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Foreword

It is a huge pleasure to be participating in a book on knee reconstruction using 
small implants. Unlike previous publications, this book does not limit the pos-
sibility of modular replacement to a single compartment, whether tibiofemo-
ral or patellofemoral, but offers the real possibility of articular replacement 
adapted to the specific type and location of the damage caused by degenera-
tive disease. It provides surgeons with an opportunity to step back and recon-
sider the simplistic reasoning, all too commonly accepted, in which total knee 
replacement (TKR) is considered as the “gold standard” when damage to the 
joint is not limited to a single, isolated compartment. Since the time we spent 
with Leonard Marmor in 1974, we have never stopped defending, often in the 
face of a void of cosmic proportions, modular arthroplasty as the preferred 
reconstructive option, despite its frequent attack by the officially recognized 
theoreticians. It is perhaps worth pondering an old quotation from the emi-
nent hand surgeon Professor Vilain: “Everything has already been written, 
but since we have not read everything, we may continue publishing”. This 
appears more apropos than ever regarding the use of small implants in knee 
reconstruction. Indeed, it seems to have been forgotten that in 1972 Leonard 
Marmor was already promoting a new concept in total knee replacement, re-
placing the two tibiofemoral compartments at the same time in patients with 
osteoarthritis of the knee. Great visionary that he was, he considered that the 
overriding advantage of this new concept compared to the TKR technique in 
use at the time lay in the conservation of the ACL, sparing the soft tissues and 
preserving bone stock. It was only once this new concept was established that 
he began to consider that another, purely unicompartmental solution could be 
envisaged in cases where the opposite compartment was healthy. 

Today, after performing over 3,000 combined or isolated modular knee 
replacements, we are able to assert that the functional results achieved are 
better than those of TKR, that revision procedures are often simpler and that, 
subject to correct fitting, this option should no longer be considered as a tem-
porary solution pending an inevitable conversion to TKR. 

Our commitment to the defense of these small implants over the last 40 
years against the onslaught of the official naysayers would never have been 
possible without the precious support of European surgeons working towards 
the same aims. I take pleasure in thanking for their support: the Marseille 
school under J-M. Aubaniac and, later, J-N. Argenson; the Italian orthopedics 
school, whose worthy representatives are S. Romagnoli and N. Confalonieri, 
and the British school, specifically, J. Goodfellow and his students for their 
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work on mobile bearings and J. Newman, one of the longest standing defend-
ers of resurfacing fixed implants and mobile bearings.

Little streams come together to make big rivers, so let us hope that this 
reference work will enable the peaceful river of non-invasive surgeons to ex-
ist officially at last against the torrent of systematic proponents of TKR. With 
hindsight, there can be no question that modular knee surgery gives better 
results than TKR by maintaining knee proprioception and that it alone can 
re-establish physiological function without reverse roll-back during walking. 
On the other hand, it must be acknowledged that it is technically a more dif-
ficult operation and that in spite of the ancillary instruments available to fa-
cilitate fitting and computer-assisted surgery, knee reconstruction with small 
implants is more surgeon-dependent than TKR.

This obvious fact is no justification, however, for current attempts to sim-
plify the fitting of these implants by moving the ancillaries towards those 
used for TKR, in order to replace resurfacing or minimal bone resection with 
a “half TKR” concept, with the fitting rules that this would entail. This is a 
commercial move aimed at reassuring surgeons who are just beginning to 
perform knee reconstructions using small implants and it is totally inconsist-
ent with any possibility of respecting the philosophy of modular knee surgery. 

Under no circumstances can it replace the need to complete an on-the-
job apprenticeship alongside experts in teams trained to perform this type of 
surgery before beginning to fit these small implants. What would you prefer, 
a run-of-the-mill fast food or a dish that suits your palate? It is on this choice 
that your choice of prosthetic option and the experience of your patients will 
depend. 

October 2012         Philippe Cartier
Hartmann Knee Institute

Clinique Hartmann
Neuilly-sur-Seine, France

vi Foreword



Preface

In these last years, a new interest in less invasive reconstructive surgery has 
involved the entire orthopedic world. The shifting demographics of patients 
with localized knee arthritis, including younger, more active patients, is a 
major impetus for the growing interest in conservative surgical alternatives. 
Minimally invasive total knee replacement is increasing in popularity be-
cause of a theoretically reduced blood loss, faster recovery, and reduced eco-
nomic costs. However, less invasive surgery has been often identified both 
by surgeons and prosthesis manufacturers, as a shorter surgical approach to 
the implantation of the same total prostheses used with traditional approach-
es. New, more conservative surgical approaches have been proposed, such 
as quad-sparing, mid-vastus, or sub-vastus. While these have the advantage 
that they spare skin and the quadriceps tendon, they may increase the risk 
of muscle and nerve damage, resulting in a biological contradiction. Giulio 
Bizzozero, an Italian biologist pioneer, already in the early years of the last 
century classified tissues and cells in three categories. He identified the “re-
producible” tissues, such as epithelium (skin) and endothelium, the “stable” 
tissues, such as mesenchyma (tendons and ligaments) that recover very well 
following injury, and the “noble tissues”, such as muscles and nerves, which 
should not be damaged  as they are “perpetual” tissues.

On this purpose it has been hypothesized that real mini-invasive surgery 
should not be matched only with shorter incision but also with both a new 
respect for all the tissues and a preserved joint kinematics using new tools 
and smaller implants. This has led to a redefinition of mini-invasive surgery 
as tissue-sparing surgery.  

Unicompartmental knee replacement (UKR) and patellofemoral replace-
ment (PFR) are  well-accepted surgical procedures for the treatment of knee 
arthritis. Furthermore, few surgeons in the world experienced the associa-
tion of different small implants, matching a philosophy of real less invasive 
procedures.

Indeed, small implants and a preserved joint biomechanics could repre-
sent a new development in reconstructive surgery and the approaches de-
scribed in this special issue highlight the attractive aspects of this strategy. In 
addition, the use of computer-assisted instruments may help the surgeon in 
reproducing this highly demanding surgery by standardizing the techniques. 
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We strongly believe that this  “personalized on-time treatment” for each 
patient according to the severity of the disease and using different implant op-
tions could be one of the most interesting improvements in the coming years.

October 2012 The Editors
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The Reason for a Choice

Norberto Confalonieri

Before starting to read this book the reader 
should know what it is going to explore. Now-
adays, in the orthopedic world osteoarthritis, 
prosthesis, mini-invasive surgery, tissue-saving 
surgery, small implants, etc. are “hot” topics ap-
proached from a multitude of perspectives, which 
ultimately run the risk of becoming repetitive  
[1-4]. 

Thus, let’s first of all try to create order in 
these many topics, considering that the philoso-
phy underlying the writing of this book is to re-
pair the degenerative arthritic knee disease of our 
patients. But which patients? And, what type of 
arthritis? 

In our practice, we have come to realize that 
our patients have progressively changed: they are 
younger, smarter, more sensitive to pain, more 
informed, more demanding, and often have an 
intact or surgically reconstructed anterior cru-
ciate ligament (ACL) [2, 3, 5]. Likewise, even 
the arthritic knees of our own generation have 
changed: we see fewer and fewer knees destroyed 
by an advanced primary arthritis but we increas-
ingly have to manage compartmental diseases. 
In many cases, these conditions are the results of 
sporting injuries, previous meniscectomies, pla-
teau or condylar fractures, osteotomies, or pro-
longed overuse (Fig. 1.1). 

Nevertheless, almost 90% of surgeons world-

wide still implant a total prosthesis in these 
knees, firstly resecting ACL and often, even the 
posterior cruciate ligament [6-8]. In many cases, 
in order to maintain the promise of a MIS (mini 
invasive surgery) to the patients, a small incision 
is performed, often with higher risks of damages 
of the noble tissue under skin, a sort of “key-ho-
le” surgery [9-14]. 

We propose a totally different strategy: tissue 
sparing surgery (TSS), which does not consider 
the length of the incision to be more important 
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Fig. 1.1 Bicompartmental post-traumatic arthritis in a 
young man with an intact anterior cruciate ligament



2 N. Confalonieri

that the results of TKR depend on the use of 
guides, which can lead to significant errors in re-
construction of the mechanical axis of the lower 
limbs based on the absence of data on proper 
soft-tissue balancing of the ligaments, thereby 
affecting both the functionality and the durability 
of the system [5, 37, 38]. 

From a surgical point of view, surgical com-
partmental reconstruction (UKR, UKR + PFA, 
bi-UKR) is considerably less invasive than total 
replacement: the ligamentous apparatus remains 
undamaged, does not require the use of intramed-
ullary tools, and permits a three-dimensional cor-
rection of an arthritis deformity [15, 39]. Moreo-
ver, it preserves bone stock and, in case of failure, 
can be more easily revised with traditional total 
arthroplasty [40, 41]. 

In addition to these “surgical” advantages, 
there are also several practical ones, even for the 
patient [35, 36, 42, 43]: 

transfusion, even in the case of simultaneous 
bilateral implants.

than the size of the prosthesis [15, 16]. This pros-
thetic reconstruction, whether uni- or bi-com-
partmental, saves the two ligaments, which are 
the true fulcrum of joint biomechanics [17-19]. 
It involves the minimal removal of bone tissue 
from the tibia, femoral cartilage removal, spar-
ing of the central pivot, and a small skin incision 
without damaging the extensor apparatus. It is 
clear that this surgical solution offers a genuinely 
minimally invasive surgery of the knee. None-
theless, there are several considerations that are 
still matters of debate, including the indications, 
surgical technique and medium-term results [20-
24]. Yet, there is no doubt that with the most 
recent technological developments, the increas-
ingly precise surgical tools, computer assistance, 
and more convincing experience with unilateral 
knee replacement (UKR) [17, 20-22, 25, 26], 
positive, sometimes exciting, the short term re-
sults are possible [18, 27] and have led to very 
intense interest in this surgical approach to knee 
arthritis (Fig. 1.2). 

In fact, it represents a “historical return,” be-
cause the history of knee arthroplasty starts with 
uni- and bi-uni condylar procedures. However, 
inaccurate instrumentation, incorrect indications 
and, consequently, less success guided the choice 
to a total prosthesis, which was considered easi-
er to implant because it sacrificed everything to 
achieve a balanced design [5-7].

 It is important to know that the three com-
partments of the knee joint are anatomically 
different and that each has its own specific bio-
mechanics [31-34]. Thus, reconstructive knee 
surgery requires a vision of the joint that consid-
ers not only the anatomical structures but also 
the biomechanics as a whole, including muscle 
forces and ligament constraints. Thus, total knee 
replacement (TKR) is not a “biological” replace-
ment but instead creates a new “artificial” joint 
with new, albeit abnormal kinematics [31, 35, 
36]. Despite new and sophisticated prosthetic 
designs (gender-specific, one or two radius cur-
vatures, mobile-bearing, etc.), TKR sacrifices the 
cruciate ligaments, changes the anatomy of the 
compartments, and in the majority of cases in-
cludes medial and lateral condyles of the same 
size. In addition, it has been widely emphasized 

Fig. 1.2 Bicompartmental reconstruction: unicompart-
mental and patellofemoral computer-assisted arthroplasty 
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Bicompartmental Arthroplasty:  
Past, Present, and Future

Emmanuel Thienpont

2.1  Introduction

Bicompartmental osteoarthritis (OA) affects both 
the medial tibiofemoral and the patellofemoral 
compartment, in which case it is called medio-
patellofemoral (MPF) osteoarthritis [1]. Selec-
tive resurfacing of either the medial or the patel-
lofemoral compartment has been reported to be 
safe and efficient [2, 3]. It tends to be more con-
troversial if the arthritis is limited to two com-
partments of the knee and there is no significant 
deformity, excellent motion, and intact cruciate 
ligaments. These patients are thus candidates for 
bicompartmental resurfacing [4].

Bicompartmental knee arthroplasty (BKA) is 
a type of resurfacing surgery in which the me-
dial tibiofemoral and patellofemoral joints are 
both replaced but the lateral compartment of the 
native knee is conserved [5]. It is used to bridge 
the gap between unicompartmental knee arthro-
plasty (UKA) and total knee arthroplasty (TKA) 
[6]. High tibial osteotomy and/or tibial tubercle 
transposition, unicompartmental arthroplasty 
with neglect of the patellofemoral joint, if pain-
less, and total knee arthroplasty are well known 
alternatives to treat bicompartmental arthritis [7-
9]. In TKA, both the unaffected lateral compart-
ment and at least one or both cruciate ligaments 

are sacrificed, leading to altered biomechanics of 
the knee joint [1,10].

In BKA, the anterior and posterior cruci-
ate ligaments are preserved, yielding important 
advantages in terms of enhanced stability, de-
creased shear force at the implant-bone interface, 
more physiological tibiofemoral kinematics, and 
maintenance of proprioception [5]. Thus, not 
only the restoration of normal kinematics, but 
also the preservation of bone stock must be con-
sidered in resurfacing surgery  [6]. 

Today, BKA can be accomplished by two 
theoretically different femoral component de-
signs: (1) separate modular unlinked components 
individually positioned; (2) a single monolithic 
design with a fixed relationship between patello- 
and tibiofemoral components [5, 11, 12].

2.2  The Past

Orthopedic surgery has a tendency to evolve in 
cycles, reconsidering ideas from the past in a new 
light. This cyclical pattern is frequently driven by 
technological or material developments that be-
come available to solve long-standing problems. 
This is also the case in bicompartmental arthro-
plasty, performed ever since the origin of knee 
arthroplasty. Likewise, multi-compartmental ar-
throplasty with discrete components has a long 
history that begins with bi-unicompartmental 
implants [13, 14]. Indeed, the term bicompart-
mental arthroplasty was initially used to describe 
implants that replaced the tibiofemoral joint me-
dially and laterally, without addressing the patel-
lofemoral joint. Many of these designs were of 
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distinct patterns emerged from cluster analysis: 
MFC degeneration, posterior LFC degeneration 
also involving smaller lesions in the central PFG 
and the lateral aspect of the MFC; and PFG de-
generation accompanied by small lesions in the 
lateral aspect of the MFC [29]. A radiological 
study found 60% medial, 15% lateral, and 25% 
patellofemoral OA, similar to the pattern distri-
bution of 60% pattern b, 20% pattern c, and 20% 
pattern d [29, 30].

Arno et al. used the Weidow grading scale to 
visually assess cartilage integrity in the resected 
bones of 97 patients with varus TKA. They also 
reviewed the operative reports for possible con-
traindications to early intervention procedures. 
Healthy lateral compartment cartilage was found 
in 61% of the patients [31].

The Oxford group examined the patellofemo-
ral joints (PFJ) of 824 knees of 793 patients un-
dergoing medial UKA for OA. Full-thickness 
cartilage loss on the trochlear surface was ob-
served in 13%, on the medial facet of the patella 
in 9%, and on the lateral facet in 4% of the knees. 
Full-thickness cartilage loss at any location was 
found in 16% of the knees. The authors conclud-
ed that OA of the medial facet of the PFJ is not a 
contraindication to UKA, but they recommended 
greater caution in case of lateral patellofemoral 
degeneration [32, 33]. This finding was recently 
confirmed by Munk et al., who reported inferior 
results in a group of patients undergoing unicom-
partmental arthroplasty, with lateral subluxation 
of the patella [34]. In particular, flexion contrac-
ture and varus deformity of the knee with later-
alization of the patella are aggravating factors for 
patellofemoral symptoms in medial OA of the 
knee [35].

The radiological prevalence of patellofemoral 
OA was studied by Davies et al. Patellofemoral 
arthritis  was present in about one-third of sub-
jects after 60 years. An isolated lateral radiograph 
was poor for the detection of patellofemoral OA, 
with a sensitivity of only 66%. Instead, proper as-
sessment requires a skyline view [30]. Chang et 
al. found that patellar translation and obliteration 
of the joint space were associated with anterior 
knee pain and that translation was significantly 
associated with difficulty in rising from a chair 

the hinged or spacer type but in many cases were 
associated with early failure in rheumatoid pa-
tients [15-17].

Within this same concept of native tissue ap-
preciation, the importance of conserving both the 
anterior and posterior cruciate ligaments in TKA, 
to prevent posteromedial wear, has been incorpo-
rated in total condylar designs [18, 19]. Patients 
who were recently asked which implant they pre-
ferred still chose an ACL-PCL conserving design 
as their preferred knee [20]. Excellent results 
have been published regarding modern type de-
signs of unicompartmental arthroplasty in a bi-
uni setting, often navigation-assisted [21-24].

2.3  The Present

Knee OA typically affects joints in a non-uniform 
manner, with the medial compartment of the knee 
most frequently affected in both men and women 
[11, 25]. The three most common areas of knee 
OA distribution are medial compartment, patel-
lofemoral compartment, and medial/patellofem-
oral compartment overlap [26]. 

Cadaveric and radiographic studies of normal 
age-associated wear of the knee cartilage indicat-
ed that structural changes typically progress from 
the medial condyle to the patellofemoral com-
partment [27, 28]. Four main patterns (a–d) of 
cartilage lesions in knee osteoarthritis were iden-
tified by Bae et al., with the lesion size varying 
from small to large in distinct regions. Pattern a 
consists of relatively small lesions (area of 2–3% 
in each region) and is the most abundant pattern 
(prevalence of 58%). Three sub-patterns were 
also described: (a1) ‘mixed small’ with small le-
sions (area of 1%) in all locations, (a2) medial 
femoral condyle (MFC) small (area of 6–7%), 
and (a3) patellofemoral groove (PFG) small. Pat-
tern b has a predominant lesion (23% area) in the 
MFC and smaller (< 3% area) lesions elsewhere 
(prevalence 23%). Pattern c involves predomi-
nant lesions in the lateral femoral condyle (area 
of 19%), MFC (area of 10%), and PFG (area of 
5%). In pattern d the predominant lesion is in the 
PFG  (area of 15%), with smaller lesions in the 
MFC (area of 6%) and LFC (area of 2%). Three 
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the better feeling of stability conferred by these 
prostheses. In addition, the ACL-PCL prostheses 
may provide superior proprioception and greater 
leverage for the extensor mechanism by prevent-
ing anterior slide and shortening of the quadriceps 
lever/arm  [10, 20]. Other arguments for kinemat-
ic preservation can be found in the literature [4]. 
In vivo studies have shown that relatively normal 
kinematics of the knee are not achieved by re-
tention of the PCL alone because posterior femo-
ral rollback in flexion did not occur in the knees 
studied or, if it did, it was erratic [41]. Another in 
vivo study showed that preservation of both cru-
ciates was the only way to eliminate paradoxical 
anterior translation following TKA during deep 
knee bends [42]. According to Komistek et al., 
preservation of the ACL and PCL restored nor-
mal axial rotation during normal walking [43]. 
In vivo kinematics have demonstrated that pre-
serving both cruciate ligaments in bi-unicondylar 
knee arthroplasty maintains several of the basic 
features of normal knee kinematics and stability, 
comparable to the native knee [44, 45].

In gait studies, the knees in which both cru-
ciate ligaments were retained were the only 
ones that had normal flexion when the patients 
ascended and descended stairs [46]. Wang et al. 
analyzed gait kinematics in BKA patients 1 year 
postoperatively. Less isokinetic knee extensor 
strength was observed than in the normal limb 
from the control group. There was no difference 
in knee extensor moment at push-off among the 
BKA versus the control limbs; however, the max-
imum knee extensor strength of the BKA limb 
was still less than the control. No differences in 
peak knee adduction angle and moment were 
observed between BKA and controls, suggest-
ing that BKA had resulted in good frontal plane 
knee mechanics during walking. Finally, level 
walking was well performed by the BKA group, 
with similar walking speed and similar joint and 
gait kinematics between BKA and non-involved 
limbs [25].

Wunschel et al. analyzed kinematics after dif-
ferent types of arthroplasty. Only slight internal 
rotation was observed during flexion in TKA. 
The importance of ACL integrity in BKA was 
evidenced by the fact that there was no differ-

[36]. This is in contrast with osteophyte forma-
tion, which should not necessarily influence 
function or be associated with symptoms [37].

In 2009, a nationwide anonymous survey was 
performed in Germany regarding the indications 
of unicompartmental arthroplasty: 43.4% of re-
sponders felt that bicompartmental arthroplasty 
is an option in case of additional affection of the 
PFJ [38].

Despite the many new and sometimes differ-
ent knee designs on the market and the never end-
ing efforts of surgeons to implant these devices 
as functionally as possible, TKA results are cer-
tainly not as perfect as we would wish. Patients 
with TKA still experience substantial functional 
impairment compared with their age- and gender-
matched peers, especially with respect to biome-
chanically demanding activities. In fact, 52% of 
the patients who had TKAs reported some degree 
of limitation in performing functional activities 
[39]. Bourne et al. published a study of 1703 pri-
mary total knee patients, in which 1 in 5 TKA 
patients were dissatisfied with the outcome [40]. 
Thus, especially younger, more active, high-
demand patients may be eligible for this type of 
resurfacing surgery. It should be considered also 
as an option in a patient with a well-functioning 
unicompartmental arthroplasty who develops ar-
thritis in another compartment [4].

Smaller implants can be considered as true 
minimally invasive surgery because these proce-
dures are tissue-sparing knee surgery, an impor-
tant aspect in this younger patient population. The 
ultimate goals of true minimally invasive surgery 
are: (1) the avoidance of fat embolism; (2) the use 
of smaller incisions; (3) a faster and less painful 
rehabilitation; (4) a reduced hospital stay with a 
fast return to the normal activities of daily living; 
(5) an improved range of motion; (6) a reduced 
need for analgesics; and (7) to obtain a durable, 
well-aligned, highly functional implant [23].

2.4   Kinematics and Proprioceptive 
Function

Patient preference for ACL-PCL conserving 
TKAs as the preferred implant probably reflects 



8 E. Thienpont

1 mm relative to the articular cartilage. Implant 
edge prominence can result from technical errors 
or implant design flaws [56].

Banks et al. examined the morphology of the 
reconstructed CT scans of 117 knees and found 
that the anteroposterior (AP) and proximodis-
tal (PD) relationships between the condylar and 
trochlear arc centers were highly variable. There 
was no significant correlation between the AP fe-
mur size and the AP distance from the condylar 
to the patellofemoral (PF) arc centers or between 
the mediolateral (ML) femur size and the AP dis-
tance from the condylar to the PF arc centers. The 
standard errors for these regressions were at least 
4.5 mm. There were statistically significant rela-
tionships between the AP and ML femur size and 
the PD distance from the condylar to the PF arc 
centers, but the standard errors were also at least 
4 mm. These data show that the geometric rela-
tionship between the femoral condyles and patel-
lar trochlea is highly variable and that modular 
components are probably the better choice [57].

2.5  Functional Results

Clinical arguments for tissue-sparing surgery 
come from the superior functional performance of 
patients with UKA compared to those treated with 
TKA [58, 59]. UKA patients were also reported to 
have better functional outcomes and an increased 
likelihood of returning to normal functional activ-
ity [3]. Patients undergoing UKA are also more 
likely to return to low-impact sports [60]. Patients 
with bilateral TKAs preferred retention of both 
their cruciate ligaments over both postero-stabi-
lized and PCL-retaining designs [10, 20].

For modular BKA designs, Argenson et al. 
reported on a series of 183 patellofemoral arthro-
plasties (PFA), 104 of which were performed in 
conjunction with UKA between 1972 and 1990. 
Outcomes were satisfactory in 84% of the overall 
results but the subset of patients who underwent 
PFA-UKA was not distinguished in the overall 
clinical results [61].

Cartier et al. reported on a series of 72 PFAs, 
36 of which were performed in conjunction with 
UKA (30 medial, 6 lateral). Although 85% of the 

ence in tibial rotation, leading to the assumption 
that the ACL does influence tibial rotation during 
simulated weight-bearing flexion. However, sig-
nificant anterior movement of the tibia occurred 
when the ACL was sectioned, due to the flat tibial 
plateau in BKA, which is not able to compen-
sate for the missing ACL [5]. Better functional 
results have been ascribed to the preservation of 
the ACL and its mechanoreceptors [47]. Patients 
with TKA have worse proprioceptive results than 
normal age-matched controls [48-50] but better 
proprioceptive abilities than age-matched OA 
controls [51].

Laidlaw et al. found better roll back on lateral 
radiographs in patients with bicompartmental ar-
throplasty compared to those with a PCL-retain-
ing implant [52].

Use of a monolithic femoral component for 
trochlear-MFC resurfacing has several challeng-
es. The varus-valgus alignment of the component 
is determined by the apposition of the lateral 
transitional edge of the trochlear component with 
the lateral femoral condyle. The location of the 
transition zone is based on the rotational orienta-
tion of the cutting block, the depth of the femoral 
cut, and the valgus orientation of the distal femo-
ral cut [4, 53]. Rotational alignment is based on 
Whiteside’s line. The depth of the distal femoral 
resection is set to 9 mm [53]. Given the variabil-
ity in coronal alignment and the morphology of 
the distal femur, there will be concomitant vari-
ability in the alignment of the implant needed to 
ensure that the lateral edge of the trochlear pros-
thesis is flush with the lateral femoral condyle 
[54]. The positioning of this component remains 
challenging, since even with the use of patient-
specific instruments (PSI) rotational malalign-
ment occurred in 20% of the cases [55].

In modular bicompartmental resurfacing, the 
size of the gap between the transitional edge of 
the trochlear component and the proximal edge 
of the femoral component of the UKA may vary. 
The distance may be as short as 1 mm or as long 
as 15 mm, depending on the shape and size of the 
distal femur. Problems with the transitional gap 
have not occurred with independent resurfacing, 
provided that the implants are appropriately posi-
tioned, i.e., flush with or recessed approximately 
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to 120° (range, 110–135°) at latest follow-up. 
The mean pain score improved from 8.7 (range, 
5–10) to 4.0 (range, 0–8) postoperatively. Only 
19% of the patient’s knees were painless after 
Deuce BKA. Sixteen patients (44%) stated that 
they were completely satisfied with the surgery, 
whereas 9 (25%) rated their satisfaction as par-
tial and 11 (31%) stated that they were unsatis-
fied with the procedure. Nineteen patients (53%) 
stated they would not repeat the surgery [54].

Morrison et al. compared functional scores be-
tween 21 BKA Journey-Deuce knees and 33 TKA 
knees. At 3 months postoperatively, both cohorts 
achieved significant improvements over baseline 
SF-12 physical and WOMAC pain and physi-
cal function scores. The BKA cohort was able to 
achieve a significant improvement in WOMAC 
stiffness at 3 months whereas in the TKA cohort 
this was not the case until 1 year postoperatively. 
The TKA cohort had a significant improvement 
in SF-12 mental status at 3 months, whereas for 
the BKA cohort this was not achieved even by the 
2-year follow-up end point. When both cohorts 
were compared at follow-up, the BKA cohort had 
significantly better WOMAC pain and physical 
function scores at 3 months. There was no signifi-
cant difference in SF-12 or WOMAC subscores 
between cohorts at 1 or 2 years postoperatively. 
The postoperative ROM was the same in both co-
horts despite a lower preoperative flexion in the 
TKA cohort. Thus, according to these findings, 
although both BKA and TKA result in less pain 
and improved physical function in the early post-
operative period, BKA does so to a greater extent. 
These advantages over TKA do not persist past 1 
year postoperatively; and when adjusting for age, 
sex, BMI, and baseline status, the early postop-
erative advantages offered by BKA are minimal. 
In the early postoperative period, patients experi-
enced a more rapid and drastic reduction in stiff-
ness after BKA [63].

2.6  Radiological Results

Restoration of the mechanical axis to the center 
of the tibial plateau is reportedly achieved in 95% 
of BKA procedures [64].

overall results were good or excellent, the data 
did not specifically address the group that under-
went bicompartmental arthroplasty [62].

Paratte et al. published improved Knee Soci-
ety (KS) knee and function scores ranging from 
42 ± 8 (range, 17–59) to 88 ± 2 (range, 58–100) 
and from 35  ± 9 (range, 10–57) to 79  ± 15 
(range, 58–100) at a minimum follow-up of 5 
years (mean, 12 years; range, 5–23 years). Mean 
active flexion improved from 118° ± 9° (range, 
100–150°) preoperatively to 134° ± 6° (range, 
120–153°) at final follow-up [6].

In patients who underwent modular BKA per-
formed by the method of Cartier, Heyse et al. de-
termined an improvement of the KS score from a 
preoperative 68.8 ± 26.2 to 175.5 ± 22.9 at an av-
erage follow-up of 11.8 ± 5.4 years (range, 4–17 
years). The function score increased from 30.0 ± 
8.9 to 82.8 ± 17.5. Other results were: WOMAC 
18.3 ± 8.6, average pain score 3.2 ± 4.1, stiffness 
score 2.4 ± 2.6. Range of motion (ROM) im-
proved from 107 ± 12.1° to 121.1° ± 14.3°. With-
in the clinical review and evaluation, none of the 
patients reported instability with walking. Three 
patients suffered from light pain when rising from 
a seated position. No patient described swelling 
of the operated joint. Only one patient reported 
occasional pain of the patella. Six patients had 
difficulties with squatting and kneeling [1].

Finally, Lonner et al. examined a series of 12 
consecutive modular bicompartmental arthro-
plasties implanted with robotic arm assistance. 
The mean knee ROM significantly improved 
from 100° of flexion preoperatively to a mean 
of 126° of flexion. Improvements in WOMAC 
scores and KS scores were also statistically sig-
nificant [4].

For the monolithic femoral components, 
less convincing clinical results were obtained. 
Palumbo et al. reported a mean functional KS of 
65.4 (range, 30–100). Excellent results (80–100 
points) were achieved in 11 out of 36 (31%) 
knees; 6 (17%) had a good result (70–79), 5 
(14%) had a fair result (60–69), and 14 (39%) had 
a poor result. The mean WOMAC score was 75.8 
(range, 50–97) which is a poor result compared 
to historical TKA WOMAC scores. The mean 
ROM improved from 113° (range, 87–130°) 
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plasty [54]. Morrison et al. reported one manipu-
lation under anesthesia and two patellar problems 
(one subluxation and one inferior patellar frac-
ture). They concluded that patients undergoing 
BKA are more likely to suffer early complica-
tions, especially persistent pain requiring revi-
sion arthroplasty. The overall complication rate 
was 28.6% compared to 6.1% in the TKA cohort 
(p = 0.045; odds ratio, 6.2). These revisions may 
have been related to poor patient selection, ac-
cording to the authors [63].

Heyse et al. reported two knees manipulated 
within 3 weeks postoperatively, due to stiffness. 
It was unclear to the authors whether this was re-
lated to the type of implant used [1].

2.8  Revision 

Bicompartmental arthroplasty can be consid-
ered a bone-stock-sparing procedure. The total 
amount of bone removed on the femur and the 
tibia using a standard TKA implant is 3.5 times 
greater than the amount removed using a bicom-
partmental onlay implant and 4 times greater than 
the amount removed when using an inlay implant 
(data on file at MAKO). In all the published pa-
pers on BKA revision, primary TKA was used to 
revise the failed BKAs [6, 54, 63].

For combined femoral components, Heyse et 
al. reported no surgical revisions after an average 
follow-up of 11.8 ± 5.4 (4–17) years in a group of 
patients with an average age of 64 ± 5 years [1].

Paratte et al. published the results of their 
BKA revisions: 27 out of 28 knees were revised 
for aseptic loosening. In 20 knees there was iso-
lated loosening of the patellofemoral implant (15 
uncemented and 5 cemented) while seven knees 
had loosening of the tibial plateau related to poly-
ethylene wear. The relatively high revision rate in 
the medial UKA/PFA group could be explained 
by the use of early-generation implants. The au-
thors concluded that improved results may be ob-
tained with enhanced instrumentation and tech-
niques, better polyethylene, and contemporary 
designs. In this group, 20 of the 27 failures were 
related to aseptic loosening of an uncemented pa-
tellofemoral implant. Bone stock was preserved 

Palumbo et al. observed no lucencies of the 
patellar or femoral component in any of their 
Deuce cases. Progressive radiolucencies at the 
tibial bone-cement interface were seen in 22 
(61%) knees. Seventeen (47%) tibial trays showed 
grade I radiolucencies, and 5 (14%) demonstrated 
grade II. The incidence and location of lucencies 
were consistent with those in previous reports of 
unicompartmental devices. It was thus not clear 
whether they represented component loosening. 
The authors postulated that the increased tibial 
baseplate bone–cement interface strain led to 
micromotion, resulting in instability of the fibro-
cartilaginous zone and subsequently to a high in-
cidence of knee pain, poor clinical outcome, and 
even a fractured tibial baseplate [54].

In the group of Heyse et al., two patients de-
veloped radiolucent lines at the tibial component 
(< 1 mm) that were not progressive with time. 
There was one osteolysis around the tibial fixa-
tion screw in an uncemented component of a 
male active and sportive patient. Radiolucent 
lines at the femoral component were found in 
one patient. Two patella onlays showed radiolu-
cent lines, and one patient had polyethylene wear 
on the lateral side. Five tibial polyethylene inlays 
showed signs of wear [1].

Paratte et al. found 25 knees (15.5%) with 
radiolucencies (< 1 mm) at the tibial bone–ce-
ment interface without any sign of progression 
after 5 years of follow-up. No femoral lucencies 
were observed.  The mean AP axis of the tibial 
component was ± 89° ± 3° (range, 85–90°) on the 
medial side. Mean tibial slope was 3° ± 4° (range, 
0–8°). The mean femoral AP axis was 92° ± 7° 
(range, 86–94°) [6].

Lonner et al. found no evidence of loosening, 
polyethylene wear, or progressive lateral com-
partment degenerative arthritis in a group of 12 
robotics-assisted bicompartmental arthroplasties 
at short-term follow-up [4].

2.7  Complications

Patients with monolithic femoral components are 
more likely to suffer early complications, specifi-
cally, persistent pain requiring revision arthro-
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According to Paratte, isolated asymptomatic 
disease progression in the lateral compartment 
occurred in 6 out of 77 knees, with 17 years fol-
low-up. This low rate of OA progression is relat-
ed to proper preoperative screening. Quantitative 
evaluation of the cartilage status using modern 
dedicated tools such as T2 mapping may be help-
ful in optimizing patient selection [6]. Heyse et 
al. published the results of nine knees, five of 
which showed degenerative changes in the lateral 
tibiofemoral compartment. As categorized with 
the Kellgren score (0-4), two knees were Kell-
gren 1, two were Kellgren 2, and one was Kell-
gren 4. However this did not lead to complaints 
and none of the patients required therapy at the 
time the report was published [1]. Lonner et al. 
found no lateral compartment degeneration at 
short term follow-up [4].

2.10  Survivorship

Maintaining the anterior cruciate ligament in bi- 
and tricompartmental knee arthroplasty may be 
advantageous in terms of survivorship [18, 70]. 
Bicompartmental arthroplasty demonstrated a 
durability of 54% (95% confidence interval, 
0.47-0.61),  with a 17-year survival to revision, 
radiographic loosening, or disease progression 
[6]. The authors concluded that the results were 
inferior to TKA but determined several risk fac-
tors for these results, such as implant design, pa-
tient selection, absent instrumentation and com-
ponent malalignment [6]. 

Heyse et al. published an average follow-up 
after BKA of 11.8 ± 5.4 (4–17) years on nine 
knees in eight females and 1 male with 100% 
survivorship of the implants. The average age at 
index operation was 64 ± 5 years [1].

Confalonieri et al. reported briefly on 12 cases 
of BKA in which a computer-assisted technique 
was used; there was no case of failure at 2 years 
follow-up [23].

Morrison et al. observed a near significant 
trend of an increased rate of  revision arthroplasty 
(p = 0.054) at 2 years follow-up for a monolithic 
femoral component [63].

and revision was considered easier than a revision 
performed after TKA. All revisions were done 
with conventional  postero-stabilized TKA [6].

Palumbo et al. converted 5 (14%) of their 36 
Journey-Deuce knees to TKA due to persistent 
pain at the anterior medial aspect of the proxi-
mal tibia. The mean time to conversion was 19 
months (range, 15–26 months). All revisions 
were performed using primary, cemented TKA 
components. Intra-operatively, all tibial base-
plates were grossly loose and easily explanted. In 
one patient, the baseplate was found to be frac-
tured transversely through its center, between the 
two pegs [54].

Morrison et al. revised three of their 21 Jour-
ney-Deuce BKA to TKA due to persistent pain 
after 1 year postoperatively and found a nearly 
significant trend of an increased revision rate (p 
= 0.054) at 2 years of follow-up [63].

2.9   Disease Progression of the 
Third Compartment

One mechanism of long-term failure after uni-
compartmental resurfacing is the development 
or progression of arthritis in the non resurfaced 
compartment.

Khan et al. found that 7% (2/30) of the pa-
tients with UKA developed patellofemoral arthri-
tis within 10 years. In the series of Berger et al., 
patellofemoral arthritis developed in 1.6% of the 
treated knees within 10 years and 10% within 15 
years [65]. 

Cartier et al. found that 10% (8/79) of PFA pa-
tients developed tibiofemoral arthritis at a mean 
follow-up of 10 years [66]. Nicol et al. reported a 
12% revision rate to TKA of 103 PFAs for symp-
tomatic tibiofemoral arthritis after a mean of 55 
months (range, 14–95 months) [67]. Kooijman et 
al. noted that 21% (12/56) of PFAs required addi-
tional surgery to address progressive tibiofemoral 
arthritis at a mean of 15.6 years (range, 10–21 
years) [68]. Argenson et al. reported that 25% of 
PFAs were revised to TKA at a mean of 7.3 years 
(range, 1–12 years) because of progressive and 
painful tibiofemoral arthritis [69].
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disease, TKA planning for PSI-assisted surgery 
can be performed without the need for new im-
aging.

Patient-matched implants have been used by 
ConforMIS based on the same technology. Mag-
netic resonance imaging is used to analyze the 
anatomy of the individual patient and to design 
PSI and implants. The advantage of this system 
is clearly the patient-tailored anatomical recon-
struction of the individual joint surfaces [78].

