfellow & O'Connor, 1986). 

These advantages include unconstrained tibiofemoral movement, which is controlled by 

the ligaments and congruity of the articulating surfaces, decreasing the shear stress at 

the bone cement interface.  

 

 Concerns have recently arisen about the mobile bearing Preservation 

Unicondylar knee system from report in the National Joint replacement Registry 

("Australian Orthopaedic Association National Joint Replacement Registry Annual 

Report," 2005). The results of 343 mobile bearing Preservation® prostheses revealed an 

excessive revision rate at 9.6%, compared to 4.5% in the fixed bearing prosthesis. Both 

revision rates were statistically greater than the 3 best performing designs (MG, Repicci 

and Unix) reported in the Australian Joint Replacement registry.  

 

 Despite both fixed and mobile bearing designs being widely used, the literature 

contains few direct comparisons between the two prosthesis designs. Confalonieri and 

colleagues (2004) published the first prospective randomised trial comparing the fixed 

bearing, Allegretto, with the mobile bearing AMC unicondylar knee prosthesis with an 

average follow up of 5 years.  They found no significant difference in clinical outcome 

between the two designs, or revision rate (Confalonieri et al., 2004).  Short term clinical 

results reported by Gleeson et al, (2004) reported no difference in clinical scores 

between the fixed bearing St Georg Sled and mobile bearing knee Oxford knees, 
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however they did report increased incidence of bearing dislocation in the mobile 

bearing. This is partially due to its design, which Oxford has recently adjusted, as 

apposed to a significant difference in clinical performance.  

 

 One long term follow up study in the Swedish Knee Arthroplasty study has 

compared the revision rates of fixed and mobile bearing knees. The mobile bearing 

Oxford had twice the revision rate than the fixed bearing Marmor knee (Lewold et al., 

1995). However this study and those mentioned previously have compared prostheses 

from different manufacturers. These knees have significantly different methods of 

fixation, prosthesis shape and surgical technique, which can all influence the clinical 

outcome and the reported differences in outcomes between fixed and mobile designs 

("Australian Orthopaedic Association National Joint Replacement Registry Annual 

Report," 2005). 

  

 Radiostereometric analysis (RSA) is a radiographic technique used to assess the 

migration of prosthetic implants with high accuracy (Onsten et al., 2001). RSA has been 

utilised to predict the long term outcome of total knee replacement components, by 

assessing the amount of migration of the tibial component over the first two years (Ryd 

& Egund, 1995). In UKA, prostheses that translate over 1mm, and/or rotation over 1.5 

degrees in a one year period in one or more directions is considered a poor prognosis 

(Ryd et al., 1983). RSA has also been used to evaluate the benefits of metal backing in 

UKA (Hyldahl et al., 2001).   

 

  This current study compares the fixed and mobile bearing tibial component in 

the same prosthesis. With the introduction of the Preservation Unicompartmental knee 

(DePuy International, Leeds, UK), this is now possible, with standard femoral 
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components and the choice of a fixed or mobile tibial bearing. The majority of research 

assessing UKA joint replacement outcomes have focused on the technical aspects of 

surgery and long term results of fixation and wear. Few studies have explored detailed 

patient outcomes that encompass post-operative pain, function and overall satisfaction, 

as well as component migration. This study also aims to address these issues. It is 

hypothesised that the mobile bearing knee, with its theoretical advantages of superior 

kinematics and decreased shear stress will have superior clinical and functional 

outcomes in terms of post-operative pain, function and overall satisfaction. 

 

5.2 Methods 

5.2.1 Patients and Clinical Scores 

Thirty five patients with 39 UKA’s were invited to participate in the prospective 

trial. Each patient gave their informed written consent to participate in the study. 

Clinical assessment was conducted by an experienced researcher, and consisted of 2 

parts. Subjective measures were obtained from each patient prior to surgery in a 30 

minute interview. The Knee society clinical rating system (KSS) (Insall et al., 1989) and 

Knee Injury and Osteoarthritis Outcome Score (KOOS) (Roos et al., 1998) was 

completed by each patient. The KSS was broken down into the clinical score out of 100, 

and a functional score out of 100. Total KSS out of 200 was also reported as the 

combined clinical and functional score. Each domain of the KOOS (pain, symptoms, 

difficulty with ADL, Sport and recreation function and knee related quality of life) was 

converted to a score out of 100, and a total KOOS score was calculated out of 500.  

 

In addition, a visual analogue scale was used to assess the patient’s average level 

of pain, and location of pain was indicated by shading in the main area of pain on a knee 

diagram. Knee range of motion was recorded in two parts as the fixed flexion deformity 
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(FFD) (0° = full extension) and as the active range of motion (full knee flexion minus 

FFD). Knee alignment was also measured from the anterior superior iliac spine 

representing the centre of the hip, to the centre of the patella, down to the mid point 

between the medial and lateral malleolus of the ankle with the hand held goniometer. 

This technique has been compared to the gold standard measurement of standing long 

leg radiographs by (Kraus et al., 2005). Anatomical measurements of limb alignment 

measured by goniometer are highly correlated with radiographic assessment (R = 0.82), 

and with a high intra-observer reliability was established with (interclass correlation 

coefficient=0.94) (Kraus et al., 2005). 

 

5.2.2 Surgery 

 Patient’s suitability for UKA was determined by clinical assessment for 

sufficient knee range of motion without significant flexion deformity or mal-alignment 

by the orthopaedic surgeon as per the manufactures guidelines. The integrity of the 

anterior cruciate ligament (ACL) and lateral compartment was assessed clinically by 

MRI and intra-operatively. All patients were deemed to have an intact and well 

functioning ACL. Medial compartment unicondylar knee arthroplasty was performed by 

one of two experienced surgeons using the Preservation Uni-compartmental Knee 

(DePuy).  Surgery was performed with 20 fixed bearing and 19 mobile bearing tibial 

components, and the standard femoral component.  The minimally invasive anterior 

approach without patella dislocation was used in all cases, as described in the 

manufactures guidelines.  

 

Patients where re-evaluated at 6 and 12 months post-surgery with the same 

follow up procedures, along with an additional measure of satisfaction. Patient’s 
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satisfaction was recorded as the score out of 100% by asking the patients “how satisfied 

are you with the results of your UKA”. 

 

5.2.3 Knee alignment 

A standing full length X-ray was also obtained at 12 months post-surgery for the 

measurement of limb alignment. Hip-Knee-Ankle angle was determined by measuring 

the angle of intersection of the line from the centre of the femoral head to the mid point 

between the medal and lateral femoral condyles, and then down the mid point between 

the medial and lateral malleolus.  

 

5.2.4 Migration of the tibial component  

Five to seven tantalum beads (ø=1 mm) were respectively inserted into the 

proximal tibia and tibial polyethylene bearing during surgery for postoperative 

migration measurement of the tibial component using Radiostereometric Analysis 

(RSA). The RSA radiographs were taken within one week postoperatively (baseline) 

and repeated at 6, 12, and 24 (where available) months using a No. 43 calibration cage 

(BioMedical Innovations AB, Umeå, Sweden). The RSA radiographs were measured 

and analysed using UmRSA Digital Measure 6.0 and UmRSA 6.0, respectively 

(BioMedical Innovations AB, Umeå, Sweden). The cut-off levels for rigid body fitting 

and for conditional number were 0.29 mm and 100, respectively. The precision of RSA 

measurement was determined by performing double examination of the knees. The 

absolute mean value of the difference between the double examinations with 1.96 SD 

represents the precision at 95% level. It was 0.12 mm for translation and 0.46 degree for 

rotation.  
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Tibial component motion was defined as translation in mm along the x,y,z axis 

(medial/lateral, proximal/distal,  anterior/posterior respectively) and rotation around the 

z,y,z axis in degrees (anterior/posterior tilt, internal/external rotation, medial/lateral tilt 

respectively).  A measure of total translation was calculated by the square root of the 

sum of the translation squared (total translation = √x2+y2+z2) and these results are 

displayed in table 2.  

 

5.2.5 Retrieval Analysis 

 Due to the higher than expected revision rate of the Preservation UKA both in 

this study and in the Australian joint replacement registry, a review of the retrieved 

prostheses was conducted. Preservation® UKA prosthesis that had been retrieved after 

revision surgery by the Royal Perth Hospital Department of Medical Physics were 

subjected to a retrieval analysis by an independent bioengineer. The subjective analysis 

reports were collated and included prostheses from this study as well as prostheses from 

other surgeons. These prostheses were included to negate the effects of individual 

surgeon techniques and experience on the results. No statistical analysis was performed, 

as this was only a descriptive review.  The review consisted of a visual description of 

the cement mantle for polishing and cement integration in both the tibial and femoral 

components, presence of wear, pitting and scratching of the polyethylene bearing. In the 

mobile bearing prostheses, a description was included of the metal and polyethylene 

contact surfaces of the tibial component.  

 

5.3 Results 

Patients were comparable for location and severity of pain, and knee society 

score pre-surgery, with no difference in patient specific parameters (see table 1). One 

patient suffered a tibial plateau fracture during implantation of the prosthesis, and 
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underwent revision to total knee arthroplasty seven days later. This patient was 

subsequently excluded form the follow-up analysis. There were 3 superficial wound 

infections which were all treated successfully with oral antibiotics. There was no over 

correction of knee alignment, with a mean hip knee angle of 1.48 degrees of varus post-

operatively.  

 

All patients made significant improvements following surgery (see table 1).  

Patients total KOOS improved significantly from pre-surgery to 6mths post-surgery (p = 

0.001), and then remained relatively unchanged at 12months post-surgery (p > 0.05). 

The total KOOS was greater for the fixed bearing patients at both 6 and 12 months post-

surgery, however this was not statistically significant (p=0.141 and p=0.142). When the 

KOOS was broken down into its separate domains, the pain score for the fixed bearing 

patients was significantly greater than the mobile bearing patients (p = 0.028). This 

difference in scores translates into less pain the fixed bearing patient group. No other 

domains were statistically different between the groups.  

 

The Knee society clinical rating score followed a similar trend, with all patients 

making significant improvement from pre-surgery to 6mths post-surgery (p = 0.001), 

and remained unchanged at 12 months post-surgery (p > 0.05) (see table 1). When 

compared by type of prosthesis, fixed bearing patients had higher scores at 6 and 12 

months post-surgery, however this was only statistically significant at 6 months post-

surgery (p = 0.021 and p = 0.402 respectively). There was no significant difference in 

the function score between the two groups at any time point.  

 

Active knee range of motion for all patients improved from their pre-surgery 

range, however the improvement was not significant at either 6 months or 12 months 
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post-surgery (p > 0.05) (see table 1). There was also no difference between patients with 

fixed or mobile bearing tibial components at any time point (p > 0.05). Post-surgery 

range of motion was correlated with the pre-surgery value (r = 0.530, p = 0.001).  

 
Table 1. Changes in clinical outcome from pre-surgery to 12months post-surgery with 
differences between the fixed and mobile bearing tibial components.  
 
  Pre-surgery 6mths Post-surgery 12mths Post-surgery
Side Fixed 

Mobile 
12R, 8L 
11R, 8L 

Randomisation Fixed 
Mobile 

19 
20 

Age (yrs) Fixed 
Mobile 

70.05 
67.50 

Height (m) Fixed 
Mobile 

1.67 
1.69 

 

Weight (kg) Fixed 
Mobile 

76.69 
82.99 

78.32 
83.84 

78.12 
84.67 

BMI Fixed 
Mobile 

27.45 
29.21 

27.84 
29.16 

27.68 
26.89 

Knee alignment Fixed 
Mobile 

0.53 
-1.36 

NA 
NA 

4.25 
4.61 

Pain /10 Fixed 
Mobile 

5.15 
6.57 

NA 
NA 

1.30 
2.74 

Satisfaction 
/100% 

Fixed 
Mobile 

NA 
NA 

88.16 
82.69 

92.00 
89.06 

Active Range of 
Motion 

Fixed 
Mobile 

122.11 
114.72 

124.00* 
124.79* 

124.05* 
121.11* 

Fixed Flexion 
Deformity 

Fixed 
Mobile 

3.32 
5.33 

2.37* 
3.39 

1.47 
2.89 

KOOS  
Total / 500 

Fixed 
Mobile 

195.765 
160.313 

317.70* 
298.06* 

319.64* 
290.18* 

KOOS 
PAIN / 100 

Fixed 
Mobile 

53.94 
42.87 

86.59* 
72.81* 

82.94* 
77.12* 

Knee Society 
Score / 200 

Fixed 
Mobile 

 120.58 
105.89 

167.58* 
153.52* 

164.58* 
158.00* 

 
* Significantly different from pre-surgery value.  
Significant differences between fixed and mobile bearing highlighted in bold 
NA – Not assessed at this time point 

 

Fixed flexion deformity was reduced in all patients at 6mths post-surgery, 

however was only significant in the fixed bearing group (p = 0.010) (see table 2). From 

6 to 12 months post-surgery, both the fixed and mobile bearing patients fixed flexion 
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deformity deteriorated, becoming closer to the pre-surgery value. This change between 

6 and 12months post-surgery was not significant, however the 12 months post-surgery 

value was now no longer different from the pre-surgery value. At 6mths post-surgery 

the fixed bearing group had a lower fixed flexion deformity (p = 0.040), when 

compared to the mobile bearing group. This difference between the prosthesis groups 

was no longer significant and 12 months following surgery. 