Finally, robotics have been introduced with 
great success in optimizing selective resurfacing 
of the knee. Current robotic systems can be clas-
sified as autonomous (RoboDoc, Sacramento, 
CA) , teleoperated (da Vinci, Intuitive Surgical, 
Sunnyvale, CA) or haptic-surgeon-guided (Ac-
robot Sculptor by Acrobot, London, UK, and 
MAKO TGS System, MAKO Surgical, Fort Lau-
derdale, FL). 

In surgeon-guided systems, the surgeon pro-
vides the power needed for instrument motion 
while the robot constrains the position and/or 
orientation of the instrument within a given ana-
tomically registered volume. The surgeon-guided 
robotic system provides virtual cutting guides 
for bone removal with either a saw or burr. This 
capability enables accurately sculpted, patient-
specific, free-form bone resection in which less 
bone is removed than in traditional piecewise 
resections with a saw and cutting jigs [79-81]. 
Haptic robotics consist of a systems approach to 
the design of a minimally invasive modular knee 
arthroplasty. The classic designs of implants can 
be abandoned, making them more anatomical 
and bone sparing [82]. 

2.12  Conclusions

Bicompartmental arthroplasty with modular 
components is a valid treatment option for me-
dio-patellofemoral OA in appropriately selected 
patients with limited deformity, intact cruciate 
ligaments, and a good ROM. Good functional re-
sults and better biomechanics are obtained, with 
low rates of revision or disease progression. Thus  
far, the long-term results suggest the need for 
caution but in these early adaptations this was 

2.11 The Future

The underlying principles of soft-tissue-sparing 
surgery and the retention of native structures are 
appealing to many surgeons. The dilemma is of-
ten how to evaluate the remaining compartment 
to avoid early cartilage degeneration leading to 
implant failure and the risk of a more complex 
surgery to link individual components in the cor-
rect position.

In the future, available technology will help 
surgeons to assess the patient indications and to 
properly execute the procedure. Some of these 
new technologies are already available but are 
sure to undergo modifications once they are used 
by mainstream orthopedic surgeon and not only 
in excellence centers.

Computer navigation is now a daily practice 
tool for many knee surgeons. Its pros and cons 
have been extensively discussed in recent years, 
as has its value for the implantation of combined 
bi-unicompartmental arthroplasties [21, 24], 
Moreover, navigation systems can be used preop-
eratively to analyze the alignment and soft-tissue 
aspects of the knee as well as the stability of the 
joint, guiding the surgeon in making frontal and 
sagittal incisions [71-73]. Nonetheless, the abso-
lute value of navigation for rotational alignment 
has not been proven yet [74].

For several years now, PSI for TKA have 
been in use [75-77]. Recently, several devices 
have been developed for unicompartmental re-
surfacing. The excellent control of frontal and 
sagittal alignment and the greater safety ensured 
while making the bone cuts substantially add to 
the value of this system. As an extra feature, T2 
cartilage mapping of the entire joint is available, 
allowing the surgeon during surgical planning to 
evaluate the cartilage thickness in each compart-
ment. Typically, an anteromedial wear pattern is 
observed in which cartilage is absent on both the 
tibial and femoral surfaces but especially in the 
anterior zones. A shift of the wear pattern more 
posteriorly is suggestive of an ACL deficiency. 
Both the patellofemoral joint and the lateral side 
can be evaluated; if greater lateral wear of the 
patella is observed then bicompartmental arthro-
plasty is appropriate. In case of tricompartmental 
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compartmental and bicompartmental arthroplasty of 
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knee prosthesis. J R Coll Surg Edinb 35: 56-60
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arthroplasty with retention of both cruciate ligaments. 
A nine to eleven-year follow-up study. J Bone Joint 
Surg Am 81:697-702

19. Lewis P, Rorabeck CH, Bourne RB, Devane P (1994) 
Posteromedial tibial polyethylene failure in total knee 
replacements. Clin Orthop 299:11-17

20. Pritchett JW (2011) Patients prefer a bicruciate-
retaining or the medial pivot total knee prosthesis. J 
Arthroplasty 26:224-228

21. Confalonieri N, Manzotti A (2005) Mini-invasive 
computer-assisted bi-unicompartmental knee replace-
ment. Int J Med Robot 1:45-50

22. Confalonieri N, Manzotti A, Pullen C (2007) Navi-
gated shorter incision or smaller implant in knee ar-
thritis? Clin Orthop Relat Res 463:63-67

23. Confalonieri N, Manzotti A, Montironi F, Pullen C (2008) 
Tissue sparing surgery in knee reconstruction: uni-
compartmental (UKA), patellofemoral (PFA), UKA+ 
PFA, bi-unicompartmental (Bi-UKA) arthroplasties. J 
Of Orthopaedics and Traumatology 9:171-177

24. Confalonieri N, Manzotti A, Cerveri P, De Momi E 
(2009) Bi-unicompartmental versus total knee arthro-
plasty: a matched paired study with early clinical re-
sults. Arch Orthop Trauma Surg 129:1157-1163

25. Wang H, Dungan E, Frame J, Rolston L. (2009) Gait 
analysis after bicompartmental knee replacement. 
Clin Biomech 24:751-754

26. McAlindon TE, Cooper C, Kirwan JR, Dieppe PA 
(1992) Knee pain and disability in the community. Br 
J Rheumatol 31:189-192

27. Miller R, Kettelkamp DB, Laubenthal KN, Karagior-
gos A, Smidt GL (1973) Quantitative correlations in 
degenerative arthritis of the knee. J Bone Joint Surg 
Am 55:956-962

28. Temple MM, Bae WC, Chen MQ (2007) Age-and 
site-associated biomechanical weakening of human 
articular cartilage of the femoral condyle. Osteoar-
thritis Cartilage 15:1042-1052 

29. Bae WC, Payanal MM, Chen AC, Hsieh-Bonassera 
ND, Ballard BL, Lotz MK, Coutts RD, Bugbee WD, 
Sah RL (2010) Topographic patterns of cartilage le-
sions in knee osteoarthritis. Cartilage 1:10-19

30. Davies AP, Vince AS, Shepstone L, Donell ST, Glas-
gow MM (2002) The radiologic prevalence of pa-
tellofemoral osteoarthritis. Clin Orthop Relat Res 
402:206-212

probably related to instrumentation and tribol-
ogy issues. Newer implant designs and improved 
instrumentation should ameliorate these results. 
The upcoming generation of surgical tools will 
improve the positioning of the individual com-
ponents, making an anatomical reconstruction of 
the joint possible for most knee surgeons practic-
ing today.

References

 1. Heyse T, Khefacha A, Cartier P (2010) UKA in com-
bination with PFR at average 12-year follow-up. Arch 
Orthop Trauma Surg 130:1227-1230

 2.  Lustig S, Magnussen RA, Dahm DL, Parker D (2012) 
Patellofemoral arthroplasty, where are we today? 
Knee Surg Sports Traumatol Arthrosc Epub Mar 10

 3. Saccomanni B (2010) Unicompartmental knee arthro-
plasty: a review of literature. Clin Rheumatol 29:339-
346

 4. Lonner J (2009) Modular bicompartmental knee ar-
throplasty with robotic arm assistance. Am J Orthop 
(Belle Mead NJ) 38:28-31

 5. Wünschel M, Lo J, Dilger T, Wülker N, Müller O 
(2011) Influence of bi-and tri-compartmental knee 
arthroplasty on the kinematics of the knee joint. BMC 
Musculoskeletal Disorders 12:29-35

 6. Paratte S, Pauly V, Aubaniac JM, Argenson JN (2010) 
Survival of bicompartmental knee arthroplasty at 5 to 
23 years. Clin Orthop Relat Res 468:64-72

 7. Carr AJ, Robertsson O, Graves S, Price AJ, Arden 
NK, Judge A, Beard DJ (2012) Knee replacement. 
Lancet 379:1331-1340

 8. Deschamps G, Chol C (2011) Fixed-bearing uni-
compartmental knee arthroplasty. Patients’ selection 
and operative technique. Orthop Traumatol Surg Res 
97:648-661

 9. Gomoll AH (2011) High tibial osteotomy for the 
treatment of unicompartmental knee osteoarthritis: 
a review of the literature, indications, and technique. 
Phys Sportsmed 39:45-54

10. Pritchett JW (2004) Patient preferences in knee pros-
theses. J Bone Joint Surg Br 86:979-982

11. Rolston L, Bresch J, Engh G, Franz A, Kreuzer S, 
Nadaud M, Puri L, Wood D (2007) Bicompartmental 
knee arthroplasty: a bone-sparing, ligament-sparing, 
and minimally invasive alternative for active patients. 
Orthopedics 30:70-73

12. Zanasi S (2011) Innovations in total knee replace-
ment: new trends in operative treatment and changes 
in peri-operative management. Eur Orthop Traumatol 
2:21-31

13. Laskin RS. (1976) Modular total knee-replacement 
arthroplasty. A review of eighty-nine patients. J Bone 
Joint Surg Am 58:766-773

14. Stockley I, Douglas DL, Elson RA (1990) Bicondylar 



14 E. Thienpont

44. Banks SA, Fregly BJ, Boniforti F, Reinschmidt C, 
Romagnoli S (2005) Comparing in vivo kinematics of 
unicondylar and bi-unicondylar knee replacements. 
Knee Surg Sports Traumatol Arthrosc 13:551-556

45. Lo J, Müller O, Dilger T, Wülker N, Wünschel M 
(2011) Translational and rotational knee joint stabil-
ity in anterior and posterior cruciate-retaining knee 
arthroplasty Knee 18:491-495

46. Andriacchi TP, Galante JO, Fermier RW (1982) 
The influence of total knee-replacement design on 
walking and stair-climbing. J Bone Joint Surg Am 
64:1328-1335

47. Hogervorst T, Brand RA (1998) Mechanoreceptors in 
joint function. J Bone Joint Surg Am 80:1365-1378

48. Barrack RL, Skinner HB, Cook SD, Haddad RJ Jr  
(1983) Effect of articular disease and total knee ar-
throplasty on knee joint-position sense. J Neurophys-
iol 50:684-687

49. Fuchs S, Thorwesten L, Niewerth S (1999) Proprio-
ceptive function in knees with and without total knee 
arthroplasty. Am J Phys Med Rehabil 78:39-45

50. Skinner HB, Barrack RL, Cook SD, Haddad RJ Jr 
(1984) Joint position sense in total knee arthroplasty. 
J Orthop Res 1:276-283

51. Barrett DS, Cobb AG, Bentley G (1991) Joint propri-
oception in normal, osteoarthritic and replaced knees. 
J Bone Joint Surg Br 73:53-56

52. Laidlaw MS, Rolston LR, Bozic KJ, Ries MD (2010) 
Assessment of tibiofemoral position in total knee ar-
throplasty using the active flexion lateral radiograph. 
Knee 17:38-42

53. Engh G (2007) A bi-compartmental solution: what 
the Deuce? Orthopedics  30:770

54. Palumbo BT, Henderson ER, Edwards PK, Burris RB, 
Gutierrez S, Raterman SJ (2011) Initial experience of 
the Journey-Deuce bicompartmental knee prosthesis. 
J Arthroplasty 26:40-45

55. Tibesku CO, Innocenti B, Wong P, Salehi A, Labey 
L (2011) Can CT-based patient-matched instrumenta-
tion achieve consistent rotational alignment in knee 
arthroplasty? Archives of Orthopaedic and Trauma 
Surgery 132:171-177 

56. Lonner JH (2008) Patellofemoral arthroplasty: the 
impact of design on outcomes. Orthop Clin North Am 
39:347-354

57. Banks SA, Abbasi A, Van Vorhis RL, Chen R, Otto 
J, Conditt MA (2010) Morphology of the distal fe-
mur for bicompartmental arthroplasty. AAOS Annual 
Meeting Podium Presentation, New Orleans, USA

58. McAllister CM (2008) The role of unicompartmental 
knee arthroplasy versus total knee arthroplasty in pro-
viding maximal performance and satisfaction J Knee 
Surg 21:286-292

59. Willis-Owen C, Brust K, Alsop H, Miraldo M, Cobb 
JP (2009) Unicondylar knee arthroplasty in the  
UK National Health Service: An analysis of candi-
dacy, outcome and cost efficiency. The Knee 16:473-
478

60. Hopper G, Leach W (2008) Participation in sporting 
activities following knee replacement: total versus 

31. Arno S, Maffei D, Walker PS, Schwarzkopf R, Desai 
P, Steiner GC (2011) Retrospective analysis of total 
knee arthroplasty cases for visual, histological, and 
clinical eligibility of unicompartmental arthroplas-
ties. J Arthroplasty 26:1396-1403

32. Beard DJ, Pandit H, Gill HS, Hollinghurst D, Dodd 
CA, Murray DW (2007) The influence of the presence 
and severity of pre-existing patellofemoral degenera-
tive changes on the outcome of the Oxford medial 
unicompartimental knee replacement. J Bone Joint 
Surg 89:1597-1601

33. Beard DJ, Pandit H, Ostlere S, Jenkins C, Dodd CA, 
Murray DW (2007) Pre-operative clinical and radio-
logical assessment of the patellofemoral joint in uni-
compartmental knee replacement and its influence on 
outcome. J Bone Joint Surg 89:1602-1607

34. Munk S, Odgaard A, Madsen F, Dalsgaard J, Jorn LP, 
Langhoff O, Jepsen CF, Hansen TB (2011) Preopera-
tive lateral subluxation of the patella is a predictor of 
poor early outcome of Oxford III medial unicompart-
mental knee arthroplasty. Acta Orthop 82:582-588

35. Inaba Y, Numazaki S, Koshino T, Saito T (2003) Pro-
voked anterior knee pain in medial osteoarthritis of 
the knee. Knee 10:351-355

36. Chang CB, Han I, Kim SJ, Seong SC, Kim TK (2007) 
Association between radiological findings and symp-
toms at the patellofemoral joint in advanced knee os-
teoarthritis. J Bone Joint Surg Br 89:1324-1328

37. Han I, Chang CB, Choi JA, Kang YG, Seong SC, Kim 
TK (2007) Is the degree of osteophyte formation as-
sociated with the symptoms and functions in the pa-
tellofemoral joint in patients undergoing total knee 
arthroplasty? Knee Surg Sports Traumatol Arthrosc 
15:372-377

38. Köck FX, Weingärtner D, Beckmann J, Anders S, 
Schaumburger J, Grifka J, Lüring C (2011) Operative 
treatment of the unicompartmental knee arthritis-re-
sults of a nationwide survey in 2008. Z Orthop Unfall 
149:153-159

39. Noble PC, Conditt MA, Cook KF, Mathis KB (2010) 
The John Insall Award: Patient expectations affect 
satisfaction with total knee arthroplasty: who is satis-
fied and who is not? Clin Orthop Relat Res 468:57-63

40. Bourne RB, Chesworth BM, Davis AM, Mahomed 
NN, Charron KD (2010) Patient satisfaction afer total 
knee arthroplasty: who is satisfied and who is not? 
Clin Orthop Relat Res 468:57-63

41. Dennis DA, Komistek RD, Colwell CE Jr, Ranawat 
CS, Scott RD, Thornhill TS, Lapp MA (1998) In 
vivo anteroposterior femorotibial translation of total 
knee arthroplasty: a multicenter analysis. Clin Orthop 
356:47-57

42. Stiehl JB, Komistek RD, Cloutier JM, Dennis DA 
(2000) The cruciate ligaments in total knee arthro-
plasty: a kinematic analysis of 2 total knee arthroplas-
ties. J Arthroplasty 15:545-550

43. Komistek RD, Allain J, Anderson DT, Dennis DA, 
Goutallier D (2002) In vivo kinematics for subjects 
with and without an anterior cruciate ligament. Clin 
Orthop Relat Res 404:315-325



2  Bicompartmental Arthroplasty: Past, Present, and Future 15

Surg Sports Traumatol Arthrosc 17:369-373
73. Massin P, Boyer P, Hajage D, Kilian P, Tubach F 

(2010) Intra-operative navigation of knee kinemat- 
ics and the influence of osteoarthritis. Knee 18:259-
264

74. van der Linden-van der Zwaag HM, Bos J, van der 
Heide HJ, Nelissen RG (2011) A computed tomogra-
phy based study on rotational alignment accuracy of 
the femoral component in total knee arthroplasty us-
ing computer-assisted orthopaedic surgery. Int Orthop 
35:845-850

75. Mayer SW, Hug KT, Hansen BJ, Bolognesi MP 
(2012) Total Knee Arthroplasty in Osteopetrosis Us-
ing Patient-Specific Instrumentation. J Arthroplasty 
Epub Jan 26

76. Ng VY, DeClaire JH, Berend KR, Gulick BC, Lom-
bardi AV Jr (2012) Improved accuracy of alignment 
with patient-specific positioning guides compared 
with manual instrumentation in TKA. Clin Orthop 
Relat Res 470:99-107

77. Nunley RM, Ellison BS, Zhu J, Ruh EL, Howell SM, 
Barrack RL (2012) Do patient-specific guides im-
prove coronal alignment in total knee arthroplasty? 
Clin Orthop Relat Res 470:895-902

78. Fitz W (2009) Unicompartmental knee arthroplasty 
with use of novel patient-specific resurfacing im-
plants and personalized jigs. J Bone Joint Surg Am 91 
Suppl 1:69-76

79. Banks SA (2009) Haptic robotics enable a systems 
approach to design of a minimally invasive modu-
lar knee arthroplasty. Am J Orthop (Belle Mead NJ) 
38:23-27

80. Dunbar NJ, Roche MW, Park BH, Branch SH, Con-
ditt MA, Banks SA (2012) Accuracy of dynamic 
tactile-guided unicompartmental knee arthroplasty. J 
Arthroplasty 27:803-808

81. Lang JE, Mannava S, Floyd AJ, Goddard MS, Smith 
BP, Mofidi A, Seyler TM, Jinnah RH (2011) Robotic 
systems in orthopaedic surgery. J Bone Joint Surg Br 
93:1296-1299

82. Cobb J, Henckel J, Gomes P, Harris S, Jakopec M, 
Rodriguez F, Barrett A, Davies B (2006) Hands-on 
robotic unicompartmental knee replacement: a pro-
spective, randomised controlled study of the acrobot 
system. J Bone Joint Surg Br 88:188-197

unicompartmental. Knee Surg Sports Traumatol Ar-
throsc 16:973-979

61. Argenson JN, Guillaume JM, Aubaniac JM (1995) Is 
there a place for patellofemoral arthroplasty? Clin Or-
thop 321:162-167

62. Cartier P, Sanouiller JL, Greisamer R (1990) Patel-
lofemoral arthroplasty: 2-12 year follow-up study. J 
Arthroplasty 5:49-55

63. Morrison TA, Nyce JD, Macaulay WB, Geller JA 
(2011) Early adverse results with bicompartmental 
knee arthroplasty: a prospective cohort comparison to 
total knee arthroplasty. J Arthroplasty 26:35-39

64. Rolston L, Siewert K (2009) Assessment of knee 
alignment after bicompartmental knee arthroplasty. J 
Arthroplasty 24:1111-1114

65. Khan OH, Davies H, Newman JH, Weale AE (2004) 
Radiological changes ten years after St. Georg Sled 
unicompartmental knee replacement. Knee 11:403-
407 

66. Cartier P, Sanouiller JL, Khefacha A (2005) Long-
term results with a first patellofemoral prosthesis. 
Clin Orthop 436:47-54

67. Nicol SG, Loveridge JM, Weale AE, Ackroyd CE, 
Newman JH (2006) Arthritis progression after patel-
lofemoral joint replacement. Knee 13:290-295

68. Kooijman HJ, Driessen AP, van Horn JR (2003) 
Long-term results of patellofemoral arthroplasty. A 
report of 56 arthroplasties with 17 years of follow-up. 
J Bone Joint Surg Br 85:836-840

69. Argenson JN, Flecher X, Paratte S, Aubaniac JM 
(2005) Patellofemoral arthroplasty: an update. Clin 
Orthop 440:50-53

70. Goodfellow JW, O’Connor J (1986) Clinical results 
of the Oxford Knee: surface arthroplasty of the tibi-
ofemoral joint with a meniscal bearing prosthesis. 
Clin Orthop Relat Res 205:21-42

71. Casino D, Martelli S, Zaffagnini S, Lopomo N, Iaco-
no F, Bignozzi S, Visani A, Marcacci M (2009) Knee 
stability before and after total and unicondylar knee 
replacement: in vivo kinematic evaluation utilizing 
navigation. J Orthop Res 27:202-207

72. Casino D, Zaffagnini S, Martelli S, Lopomo N, Big-
nozzi S, Iacono F, Russo A, Marcacci M (2009) In-
traoperative evaluation of total knee replacement: 
kinematic assessment with a navigation system. Knee 



Unicondylar Knee Replacement  
and the Cruciate Ligaments

Andrew A. Amis

3.1 Introduction

This chapter mainly addresses the way in which 
the actions of the cruciate ligaments affect the 
kinematics of the tibiofemoral joint after unicom-
partmental knee replacement (UKR). Although it 
is normal practise to excise one or both of the 
cruciate ligaments during total knee arthroplasty 
(TKA), this reflects the fact that, historically, 
TKA patients were severely disabled by their ar-
thritis and so they did not demand high levels of 
function: pain relief was paramount. The degree 
of degenerative change in these osteoarthritic 
knees was such that the anterior cruciate liga-
ment was usually absent, following a combina-
tion of soft-tissue degenerative changes associ-
ated with chronic inflammation and mechanical 
destruction mechanisms, such as sawing by the 
edges of the osteophytes that had formed around 
the antero-distal outlet of the femoral intercon- 
dylar notch. This has never been the case with 
UKR, as in these patients, who are often younger, 
only one compartment of the knee has arthritic 
damage severe enough to require arthroplasty. 
Therefore, the implants are required to work in 
harmony with the other structures of the knee and 
ideally with a high level of function.

Although several reports of UKR have shown 
long-term survival statistics that rival those re-
ported for TKA, it remains the case that some 
surgeons view the UKR as a means to ‘buy time’, 
perhaps for 10 years, before further degenerative 
changes in the knee make revision to a TKA in-
evitable. The approach in which the ligaments are 
preserved and the prosthesis is intended to allow 
the patient to return to relatively high levels of 
activity has recently started to influence the ap-
proach to TKA, with demands for higher knee 
flexion and joint function, given the greater con-
fidence in the reliability of this procedure.

The scenario described above entails a differ-
ence of surgical strategy. The TKA, performed in 
a more damaged knee, allows the surgeon to con-
centrate on the restoration of limb alignment via 
the bone cuts. If there is a problem with the soft 
tissues, they are modified so that they will work 
as desired around the new metal-on-polyethylene 
articulation. Procedures such as ‘soft-tissue re-
leases’ are intended to obtain the desired function 
of the TKA and usually result in one or the other 
of the collateral ligaments, most commonly the 
medial collateral ligament (MCL), being released 
from one bone attachment until the knee can be 
brought to its desired alignment. Although this 
method may de-function the ligament to some 
extent at the time of surgery, it usually heals back 
onto the surface of the tibia in a lengthened state, 
allowing both motion and stability for the TKA. 
In contrast, the UKR procedure demands greater 
respect for the ligaments and the prosthesis must 
work in harmony with them. Thus, it may be ar-
gued that a UKR is more demanding than a TKA 
as both higher levels of function and more subtle 
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when the knee approaches full extension. If the 
capsular structures then fail to tighten it would al-
low posterior subluxation of the tibial component 
of a medial UKR. A lack of one or other of the 
cruciate ligaments frees the tibia to move away 
from its normal relationship to the femur when 
the knee is functioning, potentially resulting in a 
functional instability.

The restraint provided by the cruciate liga-
ments, at all angles of knee flexion, means that 
they must be attached to the bones in a way that 
allows them to remain relatively tight through-
out the range of motion, implying that they must 
fit-in with the matching articular geometry. This 
cooperative mechanism imposes restraints on the 
geometry and position of the UKR components, 
as discussed below. The overall mechanism, con-
sisting of the femur, the two cruciate ligaments 
and the tibia, forms what may be approximated 
to an engineering mechanism known as a ‘four-
bar linkage’. It is only an approximation because 
a classic four-bar linkage operates in a planar 
manner whereas the kinematics of the knee also 
include rotations out of the sagittal plane of 
flexion-extension motion. However, it remains 
a useful means to visualise the behaviour of the 
knee, as long as its limitations are recognised. 
The four-bar linkage mechanism of the cruciate 
ligaments was identified nearly 200 years ago [4] 
but was modelled by O’Connor et al. in a study 
published in 1989 [5]. It can be seen from this 
model (Fig. 3.1) that, as the knee flexes-extends, 
the cruciates swing around their attachments to 
the tibia while remaining (theoretically) at a con-
stant length. Thus, the ACL starts out with a large 
angle of inclination above the tibial plateau when 
the knee is in extension and swings down towards 
the tibia as the knee flexes; the opposite is true for 
the PCL, which actually passes through vertical 
in deep knee flexion [6]. This mechanism impos-
es a fixed path of motion of the tibia in relation 
to the femur, which is usually shown as the fe-
mur ‘rolling-back’ across the tibial plateau when 
the knee flexes. This observation led to the use 
of mobile bearings in the Oxford type of UKR 
[7]. Although this simple model is superficially 
attractive, it misses some of the subtleties of the 
working of the knee, particularly the difference 

interactions between the prostheses and the liga-
ments are required. The aim of this chapter is to 
explore some of the underlying mechanisms of 
knee function relating to stability and kinemat-
ics, concentrating particularly on the roles of the 
cruciate ligaments but also considering the slope 
of the tibial plateau, which interacts with both the 
cruciate ligaments and the UKR.

3.2   Knee Kinematics and the 
Cruciate Ligaments

The anterior  and posterior cruciate ligaments 
(ACL and PCL) are the primary restraints that 
control the anterior-posterior (AP) translation of 
the tibia in relation to the femur. Thus, by defini-
tion, they resist most of the load imposed on the 
knee in those directions, when the load tends to 
displace one bone anteriorly or posteriorly in rela-
tion to the other. In a classic experiment, Butler et 
al. [1] mounted intact knees in a materials testing 
machine, so that the femur was fixed and the tibia 
could be moved in an AP direction in relation to 
the fixed femur, and then measured the resulting 
forces. After the force needed to produce a 4-mm 
tibial anterior translation was measured, the ACL 
was cut and the movement was repeated. The 
drop in the force required showed that the ACL 
had resisted more than 90% of the applied load. A 
similar result was obtained for the PCL, with the 
notable difference that when the knee was tested 
near extension the contribution of the PCL fell 
and other structures, particularly the posterolater-
al and posteromedial soft tissues, took over more 
of the restraining action [2, 3]. This response 
occurs because the capsular soft tissues attach 
around the posterolateral and posteromedial as-
pects of the distal femur posterior to the flexion-
extension axis, such that they are tensed by knee 
extension and contribute to preventing hyperex-
tension, slackening when the knee flexes. In par-
ticular, this means that the medial compartment 
of the knee is stabilised by structures such as the 
posterior oblique ligament, which forms part of 
the posteromedial capsular structures, when the 
knee is extended [3]. This mechanism acts recip-
rocally with the PCL, the bulk of which slackens 
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is a force of several times the body weight act-
ing to compress the medial compartment of the 
knee, such that the femoral condyle remains cen-
tred above it. Conversely, the extreme mobility 
of the femoral lateral condyle over the slightly 
convex tibial plateau is inherently less stable, 
and the adduction moment that occurs during the 
stance phase of gait unloads the lateral compart-
ment, allowing relatively easy AP mobility of the 
femoral lateral condyle over the tibial plateau [9, 
10]. The adduction moment is so high that there 
is a point during the gait cycle, just as the foot 
takes all the body weight, that 100% of the knee 
joint force is taken by the medial compartment 
and varus angulation is resisted by transient ten-
sion in the ilio-tibial tract [9, 10]. This loading 
mode is magnified in the typical patient with me-
dial compartment osteoarthrosis, because the loss 
of medial cartilage thickness induces an increase 
in the varus misalignment of the tibia. That, of 
course, tends to increase the adduction moment 
acting on the knee during walking, hence in-
creasing the loading on the medial compartment, 
thereby establishing a vicious circle. One of the 
roles of UKR in this situation is to use the thick-
ness of the prosthetic components to realign the 
leg, to reduce the adduction moment acting on 
the knee and, hence, to reduce the forces acting 
on the medial UKR and its fixation. 

Even in the absence of these displacing loads 
during dynamic activities, the cruciate mecha-
nism induces ‘femoral roll-back’, which moves 
the contact point in the lateral compartment so 
far posteriorly in deep knee flexion that the pos-
terior horn of the lateral meniscus is subluxated 
over the posterior lip of the plateau [11]. Thus, 
any prosthetic geometry will need to allow mo-
bility and therefore be relatively unstable. In ad-
dition, the joint force will move towards the pos-
terior edge, thus tending to edge-load the tibial 
component, rocking it on the bone and loosening 
the fixation. At the same time, the posterior mo-
tion of the lateral compartment, while the medial 
femoral condyle does not translate posteriorly 
during knee flexion, means that the medial UKR 
must have an articulation able to accommodate 
an internal-external rotational component during 
knee flexion-extension.

in behaviour between the medial and lateral com-
partments, which is related to tibial internal-ex-
ternal rotation.

A more realistic way to visualise the loaded 
knee in vivo arose from the introduction of ‘in-
terventional’ open-access magnetic resonance 
imaging (MRI), which allowed a living subject 
to have his or her knee scanned in a range of 
weight-bearing postures. It should be noted that 
the results were derived from a series of imag-
es of static positions, with the patient having to 
hold still during image acquisition. Nevertheless, 
these images revealed that the centre of the cir-
cular outline of the posterior part of the medial 
femoral condyle tended to remain almost sta-
tionary above the tibial plateau, while the lateral 
femoral condyle moved posteriorly [8]. The pos-
terior movement of the lateral femoral condyle, 
while the medial one remained fixed, represents a 
tibial internal rotation during flexion of the load-
ed knee. Several lessons for the implementation 
of UKR may be drawn from these observations. 
In particular, it seems that the medial compart-
ment should be less demanding biomechanically. 
In the natural knee, the medial tibial plateau has 
a slightly concave surface, and so it is inherently 
stable. During the most heavily loaded part of 
the walking gait cycle, when the leg is taking the 
load after the foot is planted on the ground, there 

Fig. 3.1 The cruciate ligaments control the AP position 
of the femur in relation to the tibia: when the knee flexes, 
they cause the contact point to move posteriorly on the 
tibial plateau
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both cruciate ligaments were preserved in a TKA 
[15], but this approach has not become popular. 
However, if the instrumentation or navigational 
guidance can be improved, so that setting-up the 
ligaments becomes easier, then cruciate-preserv-
ing TKA opens the way to obtaining more physi-
ological function from a TKA. Indeed, Komistek 
et al. [16] reported that a TKA in which the ACL 
was preserved resulted in kinematics closer to 
normal than a TKA in which the ACL was ab-
sent. When the situation with knee injuries in a 
younger population is contrasted with TKA, the 
opposite practise ensues: the ACL is the focus of 
surgical reconstruction while a PCL deficiency 
is often ‘treated’ conservatively. Several stud-
ies of knee kinematics after TKA have shown 
that aspects such as femoral roll-back and tibial 
internal-external rotation are not preserved [17, 
18] whereas UKR seems to maintain relatively 
normal kinematics [19]. This is in contrast to the 
fact that the prosthetic articulation always has 
much greater frictional forces than in the natural 
knee, which could lead to abnormal patterns of 
rolling/sliding motion [20]. The situation is fur-
ther complicated by noting the results of a study 
of TKA with mobile meniscal bearings [21]: the 
authors could not find a relationship between the 
AP laxity of the extended knee and its kinematics 
during weight-bearing flexion. It was therefore 
speculated that, during controlled activities, the 
kinematics are controlled by the muscle forces.

These differences of surgical practise raise 
questions of how best to deal with the cruciate 
ligaments in relation to UKR. There have been 
some studies of knee kinematics in the absence 
of the ACL, including two studies that used open-
access MRI to examine weight-bearing knees 
in vivo [22, 23]. Both found that the pattern of 
movement of the medial compartment did not 
differ significantly from normal, i.e. the centre of 
the posterior medial femoral condyle remained 
almost stationary in the AP direction. However, 
the lateral compartment underwent significant 
anterior subluxation of the lateral tibial plateau 
compared with the ACL-intact knee. In the in-
tact knee, Logan et al. [22] found that the centre 
of the posterior lateral femoral condyle moved 
posteriorly across the lateral tibial plateau with 

Observations of the mobility of the lateral 
compartment also help to explain why lateral 
UKR is more difficult than a medial procedure, 
because of the higher level of interaction with the 
guiding ligaments and therefore a fine tolerance 
between ligament tightness, which might limit 
motion and be painful, and ligament slackness, 
which might allow undesirable instability. In the 
natural knee, the lateral (fibular) collateral liga-
ment (LCL) slackens significantly during knee 
flexion [12]. This is due to the fact that (1) the 
femoral attachment of the LCL is posterior to the 
axis of flexion and (2) the lateral tibial plateau 
slopes downwards posteriorly. Accordingly, there 
is greater coronal plane laxity in the lateral com-
partment than in the medial compartment of the 
normal knee [13]. This characteristic is a conse-
quence of allowing an increasing mobility of the 
lateral compartment, and hence a greater range of 
tibial internal-external rotation as the knee flexes. 
It raises an interesting problem when setting-up a 
lateral UKR as this behaviour may tend to allow 
unwanted subluxation, yet over-control of soft 
tissue slackening (with an insufficient posterior 
slope, for example) may inhibit motion or cause 
pain.

3.3   Cruciate Ligament Deficiency 
and UKR

In an early review of the Oxford UKR, Goodfel-
low et al. [14] found that ACL deficiency led to a 
much higher rate of failure than in knees in which 
both of the cruciate ligaments were intact. That 
led to a recommendation that UKR was not indi-
cated in knees with ACL deficiency—an interest-
ing contrast to the situation with TKA, in which 
almost all of these patients have ACL excision as 
one of the early steps of the procedure. This situ-
ation has arisen because in the early days of TKA 
the patients had such severe arthritis that the ACL 
was degenerated or absent from most knees. A 
further factor is that preservation of the ACL 
entails setting-up the prosthesis so that it works 
in harmony with the cruciates, without causing 
abnormal ligament tension or blocking knee mo-
tion. There has been limited experience in which 
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reduced load transmitted by the knee in the study 
by Chandasekaran et al. [28].

These observations from a range of studies in 
vivo and in vitro suggest that the largest patho-
logical changes resulted from ACL deficiency, 
when the lateral tibial plateau subluxed anteri-
orly. They offer a clue as to why certain patterns 
of articular cartilage wear (as opposed to the 
damage induced during injury) are observed in 
chronic cases after one or the other cruciates has 
ruptured. The implications for UKR are more se-
rious for the lateral compartment, suggesting that 
the abnormally large excursions of the contact 
point towards the posterior edge of the plateau 
may lead to loosening caused by an AP rocking 
effect, with the load then tending to crush the 
posterior supporting bone and to pull the fixation 
free in tension at the anterior edge. This has been 
suggested as a common mechanism of UKR fail-
ure. In addition to the loosening induced by ab-
normal articulation, cruciate ligament laxity may 
allow the joint to function with a chronic sub-
luxation, which means that the articulation will 

knee flexion, by 8 mm; when the ACL was ab-
sent, there is the same amount of movement but 
the lateral femoral condyle was consistently sub-
luxed 6 mm posteriorly from the position with 
the ACL intact (Fig. 3.2). This caused the tibio-
femoral articular contact point to be 6 mm further 
posterior than normal such that the tibia articulat-
ed in abnormal internal rotation, with the centre 
of the plateau approximately 3 mm anterior to the 
correct position. Nicholson et al. [23] also found 
that the lateral tibial plateau was subluxed anteri-
orly after ACL rupture, but reported that this was 
mainly near knee extension (8 mm at 0° flexion; 5 
mm at 30°) and therefore not significantly differ-
ent from intact kinematics at 60° and 90° flexion. 
The tibia tends further into abnormal internal ro-
tation in deep knee flexion if the ACL is ruptured 
[24], which implies an extremely posterior edge-
loading of the tibial component of a lateral UKR. 
There have also been gait analysis studies of the 
ACL-deficient knee; these have shown that the 
tibia moves with abnormalities of both anterior 
subluxation and internal rotation during normal 
activities [25, 26].

The PCL may also be injured, likewise alter-
ing the kinematics of the knee. Logan et al. [27] 
used the same open-access upright MRI method 
as in their study of ACL deficiency described 
above [22]. They found that loss of the PCL did 
not have a significant effect on the AP roll-back 
of the lateral compartment during weight-bearing 
knee flexion; however, it did affect the medial 
compartment as there was an approximately con-
stant posterior shift of the medial tibial plateau of 
5–6 mm at all angles of knee flexion examined, 
from 0° to 90°. Similar findings were reported by 
Chandasekaran et al. [28], from a conventional 
MRI study in which subjects pushed their feet 
against a weighted footrest while supine. The 
authors likewise found that the AP translation 
kinematics of the lateral compartment was not 
affected significantly by PCL deficiency; howev-
er, the medial tibial plateau showed a significant 
posterior subluxation across the range of flexion 
examined, reaching a maximum of approximate-
ly 3 mm at 75° knee flexion. The reduced size 
of the pathological shift compared with that re-
ported by Logan et al. [27], may be related to the 

Fig. 3.2 The contact point does not move significantly in 
the medial compartment, which acts as though it is a pivot 
point. In the intact knee, the posterior movement of the 
contact point causes a secondary coupled tibial internal 
rotation (solid lines). After ACL rupture, the coupled rota-
tion has the same magnitude, but is shifted further into in-
ternal rotation (interrupted lines), and so the contact point 
is further posterior on the lateral plateau
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cartilage  from the posterior-lateral area of the 
tibial plateau, this injury has been shown to result 
in degeneration of the posterior part of the medial 
tibial plateau [34]. Reviews of clinical outcomes 
have shown that, compared with TKA patients, 
UKR patients have a larger range of knee flexion, 
knee kinematics that are closer to normal [35] 
and better functional outcome [36]. Thus, surgery 
that combines both ACL reconstruction and UKR 
(Fig. 3.3) may be an attractive option for patients 
who wish to maintain an active lifestyle.

There is a choice between fixed- or mobile-
bearing UKR in conjunction with ACL recon-
struction, and it may be argued that a fixed-bear-
ing design will assist the reconstructed ACL in 
maintaining joint stability, as demonstrated in 
one series [33]. However, there have also been 
good clinical results published for patients who 
had ACL reconstruction combined with the Ox-
ford mobile-bearing prosthesis [37], when the 
results of a group of patients with the combined 
procedure were the same as in a matched group 
with isolated UKR (Fig. 3.4). This is perhaps not 
surprising given that isolated ACL reconstruc-
tion is used mostly in a younger and more de-
manding population, and the grafts are unlikely 
to be stretched-out by the demands of the UKR 
population. Data from Oxford also suggest that 
the AP translation kinematics of the knee are 
similar to normal after the combined ACL plus 
UKR procedure, although the indirect measure-
ment method used was relatively inaccurate and 
did not allow each of the two compartments to be 

not be working as intended, leading to increased 
wear due to the edge-loading [29].

3.4   Cruciate Ligament 
Reconstruction and UKR 
Bearing Design

The literature contains a number of papers in 
which it was concluded that UKR is not advis-
able if the ACL is deficient; this was sometimes 
an unrecognised problem in the early experience 
with UKR but it soon showed up as causing a 
greater rate of failure [14, 30]. At a mean follow-
up of 7 years, a 25% failure rate among a series of 
79 implants included 13 of the 15 knees in which 
there had been a pre-operative anterior laxity of 
10 mm or more, implying that those knees had 
been ACL-deficient prior to surgery [30]. Simi-
larly, the Oxford UKR resulted in a 21% rate of 
loosening failure at 2 years post-surgery if the 
ACL was deficient [14]. This lesson was learned 
rapidly, and it became accepted that UKR should 
not be performed in the ACL-deficient knee. The 
predominant cause of these failures was edge 
loading, which caused localised crushing of the 
supporting bone, accompanied by loosening.

More recently, as the joint-preserving abil-
ity of unicompartmental arthroplasty has be-
come more established, surgeons have sought 
to expand the indications for its use, to include 
knees which are ACL-deficient. With arthroplas-
ty spreading towards younger patients, a group 
of patients has been identified in which there is 
medial unicompartmental arthritis and ACL de-
ficiency, yet also intact lateral and patellofemo-
ral articulations. This group of patients is likely 
to expand, in view of both the increased risk of 
osteoarthritis of the medial compartment follow-
ing ACL injury [31] and the further compounding 
of the likelihood of degenerative changes if the 
ACL deficiency then leads to meniscal damage 
[32]. In addition, this class of patients will often 
be relatively active, and wish to maintain their ac-
tive lifestyle [33].  Although the above review of 
knee kinematics noted that the largest change fol-
lowing ACL rupture was in the lateral compart-
ment, leading to localised wear of the articular 

Fig. 3.3  A cadaveric knee with both a medial UKR and 
ACL reconstruction
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normal since in the absence of a mobile bearing, 
it is usual for the fixed bearing to have a flat or 
nearly flat articular surface on the tibial insert, in 
the AP direction. This is used to prevent the cru-
ciate ligaments from ‘fighting’ the constraint im-
posed by a more conforming bearing geometry, if 
the position of the concavity is incompatible with 
both the kinematics of the reconstructed knee 
and the mechanics of the cruciate ligaments. In 
the past, that design philosophy sometimes led to 
the flat, or nearly-flat polyethylene bearing sur-
face suffering severe localised plastic deforma-
tion and wear of the polyethylene [40], although 
more recent developments in the manufacture of 
polyethylene have ameliorated that concern. Ar-
genson et al. [41], in a fluoroscopic study of the 
fixed-bearing  M/G prosthesis (Zimmer, Warsaw, 
IN, USA), found that on average the contact point 
of the medial femoral condyle moved posteriorly 
by 0.8 mm, from 0° to 90° knee flexion, which 
was not significantly different than normal. They 
did note, however, that the mean behaviour in-

analysed, such that the tibial rotation could not be 
determined [38]. Both of the studies cited above 
used a standard four-strand hamstrings tendons 
graft, although the Oxford group noted in their 
discussion that they had started to use patellar 
tendon grafts because of their immediate strong 
bone-to-bone fixation [37]. Krishnan and Randle 
[39] used the medial third of the patellar tendon, 
which was accessible via their standard incision; 
they had been concerned that taking the central 
third, alongside the medial approach, may have 
led to devascularisation of the medial remnant. 
Their study also reported reliable restoration of 
knee stability after combined ACL plus UKR 
procedures. The maintenance of relatively nor-
mal kinematics in the mobile-bearing UKRs sta-
bilised by an ACL reconstruction  is supported 
by clinical results, which have not found the high 
rates of loosening that occurred when UKR was 
performed in ACL-deficient knees.

It is also likely that the kinematics of fixed-
bearing UKR will not be much different from 

Fig. 3.4 Radiographs of an Oxford UKR combined with ACL reconstruction; antero-posterior (a) and lateral (b) views 
(with thanks to Dr. Dodd, of Oxford)

a b
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form in quadrupedal animals, and the standard 
veterinary treatment for a rupture of the cranial 
cruciate ligament (the ACL) is a high tibial exten-
sion osteotomy aimed at reversing the large pos-
terior slope found in many species [46].

The same mechanism may be related to the 
PCL and reduction or even reversal of the tibial 
slope. Two studies [47, 48] found that a change 
in slope of 4°–5°could reverse the pathological 
tibial subluxation resulting from cutting the PCL 
even under a joint force of only 200 N, which 
is only a small fraction of physiological loading.

Since most TKA procedures excise the ACL, 
it may be desirable to avoid an excessive poste-
rior slope of the tibial tray in order to help to con-
trol anterior drawer laxity. However, along with 
a reversed slope leading to higher PCL tension, 
it has also been found that an increased poste-
rior slope is related to a greater range of knee 
flexion [49] because it lowers the posterior rim 
of the tibial tray, thereby delaying posterior im-
pingement [50]. This, however, may also lead to 
the femoral component articulating near to the 
posterior edge of the tibial polyethylene insert, 
causing abnormal wear [51]. For the UKR, this is 
clearly a sensitive situation, particularly if there 
is a low-conformity or a mobile bearing has been 
used, when the cruciate ligaments must control 
both tibiofemoral kinematics and stability. In this 
case, an inappropriate posterior slope may cause 
excessive ligament tension in use, potentially 
leading to creep elongation and ACL rupture. 
These powerful conflicting requirements man-
date a precise control of the posterior slope.

The observations above were confirmed 
clearly in a clinical review of 99 UKRs at a mean 
follow-up of 16 years [52]. The AP relationship 
of the tibia to the femur was measured from true 
lateral radiographs  of single-leg weight-bearing 
standing. In the 77 knees that had not been re-
vised, there was a significant correlation between 
tibial anterior translation and the posterior slope. 
The slope was significantly less in these 77 knees 
without loosening than in those with loosening. 
Five knees had suffered a rupture of the ACL 
during follow-up, and their mean posterior slope 
was 13°. Furthermore, the original group of 99 
UKRs included 18 cases in which the ACL was 

cluded erratic kinematics, and that normal pat-
terns of internal-external rotation appeared to 
have been lost.

3.5   Anterior-Posterior Slope of the 
Tibial Component

The AP slope of the tibial component in the sagit-
tal plane has a profound effect on the mechanics 
of the normal knee and also on a UKR. As the 
mechanical effects are very strong, it is surpris-
ing that there has been little examination of the 
effects of changes in the posterior slope of the 
UKR on stability and kinematics. The literature 
contains many reports relating to both the natural 
knee and TKA, from which several lessons may 
be learned. The underlying mechanism arises be-
cause of the large axial compressive femorotibial 
joint forces allied with the extremely low coeffi-
cient of friction of the joint: this causes the femur 
to tend to ‘slide downhill’ across the slope of the 
tibial plateau. Since the normal knee has a tibial 
plateau that slopes distally/posteriorly, it follows 
that the femur tends to slide posteriorly across the 
plateau, which causes tibial anterior subluxation. 
The result is that this mechanism tenses the ACL. 

There have been several studies of this mech-
anism in vitro, showing that the application of 
an axial load induced tibial anterior translation, 
which increased significantly if the ACL was de-
ficient [42]. Liu-Barber et al. [43] found that ap-
plication of a 1600N axial force (typical of walk-
ing loads) induced a tibial anterior translation of 
8 mm when the ACL was intact. In the ACL-defi-
cient knee, this anterior subluxation increased to 
13 mm—an effect so powerful that it can induce 
rupture of the ACL. Meyer and Haut [44] found 
that an axial load acting alone could rupture the 
ACL, at a mean load of 5.4 kN, assuming an in-
duction of a 12-mm anterior subluxation of the 
tibia. A load of 5.4 kN is a very large force, which 
may be reached when landing from a jump, or as 
an impact during skiing. Thus, a person with a 
large slope will be vulnerable to ACL strain; this 
helps to explain the prevalence of ACL ruptures 
in females, who often have a greater slope than 
males [45]. This factor is seen in an exaggerated 
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although a larger slope may delay the onset of 
posterior impingement, a factor that limits the 
range of flexion of a TKA, it is associated with 
increased tibial anterior translation laxity in UKR 
and a larger load on the ACL. All of the evidence 
to date indicates that a combined UKR plus ACL 
reconstruction procedure is able to restore ap-
proximately normal knee kinematics and that it is 
reliable. These conclusions apply to both mobile- 
and fixed-bearing UKR designs. An increased 
posterior slope together with an ACL deficiency 
may allow the point where the femoral condyle 
rests on the tibial component to move posteriorly. 
This is of relevance because edge-loading is ac-
knowledged in the literature as being the most-
prevalent mechanism of loosening failure of  a 
UKR.

References

 1. Butler DL, Noyes FR, Grood ES (1980) Ligamentous 
restraints to anterior-posterior drawer in the human 
knee. A biomechanical study. J Bone Jt Surg (Am) 
62-A:259-270

 2. Race A, Amis AA (1996) Loading of the two bundles 
of the posterior cruciate ligament: an analysis of bun-
dle function in A-P drawer.  J Biomechs 29:873-879

 3. Robinson JR, Bull AMJ, Thomas R deW, Amis AA 
(2006) The role of the medial collateral ligament and 
posteromedial capsule in controlling knee laxity. Am 
J Sports Med 34:1815-1823

 4. Schindler OS (2012) Surgery for anterior cruciate lig-
ament deficiency: a historical perspective. Knee Surg 
Sports Traumatol Arthrosc 20:5-47

 5. O’Connor JJ, Shercliff TL, Biden E, Goodfellow JW 
(1989) The geometry of the knee in the sagittal plane. 
Proc Inst Mech Eng Pt H: Engng in Med 203:223-233

 6. Komatsu T, Kadoya Y, Nakagawa S, Yoshida G, Taka-
oka K (2005) Movement of the posterior cruciate liga-
ment during knee flexion – MRI analysis. J Orthop 
Res 23:334-339

 7. O’Connor JJ, Goodfellow JW, Dodd CA, Murray DW 
(2007) Development and clinical application of me-
niscal unicompartmental arthroplasty. Proc Inst Mech 
Eng H 221:47-59

 8. Johal P, Williams A, Wragg P, Hunt D, Gedroyc W 
(2005) Tibio-femoral movement in the living knee. 
A study of weight-bearing and non- weight-bearing 
knee linematics using ‘interventional’ MRI. J Bio-
mech 38:269-276

 9. Morrison JB (1968) Bioengineering analysis of force 
actions transmitted by the knee joint. Bio-Med Eng 
3:164-170

10. Shelburne KB, Torry MR, Pandy MG (2005) Muscle, 

absent at the time of surgery: 11 of those had the 
UKR still in-situ at follow-up, with a mean slope 
of < 5°, while in the seven that had been revised 
the slope was > 8°. It was concluded that a pos-
terior slope of > 7° should be avoided. Moller 
et al. [53] examined tibiofemoral contact points 
in both medial and lateral UKRs when loaded 
in vitro. Loss of the ACL led to the articulation 
moving approximately 6 mm posteriorly across 
the tibial plateau for both medial and lateral im-
plantations. The authors also looked at the effect 
of increasing the posterior slope and found that 
the tibial anterior translation (inferred from the 
movement of the contact point) induced by cut-
ting the ACL was similar whether the slope was 
0° or 10°. A study in which cadaveric knees were 
loaded in a robotic test system that also included 
some muscle tension likewise found that the tibia 
translated anteriorly after ACL transection [54]. 
There was greater tension in the ACL near knee 
extension, when the changes in the kinematics 
are largest. Finally, and in line with the effects 
of changing the tibial posterior slope described 
above for the intact knee, it was shown that al-
though tibial anterior laxity is increased follow-
ing cutting of the ACL in a knee with a fixed-
bearing medial UKR, the increase in laxity may 
be reversed by reducing the slope. An 8° reduc-
tion of tibial slope, from 12° to 4°, was able to 
reduce tibial anterior laxity by 5 mm during the 
Lachmann test [55].

3.6  Conclusions 

Clinical reviews of UKR have shown that, in 
contrast to a TKA, it allows the knee to main-
tain normal kinematics during flexion-extension 
activities, resulting in a much closer match to 
the behaviour of the normal knee. This implies 
that in a UKR the cruciate ligaments are work-
ing in harmony with the prosthetic articulation. 
Evidence from older studies, in which the UKRs 
involved knees that were ACL-deficient, suggests 
that some of those knees were capable of surviv-
ing in-situ , as long as the posterior slope was < 
7°. The slope of the tibial plateau has a profound 
effect on the articular behaviour of a UKR. Thus, 



26 A. A. Amis

ment-deficient and reconstructed  knee during walk-
ing. Am J Sports Med 31:75-79

26. Knoll Z, Kocsis L, Kiss RM (2004) Gait patterns be-
fore and after anterior cruciate ligament reconstruc-
tion. Knee Surg Sports Traumatol Arthrosc 12:7-14

27. Logan M, Williams A, lavelle J, Gedroyc W, Freeman 
M (2004) The effect of posterior cruciate ligament 
deficiency on knee kinematics. Am J Sports Med 
32:1916-1922

28. Chandrasekaran S, Scarvell JM, Buirski G, Woods 
KR, Smith PN (2012) Magnetic resonance imaging 
study of alteration of tibiofemoral joint articulation 
after posterior cruciate ligament injury. Knee 19:60-
64

29. Bartley RE, Stulberg SD, Robb WJ, Sweeney HJ 
(1994) Polyethylene wear in unicompartmental knee 
arthroplasty. Clin Orthop Relat Res 299:18-24

30. Deschamps G, Lapeyre B (1987) Rupture of the an-
terior cruciate ligament: a frequently unrecognised 
cause of failure of unicompartmental knee prosthe-
ses: apropos of a series of 79 Lotus prostheses with 
a follow-up of more than 5 years. Rev Chir Orthop 
73:544-551

31. Gillquist J, Messner K (1999) Anterior cruciate liga-
ment reconstruction and the long-term incidence of 
gonarthrosis. Sports Med 27:143-156

32. McDermott I, Amis AA (2006) Review article: The 
consequences of meniscectomy. J Bone Jt Surg (Br) 
88-B:1549-1556

33. Tinius M, Hepp, P, Becker R (2012) Combined uni-
compartmental arthroplasty and anterior cruciate 
ligament reconstruction. Knee Surg Sports Traumatol 
Arthrosc 20:81-87

34. Keyes GW, Carr AJ, Miller RK, Goodfellow JW 
(1992) The radiographic classification of medial 
gonarthrosis:correlation with operation methods in 
200 knees. Acta Orthop Scand 63:497-501

35. Banks SA, Fregly BJ, Boniforti F, Rheinschmidt C, 
Romanoli S (2005) Comparing in vivo kinematics of 
unicondylar and bi-unicondylar knee replacements. 
Knee Surg Sports Traumatol, Arthrosc 13:551-556

36. Newman J, Pydisetty RV, Ackroyd C (2009) Unicom-
partmental or total knee replacement: the 15-year re-
sults of a prospective randomised controlled trial. J 
Bone Jt Surg (Br) 91-B:52-57

37. Pandit H, Beard DJ, Jenkins C, Kimstra Y, Thomas 
NP, Dodd CAF, Murray DW (2006) Combined ante-
rior cruciate ligament and Oxford unicondylar knee 
arthroplasty. J Bone Jt Surg (Br) 88-B:887-892

38. Pandit H, Van Duren BH, Gallagher JA, Beard DJ, 
Dodd CA, Gill HS, Murray DW (2008) Combined 
anterior cruciate ligament reconstruction and Oxford 
unicondylar knee arthroplasty: in vivo kinematics. 
Knee 15:101-106

39. Krishnan SRSR, Randle R (2009) ACL reconstruc-
tion with unicondylar replacement in knee with func-
tional instability and osteoarthritis. J Orthop Surg Res 
4:43-47

40. Blunn GW, Joshi AB, Lilley PA, Engelbrecht E, 
Ryd L, Lidgren L, Hardinge K, Nieder E, Walker PS 

ligament and joint-contact forces at the knee during 
walking. Med Sci Sports Ex 37:1948-1956

11. Vedi V, Williams A, Tennant SJ, Spouse E, Hunt DM, 
Gedroyc WM (1999) Meniscal movement. An in-vivo 
study using dynamic MRI. J Bone Jt Surg (Br) 81-
B:37-41

12. Sugita T, Amis AA (2001). Anatomy and biomechan-
ics of the lateral collateral and popliteofibular liga-
ments. Am J Sports Med 29:466-472

13. Okazaki K, Miura H, Matsuda S, Takeuchi N, Mawa-
tari T, Hashizume M, Iwamoto Y (2006) Asymmetry 
of mediolateral laxity of the normal knee. J Orthop 
Sci 11:264-266

14. Goodfellow JW, Kershaw CJ, Benson MKd’A, 
O’Connor JJ (1988) The Oxford knee for unicom-
partmental osteoarthritis. The first 103 cases. J Bone 
Jt Surg (Br) 70:692-701

15. Cloutier J-M, Sabouret P, Deghrar A (1999) Total 
knee arthroplasty with retention of both cruciate liga-
ments. A nine to eleven-year follow-up study. J Bone 
Jt Surg (Am) 81-A:697-702

16. Komistek RD, Allain J, Anderson DT, Dennis DA, 
Goutallier D (2002) In vivo kinematics for subjects 
with and without an anterior cruciate ligament. Clin 
Orth Relat Res 404:315-325

17. Stiehl JB, Komistek RD, Dennis RD, Paxson RD, 
Hoff WA (1995) Fluoroscopic analysis of kinemat-
ics after posterior cruciate ligament retaining knee 
arthroplasty. J Bone Jt Surg (Am) 77:884-889

18. Stiehl JB, Dennis RD, Komistek RD, Crane HS 
(1999) In vivo determination of condylar lift-off and 
screw-home in a mobile-bearing total knee arthro-
plasty. J Arthrop 14:293-299

19. Patil S, Colwell CW, Ezzet KA, D’Lima DD (2005) 
Can normal knee kinematics be restored with unicom-
partmental knee replacement? J Bone Jt Surg (Am) 
87:332-338

20. Wimmer MA, Andriacchi TP (1997) Tractive forces during 
rolling motion of the knee: implications for wear in total knee 
replacement. J Biomech 30:131-137

21. Ishii Y, Noguchi H, Matsuda Y, Takeda M, Walker SA, 
Komistek RD (2007) effect of knee laxity on in-vivo 
kinematics of meniscal-bearing knee prosthess. Knee 
14:268-274

22. Logan M, Dunstan E, Robinson J, Williams A, Ge-
droyc W, Freeman M (2004) Tibiofemoral kinemat-
ics of the anterior cruciate ligament (ACL)-deficient 
weightbearing, living knee employing vertical access 
open “interventional” magnetic resonance imaging. 
Am J Sports Med 32:720-726

23. Nicholson JA, Sutherland AG, Smith FW, Kawasaki 
T (2012) Upright MRI in kinematic assessment of the 
ACL-deficient knee. Knee 19:41-48

24. Yamaguchi S, Gamada K, Sasho T, Kato H, Sonoda 
M, Banks SA (2009) In vivo kinematics of anterior 
cruciate ligament deficient knees during pivot and 
squat activities. Clin Biomech 24:71-76

25. Georgoulis AD, Papadonikolakis A, Papageorgiou 
CD, Mitsou A, Stergiou N (2003) Three-dimensional 
tibiofemoral kinematics of the anterior cruciate liga-



3  Unicondylar Knee Replacement and the Cruciate Ligaments 27

SLY, Harner CD (2007) Importance of tibial slope for 
stability of the posterior cruciate ligament-deficient 
knee. Am J sports Med 35:1443-1449

49. Malviya A, Lingard EA, Weir DJ, Deehan DJ (2009) 
Predicting range of movement after knee replace-
ment: the importance of posterior condylar offset and 
tibial slope. Knee Surg Sports Traumatol Arthrosc 
17:491-498

50. Bellemans J, Robijns F, Duerinckx J, Banks S, Van-
denneucker H (2004) The influence of tibial slope on 
maximal flexion after total knee arthroplasty. Knee 
Surg Sports Traumatol Arthrosc 13:193-196

51. Wasielewski RC, Galante JO, Leighty RM, Natarajan 
RN, Rosenberg AG (1994) Wear patterns on retrieved 
polyethylene tibial inserts and their relationship to 
technical considerations during total knee arthroplas-
ty. Clin Orthop 299:31-43

52. Hernigou P, Deschamps G (2004) Posterior slope of 
the tibial implant and the outcome of unicompartmen-
tal knee arthroplasty. J Bone Jt Surg (Am) 86-A:506-
511

53. Moller JT, Weeth RE, Keller JO, Nielsen S (1985) 
Unicompartmental arthroplasty of the knee. Cadaver 
study of the importance of the anterior cruciate liga-
ment. Acta Orthop Scand 56:120-123

54. Suggs JF, Li G, Park SE, Sultan PG, Rubash HE, 
Freiberg AA (2006) Knee biomechanics after UKA 
and its relation to the ACL – a robotic investigation. J 
Orthop Res 24:588-594

55. Suero EM, Citak M, Cross MB, Bosscher RF, 
Ranawat AS, Pearle AD (2012) Effects of tibial slope 
changes in the stability of fixed bearing medial uni-
compartmental arthroplasty in anterior cruciate liga-
ment deficient knees. Knee 19:365-9

(1992) Polyethylene wear in unicondylar knee pros-
theses. 106 retrieved Marmor, PCA, and St Georg 
tibial components compared. Acta Orthop Scand 
63:247-255

41. Argenson JN, Komistek RD, Aubaniac JM, Dennis 
DA, Northcut EJ, Anderson DT, Agostini S (2002) 
In vivo determination of knee kinematics for subjects 
implanted with a unicompartmental arthroplasty. J 
Arthrop 17:1049-1054

42. Torzilli PA, Deng X, Warren RF (1994) The effect of 
joint-compressive load and quadriceps muscle force 
on knee motion in the intact and anterior cruciate lig-
ament-sectioned knee. Am J Sports Med 22:105-112

43. Liu-Barba D, Hull ML, Howell SM (2007) Coupled 
motions under compressive load in intact and ACL-
deficient knees: a cadaveric study. J Biomech Eng 
129:818-824

44. Meyer EG, Haut RC (2008) Anterior cruciate liga-
ment injury induced by internal tibial torsion or tibi-
ofemoral compression. J Biomech 41:3377-3383

45. Hashemi J, Chandrashekar N, Gill B, Beynnon BD, 
Slaughterbeck JR, Schutt RC, Mansouri H, Dabezies 
E (2008) The geometry of the tibial plateau and its in-
fluence on the biomechanics of the tibiofemoral joint. 
J Bone Jt Surg Am 90-A:2724-2734

46. Kim SE, Pozzi A, Kowaleski MP, Lewis DD (2008) 
Review: Tibial osteotomies for cranial cruciate liga-
ment insufficiency in dogs. Vet Surg 37:111-125

47. Agneskirchner JD,Hurschler C, Stukenborg-Colsman 
C, Imhoff AB, Lobenhoffer P (2004) Effect of high 
tibial flexion osteotomy on cartilage pressure and joint 
kinematics: a biomechanical study in human cadaveric 
knees. Arch Orthop Trauma Surg 124:575-584

48. Giffin JR, Stabile KJ, Zantop T, Vogrin TM, Woo 



Mobile and Fixed Bearings in 
Unicondylar Knee Resurfacing: 
Indications vs Osteotomies and Total 
Knee Replacements

David S. Barrett and Sam K. Yasen

4.1  Introduction

Whilst some indications for total knee replace-
ment (TKR) are clear in patients with tricom-
partmental osteoarthritis (OA), limited flexion 
and significant deformity (Fig. 4.1a, b), the in-
dications for osteotomy and unicompartmental 
knee resurfacing (UKR) continue to be variable 
[1, 2]. Moreover, the percentage of unicompart-
mental surgery performed varies from 10% [2] to 
40% [3]. A similar variation is seen in the prac-

tice of corrective osteotomy for malalignment; 
for example, between the United Kingdom and 
Switzerland there are significant differences in 
training and experience along with patient expec-
tations. These differences in indications relate to 
the surgical expertise and training available to 
perform osteotomy and UKR respectively.

Each technique, i.e. osteotomy [4], UKR [3] 
and TKR [5], produce reliable functional and 
long-term success but only in the correctly select-
ed patient. Therefore a good understanding of the 
indications for each procedure is highly impor-
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a b

Fig. 4.1 a, b  Pre and 
post-operative radiographs 
showing tricompartmental 
arthritis and good clinical 
result with a total knee 
replacement
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TKR being almost inevitable. Subsequent early 
failures required revisions. These were often 
complex, requiring a revision-type prosthesis 
and metal block augmentation, as defi ciencies in 
UKR design and technique caused catastrophic 
failure with signifi cant bone loss (Fig. 4.3a, b) 
Thus, in younger patients UKR surgery resulted 
in the early use of a revision-type prosthesis with 
poorer functional outcome, rather than a primary 
TKR. 

The historically poor outcome and the dis-
appointing functional result of revision in these 
younger patients treated with either osteotomy 
or UKR led many orthopedic surgeons to adopt 
a policy of delaying surgery as long as possi-
ble and then performing a primary TKR in this 
group. This method was particularly attractive to 
the general orthopedic surgeon who lacked spe-
cialist training in osteotomy or UKR but felt pro-
fi cient in TKR. Willis-Owen et al. showed that 
although 47.6% of a group of 200 OA patients 
were suitable for UKR, surgeons still elected to 
perform TKR in the majority, offering UKR to 
only 8–15% [9]. However, functional results in 
young patients with TKR are disappointing and 
there is a signifi cantly higher revision rate in this 
group than in older patients (Fig. 4.4) [5], leading 
yet again to early revision.

tant in ensuring an excellent surgical outcome. 
There is considerable overlap in some cases re-
garding these indications. Where they are equally 
strong the surgeon should be guided by his or her 
personal experience and skills in each technique. 
It may be that surgeon A who is an experienced 
practitioner in osteotomy can attain a similar out-
come as a surgeon B who is skilled in UKR.

4.2  Changing Indications

Previously, patients deemed “too young” or “too 
active” in manual occupations for TKR were of-
fered osteotomy as a second option. Surgeons 
wary of the early poor performance of TKR in 
terms of early polyethylene failure, poor mobil-
ity and functional outcome often recommended 
osteotomy to “buy time” prior to eventual TKR, 
when the patient was older. The lack of effective 
revision prosthesis and techniques at that point 
also provoked caution in these patients, who 
might require up to three TKRs in their life time. 
This led to many younger patients with advanced 
OA, signifi cant deformity and multi-compart-
ment disease who underwent osteotomy. Nowa-
days, this group is regarded as being outside the 
current indications for corrective tibial or femoral 
osteotomy for malalignment and the early symp-
toms of premature osteoarthritic wear (Fig. 4.2) 
As a result, historically, in such cases osteotomy 
provided poor quality pain relief and functional 
results as well as a limited longevity of effect. 
Many revisions to TKR were performed before 7 
years, during which pain relief was progressive-
ly incomplete [6]. Conversion to TKR has been 
shown to have an inferior outcome compared to 
a TKR performed as a primary procedure [7]. 
Therefore this group of younger patients had a 
poorly performing osteotomy with incomplete 
pain relief that often did not achieve the aim of a 
return to sports or manual activity [8], followed 
by a TKR that was functionally poorer than if the 
implant had been performed primarily. 

Similarly, in the early development of uni-
compartmental surgery, the indications were 
extremely narrow and the procedure was often 
described as a “pre knee” with conversion to a 

Fig. 4.2 Radiograph 
of failed  high tibial 
osteotomy where 
indications were too 
advanced prior to 
original surgery
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revision of a well-performed tibial osteotomy to 
TKR can now be shown to provide similar results 
to those obtained in a primary TKR [7].

These findings have led to a reconsideration 
of the indications for the three procedures: oste-
otomy, UKR and TKR. Orthopedic perceptions 
have been significantly revised in response to 
both the changing osteoarthritic population and 
the recent advances in surgical technique and ma-
terials. Surgeons in this field need to ensure that 
they are fully aware of the changing indications 
in order to allow their patients the full benefits of 
these procedures.

Moreover, not only the orthopedic techniques 
but also the patients themselves are changing. 
They are younger and heavier [10], with an in-
creasing number in the 40- to 59-year age group; 
indeed, in this group knee surgery is predicted 
to increase by 20% [11] (Fig. 4.5). This age 
group poses considerable challenges in terms 
of the much higher activity of these individuals, 
which in turn influences the wear potential of 
the implants. A higher range of movement cou-
pled with up to seven times the number of cycles 
per year may lead to a wear rate in excess of six 
times normal for standard designs with standard 
polyethylene inserts [12]. These patients are not 
prepared to wait until they reach an acceptable 
age for TKR, at 65 or 70, but will demand an 

Given the poor functional results and early 
revisions in this group with TKR, the indications, 
techniques and design of UKR and the planning, 
surgery and fixation of osteotomy have been re-
evaluated. Consequently, UKR offers a better 
functional outcome than TKR on a more cost-
effective basis [9] and the long-term results of 
properly indicated and performed tibial osteoto-
my have been shown to be much improved [4]. A 

a b
Fig. 4.3 a, b Pre and post-
operative radiographs 
showing failure of UKR 
involving significant 
bone loss requiring use 
of revision prosthesis for 
primary revision

Fig. 4.4  Data taken from Swedish Knee Registry [5] 
showing increasing rates of revision of total knee replace-
ment with decreasing patient age
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tion for HTO is the management of knee instabil-
ity [16].

 The ideal candidate is a patient under 60 
years of age who is a non-smoker, has a BMI <30 
and presents with isolated medial joint line pain 
secondary to unicompartmental arthritis. There 
should be fi xed fl exion deformity of < 5o, knee 
fl exion of > 120o and, ideally, tibial metaphy-
seal varus of > 5o with normal ligament balance 
[16, 17].

 HTO may also be undertaken in patients with 
cruciate ligament instability or patellofemoral 
arthritis but additional procedures and special at-
tention to surgical technique are necessary. In the 
case of cruciate ligament insuffi ciency, the tibial 
slope can be adjusted accordingly (reduced for an 
ACL-defi cient knee and increased in a PCL-defi -
cient knee [16]), or the osteotomy can be com-
bined with ligament reconstruction [18, 19]. A 
Fulkerson’s osteotomy (or similar procedure) of 
the tibial tubercle may be performed in conjunc-
tion with HTO in the presence of patellofemoral 
disease. Obese patients or those with fl exion con-
tractures of up to 15 o may also benefi t, although 
they are less suited to the procedure.

4.3.1.2  Surgical Options
The most commonly used surgical options are 
medial opening wedge osteotomy and lateral 
closing wedge osteotomy. Dome osteotomy, 
chevron osteotomy, and progressive callus dis-
traction using external fi xation systems are alter-
native approaches [20].

 Lateral closing wedge osteotomy was long 
considered the standard approach, but the tech-
nique involves either fi bular osteotomy or dis-
ruption of the proximal tibiofi bular joint, and the 

immediate solution based on their signifi cant 
symptoms, activity and quality of life. Thus, sur-
geons should be familiar with the more modern 
indications for each of these three solutions to 
knee joint pain.

4.3  Indications for Osteotomy

4.3.1  High Tibial Osteotomy

High tibial osteotomy (HTO) has become an es-
tablished surgical procedure. Good to excellent 
results can be achieved with appropriate patient 
selection and correct surgical technique. HTO as 
a management option for medial knee osteoar-
thritis was fi rst described in the 1960s [13] and 
popularised by Coventry [14]. The early tech-
nique was criticised by some as having high com-
plication and failure rates, and its biomechanical 
validity was questioned [15]. These challenges 
and the success of knee arthroplasty were such 
that HTO fell into disuse during the 1980s and 
1990s. However, with greater understanding of 
the basic science, refi nements in surgical tech-
nique and the development of improved fi xation 
technology there has been a resurgence of inter-
est in HTO.

 
4.3.1.1 Indications
The principal indication for HTO is to treat estab-
lished medial compartment osteoarthritis or over-
load of the medial compartment in the presence 
of menisectomy or osteochondral defects. This is 
achieved through offl oading of the medial com-
partment by realigning the mechanical axis of 
the lower limb into valgus. A secondary indica-

Fig. 4.5 Table showing 
projected percentage 
growth by age group in 
total knee replacement.  
20% growth is predicted in 
the age group 40-59 years
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medial compartment pressures rather than the de-
sired reduction [24]. 

A modification of the opening wedge surgical 
technique has been proposed, with the use of a 
biplanar osteotomy combining the transverse cut 
with a second, vertically orientated cut running 
behind the tibial tubercle (Fig, 4.6a, b). This cre-
ates an anterior buttress improving torsional sta-
bility and allows more space proximally for fixa-
tion [21]. Osteotomies proximal to the tibial tu-
bercle have been shown to reduce patellar height 
[25]. When large corrections, (>8-10o valgus) are 
required, it is therefore recommended that the 
second, vertically orientated cut is directed dis-
tally, which avoids this problem [16].

4.3.1.3  Workup
An adequate history must be taken, specifically 
noting sporting/recreational activities, smok-
ing status and medical co-morbidities, includ-
ing obesity. The examination must focus on the 
site of tenderness, the alignment of the limb, the 
range of motion at the knee and the integrity of 
the supporting ligaments. Weight-bearing an-
teroposterior, lateral, skyline and Rosenberg 
views (or tunnel views) must be obtained. Limb 

exposure risks damage to the common peroneal 
nerve. Two saw cuts are necessary, causing bone 
loss and shortening that may compromise subse-
quent conversion to TKR.

Medial opening wedge HTO avoids extensive 
muscle detachment, involves only a single saw 
cut and allows more freedom to correct a deform-
ity in both the coronal and sagittal planes [21]. 
Early problems with hardware failure and non-
union have been minimised with the recent intro-
duction of better fixation systems. The TomoFix 
plate (Synthes, Switzerland), which is based on 
the principles of the locking compression plate, 
has been shown to yield a construct with enough 
stability to permit early weight-bearing and to al-
low osteotomy healing even in the presence of a 
lateral hinge fracture [22]. In a series of 262 pa-
tients, there was no loss of correction and only 
two nonunions using this plate [23]. Some authors 
routinely perform a bone graft to aid stability, but 
others have demonstrated that opening wedges of 
up to 20 mm can be safely left unsupported [16].

An additional important operative consid-
eration in medial opening wedge HTO is the 
release of the superficial medial collateral liga-
ment (MCL). Failure to do so results in increased 

a b

Fig. 4.6 a, b Radiograph and schematic of opening wedge osteotomy 
performed with a locking plate



34 D. S. Barrett and S. K. Yasen

osteotomy site nor is there a loss of correction 
[28]. On occasion, the regime may need to be tai-
lored according to any additional ligamentous or 
chondral procedures undertaken simultaneously. 

4.3.1.6  Results
Good to excellent results have been reported by 
a number of groups worldwide using different 
surgical approaches, with recent published stud-
ies showing a 10-year survivorship of 74–97.6% 
and a 15-year survivorship of 65.5–90.4% [20]. 
At short-term (1-year) follow-up, a randomised 
controlled trial comparing medial opening with 
lateral closing wedge osteotomy found no differ-
ence in functional outcomes [29]. Additionally, 
a meta-analysis has demonstrated no difference 
in complication rate, conversion to TKR or func-
tional scores in longer-term studies, although 
opening wedge HTO was associated with a great-
er angle of correction, increased posterior tibial 
slope and decreased patellar height [30].

4.3.1.7  Complications 
The most common complications include non-
union (0.7–4.4%), psuedoarthrosis, infection 
(2.3–4%), injury to the peroneal nerve (2–16%), 
compartment syndrome, hardware failure and 
thromboembolic events [20]. Intraoperative frac-
ture of the medial or lateral hinge (depending on 
approach) increases the chance of nonunion, as 
does smoking [31].

4.3.2  Conversion to TKR

Failed HTO requires conversion to TKR. A sys-
tematic review comparing primary TKR with 
conversion to TKR following closing wedge 
HTO showed longer operative time and less early 
range of motion but otherwise no significant dif-
ferences between the groups at longer follow-
up. Long-term results in patients undergoing 
bilateral TKR, having had unilateral conversion 
from HTO, do not significantly differ in terms of 
functional, radiographic and clinical outcomes or 
survivorship of the prosthesis at 15-year follow-
up [7, 32]. Data regarding outcomes in TKR fol-
lowing opening wedge HTO are not yet available. 

alignment is then assessed on full-length stand-
ing radiographs. Additional investigations, such 
as isotope-labelled bone scanning or magnetic 
resonance imaging (MRI) of the knee, may 
aid in establishing a failing or diseased medial 
compartment, along with the state of the lateral  
and patellofemoral compartments. Alternatively, 
knee arthroscopy may be undertaken, either as a 
separate procedure or immediately prior to com-
mitting to performing a HTO.