 

Pain severity on the visual analogue scale was significantly reduced following 

from 5.86 to 2.02 following surgery (p = 0.001) (see table 1).  Pain in the mobile 

bearing group 12mths following surgery was 1.34 points greater than in the fixed 

bearing group, however this failed to reach statistical significance (p = 0.081). The 

median pain score, however, was 0 in the fixed bearing group, and 3 for the mobile 

bearing group. The location of pain was significantly different (see table 2). There was a 

greater incidence of medial knee pain reported by the patients with the mobile bearing 

prosthesis. This was significant with Fisher's Exact Test when medial knee pain was 

compared to no knee pain for the fixed and mobile bearing prostheses.  There was a 

greater incidence of anterior knee pain in the fixed bearing group of patients, however 

this was not significant (p = 0.605).  

 

Patient satisfaction was very high for most patients. Mean satisfaction was 

greater in the fixed bearing group at 92% (range = 65 to 100), compared to 82% (range 

= 40 to 100) in the mobile bearing group, however this was not significant (p = 0.101).  

The median satisfaction score was 97% for the fixed bearing group and 90% for the 

mobile bearing group. When the satisfaction score of the 4 patients who went on to 

revision was removed, the satisfaction score failed to significantly improve in mobile 

bearing group, at 84%. 
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Arthroscopy was required in three patients for pain and removal of excess 

cement from the posterior edge of the tibial component, of which 2 patients continued to 

experience pain, resulting in revision for component loosening. The remaining patient 

has good resolution of pain. In total there were four revisions, all for component 

loosening, all in the mobile bearing prosthesis group. This represents a total revision 

rate of 10%, and revision rate in the mobile bearing group of 21%. Revision to total 

knee replacement was preformed in all cases without complication. There were no 

revisions in the fixed bearing prosthesis group. 

 

Tibial component migration, measured by RSA was only available for patients 

with a fixed bearing tibial component. Result for the mobile bearing prosthesis was not 

available due to technical errors created by the movement of the mobile bearing 

between examinations. RSA results are reported for the 20 patients at 1 year, and 11 

patients at 2 years post-surgery (see table 3). Mean translation and rotation of the tibial 

component was acceptably low (less than 1mm of translation and 1.5° of rotation) for 

the fixed bearing prosthesis, representing good fixation. One patient had excessive 

translation about the x,y and z axis (3.50, 2.39 and 1.99mm respectively) and rotation 

around the x,y and z axis (9.46, 1.92 and 11.98° respectively). This migration continued 

at 2 years post-surgery indicating potential early loosening of the tibial component. 

 

Analysis of the 11 retrieved prosthesis (of which 4 were form the current study) 

from four surgeons’ revealed three dramatic problems. First, five of the 11 (45%) 

femoral components had cement mantel polishing indicating loosening of this 

component. Secondly, four (36%) of the metal tibial trays of the mobile bearing 

components had circumferential scratching of the track, and two with additional cement 
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polishing. Third, nine of the 11 (82%) polyethylene inserts were considered to display 

excessive wear and pitting over the articulating surface. Of these 9 polyethylene inserts, 

6 (55%) had excessive posterior edge wear, and little to no wear of the lateral border.  

The wear on all 9 of the 11 polyethylene bearings was excessive for prostheses that 

have been in situ for less than 2 years. The remaining prostheses were retrieved at 6 

weeks post-surgery for early infection, so displayed no reportable wear (see Table 3). 

 

Table 2. Chi Square comparing fixed vs. mobile bearing for patients with or without 
anterior/medial knee pain. * Fisher’s Exact Test p = 0.014 
 
 

 Fixed Mobile 
No Pain 13 (65%) 7 (37%) 

Medial Pain 2 (10%) 9 (47%)* 
Anterior Pain 3 (15%) 1 (5%) 

Other Pain 2 (10%) 2 (11%) 
 
 
 
Table 3. Mean migration and rotation of the tibial component of the fixed bearing 
prosthesis at 12 months and 24 months following surgery. 
  
 

12mths Post-surgery 24mths Post-surgery 
  N Mean (SD) N Mean (SD) 
Medial/Lateral Translation (mm) 20 0.393 (0.74) 11 0.673 (1.30) 
Proximal/Distal Translation (mm) 20 0.288 (0.49) 11 0.450 (1.05) 
Ant/Posterior Translation (mm) 20 0.300 (0.53) 11 0.445 (0.85) 
Ant/Posterior Tilt (°) 20 1.210 (2.20) 11 1.760 (3.57) 
Medial/Lateral Tilt (°) 20 0.547 (0.60) 11 0.479 (0.73) 
Internal/External Rotation (°) 20 1.258 (2.46) 11 2.271 (4.42) 
Total translation (mm) 20 0.658 (0.97) 11 0.983 (1.85) 

 

5.4 Discussion 

 High failure rate from component loosening and increased medial knee pain 

should be enough to convince most orthopaedic surgeons to avoid the mobile bearing 

Preservation® Unicompartmental Knee. The unacceptable 21% revision rate in the 

mobile bearing tibial component group lead to the use of this prosthesis design being 

ceased by the operating surgeons in favour of fixed bearing, all polyethylene tibial 
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components. In the National Joint Replacement Registry of Australia (NJRR) the 

mobile bearing prosthesis has also been reported to have inferior results when compared 

to both the fixed bearing Preservation® knee, and the three best performing prosthesis 

("Australian Orthopaedic Association National Joint Replacement Registry Annual 

Report," 2005). The revision rate for the Preservation mobile bearing prosthesis was 

9.6%, compared to 2.9% for the best performing UKA prostheses. Our results show 

similar results to the NJRR in our series of 39 knees. At one year post-surgery there 

have been no revisions of the fixed bearing prosthesis, however RSA analysis has 

indicated one patient at risk of early loosening. Overall the fixed bearing prosthesis is 

performing well at 12 months following surgery.  

 

The high rate of loosening in the mobile bearing group appears is partly due to 

the surgical technique and instrumentation. The mobile bearing prosthesis is technically 

difficult in implant. The instrumentation supplied to excise a channel for the keel of the 

tibial component does not produce significant width for the tibial component keel, 

leading to insufficient cement fixation, which may contribute to early loosening. The 

problem has been documented by the manufacturer (DePuy), resulting in review of the 

cementing technique and a series of training workshops.   

 

An attempt was made in this study for a direct comparison between the fixed 

and mobile bearing prosthesis designs with RSA. Due to the movement of the mobile 

bearing and beads imbedded in the polyethylene, large errors are created as the mobile 

bearing was never in the same position for follow up examination. We attempted to 

locate beads with the cement mantel to measure bone-cement interface migration; 

however visualisation of these beads so close to the metal prosthesis was difficult.  Due 

to these technical difficulties, RSA measurement on the mobile bearing prosthesis was 
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not possible. Future studies will require beads of different diameters, in order to assist in 

locating the beads within the cement mantle, compared to those in the bone.  

 

Whilst no revisions have been reported in the fixed bearing group in this study, 

RSA reveals one patient at risk of early loosening with excessive translation (total 

translation = 4.67mm) and rotation of the tibial component. The revision rate reported in 

the National Joint Replacement Registry ("Australian Orthopaedic Association National 

Joint Replacement Registry Annual Report," 2005) for the fixed bearing prosthesis 

indicates a moderate rate of early tibial component loosening for the fixed bearing 

prosthesis, at 4.5%. For the Preservation Unicompartmental knee, the overall revision 

rate was reported as significantly greater than the 3 best performing prosthesis. So far 

our results show excellent fixation, and better results than those presented in the 

National Joint Replacement registry, however with small study numbers, and only 12 

months follow up, no direct comparison should be made at this stage. 

 

 Analysis of the retrieved prostheses shows poor femoral component cement 

fixation in nearly half of the revised cases. Most interesting to note is the abrasion of the 

posterior lip of the mobile bearing polyethylene inserts. This is in association with 

excessive polyethylene wear over the entire bearing surface, except the lateral border of 

the medial implant. The medial edge of the tibial component appears to be migrating 

distally, aligning the femoral component over the medial portion of the bearing, 

generating excessive wear on this side, and leaving the lateral border untouched. In 

addition, as the knee moves into flexion and the femur rolls back on the tibia, the 

femoral component rides up on the posterior edge, causing excessive wear on the 

posterior lip. This also may be associated with the excessive anterior translation of the 

mobile bearing, impinging on the joint capsule, and resulting in medial knee pain. The 
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retrieval analysis of the mobile bearing tibial components showed scratching of the 

tibial tray from the polyethylene bearing. Wear was seen on all but one polyethylene 

bearing, which was retrieved only 6 weeks after implantation. The wear rate of the 

polyethylene bearing was excessive, for prosthesis implanted for less than two years. 

These results suggest the long term prognosis for the mobile bearing prosthesis is poor.  

 

 In addition to revision surgery, there were four re-operations for pain, three of 

which for removal of excess cement along the posterior border of the tibial component. 

The lack of visual exposure to the posterior portion of the joint during minimally 

invasive surgery brings additional risks of complication. These complications were also 

reported by Howe et al (2004), with four cases of retained cement reported following 

implantation of unicondylar knee arthroplasty with the Preservation Unicompartmental 

knee. In their series, however, most difficulty was experienced with the all polyethylene 

tibial component, as the size the bearing obstructs surgeon’s vision. In our series of 

surgeries all arthroscopies were performed on the mobile bearing tibial component, of 

which two went on to revision. This may be a reflection of the cementing technique 

originally advised by the manufacture, leading to the poor fixation of the tibial 

component, which they have since updated. Despite this, excess cement left within the 

joint remains a concern during this type of minimally invasive surgery for UKA.  

 

The increased incidence of medial knee pain in the mobile bearing patient group 

is most likely due to the size and anterior excursion of the bearing, impinging on the 

joint capsule.  Many patients reported increased anterior/medial pain with increased 

physical activity. The tibial bearing translates forward as the knee extends (Argenson et 

al., 2002), possibly causing anterior impingement of the bearing with the joint capsule. 

In addition, the increased size of the anterior portion of the bearing may result in lateral 
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overhang as the bearing translated forward. Due to the sensitive nature of these soft 

tissues surrounding the joint, patients experience moderate levels of knee pain with the 

bearing impingement. This was also proposed by Gleeson et al (2004) in a comparison 

between the mobile bearing Oxford and the fixed bearing St Georg sled prosthesis. 

They reported a higher incidence of pain in the mobile bearing prosthesis, however the 

location of pain was not reported. Other possible explanations have also been suggested, 

such as tibial component overhang and over tightening of the ligaments to avoid bearing 

dislocation (Gleeson et al., 2004). This high incidence of pain isolated to the mobile 

bearing prosthesis may persuade surgeons away from this type of bearing design, in 

favour of the less technically demanding fixed bearing prostheses. However, the other 

potential advantages of the mobile bearing including decreased wear and reduced shear 

stresses have yet to be established in long-term follow up studies.  

  

The presence of post-operative anterior knee pain from the patello-femoral joint 

is this study was low, despite the presence of patello-femoral osteoarthritis in many 

patients. These results for location of pain have not been reported in any previous 

studies comparing fixed and mobile bearing prosthesis, most likely due to the lack of 

detail obtained by standard clinical scoring systems. This study made particular effort to 

precisely identify the location and severity of any post-operative pain, hence these 

finding into the difference in post-operative pain between the groups. However, the 

increased incidence of anterior/medial knee pain in the mobile bearing group in this 

study had no effect on patients function. This result was also reported by Gleeson et al, 

(2004). Patients seem able to cope well with the level of pain experienced in mobile 

bearing prostheses, and go about their daily activities as normal.    
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All patients made rapid recovery within 6-months of surgery, with KSS and 

KOOS scores all significantly improving at 6-months before a plateau was observed. 

The minimally invasive nature of this surgery, without patella dislocation allows for this 

accelerated recovery rate. Few studies have assessed accelerated recovery following 

minimally invasive surgery. A follow-up of 63 UKAs by (Gesell & Tria, 2004) reported 

an average post-operative Knee Society Pain Score of 80, and Function score of 78, at 

an average of 34 months (range, 24-48). Our results reflect rapid recovery to 

comparable Knee Society Scores within 6 months following surgery. Early post-

operative recovery is reported as twice as fast within the period of hospitalisation for 

UKA preformed with minimally invasive techniques (Price et al., 2001).  

 

The return to pre-surgery range of motion was also achieved by 6 months 

following surgery in most cases.  This can also be attributed to the minimally invasive 

surgical technique, and type of joint replacement. Implantation of a mobile bearing 

prosthesis had no affect on knee range of motion. The best determinant of post-

operative range of motion is the patient’s pre-operative range. As most patients had a 

minimal reduction in knee range of motion pre-surgery, a significant increase in knee 

range of motion post-surgery should not be expected, and the mean post-operative range 

of motion of 122° is a good functional range for activities of daily living. The fixed 

bearing prosthesis group had less fixed flexion deformity at 6 months post-surgery 

when compared to the mobile bearing group. This finding suggests any theoretical 

kinematic advantages of the mobile bearing prosthesis did not affect functional passive 

knee range of motion. However, this result is to the contrary of previous cadaver study 

(Goodfellow & O'Connor, 1986). One possible explanation for this result is the 

increased size of the mobile bearing prosthesis and incidence of anterior/medial pain in 
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the mobile bearing prosthesis group. Patients’ that experienced pain avoid full knee 

extension as an adaptation to the pain experienced during this movement. 