4.3.1.4  Preoperative Planning 
The tibial metaphyseal varus angle should be de-
termined and the principles of deformity correc-
tion, as set down by Paley, should be followed 
[26]. If a large correction is contemplated, a 
double osteotomy, involving the femur and tib-
ia, may be required to avoid causing significant 
joint-line obliquity. The normal mechanical axis 
in the lower extremity passes through the medial 
compartment of the knee. In the coronal plane, 
overcorrection to the lateral compartment is gen-
erally desired. A number of different criteria exist 
for determining the mechanical axis, with early 
work stemming from Fujisawa et al. [27]. In fact, 
the ‘Fujisawa point’ is now generally accepted 
as 62% of the distance across the tibial plateau, 
measured from the medial side [16]. This typi-
cally translates to 3–5o of valgus relative to the 
native mechanical axis or 8–10o of valgus com-
pared to the anatomical axis. 

4.3.1.5  Postoperative Management
Cryotherapy and thromboprophylaxis using in-
termittent venous compression are recommended 
to reduce swelling. Some authors still insist on a 
period of non- or touch-weight-bearing depend-
ing on surgical technique and the fixation sys-
tem. With the use of the TomoFix plate in medial 
opening wedge HTOs, early weight-bearing can 
be commenced even with large corrections. Typi-
cally, partial weight-bearing is started on the first 
postoperative day and then increased depending 
on the level of pain, with full-weight-bearing by 
no later than 6 weeks postoperatively [16]. Stud-
ies using radiostereophotogrammetric analysis 
support this schedule, showing that early weight-
bearing causes no significant movement at the 
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functional ACL as in particular for mobile-bear-
ing designs the rate of failure, with ACL rupture, 
is reportedly higher [33]. The lack of an ACL 
gives rise to over-correction and early failure 
in addition to bearing dislocation, although this 
appears to be a problem related only to mobile-
bearing prostheses. In addition to the clinical his-
tory and examination, the ACL rupture may be 
diagnosed radiologically based on the appearance 
of significant tibial lateral subluxation (Fig 4.8a) 
which may also indicate change or damage to the 
lateral compartment by tibial spine impingement 
(Fig 4.9). Lateral radiograph shows the particu-
larly posterior position of the femur on the tibia 
as ACL rupture allows the contact point of the 
femur on the tibia to slide back from its normal 
anterior position (Fig. 4.8b)

 Radiographically, some authorities recom-
mend a valgus stress anteroposterior radiograph 
preoperatively to show a possible correction. A 
four-view series, AP standing, lateral, skyline 
view at 30° flexion, and a tunnel or intercondy-
lar view at 45° flexion, should be obtained in all 
cases in order to assess the potential presence of 
arthritis elsewhere. MRI will reveal significant 
chondral defects if there is clinical concern re-
garding early changes in other compartments, 
but MRI is not part of the routine investigation 
when the clinical picture is well matched by the 

Theoretically, medial opening wedge HTO al-
lows easier conversion to TKR as there is no loss 
of bone stock, while the risk that the stem of the 
tibial component will impinge on the tibial cor-
tex is less [17]. Therefore, although conversion 
to TKR may represent a technical challenge, the 
results of TKR following osteotomy are gener-
ally favourable.

4.4   Classical Indications 
for Unicompartmental 
Resurfacing

4.4.1  Preoperative Indications

The majority of UKR are carried out on the me-
dial aspect. Thus, in the following the indications 
for the medial side are presented first, followed 
by a section on the indications for the lateral side. 

Medial unicompartmental replacement is 
classically indicated for focal anteromedial ar-
thritis limited to the medial aspect (Fig. 4.7a, b). 
Other compartments should not display radio-
graphic signs of OA. Clinical examination should 
reveal a knee with less than 5° of fixed flexion de-
formity and less than 10° of varus malalignment 
that should be passively correctable [1]. History 
and examination should confirm the presence of a 

a b
Fig. 4.7 Classical 
anteromedial arthritis seen 
on radiograph pre-op (a) 
and subsequently post-op 
after UKR (b)



36 D. S. Barrett and S. K. Yasen

Poor bone density in elderly patients may 
preclude this group undergoing UKR due to con-
cerns regarding tibial collapse. A second proce-
dure, if the UKR fails or the OA progresses, is 
considered undesirable in the elderly. Therefore, 
many surgeons recommend the larger procedure 
of TKR in older patients.

radiographic appearance. For similar reasons, the 
routine use of arthroscopy in knee assessment is 
not practiced, although many patients will have 
had arthoscopies in the past, details of which are 
useful in assessing disease progression. If the 
clinical position is in doubt and there is a pos-
sibility of ACL instability in addition to chondral 
damage as a cause of pain, arthroscopy and EUA 
are useful investigations prior to unicondylar re-
placement with or without ACL reconstruction. 

Patients with varus medial arthritis may have 
either a degree of primary femoral valgus or lat-
eral condylar hypoplasia (Fig. 4.10a). This is 
relevant when lateral condylar hypoplasia allows 
passive correction beyond neutral into a valgus 
malalignment. It may be of greater significance 
in mobile-bearing UKR, in which re-tensioning 
of the MCL is necessary to retain the mobile-
bearing. In these cases fully re-tensioning the 
ligament pushes the knee into valgus alignment, 
with rapid acceleration of lateral OA and prema-
ture failure of the implant.

Previously, concern regarding tibial bone col-
lapse under the prosthesis led surgeons to sug-
gest a maximum weight limit of the patient (Fig. 
4.10b). Suggestions vary in the absence of any 
detailed literature but an upper limit of 120 or 
130 kg is considered appropriate. 

a b

Fig. 4.8 a Radiograph showing significant lateral subluxation of the 
tibia, suggesting ACL rupture. b Lateral radiograph showing posterior 
subluxation of femur on tibia also indicative of ACL rupture

Fig. 4.9 Clinical picture showing tibial spine impingement 
on the inner aspect of the lateral femoral condyle, second-
ary to tibial subluxation
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with older types of polyethylene led directly to 
many UKR failures. The resulting catastrophic 
polyethylene wear (Fig. 4.12a, b) caused signifi-
cant bone loss and the requirement for a revision-
type prosthesis rather than simple conversion to 
a primary TKR (Fig. 4.3a, b) [35]. Awareness of 

4.4.2  Intraoperative Indications

At surgery, inspection should be made of all other 
compartments. Grade II chondral changes (fibril-
lation of the chondral surface and partial-thick-
ness chondral loss) are acceptable in the lateral 
compartment. Similar changes are also accept-
able in the patellofemoral joint although in the 
view of some authors very significant changes in 
the patellofemoral joint may also be acceptable 
[34] (Fig. 4.11). 

Surgeons should also check for the presence 
and function of the ACL, particularly if an uncon-
strained mobile-bearing model of UKR is used. 

Many surgeons will determine the need for 
a UKR or TKR dependant on the intraoperative 
findings. Whilst this gives the surgeon maximum 
freedom, it is not the authors’ practice, as in our 
opinion the combination of history, examina-
tion and radiographs should allow the surgeon to 
reach a definitive decision prior to surgery.

4.4.3  Revised Indications

Currently, the indications for medial unicompart-
mental replacement are being revised, based on 
growing experience, developing designs and im-
proved materials and techniques. Errors in surgi-
cal technique and prosthetic alignment coupled 

a b
Fig. 4.10 a Radiograph showing significant 
lateral femoral condylar hypoplasia which 
may lead in to over correction into valgus. 
b Radiograph showing tibial bone collapse 
in an overweight patient

Fig. 4.11 Clinical photograph showing significant patel-
lofemoral wear which may be acceptable in some circum-
stances for medial UKR surgery
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Evidence from the Swedish Knee Registry [5] 
does not support the concern that this group suf-
fers significantly more from disease progression 
and reoperation. Accordingly, it seems that UKR 
may be particularly beneficial in older patients.

Whilst the presence of a functional ACL is 
accepted as an important indication for mobile-
bearing knees for the reasons outlined above, 
there is increasing evidence that a lax ACL in a 
functionally stable knee may not be a contraindi-
cation for a fixed-bearing UKR [33]. This is an 
important finding not only because of the persist-
ing controversy but also because ACL-deficient 
patients make up a significant proportion of the 
younger patients presenting for consideration 
of UKR, due to the nature of the injury and as-
sociated meniscal tears leading to premature 
OA. Specifically, it appears there is no clinical 
difference in outcome between ACL-intact and 
ACL-deficient patients, providing that the knee is 
functionally stable prior to surgery. Theoretically, 
there will be a difference in the joint kinemat-
ics between these two groups [40] but with the 
newer, moderately cross-linked polyethylene re-
sistant to cross-shear this difference may be only 
technical. In patients with symptomatic ACL 
instability, UKR can be satisfactorily combined 
with ACL reconstruction [41]. Occasionally, fol-
lowing UKR and the advent of a more mobile 
knee, a functional ACL instability is revealed. In 

the demands particular to UKR surgery, such as 
interprosthetic alignment to avoid edge loading 
and the advent of moderately cross-linked poly-
ethylene with improved locking mechanisms in 
fixed-bearing UKR, have improved survivorship 
figures. Therefore, surgeons are beginning to re-
examine the older indications for UKR [36]. 

Patients develop medial compartmental OA 
due to physiological habitual varus. Correction 
to a complete 0° mechanical hip-knee axis is not 
possible in this group. Thus, surgeons may pre-
fer to leave a physiological alignment of 3° or 4° 
varus. This allows more natural re-tensioning of 
the medial collateral ligament, which is often lax 
due to medial wear. Changes in the nature of the 
polyethylene and the advent of moderate cross-
linking have reduced polyethylene wear in the 
fixed-bearing UKR [37], allowing younger and 
more active patients to benefit from UKR. Thus, 
there has been a change in the balance between 
osteotomy and UKR, as more surgeons use the 
latter in a younger age group previously indicated 
for osteotomy [38].

Concerns regarding weight, BMI and the el-
derly patient also appear to be unconfirmed [39]. 
If appropriately performed, UKR does not have a 
higher failure rate, either in patients with elevated 
BMI or in the elderly; rather, UKR offers good 
symptom relief with a minimum of surgical in-
tervention and much shorter rehabilitation [39]. 

a b
Fig. 4.12 a Radiograph 
showing significant 
malpositioning of UKR 
prosthesis leading to edge 
loading. b Explanted 
tibial prosthesis from the 
clinical case in 4.12 a.  
Accelerated polyethylene 
wear is shown as a direct 
result of malposition of the 
prosthesis and edge loading
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outcomes following lateral UKR. The tendency 
to over-correct a valgus malangulation at surgery 
should be avoided and the surgeon should be 
aware of the different positioning criteria of the 
prosthesis when used in the lateral compartment. 
Technically, lateral UKR is regarded as a more 
difficult procedure due to the challenges posed 
by exposure from the lateral side and prosthetic 
positioning. It is therefore advised that the sur-
geon become comfortably proficient in medial 
UKR before proceeding to lateral-type surgery.

4.6   Mobile- or Fixed-Bearing 
Unicondylar Surgery?

There are long-term outcome studies show-
ing good results for both mobile-bearing and 
fixed-bearing UKR [3, 2]. In a paper comparing 
mobile-bearing with fixed-bearing for the me-
dial side no significant difference was reported 
[44]; the choice is up to the surgeon, based on 
preference and training. Mobile-bearing UKR is 
contraindicated on the lateral side and therefore 
surgeons planning to offer UKR for patients with 
medial and /or lateral OA may wish to acquaint 
themselves with a fixed-bearing system that per-
mits surgery on both compartments.

4.7   Total Knee Replacement

This procedure has a long history of develop-
ment, good long-term survival figures [45] and 
well-established indications. For those patients 
with tricompartmental OA, significant deformity 
and fixed flexion, TKR offers both good relief of 
pain and functional improvement. TKR should 
always be the default option if the surgeon has 
doubts about the indications for osteotomy or 
UKR or is unfamiliar with the skills required 
for these procedures. However, in more active, 
younger patients, there are significant numbers of 
cases in which patients experience anterior knee 
pain, difficulty climbing stairs and pain or are un-
able to be involved in social sports [46]. Surgeons 
may feel the lower quoted revision rates for TKR 
are an important benefit in this group, but analy-

this case, ACL reconstruction is carried out as a 
secondary procedure.

There is increasing evidence that asympto-
matic patellofemoral changes are not necessar-
ily a contraindication to medial UKR [42]. This 
supports the view of Beard et al., who docu-
mented the results of a mobile-bearing practice 
[34]. Thus, patellofemoral change without clini-
cal symptoms must no longer be included in the 
contraindications for mobile-bearing or fixed-
bearing cases.

4.5   Lateral Unicondylar 
Resurfacing

Lateral resurfacing was previously rarely per-
formed and it is contraindicated for an uncon-
strained mobile-bearing design. Recently, the 
number of patients undergoing lateral UKR with 
fixed-bearings has increased, with good results 
[43]. Suitable indications are isolated lateral OA, 
correctable valgus deformity and the absence of a 
fixed flexion deformity (Fig. 4.13). Valgus mala-
lignment produces secondary lateral maltracking 
of the patella; therefore, surgeons should ensure 
that the patellofemoral joint is not involved be-
fore proceeding. Patients with obvious causes 
of lateral OA, such as post-total lateral menisec-
tomy and lateral femoral hyperplasia, have good 

Fig. 4.13 Radio-
graph showing lat-
eral osteo-arthritis 
suitable for lateral 
unicompartmental 
surgery
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the increasing use of UKR and osteotomy it may 
be less commonly performed in the younger, 
more active OA population.
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UKR Surgical Technique:  
Pearls and Pitfalls   

Norberto Confalonieri and Alfonso Manzotti

5.1   Introduction

Before beginning this chapter, perhaps a dis-
claimer is necessary: I’m not exclusively a knee 
surgeon, nor is knee surgery the most important 
and frequent part of my practice. I am neither a 
designer of the unicompartmental knee replace-
ment (UKR) nor do I receive benefits for implant-
ing them. I’m just saying this because the most 
frequent accusations, addressed to enthusiast 
knee surgeons using UKR, are that of expand-
ing the indications and to obtain very positive but 
non-reproducible results by “normal” surgeons 
[1–3]. Likewise, there are surgeons inventors 
of new designs and models who exaggerate in 
their choices always with excellent results [4–8]. 
However, I believe, indeed, that almost all sur-
geons can obtain good results by just respecting 
the correct indications and following some basic 
rules of surgical technique.

I’ve been using the UKR prosthesis since 
1988, with a series of over 1,400 patients [9]. I 
have implanted almost all models on the market 
and attempted both to understand the best way 
to improve my results, in a great majority of my 
cases, and to understand the errors of the few that 
were failures. Even when I dealt with computer-
assisted surgery developing software, my first 
aim was to make the surgical procedure easy and 

reproducible [10]. Many of the things written on 
the pages of this book are still the subject of live-
ly debate among us. There is no full agreement 
on all the rules, but I hope that the reader, looking 
at this book, can make up his or her own mind 
and act accordingly.

5.2 Principles of UKR Surgery

First of all, I believe the main rules to consider in 
UKR surgery are: 
– Patient selection 
– Implant design 
– Operative technique

5.2.1  Patient Selection

Topics of this book are our patients with medial 
or lateral compartment osteoarthritis of different 
severity [11]. Often, this disease is the result of 
the congenital morphotype or traumatic events 
that have produced joint cartilage wear, with 
consequent mechanical axis deviation. First of 
all, it is mandatory to examine the patient and 
see if the problem is compartmental or general. 
For this, we use the “finger test”: ask the patient 
to indicate with a finger where the knee is pain-
ful. If only one compartment is indicated and 
this corresponds to the pathological one, and the 
clinical examination is positive, the problem will 
probably be there and the Uni will be the correct 
solution. The main aim of our procedure is to re-
move the pain, and if, then, we get a better joint 
function and limb correction, then, why not even 
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– Minimal bone cut.
– Ligament balancing.
– Tibial cut.
– Femoral cut.

5.3.1  Correction

One indisputable fact is that the thickness of the 
prosthesis changes the axis of the knee accord-
ing to the joint space that you have created. If the 
joint space is tight, the minimum wedge will also 
be tight and the mechanical axis will be overcor-
rected. If the joint space is abundant, the thick-
ness of the tibial component chosen will decide 
the axis. A simple rule that we have developed is 
the “minimum tibia bone cut” (MBC), because 
it is important to cut the tibial plateau as little as 
possible in order to create good support for the 
prosthesis component. Our formula is: the mini-
mum thickness of the prosthesis (TP) – the angu-
lar deformity (AD) = MBC. 

Let’s take an example: An 8° varus knee, and 
a resurfacing prosthesis with 4.5 mm of femoral 
and 7 mm of tibial thickness (total 11.5). Thus, 
you have 11.5 – 8 = 3.5 mm to remove. With re-
surfacing, you can also act on the femur. If you 
remove 2 mm of the femur, you have 2.5 mm of 
protrusion; you can cut only 1 mm of the tibia 
(3.5 – 2.5 = 1 mm) to provide a minimum joint 
space in which to introduce the minimal wedge 
in order to bring the axis to 0°. Obviously, if 
you want to undercorrect, you can increase the 
amount of femoral bone removal or increase the 
tibial cut. Using this concept, navigation is a use-
ful tool to know the exact value of this procedure 
(Fig. 5.1).

If you use a prosthesis with femoral cuts, you 
need not consider the femoral component, be-
cause you have to remove all the bone exactly for 
the femoral component. That will leave you with 
only the thickness of the tibial component: 7 mm 
minimum, 11 mm maximum. It is evident that 
you must increase the thickness of the tibial com-
ponent, because: 7 – 8 = –1. Even if you cut only 
1 mm of bone, the joint space becomes 9 mm, so 
you can implant a tibial component of 9 mm (the 
rule becomes 9 mm – 8° = 1 mm). Here, if you 

aesthetics, which is so much the better [11]? But 
remember: no pain, no prosthesis!

5.2.2  Implant Design

To insert a prosthesis, you must create a joint 
space. You must know the thickness of the pros-
thesis (the wedge) and the model. In fact, the pro-
cedure of implanting the tibia is almost always the 
same, with a bone cut of varying dimensions [12, 
13]. For the femoral component, there are two 
types of prosthesis: resurfacing, which provides 
a cartilage, and little bone fraction removal. The 
other prosthesis requires bone cuts in proportion 
to the thickness of the femoral component. It re-
moves as much bone as the prosthesis thickness. 
This is important in determining the tibial cut. 
With resurfacing you can take into account the 
thickness of the femoral component: for exam-
ple, for a thickness of 4.5 mm, you remove 2 mm 
of cartilage and bone, which leaves 2.5 mm of 
protrusion from the femur, and you can cut 2 mm 
less from the tibia. With the other, this is not pos-
sible, and the whole deformity correction should 
be taken into account during the tibial cut. There-
fore, in severe axial deviations and using this last 
type of design, you need to know the maximum 
thickness of the tibial component because it may 
not be sufficient to correct the arthritis deformity. 
As an example: A 15° varus knee, 11 mm maxi-
mum thickness of the tibial component (mini-
mum 7 mm): if you use a prosthesis with femoral 
cuts, even if you do not make any tibial cut, you 
will have a residual varus of 4° unless you use 
distal femoral cuts, but this is possible only with 
some prosthetic models.

It might be that a residual varus is plausible 
and physiological, but it is still a controversial 
topic, and there is no certain solution regarding 
whether this deformity should be totally correct-
ed or not. 

5.3  Operative Technique

The operative technique consists of five steps:
– Correction (planning).
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morphotype constitutionally precise may be dan-
gerous because the congenital deformity could be 
the cause of arthritic disease. We believe that an 
accurate examination of the contralateral knee, 
the clinical history, and the study of posture with 
a walking computerized platform (baropodomet-
ric test, gait analysis, etc.) should be taken in ac-
count together in order to decide the best correc-
tion [19–22].

 
5.3.2  Surgical Technique

Patient supine, knee flexed to 90°, thigh tourni-
quet inflated with limb at 90° to avoid the tension 
of the extensor apparatus when you flex the knee. 
Support for the foot to hold it steady when you 
flex it, lateral support to the thigh, freedom of 
motion: flexion–extension and intra and external 
rotation.
– Varus knee: skin incision less than 10 cm an-

terior–medial, starting at the upper pole of the 
patella to 2 cm below the tibial rim, near the 
anterior tibial tuberosity (ATT). 

– Valgus knee: median skin incision, from the 
upper pole of the patella to the ATT. Lateral 
capsular arthrotomy. You have the possibil-
ity of lengthening the joint approach with the 
quadriceps tendon snip, using the effect of 
“sliding skin window.” 
However, you should always take in account 

want to undercorrect, keep the minimal thickness 
of the tibial and you’ll have 2° of varus (9 mm – 
7 mm = 2°). Sounds complicated, but it’s only a 
matter of mental habit. 

Another thing to be said is that sometimes 
the data do not match, either due to an incorrect 
orthostatic X-ray and resulting incorrect value 
of the deformity, or to an error in bone cuts, so 
you may find some problem with the introduc-
tion of the prosthesis. Experience and, for the 
person who uses it, the computer, will guide us 
to the best alternative choice of bone cuts (Fig. 
5.2). But why would anyone want to undercor-
rect? And how much? And why in a high tibial 
osteotomy in a varus knee, is overcorrection of a 
few degrees recommended?

These questions are still without a definite 
answer. My experience with long-term follow-up 
leads me to say that it is better to have a mechani-
cal axis close to 0° [14, 15]. UKR survivorship is 
close to that of TKR and, in the majority of cases, 
it fails either with a collapse of the bone under the 
tibial implant or, in rare cases, on the progression 
of osteoarthritis in other compartments [1–3, 14, 
15]. Thus, it could be supposed that the more you 
keep the load on the prosthesis compartment, the 
more the bone suffers. Likewise, the more you 
transfer the load to the other compartment, and 
the more you free up the pathological compart-
ment together with ligamentous stress, the bet-
ter the joint works [16–18]. The rule to keep the 

Fig. 5.1 Computer-guided determination of the minimal 
tibial cut yielding the perfect mechanical axis

Fig. 5.2 Determination of the mechanical axis 
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tion in extension. The horizontal cut: with an 
oscillating saw, perpendicular to the axis (Fig. 
5.3).
And the slope? Retaining the two ligaments, 

the joint space changes between flexion and ex-
tension. It usually drops down in flexion [12, 23, 
24]. Our goal is to always get the same joint space 
in flexion and extension (Fig. 5.4). This can be 
achieved by adjusting the slope, or with the cuts 
of the femoral condyle, anterior and posterior. As 
you know, the two compartments are anatomi-
cally different and move differently [20–22, 25, 
26]. The medial tibial plateau is concave with a 
degree of slope to allow the rolling of the femoral 
condyle in flexion, which has a radius of curva-
ture that is larger posterior. This different offset 
has been stabilized and balanced in flexion by the 
meniscus. In contrast, the lateral tibial plateau is 
convex, to allow femoral roll back. Here, too, the 
meniscus has a fundamental role in the stabili-
zation and containment of the excursion of the 
posterior condyle in flexion [19–22, 25, 26]. By 
removing the meniscus, we have to think about 
reducing the fall of the femur. On the other hand, 
we cannot cancel the slope, otherwise there will 
be a stress load on the posterior edge of the pros-
thesis, which tends to lift the front (anterior tilt) 
[24]. In addition, arthritic disease leads to wear 
of the femoral condyle, more frontal than poste-
rior, increasing the problems of joint space. We 
must reach a compromise. In the medial compart-
ment: you known the natural slope by means of 
the lateral X-ray or navigation, but we believe 

that MIS (mini invasion surgery) is not a shorter 
incision, but respect the tissues under the skin, 
which are essential for joint function, and con-
sider that the aesthetic scar effect depends some-
times on the suture! 

For those who use the computer, please con-
sider: 
– Screws or pins for the rigid bodies supporting 

the sensors fixed outside the surgical incision, 
in the femur and tibia

– Registration of the centers of rotation of the 
hip, ankle, and knee

– Acquisition of anatomical landmarks of the 
tibial tuberosity, tibial plateau, femoral con-
dyle, tibial slope, etc.

– Verification of the axial deformity and poten-
tial correction (ligament stress)
In all cases, it is necessary to consider:

5.3.2.1 Ligament Balancing
Consider even the ligament balance: a minire-
lease is possible to attain axial correction. In 
severe deformity >10°, the release also serves 
to free the compartment fixed by ligaments over-
stress.
 
5.3.2.2 Tibial Cut
We recommend that the frontal cut be perpendic-
ular to the tibial mechanical axis. If the proximal 
tibial epiphysis is deformed >5° of varus, we rec-
ommend a valgus osteotomy in addition, associ-
ated with the UKR, in the same surgical step. But 
how much should we cut? Please follow the rule 
of the MBC, being ready to recut, if necessary. 
And how should we cut? 
– Varus knee: The vertical cut; keeping the saw 

blade close to the anterior cruciate ligament 
(ACL), parallel to the femoral condyle. The 
horizontal cut: perpendicular to the mechani-
cal axis. 

– Valgus knee: The vertical cut: oblique medi-
ally starting just in front of the ACL and po-
sitioning the saw in contact with the posterior 
side of the femoral condyle, with an angle 
open anteriorly. This is to avoid prosthetic 
femoral impingement with the anterior tibial 
spine in extension during the “screw home 
mechanism” that produces a tibial extrarota-

Fig. 5.3 Tibial cut with a retractor for the patella. The dis-
tal part of an intact ACL is visible
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ficult to balance the spaces. Also, the slope on the 
lateral side must remain close to zero to allow 
the natural femoral condyle to roll back. Further-
more, you can adopt a thicker tibial component, 
trying to keep the morphotype without raising the 
joint line too much. If, however, you encounter 
osteoarthritis, the wear on the anterior condyle 
is greater than on the posterior, creating space 
in extension, which is not easy to fill. You must 
use implants that have distal anterior cuts (shims) 
that make it possible to resect less bone. How-
ever, you can only produce distal cuts up to 3 mm 
(maximum thickness of the shims). So, if you 
have a severe valgus knee (>15°, for instance), 
we recommend implanting a total replacement or 
performing uni resurfacing. A practical example: 
18° valgus; if you use a prosthesis, with the cuts, 
with the possibility of 3-mm distally, the formula 
is: 14 mm (3 mm of femoral protrusion + 11 mm 
of the maximum tibial thickness) – 18°= –4 mm. 
Also, you resect only 1 mm of the tibial plateau, 
leaving 5° of valgus (4 + 1).

5.3.2.3 Femoral Cut
The cutting tools and techniques for the femo-
ral component are divided into two groups: one 
involves the femoral cut joined to the tibia, the 
other is independent of the tibia. Our aim, how-
ever, is always the same: to implant the femoral 
component perpendicular to the tibia cut to pro-

you should achieve a tibial slope ranging from 
0° to 7°, which is proportional to the natural one, 
but no more than 7° to avoid ACL strain during 
flexion. At this point, you check the joint space 
in flexion and in extension by calibrated spacers 
or by the computer distractors. The spacer with 
the same extension/flexion thickness must enter 
and exit from the joint in both flexion and exten-
sion, without excessive difficulty, otherwise we 
have a conflict, usually in flexion, and it must be 
corrected [13, 27–29]. There are several solu-
tions to increase the joint space. Cutting guides 
to increase the tibial slope, special inserts (shim, 
Fig. 5.5) on the distal femoral cutting guide in or-
der to decrease the space in extension (less bone 
remotion), prosthetic models that have different 
thicknesses in front and posterior of the femoral 
component, etc. If you use femoral resurfacing, 
you can remove more bone posteriorly.

Of course, the computer helps you at this 
stage and gives you the exact measurements of 
the difference. In the lateral side, the hypoplastic 
femoral condyle, mainly responsible for valgus 
deformity, makes it hard to plan. If you adopt 
resurfacing, it is easier. You can use many mil-
limeters of thickness of the component, removing 
only the cartilage, while for the posterior side, 
you cut the bone according to the thickness of the 
prosthesis. Be careful when you use a prosthesis 
with the femoral bone cuts. You may find it dif-

Fig. 5.4 Check of the joint spaces in flexion Fig. 5.5 Check of the joint spaces in extension
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lary femoral instrumentation, or a computer, to 
be able to implant the femoral component per-
pendicular to the mechanical axis. But it is not 
necessarily perpendicular to the tibial component. 
Therefore the design of the implant will have 
more tolerance to curves, or guides (milling), that 
transform the femoral condyle with a single ra-
dius of curvature using mobile bearing congruent. 
Everything is correct when the components are 
perpendicular to each other and to the mechanical 
axis, and the limb is correct and well balanced in 
flexion and extension (Fig. 5.9 and 5.10).

vide more surface contact and avoid pick wear 
[19, 20]. If you use cutting guides joined (laying 
beside) to the tibial cut, the procedure is pretty 
forced (Fig. 5.6). The only option will be to cut 
anteriorly and posteriorly with the guide inserted 
to correct the arthritis deformity both in exten-
sion and flexion; otherwise, it will be difficult to 
implant the prosthesis perpendicular to the me-
chanical axis of the lower limb (Figs. 5.7, 5.8). 
This is to obtain the maximum area of the pros-
thesis supporting the load bearing. 

If you use free guides, you need intramedul-

Fig. 5.6 Distal femoral cut with the cutting guide joined to 
the tibial cut in extension

Fig. 5.7 Chamfers with a spacer supporting the femoral 
cutting guide in flexion

Fig. 5.8 Tibial preparation Fig. 5.9 Cemented implant: the polyethylene and metal 
back can be assembled in order to avoid cement cracks or 
dislocation of the metal back
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Unicompartmental Knee Arthroplasty 
with a Mobile-Bearing Prosthesis:  
Long-Term Results

Hemant G. Pandit, David W. Murray,  
and Christopher A. F. Dodd

6.1  Introduction

Anteromedial osteoarthritis (OA) of the knee, 
a distinct pathological condition described by 
White et al. in 1991 [1], is an ideal indication for 
unicompartmental knee arthroplasty (UKA). In 
this condition, the cartilage erosion in the medial 
compartment begins typically in the anterior half 
of the tibial plateau, the cartilage being preserved 
over the posterior third (Fig. 6.1). 

There is a corresponding lesion on the distal 
femoral condyle. The femoral condyle sits within 
this tibial defect in extension, producing a varus 
deformity that is corrected on flexing the knee as 
the preserved cartilage over the posterior condyle 
of the distal femur rides over the intact cartilage 
of the posterior tibial plateau.  In these cases, the 
medial collateral ligament is not shortened (Fig. 
6.2) and the varus deformity remains correctible 
in near extension by application of a valgus stress. 

The anterior cruciate ligament (ACL) is also 
usually preserved and the retention of these struc-
tures tend to prevent OA from progressing to oth-
er compartments of the knee.  This pattern of OA 
accounts for one in three cases of osteoarthritic 
knees undergoing arthroplasty in some centres. 

UKA is a well-accepted treatment option for 
anteromedial OA as it has many advantages over 

total knee arthroplasty (TKA). These include less 
perioperative blood loss, reduced risk of infec-
tion, a shorter recovery period, better range of 
movement and lower morbidity and mortality.  
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Fig. 6.1 Typical tibial plateau specimen confirming the 
presence of cartilage erosion in the anterior half

Fig. 6.2  Femoral movement in extension and flexion. The 
intact posterior tibial cartilage allows the femur to move 
out of the defect each time the patient flexes the knee
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measurements have confirmed the same. 
In vitro measurement of retrieved bearings 

has shown a mean linear wear rate (combining 
both articular surfaces, including backside wear) 
of 0.03 mm per year, and even less (0.01 mm per 
year) if the knee had been functioning normally 
without any impingement.  Furthermore, the rate 
of wear is no more rapid when thinner (3.5 mm) 
rather than thicker components are implanted.  
The use of the thin polyethylene bearing is ad-
vantageous, especially in young and active pa-
tients, as the bone stock is preserved.

In vivo measurements by Kendrick et al. [2] 
used model-based radiostereometric analysis to 
measure the combined wear of the upper and 
lower bearing surfaces in 13 Oxford Knees at a 
mean of 20.9 years (17.2–25.9) postoperatively. 
The mean linear penetration of the polyethyl-
ene bearing was 1.04 mm (0.307–2.15), with a 
mean annual wear rate of 0.045 mm/year (0.016–
0.099).

6.3   Phases in the Development of 
the Oxford Knee

In phase 1 (1976), the femoral surface was pre-
pared with cutting blocks and saw blades to re-
move the angular cuts of bone to fit the non-artic-
ular surface of the metallic femoral component.  
This did not, however, allow accurate ligament 
balancing (flexion/extension gap) and bearing 
dislocation was an occasional problem. 

Phase 2 (1986) saw the introduction of a 
spherical mill to address this problem.  The fem-
oral component was changed to a spherical con-
cave inner surface and the femoral bone surface 
was thus prepared with a rotating mill around a 
central spigot.  This allowed accurate soft-tissue 
balancing by incremental 1-mm milling of the 
distal femoral surface. 

The phase 3 design, introduced in 1998, 
provided new instrumentation and an increased 
range of components to facilitate the implanta-
tion through a short incision (minimally invasive 
surgical approach).  Although the Oxford Knee 
was the first of its kind, there are currently sev-
eral other mobile-bearing implants based on a 

As the cruciate ligaments are preserved, the pro-
cedure has the ability to restore knee function to 
near normal.  The knee feels more natural and 
pain relief is as good or better than following a 
TKA. 

This chapter describes the long-term outcome 
of patients undergoing UKA, with particular ref-
erence to the Oxford Knee (Biomet Europe). Its 
unique design features are outlined below fol-
lowed by the methods used to describe the long-
term outcome and the outcome data for these 
patients.

6.2  Implant Design

The Oxford Knee (Fig. 6.3) is the only mobile-
bearing fully congruous UKA design approved 
by the FDA.  It has a spherical femoral and a flat 
tibial component, both made of cobalt chrome.  
Between the two lies an unconstrained mobile-
bearing, the upper surface of which is spherically 
concave and congruent with the femur while the 
lower surface is flat and congruent with the tibia.  
The bearing is congruent in all positions of knee 
flexion.

Therefore the contact area is large (around 6 
cm2) and the contact pressure is low.  This form 
of articulation, while imposing no constraints 
upon movements, diminishes polyethylene wear 
to very low values.  Both in vivo and in vitro 

Fig. 6.3 The Oxford 
Knee



6  Unicompartmental Knee Arthroplasty with a Mobile-Bearing Prosthesis: Long-Term Results 53

monly used to determine the results obtained with 
in a population with a single series of prosthesis 
or to study and compare the results from a larger 
populations in which different prostheses were 
used, as in National Joint Registries.  In most 
survivorship studies, all-cause revision is report-
ed as the primary end-point.  This can be further 
modified to differentiate revisions performed for 
various reasons, for example, aseptic loosening 
(as is commom in the American literature), from 
failures secondary to infection, type of revision 
implant used, etc.  Survival analysis may be per-
formed using either the life table method or the 
Kaplan-Meier method. 

Whichever method is employed, there are a 
number of features that must be understood about 
the reported data.  Survival figures are cumula-
tive, which allows a prediction of the expected 
failure rate in the long term, reducing the need 
for a large number of prostheses to have reached 
the long-term follow-up end-point.  However, the 
number at risk at each time point must be known 
since if the number reduces to less than 15 it 
becomes difficult to interpret the data.  Loss to 
follow-up is also important, and studies should 
present worst- as well as best-case scenarios.

The long term results of mobile-bearing UKA 
are available from three main sources:  cohort 
studies, prospective trials and arthroplasty regis-
tries (regional or national).  

6.5  Cohort Studies 

Khanna and Levy outlined and compared 17 pub-
lished clinical studies, comprising 2,847 patients. 
Follow-up ranged from 2 to 22 years during 
which there were 77 (2.7%) device-related fail-
ures [5].  The survivorship ranged from 84.0% (at 
10 years) to 100% (at 10 years), with the majority 
of studies quoting survivorship > 94%.  

Cohort studies are usually based around the 
observed results of cases treated by a single sur-
geon or a small group of surgeons (usually from 
a single unit).  Their advantage is that groups 
of patients are followed in detail and with often 
near-complete follow-up. The indications for 
surgery, operative technique and postoperative 

similar philosophy.  The AMC knee (Uniglide) 
differs from the Ocford Knee with respect to the 
shape of the femoral component.  The radius of 
the femoral component is constant in the AMC 
design up to 45° of flexion but decreases towards 
the posterior position of the condyle, which can 
affect knee kinematics.  This is not the case with 
the Oxford Knee, in which the radius of curva-
ture is constant throughout. Various studies have 
demonstrated the restoration of near-normal knee 
kinematics following Oxford Knee implantation 
[3, 4]  There are very few series reporting the re-
sults of the AMC Uniglide implant.

The other category of mobile UKA relates to 
the LCS mobile-bearing.  This device employs a 
polyradial femoral component articulating with a 
dished polyethylene bearing that runs back and 
forth in a track on a metal tibial tray.  Again, the 
polyradial nature of the articulation means that 
the congruency is lost after 30°; beyond this flex-
ion the device acts as a fixed-bearing implant.  
More damaging, however, is the conflict between 
the bearing movement and the track; indeed, 
many devices jammed and failed.  The mobile 
iteration of the LCS UKA is therefore no longer 
used. 

6.4  Long-Term Outcome

Ideally, the long-term outcome should reflect 
the results and outcome of all the patients who 
have undergone a particular procedure for the 
entire lifespan of that implant; that is, the end-
point should be either that the patient has died or 
that the implant has been revised.  This approach 
is, obviously, not realistic; instead, the next best 
assessment is a prediction of the real long-term 
outcome. This is best achieved by survivorship 
analysis, which is widely used in reporting the re-
sults of joint arthroplasty.  The method allows the 
failure rate of an implant to be predicted based on 
the results of a series of operations that may have 
different lengths of follow-up but are assumed, 
for the purposes of the analysis, to have all been 
performed at the same time.  The method calcu-
lates a cumulative survival rate from the failures 
occurring at differing time periods.  It is com-
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to follow-up.  In another independent series of 
phase 1 and 2 knees, Svard and Price [10] showed 
a cumulative survival of  95% for 124 patients at 
10 years.

Mercier et al. [11] reported an overall sur-
vival of 74.7%.  They specifically drew attention 
to their broad selection criteria, including ACL-
deficient knees and inflammatory arthropathy, 
neither of which are ideal indications for UKA.  
If these cases are excluded from this series, the 
10-year survival is >85%. In a similar fashion, 
Kumar and Fiddian reported a 10-year survival 
of 85% (CI: 78–92%) at a mean follow-up of 5.6 
years [12].  They also drew attention to inflam-

rehabilitation tend to be standardised.  However 
the total number of patients is often small and 
may include non-continuous series, with exclu-
sions.  Additionally, these studies are open to bias 
as they are often reported by the designer(s) or 
the enthusiasts such that the results may not be 
representative of the implant outcome in general 
orthopedic practice.  Nonetheless, these cohort 
studies provide important information as to the 
success or failure of the intervention and can usu-
ally be treated as the best-case scenarios.  

A 10-year follow-up of the Oxford Knee was 
reported in nine studies, with a wide range in the 
reported survival (Table 6.1). In six of the nine 
studies cumulative survival at ten years was 94% 
or greater. In three series, however, the cumula-
tive survival was 85% or less.  The designer se-
ries by Murray et al. [6] for phases 1 and 2 of 
the Oxford Knee reported a 10-year cumulative 
worst-case survival rate of 97% (confidence in-
terval (CI): 93–100%).  In that series 44 knees 
were at risk at 10 years and no failures were due 
to polythene wear or aseptic loosening of the 
tibial component.  Pandit et al. [7] reported the 
designer series of the phase 3 Oxford Knee, with 
1000 knees; the survivorship at 10 years was 96%  
(number at risk at 10 years: 121) (Fig. 6.4). 

Rajasekhar et al. [8] obtained similar results, 
with a 94% cumulative survival of phase 2 Ox-
ford Knees at 10 years while Keyes et al. [9] re-
ported excellent results with their first 40 phase 
3 Oxford knees.  The latter study had an aver-
age follow-up of 7.5 years, with a survivorship 
at 10 years of 100%, without any patients lost 

Table 6.1 Summary of 10-year survival studies

Year Author Phase Number Mean age  
(years)

Mean follow-up  
(range)

Survival %  
(95% CI)

1998 Murray et al. [6] 1 and 2 144 71 (35–91) 7.6 (6–14) 97 (93–100)

1999 Kumar and Fiddian [12] 2 100 71 5.6 (1–11) 85 (78–92)

2001 Svard and Price [10] 1 and 2 124 70 (51–86) 12.5 (10.1–15.6) 95

2002 Emerson et al. [14] 2 50 64 6.8 (2–13) 92

2004 Keys et al. [9] 2 40 68 (40–80) 7.5 (6–10) 100

2004 Rajasekhar et al. [8] 2 135 72 (53–88) 5.8 (2–12) 94 (84–97)

2006 Vorlat et al. [13] 2 141 66 (46–89) 5.5 (1–10) 82 (SE 6.9)

2009 Mercier et al. [11] 3 43 69 (47–86) 14.9 75

2011 Pandit et al. [7] 3 1000 66 (32–87) 5.6 (1–11) 96

Fig. 6.4 X-ray showing a phase 3 Oxford Knee in situ at 
12 years
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lateral compartment although over the 20-year 
period this occurred in only ten patients (1.5%).  
This study also reinforces the importance of ad-
hering to the present indication of excluding pa-
tients with previous HTO or ACL deficiency, as 
the inclusion of these cases reduced survival to 
71%.  Another interesting feature of this 20-year 
series is the number of relatively few failures that 
occurred in the second decade.  There is a con-
sistent trend across all the series in that infection 
and dislocation tended to present as early com-
plication after UKA, with lateral compartment 
arthritis and loosening accounting for the ma-
jority of mid-term failures.  None of the failures 
in the second decade, as reported by Price and 
Svard, were due to polyethylene wear, suggest-
ing that the design features of reducing contact 
stress successfully prevent catastrophic wear for 
at least 20 years.  Barrington and Emerson also 
reported 20-year results with the Oxford Knee 
(Table 6.2) [17], with a survivorship of 94% and 
no revisions for bearing dislocation, tibial subsid-
ence or polyethylene wear.  They also reported 
excellent functional scores: the mean American 
Knee Society Score improved from 47 (preopera-
tive) to 94 (postoperative).

In assessing the few available studies that re-
ported on long-term clinical outcome, it is clear 
that no consistent clinical outcome assessment 
tools were used, making generalised interpreta-
tion rather difficult.  The common theme, how-
ever, seems to be that clinical scores improve sig-
nificantly from the postoperative period within 
the first year and remain almost unchanged over 
the subsequent follow-up period. The long-term 
data of Price and Svard and of Pandit et al. sug-
gest that the significant increase in clinical scores 
does not decrease with time.  The patients’ func-
tion is as good 10 years postoperatively as it is at 
one year.

matory arthropathy as an inappropriate indication 
for patient selection.  Vorlat et al. showed the ef-
fect of previous high tibial osteotomy (HTO) on 
the outcome of Oxford Knee [13]. The  overall 
cumulative survival at 10 years in their series was 
82%; however, four of the failures were in eight 
patients who had previously undergone HTO. 

In 2002 Emerson et al., compared 51 fixed-
bearing UKA with 50 mobile-bearing UKA.  
Survivorship analysis based on component loos-
ening and revision showed a 93% survival for the 
fixed-bearing UKA and a 99% survival for the 
mobile-bearing UKA (Oxford knee) at 11 years.  
The latter implants had no tibial component fail-
ure, in contrast to the fixed-bearing implant (six 
of the eight failed UKA were due to tibial com-
ponent failure).  This study cohort was part of a 
study in which the Oxford knee was introduced 
into the USA [14].  The surgical technique used 
in that study included subtle release of the me-
dial collateral ligament (MCL), which could have 
predisposed to the failures in the mobile-bearing 
group secondary to progression of arthritis in the 
retained lateral compartment (n = 4).

These last four papers show the importance 
of indications and technique on outcome and 
that extending the indications outside the recom-
mended ones has an adverse effect on the results.

6.6  Twenty-Year Studies

Price and Svard reported the continuation of their 
10-year study, which was also reported at 15 
years (Table 6.2) [15, 16].  Their report included 
all cases in which there was no loss to follow-up. 
Among the 683 consecutive knees that were as-
sessed the overall cumulative survival was 92% 
at 20 years.  The most common cause for revision 
was the progression of arthritis in the retained 

Table 6.2 Summary of 20-year survival studies

Year Author Phase Number Mean age 
(years)

Survival  
(95% CI)

Survival  
(95% CI)

2010 Price and Svard [16] 1, 2 and 3 683 69.7 92.1 (+ 33.2) 97 (93–100)

2010 Barrington and  
Emerson [17]

2 54 64 94 (-) 85 (78–92)
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clinical failure differs for the two implant types. 
For example, of knees with a very poor outcome 
(Oxford Knee Score < 20), only about 12% of 
TKAs were revised compared with about 63% of 
UKAs with similar scores. This confirms the lim-
itations of joint registries. While they do provide 
information on the various types of implants, 
their usage and survival, the data should be in-
terpreted with caution. There are many factors 
that contribute to the success (or failure) of an 
implant; of course, registries should not be used 
to compare a unicompartmental implant with a 
total knee replacement implant. Another interest-
ing (obvious but easily ignored) fact about an im-
plant is that its success is decided by the surgeon 
who implants it, as demonstrated by the Swedish 
Registry. In 1995, the registry data suggested that 
Oxford Knee was not performing well in Swe-
den; therefore, the registry wrote to all surgeons 
in Sweden advising them to stop the procedure. 
However, surgeons who always had good results 
with the Oxford Knee continued to use it. The 
2005 data from the same registry showed  Oxford 
Knee to be the best performing UKA, presum-
ably in great part due to instructional courses and 
the effect of education. This shows that the regis-
tries should be used with caution when compar-
ing UKAs with one another and should not be 
used to predict how well a particular UKA will 
perform over time.

Registries are, nonetheless, helpful in identi-
fying individual surgeons who are not perform-
ing as well as their colleagues. The National Joint 
Registry of England and Wales provides funnel 
plots for individual surgeons; those with failure 
rates outside two standard deviations of the aver-
age are identified and contacted by the registry 
(in confidence) to help them (and, in turn, their 
patients) by highlighting the high failure rates. 
These surgeons can be further trained or be urged 
to stop UKA surgery altogether.

Three national registries have reported spe-
cific data for the Oxford Knee at approximately 
the 10-year time point.  Other national registries 
(for example the New Zealand and the Norwe-
gian registries) do not report separate outcomes 
for fixed- vs. mobile-bearing UKA and in some 
cases do not differentiate between medial and 

6.7  Randomised Controlled Trials

Prospective randomised controlled trials of a 
prosthesis or surgical technique allow many of the 
flaws of cohort studies to be overcome, but they 
are much less common and more difficult to con-
duct.  This is, in general, a reflection of the cost 
and complexity of the organisation and execution 
of such studies.   When available, however, they 
provide better qualitative data than cohort stud-
ies, although they have yet to include cumulative 
revision rates at 10 years from a randomised con-
trolled trial for a mobile-bearing UKA.  

6.8  Joint Registries 

The primary function of national joint registries 
is to assess the success of treatment in large pop-
ulation-based cohorts.  The data provided repre-
sent clinical practice without the inherent bias in 
cohort studies and can be used to compare the 
outcome of implant designs.  Consequently, reg-
isters have always taken revision as the marker 
of failure and cumulative revision rate as the 
comparator between implants.  While revision is 
a definite end point and therefore can be easily 
measured, there are some difficulties with the in-
terpretation of revision rates.  Unfortunately, ar-
throplasty registers collect limited data and exert 
no control over patient selection, surgical exper-
tise and indications for revision. 

Analysis of the data from every national regis-
ter shows that the failure rate of UKA  is between 
four and six times higher than that of TKA. This 
suggests either a higher proportion of unhappy 
patients or other factors, such as ease of revision, 
acting to distort the results. The evidence as to 
the cause of this higher failure rate is found in the 
New Zealand Joint Register. The New Zealand 
Joint Registry publishes not only the revision 
rates but also the equally relevant clinical out-
comes (Oxford Knee Scores), allowing compari-
son of these two measurements. UKA patients 
consistently had a better knee score than TKA 
patients; however, the revision rate of the former 
was nearly three times higher than that of the lat-
ter because the sensitivity of the revision rate to 
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the revisions tend to occur early. The main rea-
sons for failure of a TKA in the second decade 
tend to be wear and / or component loosening. 
Unlike TKA, there are very few revisions in the 
second decade after implantation of the Oxford 
Knee. The reasons for revision are summarised in 
Table 6.3. Not only is the incidence very low but 
in the majority of cases the UKA can be revised 
to a primary TKA without the need for augments 
or stems. 

The excellent survival, low morbidity and 
mortality along with the ease of revision to pri-
mary TKA make UKA an ideal treatment option 
in patients with anteromedial osteoarthritis.    
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Lateral Unicompartmental Knee 
Replacement: Long-Term Survival Study

Sergio Romagnoli, Francesco Verde,  
and Sara Zacchetti

7.1  Introduction

Unicompartmental knee replacement (UKR) has 
well known advantages over total knee replace-
ment (TKR), such as less invasiveness, respect 
of both cruciate ligaments, better function, and 
less morbidity. However, the survival rates of 
UKR are typically inferior to those obtained with 
TKR. The higher failure rate of the former has 
been ascribed to the effects of degeneration in 

other compartments and to polyethylene wear. 
Despite this history, recent surveys have docu-
mented an evident improvement in the survivor-
ship rate probably based on the large diffusion 
of the UKR and in a consequent improvement in 
the indications, surgical technique, and prosthe-
ses. However, long-term clinical results, which 
are the hardest to obtain, are needed to confirm 
the positive short-term experience (Fig. 7.1) [1-3] 
(unpublished data).
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tinguished from intra- or extra-articular unicom-
partmental knee arthritis and related prognostic 
factors. The extra-articular elements influence 
the adductor movement of the knee (Fig. 7.2). 
They consist of: (a) the femoral and tibial axes 
(mechanical, anatomic) and their relationship, (b) 
the morphology of the tibia and the femur (dia-
physeal, metaphyseal axis), (c) the overall limb 
alignment, (d) the pelvic width, (e) the patient’s 
height and body status.

Intra-articular elements relate to cartilage, 
meniscal, and ligamentous defects. Cartilage 
wear leads to augmentation of the contact stresses 
between the femoral condyle and tibial plateau. 
Consequently, osteophytes develop, increasing 
bony contacts, reducing rotation, and resulting 
in abnormal femorotibial movements. Treatment 
is aimed at correction of the defect, while main-
taining most of the joint structure to gain nearly 
normal kinematics of the knee. UKR offers tech-

7.2   Pathomechanics of 
Unicompartmental Knee 
Arthritis 

The arthritic joint modifications in the frontal, 
sagittal, and coronal planes are the basis of the 
triplanar deformity of the knee referred to as “ro-
tatory arthritis of the knee” (RAK) [3-5]. RAK is 
proportional to the degree of changes in all three 
planar dimensions and it leads to progressive 
changes in the joint due to alterations in the static 
and dynamic loads. Intra-articular and/or extra-
articular factors underlie RAK. It involves one of 
the two femorotibial compartments through car-
tilage, bone, and meniscus wear, with ligament, 
joint capsule and soft-tissue lesions as a cascade 
of events compromising joint kinematics.
Patients with RAK present with typical clinical 
and radiological signs, which allow it to be dis-

Fig. 7.2 Severe valgus in hip dysplasia sequelae: wide mechanical axis correction with lateral UKR
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lateral femoral condyle and tibial plateau and 
thus of consequent progressive arthrotic degen-
eration in the lateral compartment. 

7.2.2  Postraumatic Valgus Disease

Another very important issue is post-traumatic 
lateral compartment degeneration due to isolated 
lateral tibial plateau fracture. Indeed, fracture 
of the tibial plateau, even if surgically treated, 
is frequently the cause of an acquired varus or 
valgus deformity. These cases typically occur 
in young patients. A UKR procedure becomes 
mandatory to treat both the pain and the limited 
function due to degeneration of the single com-
partment affected, even if the bony defect re-
quires a component thickness of >12 mm in the 
medial or lateral compartment as a secure limit 
for this indication [6]. 

niques for defect correction while preserving the 
bone, cartilage, and ligaments not involved in the 
degenerative arthritis of the knee.

7.2.1   Valgus Knee and Lateral 
Compartment Disease

In the valgus knee, deformity is more acceptable 
than in the varus knee because of the specific 
adaptive capabilities of the subtalar joint. How-
ever, the femoral lateral condyle increases move-
ment toward the center of the knee, causing wear 
of the central lateral tibial plateau. On the hori-
zontal plane, loads and forces are directed toward 
the knee center. The lateral meniscus and joint 
soft tissues are not directly stressed. Recently, the 
large diffusion of arthroscopic meniscectomy in 
the treatment of meniscal tears has led to more 
frequent observations of chondropathies of the 

Fig.7.3 Two cases of post-traumatic valgus knee arthritis: in the first, there has been a contemporary complete removal 
of the plate, in the second, only partial pins have been removed
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ated at the last follow-up, in January–February 
2012. The average follow-up was 13.2 years (2–
20 years). Patients were selected based on clini-
cal and radiological symptoms and signs. Clini-
cally, the indications for surgery were: knee pain, 
absence of femoropatellar joint symptoms, fix 
flexion contracture < 10°, range of motion > 80°, 
and valgus deformity < 15°. The patients did not 
have inflammatory arthritis, hemochromatosis, 
hemophilia, parapatellar tenderness, patellofem-
oral joint symptoms, or joint instability. The 145 
women and 31 men had an average age at sur-
gery of 67 years (40–89); their average height 
was 168.2 cm (158–177 cm) and their average 
weight was 75 kg (54–91 kg). Arthritis involved 
the lateral compartment of the knee in all 184 
cases. Two knees were previously treated with 
high tibial osteotomy (HTO), six had necrosis 
of the femoral condyle, and 35 were post-tibial 
plateau fractures; none had a lesion of the ACL. 
Primary arthritis was diagnosed in 141 knees. 
Five patients underwent simultaneous bilateral 
UKRs and three had staged bilateral procedures. 
At surgery, the patients had no more than type I 
disease (according to the Ahlback classification) 
in the other compartments [7, 8]. 

Patients were followed-up yearly for a period 
of 3 years and then every 2 years. Fourteen pa-
tients (14 knees) died from causes unrelated to 
the arthroplasty, three with < 10 years of follow-
up, three with 10 years, and eight with > 10 years. 
At the most recent follow-up of 170 knees in 162 
patients, 29 men and 133 women were evaluated. 
Follow-up of 112 patients (118 knees ) consisted 
of clinical and radiological evaluation, while 45 
patients (47 knees) were interviewed only by 
phone because they were not able to attend the 
clinic. Five knees were lost at follow-up. All 
patients were interviewed regarding the level of 
personal satisfaction. Postoperative knee func-
tion was evaluated using the Hospital for Special 
Surgery Knee Score before surgery and at last 
follow-up. Radiological imaging consisted of 
anteroposterior weight-bearing and lateral and 
patellar skyline views of the knee. Radiographic 
measurements of the mechanical and anatomical 
axis, cement interface, and the prosthesis-cement 
interfaces were evaluated in 11 zones for the pres-

Special consideration must be given in these 
cases to the type of arthritic degeneration, the pa-
tient’s characteristics, and possibly the presence 
of internal fixation, such as screws or plates, from 
previous surgical treatment. 

Arthritic degeneration can occur as a conse-
quence of an extra-articular diaphyseal fracture 
with a >10° valgus mechanical axis, either ac-
quired or because of an intra-articular trauma. 
In the first case, a preceding osteotomy may be 
indicated to correct the mechanical axis before 
the UKR. In the second case, the limit is the bony 
defect.

The age of the patient is a controversial is-
sue. Most patients with this pathology are young 
such that mini-invasive treatment is mandatory; 
however, in elderly patients the low quality of 
bone at the implant site could be problematic. If 
a previous scar is present, it should, if possible, 
be used. In addition, internal fixation that does 
not invade the compartment should be preserved, 
if possible. 

As an alternative to a previous scar, internal 
fixation removal, whether partial or total, can be 
combined with the UKR (Fig. 7.3). The advan-
tage of this surgical strategy compared to TKR is 
less morbidity. 

Based on our experience between 1991 and 
2010, comprising 305 post-traumatic cases, 3.9% 
were knee implants, 37 were UKR, 14 were bi-
lateral/unilateral knee replacements, 131 were 
standard TKRs, and 123 involved a semi-con-
strained prosthesis. Among the 37 post-traumatic 
UKRs, 35 were lateral and two were medial, with 
an average follow-up of 6.3 years (2–19 years). 
There was only one revision, corresponding to a 
failure rate of 2.7%.

7.3  Patients and Methods

7.3.1  Patients

From February 1991 to January 2010, the senior 
surgeon in our institution performed 184 consec-
utive lateral UKRs in 176 patients for lateral uni-
compartmental arthritis of the knee. The patients 
were followed-up prospectively and then evalu-
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scale. Grade 1 radiographic change was defined 
as not-measurable joint-space loss but with radio-
graphic changes such as osteophytes. Grade 2 ra-
diographic changes consisted of joint space loss 
up to 25%. In grade 3 radiographic changes, joint 
space loss increases to 50%, while in grade 4 the 
loss exceeds 50% [10]. Kaplan survival analysis 
was used to evaluate the long-term results, with 
revision as the end point [11, 12].

7.3.2  Surgical Technique

The skin incision is 6- to 9-cm long and parapa-
tellar lateral for valgus disease [13]. The lateral 
approach relies on the advantage of preservation 
of the quadriceps (Fig. 7.5). 

In fact, the articular exposition is obtained by 
passing through the lateral intermuscular septum, 
thereby reducing muscular invasiveness. After 

ence and extent of radiolucencies. The latter were 
reported to be progressive if there was an increase 
in size from one zone to an adjacent zone over 
time. Arthritis was graded in four stages accord-
ing to the method of Romagnoli (Fig. 7.4) [9].

Stage 1 consists of narrowing of the lateral 
joint space and grade 1–3 chondromalacia, in 
stage 2, there is closure of the lateral joint space 
and grade 4 chondromalacia. Stage 3 is charac-
terized by closure of the lateral joint space and 
MCL laxity, while in stage 4 there is closure of 
the lateral joint space, MCL laxity, and patellar 
dislocation (Fig. 7.4). 

In addition, the opposite compartment and the 
patellofemoral joint were radiographically evalu-
ated in all followed patients using the preopera-
tive radiographs as the baseline. Radiographic 
progression of the opposite compartment and 
the patellofemoral joint was determined. These 
changes, if present, were graded on a four-point 

Fig. 7.4 Classification of valgus knee arthritis according to Romagnoli [9]. MCL medial collateral ligament
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eral compartment, thereby ensuring correct joint 
line reproduction (Fig. 7.6). In the sagittal plane, 
the inclination of the tibial cut should be between 
0° and 3° (slope).

Once it has been cut, the lateral tibial plateau 
takes on a more symmetric, semicircular shape 
than the medial one (Fig. 7.7).

Furthermore in case of fracture, a medio-lat-
eral deformation with consequent enlargement is 

the capsulotomy, the patella is subluxed, never 
everted, and the knee is thoroughly inspected. 
The anterior horn of the meniscus is removed 
while Hoffa’s fat pad and the ACL are protected. 
Once the tibial cuts have been made, the opera-
tion proceeds with positioning of the tibial guide, 
followed by a sagittal cut 10–15° oblique to the 
anteroposterior axis. The horizontal tibial cut is 
perpendicular to the mechanical axis in the lat-

Fig.7.6 Correct joint line 
reproduction with a lateral 
UKR implant

Fig. 7.5 A lateral approach, avoiding quadriceps damage and femoral component lateralization
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the condyle). Also, the femoral cut must be very 
conservative in the lateral compartment because 
of the condylar hypoplasia of the valgus deform-
ity, which is such that normally a thicker femoral 
component is needed to obtain joint line and ax-
ial limb correction. Finally, the mechanical axis 
should be under-corrected to remain within 3–6° 
in valgus.

The joint surfaces are prepared, drilled, and 

possible (Fig. 7.8). In such cases, it is better to 
utilize a specific prosthesis with a more semicir-
cular shape that is much more adaptable in uni-
formly covering the tibial surface. 

The femoral component has to be positioned 
perpendicular to the center of the tibial compo-
nent during both bending and extension. This is 
accomplished by lateralizing the femoral compo-
nent (translating it closer to the outer border of 

Fig. 7.8 Mediolateral enlargement of the lateral tibial plateau as a fracture sequela. X-ray control at 6 and 18 years of 
follow-up 

Fig. 7.7 Differences in the shape of the medial vs. the lat-
eral tibial compartment
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had a ROM > 120°; 139 patients had no pain 
(88.5%) while 17 patients had slight or occa-
sional pain (10.8%) and one had persistent pain 
(0.6%). 

 At the time of the latest follow-up, 129 pa-
tients (82.4% ) were enthusiastic regarding the 
procedure, 27 patients ( 17.6%) were satisfied 
with the procedure, and only one patient (0.6%) 
was not satisfied.

Radiographically, no component showed evi-
dence of loosening, defined as no change in the 
position of the components as determined on se-
quential radiographs. There was no radiographic 
evidence of osteolysis. In eight patients, radiolu-
cencies < 2 mm thick and non-progressive were 
demonstrated. In some cases these involved more 
than one zone but, in general, all of them oc-
curred at the tibial component, near the cement-
bone interface.

The average preoperative deformity was 9.7° 
of mechanical axis valgus (range: 4–22°). The 

freed of sclerotic areas by drilling. A standard ce-
menting technique is used to fix the prosthesis. In 
case of bilateral pathology, we perform a bilateral 
simultaneous one-stage implant. In other cases, 
when there is associated patellofemoral arthritis, 
a patellofemoral prosthesis can be added, i.e., a 
bicompartmental implant (Fig. 7.9).

Passive movements are started very early in 
the post-operative period. Weight-bearing is al-
lowed during the first post-operative day.

7.4  Results

Clinically, the average preoperative Hospital 
for Special Surgery Knee Score was 59 points 
(range: 48–69) but improved postoperatively  
to 94 (60–100). The average preoperative range 
of movement (ROM) was 105.4° (80–130°)  
At the final follow-up, the average ROM was 
124.8° (103–140°). Eighty-one knees (64.8%) 

Fig. 7.9 Bilateral simultaneous implant: lateral UKR in the right knee and a bicompartmental implant in the left knee
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femoropatellar joint degeneration, as confirmed 
during surgery even if in another orthopedic  
center, were clinically evident. In the second 
case, the capsulo-ligament instability had caused 
problems during gait and stairs, even if without 
pain. Both patients underwent revision surgery, 
during which a secondarily acquired ACL defi-
ciency was demonstrated. There were no cases 
of component instability or polyethylene wear. 
One patient, 10 years after surgery for ACL de-
ficiency and medial compartment degeneration, 
underwent revision with a TKR (Fig. 7.10). No 
failure was registered in the HTO group, nor was 
there necrosis of the femoral condyle. One case 
was due to under-correction of a valgus deform-
ity, which is one of the more common causes of 
failure in that procedure. There were two cases 
of medial femoral condyle necrosis revised with 
TKR. Four patients had a medial UKR because 
of medial compartment degeneration, resulting in 
bi-UKRs (Fig. 7.11).

average postoperative alignment was 3.3° (0–8°) 
of mechanical axis valgus for an average correc-
tion of 6.4°. 

Among the 118 X-ray evaluations, there was 
no radiographic progression of the opposite com-
partment in 93 knees (78.8%) whereas 27 knees 
(22.8%) had grade 2 progression and five knees 
(4.2%) had grade 3. There was no radiographic 
progression in the patellofemoral joint in 76 
knees (64.8%), but 48 knees (40.7%) had a grade 
2 progression and one knee had a progression of 
grade 3 (0.8%). 

There were 11 revisions [14]: one occurred 5 
years after surgery, due to capsulo-ligament in-
stability and femoropatellar joint degeneration. 
In two others, 5.5 and 3 years after implantation, 
capsuloligament instability and ACl deficiency 
were documented. In the first case, the patient un-
derwent revision surgery because of continuous 
anterior knee pain. Capsuloligament instability, 
due to laxity in the lateral collateral ligament, and 

Fig. 7.10 Lateral UKR revision with a TKR due to an ACL deficiency and medial compartment degeneration, as seen 
at the 10-year follow-up
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weakens the patella and decreases its loading ca-
pacity, consequently causing anterior pain. We 
approach such patients considering the clinical 
data (symptoms and lifestyle) and the radiologi-
cal grade even if there has been no direct surgi-
cal inspection. Age and weight are no longer a 
restriction for UKR, as no differences have been 
described between slim and overweight patients. 
On clinical examination, anterior subluxation and 
tibial external rotation have to be considered [10]. 
On anteroposterior and lateral weight-bearing X-
ray views, anterior and external tibial translation 
is evaluated. Cartilage defects, such as femoral 
condyle-tibial intercondylar notch contacts, are 
located. Erosions of the patellofemoral joint are 
common; if they involve the medial patellar facet 
and the medial flange of the patellar groove of the 
femur, surgery unloads the damaged areas and re-
lieves symptoms. When all the criteria for UKR 
are respected, the procedure is indicated. Even if 

The cumulative survival rates at 10 and 20 
years were 92.47% and 90.00%, respectively (Ta-
ble 7.I) (Fig. 7.12). 

7.5  Discussion

The indications for UKR have been defined. The 
procedure is recommended for osteoarthritis in 
either of the femorotibial compartments, medial 
or lateral.

The axial deformities, whether varus or val-
gus, should be correctable and there should be 
full-thickness cartilage in the not-involved com-
partment. The femoropatellar joint has always 
been a major concern in knee replacement, and 
the controversy has yet to be resolved. Some 
authors argue that it is a secure limit even for a 
single damage site. Others feel that realignment 
of the limb due to the femorotibial substitution 

Fig. 7.11 Lateral UKR revision with a medial UKR in a patient with medial compartment degeneration due to tibial 
fracture sequelae
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Fig. 7.12 Survival curve for 
the Allegretto (Centerpulse, 
Baar, Switzerland).  
See Table 7.1 for details

Table 7.1 Survival of 184 lateral UKRs

Years since 
surgery

N.  
at start

Failure Width Lost  
to FU

N.  
at risk

Failure 
%

Success 
%

Surv 
rate

%var % SE

0-1 184 2 14 0 177 1.13 98.87 98.87 0.62 0.79

1-2 168 3 17 0 159.5 1.88 98.12 96.99 1.78 1.33

2-3 148 0 5 0 145.5 0.00 100.00 96.99 1.95 1.40

3-4 143 0 11 0 137.5 0.00 100.00 96.99 2.06 1.44

4-5 132 1 11 0 126.5 0.79 99.21 96.20 2.78 1.67

5-6 120 2 5 0 117.5 1.70 98.30 94.50 4.18 2.05

6-7 113 0 11 0 107.5 0.00 100.00 94.50 4.57 2.14

7-8 102 2 7 0 98.5 2.03 97.97 92.47 6.54 2.56

8-9 93 0 15 0 85.5 0.00 100.00 92.47 7.53 2.74

9-10 78 0 6 0 75 0.00 100.00 92.47 8.59 2.93

10-11 72 0 8 0 68 0.00 100.00 92.47 9.47 3.08

11-12 64 0 12 0 58 0.00 100.00 92.47 11.11 3.33

12-13 52 0 10 0 47 0.00 100.00 92.47 13.71 3.70

13-14 42 1 3 0 40.5 2.47 97.53 90.00 20.00 4.47

14-15 38 0 7 0 34.5 0.00 100.00 90.00 23.48 4.85

15-16 31 0 6 0 28 0.00 100.00 90.00 28.94 5.38

16-17 25 0 4 0 23 0.00 100.00 90.00 35.23 5.94

17-18 21 0 10 0 16 0.00 100.00 90.00 50.64 7.12

18-19 11 0 4 0 9 0.00 100.00 90.00 90.02 9.49

19-20 7 0 3 0 5.5 0.00 100.00 90.00 147.31 12.14

20-21 4 0 4 0 2 0.00 100.00 90.00 405.10 20.13

Total 11 173 0

FU follow-up
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not well reported in the literature, treatment of 
the lateral isolated tibial plateau fracture is, in our 
opinion, an underestimated problem especially in 
young patients. We assume that the use of UKR 
in these cases reduces the risk of complications 
such as infections and postoperative stiffness 
compared  to the rates seen in TKR.

Based on the correct indications, appropriate 
surgical expertise, and appropriate instruments, 
UKR is a safe and reliable choice for the treat-
ment of unicompartmental arthritis of the knee.
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Computer-Assisted Unicompartmental 
Knee Replacement:  
Technique and Results

Jean Yves Jenny and Dominique Saragaglia 

8.1  Introduction

Unicompartmental knee replacement (UKR) has 
become increasingly popular after the develop-
ment of minimally invasive techniques [1]. The 
question of adequate indications for UKR has 
been extensively debated, although a consensus 
has yet to be accepted in the literature. Further-
more, this procedure was previously considered 
as more demanding than total knee replacement 
(TKR), especially because the instrumentation 
was not as accurate as that for TKR.

In the early 1970s, Marmor [2] developed a 
UKR implantation (medial femoral condyle and 
medial tibia plateau) procedure with very simple 
instrumentation. However, this was virtually a 
free-hand technique and it resulted in a high rate 
of inaccurate implantation. Specifically, the ex-
pected orientation of the tibial resection in the 
coronal and sagittal planes was very difficult to 
achieve. In the early 1980s, Cartier and Cheaib 
[3] introduced a tibial guiding system, aimed at 
achieving a higher accuracy of the proximal tibial 
resection. They also developed a trial femoral im-
plant with spikes, allowing testing for the most 
appropriate positioning of the femoral component 
and for the most appropriate ligament tension. In 
the early 1990s, more sophisticated instruments 
were developed, similar to those for TKR, and 

mostly using intramedullary guiding rods. These 
instruments improved the accuracy of the proce-
dure [4] but also increased its invasiveness, with 
a longer skin incision, the need for muscle inci-
sion, and violation of the medullary canal.

At the same time, it was extensively dem-
onstrated that the accuracy of implantation, and 
especially  restoration of the coronal mechani-
cal femoro-tibial angle, was the most significant 
prognostic factor in the long-term survival of a 
UKR [1, 5-7]. Over-correction may rapidly lead 
to progression of the degenerative changes in the 
opposite femorotibial joint, while under-correc-
tion may induce accelerated polyethylene wear 
and early tibial loosening. Inappropriate recon-
struction of the sagittal tibial slope may cause 
excessive anterior or posterior positioning of the 
femoral component on the tibial polyethylene 
component, with excessive wear and risk of tilt-
ing. Inappropriate ligament tension may lead to 
excessive wear (if overly tightened), or the risk 
of luxation of a mobile-bearing component (if 
too loose) [8, 9]. Conventional technique relies 
mainly on the surgeon’s skill, which is known to 
be variable.

In the late 1990s, computer-assisted TKR 
was developed to overcome the inaccuracy of 
conventional implantation [10, 11]. Such devices 
were shown to allow a substantially more accu-
rate reconstruction of the coronal femorotibial 
mechanical axis and a more accurate assessment 
of ligamentous balancing [7]. Computer naviga-
tion was then adapted to UKR, with encouraging 
results [12-18]. In the following we report our ex-
perience with a computer-assisted UKR using the 
OrthoPilot  navigation system.
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the desired orientation before performing the 
bony resection, with a classical motorized saw 
blade. The trial implants are tested and, if satis-
factory, the definitive prosthesis is implanted.

8.3   Navigation of a Tibial 
Resection Only (DS)

8.3.1  Surgical Technique

Preoperative planning is performed on stand-
ard anteroposterior and lateral X-rays obtained 
with the patient in standing position, bilateral 
Merchant view, and standing long-leg X-rays to 
measure the hip-knee-ankle (HKA) angle and 
the varus deformation of the proximal tibia. The 
posterior tibial slope is measured on the standard 
lateral X-ray

The patient lies supine, a tourniquet is applied 
at the proximal part of the thigh. The navigation 
system is set at the level of the patient’s head, on 
the opposite side, at a distance of 1.80–2.20 m 
from the operated knee.

The navigation trackers are inserted first: the 
femoral tracker is fixed on the anteromedial part 
of the distal femur, 10 cm proximal to the patella; 
the tibial tracker is fixed on the anteromedial part 
of the proximal tibia, 10 cm below the joint line 
(Fig. 8.2). 

A 7- to 9-cm medial parapatellar skin incision 
is used, according to the patient’s body weight 
and the elasticity of the involved soft tissue. The 
joint approach may be performed by a subvastus 
incision; alternatively, a parapatellar approach 
with a 3–4 cm incision of the vastus medialis is 
possible. 

The standard navigation technique is per-
formed: (1) kinematic registration of the hip 
joint (circumduction), the knee joint (flexion-
extension and rotation), and the ankle joint (flex-
ion-extension); (2) anatomic registration of the 
specific landmarks: center of the intercondylar 
notch, center of the tibial plateau (Fig. 8.3), most 
distal point of the medial femoral condyle, most 
posterior point of the femoral condyle, medial 
and lateral epicondyles, medial and lateral malle-
oli, center of the ankle joint. 

8.2  Computer-Assisted Technique

The standard navigated operative technique for 
UKR has been described in detail elsewhere [19]. 
Briefly, OrthoPilot (AESCULAP, Tuttlingen, 
Germany) is an intra-operative non-image based 
system (Fig. 8.1). Three infrared localizers are 
implanted on screws in the distal femur and in 
the proximal tibia and then strapped on the dorsal 
part of the foot. The relative motion of two adja-
cent localizers is tracked by an infrared camera 
(Polaris, Northern Digital, Toronto, Canada). The 
dedicated software calculates the center of rota-
tion of this movement, and so defines the respec-
tive centers of rotation of the hip, knee, and ankle 
joints. These centers are then used to calculate 
the mechanical axes of the femur and tibia in the 
coronal and sagittal planes. A localizer is then 
fixed on the tibial or femoral resection blocks, 
and the software displays on line the orientation 
of this block with respect to the mechanical axes 
of the bone. The surgeon can fix the block with 

Fig. 8.1 The navigation system
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and then secured to the femur with three threaded 
pins. The distal femoral resection is performed 
with an oscillating saw. The size of the femoral 
component is determined with a template. The 
posterior femoral resection and the chamfer cut 

The navigation system displays the HKA in 
real time. A plausibility check is performed by 
comparison of this angle to the radiologic HKA. 
The reducibility of the deformation is assessed. If 
an over-correction is detected, it is considered as 
a contraindication for a mobile-bearing UKR be-
cause of the risk of overcorrection of the HKA. In 
such cases, a standard varus under-correction in-
volves a laxity of the medial collateral ligament, 
with a high risk of bearing dislocation.