 

UKA is a successful surgical option in terms of patient satisfaction. The 

satisfaction score for both fixed and mobile bearing groups was excellent by six months 

post-surgery, and continues to improve slightly at one year following surgery. The 

lower satisfaction score in the mobile bearing group was not only the result of the four 

revisions for pain that were required in that group, but also due to the high incidence of 

anterior/medial pain in the mobile bearing group. As patient function was not different 

between the two groups, it can be assumed that the resolution of knee pain is the most 

important factor for high patient satisfaction. Little research has reported patient 

satisfaction as an outcome measure for joint replacement studies. Heck et al, (1998) 

reported the patient satisfaction in total knee replacement patients, where 88% of 

patients were satisfied, 3% were neutral and 9% dissatisfied with the results of their 

surgery. Our results would compare favourably when if reported in the same fashion 

with 90% of patients being satisfied, 5% neutral and 5% of patients dissatisfied.  

  

5.5 Conclusion 

 Patients undergoing UKA with the mobile bearing Preservation 

Unicompartmental knee, when compared with the fixed bearing design, had 

significantly worse clinical outcome, with increased rate of early revision, a high 

incidence of anterior/medial knee pain, and excessive wear on retrieved prostheses. This 

can be attributed to a technically difficult surgical procedure with poor cement fixation 

and the large size of the mobile bearing polyethylene insert. The overall outcome in this 

study saw the mobile bearing prosthesis being abandoned, due to its poor clinical 

results, in favour of the fixed bearing tibial component.  
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The results of for the fixed bearing prosthesis were excellent with high patient 

satisfaction, although long-term outcome is yet to be established.  However, 

unicondylar knee arthroplasty with its’ minimally invasive nature of surgery was 

successful in rapid restoration of patient’s function and alleviating pain by 6 months 

following surgery in most patients, and is appears to be an excellent option for the 

treatment of medial compartment OA in the short to medium term.  
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PREDICTING TIBIAL COMPONENT MIGRATION IN 

UNICONDYLAR KNEE ARTHROPLASTY WITH GAIT ANALYSIS 
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Abstract 

Gait analysis has been successfully used to predict outcome following tibial osteotomy 

and total knee replacement. Gait analysis post unicondylar knee arthroplasty (UKA) has 

been shown to affect tibial component migration. The purpose of this study was to 

predict tibial component migration with gait analysis from pre- and post-surgery gait. 

This paper consists of two related parts. Part A utilises pre-operative gait to predict 

post-operative tibial component migration, and part B describes the affect of the knee 

adduction moment during gait on tibial component migration. Study A used 

Radiosterometric analysis (RSA) to assess tibial component migration 12 months 

following UKA with the Preservation unicompartmental knee (DePuy). Pre and 12 

month post-operative gait analysis was used to calculate the peak knee joint moments of 

each the 16 patients. There was no correlation between pre-operative peak knee flexion 

or adduction moment and the tibial component migration, as the change in knee joint 

kinematics form pre- to post-surgery were so large. The post-operative knee adduction 

moment was associated with tibial component migration. These results lead to study B, 

where the post-operative gait, and RSA measures of tibial component migration were 

combined from two prosthesis groups. RSA measures of tibial component migration 

were used to classify the 28 patients into either a good prognosis or poor prognosis, 

based on translation or rotation of the tibial component above or below 1mm or 1.5° 

respectively. The poor prognosis group had larger peak knee adduction moments 

(p>0.05), in addition to a more varus knee alignment. Increased medial compartment 

load through high post-operative knee adduction moments and varus knee alignment 

resulted in increased early tibial component migration. This post-operative migration 

can not be predicted from pre-surgery gait, as pre-operative gait is not retained and 

improved significantly post-surgery, however assessment of postoperative gait may 

assist in prolonging prosthesis life by implementing adduction moment reducing 

devices in those patients at risk. 

Keywords 

Gait Analysis, Unicondylar Knee Arthroplasty, Fixed and Mobile Bearing 

 101



 

6.1 Introduction 

Predicting clinical outcome following joint replacement is a difficult task for any 

orthopaedic surgeon. Gait analysis has recently emerged as a useful tool in predicting 

outcome for a variety of knee surgeries.  Prodromos et al., (1985) used gait analysis to 

predict clinical outcome following high tibial osteotomy. Patients with high knee 

adduction moments had the worst clinical outcome and suffered a recurrence of the 

varus knee deformity, three years following surgery. They also suggested as pre- and 

post-operative knee adduction moments were significantly correlated, that the pre-

surgery knee adduction moment was predictive of post-surgery clinical outcome. Wang 

et al., (1990) also reported a significant correlation between pre-operative knee 

adduction moment and post-operative outcome following tibial osteotomy. In addition, 

they identified that patients adopted a toe out walking pattern and shorter stride length 

to reduce the knee adduction moment magnitude. These relationships however are not 

always so clear-cut. Wada et al., (1998) suggested that as long as adequate limb 

alignment was achieved post-surgery, knee adduction moments pre-surgery do not 

affect the clinical outcome following tibial osteotomy. 

 

 There has been more attention to predicting surgical outcomes after total knee 

arthroplasty (TKA) using gait analysis.  Hilding et al., (1999) showed in TKA patients 

that high peak knee flexion moments during gait was related to higher tibial component 

migration measured predicted by Radiostereometric Analysis (RSA). In addition those 

patients whom retained a predominantly flexing moment over the majority of the stance 

phase of gait also had the poorest RSA prognosis. More recently Smith et al., (2004) 

demonstrated that TKA patients pre-surgery knee flexion moment pattern predicted the 

presence and severity of anterior knee pain following TKA. The best predictor was the 

factor score from principal component analysis, which represented either a biphasic, 
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predominantly flexing or predominately extending sagittal knee moment pattern. Those 

patients with a predominantly flexing moment pattern had the greatest incidence of 

anterior knee pain; regardless of wether patella resurfacing was performed or not.  

 

We have shown in a small retrospective study that 2 years following unicondylar 

knee arthroplasty (UKA) that the post-surgery knee moments in gait correlate with tibial 

component migration (Chapter 3). The peak knee flexion moment and peak knee 

adduction moment was significantly correlated with tibial component migration in the 

anterior/posterior direction and medial/lateral directions respectively, indicating the 

direction of migration was consistent with the direction of the applied load.  Further 

analysis is required into this association between post-operative gait and tibial 

component migration, with a prospective trial of larger patient numbers. 

 

Patient’s gait following UKA returns to normal following surgery, a change 

unique to UKA (Chapter 4). Pre-operatively, the knee kinematics of people with medial 

compartment OA are characterised by a stiff knee gait pattern through the stance phase, 

with increased varus knee angles (Fuchs et al., 2005). The knee kinetics are 

characterised by high knee addiction moments (Kaufman et al., 2001), and nearly half 

exhibiting either a predominately flexing or extension moment, with the remaining half 

demonstrating a normal biphasic pattern (Chapter 4). Following UKA, the knee 

kinematics and kinetics return to patterns similar to their aged matched uninjured 

population, with reduced knee adduction moments, a return to a biphasic knee 

flexion/extension moment, and improvements in knee kinematics, such that their post-

operative gait matches that of their age matched normal population (Chapter 4). With 

the unique change from pre- to post-operative gait, is it still possible to predict post-

operative clinical outcomes that are dependent on gait, with pre-operative gait analysis 

 103



 

as in total knee replacement  (Hilding et al., 1999; Smith et al., 2004) or tibial 

osteotomy (Prodromos et al., 1985; Wada et al., 1998; Wang et al., 1990).  

 

Predicting post-operative migration of the UKA components, from pre-surgery 

gait analysis would assist surgeons to make informed decision on the type of joint 

replacement is most appropriate for their patient, based on knee loading patterns, and/or 

refer their patients to gait retraining programs during the rehabilitation period to correct 

abnormalities. To date no research has addressed this possibility in UKA. We aim to 

determine if the knee joint loading pattern during gait has an affect on tibial component 

migration in UKA. In addition we aim to identify these knee loading patterns pre-

surgery, so a pre-operative prediction of prosthesis migration could be made allowing 

surgeons to select which patients are most suitable for UKA of total knee replacement. 

 

6.2 Methods 

 This study comprises of two parts, both of which analyse tibial component 

migration of a Unicondylar knee over a 1 year period after UKA. Part A assesses the 

affect of pre and post surgery gait patterns on tibial component migration in the 

Preservation® (DePuy) fixed bearing Unicondylar knee. Part B, incorporates an 

additional set of patients to assess the effects of post surgery gait patterns on tibial 

component migration 1 year after surgery. The additional patients have had both the 

Preservation® UKA, and the Millar-Galante Unicondylar knee (Chapter 3). This was 

done to obtain greater statistical power and make significant conclusion about gait and 

tibial component migration following UKA. 

 

In Part A only patients with the fixed bearing design Preservation® UKA was 

included in the study, even though mobile bearing prosthesis was assessed. The mobile 
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bearing prosthesis group were excluded due to the technical difficulties of obtaining 

Radiostereometric analysis (RSA) measures of tibial component migration in the mobile 

bearing. RSA results could not be obtained as the RSA beads within the cement mantle 

are blocked by prosthesis metal backing. RSA results from the beads located within the 

polyethylene of the mobile bearing were inaccurate, due to the excessive movement of 

the bearing between examinations. In total there were 16 patients with full RSA 

evaluation 12 months following surgery.  

 

6.2.1 Migration of the tibial component  

Five to seven tantalum beads (ø=1 mm) were inserted into the proximal tibia and 

tibial polyethylene bearing during surgery for postoperative migration measurement of 

the tibial component using Radiostereometric Analysis (RSA). The RSA radiographs 

were taken within one week postoperatively (baseline) and repeated at 6 and 12 months 

using a No. 43 calibration cage (BioMedical Innovations AB, Umeå, Sweden). The 

RSA radiographs were measured and analysed using UmRSA Digital Measure 6.0 and 

UmRSA 6.0, respectively (BioMedical Innovations AB, Umeå, Sweden). The cut-off 

levels for rigid body fitting and for the condition number was 0.29 mm and 100, 

respectively. The precision of RSA measurement was determined by performing double 

examination of a set of knees. The absolute mean value of the difference between the 

double examinations with 1.96 SD represents the precision at 95% level. It was 0.12 

mm for translation and 0.46 degree for rotation.  

 

Tibial component motion was defined as translation in the anterior/posterior (x-

axis), medial/lateral (y-axis), and proximal/distal (z-axis) directions measured in 

millimetres and the rotations of medial/lateral tilt, anterior/posterior tilt, 
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internal/external rotation measured in degrees.  Total translation was calculated by the 

square root of the sum of the translation squared (total translation = √x2+y2+z2).   

 

Translations over 1mm, and/or rotation over 1.5 degrees in a one year period in 

one or more directions is considered a poor prognosis in UKA (Ryd et al., 1983). These 

conventions were applied to the 1 year post-surgery results in order to group patients 

into a good prognosis group, with stable fixation defined as tibial component translation 

less than 1mm, and/or rotation less than 1.5 degrees, and a poor prognosis group, with 

translation and/or rotation greater than 1mm and 1.5 degrees respectively.  

 

6.2.2 Clinical Scores 

Subjective measures of patient outcomes were obtained with the Knee Injury 

and Osteoarthritis Outcome Score (KOOS) (Roos et al., 1998) and Knee Society 

Clinical Rating System (KSS) (Insall et al., 1989). These scores were collated for 

comparison between the two prognosis groups. Only the total KOOS (out of 500) and 

total KSS (out of 200) were examined in the analysis, as separating the scores into their 

domains did not add to the significance of the results. As part of the KSS, limb 

alignment was measured using a hand held goniometer, and recorded at the angle at the 

knee between the centre of the femoral head, and mid point of the malleoli of the ankle. 

This method of determining limb alignment is well correlated with measures for full 

length standing AP radiographs (Kraus et al., 2005).  Comparisons were also made for 

post-operative knee pain measured on a 10 point visual analogue scale. Patient 

satisfaction at 12 months following surgery was reported by the patient as a score out of 

100% of how satisfied the patient is with the results of their surgery.   
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6.2.3 Gait analysis 

Three dimensional (3D) Gait analysis was preformed using a Vicon 370 motion 

analysis system (Oxford Metrics, Oxford UK) utilising seven 50 Hz infra red cameras. 

Ground reaction forces were collected simultaneously with two AMTI force platforms 

(AMTI, Watertown, MA) at 2000 hertz. Gait analyses were performed using the marker 

set, methods and modelling developed by (Besier et al., 2003). In this, passive reflective 

markers were attached to the feet, tibia, thigh and pelvis using hypoallergenic double 

sided adhesive tape, directly to the skin over the areas of least skin movement.  

Functional hip joint centres and knee axes of rotation were calculated using dynamic 

limb movements throughout the entire range of motion for the knee and hip joint 

(Besier et al, 2003). Patients were asked to wear their everyday footwear for the 

assessment. Eight gait trials were collected with double foot contact on the two force 

plates where possible, with patients walking at their normal self selected speed. The 

average of four trials was used for final analysis.  

  

Stance phase kinetics were calculated using the inverse dynamics model 

described by (Besier et al., 2003) and normalized to 51 data points using custom 

software in Matlab v7.0 (Mathworks, 2004, Massachusetts, USA). Kinetics were 

reported as external joint moments. Knee kinetics were normalised to body weight and 

reported as the percentage of body weight (%BW). The peak knee flexion moment at 

early mid stance was extracted for analysis, along with the first and second peak knee 

adduction moments (see figure 1). Following gait analysis, each patient wore an 

Actigraph® activity monitor (Computer Science and Application, inc) for seven days 

following gait analysis to record the average number of steps taken per day. In addition 

the energy cost of activity (Mets per day) was measured by the Actigraph 
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accelerometers, calculated by the Actisoft software package (Computer Science and 

Application, inc).  

 

 

Figure 1a 

Figure 1b 

Figure 1.   Peak knee kinetics parameters extracted for analysis:  

 1a.  PFM = peak external flexion moment 

1b. 1AM = 1st peak external adduction moment, 2AM = 2nd peak external 

adduction moment. 
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 Statistical analysis was preformed with Statistical Package for Social Science 

version 12.0.1 for Windows (SPSS Inc, 2003, Chicago, IL). Independent samples t-test 

was used to compare tibial component migration, knee scores, knee kinetics, activity 

level, knee alignment and patient specific parameters for the two groups of good and 

poor prognosis.  

 

Part B Methods 

 To examine the effect of post-operative gait patterns on component migration 1 

year post-surgery and to achieve 80 percent power for statistical comparison, 18 patients 

were required, which was not reached in Part A. Therefore in Part B of the study the 

gait and RSA results were combined from the two fixed bearing prostheses. This 

approach was used by Hilding et al, (1999) where they combined the results from two 

designs of total knee replacement, of which incorporated both cemented and non-

cemented fixation techniques. The 12 month RSA results for tibial component 

translation and rotation were collated for the two prosthesis groups for comparison. As 

in Part A, all patients were divided into a good prognosis group, with translation and/or 

rotation less than 1mm and 1.5 degrees respectively, in one or more direction, and the 

poor prognosis group, who’s translation and/or rotation were greater than 1mm or 1.5 

degrees in any direction.    

   

One limitation to Part B is the assumption that knee joint loading during gait 

does not change from 12 to 24 months post-surgery. This assumption is based on 

previous work published by Wada et al. (1998). They reported that the knee adduction 

moment decreased significantly from pre-surgery to 6 and 12 months post-surgery, 

thereafter the knee adduction moment increased by only 4% over 6 years, which was 

not statistically significant. Based on these results, we assumed the gait analysis results 
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at 12 months post-surgery of the Preservation® unicondylar knee was comparable to the 

24 month post-surgery gait analysis results from the Miller/Galante, (Zimmer, Warsaw, 

USA) unicondylar knee. 

 

Based on our previous results (chapter 3), post-operative knee flexion, and knee 

adduction moments were compared between the two groups, along with the number of 

steps taken per day, and energy cost of activity in Mets. In addition patient specific 

parameters of age, body weight, BMI, type of prosthesis and post-operative limb 

alignment were compared for matching of the two groups. To ensure the RSA results of 

two prostheses types were comparable, the mean migration in each direction and 

rotation was also evaluated.   

 

 Controversy still remains regarding the affect of knee alignment on knee 

adduction moment. To test this assumption, post-operative knee alignment was 

correlated with the peak knee adduction moments, with a Pearson correlation co-

efficient.  

 

Comparison between the two groups was made with an independent samples t-

test, with the prognosis as the grouping variable. Levene’s test was used for equality of 

variances, and where significance of the p value was adjusted accordingly. Mann-

Whitney U test was used to compare the total migration of the good and poor prognosis 

groups, and these results were not normally distributed.  
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6.3 Results 

 

6.3.1 Part A – Predicting tibial component migration with gait analysis in the 

Preservation® UKA 

After classification of the Preservation patients into groups according to RSA 

prognosis, there were 12 patients in the good prognosis group, and 4 patients in the poor 

prognosis group.  Mean total migration for the poor prognosis group was 1.47mm 

greater than the good prognosis group (p = 0.008, Mann-Whitney U test). 

 

 The two groups were matched for age, gender, weight and body mass index (see 

table 1). Post-operative knee pain severity was greater poor prognosis group  

(difference = 2.38, p = 0.025), however a poor RSA prognosis did not affect patient 

satisfaction (difference = 7.6%, p = 0.412). Patient reported knee scores of the KOOS 

and KSS were significantly different (table 1). The Poor prognosis group had lower 

scores for both the KOOS and KSS (mean difference = 47.7 points, p = 0.039, and mean 

difference = 44.7 points, p = 0.011 respectively).  

 

 The physical activity level of the two prognosis groups was also different, with 

the good prognosis group taking more steps per day (difference = 1124 steps per day,  

p = 0.261) and performed their daily activities with more intensity (difference = 83 

Mets, p = 0.118). However these differences were not statistically significant.  

 

 Frontal plane post-operative peak knee joint moments for the poor prognosis 

group was greater in magnitude at both the 1st peak knee adduction moment (difference 

= 0.975%BW, p = 0.289) and 2nd peak knee adduction moment (difference = 2.01%BW, 

p = 0.042), but only the 2nd peak knee adduction moment reached statistical 
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significance. For post-operative peak flexion and extension moments, the poor 

prognosis group had lower, but not significant, peak moments (difference = 1.17%BW, 

p = 0.364 and difference = -0.91%BW, p = 0.412 respectively). 

 

Analysis of the pre-operative peak knee joint moments, revealed the 1st and 2nd 

pre-operative knee adduction moments were lower in the poor prognosis group (Mean 

difference = 2.58%BW and mean difference = 1.35Nm.kg), however significance was 

not reached (p > 0.05).  Pre-operative knee flexion moments in the poor prognosis 

group were larger (mean difference = 0.87%BW), but again not significant (p = 0.693). 

A power of 80% was not achieved for all components of the statistical analysis due to 

the low patient numbers. 

   

Pre or post-operative knee alignment was not correlated with the knee adduction 

moment pre- or post-surgery (Pre-surgery R = -0.048, p = 0.804 and post-surgery  

R = -0.264, p = 0.138 respectively). However post-operative knee alignment was 

significantly different between the two prognosis groups. The poor prognosis group had 

1.0 degrees valgus alignment, compared to 4.8 degrees valgus in the good prognosis 

group (p = 0.008).  
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Table 1. Comparisons of patient’s clinical outcomes and knee joint moments when 

grouped by RSA prognosis from study A.  

 

  
Good Prognosis 

Mean (SD) 
Poor Prognosis

Mean (SD) 
Age (yrs) 68.80 (6.12) 71.66 (9.26)
Weight (kg)  78.41 (16.42) 78.22 (17.07)
Body Mass Index  27.10 (5.88) 28.33 (5.46)
Pain out of 10   1.10 (2.02) 2.50 (2.59)
Satisfaction (out of 100%) 94.20 (8.11) 85.00 (12.64)
KOOS (out of 500) 325.40 (33.61) 276.33 (34.74)
KSS  (out of 200) 169.60 (29.62) 137.50 (28.08)
Knee Alignment Pre-surgery (degrees) 0.80 (2.82) -2.0 (5.19)
Knee Alignment Post-surgery (degrees) 4.83 (2.36) 1.00 (0.82)
Peak Knee Flexion Moment Pre-surgery (%BW) 3.34 (3.01) 4.46 ( 1.06)
Peak Knee Flexion Moment Post-surgery (%BW) 5.76 (2.51) 4.48 (1.22)
Peak Knee Extension Moment Pre-surgery (%BW) -2.09 (1.78) .433 (4.10)
Peak Knee Extension Moment Post-surgery (%BW) -2.15 (1.59) -0.83 (2.08)
1st Peak Knee Adduction Moment Pre (%BW) 5.42 (1.45) 2.933 (1.82)
1st Peak Knee Adduction Moment Post (%BW) 3.01 (1.35) 4.96 (1.07)
2nd Peak Knee Adduction Moment Pre (%BW) 4.77 (1.01) 3.16 (2.75)
2nd Peak Knee Adduction Moment Post (%BW) 3.12 (1.45) 5.31 (1.13)
Walking speed post-surgery (m/sec) 1.40 (0.21) 1.14 (0.16)
Steps per day Post-surgery 8595 (1420) 6917 (865)
Mets per day Post-surgery  279 (76) 192 (56)
Total Tibial Component Migration (mm) 0.358 (0.25) 1.802 (1.92)

Significant differences (p < 0.05) between prognosis groups with independent t-test in bold 
KOOS – Knee Injury and Osteoarthritis Outcome Score. 
KSS – Knee Society Clinical Rating System 
  

 

6.3.2 Part B – Knee Adduction moment during gait predicts tibial component migration 

in UKA 

 Following grouping of the 28 patients with available gait and RSA results, there 

was 20 patients in the good prognosis group consisting of 12 Preservation fixed bearing 

prostheses and 8 Millar-Galante (MG) fixed bearing prostheses. The 8 patients making 

up the poor prognosis group consisted of 4 Preservation fixed bearing prostheses and 4 

Millar-Galante fixed bearing prostheses. There was no difference in the mean tibial 

component migration between the Preservation and MG prostheses in any direction or 

rotation (p = 0.202 to 0.775), making them suitable to combine into the two prognosis 
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groups for study B. With the combination of these two prosthesis types in this study, 

sufficient power of 97% was achieved for comparison of knee adduction moments with 

migration.  

 

There was no difference between the two prognosis groups for age, weight or 

BMI (See table 2). The poor prognosis group had greater total migration (mean 

difference = 1.55mm) when compared to the good prognosis group with Man Whitney 

U test (p = 0.004). 

 

 The peak knee adduction moments were significantly larger in the poor 

prognosis group (1st peak knee adduction moment mean difference = 1.23%BW, p = 

0.005 and 2nd peak knee adduction moment mean difference = 1.66%BW, p = 0.007). 

There was no difference in the peak knee flexion moment between the two prognosis 

groups (mean difference 0.16%BW, p = 0.844).  Post-surgery knee alignment was also 

different between the prognosis groups. Patients with increasing varus knee alignment 

showed more tibial component migration (mean difference = 2.29 degrees, p = 0.024). 

 

 The frequency of joint loading during gait (steps per day) between the two 

prognosis groups was similar (mean difference = 193 steps, p = 0.856). The intensity 

with which these steps were performed also did not differ between the groups (mean 

difference = 36.8 mets, p = 0.473).  

 

There were weak non significant correlations between post-surgery knee 

alignment and the 1st peak knee adduction moment (R = -0.261, p = 0.083) and with the 

2nd peak knee adduction moment (R = -0.183, p = 0.229), where an increasing valgus 

knee alignment is associated with decreasing adduction moment magnitude. 
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Table 2. Comparison of patient characteristics and gait between good and prognosis 

groups for Part B (positive values denote valgus for knee alignment) 

 
Good Prognosis 

Mean (SD) 
Poor Prognosis

Mean (SD) 
Age (yrs) 66.95 (7.30) 69.62 (9.89)
Weight (kg) 79.77 (16.2) 86.63 (15.86)
Body Mass Index  27.89 (5.58) 30.26 (4.57)
Knee Alignment Pre-surgery (Degrees) 0.80 (2.82) -2.00 (5.19)
Knee Alignment Post-surgery (Degrees) 4.66 (2.37) 2.37 (1.84)
Peak Knee Flexion Moment Post-surgery (%BW) 5.08 (2.08) 4.92 (1.75)
1st Peak Knee Adduction Moment Post (%BW)  3.24 (1.46) 4.47 (0.67)
2nd Peak Knee Adduction Moment Post (%BW) 3.31 (1.49) 4.97 (0.82)
Steps per day Post-surgery 9138 (2109) 9332 (2643)
Energy cost of Activity (Mets) Post-surgery  300 (105) 263 (107)
Total Tibial Component Migration (mm) 0.504 (0.37) 2.191 (2.56)

Significant differences (p < 0.05) between prognosis groups with independent t-test in bold 
  

 

6.4 Discussion  

Predicting post-operative outcome with pre-surgery gait analysis is difficult 

following UKA, due to the large variation between pre-and post-operative gait patterns. 

However, post-surgery gait analysis is a useful tool in predicting the long term outcome 

for prosthesis fixation in UKA. In addition to knee joint loading during gait, the affects 

of knee alignment must be taken into consideration when predicting clinical outcome.  

 

In this paper we examined if pre or post surgery gait patterns are predictive of 

migration. Pre-surgery gait has been successfully used to predict clinical outcome for a 

variety of conditions and surgical outcomes relating to knee osteoarthritis. The 

pathogenesis of chronic knee pain (Amin et al., 2004), and radiographic progression of 

medial compartment osteoarthritis (Miyazaki et al., 2002) can be predicted by 

identifying patient with high knee adduction moments with gait analysis. Following 

tibial osteotomy, patients who walk with high knee adduction moments prior to surgery, 
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have the worst clinical outcome and see a recurrence of the varus deformity (Prodromos 

et al., 1985; Wang et al., 1990). Predominantly flexion moments pre-surgery predicts 

the presence and severity of anterior knee pain following total knee arthroplasty (Smith 

et al., 2004). In all these studies, the pre-surgery gait pattern has been retained following 

surgery, despite the resolution of pain (Hilding et al., 1999; Smith et al., 2006; Wang et 

al., 1990).  