The tibial resection bloc is oriented with a 
free-hand technique according to the indication 
of the software (Fig. 8.4). We routinely choose 
a varus orientation of 2–3°, a posterior slope of 
3–5°, and a resection height of 4–6 mm to avoid 
a cancellous bone support with a risk of later 
subsidence. However, the height of the resec-
tion should be adapted to the varus deformation: 
the greater the varus deformation, the shorter the 
resection [5, 7]. When the expected orientation 
is achieved, the resection block is secured with 
three threaded pins.

The proximal tibial resection is performed 
with an oscillating saw. The femoral resection is 
not navigated. A metallic spacer is inserted be-
tween the tibial resection and the distal part of 
the medial femoral condyle in full extension. The 
medial collateral ligament should be tightened. 
Knee recurvatum must be avoided because of the 
risk of excessive anterior condyle resection with 
a subsequent patellar impingement. The distal 
femoral guide is fixed on the spacer (Fig. 8.5) 

Fig. 8.2 Implantation of the trackers

Fig. 8.3 Palpation of the anatomical landmarks

Fig. 8.4 Tibial navigation only: tibial resection
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8.4   Mini-Invasive Complete 
Navigation (JYJ)

8.4.1  Surgical Technique

The standard instruments were initially designed 
for a conventional 15–20 cm approach. Mini-
mally invasive instruments were adapted for use 
with a typical 10-cm skin incision. We developed 
a new implant dedicated to this navigated tech-
nique (Univation, Aesculap, Tuttlingen, Germa-
ny), based on the concept of extra-articular fixa-
tion of the resection guides to further decrease 
the invasiveness of the procedure. The implanta-
tion side of the metallic femoral component is cy-
lindrically shaped whereas the articular surface 
is spherical. The implant was designed to obtain 
full contact between the articular surface and the 
meniscal bearing throughout the entire range of 
motion. The meniscal polyethylene bearing has 
a proximal surface perfectly congruent with the 
femoral component and a fully flat inferior sur-
face completely congruent with the metallic tib-
ial tray. Both metallic components are designed 
for cemented implantation.

The software was modified because the mini-
mally invasive approach does not allow direct 
palpation of the lateral femorotibial joint. The 
positions of the lateral articular points were cal-
culated using the software and through radio-
graphic preoperative planning.

Preoperative planning involves coronal long-
leg X-rays with unipodal support and standard 
standing anteroposterior and lateral views. Two 
specific measurements are obtained prior to sur-
gery: (1) coronal orientation of the distal femur 
(angle between the mechanical femoral axis and 
the distal bicondylar line); (2) the expected size 
of the femoral component (with appropriate tem-
plates).

The procedure begins with a quadriceps-spar-
ing medial arthrotomy, typically 6 cm in length 
(Fig. 8.6). The navigation references are posi-
tioned: First. one bicortical screw is fixed to the 
anteromedial femoral cortex, 10–15 cm proximal 
to the joint line; a special device is secured on 
this screw to fix the femoral tracker (and later the 
femoral guiding system). Second, two pins are 

are performed with the corresponding resection 
guide.

The trial implants are placed on the resect-
ed bones, and the accurate limb axis correction 
(HKA = 177° ± 2°) and the ligamentous balance 
are controlled with the navigation system. We 
look for a 1° laxity with a mobile-bearing im-
plant. When a greater laxity is needed to achieve 
a 3° varus HKA, we implant a fixed-bearing 
prosthesis. The classical indication of UKR is re-
spected; if the preoperative varus deformation is 
< 10°, there is typically no under-correction > 5°. 
In other cases, a medial release may be performed 
or the indication may be changed to a TKR.

When the values are correct, the final im-
plants are cemented. The final axis correction is 
again controlled by the navigation system.

8.3.2  Results

Our first experience was published in 2009 [12], 
with a case-control comparison of 20 navigated 
vs. 20 conventional implantations. The expected 
HKA (178° ± 1°) was achieved in 85% of the 
cases in the navigated group and in only 60% 
without navigation. In a second study, based on 
21 implantations by one senior surgeon (DS), 
the expected HKA was achieved in 94%, the ex-
pected tibial mechanical axis (3° ± 1° varus) in 
90.1%, and the expected tibial slope (3° ± 2°) in 
95.2% of the cases.

Fig. 8.5 Tibial navigation only: femoral resection
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medial meniscus are removed. The accuracy of 
the resection is controlled with a navigated plate. 
Any correction may be made at this moment.

The medial femorotibial gap is measured at 0° 
and 90° of knee flexion with a laminar spreader 
(Fig. 8.8). The results are displayed on a planning 
screen in order to choose the appropriate femoral 
resection: coronal and sagittal orientation, height 
of the distal and posterior resections, thickness of 
the tibial component, and residual laxity in ex-
tension and in flexion (Fig. 8.9). These data may 
be virtually adapted to fit the surgeon’s preferred 

fixed to the anteromedial tibia cortex, 15 cm dis-
tal to the joint line; a special device is secured on 
this screw to fix the tibial tracker.

Kinematic registration is performed by mov-
ing the hip, knee, and ankle joints. Anatomic 
registration is limited to the medial femorotibial 
joint. A forced valgus maneuver is used to test the 
reducibility of the deformity extension, without 
movement of the ligament, obtaining the angle of 
reduction needed to achieve the proper correction 
for the patient in question.

The tibial resection guide is oriented with a 
free-hand technique (Fig. 8.7). The typical orien-
tation is as follows: 

operative varus deformation;

-
cording to the reducibility of the deformation 
(the greater the reducibility, the lower the re-
section).
Horizontal resection of the medial tibial pla-

teau is performed with an oscillating saw, and 
the vertical resection with a dedicated chisel of 
right-angle design in order to preserve the tibial 
attachment of the anterior cruciate ligament and 
to control the orientation of this resection to the 
proximal one. The medial tibial plateau and the 

Fig. 8.6 Full navigation: skin incision

Fig. 8.7 Proximal tibial resection
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A navigated bow is fixed by two bicortical 
screws on the distal femur and oriented along the 
knee flexion-extension axis. The distal and pos-
terior resection guides are fixed to this bow and 
finely oriented according to the indication of the 
navigation system to achieve the planned goal. 
No instrument is fixed directly within the joint 
(Fig. 8.10).

A template is fixed to the mobile part of the 

approach and the patient’s anatomy. The typical 
goal is as follows: 

operative varus deformation;

with a 10° flexion angle with respect to the 
sagittal mechanical femoral axis;

-
terior resections to leave a 2-mm laxity.

Fig. 8.8 Gap measurement

Fig. 8.9 Planning screen
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to obtain a 2° residual laxity in flexion and in ex-
tension.

8.4.2  Results

More than 250 knees have been operated on with 
this technique in our department. The first 81 
knees, with more than 2 years of follow-up, have 
been re-examined [20]. The functional result was 

bow, and the posterior femoral resection is per-
formed with an oscillating saw according to plan. 
A second template is fixed to the mobile part of 
the bow, and the cylindrical distal femoral resec-
tion is performed with a burr (Fig. 8.11). The 
position of the trial femoral implant may be con-
trolled by the navigation system, with control of 
the axis correction and testing of the ligamentous 
balance. Finally, the implants are cemented. The 
thickness of the mobile bearing is finally defined 

Fig. 8.10 Bow fixation

Fig. 8.11 Femoral resection
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allowing the surgeon to choose the particular 
steps to be navigated vs. those to be performed 
conventionally.

Minimally invasive procedures have been pri-
marily developed for UKR [25, 26]. These tech-
niques may decrease surgical damage to the joint, 
with an easier and faster rehabilitation [27-29]. 
However, there may be a higher risk of prosthetic 
misplacement because of the narrower joint ap-
proach, with less visualization of the relevant 
anatomic landmarks [30, 31]. These techniques 
must not compromise the accuracy of implanta-
tion, which obviously remains the primary goal. 
Navigation systems can offer the possibility to 
achieve a high degree of accuracy with a less in-
vasive approach [19]. Our results confirm that the 
use of a navigation system can provide the same 
accuracy of implantation with a minimally inva-
sive approach as navigated implantation with a 
conventional approach.

8.6  Conclusions

Computer navigation in UKR allows greater ac-
curacy of implantation than conventional tech-
niques. Given the increased technical difficulty 
of this procedure compared to TKR, it may even 
be the most useful and powerful indication for 
navigation. 
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The Bi-Unicompartmental Knee 
Prosthesis

Sergio Romagnoli, Francesco Verde,  
Michele Corbella, and Sara Zacchetti

9.1  Introduction

The bi-unicompartmental knee prosthesis [1-5] is 
a system that uses two independent components, 
femoral and tibial, to preserve the tibial eminen-
tia with the anterior cruciate ligament (ACL). Al-
though in the majority of prosthetic knee systems 
the cruciate ligaments are sacrificed or only the 
posterior cruciate ligament (PCL) is preserved, a 
long-term research objective has been to repro-
duce the normal articular kinematics of the knee, 
replacing only the worn areas while respecting 
the capsule and ligaments (Fig. 9.1). 

The recent development of tissue-sparing sur-
gery has given new impetus to the utilization of 
prosthetic systems that respect the undamaged 
capsuloligamentous structures of the knee. This 
type of implant, while not an entirely novel knee 
prosthesis, represents the evolution of the first 
experiences of Marmor, Gunston, and Lubinus, 
whose principles remain valid in many aspects of 
biomechanical and gait analyses. 

9.2  Epidemiology

The presence of the ACL in the treatment of bi-
compartmental arthritis limits the surgical op-
tions. Of course, the link between the ACL and 
its mechanical function must eventually be estab-

lished. We have carried out survivorship studies 
of a bicompartmental prosthesis and the unicom-
partmental Allegretto (Zimmer), with 10-15 years 
of follow-up [6]. In addition, we have evaluated 
many other long-term unicompartmental survi-
vorship studies reported in the literature (Good-
fellow, Berger, etc.). The results are consistent, 
confirming the long-term stability on anteropos-
terior (AP) views. This shows that the ACL is 
able to maintain the same mechanical function 
over a period of years. In fact, in our study, in 
which 124 patients received a unicompartmental 
prosthesis, there was only one case of failure due 
to ACL deficiency. With patient age as a crite-
rion, among 500 cases of total knee arthroplasty 
(TKA), 7.6% of the patients were < 55 years 
of age, 25.8% were 55–65 years of age, 39.5% 
were between 65 and 75 years of age, and 27.1% 
were over the age of 75. This means that 33.4% 
were below 65 years of age and thus had a high 
functional demand. Within this group, 29.8% had 
an intact ACL and were therefore candidates for 
cruciates-preserving prostheses.

9.3  Indications

Our indications are: patients with femorotibial 
degeneration but asymptomatic with respect to 
the patella, cruciate ligaments integrity, flexion 
deformity < 10°, varus-valgus deformity < 15°, 
range of active movement (ROM) > 90°, and 
tibial bone defect < 12 mm [1-4]. Radiographic 
evaluation is based on standard AP, lateral, and 
skyline projections demonstrating femorotibial 
degeneration higher than grade I and femoropa-
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knee replacement (UKR) prosthesis is an option 
when a high performance of the knee is requested 
by young patients. In some well selected cases, 
when bi-femorotibial compartment degeneration 
is a correct bi-UKR indication but ACL deficien-
cy represents a clear limit, an ACL reconstruction 
procedure is possible in men under the age of 60 
years. Secondary patellofemoral joint degenera-
tion with anterior pain should be kept in mind in 
patient selection. The standard of evaluations are: 
symptomatology, X-ray evaluation of the align-
ment and possible overload, and the intraopera-
tive observation of third or fourth degree chon-
dromalacia. Symptomatology, only if associated 
with a second parameter, such as X-ray or intra-

tellar involvement lower than grade II according 
to the Ahlback scale. Also, on a weight-bearing 
long AP X-ray view the mechanical axis can be 
calculated, showing the correct range of deform-
ity. In some cases magnetic resonance imaging 
shows features of instability such as ACL defi-
ciency and patellofemoral status. Clinically, the 
knee must be quite stable and only a mild laxity 
due to cartilage wear is tolerated. Femorotibial 
signs of disease are generally present, such as 
pain while walking and doing stairs or effusion. 
Patient age and weight are not limits, but this pro-
cedure is particularly recommended for young 
patients (< 65 years) with a good level of activity 
and a BMI < 32. In fact, a bi-unicompartmental 

Fig. 9.1 Two bi-unicompartmental implants: left at 17 years of follow-up of a 63-year-old male patient; right at 15 
years of follow-up of a male patient with spina bifida
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the not treated femorotibial compartment [3, 4]. 
Obviously, in this kind of prosthesis, performed 
over the course of years, the previous implant 
must be stable and the only contraindications are 
polyethylene wear and ACL deficiency (Fig. 9.3).

Contraindications are active inflammatory ar-
thritis, ligament instability, severe deformity, and 
fractures if the bone defect is > 12 mm.

operative findings, is a clear limit to the use of 
independent unicondylar femoral components. In 
these cases the alternative is a bicondylar femoral 
component that also covers the trochlear surface 
or the inclusion of a patellofemoral prosthesis 
(Fig. 9.2). 

Sometimes bi-UKR can be the result of a 
UKR revision due to late degeneration and pain in 

Fig. 9.2 Bi-unicompartmental implant with a bicondylar femoral component in a 61-year-old female
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subluxation, well-exposing the medial and lat-
eral compartments and avoiding patellar eversion 
(Fig. 9.5). Once the compartments are exposed, 
surface bone cuts are performed with the tibia 
first technique. 

Tibial cuts are performed, with an oblique cut 
15–20° along the AP axis in the medial compart-
ment and 10–15° along the lateral axis. The hori-
zontal cut must be perpendicular to the epiphyseal 
axis, in order to respect the height and obliquity 
of the joint line while avoiding any consequent 
release. In the majority of cases, the tibial cut in 
the sagittal plane (slope) must differ between the 
two compartments, lateral 0–3° and medial 3–6°, 
in order to reproduce the anatomical preoperative 
slope and respect PCL stability. Once the tibial re-
section has been completed, the asymmetric fea-
tures of the tibial plateau must be considered. The 
lateral compartment is more symmetric than the 
medial and semicircular compartments regarding 

9.4  Surgical Technique

Bi-UKR uses the same surgical technique as 
UKR but it is applied to the medial and lateral 
compartments. Two different approaches are pos-
sible: a double mini-skin incision or an isolated 
medial parapatellar mini-invasive approach.

In the first option, the procedure begins in the 
compartment of the deformity; once it has been 
corrected with the implant trials, the other side 
is addressed. An advantage of this solution is the 
possibility to further reduce the quadriceps ag-
gression. Thus, essentially, there are two inde-
pendent implants. The patellar vascularization, in 
this case, is guaranteed by respecting the supero-
medial area (Fig. 9.4).

The second choice relies on a mini-invasive 
parapatellar medial incision of 8–10 cm. In this 
case, a mini mid-vastus incision allows patellar 

Fig. 9.3 Two cases of a bi-unicompartmental implant as a result of UKR revision: left at 20 years of follow-up an 
84-year-old male patient; right at 15 years of follow-up of a 74-year-old female patient 
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tween 3 and 7 mm for each compartment is re-
moved, with less removal on the deformity side. 
This approach explains why the implant can be 
considered a resurfacing prosthesis. Furthermore, 
there is no need for further resection because, if 
the indications are followed, a morphotype cor-
rection is not needed. Regarding the position, a 
component lateralization is necessary. 

The components of the prosthesis will be lat-
eralized to maintain perpendicularity on the tibial 
components in extension and in flexion. Finally, 
femoral components with different sizes and 
flexion degrees are implanted, which create two 
different radii of curvature. This achieves motion 
and stability with respect to the rotational axis of 
each compartment [3, 4]. Once the stability has 
been checked with trials, the sclerotic bone is 
removed from the surfaces, followed by drilling 
and component cementation. The lateral tibial 
component is cemented first, proceeding to the 
medial and, finally, to the femoral components. 

their shape. It is thus better to utilize a dedicated 
prosthesis with a more semicircular shape as it is 
much more adaptable, allowing uniform coverage 
of the lateral tibial surface (Fig. 9.6).

The next step involves checking the stability 
in extension with trials and marking the anterior 
limits on the femoral condyles to fit the limit of 
the right anterior position for the femoral cutting 
guide. We perform the distal cut in extension and 
the posterior cut in flexion using two different 
tensor-guides that calibrate the same amount of 
resection, obtaining a balanced flexion-extension 
gap. First, the distal cut in extension indicates the 
desired degree of stability; the tensor is adjusted 
to avoid overcorrection and release. Subsequent-
ly, with the knee in flexion, the same calibrated 
amount of tension and resection is performed on 
the posterior condyle. Only 2–3 mm are removed 
from the femoral condyles, corresponding to the 
same thickness of the prosthesis to be implanted. 
From the tibial surface, an amount generally be-

Fig. 9.4 Double mini-invasive approaches: parapatellar, medial, and lateral
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Fig. 9.5 Mini-mid-medial approaches: complete bicompartmental exposure, trials in situ and X-ray control

Fig. 9.6 Comparison between the shape of tibial plateau and prosthetic trials
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tional benefits than achieved following arthro-
plasty, which sacrifices one or both cruciates. We 
compared knee kinematics in patients with well 
functioning, cruciate-preserving, medial unicon-
dylar and bi-unicondylar arthroplasties in order 
to determine whether there were differences in 
knee motion. Eight consenting patients with sev-
en medial unicondylar and five bi-unicondylar 
arthroplasties were studied using lateral fluor-
oscopy during treadmill gait, stair climbing, and 
maximum flexion activities. Custom computed 
tomography and CAD based models of each knee 
were used for shape matching to determine the 
3D kinematics of the medial unicondylar vs. the 
bi-unicondylar group (Fig. 9.9). 

Maximum flexion in kneeling was 135° ± 
14° for unicondylar knees and 123° ± 14° for bi-
unicondylar knees (p = 0.22). For 0–30° flexion 
during stair climbing, the medial condyle trans-
lated posteriorly 3.5 ± 2.5 mm in unicondylar 
knees and 4.7 ± 1.9 mm in bi-unicondylar knees 
(p > 0.05). Lateral posterior translation was 5.0 ± 
2.3mm in bi-unicondylar knees for 0–30° flexion. 
For the medial condyle, posterior translation was 
1.5 ± 1.6 mm while for bi-unicondylar knees it 
was 5.1 ± 2.2 mm (p << 0.05). Posterior lateral 
condylar translation in the bi-unicondylar knees 
was 3.8 ± 3.4 mm (Fig. 9.10).

Retaining both cruciate ligaments in a resur-
facing knee arthroplasty appears to maintain the 
essential features of normal knee motion: femoral 
rollback and tibial internal rotation with flexion. 
There were no differences in medial kinematics 
during stair climbing, indicating similar knee 
function for the unicondylar and bi-unicondylar 
groups. The close similarity in the pattern and 
magnitude of medial and lateral condylar transla-
tion in the bi-unicondylar knees was surprising 
and suggested that a larger lateral translation is 
typical of the cruciate-intact knee. Both condyles 
moved 5 mm posteriorly on the tibia at heel-
strike, indicating a dynamic posterior slide of the 
femur with impact and weight-bearing. These 
observations suggest that dynamic stabilizers do 
not eliminate the envelope of passive laxityof the 
intact knee caused by external knee loads.

Reconstruction also can be performed in 
well-selected young patients in whom the only 
contraindication is ACL deficiency. Our first such 
patient was operated on in 1996 (Fig. 9.7) [5]. 
ACL reconstruction was done in an arthrotomy 
with the patellar tendon. Currently, we prefer an 
initial arthroscopic step in which the indication 
is tested, after which the bone tunnel is prepared. 
Once the graft is positioned, it is fixed to the fe-
mur and the bi-UKR technique is then continued. 
Tibial fixation with screws or staples is done after 
cementation (Fig. 9.8) [6].

9.5  Graft Selection

We started our experience in 1996, with the patel-
lar tendon. Since 2001, we have implanted UKR 
and bi-UKR + ACL as first implants in patients 
with selective indications. We then switched from 
the patellar tendon to the hamstrings in order to 
reduce the risk of complications, particularly the 
risk of joint stiffness and anterior knee pain, as 
well as the challenges posed by an eventual pa-
tellar implant in case of revision with TKR. The 
first cases, in 2001, involved an arthrotomy with 
the hamstrings fixed with Rigidfix at  the femur 
and staples at the tibia. Since 2008, we have used 
cadaver grafts [7], which has reduced the risk of 
hematoma and medial and posterior thigh pain. 
The disadvantages are, in addition to the costs, 
potential problems with osseo-integration and 
the transmission of an infectious disease from the 
graft. 

9.6  Biomechanics

The preservation of both cruciate ligaments in 
unicondylar knee arthroplasty is more likely to 
confer normal knee mechanics and thus enhanced 
functional improvements, as shown in our re-
cent study carried out at the Istituto Ortopedico 
Galeazzi in Milano by Romagnoli and Banks 
[8]. With both cruciate ligaments preserved, to-
tal knee arthroplasty should provide better func-
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Fig. 9.7 Bi-unicompartmental
implant plus ACL 
reconstruction performed 
in 1996 with the patellar 
tendon in a 54-year-old 
male patient, an ex-
professional soccer player

Fig. 9.8 Bi-unicompartmental implant plus contemporary ACL reconstruction: surgical steps
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68 patients, who were followed-up prospectively. 
The average follow-up was 6 years (maximum 
11). The patients were selected based on clini-
cal and radiological symptoms and signs. Clini-
cally, indications for surgery were: knee pain, 
no femoropatellar joint symptoms, < 10° fixed 
flexion contracture, and range of motion > 90°. 
The patients did not have inflammatory arthritis, 
hemochromatosis, hemophilia, parapatellar ten-
derness, patellofemoral joint symptoms, or joint 
instability. The patient population consisted of 41 
females and 27 males with an average age at sur-
gery of 67 years (range: 47–81 years). Their aver-
age height was 167.3 cm (156–183 cm) and their 
average weight was 74 kg (53–92 kg) (Fig. 9.11). 

One patient was previously treated by high 
tibial osteotomy (HTO), two had necrosis of both 
femoral condyles, one had a post-tibial plateau 
fracture, one had spina bifida, one had poliomy-
elitis but with good muscle control, and one had 
an ACL lesion treated with a contemporary re-
construction using a cadaver graft. At surgery, the 
patients had no more than type I femorotibial in-
volvement and degeneration according to the Ahl-

9.7  Complications

Causes of failure in this procedure can be intra-
operative or postoperative. Intraoperatively, mal-
positioning of the components, intercondylar em-
inence fracture, incorrect ligament balance, and 
cementation mistakes are possible complications 
during surgery. A tibial eminentia fracture that 
occurs intraoperatively can be stabilized with two 
divergent cortical screws, which must be fixed 
before cementation. Complications following 
surgery include patellofemoral joint degeneration 
or secondary ligamentous degeneration-laxity, 
aseptic component loosening, and polyethylene 
wear. Septic loosening has the same incidence as 
in other prosthetic procedures [3-4]. 

9.8  Patients and Methods

From January 2001 to January 2010, 71 bi-uni-
compartmental knee arthroplasties were per-
formed by the senior surgeon of our institution in 

Fig. 9.9 Computed 
tomography and CAD 
based models: the knee is 
in the “neutral” position 
with respect to the tibial 
anatomic planes

Fig. 9.10 Anteroposterior 
(AP) condylar translation 
during step activity in 
seven unicondylar (UNI) 
and five bi-unicondylar 
(biUNI) knees. There were 
no significant differences in 
medial translations between 
UNI and biUNI knees, nor 
was either medial or lateral 
translation different in the 
biUNI knees
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evaluated Preoperative X-rays served as the base-
line for the evaluation of radiographic progression 
of the patellofemoral joint, which if present was 
graded on a four-point scale. Grade 1 radiograph-
ic change was defined as no measurable joint-
space loss but with radiographic changes such as 
osteophytes. Grade 2 radiographic changes were 
defined as up to 25% joint space loss. Grade 3 
radiographic changes were defined as up to 50% 
joint-space loss. Grade 4 radiographic changes 
were defined as > 50% joint-space loss. Kaplan 
survival analysis was used to assess the long-term 
results using revision as the end point.

9.9  Results

Clinically, the average preoperative Hospital 
for Special Surgery Knee Score was 59 points 
(range: 42–68 points), which postoperatively im-
proved to 92 points (range 70–100 points). The 

back classification. The patients were followed-
up yearly for a period of 3 years and then every 2 
years. At the most recent follow-up of 71 knees, 
all 68 patients were evaluated: 65 (68 knees) clini-
cally and radiologically and three only by phone 
interview as they were not able to visit the clinic. 
All patients expressed personal satisfaction. Post-
operative knee function was evaluated using the 
Hospital for Special Surgery Knee Score before 
surgery and at last follow-up. An X-ray was taken 
for AP weight-bearing, lateral, and patellar sky-
line views of the knee. Radiographic evaluation 
included the mechanical and anatomical axes, 
the cement interface, and the prosthesis-cement 
interfaces in each of 11 zones, searching for the 
presence and extent of radiolucencies. These were 
considered to be progressive if there was either 
an increase in size or the radiolucency had pro-
gressed from one zone to an adjacent zone with 
time. Radiographically, in addition, the opposite 
compartment and the patellofemoral joint were 

Fig. 9.11 Two cases of bi-unicompartmental implants: left a 69-year-old female; right a 64-year-old male
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There was no radiographic progression of the 
patellofemoral joint in 57 knees (80.2%)  but 14 
knees (19.7%) had grade 2 progression. 

There were two revisions (Table 9.1). One, 
5 years after surgery, for anterior instability  
and femoropatellar joint degeneration and the 
other, 5.5 years after implantation, for continu-
ous anterior knee pain; In the first case, which 
was probably due to the acquired instability 
caused by the progressive ACL degeneration, the 
patient underwent revision because of continu-
ous anterior knee pain. Capsuloligamentous in-
stability was evident as an ACL deficiency; fem-
oropatellar joint degeneration was determined 
during surgery (Fig. 9.13).

 In the second case, rheumatoid arthritis was 
determined based on a biopsy during revision. 
In neither case was there component instability 
or polyethylene wear. No failure was registered 
among the patients with HTO (n =1), tibial pla-

average preoperative ROM was 104.7° (range: 
80–130°) At the final follow-up, the average 
ROM was 124.7° (range: 102–136°). In 58 knees, 
the ROM was > 120°. Sixty-four patients had no 
pain (94%), while two had slight or occasional 
pain (3%) (Fig. 9.12).

 At the time of the latest follow-up, 64 pa-
tients (94% ) were enthusiastic regarding the 
procedure, two patients (3%) were satisfied with 
the procedure, and in two patients (3%) the pro-
cedure failed at 5 and at 5.5 years after surgery.

Radiographically, no component showed evi-
dence of loosening, defined as no change in the 
position of the components on sequential radio-
graphs. There was no radiographic evidence of 
osteolysis. The average preoperative deformity 
ranged from 12° varus to 7° of mechanical axis 
valgus. The average postoperative alignment was 
2,2° of mechanical axis valgus (range: from 3° 
varus to 2° valgus). 

Fig. 9.12 Bilateral implant (Bi-Uni) in a left knee at 16 years of follow-up
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Table 9.1 Survival of 61 bi-unicompartmental knee replacements

Years 
since 
surgery

N. at 
start

Failure Width Lost 
to FU

N. at risk Fail % Succ % Surv 
rate

%var % SE Cause of 
failure: rev

0-1 71 0 0 0 71 0.00 100.00 100.00 0.00 0.00

1-2 71 0 7 0 67.5 0.00 100.00 100.00 0.00 0.00

2-3 64 0 7 0 60.5 0.00 100.00 100.00 0.00 0.00

3-4 57 0 10 0 52 0.00 100.00 100.00 0.00 0.00

4-5 47 1 8 0 43 2.23 97.67 97.67 5.16 2.27 Instability

5-6 38 1 4 0 36 2.78 97.22 94.90 12.77 3.57 Instability

6-7 33 0 7 0 29.5 0.00 100.00 94.90 15.58 3.95

7-8 26 0 6 0 23 0.00 100.00 94.90 19.98 4.47

8-9 20 0 9 0 15.5 0.00 100.00 94.90 29.65 5.45

9-10 11 0 6 0 8 0.00 100.00 94.90 57.45 7.58

10-11 5 0 5 0 2.5 0.00 100.00 94.90 183.83 13.56

Total 2 69 0

FU, follow-up

Fig. 9.13 Revision at 5 yrs after surgery due to ACL deficiency and patello-femoral de generation
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teau fracture (n =1), femoral condyle necrosis 
(n = 2), spina bifida (n = 1), poliomyelitis (n = 
1), and contemporary ACL reconstruction (n = 
1). The cumulative survival rate at 11 years was 
94.90% (Table 9.1, Fig. 9.14). 

9.10  Conclusions

In attempts to perform truly mini-invasive and 
tissue-sparing surgery, defined as the preserva-
tion or reconstruction of the intact and functional 
structures of the knee during the implant proce-
dure, Bi-UKR is a possible solution. It is strongly 
indicated in young, active patients, especially 
males < 60 years with femorotibial arthritis but an 
asymptomatic patella and a stable ACL. In these 
patients, who typically have a high functional 
demand,  this solution allows rapid recovery of 
daily activity with a very nearly normal gait and 
a ROM wider than achieved in the best series of 
TKA. Moreover, the survival curve demonstrates 
results very similar to those of TKA.

Bicruciate-retaining knee arthroplasty, even 
if not commonly performed, can provide a high 
level of function as well as knee kinematics that 
retain the essential features of the normal knee. 

Fig. 9.14 Kaplan-Meier 
survival curve of bi-
unicompartmental knee 
replacement. See Table 9.1 
for details



Tissue-Sparing Surgery (TSS)  
and Computer-Assisted Surgery (CAS)  
in Knee Reconstruction:  
Bi-Unicompartmental vs Total Knee 
Arthroplasty 

Norberto Confalonieri and Alfonso Manzotti

10.1  Introduction 

In the beginning of this century, a new ideal of 
a renewed, less invasive, reconstructive surgery 
began to grow in the whole orthopedic world, 
moving firstly from USA. Likewise, minimally 
invasive total knee replacement is growing in 
popularity because of faster recoveries, theoreti-
cal reduced blood losses, and reduced economi-
cal costs [1–3]. Nevertheless, economical pres-
sures by companies interested in an increasing 
market have played an important role in develop-
ing these new trends. However, less-invasive sur-
gery has been often identified both by surgeons 
and manufacturers as requiring shorter surgical 
approaches to implant the same prostheses used 
with traditional approaches, performing the so 
called “key-hole surgery” even with new poten-
tial risks (malalignment, avulsions, and local 
wound problems). More recently, different au-
thors recommend caution toward these mini-in-
cision techniques in total joint replacement [4, 5]. 

In Europe, even before mini-invasive surgery, 
it was hypothesized that real mini-invasive sur-
gery should not be identified with shorter skin in-
cision but both with a new respect for all the tis-
sues, including the cruciate ligaments, and with 

a preserved joint kinematics using new tools and 
smaller implants. This was recently redefined as 
tissue-sparing surgery [6]. 

A brave comparison could be done with the 
philosophical thinking called Humanism, born in 
Italy in 1400 with thinkers like Cusano, Savon-
arola, Lorenzo de Medici under the influences of 
Pitagora, Zenone, Socrates-all ancient Mediterra-
nean philosophers-considering for the first time 
the human being as the center of all the universe. 
Similarly, from USA in the beginning of 1900. a 
“new” ideology named New Humanism invaded 
Europe to influence the entire century by bring-
ing the same philosophy developed 500 years 
before.

Even before the mini-invasive age in Europe, 
unicompartmental knee replacement (UKR) and 
patellofemoral replacement (PFR) were well-
accepted surgical procedures for the treatment 
of knee arthritis aiming to replace only the dam-
aged compartment and preserving ligaments and 
maintaining physiological kinematics [7–10]. 
Recently, even in literature, good results supports 
this increased popularity among orthopedic sur-
geons to offer a relatively less-invasive as well 
as a more physiological approach to the arthritic 
knee [11–13]. 

Likewise in Europe, a few surgeons have 
been experiencing association of different small 
implants to achieve a genuine patient-customized 
procedure over several years but with not many 
reports in the literature regarding long-term re-
sults [14–17]. In 2010, Heyse et al. reported 12-
year follow-up results of the association of UKR 
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highly demanding surgery [30]. Since 1988, they 
implanted >900 UKRs using almost all the de-
signs available: bi-UKR since 1998, UKR + PFR 
since 2005, and since 2007 UKR + PFR using a 
monobloc femoral shield, with an experience of 
>200 combined implants. Furthermore, in 2003, 
they adopted navigation to improve the accuracy 
and to make reproducible the surgical technique 
and, more recently, even patient-specific instru-
mentation even more useful than in TKR. 

In this chapter, the authors present their ex-
periences together their own interpretation of 
less invasive surgery in knee reconstruction us-
ing an analysis of these “customized implants,” 
their performance, and the potential advantages 
of their association to CAS. 

10.2   Bi-Unicompartmental Knee 
Replacement

Bicruciate ligament retention in TKR has been 
evaluated since the earliest nonhinged implants 
in the late 1960s. In gait studies by Andriacchi 
et al. the knees in which both cruciate ligaments 
were retained were the only arthroplasty that had 
normal flexion [9]. As well, Stiehl et al. demon-
strated that bicruciate-retaining TKR typically 
experienced a physiological posterior femoral 
rollback during a deep knee bend with a limited 
anterior–posterior translation and remained pos-
terior to the mid-sagittal line in all positions [32].

Despite all these biomechanical studies, the 
first results reported in the literature were quite 
poor with the first designs, with higher rates of 
failure with respect to the traditional implants. 
Lewallen et al. reported in a 10-year follow-up 
study of polycentric TKR only 66% survivorship 
[16]. Likewise, Morrison et al. recently reported 
early adverse results in a 2-year compared to 
TKR prospective study but showing better early 
stiffness [21]. However more recently, new de-
signs with modified surgical techniques have 
been introduced. Cloutier et al. in 1991 reported 
a 96% success rate in a 9- to 11-year follow-up 
study with bicruciate-retaining implants [33]. 

A few surgeons around the world have been 
using an even less invasive implant than the 

+ PFR, reporting both excellent clinical results 
and patients satisfaction but defining this as a 
high-demanding procedure [18]. In 2010, Par-
ratte et al. published 17-year follow-up results of 
both bi-UKRs and UKR + PFR with, respective-
ly, 78% and 54% survivorships [19]. Likewise, 
all the authors underline how this high-demand-
ing procedure based on a customized approach to 
knee arthritis should be reserved to selected pa-
tients and performed in specifically trained cent-
ers [17, 20, 21]. 

Nevertheless, the entire orthopedic commu-
nity is looking at these combined implants with 
an increasing interest. In 2010, Köck et al. pub-
lished the results of an anonymous survey in 220 
departments of orthopedics and 230 departments 
of trauma surgery, reporting that 43.4% of the 
surgeons involved believe that bicompartmental 
arthroplasty in case of additional involvement of 
the femoropatellar joint could be an attractive op-
tion [22].

Computer-assisted surgery has been devel-
oped to help surgeon in reconstructive procedures 
improve implant alignment and performance. In 
the literature, different authors have already dem-
onstrated its efficacy in traditional knee replace-
ment surgery despite different systems available, 
achieving better aligned implants despite longer 
surgical time [23–26]. 

Nevertheless, very few studies have analyzed 
the application of navigation in small implants, 
mainly in UKR, demonstrating results similar to 
TKR only with a superior final implant alignment 
even in these implants [27–30]. 

Computer/robotic-assisted surgery could 
offer further advantages in highly demanding 
surgeries: it could help surgeons in achieving a 
restored joint line and slope, and the surgeons 
is always aware about the amount of bone cuts, 
even according to the limb alignment and soft tis-
sue balancing, and this could be more evident in 
performing small implants [30, 31]. 

On the basis of their positive experience in 
computer-assisted (CAS) TKR with more than 
1,000 implants with the adoption of new im-
proved dedicated software, the authors explored 
even these bicompartmental implants (bi-UKR 
and UKR + PFR) to reproduce more easily this 
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component (an X-ray of the hip should give you 
the position of the metal locator). 

Step 3: With the patient under anesthesia, the 
surgeon should evaluate clinically the limb de-
formity and how much can be reduced manually 
acting on the knee. 

Step 4: The skin incision with the limb flexed 
at 90° should not exceed 12–14 cm in a median or 
paramedian medial direction. The patella should 
be only retracted and not dislocated. 

Step 5: First approach the most damaged 
compartment, remove the meniscus but leaving 
its posterior wall intact. We consider two differ-
ent implants (medial first in varus and lateral first 
in valgus) with two different slopes, tibial cuts, 
and joint spaces (Fig. 10.1).

Step 6: Insert the screws for the infrared-
reflecting diodes (LED) of the computer scan-
ner with tiny skin incision of <1 cm. One diode 
should be located on the femur and one on the 
tibia both 10 cm away from the joint line. A 
third diode will be applied to the foot, clipping 
it to an external metal support fixed by an elastic 
band. Proceed with the lower limb data acquisi-
tion using the computer. Just moving the limb 
and using mathematical models, the navigator 
determines the axis, which goes through the ro-
tation center of the femoral head, the center of 
the knee and ankle. Acquire the deepest point in 
the more damaged tibial plateau with a mobile 
pointer, then the deepest point of other tibial 
compartments, the centre of the tibial plateau, 
both posterior femoral condyles, the superior 
femoral cortex, and medial and lateral epicon-
dyles, always according to the indications on the 
screen step by step (Fig. 10.2).

Step 7: With the data reported on the screen, 
the surgeon can recalculate with numbers the 
deformity and how much can be corrected. Data 
processing empowers the system to produce on-
screen information related to the mechanical 
function in frontal and lateral projection within 
the entire given range of movement. It suggests 

above-mentioned bicruciate-retaining TKR for 
several years using two UKRs to address the two 
tibiofemoral compartments simultaneously. The 
benefits of this approach when compared to TKR 
include greater tissue sparing, reduced surgical 
morbidity, and easier revision surgery. In ad-
dition, a recent study has demonstrated that bi-
UKR more closely resembles the biomechanics 
of an intact knee than does a TKR [7–9]. Fuchs 
et al. reported that implants preserving both cru-
ciate ligaments can achieve functional results at 
least similar to TKR without any arthritis pro-
gression [8]. Current patient’s expectations fol-
lowing knee replacement surgery include a knee 
that resembles normal and allows an unrestricted 
active life, and the superior biomechanical re-
semblance of the bi-UKR to a normal knee might 
better match these expectations. 

10.2.1   Surgical Technique for 
Computer-Assisted Bi-UKR

Since 2001, in our department, different systems 
based on computer-assisted navigation systems 
without use of computed tomography (CT) have 
been used in >1,000 joint replacements (knee and 
hip), and according to these navigation systems, 
all data have been acquired in the operating theater 
during the procedures. We consider the procedure 
as two different unicompartmental replacements. 
We repair first the most damaged compartment, 
usually medial in varus and lateral in valgus. 

Step 1: Prepare the surgical field according to 
your preferences. However, the patient should be 
in supine position just with the feet outside al-
lowing the knee to be easily flexed at 90°. Place a 
support by the side of the thigh to maintain lower 
limb position even with the knee flexed. The sur-
geon is supposed to be in front of the patient and 
able to check the mechanical axis constantly.

Step 2: We always position a metal locator in 
the center of the hip as further limb alignment 
reference during the surgery in order to keep a 
constant check on axial adjustment and on the 
correct positioning of the prosthetic femoral 
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proceed with a slight release of the ligaments un-
der the direct control of the system. 

Step 9: Position the tibial cut guide and con-
nect with a mobile diode to the computer. The 
height of the resection is based on preoperation 
planning calculations, its orientation (varus–val-
gus), guided and checked on the display. The 
slope will be almost normal, about 5°, even ac-
cording to the implant slope. Considering that in 
knees with an intact anterior cruciate ligament 
(ACL) the articular space is reduced in flexion, 
the surgeon should always consider that both 
slope and posterior resection could act on this 
value. After fixing the guide, use an oscillating 
horizontal blade for the vertical cut, near the ACL 
insertion point, moving in an anterior–posterior 
direction. Then change to a “lamellate” blade for 
the horizontal bone cut.

Step 10: After the removal of the bone block, 
insert the tibial trial component. The size of the 
component should be equal to the amount of re-
sected bone, and the height depends on the devia-
tion axis correction either in flexion or in exten-
sion. The computer permits checking for correct 
alignment during the entire range of motion. With 
the knee in full extension, mark the front edge of 
the tibial trial component on the femoral condyle 
to check the size of the femoral component. 

implant size, amount of bone according to the 
deformity, and tridimensional implant alignment.

Step 8: The deformity should always be re-
ducible manually; otherwise, the surgeon should 

Fig. 10.1 Active woman golfer with posttraumatic right 
knee arthritis 

Fig. 10.2 Computer feedback of mechanical 
axis and arthritis deformity 
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without ligament tension. The opposite femoroti-
bial compartment should be approached under 
the control of the navigation system. Choose the 
height of the cut on the basis of space (in terms 
of flexion and extension). In any case, it must be 
<11 mm (prosthesis thickness – deviation an-
gle – articular space = minimum cut). The latest 
version of our navigation system provides dis-
tractors which tense the ligaments and open the 
articular space according to values expressed in 
millimeters. This is particularly helpful in flexion 
where the joint space is reduced, and we have to 
act both upon the posterior slope and the osseous 
resection of the posterior femoral condyle (Fig. 
10.3).

Step 11: A dedicated cutting guide is used 
for the femoral side. It must be positioned paral-
lel to the tibial component and perpendicular to 
the mechanical femoral axis just to achieve the 
largest contact surface between the components 
for the whole knee range of motion. Remove 
the femoral–condylar cartilage, and prepare the 
holes for the pegs of the femoral implant. 

Step 12: Position the trial components, check 
the mechanical axis and the ligament balance, al-
ways reading the values and the morphology of the 
inferior limb in motion on the computer screen. 

Step 13: Restore a correct limb alignment 

Fig. 10.3 Joint spaces in flexion 
and extension in medial and lateral 
compartments
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10.2.2  Our Experience with Bi-UKRs

We have been performing bi-UKRs since 1999 in 
highly selected cases (<5% of our volume of knee 
replacement per year). Our approach involved 
an approximately 12- to 13-cm midpatellar skin 
incision with a single anteromedial arthrotomy 
and lateral patella retraction. In all cases, the me-
dial UKR was performed first. This allowed for 
correct realignment of the limb by replacing the 
most severely diseased compartment. The amount 
of bone to be resected from the medial compart-
ment of the tibia necessary to correct the limb 
alignment was determined preoperatively. This 
calculation was based on the amount of axial de-
formity and the thickness of the implanted com-
ponents. The minimum tibial bone cut was given 
by the difference between the prosthesis thick-
ness and the axial deviation angle [6]. For exam-
ple, if a patient had a varus deformity of 8° and 
the prosthesis being used had a thickness of 11 
mm, the planned minimum medial tibial bone to 
be resected would be approximately 3 mm. Using 
this technique, the amount of bone to be resected 
from the lateral compartment corresponds to the 
thickness of the implant. In 2006, we reviewed, 
at a minimum follow-up of 3 years (mean: 57.8 
months), our experience with these implants in 23 
patients enrolled prospectively for a bi-UKR [17]. 
Preoperatively, patients were evaluated with both 
the Western Ontario and McMaster Osteoarthritis 
Index (WOMAC) and the Knee Society score. At 
latest follow-up, the mean WOMAC score was 
1.9 for pain, 0.6 for stiffness, and 4.8 for function. 
The mean Knee Society score was 84.6, a mean 
functional score of 86.3 was recorded, and a mean 
UKR dedicated outcome score [Italian Orthopedic 
UKR Users Group (GIUM)] was 78.1 with no ab-
normal results. All the patients were satisfied with 
the outcome and would undergo the same pro-
cedure again. No implant has required revision. 
The most common complication occurred intra-
operatively. In three cases (12.5%) an intraopera-
tive fracture of the tibial spines occurred during 
implantation of the prosthesis, possibly related to 
excessive tension on the ACL. All fractures were 
managed successfully with intraoperative internal 
fixation. This fracture did not adversely affect the 

Step 14: Position the femoral trial compo-
nents and decide on the definitive tibial thickness 
and base you decision on the optimal ligament 
balance in terms of extension and flexion and the 
mechanical axis close to 180°, without procurva-
tion or recurvation. Everything is shown on the 
computer in numeric values and visualized by a 
scheme of the inferior limb.

Step 15: We first implant the two tibial compo-
nents and then the femoral ones; the limb should 
be extended and compressed securely against the 
chest of the operator to complete the operation. 
Final recording of data is performed for the per-
sonal computerized patient file charts (Fig. 10.4).

Fig. 10.4 Same patient as in Fig. 10.1: 2 years later, she 
chose the same implant for the left knee
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conflict between this component and the femoral 
component in the trochlea groove. Leaving the 
trial component in situ in the tibiofemoral com-
partment, subsequently the surgeon addresses the 
patellofemoral joint dislocating the patella. The 
femoral trochlea is resurfaced, looking carefully 
at the size and rotation following an accurate os-
teophytes removal.

Patellar resurfacing is always performed us-
ing an alloy component of the correct size and 
always reducing patellar width and in some cases 
in association to release of the retinaculum to 
improve patellar tracking. In the latter case, the 
authors did not perform any patellar replacement 
but limited the procedure to a complete and ac-
curate osteophyte removal associated with a 
circumferential cauterization. Both components 
were implanted with cement. Dedicated software 
for UKR and PFR implantation in association 
can improve the surgical technique. Likewise, it 
is possible as in TKR to know limb alignment, 
bone cuts, patella tracking, and tilting during the 
entire surgery, greatly helping the surgeon to re-
construct a more “physiological” joint. 

10.3.2   Our Experience with PFR and 
UKR

Our experience is limited to 54 cases. We re-
viewed 21 cases (Acuris + Journey, Smith & 
Nephew, Memphis, TN, USA), all performed in 
the last 2 years using a computer-assisted tech-
nique to assess the patella tracking, supposing 
that this bicompartmental implant could achieve 
comparable results. Fourteen anteromedial and 
seven anterolateral implants in 21 patients were 
prospectively involved in the study. All knees 
were stable and underwent selective reconstruc-
tion simultaneously using UKR and PFR. 

All bicompartmental implants were per-
formed by the same surgeon. Surgical time, hos-
pital stay, and all intra- and post-operative com-
plications were registered. At a minimum follow-
up of 20 months, every single case was matched 
to a similar case where a cruciate-retaining TKR 
had been implanted. In both surgical proce-
dures, computer assistance was used (Vector Vi-

final result. In an attempt to overcome this com-
plication, a more precise computer-assisted tech-
nique for bi-UKR has been introduced since 2003 
[30] to achieve a well-balanced implant both in 
extension and flexion and with no tension on the 
ACL tibial insertion. 

10.3   Patellofemoral and 
Unicompartmental 
Replacement

The association of a unicompartmental with a 
patellofemoral implant is one of the hottest top-
ics today [18–20]. Likewise for bi-UKRs leaving 
intact the ACL and treating simultaneously the 
worn patellofemoral and one of the tibiofemo-
ral compartments may be an attractive option for 
the modern knee surgeon. A minimally invasive 
surgical technique is well suited for this proce-
dure and allows for a quicker recovery when 
compared with TKR [20]. Treatment specifically 
targeted at the pathologic compartments without 
loss of normal bone and ligaments results in a 
rapid return to normal activity, increased stabil-
ity, and decreased pain. Even for this association, 
the objective is to extend indications for unicom-
partmental techniques in knees with an intact 
ACL to preserve the normal knee biomechanics. 

10.3.1   Surgical Technique for 
Computer-Assisted UKR + PFR

The surgical approach starts with an anterome-
dial or anterolateral parapatellar approach ac-
cording to the tibiofemoral compartment to be 
addressed. The damaged tibiofemoral compart-
ment is the first to be replaced, correcting the axis 
deformity using both the bone cut and a tibial 
component height to restore a mechanical axis 
close to 180° (e.g., 11° of varus deformity can 
be corrected with 3 mm of bone cut associated 
with 8 mm tibial component height) . Likewise, 
a correct limb alignment permits a better patel-
lofemoral kinematic with reduce patellar tilt. At-
tention should be paid to the selection of the fem-
oral condyle component size to avoid a potential 
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10.4.1   Our Experience with UKR + PFR 
Using a Monobloc Femoral 
Shield 

Our experience of this implant (Deuce, Smith 
and Nephew, Memphis, TN, USA) is limited to 
21 cases in 20 patients all performed by two sur-
geons of our department in the last 4 years. Up 
to now, no navigation system is available on the 
market to help the surgeon during the surgery, 
and all our cases were implanted using a short 
intramedullary guide for the femoral component 
and an extramedullary guide for the tibia. 

At a minimum follow-up of 18 months, even 
for this specific dedicated anteromedial ACL-
sparing implant, the authors performed a short-
term prospective study matching every single 
case to a similar TKR group implanted for isolat-
ed anteromedial bicompartmental knee arthritis. 
In the first nine cases, the patellar was resurfaced 
and was decauterized in all the other cases. Cri-
teria of matching (sex, age, preoperative range of 
motion and arthritis grade) and parameters as-
sessed (surgical time, hospital stay and all intra- 
and postoperative complications) were the same 
used for the UKR + PFR study. Likewise, all the 
cases were assessed clinically using WOMAC, 
KKS, and GIUM and radiologically investigated 
using the same radiological protocol. Even for 
this new implant, we did not register any com-
plication. One Deuce case at 7 weeks postop-
eratively underwent a closed manipulation under 
anesthesia because of insufficient flexion (95°). 
One implant was revised in another hospital be-
cause of unclear pain without signs of loosing or 
sepsis and without any significant improvement 
after the revision.

The mean surgical time was 64 min (range: 
48–104) in Deuce group and 74 min (range: 
59–110) in TKR. There were no statistically sig-
nificant differences in the hospital stay. No sta-
tistically significant difference was seen for the 
Knee Society and GIUM scores between the two 
groups. Statistically significantly better Func-
tional score and WOMAC Function/Stiffness in-
dexes were registered for the Deuce group. Even 

sion, BrianLAB, Munich, Germany). Criteria of 
matching were: sex, age, preoperative range of 
motion, and arthritis grade. In both the groups all 
the cases were assessed clinically using WOM-
AC, Korean Knee Score (KKS), and GIUM. All 
the knees were radiologically investigated us-
ing the same radiological protocol. Patella were 
resurfaced in the first ten and just decauterizied 
in the last cases. Intraoperatively, the authors 
did not registered any complication. There was 
no revision in either group. The mean surgical 
time was 86 min (range: 78–121) in UKR + PFR 
group and 81 min (range: 71–112) in TKR-CAS 
group. There were no statistical significant dif-
ferences in the hospital stay. No statistically 
significant differences were seen for the Knee 
Society, Functional, and GIUM scores between 
the two groups. Statistically significantly better 
WOMAC Function/Stiffness indexes were regis-
tered for the UKR + PFR group. TKR implants 
achieved statistically better aligned mechanical 
axes.

10.4   UKR + PFR Using a Monobloc 
Femoral Shield 

In 2007, a revolutionary bicompartmental design 
was proposed specifically to address the joint 
involvement of these patients with a monolithic 
device that resurfaces both the medial and the pa-
tellofemoral compartments aiming to reduce the 
femoral components to a whole element while 
preserving both the lateral bone/cartilage areas 
and cruciate ligaments. Up to now, there are only 
two short-term follow-up studies reported in the 
literature (respectively, 95 and 36 cases) with 
this unique new implant [34, 35]. Engh et al. re-
ported no revision, with a high level of satisfac-
tion following this implant [34]. Palumbo et al. 
reported a unacceptable short-term survivorship 
and discouraged its adoption [36]. Obviously, 
longer follow-up and major prospective studies 
are needed to assess its efficacy in selective treat-
ment of knee arthritis
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Bicompartmental Prosthesis

Sergio Romagnoli, Francesco Verde, Michele Corbella,   
and Sara Zacchetti

11.1  Introduction

In the last few years, on the basis of the excel-
lent long-term results achieved with unicompart-
mental knee replacement (UKR), there is grow-
ing interest in single or combined compartmental 
substitutions of the knee while preserving the 
anterior cruciate ligament (ACL) [1] (Fig. 11.1). 

This kind of prosthesis is consistent with tissue-
sparing surgery (TSS), the aim of which is to 
reduce local and general surgical aggression and 
thereby to optimize the patient’s postoperative 
course and functional recovery. 

Today, the term “bicompartmental” refers 
to a surgical procedure that replaces one of the 
tibiofemoral compartments in association with 
the patellofemoral compartment while respecting 
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Fig. 11.1 Pre total knee replacement  implants: 27 years of experience (1985–2012)
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11.2   Patellofemoral Prosthetic 
Design

In the 1980s, incorrect indications and poor 
prosthesis design (Lubinus, Grammont, Cartier, 
Bousquet) led to poor results and a high failure 
rate. However, in the last 15 years new designs 
have yielded more favorable results.

Our experience with these new designs was 
initially based on the Avon (Stryker) system, then 
on the Journey system (Smith and Nephew), and 
more recently on the NexGen system (Zimmer) 
(Fig. 11.2) [2, 3]. The NexGen relies on left and 
right anatomical implants and takes into account 
gender differences by offering a smaller size de-
sign specific for females.  In fact, among the five 

the ACL. Improvements in screening for the cor-
rect indications and in the quality of treatment of 
knee arthritis in terms of prosthetic designs and 
surgical technique are such that even young pa-
tients are undergoing prosthetic surgery. In this 
population, in which expectations are high, mini-
invasive conservative solutions that can guaran-
tee maximum results are needed. The advantages 
of a bicompartmental implant combining UKR 
and a patellofemoral prosthesis are: preservation 
of both cruciates, respect of the rotational axis, 
preservation of bone stock, patellar height and 
tracking, reproduction of the normal joint kin-
ematics, and morphotype respect. The problems 
in this surgical procedure are still linked to the 
poor results obtained with the first series of patel-
lofemoral prosthetic implants. 

Fig. 11.2 Several patellofemoral implants associated with the Allegretto (Zimmer) unicompartmental knee
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thetic procedure widens the indications and re-
duces the limits to UKR and an isolated patel-
lofemoral prosthesis. Moreover, the procedure 
is suitable for patients with a borderline UKR 
indication, in which there is femorotibial com-
partmental arthritis and a symptomatic patel-
lofemoral joint, and in patients with borderline 
indications for a patellofemoral prosthesis due to 
isolated patellofemoral arthritis, mechanical axis 
deviation, and initial femorotibial unicompart-
mental involvement (varus > 3° or valgus > 5°) 
(Figs. 11.4–11.6) [12]. 

Radiographic evaluation is based on stand-
ard anteroposterior, lateral, and sky-view projec-
tions that demonstrate femorotibial degeneration  
higher than grade I and a femoropatellar involve-
ment according to the Ahlback scale. Also, on a 
weight-bearing long anteroposterior X-ray view, 
the mechanical axis can be calculated in order to 
correctly determine the range of the deformity. 
Magnetic resonance imaging in some cases shows 
instability features, such as ACL deficiency, 
and the patellofemoral status. Femorotibial and/
or patellofemoral signs of disease are generally 
present, including pain while walking and  doing 
stairs or effusion. Age and weight are not a limit.

sizes of NexGen prostheses, the first four have a 
gender-specific design (Fig. 11.3).

As shown in the literature, in the last years 
the principal anatomical difference in the knees 
of males and females is the patellofemoral joint. 
This could explain the significant patellofemo-
ral arthritis and the chronic anterior knee pain 
in women who receive a total knee replacement 
(TKR). In the NexGen patellofemoral system, 
the gender-specific adjustments are [4-7]: later-
alization of the trochlear sulcus by 1.5–2 mm and 
an obliquity of 3° [8-11] in addition to a reduced 
anterior flange thickness.  

11.3  Indications

Knee arthritis often involves only one of the 
femorotibial compartments together with the 
symptomatic patellofemoral joint degeneration. 
Among our patients, this pattern comprises only 
15% of our knee arthritis cases while in 4% there 
is isolated femoropatellar involvement. In the 
former, bicompartmental arthritis treatment is 
based on a lateral or medial UKR and the use of a  
patellofemoral prosthesis. This combined pros-

Fig. 11.3 Bicompartmental implant with two resurfacing implants
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Fig. 11.4 Borderline indication: primary varus or valgus femorotibial arthritis secondarily involving the patellofemoral 
joint 

Fig. 11.5 Borderline indication: patellofemoral primary knee arthritis with a moderate mechanical axis deviation in 
varus  > 3° or in valgus > 5°
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sideration of tissue damage and wear should be 
of the same thickness as the prosthesis in patients 
with arthritis. In those  with dysplasia or trochlea 
aplasia, the existing defect must be considered. 
The anatomy of both the femoral trochlea and the 
femoral condyle is related to morphotype, gen-
der, and race. Thus, there is extreme variability 
in terms of dimension, distance, and the angle 
between the axis of the medial condyle and that 
of the femoral trochlea. Furthermore, the sizes 
of the two joints are not necessarily proportional 
(Fig. 11.8). Consequently, substitution of the 
two femoral compartments with a single bicom-
partmental prosthesis that is not custom-made is 
unlikely to recreate the correct anatomy and kin-
ematics.

The second step consists of the preparation of 
the distal condylar trochlea, which is the critical 
zone of “transition” between the cartilage and the 
prosthesis. In the NexGen patellofemoral joint 

11.4  Surgical Technique

The surgical approach is the same as in a UKR, 
medial in varus or lateral in valgus but 1–2 cm 
longer [13-16]. In the varus knee we use a mini-
mid-vastus approach (Fig. 11.7) whereas in val-
gus the approach relies on the lateral intermus-
cular septum, which minimizes damage to the 
quadriceps and enhances the functional recovery. 

Usually the procedure starts with the UKR, 
following the tibia-first technique and then a dis-
tal femoral cut in extension. Once stability has 
been tested with trials, the implant surface can 
be prepared for the patellofemoral prosthesis, be-
ginning with the femoral trochlea and then pro-
ceeding to the patella. An anterior femoral cut, 
according to the deformity and possible dyspla-
sia, is made perpendicular to the axis of the joint. 
The amount of bone-cartilage removed  in con-

Fig. 11.6 Simultaneous bilateral UKR + patellofemoral implant
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will avoid the presence of  a step at the cartilage-
metal transition or exposure of the cement to pa-
tellar tracking, which could create impingement 
and polyethylene wear. The final step is realized 
with an appropriate guide hole for the implant  
stems. 

The patellar  step is done with the patient’s 
knee in extension in order to reduce patellar ever-
sion and consequent stress on the extensor appa-
ratus. We use a standard technique and prefer an 
all-poly component with an onlay design, sym-

system, this step involves “milling,” which relies 
on a guide for each size and on a high-velocity 
cutter (Fig. 11.9).

Once the guide is positioned on the femoral 
resected area, in contact with the distal condylar 
cartilage, it is centered with respect to the me-
diolateral trochlear anatomy and then fixed with 
screws. The high-velocity cutter will remove a 
minimal amount of cartilage-bone, correspond-
ing to the thickness of the prosthesis. Accurate 
preparation of the width and depth of this area 

Fig. 11.7 Parapatellar lateral and parapatellar medial mini-invasive approach

Fig. 11.8 Variability in the angle between the axis of the medial condyle and that of the femoral trochlea
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patellar tracking and the consequent  necessity of 
an excessive lateral release.

It is very important to keep the distance at a 
minimum of 2 mm between the two prosthetic 
components. Our objective is to respect the fem-
oral surfaces, the rotational axis, and the troch-
lear depth, avoiding excessive tension on the  
patella.  The implanted trials must achieve a 
perfect patellofemoral tracking without patel-
lar clunk or tilting in the area of  the component 
transition. We currently use only resurfacing 
prosthetic designs (Allegretto, ZUK, NexGen, 
Hemicap).

metric or asymmetric.  A lateral release is fre-
quently performed. Tibial tuberosity osteotomy 
is rarely indicated in cases of severe malalign-
ment with trochlear dysplasia and frequent pa-
tellar dislocations, or in post-traumatic sequelae 
with problematic patellar eversion. 

In other cases we utilize a patellofemoral in-
lay solution. This kind of implant follows the ex-
isting anatomy and is implanted  after a Kirsch-
ner wire has been implanted in the center of the 
joint and the patellar surface (Fig. 11.10). In pa-
tients with trochlear dysplasia, the implant does 
not correct the deformity, avoiding problems in 

Fig. 11.9 Bicompartmental implant: the guide for milling is positioned on the trochlea
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average weight was 73 kg (range: 50–89 kg). One 
patient was previously treated by high tibial oste-
otomy (HTO), seven had a postpatellar fracture, 
and two had trochlear fracture sequelae. The pa-
tients were followed yearly for the first 3 years 
and then every 2 years. One patient died due to 
unrelated causes.

As of the most recent follow-up, 105 knees 
in 94 patients (25 men and 69 women) have been 
evaluated. Of these, 84 patients (95 knees) were 
evaluated clinically and radiologically while ten 
patients could only be interviewed by phone be-
cause they were not able to attend the clinic. All 
were interviewed regarding the level of personal 
satisfaction. Postoperative knee function  was 
evaluated using the Hospital for Special Surgery 
Knee Score before surgery and at the last follow-
up. X-ray images were acquired for anteroposte-
rior weight-bearing as well as lateral and patellar 
skyline views of the knee. Radiographic measure-

11.5  Patients and Methods

From December 2004 to January 2010, 106  bi-
compartmental knee arthroplasties were per-
formed in 95 patients by the senior surgeon of our 
institution: 11 cases of lateral and 95 cases of me-
dial femorotibial and patellofemoral resurfacing, 
followed prospectively for an average of 5 years 
(maximum 8 years). Patients were selected based 
on clinical and radiological symptoms and signs. 
Clinically, the indications for surgery were: knee 
pain, femoropatellar joint symptoms, fix flexion 
contracture < 10°, range of motion (ROM) > 80°. 
The patients did not have inflammatory arthritis, 
hemochromatosis, hemophilia, or joint instabil-
ity. The patient population consisted of 69 wom-
en and 26 men  with an average age at surgery 
of 69 years (range: 44–86 years). Their average 
height was 166.9 cm (range: 154–180 cm),  their 

Fig. 11.10 Bicompartmental implant with an inlay patellofemoral solution
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(range: 52–70 points), which improved to 93 
points (range: 72–100 points). The average pre-
operative ROM was 102.5° (range: 88–135°). At 
the final follow-up, the average ROM was 125.2° 
(range: 104–135°). For 89 patients, the ROM was 
> 120°. Among the 94 patients, 87 (92.5%) had 
no pain while seven (7.5%) had slight or occa-
sional pain.

 At the time of the latest follow-up, 84 pa-
tients (89,3%) were enthusiastic regarding the 
procedure and ten (10.6%) were satisfied. None 
reported any change or dissatisfaction. 

Radiographically, no component showed evi-
dence of loosening, defined as no change in the 
position of the components on sequential X-rays. 
There was no radiographic evidence of osteoly-
sis. The average preoperative deformity ranged 
from 11° varus to 10° of mechanical axis valgus. 
The average postoperative alignment was 2.5° 
(range: 3° varus to 2° valgus) of mechanical axis 
varus. 

ments included the mechanical and anatomical 
axes. In addition, the opposite compartment joint 
was radiographically evaluated With the preoper-
ative radiographs as the baseline, progression was 
evaluated.  These changes, when present, were 
graded on a four-point scale. Grade 1 radiograph-
ic change was defined as no measurable joint-
space loss but with radiographic changes such as 
osteophytes. Grade 2 radiographic changes were 
defined as joint-space loss ≤ 25%. Grade 3 ra-
diographic changes were defined as ≤ 50% joint-
space loss, and grade 4 as > 50% joint-space loss.

A Kaplan-Meier survival analysis was used 
to evaluate the long-term results, with revision as 
the  end point (Fig. 11.11).

11.6  Results

Clinically, the average preoperative  Hospital 
for Special Surgery Knee Score was 61 points 

Fig. 11.11 Left 5-year follow-up and right 8-year follow-up of bicompartmental implants
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performed 8 years after implantation for necro-
sis of the medial femoral condyle. In the first two 
cases, the revision was performed due to con-
tinuous anterior knee pain. Patellar degenera-
tion was clinically evident. In the third case the 
trochlear inlay design did not correct the patellar 
subluxation due to dysplasia of the anterior fem-
oral condyles; the revision was a primary TKR 
(Fig. 11.12). 

In the fourth patient, degeneration of the me-
dial femoral condyle necessitated a revision con-
sisting of a medial UKR,  such that the final knee 
prosthesis was tricompartmental (Fig. 11.13).

There was no  case  of  component instability 
or polyethylene wear. 

The cumulative survival rate at 9 years is 
96.26% (Table 11.1, Fig. 11.14).

There was no radiographic progression of 
the other femorotibial compartment joint in 83 
knees (87.3%) , but 11 knees (11.6%) had grade 
2 progression. Polyethylene wear was evaluated 
radiographically using the same four-point scale 
to classify progressive penetration of the femoral 
component on the tibial aspect of the material.  
None of the knees showed signs of penetration 
(100%). 

There were four revisions. Two patients (Al-
legretto+ NexGen patellofemoral joint) under-
went revision in the form of a patellar implant, 
1 year and 4 years after surgery, but these cases 
were not considered as failure; the third patient 
(Allegretto + Lubinus) underwent revision 1 
year after implantation for patellar subluxation 
and clunk, while in the fourth the revision was 

Fig. 11.12 A bicompartmental knee implant failed due to patellar subluxation. Revision with primary TKR
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features similar to those of a normal knee and a 
survivorship comparable to that achieved with 
TKR. The association of a UKR with a femoro-
patellar prosthesis reduces the risk of failure due 
to anterior knee pain and enlarges the indication 

11.7  Conclusions

Cruciate-retaining bicompartmental knee arthro-
plasties  currently offer a high level of function-
ality and the joint kinematics include essential 

Fig. 11.13 Medial femoral condyle degeneration involving a bicompartmental implant in the left knee. Revision at 8 
years with a medial UKR

Table 11.1 Survival of 106 bicompartmental knee replacements

Years since 
surgery

N. at 
start

Failure Width Lost  
to FU

N. at risk Fail % Succ % Surv 
rate

%var % SE

0-1 106 0 0 0 106 0.00 100.00 100.00 0.00 0.00

1-2 106 0 0 0 106 0.00 100.00 100.00 0.00 0.00

2-3 106 0 15 0 98.5 0.00 100.00 100.00 0.00 0.00

3-4 91 0 14 0 84 0.00 100.00 100.00 0.00 0.00

4-5 77 0 17 0 68.5 0.00 100.00 100.00 0.00 0.00

5-6 60 2 13 0 53.5 3.74 96.26 96.26 6.47 2.54

6-7 45 0 15 0 37.5 0.00 100.00 96.26 9.24 3.04

7-8 30 0 13 0 23.5 0.00 100.00 96.26 14.74 3.84

8-9 17 0 17 0 8.5 0.00 100.00 96.26 40.75 6.38

Total 2 104 0
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to treat bicompartmental knee arthritis in young 
active patients while offering the possibility of 
the best outcome in terms of functional recovery 
and return to sports activities. Bicompartmental 
prostheses (UKR+patellofemoral), in particular 
the new implant designs, allow further expansion 
to include an increasing number of patients with 
good  future perspectives. 
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12.1  Introduction

Treatment of limited osteoarthritis of the knee 
remains a challenging problem [1-4]. While the 
therapeutic goals are to alleviate pain and restore 
knee function [1-4], non-operative modalities, 
including physiotherapy, activity modification 
(avoiding impact activities), anti-inflammatory 
medications, and bracing, often provide limited 
pain relief and functional improvement [1-4]. 
Surgical management of limited arthritis of the 
knee can include non-prosthetic treatments such 
as arthroscopic debridement, meniscus trans-
plantation, cartilage repair, high tibial osteotomy 
(HTO), and tibial tubercle transposition [1-6]. Ar-
throplasty solutions consist of unicompartmental 
knee arthroplasty (UKA) and conventional total 
knee arthroplasty (TKA) [1-6], both of which 
are expected to be efficient, durable and safe but 
should preserve the bone stock when possible [3]. 
TKA may offer durable and satisfying clinical 
and radiological results when arthritis involves 
the three compartments of the knee; however, 
it does not preserve either the bone stock or the 
ligaments [7, 8]. UKA is a bone- and ligament-
sparing technique that can reliably restore knee 
kinematics and function in patients with arthritis 
limited to one compartment of the knee [9-12]. 
The outcomes of UKA have improved since its 

introduction more than 30 years ago due to im-
provements in design, indications, materials, and 
surgical techniques [13, 14]. The results of UKA 
are reportedly better when the anterior cruciate 
ligament (ACL) is intact [15, 16]. Similarly, out-
come and kinematic studies suggest that main-
taining the ACL in bi- and tri-compartmental 
knee arthroplasty may be advantageous in terms 
of survivorship [17, 18], stair climbing abil-
ity[19], patient satisfaction, and joint kinematics 
[9, 17, 19-22]. 

Bicompartmental arthritis of the knee is not 
rare and bicompartmental knee arthroplasties 
have been proposed to bridge the gap between 
UKA and TKA [10, 21]. Indeed, there is a high 
level of interest in bicompartmental knee arthro-
plasties that combine medial and  lateral UKAs 
[9, 10, 21]. The advantages of this approach over 
total knee replacement (TKR) include a smaller 
implant size, reduced operative trauma, preserva-
tion of both cruciate ligaments and bone stock, 
and a more physiological knee joint [8, 17, 21, 
23]. In response to the growing relevance of com-
bined compartmental implants, including medial 
UKA and lateral arthroplasties, this chapter pro-
vides a description of the surgical technique used 
in bicompartmental knee arthroplasty, including 
tips and tricks, and reports the long-term results 
of a consecutive series of these patients.

12.2  Surgical Technique 

The indications for the procedure were: a con-
firmed diagnosis of bicompartmental osteoarthri-
tis [24]. (Ahlback1 ≥ grade 2) and a preserved 
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The upper limit of the incision is 1–2 cm over the 
proximal pole of the patella, extending distally 
toward the medial side of the tibial tuberosity and 
ending 2 cm under the joint line, previously lo-
cated. We first realize the medial UKA by a me-
dial subvastus approach. Once the synovial cav-
ity is opened, proper visualization of the condyle, 
the ACL, and the corresponding tibial side of the 
tibial plateau is achieved by excising the obscur-
ing portion of the fat pad. 

Before proceeding to the bone cuts, we evalu-
ate the ACL, with the patient’s knee in 60° of 
flexion in order to examine the joint by checking 
the resistance of the ligament with an appropri-
ate hook. We then evaluate the state of the patel-
lofemoral joint. Osteophytes are removed on the 
medial femoral condyle, which results in a rela-
tive lengthening of the medial collateral ligament 
and capsule and thus allows passive correction of 
the deformity. Next, osteophytes located in the 
intercondylar notch are also carefully removed 
to avoid late impingement with the ACL on the 
notch (Fig. 12.3).

The frontal tibial and the distal femoral 
cuts are linked together and made using an ex-
tramedullary alignment. We try to reproduce the 
natural slope of the medial tibial plateau, usually 
between 5° and 7° of posterior slope. The sagit-
tal tibial cut is then performed manually, using 
a reciprocating bone saw and following the line 
crossing the point at the foot of the ACL and the 
anterior tibial point. The size of the femoral im-
plant is determined using the cutting block, posi-
tioning the femoral finishing guide on the distal 
femoral cut and searching for the best compro-
mise between an anatomically centered position 
on the femoral condyle and a long axis perpen-
dicular to the resected tibial plateau. The top of 
this finishing guide should be placed at least 1–2 
mm above the deepest layer of the cartilage to 
avoid a potential notch between the femoral im-
plant and the patella. To control the mediolateral 
position of the femoral cutting guide, which de-
termines the position of the final implant, tibial 
referencing based on the previously made tibial 
cut is a very helpful landmark. Since the diver-
gence of the medial condyle is different from one 
knee to another, checking the mediolateral posi-

status of the patellofemoral joint, based on clini-
cal evaluation and sky-view radiographs.(Fig. 
12.1) Both a preoperative range of knee flexion 
> 100º associated with a full range of knee ex-
tension and a knee clinically stable in the frontal 
and sagittal planes were considered as crucial in-
dications. A valgus or varus deformity > 10°, as 
measured on long-leg X-rays, or a metaphyseal 
tibial varus > 7° is also considered as a contra-
indication. We systematically obtained varus and 
valgus stress radiographs (Fig. 12.2) to evaluate 
deformity correction [25]. A fixed deformity ob-
served on the stress radiograph was considered as 
a contraindication. 

12.3  Approach

It is important to maintain proper visualization 
throughout the procedure in order to optimize 
implant positioning, even when a minimally in-
vasive technique is used. Therefore, the length of 
the skin incision varies from 10 to 14 cm depend-
ing on patient morphotype and skin elasticity. 

Fig. 12.1 The 
preoperative 
radiograph of 
this 60-year-old 
woman shows 
bicompartmental 
arthritis of the right 
knee without any 
major deformation
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the anatomy of the lateral tibial plateau, the cut 
should be made without any posterior slope. In 
case of femoral dysplasia, it is often necessary 
to use a “more proximal” distal femoral cut and 
a dedicated femoral cutting guide to increase 
its thickness. The alignment of the femoral cut-
ting guide on the tibial cut is crucial due to the 
natural shape of the lateral femoral condyle. It is 
frequently necessary to mark the correct align-
ment in extension rather than in flexion in order 
to avoid medial edge loading and impingement 
between the femoral implant and the tibial spines 
due to the screw-home mechanism. The polyeth-

tion of the guide on the femoral condyle is also 
recommended. The size of the tibial tray should 
then be determined, achieving the best compro-
mise between maximal tibial coverage and over-
hang, which might induce  pain. The knee is then 
brought into maximal flexion and externally ro-
tated. The final preparation of the tibia is com-
pleted with the appropriate guide, with the un-
derlying keel impacted in the subchondral bone. 
Flexion-extension gaps should be tested with the 
trial components in place. A 9-mm polyethylene 
trial is used, aiming for a 2-mm laxity at 10° of 
flexion. At the same time, it should be confirmed 
that the middle of the femoral component is 
placed in the middle of the tibial component in 
flexion and in extension. 

The lateral UKA is then realized through a 
lateral subvastus arthrotomy. In a lateral UKA, 
osteophytes on the lateral condyle should not be 
removed; leaving them in place will optimize 
positioning of the femoral implant, consider-
ing the femoral divergence of the condyle. The 
tibial resection is performed using the same ex-
tramedullary ancillaries, making the frontal tibial 
and distal femoral cuts at the same time. On the 
lateral side, a tibial slope is not included in the 
cut, which should stay minimal since the disease 
is more often on the femoral side. To respect 

Fig. 12.2 Stress X-rays on 
the same patient as in Fig. 
12.1 confirm the bone on 
bone contact, reduction of 
the deformation in each 
compartment, and correct 
ligament balance

Fig. 12.3 Osteophytes should be carefully removed to 
avoid late impingement with the ACL, as shown on this 
intraoperative view of the intercondylar notch observed 
through an old-fashion approach
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partmental knee arthroplasties performed at our 
institution, 100 (43%) of them were combined 
medial and lateral UKAs. During the same study 
period, 4500 TKA and 870 isolated UKAs were 
performed at our institution.  