 

 Part A of this study revealed that the pre-operative knee adduction moments had 

no relationship with post-operative outcome. However, post-operative knee adduction 

moments were associated with tibial component migration. The poor association 

between pre-surgery gait and post-surgery outcome is likely due to the significant 

improvement in pre-surgery knee moments, back to normal levels following UKA 

(chapter 4). In this study (chapter 4) the peak knee adduction moment decreased 

significantly from pre- to post-surgery after implantation of the medial compartment 

UKA. In addition the sagittal plane knee moments also showed significant 

improvements, where the patients moved from either predominantly flexing or 

predominately extending knee moment patterns pre-surgery, to a normal biphasic 

pattern knee moment pattern UKA. In addition the peak knee flexion and extension 

moment increased in magnitude, representing patient’s willingness to load the replaced 

joint, once knee pain had been resolved by removing the osteoarthritis compartment of 

the knee. Previous research that has utilised gait analysis and knee joint moments to 

predict clinical outcome has reported significant correlations between the pre- and post-

surgery knee kinetics that were the predictive variables (Prodromos et al., 1985; Smith 

et al., 2004; Wang et al., 1990). But in UKA we found that pre and post surgery gait 

patterns were quite different, which may affect the predictive ability of gait data. It is 

now evident that the large changes in knee kinetics following UKA makes predicting 
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clinical outcome from the pre-surgery gait not possible. Wada et al., (1998) reported 

similar finding in their series of tibial osteotomy patients. They concluded that the pre-

operative knee adduction moment does not correlate with clinical or radiographic 

outcome, provided sufficient valgus alignment is achieved.  

 

Part B of this study confirmed that UKA patients who walk with a high peak 

knee adduction moment after surgery, at both weight acceptance and push off phases of 

gait, are at risk of early tibial component migration of their UKA. This remains true 

despite the knee adduction moments not differing from the aged match population, as 

we previously reported (chapter 4). It is known that the increasing knee adduction 

moment, transmits increasing shear and compressive loads through the medial 

compartment of the knee (Hurwitz et al., 1998; Wada et al., 2001) which is then 

transmitted through medial compartment unicondylar knee prosthesis. A high knee 

adduction moment is considered greater than 4 %BW (Prodromos et al., (1985). Knee 

adduction moments greater than 4 %BW, as in this study may exceed the mechanical 

fixation strength of the cement mantle, causing excessive early tibial component 

migration and failure results.  

 

 The results from this current study and previous research on knee loads and 

medial compartment disease progression and associated surgeries (Amin et al., 2004; 

Miyazaki et al., 2002; Wada et al., 1998) highlight the potential benefits of early 

detection and modification of high knee loads during walking. Raising the lateral side of 

patients shoes with lateral wedged insoles has been shown to reduce knee adduction 

moment magnitude (Crenshaw et al., 2000; Kerrigan et al., 2002). This remains the 

most effective, convenient and cheapest method to reduce knee adduction moments, to 

reducing prosthesis load, and potentially extending the life of the unicondylar 
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prosthesis. Gait retraining with a toe out foot progression angle through the stance phase 

may also be an affective method of reducing knee adduction moments (Andrews et al., 

1996), however its overall effects on knee adduction moment remains controversial 

(Hurwitz et al., 2002). With easy implementation of these treatment options, their use is 

recommended for at risk patients of potential early loosening with high post-operative 

knee adduction moments.  The development of gait retraining programs and shoe 

orthotics requires further scientific investigation to determine if a reduction in the knee 

adduction moment during gait improves clinical outcome following UKA.    

 

In this current study, peak knee flexion moment was not related to component 

migration, and was unexpectedly lower in the poor prognosis group, although not 

statistically significant. However, in our previous work (chapter 3), the peak knee 

flexion moment, in addition to the adduction moment, was significantly correlated with 

tibial component migration. These different results may have been due to the current 

study having only assessed one year post-surgery results for tibial component migration. 

In the short term, migration may have occurred around the weakest fixation point. The 

total load applied to the prosthesis during gait, predominately from the adduction 

moment, exposes the weakest fixation point of the prosthesis, and results in increased 

migration in that direction. Medial/lateral tilt was the direction of greatest migration, 

indicating this may be weakest plane for fixation. Therefore, in the short term tibial 

component migration direction is determined by the weakest fixation point, not by the 

direction of the external knee moment during gait, as suggested by our previous results 

(Chapter 3). However, in the longer term migration might be related to the direction of 

the external knee moment being applied to the prosthesis during gait, where the peak 

knee flexion moment, in addition to the adduction moment, may determine migration 

direction and magnitude. 
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Continuing migration of the tibial component in the poor prognosis group 

affected the patient reported outcome. Patient reported pain, and subjective reports of 

outcome (KOOS) were worse in those patients with increased tibial component 

migration. The knee joint forces being transmitted through the prosthesis during gait 

increases the compressive force at the bone cement interface, resulting in a stress 

induced displacement of the tibial component and subsequent knee pain as previously 

described by Bragonzoni et al., (2005). They demonstrated that the increased rotational 

stress of around the knee was associated with small displacements of the tibial 

component in UKA. In those patients who reported unexplained knee pain, those 

displacements were significantly larger (Bragonzoni et al., 2005). It appears from these 

results, increased joint load during gait causes pain and/or discomfort in those patients, 

when combined with an unstable or migrating prosthesis. 

 

The results from this study and those by Wada et al, suggest that knee alignment 

has a large affect on medial compartment loading, without affecting knee adduction 

moments. To predict knee adduction moments from osteoarthritic gait, the knee 

alignment post-surgery must deviate from normal (Wada et al., 1998). Further 

assessment of the literature on predicting clinical outcome after tibial osteotomy with 

pre-surgery knee adduction moments  reveals adequate correction of knee alignment 

was not achieved following surgery in these studies by (Prodromos et al., 1985; Wang 

et al., 1990). Prodromos et al, reported a correction of knee alignment from 9 degrees of 

varus before surgery to 1.8 degrees of valgus, and Wang et al, reported post-operative 

knee alignment at 4.2 degrees of varus. In our series of UKA patients, knee alignment 

was near anatomical normal range at 4 degrees of valgus following UKA. Within these 

normal anatomical limits, the affects of knee alignment on adduction moment is 
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minimal. Although the knee alignment, either pre- or post surgery did not affect 

adduction moment, there was a difference between the two prognosis groups following 

surgery. We found a significant difference between the groups, with more varus 

alignment associated with tibial component migration. When the knee remains in varus 

following surgery, the load passing through the medial compartment is increased. 

However, over correction of knee alignment towards valgus may cause progression of 

arthritis into the lateral compartment. This highlights the importance of correct 

positioning of the components for good long term outcome.  This should be improved 

with the increasing use of computer navigated surgical systems, although comparison 

studies between the two surgical methods for UKA are not yet available. 

 

We found that other factors, such age weight and physical activity that have 

been suggested to be related to osteoarthritis outcomes were not important in predicting 

UKA outcome 1 year after surgery. Age, weight and body mass index had no affect on 

the tibial component migration. It is becoming increasingly evident that body mass 

alone does not significantly affect outcome following joint replacement (Smith et al., 

2004), unlike its effect on native knee cartilage (Manek et al., 2003). The assessment of 

knee joint loading with gait analysis incorporates body mass through normalisation, 

accounting for the affects of differing body mass between patients. Physical activity for 

the poor prognosis group was lower than the good prognosis group, going against the 

accumulated damage scenario (Huiskes, 1993), where repetitive loading from high 

levels of physical activity can overload the implant. Increased knee pain associated with 

poor RSA prognosis restricts patient physical capacity, as they tend to lead a more 

sedentary lifestyle to avoid aggravating knee pain. The best determinant of tibial 

component migration in UKA is the peak knee adduction moment, regardless of the 

frequency of the load being applied.  
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6.5 Conclusion 

 Due to the significant improvement in gait following UKA, predicting clinical 

outcome from pre-surgery gait it not possible. However gait analysis post-surgery is still 

a useful tool to identify those patients with high knee adduction moments who are at 

risk of early tibial component loosening through excessive medial compartment 

prosthesis loading during gait. Interventions like lateral shoe wedges and toe out gait to 

decrease knee adduction moments may help overcome a percentage of failures from 

excessive medial compartment load leading to tibial component loosening. Long term 

follow up of this study is required to confirm these associations between gait and tibial 

component migration in the long term, and benefits of gait retaining in reducing joint 

load, to improve clinical outcome.  
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~ Chapter 7 ~ 

SUMMARY AND CONCLUSION 

 

The aim of this thesis was to assess the improvement in gait and clinical 

outcomes and the association between these two factors in the two readily available 

unicondylar knee arthroplasty (UKA) designs. This is the first study to compare the 

fixed and mobile bearing tibial components, in prostheses from the same manufacturer 

(DePuy). 

  

Two patient groups were assessed to meet the thesis aims. An initial cross 

sectional study was performed on patients who received one UKA component (Millar-

Galante fixed bearing prosthesis), on which gait and RSA assessment was performed 2 

years after surgery. This served as a pilot study into the relationship between gait and 

tibial component migration, for assessing the changes in pre and post-operative gait 

following UKA, and the effects of different tibial component designs. With the 

introduction of the Preservation Unicompartmental knee (DePuy), and the merging of 

specialist techniques of gait analysis and RSA, we were able to perform the first 

prospective randomised study, assessing clinical and biomechanical differences of the 

fixed and mobile bearing tibial component from the same manufacture.  

 

This prospective study utilising the Preservation Unicompartmental Knee 

(DePuy), yielded three additional research papers which have been prepared for 

publication. These papers assess the differences in clinical outcome between fixed and 

mobile bearing tibial components, determine the changes in gait following UKA and 

combine these results to predict clinical outcome following UKA. The contributions to 

the literature from these studies are summarised below.   
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7.1 Change in Gait and Predicting Outcome following Unicondylar Knee 

Arthroplasty for Medial Compartment OA  

The first cross sectional study we undertook involved 14 patients, two years 

following UKA with the Millar/Galante Unicompartmental Knee (Zimmer). Three-

dimensional gait analysis was performed to explore the affects of knee joint loading 

during gait on tibial component migration. It was hypothesised that patients who walked 

with a high knee adduction moments, would have a greater tibial component migration 

as measured by RSA.  

 

Results from this study showed an association between tibial component 

migration and knee joint loading during gait. However, an unexpected result was 

obtained. It was hypothesised that the knee adduction moment would have the greatest 

effect on tibial component migration. However, the best predictor of tibial component 

migration was the peak knee flexion moments. Nevertheless, in the current study the 

knee adduction moment was also significantly correlated with component migration, 

however the association was not as strong. The direction of tibial component migration 

was consistent with the direct of knee joint loading, with the knee flexion moment best 

predicting anterior-posterior migration (R = 0.617), and the 2nd peak knee adduction 

moment predicting medial/lateral migration (R = 0.487). When physical activity was 

incorporated, the correlations were strengthening, suggesting the magnitude and 

frequency of load during gait increases tibial component migration. The effect of the 

knee flexion moments was consistent with previous work on in a total knee arthroplasty 

cohort, which showed that large flexion moments had detrimental affects on tibial 

component migration (Hilding et al., 1999). In addition, those patients with 
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predominantly flexing knee moment pattern, had the worst clinical outcome (Hilding et 

al., 1999).  

 

Since post-operative knee joint moments have an affect on tibial component migration, 

the question that arises is: can pre-operative knee joint moments in gait predict tibial 

component migration? This question lead onto the prospective trial conducted into pre- 

and post-operative gait in UKA (chapter 6), as all gait studies reported in the literature 

were limited to post-surgery gait only (Chassin et al., 1996; Deluzio et al., 1999; Fuchs 

et al., 2005). Before this hypothesis could be answered, a prospective study of pre- to 

post-operative gait was preformed.  

 

 It was hypothesised that due to the retention of both cruciate ligaments and 

preservation of the patello-femoral joint, knee kinetics and kinematics would return to 

normal following implantation of a medial compartment UKA. Chapter 4 represents the 

first full 3 dimensional gait analysis study to prospectively assess gait before and after 

UKA. In this study, temporal-spatial, kinematic and kinetic parameters were assessed. 

All temporal-spatial parameters improved significantly, including gait velocity, 

cadence, stride length and double support time. The improvement in these parameters 

was such that they no longer differed from the age matched control group. The 

improvement in temporal-spatial parameters was consistent with the previous reports in 

the literature where UKA patients did not differ from the normal population post-

surgery (Chassin et al., 1996; Fuchs et al., 2005).  

  

Unfortunately the improvement in sagittal plane knee kinematics was not as 

pronounced, where pre-operative gait abnormalities were retained, similar to the results 

seen following total knee arthroplasty (Fuchs et al., 2002; Smith et al., 2006). Patients 
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tended to walk with a flexed knee at heel strike, a pattern retained from their pre-

surgical gait, where patients avoid extending the knee at heel strike, most likely due to 

pain within the joint. The reduction in knee pain following surgery failed to improve 

this parameter, nor did improved limb strength or passive knee range of motion. The 

best predictor of post-operative knee angle at heel strike, was the pre-operative value, 

suggesting motor patterning is responsible for the retention of this gait abnormality. 

    

Patients also retained a stiff knee gait pattern throughout the stance phase, where 

the change in knee extension range on motion in late stance remained reduced compared 

to the control group. This stiff knee kinematic pattern has previously been reported in 

both UKA (Fuchs et al., 2005) and total knee arthroplasty (Smith et al., 2006). This stiff 

knee gait has also been identified as a retention of pre-surgery kinematics in total knee 

arthroplasty (Smith et al., 2006). The factors involved in this reduced knee kinematics 

range of motion have been explored following total knee arthroplasty by (Mizner & 

Snyder-Mackler, 2005) where reduced quadriceps strength was found to be related to 

smaller knee extension range of motion. This prompted further investigation of 

quadriceps strength and knee extension range of motion in our series of UKA patients. 

Quadriceps weakness was significantly correlated with a stiff knee gait pattern, however 

when post-operative passive knee extension range of motion was controlled in the 

backwards linear regression model, the association between quadriceps strength and a 

stiff knee gait patterns was strengthened (R2 = 0.212, p = 0.003). Therefore sufficient 

quadriceps strength is required to extend the knee in the late stance phase, but the 

magnitude of extension is limited by the patient’s passive knee range of motion. 

  

 Quadriceps strength was also associated with the improvement in sagittal plane 

knee kinetics. Using Principal Component Analysis, a weighting factor is given for each 
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principal component of the gait curve, on how well the patient knee flexion/extension 

moment fits the principal components of the normal flexion/extension moment curve. 

These factors scores were used to identify patients with a normal biphasic 

flexion/extension knee moment pattern, or a predominantly flexing or extending knee 

moment pattern. This analysis demonstrated an improvement in knee kinetics, unique to 

UKA. All patients with a predominantly extending knee moment pattern pre-surgery 

and 50% (5/10) of the predominantly flexing knee moment pattern were transformed 

into normal biphasic knee flexion/extension moment pattern. The remaining 5 patients 

(15% of the total UKA study population) retained a predominantly flexing knee 

moment pattern. However this 15% percent of patients with a predominantly flexing 

pattern was comparable to the 14% of the aged matched normal population with a 

predominantly flexing pattern. One benefit of UKA over total knee arthroplasty that 

may be responsible for this improvement in knee kinetics is the retention of the anterior 

cruciate ligament and patello-femoral joint. In addition, quadriceps strength, when post-

operative knee pain was controlled for was the best predictor of this improvement. This 

highlights the potential benefits of pre and post-operative rehabilitation to strengthen the 

quadriceps to improve clinical and biomechanical outcome.  

 

Chapter 6 combined gait analysis, with the RSA results of the Preservation (DePuy) and 

Millar-Galante (Zimmer) prostheses. The aim of this paper was to assess the affect of 

gait on tibial component migration in UKA in a prospective study. In addition, we 

aimed to predict post-operative outcome using pre-operative gait analysis.   

 

 There was no correlation between the pre-operative peak knee flexion or 

adduction moments recorded during gait and tibial component migration in any 

direction. This was most likely due to the significant improvement in gait experienced 
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by this patient group from pre- to post-surgery (Chapter 4) where the patient’s peak 

knee moments increased in the sagittal plane, and decreased in the frontal plane. 

Research that has used pre-operative gait in total knee replacement and tibial osteotomy 

to successfully predict clinical outcome have reported retention of the pre-operative gait 

pattern (Prodromos et al., 1985; Smith et al., 2004).  

 

 This thesis has also demonstrated relationship between the knee adduction 

moment during gait and tibial component migration 1 year after surgery (Chapter 6). 

Those patients considered to have a poor RSA prognosis, due to excessive tibial 

component migration, also had significantly higher knee adduction moments. The mean 

adduction moment of the good prognosis group was 3.31%BW, compared to 4.97%BW 

in the poor prognosis group. The cut-off level for a high knee adduction moment has 

previously been considered to be 4%BW (Prodromos et al., 1985), and these large knee 

adduction moment transmits increasing force through the medial compartment of the 

knee. Following UKA, this increased medial compartment load is being transmitted 

through the prosthesis, generating compressive and shear forces at the bone cement 

interface. Our results suggest that knee adduction moments greater the 4%BW, may 

exceed the fixation strength of the bone cement, leading to early tibial component 

migration in UKA, which may potential lead to early failure from prosthesis loosening.  

 

 The knee flexion moment had no affect on tibial component migration in this 

study (Chapter 6). The peak knee flexion moment was similar between the two 

prognosis groups. When correlations between the peak knee moments post-surgery and 

migration were calculated, there were no significant correlations, in contrast to the 

results seen in chapter 3. This is may have been due to the small sample size in chapter 
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3, however, the relationship between knee moment and migration direction may 

manifest at two years following surgery when further follow up analysis is preformed.  

 

7.2 Fixed vs. Mobile Bearing Tibial Components in Unicondylar Knee Arthroplasty 

In addition to comparing pre- and post-operative gait, chapter 4 assessed the 

kinematic and kinetic differences between the fixed and mobile bearing tibial 

components. It was hypothesised that the theoretical benefits of the mobile bearing 

tibial component would allow for more normal knee motion during gait. Chapter 4 

found no significant differences in any gait variable between the two tibial components. 

The temporal-spatial parameters of both tibial component designs were similar to 

normal, age matched controls. For the knee kinematics, the mobile bearing group 

displayed similar gait abnormalities to the fixed bearing group at heel strike, weight 

acceptance and throughout late stance. There was a small difference between the groups 

in the knee adduction moment, where the fixed bearing group mean knee adduction was 

nearly 1Nm.Kn-1 larger than the mobile bearing group, however not statistically 

significant. The power for this calculation failed to reach 80% statistical power, so a 

difference may become evident in a larger sample of patients.  

 

 Comparison of the clinical results between the fixed and mobile bearing designs 

did show a significant difference. The aim of chapter 5 was to compare the clinical 

outcomes of the fixed vs. mobile bearing tibial component in the Preservation UKA, as 

this was the first prosthesis available with the same femoral component, and a choice of 

fixed or mobile bearing tibial components. It was hypothesised that the theoretical 

advantages of a mobile bearing UKA would produce a superior clinical results over the 

fixed bearing design. On completion of the study the hypothesis that the mobile bearing 

tibial component, with its theoretical advantages of superior kinematics and decreased 
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shear stress will have superior clinical and functional outcomes was rejected, as the 

mobile bearing prosthesis performed poorly.  

 

 The mobile bearing prosthesis group had poor outcomes was based on was 

unacceptably high revision rate. The mobile bearing group had a 21% revision rate, 

where as the whole study group had 10% revision rate. This result is partially explained 

by the surgical technique. The instrumentation supplied to excise the tibia for the keel of 

the component is too narrow. The result is poor cement integration around the keel, thus 

poor fixation leading to component loosening and revision. There were no revisions in 

the fixed bearing tibial component group, however RSA analysis revealed one patient at 

risk of early loosening, with excessive early tibial component migration. An attempt 

was made to directly compare the long term prognosis of the fixed and mobile bearing 

groups for tibial component migration using RSA. Unfortunately, visualisation of the 

RSA beads within the cement mantle so close to the metal prosthesis is not viable in the 

mobile bearing.   

 

Based on an assessment of retrieved tibial components, the poor cementing 

technique, combined with minimally invasive surgical technique also resulted in four 

cases of retained cement on the posterior edge of the tibial component, which was also 

reported by (Howe et al., 2004) in their series of Preservation UKA’s. Due to the lack of 

visualisation of the posterior joint during minimally invasive surgery, excess cement 

after implantation is easily missed, and requires special attention during future 

implantations.  

 

 In addition to increased revision rate, the mobile bearing patient group also 

reported significantly more anterior knee pain following surgery. 43% of the mobile 
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bearing patients reported mild to moderate anterior/medial knee pain on activity. The 

size and anterior translation of the mobile bearing may impinge on the anterior joint 

capsule. Due to the sensitive nature of this soft tissue, patients reported moderate levels 

of pain. Analysis of the retrieved polyethylene bearings also revealed slight medial 

overhang of the bearing over the metal backing, which may also contribute to the 

impingement. Increased knee pain following UKA with mobile bearing Oxford knee, as 

compared with the fixed bearing St. Georg Sled prostheses has also been reported as a 

problem, although the location of pain was not specified (Gleeson et al., 2004). The 

short term performance of the mobile bearing prosthesis in the current study was poor, 

with high revision rate and increased anterior/medial knee pain. The advantages of the 

mobile bearing design, where the shear stress at the bone cement interface is potentially 

decreased thereby reducing the incidence of loosening, has not been assessed in a long-

term follow up study, an area for future investigation.  

 

7.3 Implications for the surgeon Performing Unicondylar Knee Arthroplasty 

 UKA is a successful medium term operative technique for medial compartment 

osteoarthritis. Chapter 5 has shown rapid recovery, within 6 months post-surgery for all 

clinical outcome measures used in this study. The main objective of UKA is to reduce 

knee pain, which was generally successful in this study, where patient’s average level of 

pain was reduced from 5.8/10, down to 2.1/10 on the visual analogue scale, and in the 

pain domain of the Knee Injury and Osteoarthritis Outcome Score (KOOS). Improving 

patient function is the second objective of UKA, which was successfully achieved in 

this study within 6-months of surgery. Between 6 and 12 months post-surgery, no 

further increases in function were recorded. This improvement in function was 

documented by the significant improvements in KOOS and Knee Society Clinical 

Rating Scale.   
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The mean correction of knee alignment post-surgery was satisfactory on the 

whole in this study, at 4.68 degrees of valgus post-surgery, however values ranged from 

1.0 to 6.5 degrees. This lower range had an affect on tibial component migration. Those 

patients with a poor RSA prognosis, also had significantly less valgus knee alignment at 

2.57 degrees of valgus, compared to 4.66 in the good prognosis group. This highlights 

the need for accurate prosthesis alignment by the surgeon during the procedure. The 

pre-surgery varus knee alignment created by the medial compartment osteoarthritis, is 

somewhat corrected by implantation of the medial compartment prosthesis. However 

overcorrection can lead to progression of osteoarthritis to the lateral compartment, and 

this study has shown, under correction can increase tibial component migration. With 

the development of computer assisted surgery, this precise correction of knee alignment 

should be improved. Although an upper limit for valgus over correction could not be 

assessed, the results of this study suggest a knee alignment of 4.5 degrees of valgus 

following surgery may avoid the potential problems of tibial component migration. In 

addition, the knee adduction moment during gait can be restored to normal levels at this 

alignment, despite being below normal anatomical range between 5 and 7 degrees of 

valgus.  

 

 Results from this study should be enough to persuade surgeons to avoid the 

Preservation Mobile bearing UKA, due to the poor cementing technique contributing to 

the increased revision rate from loosening. In addition, the increased incidence of 

anterior/medial knee pain, with was associated with physical activity, suggest the 

potential long term benefits of the mobile bearing on tibial component fixation, are 

offset by increased knee pain early post-surgery. In addition, there was no kinematic or 

kinetic benefit of the mobile bearing knee reported during gait. Until the long term 
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benefits of the mobile bearing are successfully reported, this design of tibial component 

should be avoided, especially in the Preservation knee.  

  

With tibial component migration affected by high knee adduction moments, but 

not by the knee flexion moment, those patients with high knee adduction moment pre-

surgery may be more suited to total knee arthroplasty. Unfortunately, following UKA 

the post operative knee joint moments are not strongly predicted by the pre-surgery 

values (Chapter 4), unlike following total knee arthroplasty (Smith et al., 2006). 

However, there was a moderate correlation between pre and post-surgery knee joint 

moments after UKA (chapter 4). Therefore we suggest those patients with excessively 

high knee pre-surgery adduction moments greater the 5 %BW are best suited to 

receiving a total knee replacement, where these loads can be distributed over a greater 

bone to cement contact area. This may reduce the potential for early failure from 

component loosening in this patient group.  

 

This study does suggest that early characterisation of post-surgery gait is 

necessary if we are reduce UKA migration rates, however the best time to perform post-

surgery gait analysis still needs to be investigated. If we can identify patients with 

increased knee adduction moments during walking following UKA, they should be 

referred for orthotic treatment or gait rehabilitation. Lateral wedged insert for the 

patients shoe are the most cost effective method of reducing the knee adduction 

moment. Previous research suggest a 6-8% reduction in the knee adduction moment can 

be achieved through a 5-10mm wedged insole (Kerrigan et al., 2002). 
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7.4 Recommendations for Further Research 

 This thesis has presented early clinical results, 12 months following UKA, with 

significant differences between the fixed and mobile bearing prosthesis types. In our 

series of patients, those with the fixed bearing prosthesis performed very well in terms 

of prosthesis migration and loosening when compared to the mobile bearing group. A 

direct comparison between the two prosthesis groups was not possible in this study due 

to the difficulty in obtaining RSA measures of migration in the mobile bearing.  It has 

been hypothesised that the sliding mobile bearing design, decreases the shear force 

applied at the bone cement interface, reducing component loosening.  Follow up of 

these two patients groups over the next 5 to 10 years will help to assess the potential 

long term benefits of the mobile bearing in terms of long term prosthesis fixation. If the 

patients with poor cement fixation and early failure in the mobile bearing groups have 

been identified already and excluded, the long term benefits of the mobile bearing may 

become evident with ongoing comparison of the two patient groups.  

 

 Continuing follow up of tibial component migration in the fixed bearing groups 

with RSA will also allow for a more accurate determination of stable or ongoing tibial 

component migration. For total knee replacement, a poor prognosis is defined as a 

maximum total point migration greater than 2mm, between 1 and 2 years post-surgery. 

With ongoing follow up of the UKA patients with RSA, this procedure can be applied 

to predict to 8 to 10 year revision rate from component loosening in our series of UKA. 

When combined with the gait analysis data available, the long term affect of gait on 

tibial component migration can be determined.  

 

 UKA surgery is technically difficult, and this thesis has shown that knee joint 

alignment can affect tibial component migration, and highlighted the potential of 
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retained cement in the posterior joint with minimally invasive surgical technique. The 

introduction of computer assisted surgery claims to improve alignment and patient 

outcomes. However a prospective randomised trail is required to compare traditional vs. 

computer assisted techniques. In combination with RSA analysis of tibial component 

migration, one can assess the benefits of potentially more accurate alignment on early 

tibial component migration, when computer assisted surgery is performed.  

  

This thesis has identified the benefits of quadriceps strength on improving knee 

kinematics and kinetics during walking after UKA. It is implied that increased 

quadriceps strength, allows the knee kinematics and kinetics to return to normal 

following UKA. As yet there is no published research that addressed the impact of pre 

and or post-operative exercise to improve lower limb strength on clinical outcome and 

improvement in post-operative gait. Further research involving lower limb strength 

training and its impact on post-operative gait is required.  

 

The knee adduction moment during gait has been shown to be detrimental to 

early tibial component migration, with high peak knee adduction moments during gait 

increasing and amount of tibial component migration. Gait analysis can successfully 

identify those patients with a high knee adduction moments, however the affect of 

reducing the knee adduction moment on tibial component migration is unknown. 

Lateral shoe wedges have been shown to reduce the knee adduction moment in the 

normal population. Further research is required to assess the benefit of lateral shoe 

wedges in decreasing adduction moments after UKA, and the potential to reduce tibial 

component migration with the use of the wedges early post-surgery. Another potentially 

useful method to reduce the adduction moment is gait retraining. Toe out walking in one 

method to reduce the knee adduction moment. Gait retraining has been very under 
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studied over the recent years, and few reliable training techniques have been identified. 

Gait retraining may also come in the form of exercise, to improve the active muscular 

support of the joint, which may have an effect on knee moments. 

 

With the preservation of both cruciate ligament and patello femoral joint and the 

reduction in pain associated with UKA, patients gait undergoes a significant change 

from pre- to post-surgery, unique to UKA. This return to normal gait make predicting 

clinical outcome from pre-surgery measures impossible, however post-operative gait 

has been shown to be a valuable tool in predicting tibial component migration following 

UKA. The debate between fixed and mobile bearing prostheses still remains, however 

this thesis has shown the theoretical benefits of the mobile bearing tibial component are 

unjustified in short term. Potential benefits may still exist in the long term, or for 

prosthesis from different manufactures. UKA is a remains a successful operation, with 

early recovery and excellent functional results when implanted correctly.  
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PARTICIPANT CONTACT LETTER 

Department of Surgery (Orthopaedics) 
Department of Human Movement and Exercise Science 
Perth Orthopaedic Institute 
Gate 3 Verdun Street 
NEDLANDS WA 6009 
Telephone: 08 9386 6211 Facsimile: 08 9346 6462 

 
A prospective randomised trial to compare the clinical and biomechanical 

outcomes of a fixed and mobile bearing unicondylar knee arthroplasty 
 
 
Dear Patient, 
 
You have elected to undergo half knee replacement (unicondylar knee arthroplasty) at 
Hollywood Private Hospital. Therefore, I wish to invite you to participate in the following 
study. 
 
There are two parts to this study. The first part is a comparison of two types of bearings 
used in the half knee replacement.  For the purpose of the study, small metal 
(tantalum) beads will be inserted in the surrounding bone, which when examined on X-
ray allows us to detect movement of the knee replacement. The second part of the 
study involves a comprehensive assessment of your walking, which is conducted at the 
University of Western Australia.  
 
Please find enclosed the Participant Information Sheet, in which the study is explained 
in detail. Participation is voluntary.  If you choose not to participate, in no way will it 
affect the quality of your treatment. Whatever your choice, it would be appreciated if 
you could complete the slip at the bottom of this sheet and return it in the reply paid 
envelope provided.  
 
If you have any questions or require any further information, please do not hesitate to 
contact Mr Brendan Joss, Exercise Physiologist and Study Coordinator, on telephone 
No. 9386 9961 or mobile 0418 908 081, or by email bjoss@cyllene.uwa.edu.au. 
 
I sincerely thank you for your time.  
 
Kind regards 
 
 
Professor David Wood 
Orthopaedic Surgeon 
 

------------------------------------------------------------------------------------------------------------------------------------------ 
A prospective randomised trial to compare the clinical and biomechanical 

outcomes of a fixed and mobile bearing unicondylar knee arthroplasty 
 
Please tick (one only) 

  I am interested in participating in this study 

  I am NOT interested in participation in this study 
 
Name: _____________________________________ 
 
Signature: ____________________________________ Date:  ___/___/____ 
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PARTICIPANT INFORMATION SHEET 
 

Department of Surgery (Orthopaedics) 
Department of Human Movement and Exercise 
Science 
Perth Orthopaedic Institute 
Gate 3 Verdun Street 
NEDLANDS WA 6009 
Telephone: 08 9386 6211 Facsimile: 08 9346 6462 

A prospective randomised trial to compare the clinical and biomechanical 
outcomes of a fixed and mobile bearing Unicondylar knee arthroplasty 

 
 PARTICIPANT INFORMATION SHEET  

 
As treatment for your knee arthritis, you have elected to undergo half knee replacement, which is also called unicondylar knee 
replacement or unicondylar knee arthroplasty.  Professor David Wood and Professor Bo Nivbrant are conducting a research study on 
patients having a half knee replacement.  They hope to gain more information that may be beneficial to patients, like you, who have 
this type of surgery for arthritis.  As your surgeon has agreed, I wish to invite you to participate in this study. Your half knee 
replacement you have elected to have will take place irrespective of whether you agree or decline to participate in the study. 

 
Purpose of the Study 
Several different types of prostheses are available for use in half knee replacement 
surgery.  This study will compare the clinical outcomes of two of these different types of 
prostheses.  Both are currently used in routine half knee replacement throughout 
Australia and the world.  We will also investigate how the way you walk affects the 
outcome of your half knee replacement.   
 
This study has two parts.  In part one, two different prostheses are compared.  In part 
two, walking patterns before and after surgery are investigated and related to clinical 
outcomes.  Initially, you are invited to participate in the first part of the study.  If you 
wish, you can then participate in part two.  However, if you agree to participate in part 
one, you are not obliged to participate in part two. 
 
Part One: Fixed vs Mobile Inserts 
 
Firstly, the clinical outcomes of two different types of prostheses used in half knee 
replacement are compared.  Half replacement involves replacing the arthritic regions of 
the femur (thigh bone) and the tibia (shin bone) with a specially designed prosthesis, 
which consists of two metal parts that are separated by a plastic insert (see Figure 1).  
The two prostheses compared in this study have the same metal parts, but have a 
slightly different plastic insert.  The plastic insert in one type is moveable (mobile 
insert), and the other does not move (fixed insert).   
 

Metal 
Femoral

Fixed or 
Mobile

Metal 
Tibial

If you agree to participate in this study, you will be randomly assigned to receive one of 
the two types of prostheses (mobile insert or fixed insert).  This means that you have 
an equal chance of receiving either of the two types 
of prostheses.  Because of the way in which this 
study has been designed, your surgeon will not tell 
you during the conduct of this study which prosthesis 
you have.  Participation in the study is for two years, 
after which time you will be told which type of 
prosthesis you received, that is only if you so wish to 
know.  

Figure 1. Components of 
Unicondylar knee 
replacement 

 
It is routine practice after half knee replacement to 
have X-rays taken.  For the purpose of this study, a 
series of a special type of X-ray called Roentgen Stereophotogrammetric Analysis 
(RSA) will be taken instead of standard X-rays.  As RSA X-ray involves the detection of 
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tantalum markers, the surgeon will need to insert small metal beads made of tantalum, 
which are only 1mm in diameter. This will allow us to determine whether there has 
been any movement of the prosthesis after surgery. 
The insertion of these tantalum beads will not affect your well-being in anyway because 
they are 'inert', which means that you do not move about, nor do they have any active 
chemical or biological properties.  You will not be able to feel these beads in your knee 
joint, nor will they interfere with the functioning of your replaced joint.  
 
RSA X-rays will be taken at various times after surgery: 1) just prior to hospital 
discharge, 2) 6 months, 3) one year, and 4) two years.  The latter three will coincide 
with your follow-up appointments with your surgeon.  The exposure to radiation from an 
RSA X-ray is believed to be only 10% of the exposure from a standard X-ray.  As the 
RSA X-ray is taken in place of the standard X-ray, your exposure to radiation will be 
lessened.  If your surgery was at Hollywood Private hospital, your X-rays will be taken 
at SKG Radiology, at Hollywood Private Hospital. If your surgery is at Sir Charles 
Gardiner Hospital, your X-rays will be taken at the hospital. 
 
At each follow-up appointment, you will also be asked to complete a short 
questionnaire.  It will include questions about any knee pain and your ability to walk 
and other physical tasks. 
 
Part 2 – Walking Analysis 
The second part of this study is an investigation of your walking before and after 
surgery.  

Session 1 
The first session will be before your surgery and held at the school of Human 
Movement at the University of Western Australia (UWA) campus in Nedlands. We will 
provide you with directions and a map to help you get there and a parking bay if 
required. The session will take about 2 hours and we will ask you to wear or bring 
shorts and comfortable walking shoes. Refreshment will be supplied for you 
convenience. 
 
Small reflective markers placed on your legs and muscles around the foot, knee and 
hips, and secured in place with double-sided adhesive tape, which is easily removed 
from the skin. We will ask you to walk back and forth along a level 6-metre path about 

10 to 15 times. Your walking will be filmed via video cameras, 
and a force platform will measure the forces going through your 
knee joint. Your leg movements and muscle contractions will be 
calculated from this information. In addition, we require you to 
undergo simple strength testing of your leg muscles. The whole 
session takes 2 hours which includes the time needed to attach 

the markers and take measurements. If at any stage you feel tired or experience any 
unacceptable level of pain or discomfort, you will not be expected to complete the task, 
or if necessary the session. Plenty seating will be available, so as you can rest 
between tasks if required. Refreshment (drinking water, tea and/or coffee) will be 
supplied for you convenience. 
 
Session 2 
The second session will be at one year after your surgery. Again it will be held at the 
school of Human Movement at the UWA campus in Nedlands and will take 2 hours. 
You will be asked to repeat the tasks you did in session 1: walking up and down and 
leg strength testing. In addition, you will be asked  to ascend and descend about six 
steps and perform a ‘sit to stand’. Each test will be repeated about 3 to 6 times. As in 
session one, we will stop the session if you experience any unacceptable discomfort. 
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After session one and after session two, we will ask you to wear a pedometer for one 
week. This small device clips onto your clothing (eg. belt or waistband) and measures 
the number of steps you take each day. You would asked to wear the device all day 
except whilst you are sleeping or showering.  At the end of the week, we will come and 
collect the pedometer from you.  
 

Participation 
Your participation in this study is voluntary. If you agree to participate, you are free to 
withdraw from the study at any time, for any reason. If you decide not to participate, 
this will in no way influence or prejudice your treatment in any way; and your surgeon 
will perform the operation in the routine fashion and follow up will be as normal. For 
participation in the study, you will be required to attend appointments at the hospital 
(for part one) and testing sessions and the University of Western Australia (for part 
two), on your own accord. All information will be treated with the strictest confidence 
and will be stored in a secure manner at the Perth Orthopaedic Institute for at fifteen 
years. After this time, the information may be destroyed. 
 

In case of an adverse event 
 Should you experience any medical complication because of participation in this study, the investigators will arrange for you 

to receive the necessary medical care. 
 Upon signing the consent for this study there is no change to your rights in 

Australian Law.  
 The study will be carried out in a manner conforming to the principles set out by the 

National Health and Medical Research Council. 
 Compensation may be available under the University of Western Australia’s 

Indemnity insurance policy to cover any claims that may arise from this study. 
 
Risks 
Half Knee Replacement Surgery  
You have elected to undergo half knee replacement surgery as treatment for your knee 
arthritis. 
Your surgeon and his staff will explain the risk associated with knee replacement 
surgery as routine practice. These risks are associated with your treatment whether or 
not you participate in this study. The are no foreseen risks for participation in this study 
above and beyond those normally associated with the treatment. 
 
RSA  
The metal beads implanted into the bone and prosthesis are made of the most 
biocompatible metal know called tantalum. Tantalum will not react with your body. 
Tantalum beads have been used over the past 25 years in humans without a single 
complication reported in the world literature.  
 
Gait Analysis  
The gait analysis procedure involves some walking on your arthritic knee. If you have 
pain during walking you may also experience this pain during the gait analysis. You will 
be given plenty of opportunity and time to rest, and if you feel you can not complete a 
task, you will not be asked to do so. 
 
Benefits 
A potential advantage of participating in this study and having RSA X-rays is your 
prosthesis will be monitored regularly, therefore unacceptable movement of your 
prosthesis can be detected much earlier, that is before physical symptoms appear.  
This may lead to early intervention to correct the problem and prevent the development 
of pain.  
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RSA X-rays - The amount of radiation exposure from RSA X-rays is believed to be 10% 
of that from standard X-rays, and you will not be required to have any additional X-rays 
following knee surgery that you would normally receive if you were not part of the 
study. 
 
You will receive a report from your gait analysis. It will include your walking speed, 
stride length and wether your walking is normal, as well as measure of you leg 
strength. From this information, we may suggest ways to help you improve your 
walking pattern, if you so wish. 
 

What are the costs? 
You will not be paid to take part in this study. Nor will you be charged any extra for 
participating in the study. You will still be required to pay your doctors and hospital and 
X-ray charges that would normally apply to you for your knee surgery.  You will not be 
reimbursed for travel expenses incurred for taking part in the study. 
 

How Do I Enrol 
If you are interested in participating in this study, please complete, detach and return 
the slip at the bottom of the front page in the reply paid envelope enclosed.  For your 
convenience you will be then contacted by phone to arrange your pre-surgery 
assessment. If you have any question please feel free to contact me on 9386 9961 or 
0418 908 081. 
 
Kind Regards 
 
 
Brendan Joss B.Sc., Hons. 

PhD Student 
Research Exercise Physiologist 
 
The Hollywood Private Hospital Research Ethics Committee has given approval for this study. If you have any concerns 
about this study please do not hesitate to contact Dr Terry Bayliss, Chairperson, Research Ethics Committee Hollywood 
Private Hospital, Monash Avenue, NEDLANDS WA 6009 telephone (08) 9346 6249. 
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CONSENT FORM 
 

HOLLYWOOD PRIVATE HOSPITAL 
PATIENT CONSENT FORM 

 
TITLE: A prospective randomised trial to compare the clinical and biomechanical outcomes of a 

fixed and mobile bearing Unicondylar knee arthroplasty 
 

INVESTIGATOR: Professor David Wood 
 
To be completed by the Participant of the study: 
 
1. Have you read the information sheet about this study?   Yes   No  �  
 
2. Have you had an opportunity to ask questions and discuss this study? Yes  �No  �  
 
3. Have you received satisfactory answers to all your questions?  Yes  �No  �  
 
4. Have you received enough information about this study?   Yes  �No  �  
 
5. Which Doctor (or other researcher) has spoken to you  

about this study?   
 
6. Do you understand that you are free to withdraw from this  

study at any time without giving a reason and without  
affecting your current or future medical care?    Yes  �No  �  

 
7. Do you agree to take part in this study?     Yes  �No  �  
 
8. Have you received a copy of the information sheet and consent form? Yes  �No  �  
 
9. If my surgeon decides that the prosthesis I have been allocated is not   Yes  �No  �  
 in my best clinical interest, he has my consent to withdraw me from the study. 
 

YOU WILL BE GIVEN A COPY OF THIS CONSENT FORM 
 
 
________________________  ______________________        ______________ 

Participant’s Name   Participant’s Signature      Date 
 
________________________  _____________________ 

Person Obtaining Consent   Signature        Date 
 
________________________  ______________________ 

Witness Name     Signature      Date 
 
The Hollywood Private Hospital Research Ethics Committee has given approval for this study. If 
you have any concerns about this study please do not hesitate to contact Dr Terry Bayliss, 
Chairperson, Research Ethics Committee Hollywood Private Hospital, Monash Avenue, 
NEDLANDS WA 6009 telephone (08) 9346 6249. 
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KNEE INJURY AND OSTEOARTHRITIS OUTCOME SCORE 
Department of Surgery (Orthopaedics) 
Department of Human Movement and Exercise Science 
Perth Orthopaedic Institute 
Gate 3 Verdun Street 
NEDLANDS WA 6009 
Telephone: 08 9386 6211 Facsimile: 08 9346 6462

 
 
 
 
 
 
 

KNEE INJURY & OSTEOARTHRITIS OUTCOME SCORE 
 
SUBJECT No: ___________________  TEST :  PRE / POST______  
DATE:________ 
Instructions:  Please mark (x) the most appropriate response. 
 
PAIN 

 Never Monthly Weekly Daily Always 
1. How often is your knee 
painful? 
 

     

What degree of pain have you experienced in the last week when…..? 
 None Mild Moderate Severe Extreme 
2.  Twisting/pivoting on your knee      
3.  Straightening your knee fully      
4.  Bending knee fully      
5.  Walking on a flat surface      
6.  Going up or down stairs      
7.  At night while in bed      
8.  Sitting or lying      
9.  Standing upright      
SYMPTOMS
 None Mild Moderate Severe Extreme 
1. How severe is your stiffness 
after first waking in the morning?      
2. How severe is your stiffness 
after sitting, lying or resting later 
in the day? 

     

3. Do you have swelling in your 
knee?      
4. Do you feel grinding, hear 
clicking, or any other type of noise 
when your knee moves? 

     

5. Does your knee catch or hang 
up when moving?      
6.  Do you have any difficulty  
      Straightening your knee fully?      
Do you have and difficulty 
bending your knee fully?      
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ACTIVITIES OF DAILY LIVING   What degree of difficulty (not pain) have you 
experienced…?  
 None Mild Moderate Severe Extreme 
1.  Descending stairs      
2 Ascending stairs      
3 Rising from sitting      
4 Standing      
5 Bending to floor/pick up object      
6 Walking on flat surface      
7 Getting in/ out of car      
8 Going shopping      
9 Putting on socks/ stockings      
10 Rising from bed      
11 Taking off socks/ stockings      
12 Lying in bed (turning over 

maintaining knee position) 
     

13 Getting in/out of bath or shower      
14 Sitting      
15 Getting on/ off toilet      
16 Heavy domestic duties 

(shovelling, scrubbing floors etc.) 
     

17 Light domestic duties (cooking, 
dusting) 

     

SPORT AND RECREATION FUNCTION 
What difficulty have you experienced in the last week ….? 
 None Mild Moderate Severe Extreme 
1. Running      
2. Jumping      
3. Turning/Twisting on you injured 

knee 
     

4. Kneeling      
5. Squatting      
KNEE-RELATED QUALITY OF LIFE
 Never Monthly Weekly Daily Always 
1. How often are you aware of your 

knee problems? 
     

 Not 
at all 

Mildly Moderately Severely Totally 

2. Have you modified your lifestyle 
to avoid potentially damaging 
activities to your knee? 

     

3. How troubled are you with lack 
of confidence in your knee? 

     

 None Mild Moderate  Severe Extreme 
4. In general, how much difficulty 

do you have with your knee? 
     

Score all items from 0 = Best  4= Worst 
Scale Possible Raw Score Range Actual Raw Score Transformed Score 0-100 
Pain 36   
Symptoms 28   
ADL 68   
Sport/Rec 20   
QOL 16   
Transformed scale =   100 – Actual raw score x 100 
                                              Possible raw score range 
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KNEE SOCIETY CLINICAL RATING SYSTEM 

None 50
Mild or Occasional 45 5-10 deg 2

Staris Only 40 10-15 deg 5
Walking and Stairs 30 16-50 deg 10

ModerateOccasional 20 20+ deg 15
Continual 10

Severe 0
<10 deg 5

Active Range of Motion 10-20 deg 10
From: To: 20+ deg 15
(5 degrees = 1 point /25

Knee Alignment
5-10 deg 0
0-4 deg 3 points each deg

< 5mm 10 11-15 deg 3 points each deg
5-10 mm 5 Other 20
10+ mm 0

Varus/Valgus
< 5 deg 15 Total Deductions ______
6-9 deg 10
10-14 deg 5
15+ deg 0 Total Score ______

Total ______

Knee Pain & Function Score

Ligiment Laxity
Anteroposterior (Anterior Draw)

Fixed Flexion Deformity

Extension Lag

Knee Pain

Date__________ Follow-up Pre/Post______

Weight ________ % Satisfaction _________

Patient Number _______________

Height ________

 Clinical and Biomechanical Determinents of Outcome 
following Unicondylar Knee Arthroplasty

A Prospective, Randomised Trial

The University of Western Australia
Department of Human Movement and Exercise Science

Department of Surgery (Orthopaedics)
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Patient No________

Walking Distance Rising from Sitting
Unlimited 50 Able with ease (no arms) 10
> 1Km 40 Able with ease (arms) 6
500m-1Km 30 Able with difficulity 2
<500m 20 Unable 0
Housebound 10
Unable 0 Stairs Up

Stairs No rail/Rail for balance 5
Normal up and Down 50 Rail for support 3
Normal up/down with rail 40 Unable 0
Up and down with rail 30
Up with rail/unable down 15 Leading Leg
Unable 0 Reciprocal 5

Right
Left

Subtotal ________ (o for non-operated leg up) 0

Stairs Down
Deductions
Cane 5 No rail/Rail for balance 5
Two Canes 10 Rail for support 3
Crutches or walker 20 Unable 0

Leading Leg
Function Score ________ Reciprocal 5

Right
Left
(o for operated leg down 0

TOTAL _______

Follow-up_______Date _________

Knee Function Score

following Unicondylar Knee Arthroplasty
A Prospective, Randomised Trial

The University of Western Australia
Department of Human Movement and Exercise Science

Department of Surgery (Orthopaedics)
 Clinical and Biomechanical Determinents of Outcome 
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GAIT ANALYSIS DATA RECORDING SHEET 
 

Date        /        / 2004 Examiners Session Pre/Post

Subject UKA R/L Leg

Height (cm) Weight (kg) Male / Female D.O.B

L R ASIS distance (cm)
Foot Length (cm)
Tibio-calcaneal angle (deg) Inv/Ev Inv/Ev Shoe 
Foot progression angle (deg) Ab/Ad Ab/Ad Description

Isometric MVC's 1 2 Limb Length
Quadriceps Knee to strap
Hamstrings
Hip Flex Hip to strap
Hip Ext
Hip Abd
Hip Add

Calibration trials
Static LLFC RLFC
Rig LMFC RMFC

Squat/Swinger Trials
Right knee Right hip
Left knee Left hip

Walking and Running Trials
# Please enter trial number
* Enter landed foot and plate. Use L & R for feet and Sm & Lg for plates (ie: L=Lg, S=Sm)
 + Walking Direction

1 2 3 4 5 6 7 8

Walk Natural  #
*
+

Fast      #
*
+

post op only             Sit to stand  #

The University of Western Australia
Department of Human Movement and Exercise Science

following Unicondylar Knee Arthroplasty
Clinical and Biomechanical Determinents of Outcome 

Department of Surgery (Orthopaedics)

A Prospective, Randomised Trial
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Knee Pain ⇒ Different From Normal? y / n
Better / worse

Medication Pain
Paracetamol ? D - Penamine ?
Asprin ? Myocrisin, Gold 50 ?
Ibuprofen ? Ridaura ?

Plaquenil ?
Supplements Salazopyrm - EN ?
Glucosamine ? Imuran ?
Shark Cartilage ? Ledertrexate ?
Chrondroitin ?
Deer Antler Cartilage ? NSAIDS ?

Celebrex ?
Fish Oils ? Vioxx ?

Feldine ?
Vitamin B3 ? Voltarun ?
Vitamin B6 ? Other ?
Vitamin C ?

Zinc ?
Other ? specify type

dose

Notes please specify any changes to regular medication on this testing day.

Knee Pain and Portals
Posterior Anterior
Left Right Right Left

Pain in other Joints Ankle ? Other Conditions Limiting Mobility Parkinsons ?
Hip ? Balance ?
Back ? Other
Other ?______________

Previous Surgery Arthroscopy ?
Menisectomy ?
Osteotomy ?
Other ?

___________?

0 5 10
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FOLLOW UP COVER SHEET 
 

Anterior Pain ________/10
Medial 
lateral
Posterior

6mths
1 year
2 year

0 1
Sit to stand Pain

Squat to ___ deg

Up/Down step

Analgesic/Anti-imflamatory Medication_____________________________

0

_

RSA X-Rays taken:_______

               Dose__________________________________

_____________________________________________________________

Onset of pain: YES/NO Date of Onset      /     /200

Location of Pain

_____________________________________________________________
_____________________________________________________________

Complications with UKA needing orthopaedic team attention since last seen:

_____________________________________________________________

The University of Western Australia
Department of Human Movement and Exercise Science

Department of Surgery (Orthopaedics)

Date  of Follow-up ______________

Follow-up Cover Sheet

Patient Number ____________

Arrangements for next follow-up: ________________________________
_________________________________________________________

 Clinical and Biomechanical Determinents of Outcome 
following Unicondylar Knee Arthroplasty

A Prospective, Randomised Trial

_____________________________________________________________
Complications with UKA needing medical attention (eg GP) since last seen:

Pre/Post _______________

Complications with UKA needing surgical intervention since last seen:

_____________________________________________________________
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