We retrospectively reviewed all patients treat-
ed at our institution with a bicompartmental knee 
arthroplasty (100 knees) following a diagnosis of 
bicompartmental osteoarthritis of the knee. The 
100 combined medial and lateral UKAs were per-
formed in 84 patients by the two senior authors 
(JMA and JNA) between April 1972 and Decem-
ber 2000, using cemented prostheses. The inclu-
sion criteria in this study were: a minimal clinical 
follow-up of 5 years and a complete follow-up 
with available X-rays. The exclusion criteria were 
a contemporary HTO, a contemporary or previous 
ACL reconstruction, or a revision arthroplasty. 
The etiologies of the osteoarthritis were primary 
osteoarthritis in 92 knees (92%) and post-traumat-
ic osteoarthritis in eight (8%). The grade of arthri-
tis involving the medial compartment according 
to the Ahlback classification [24] was grade 2 for 
three (3%) knees, grade 3 for 92 knees (92%), and 
grade 4 for five knees (5%). The grade of arthritis 

ylene insert is often thicker than for the medial 
side in case of femoral dysplasia even if the prin-
ciple of under-correction of the deformity for all 
cases of lateral UKA remains the basis for suc-
cessful long-term results (Fig. 12.4).

Patellar tracking should be checked before 
closing (Fig. 12.5) facilitated by the absence 
of patellar eversion during the procedure. The 
tourniquet is released before closure to allow 
adequate hemostasis. In our practice, one intra-
articular drain is left in place for 36 h. Postopera-
tive rehabilitation protocols include immediate 
weight-bearing protected by crutches during the 
first 2 or 3 weeks, according to patient tolerance 
and exercises focused on passive flexion imme-
diately and then active recuperation of flexion 
and extension. All patients should receive routine 
prophylaxis with low-molecular-weight heparin 
preoperatively and postoperatively for 21 days.

12.4  Methods

During the study period from April 1972 to 
December 2000, of the 232 combined unicom-

Fig. 12.4  Preservation of the ACL, restoration of the joint 
line, and correct alignment of the components in each 
compartment are the most important points to follow in 
obtaining a well functioning bicompartmental knee ar-
throplasty

Fig. 12.5  Control of patellar tracking is also important
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condylar axis to hip center), the tibial angle (PA: 
plateau axis to ankle) and the articular deforma-
tion (CP: condylar axis and plateau axis) [30, 31]. 
The hip-knee-ankle angle was calculated as the 
sum of the three previously defined angles (HKA= 
CH+PA+CP), considering CP as positive in case 
of lateral convergence [30, 31]. Postoperative 
alignments of the femoral and tibial components 
as well as the postoperative alignment of the limb 
were assessed on long-leg radiographs according 
to the standardized protocol used preoperatively 
[30, 31]. The presence, extent, or progression of 
femoral, tibial, or patellar radiolucencies accord-
ing to the KS roentgenographic score was evalu-
ated on full tangential AP and lateral radiographs 
and on skyline radiographs [14]. Furthermore, 
progression of osteoarthritis was evaluated in the 
non-resurfaced compartment on AP radiographs 
and in the patellofemoral joint on skyline radio-
graphs [7]. The Ahlback classification was used to 
evaluate osteoarthritis progression in the femoro-
patellar compartment [24].

Patient demographics were described using 
means and standard deviations or medians and 
ranges for continuous variables, and counts (per-
cent) for categorical variables. Clinical improve-
ment between the preoperative and postoperative 
evaluation as described by the mean KS knee 
and function score was analyzed using a t test for 
paired comparisons [32]. The radiographic out-
comes were descriptively reported using means 
and standard deviations to describe preoperative 
and postoperative alignment. Finally, 17-year 
survival analysis was performed using the Ka-
plan-Meier technique (with 95% confidence in-
tervals) for all patients, considering revision for 
any reason or radiographic loosening as the end-
point [33]. The data were analyzed using SPSS 
software (version 12; SPSS Inc., Chicago, IL). 
All calculations assumed two-tailed tests.

12.5  Results 

The KS knee and function scores improved in 
both compartments (p = 0.00034 and p = 0.00023) 
between the preoperative and final evaluations 
(minimum follow-up of 5 years; mean, 11.7± 7 

concerning the lateral compartment was: grade 2 
for 30 (30%) knees, grade 3 for 65 knees (65%), 
and grade 4 for five knees (5%).

Among the 84 patients, 39 (48 knees) died be-
fore the final review (at a mean of 12 years post-
operatively) but data were available from the last 
follow-up before their death (1 year before) and 
were used for the final analysis. Six patients were 
lost to follow-up. Thus, 94 knees in 78 patients 
were available for the final analysis. Approval of 
the institutional ethics committee was obtained.

All UKA components were cemented on the 
tibial and femoral sides. Between 1972 and 1989, 
Marmor-like (Zimmer, Warsaw, IN) or Alpina 
(Biomet, Bridgend, UK) implants were used in 
the UKA, whether of the medial or the lateral 
compartment. After 1989, Miller-Galante UKA 
(Zimmer, Warsaw, IN) prostheses were system-
atically implanted using modern dedicated in-
strumentation, including tibial and femoral cut-
ting guides. The design characteristics and the 
surgical technique of this device were previously 
described [26, 27].

All patients were clinically evaluated preop-
eratively, at 3 months postoperatively, at yearly 
intervals postoperatively, and at the last follow-
up by an independent observer using the Knee 
Society (KS) score and function score [14]. The 
arc of knee flexion was recorded preoperatively, 
during follow-up, and at the final evaluation. For 
patients operated on in the 1970s and 1980s, the 
KS score was calculated based on data collected 
on the standardized knee evaluation sheet used in 
the department [14]. Patient satisfaction regarding 
the procedure was assessed using the four-level 
scale (enthusiastic, satisfied, no change, not satis-
fied) previously used for evaluation of outcomes 
after UKA [15, 28-30]. Radiographic evaluation 
was performed by one independent observer (SP, 
Fellow in hip and knee reconstruction at the time 
of the evaluation) using long-leg radiographs and 
anteroposterior (AP), lateral, and skyline radio-
graphs of the knee at last follow-up. Lower-limb 
alignment was assessed on long-leg radiographs 
performed using a standardized protocol in which 
the patient stood with the patella facing anteriorly. 
These images were used to preoperatively and 
postoperatively calculate the femoral angle (CH: 
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the lateral side. The mean tibial slope was 3º ± 
4º (range: 0–8º). The mean AP femoral axis was 
92º ± 7º (range: 86–94º). Fourteen knees (15%) 
showed radiolucencies (< 1 mm) at the tibial 
bone–cement interface, but without any sign of 
progression after 5 years of follow-up. No femo-
ral radiolucencies were observed. At final follow-
up, 14 knees showed asymptomatic (without 
any change in the clinical score) osteoarthritis 
progression in the patellofemoral compartment. 
With revision for any reason as the endpoint, 
17-year survivorship was 0.78 (95% confidence 
interval: 0.73–0.83) (Fig. 12.6). In four cases, 
avulsion of the anterior tibial spine was observed 
intraoperatively, requiring intraoperative fixation 

years; range: 5–23 years) for the 94 knees avail-
able. Mean active knee flexion improved from 
112° ± 5º (range: 100–45º) preoperatively to 136º 
± 4º (range: 117–149º) at final follow-up. Among 
the bi-UKA patients at the time of the final fol-
low-up, 31 (40%) were enthusiastic regarding the 
procedure, 40 were (51%) satisfied, and seven 
(9%) were not satisfied, but all of this last group 
required an early revision before 4 years for asep-
tic loosening. 

The mean preoperative HKA angle was 176° 
(range: 170–180º) and 178°± 4º (range: 175–
182°) after surgery. The mean AP axis of the 
tibial component was 89º ± 3º (range: 85–90º) on 
the medial side and 90º ± 2º (range: 88–93º) on 

Fig. 12.7 Intraoperative 
avulsion of the tibial spine 
should be immediately 
treated. We recommend a 
composite fixation using 
a Fiber-Wire  type suture 
anchored on a cancellous 
screw

Fig. 12.6  The Kaplan-Meier survival 
curve, considering revision due to any 
cause as the endpoint, shows an expected 
survivorship of 0.78 (95% confidence 
interval 0.73–0.83) at 17 year
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the Deuce? Orthopedics 30:770-771

11.  Fuchs S, Tibesku CO, Genkinger M, Laass H,  Rosen-
baum D (2003) Proprioception with bicondylar sledge 
prostheses retaining cruciate ligaments. Clin Orthop 
Relat Res 148-154

12. Fuchs S, Tibesku CO, Genkinger M, Volmer M, Laass 
H, Rosenbaum D (2004) Clinical and functional com-
parison of bicondylar sledge prostheses retaining all 
ligaments and constrained total knee replacement. 
Clin Biomech (Bristol, Avon) 19:263-269

13. Insall J,  Walker P (1976) Unicondylar knee replace-
ment. Clin Orthop Relat Res 83-85

14. Insall JN, Dorr LD, Scott RD,  Scott WN (1989) Ra-
tionale of the Knee Society clinical rating system. 
Clin Orthop Relat Res 13-14

15. Argenson JN, Chevrol-Benkeddache Y,  Aubaniac JM 
(2002) Modern unicompartmental knee arthroplasty 
with cement: a three to ten-year follow-up study. J 
Bone Joint Surg Am 84:2235-2239

16.  Argenson JN, Komistek RD, Aubaniac JM, Dennis 
DA, Northcut EJ, Anderson DT,  Agostini S (2002) 
In vivo determination of knee kinematics for subjects 
implanted with a unicompartmentalarthroplasty. J Ar-
throplasty 17:1049-1054

17. Cloutier JM, Sabouret P,  Deghrar A (1999) Total 
knee arthroplasty with retention of both cruciate liga-
ments. A nine to eleven-year follow-up study. J Bone 
Joint Surg Am 81:697-702

18. Goodfellow JW,  O’connor J (1986) Clinical results 
of the Oxford Knee: surface arthroplasty of the tibi-

using synthesis by screw or/and non-absorbable 
suture. In these knees, there were no adverse ef-
fects on the final outcome (Fig. 12.7). No other 
intraoperative complication occurred. Twelve 
patients had postoperative deep venous throm-
boses and were treated with a therapeutic dose 
of low-molecular-weight heparin. For 17 knees, 
a revision was required at a mean of 6.5 years 
(range: 9 months to 12 years): 16 for aseptic loos-
ening and one for a symptomatic progression of 
osteoarthritis in the patellofemoral compartment. 
Among the 16 cases of aseptic loosening, eight 
involved loosening of both the medial and lateral 
implants, five of the medial implant, and three of 
the lateral one. Ten knees were revised using a 
conventional postero-stabilized TKA with a tibial 
stem, and eight knees with a hinged prosthesis. 
One knee was revised for progression of osteo-
arthritis in the patellofemoral compartment at 10 
years, by addition of a patellofemoral implant. In 
this patient, a good result was achieved at the fi-
nal follow-up of 15 years. 

12.6  Conclusions

Bicompartmental knee arthroplasty, as a bone- 
and ligament-sparing technique, provides good 
functional results and a high rate of satisfaction. 
In our series, excellent long-term clinical and ra-
diological outcomes were achieved,  with a survi-
vorship similar to that of classic unicompartmen-
tal knee arthroplasty using the older generation 
of implants. Use of the newest implants and an-
cillaries may optimize long-term follow-up, even 
if the proper indications and an adequate surgical 
technique continue to be the main determinant of 
success. As the preservation of a functional ACL 
remains the key to success, particular care should 
be given to the tibial spines, which are at risk 
throughout the procedure. 
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Arthrosurface Inlay Resurfacing: 
Indications, Surgical Technique,  
and Results

Anthony Miniaci 

13.1  Introduction

Cartilage lesions in the knee are common [1] and 
can be highly symptomatic [2-4]. The biological 
treatment spectrum offers a wide range of carti-
lage procedures that address these lesions from 
different perspectives: Palliative interventions 
(debridement) aim at lesion stabilization and 
the removal of mechanical symptoms. Repara-
tive (marrow stimulation techniques), restorative 
(chondral, osteochondral transplantation), and 
reconstructive (allograft, prosthetics) procedures 
target defect filling and surface reconstructions, 
while corrective procedures (osteotomy) take aim 
at the underlying disease process. All but pallia-
tive and prosthetic reconstructive measures re-
quire prolonged rehabilitation to ensure adequate 
biological response, remodeling, and healing.

In individuals of advanced age, with longer-
standing symptoms and a surgical history, the 
transition from biological procedures to joint ar-
throplasty is not well established because pros-
thetic design concepts of conventional joint re-
placement do not fulfill the requirements of early 
intervention; rather, they provide a solution for 
delayed treatment. The fundamental goal is to 
maximize implant longevity. Very good long-
term results have been published [5-8], yet con-
ventional arthroplasty is not without controversy:  
onlay surface replacements introduce a non-na-

tive joint surface geometry, which has implica-
tions for pain relief, functional outcomes, and 
implant survivorship. High-demand patients, 
such as younger, more active populations as well 
as heavy and morbidly obese patients, have infe-
rior clinical outcomes combined with higher re-
vision rates [7-10]. While the delay strategy may 
work on an individual basis, today many patients 
are seeking solutions that allow them to return to 
work and active lifestyles.

First-intervention metallic prosthetics should 
follow the treatment concepts of biological pro-
cedures: a minimally invasive approach, joint 
preservation through maintenance of healthy soft 
tissues and bone stock, and biomechanical stabil-
ity combined with a new contoured joint surface 
that counteracts lesion propagation.

Since 2003, a knee resurfacing platform (Ar-
throsurface, Franklin, MA) has been developed 
that is consistent with the paradigm of joint 
preservation. Moreover, it allows the surgeon to 
address joint arthrosis with a contoured metal-
lic implant that is thin, sized to the lesion, and 
specific to the joint surface of the patient.  The 
66 different sizes and shapes (47 different metal-
lic ones for the knee and a corresponding set of 
19 polyethylene component choices) provide the 
first step in arthroplasty under the continuum of 
care for joint arthrosis and arthritis (Fig. 13.1). 
All metallic components are made of a CoCr al-
loy and have Ti coverage where they interface 
with bone (screw fixation, undersurface of the 
articular component); the polyethylene compo-
nents are ultra-high-molecular-weight polyethyl-
ene (UHMWPE) and are cemented into the pre-
pared implant bed.
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ness chondral and osteochondral lesions and ex-
pands the range of precursor biological treatment 
options. Successor procedures such as unicon-
dylar knee replacement provide a sound clinical 
exit strategy when larger surface reconstruction 
is warranted. 

This interim treatment solution for patients 
between 40 and 60 years of age provides a bio-
mechanically stable, congruent defect-filling 
designed to protect the remaining normal carti-
lage. It consists of two components, an articular 
component and a fixation component (Fig. 13.2), 
joined by a morse taper interlock. The cobalt 
chrome 15- or 20-mm articular components are 
both available in a variety of incremental offset 
convexities corresponding to the surface curva-
ture of the patient’s condyle. 

Basic science [11-14] and clinical outcomes 
[15-18] complement each other and support this 
platform for the treatment of chondral and os-
teochondral defects. Inlay resurfacing is not a 
replacement of existing cartilage repair proce-
dures; rather, it is an extension of reconstructive 
methods with the support of individual patient 
management. The key aspects that should be con-
sidered when performing inlay resurfacing  are 
listed in Table 13.1.

13.2   Monopolar Focal Femoral 
Condyle Inlay Resurfacing

Focal femoral condyle prosthetic resurfacing 
continues localized management of full-thick-

Table 13.1 Technical 
pearls for inlay knee 
resurfacing

1. Manage patient expectations and educate on early focal resurfacing vs. delayed 
total arthroplasty. 

2. Ensure adequate implant defect coverage.

3. Recess implant components slightly below the articular surface (0.5–1.0 mm) to 
avoid damage to the opposing articular surfaces.

4. Careful intraoperative mapping of the defect needs to be undertaken in order to 
match the prosthetic implant curvature to the native articular surface.

5. Ensure uniform cement coverage surrounding components.

6. Inlay components do not correct the mechanical tibiofemoral alignment.

Fig. 13.1 Inlay knee resurfacing platform for tibiofemoral and patellofemoral mono- and bipolar arthrosis
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impactor engages the articular and fixation com-
ponents.  Final placement of the surface pros-
thetic is targeted slightly recessed (0.5–1.0 mm) 
to the surrounding articular cartilage to account 
for nearby cartilage thickness variations during 
weight-bearing, thereby avoiding any overload-
ing or deleterious effects to the opposing side 
(Fig. 13.4). 

13.2.2  Results

Kirker-Head et al. reported on the biocompatibil-
ity of this implant in the caprine model [11]. A 
continuous trabecular and subchondral bone in-
terface was observed surrounding both the screw 
and the resurfacing unit. Cartilage flow from 
the adjacent native tissue covered the implant-
cartilage interface. Several clinical studies of 

13.2.1  Surgical Technique

A small para-patellar incision is made over the 
defect through which the device is implanted 
on the medial or lateral femoral condyle. Using 
a drill guide and pin, the surgeon establishes a 
perpendicular working access to the joint surface 
and drives a cannulated step drill into the bone 
until the proximal shoulder of the drill is flush 
to the articulating surface. The fixation compo-
nent is placed at the correct height under visual 
control and the patient-specific joint surface cur-
vature is measured intraoperatively (Fig. 13.3). 
The implant socket is prepared using precision 
surface milling. A sizing trial allows for proper 
assessment of the cartilage–implant interface. 
The final articular component is aligned on the 
implant holder and inserted into the taper of the 
fixation component. Progressive tapping on the 

Fig. 13.2 Examples of HemiCAP focal inlay resurfacing 
prosthetics: high-pitched screw fixation component and 
modular, contoured articular component

Fig. 13.3 
Intraoperative 
3-D surface 
mapping using 
the HemiCAP 
system

a b c

Fig. 13.4 Example of HemiCAP focal femoral condyle resurfacing after failed microfracture, medial femoral condyle. 
a Defect filling after prior microfracture, resulting in soft, fissured repair cartilage. b Implant bed with screw fixation in 
center. c HemiCAP focal resurfacing implant with slightly recessed implant margins
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and had improved from 1436 preoperatively to 
341.

Bollars et al. studied 18 patients with an aver-
age age of 51 years in whom the study device was 
implanted and found excellent results at a follow-
up of 35.3 months [16]. In these middle-aged pa-
tients, 83% had a normal or nearly normal IKDC 
score.  Compared to normative age-matched 
scores, in the study patients there was a close 
match across all KOOS domains (Fig. 13.5).  

Becher et al. studied 21 patients with a mean 
age of 54 years at the time of the initial focal re-
surfacing. The minimum follow-up was 5 years 
(range: 5–6 years) [15]. The authors demon-
strated radiographic joint space preservation and 
statistically significant improvements across all 
KOOS score subdomains, Tegner score, and SF-
36 score.

To date, examples from second-look arthros-
copies have confirmed the preclinical results. The 
prosthetic appears to be well incorporated; the 
superficial cartilage layer from adjacent healthy 
margins covers the implant cartilage interface; 
and opposing tibial surfaces have not shown any 
apparent response to the contoured prosthetic.

13.3   Bipolar Tibiofemoral Inlay 
Resurfacing

Bipolar knee inlay resurfacing was introduced 
in 2008 to provide an option for patients with 
early tibiofemoral arthrosis (Fig. 13.6). It is 
minimally invasive, preserves the menisci and 

the HemiCAP focal femoral condyle resurfacing 
prosthesis have been undertaken to date, showing 
encouraging results with a follow-up of up to 6 
years.

Von Hasselbach and Witzel reported on 121 
patients with a mean age 52.5 years in whom the 
HemiCAP resurfacing prosthesis was implanted, 
with a mean follow-up in this series of 14 months 
[19]. The follow-up Hospital for Special Surgery 
(HSS) score was high (95.3), with an increase of 
12% from baseline. Second-look arthroscopies 
performed for non-device related indications 
showed no deleterious cartilage effects on oppos-
ing articular surfaces. Radiographs showed no 
peri-prosthetic radiolucency or implant subsid-
ence. 

Thirty-six patients in the prospective US 
phase II multicenter feasibility trial have com-
pleted their 2-year follow-up. Forty patients (26 
males, 14 females), with an average age of 47 
years, were treated with the device: 38 for iso-
lated full-thickness defects of the medial femoral 
condyle and two for defects on the lateral side. 
Two patients were lost to follow-up, one died be-
fore the 2-year endpoint, and in one conversion 
to unicondylar knee replacement was necessary. 
The average preoperative WOMAC domains 
showed significant baseline pain (308) and func-
tional deficiencies (999) that had improved re-
markably by 3 months after the procedure (pain 
68, function 246). The average results showed 
further improvement across all domains from 1 to 
2 years postoperatively. The mean total WOMAC 
score was best at the 2-year follow-up time point 

Fig. 13.5 35-month 
follow-up KOOS scores 
comparing focal femoral 
condyle resurfacing to 
normative, age-matched 
values (from [20])
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UniCAP procedure. When more than one risk 
factor is present, consideration needs to be given 
to the compounding effect when determining pa-
tient indications and expectations.

Contraindications for the procedure include 
metabolic disorders affecting implant fixation, 
bony deformation, mechanical malalignment af-
fecting the ipsilateral compartment, high BMI 
>30, and widespread degeneration that cannot 
be covered by the prosthesis. Patients need to be 
carefully selected, on an individual basis (Fig. 
13.1), taking into account both their expectations 
and the demands of their activities. 

13.3.2  Surgical Technique

The patient is positioned and prepared for stand-
ard knee arthroscopy allowing for deep knee flex-
ion during femoral preparation. The anterolateral 
portal is established first, as it improves visualiza-
tion of the medial compartment (Fig. 13.7). Once 
the proper indication is confirmed, a full-length 
anteromedial skin incision is placed vertically 1 
cm medial to the patella tendon and extending 
proximally from the mid-pole of the patella down 
to 1 cm distal to the joint line. Capsular integ-
rity is maintained by limiting the capsulotomy to 
the anteromedial portal for the arthroscopic tibial 
preparation. The full-length skin incision is made 
initially in order to aid in tissue dissection and 
avoid challenges associated with extravasation 

cruciate ligaments, and retains the bony archi-
tecture of the knee joint. Similar to the focal 
monopolar femoral condyle implants, the larger 
bipolar tibiofemoral implants come in a number 
of different surface convexities to allow for pre-
cise and contoured inlay resurfacing.  Inherent to 
the technique, the tibiofemoral alignment can-
not be changed with inlay implants. Therefore, 
the mechanical tibiofemoral axis has to be taken 
into consideration for indications and for surgical 
planning (Fig. 13.1).

13.3.1  Indications

The target population consists of middle-aged 
patients who have failed previous conservative 
treatment and/or surgical interventions and have 
re-developed  significant pain, causing limita-
tions in function and in the activities of daily liv-
ing and requiring surgery for mono-compartmen-
tal arthrosis.  

Preoperative clinical examination should 
show a stable knee with less than 5° of mechani-
cal malalignment, range of motion with a defi-
cit of less than 10° of flexion or 5° of extension, 
satisfactory meniscal function, and a normal to 
slightly overweight body mass index (BMI <30). 
If a patient considered for resurfacing has factors 
just outside these parameters, for example mala-
lignment or ligamentous instability, these should 
be dealt with prior to or in conjunction with the 

Fig. 13.6 The UniCAP meniscal-sparing unicondylar  
 system

Fig. 13.7 Localized tibial defect
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ting engagement into the plateau. Preparation of 
the tibial implant bed through clockwise rota-
tion is completed when the cutting blade reaches 
the proximal end of the blade stop. A congruent, 
slightly recessed fit of the tibial component is 
verified with the appropriate sizing trial while the 
tibial cutter remains in place. Proud margins are 
lowered by adjusting the blade stop clockwise 
with a wrench: a 90° turn lowers the blade stop 
and implant floor by 1 mm after re-reaming. Be-
fore the final tibial implant is placed, attention is 
directed to the preparation of the femoral com-
ponent.

13.3.2.2 Femoral Resurfacing 
The femoral drill guide is placed over the defect 
(Fig. 13.8) with four points of contact to establish 
a perpendicular working axis to the joint surface. 
Adequate defect coverage is confirmed and a 
threaded pin is advanced into the bone. The fem-
oral centering shaft is driven over the pin until the 
laser mark line is flush with the original articular 
surface. The 40-mm contact probe is placed over 
the femoral centering shaft to map the anterior-
posterior (AP) curvature; medial-lateral (ML) 
mapping is repeated with the 20-mm contact 
probe. The average medial-lateral offset will de-
termine the appropriate central femoral reamer, 
which is advanced over the centering shaft until 
it contacts the stop. All instruments are removed 
and the appropriate guide block is selected based 
on the average anterior-posterior offsets. The 

during arthroscopy. Extending the skin incision 
distally below the joint line facilitates exposure 
and avoids posterior pin deviation and skin in-
terference during reaming of the posterior femo-
ral implant bed. Once concomitant findings have 
been addressed, attention is directed towards the 
tibial defect.

13.3.2.1 Arthroscopic Tibial Resurfacing 
Normal knee kinematics include a tibial rollback 
phenomenon during knee flexion whereby ac-
cess to the tibial plateau can become challenging. 
Consequently, arthroscopically assisted tibial 
preparation greatly facilitates visualization and 
work flow.

With the knee in 20–30° of flexion and val-
gus stress, the tibial templates are trialed through 
the anteromedial incision until the underside 
curvature matches the plateau surface with full 
contact in all planes. An overly anterior or pos-
terior placement of the tibial component should 
be avoided and a bony rim (> 5mm) maintained 
around the implant. This will protect tibial pla-
teau stability and minimize the risk of reaming 
through the anterior cortex. 

The tibial drill guide is attached and aligned 
front to back with the tibial plateau. 

A small incision is made over the proximal 
anteromedial tibia, ensuring that the distal bullet 
is fully engaged into the cortical bone and that 
the tibial template is parallel to the tibial plateau. 
A drill pin is placed through the center of the tib-
ial template, defining the axis of the tibial tunnel. 
Care must be taken to maintain the proper axis 
without excessive torque, to avoid pin deviation. 
The tibial pilot drill is advanced over the drill 
pin into the center of the tibial defect and then 
removed. The introducer, driver, and blade stop 
are assembled and advanced into the prepared 
tunnel until the tip of the introducer is flush with 
the tibial plateau. The introducer and driver are 
then removed, leaving the blade stop set at the 
appropriate depth for reaming the tibial implant. 
A blade drive shaft is moved through the tunnel 
and connected to the tibial cutting blade, which is 
introduced through the anteromedial portal. 

A high speed drill is used with an initial 
counterclockwise rotation to ensure an even cut-

Fig. 13.8 Degenerative defect of the medial femoral con-
dyle
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tibial tunnel. The tibial implant bed and tunnel 
are cemented under pressure, ensuring an even 
fixation and support column for the tibial compo-
nent. A small amount of bone cement is applied 
to the underside of the femoral articular compo-
nent and impacted engaging the morse taper be-
tween the components (Fig. 13.9).

13.3.3  Rehabilitation

Peri-operative narcotics and intra-articular local 
anesthetics can be used for immediate postopera-
tive pain control [21, 22].  Cold compresses are 
helpful in reducing pain and swelling in the first 
48 h following the procedure. 

Weight-bearing as tolerated is encouraged for 
2–6 weeks while slowly weaning off crutches. 
Range of motion exercises are started immediate-
ly, either through home exercise or formal physi-
cal therapy. A continuous passive motion ma-
chine several times a day for the first 2 weeks can 
also be used but is not required. Strengthening 
begins as soon as pain and swelling will allow. 
Patients should not return to sporting or other 
high-demand activities until a full range of mo-
tion is achieved, with no pain or swelling evident. 

13.3.4  Results

Miniaci et al. presented the findings of their 
prospective series at the 2011 ISAKOS meet-
ing [23]. Thirty-eight patients with a mean age 
of 48 years underwent surgery performed on an 
outpatient basis. The average follow-up was 19 
months (range: 12–27 months). KOOS subcom-
ponent scores showed statistically significant 
improvement on pain, symptoms, activities, and 
sports (Fig. 13.10). The average VAS pain score 
was reduced from 6.9 to 2.7 at the last follow-up. 
Postoperative range of motion returned to normal 
in 89% of the knees within the first 6 weeks post-
operatively. No loosening or mechanical failure 
was observed during follow-up. Radiographi-
cally, there was no case of implant subsidence, 
prosthetic disengagement, or periprosthetic cyst 
formation.

guide block is attached to the femoral drill guide 
and realigned on the distal femur under four 
points of contact to ensure accurate guide pin 
placement. Pin sleeves are inserted into the guide 
block. Both the anterior pin and subsequently the 
posterior short threaded pin are advanced into the 
bone to the level of the laser mark line. The guide 
block and pin sleeves are removed and proper pin 
alignment is confirmed. Analogous to the central 
reamer, the posterior implant bed is reamed based 
on the average medial-lateral offsets, followed by 
the anterior implant bed. Both reamers have a pin 
stop that is visible through the slotted window in 
the reamer shaft. Slightly recessed implant mar-
gins are confirmed with the corresponding femo-
ral sizing trial. The femoral pilot drill is advanced 
through the sizing trial handle to the level of the 
laser mark line and left in place. The handle is 
removed and the femoral step drill is advanced 
over the femoral pilot drill down to the stop in 
the slotted window. The pilot hole is tapped and 
the fixation component is inserted into the sizing 
trial handle and advanced into the bone with the 
hex driver. 

The final tibial implant is cemented first, be-
fore the final femoral component is implanted. 
The tibial component is inserted into the im-
plant bed and both suture and suture retriever are 
passed through the tibial tunnel exiting on the 
distal drill hole. A slotted driver is used to adjust 
the final axial rotation of the tibial poly implant. 
A cement injector is advanced through the distal 

Fig. 13.9 Final tibiofemoral inlay resurfacing components
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restoration or maintenance of normal biomechan-
ics while minimizing the amount of bony resec-
tion.  

Patellofemoral (PF) kinematics were evalu-
ated following inlay resurfacing of the trochlea 
on eight fresh-frozen cadaveric knee specimens 
using a real-time pressure sensor pad (Tekscan, 
Boston, MA) [17].  Each specimen was tested in 
three different conditions, intact, defect, and in-
lay resurfacing, which were assessed for PF con-
tact area, peak contact pressure, and peak force. 
In the defect state, peak contact force increased 
from 13 to 18 N and peak contact pressure from 
23 to 31 kg/cm2. Edge loading and peak contact 
forces were highest in the periphery of the lesion. 
Following resurfacing, peak contact force and 
pressure were restored to 88% and 90% com-
pared to the intact state while contact area was 
restored to 85% of normal. Results from this in-
vestigation support the importance of a congru-
ent defect-filling in the patellofemoral joint. The 
authors concluded that, despite the inherent chal-
lenges, limited trochlear resurfacing achieved 
anatomic re-approximation of the PF surface and 
knee contact pressures. Clinical studies are ongo-
ing, evaluating 2- to 5-year results. 

13.5   HemiCAPWave Resurfacing 
Arthroplasty

Due to the complex surface morphology of the 
PF joint and the high transarticular pressures, 

13.4   Focal Bipolar Patellofemoral 
Inlay Resurfacing

The HemiCAP focal patellofemoral resurfacing  
prosthesis (Fig. 13.11) provides an extension of 
reconstructive procedures in patients with focal 
bipolar lesions in which patellofemoral arthro-
plasty would be too invasive.

Patellar and trochlear components are 
matched intraoperatively to the native geom-
etry [14] and allow for congruent surface re-
construction in patients with focal traumatic or 
degenerative disease and failed prior biological 
procedures. A detailed description of the surgical 
technique was previously published [14,18]. The 
authors reported that the procedure allowed for 

Fig. 13.10 Prospective 
KOOS component score 
improvement at 19 months 
follow-up after tibiofemoral 
UniCAP resurfacing

Fig. 13.11 Trochlear component of the focal HemiCAP 
patellofemoral resurfacing implant
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is flush with the medial and lateral facets. The re-
sults of superior/inferior mapping determine the 
appropriate guide block, which is secured in the 
trochlear groove. A set of guide block reamers 
prepares the implant bed. The fit of the congruent 
inlay to the surrounding articular surface is con-
firmed with a sizing trial. A step drill prepares the 
pilot hole for the insertion of the tapered screw 
fixation. The femoral resurfacing component is 
aligned on the implant holder and inserted into 
the prepared socket. The fixation and articular 
components are connected with the aid of the im-
pactor, and the prosthetic is firmly seated in the 
trochlea (Fig. 13.13). 

13.5.1.2 Patellar Resurfacing
An alignment guide provides target placement 
for the patellar component while the surgeon 
monitors the range of motion. The drill guide is 
placed over the marked location on the patella 
and a guide pin is inserted to establish a normal 
working axis. A cannulated drill is advanced over 
the guide pin to form a pilot hole into which the 
patellar centering shaft is placed with a power 

biological treatment options have not achieved 
consistent results. Onlay versus inlay PF arthro-
plasty continues to be a source of controversy, 
despite the advantages of native joint surface ge-
ometry with inlays. In order to achieve successful 
outcomes with any type of PF arthroplasty, the 
underlying pathology has to be carefully assessed 
and should be taken into account in the treatment 
plan. The goal remains to avoid overstuffing the 
PF joint and to re-establish normal PF tracking 
in a smooth and congruent central compartment. 

The HemiCAPWave resurfacing provides a thin, 
anatomical implant with a lateral flange and no 
overstuffing, due to congruent inlay implantation 
with curvatures measured specifically for each 
patient (Fig. 13.12). Despite its relatively recent 
introduction, the technique has gained rapid ac-
ceptance among knee surgeons treating patients 
with PF disease. Ongoing studies continue to 
evaluate the clinical benefits and the durability of 
the procedure.

13.5.1 Surgical Technique

13.5.1.1 Trochlear Resurfacing 
With the knee in extension, the offset drill guide 
is used to establish a perpendicular working axis 
to the central trochlear surface. A guide pin is ad-
vanced into the bone to accommodate the contact 
probe for surface mapping and measurement of 
superior/inferior and medial/lateral offsets. The 
latter determines the corresponding central ream-
er, which is advanced until the outer edge mark 

Fig. 13.12 HemiCAPWave trochlear component

Fig. 13.13 Postoperative AP radiograph following Hemi-
CAPWave resurfacing
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advantages: Important structures for normal knee 
kinematics, such as menisci, cruciate ligaments, 
and the native joint contour, are preserved. Tran-
sarticular pressure profiles are normalized, thus 
keeping the soft-tissue tension unaltered [12-14]. 
As a result, overstuffing is avoided and pain re-
lief as well as functional outcomes are accord-
ingly improved. Healthy articular surfaces are 
preserved and share the weight-bearing load with 
the implant contour, which has positive implica-
tions for implant survivorship. The cartilage loss 
in limited arthrosis is addressed with a new, con-
toured prosthetic surface that is secured within 
the implant bone bed and anchored with a high-
pitched screw fixation, in turn reducing the risk 
of lesion propagation through the offloading ef-
fect at the defect perimeter.

This concept has been validated in several 
basic science studies. Kirker-Head et al. [11] as-
sessed the functional and biological responses of 
focal femoral condyle resurfacing. One year after 
implantation, the histological data confirmed the 
biocompatibility of the device and its incorpora-
tion into the femoral condyle. Becher et al. evalu-
ated transarticular tibiofemoral pressure profiles 
in a variety of settings and reported the biome-
chanical safety of the device [12, 13].  Provench-
er et al. studied PF kinematics after limited troch-
lear resurfacing and concluded that the prosthesis 
provides a unique and favorable alternative to 
earlier implant designs by re-establishing ana-
tomic PF surface and knee contact pressures [14].

13.7  Conclusions

The introduction of small knee implants over 
the past decade has stimulated the discussion on 
the continuum of care for knee arthrosis and ar-
thritis. Established biological procedures for fo-
cal cartilage repair have been expanded through 
new reconstructive procedures utilizing patient-
specific prosthetic inlays that simultaneously ad-
dress the pathology and preserve healthy tissues. 
These treatment strategies follow surgeon-driven 
joint preservation goals that are consistent with 
localized repair in early-intervention cartilage 
repair. The 2- to 5-year clinical results support 

drill. The contact probe provides patellar offset 
measurements and a corresponding reamer pre-
pares the implant bed. A sizing trial is again used 
to confirm a congruent fit with the implant car-
tilage interface. Proper component alignment is 
marked at the 12 and 6 o’clock positions. Two 
different contour configurations can be trialed to 
ensure optimal tracking. The inlay patellar com-
ponent benefits from cement application onto the 
implant rather than cement placement into the 
socket. This ensures even cement distribution 
surrounding the patellar component. The final 
patellar component is aligned and cemented into 
the implant bed.

13.6  Discussion

Total knee arthroplasty (TKA) is an excellent 
choice in end-stage knee arthritis. However, less 
invasive procedures are gaining widespread ac-
ceptance, as evidenced by the rapid increase over 
the past decade in the number of unicompart-
mental knee arthroplasties (UKAs) performed 
each year. Riddle et al. [24] reported an aver-
age increase in UKAs of 32.5% from 1998 to 
2005, while TKAs had increased by only 9.4%. 
Yet, UKAs only account for 8% of all knee ar-
throplasty procedures. The use of UKAs in the 
younger population is a matter of debate as the 
revision rate is reportedly twice as high as in 
TKAs [4, 25, 26].  In a study by Furnes et al. 
[25], the proportion of patients < 60 years of age 
receiving a UKA was 29%; the 7-year implant 
survival rate was 75.7% compared to 86% for pa-
tients between the ages of 61 and 69 and 91.3% 
for those > 70 years of age.  While a good option 
for older (>65 years), less active patients, those 
under 65 and those with an active lifestyle would 
benefit from a less invasive procedure that would 
retain UKA or TKA as a primary exit strategy.

The availability of custom-fitting implants 
specific to the defect size and contoured to fit the 
native surface geometry of the patient has opened 
new treatment strategies, thus avoiding an in-
terruption or delay during the transition from 
biologic to metallic joint resurfacing. Inlay re-
surfacing has several biomechanical and clinical 
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13. Becher C, Huber R, Thermann H, Ezechieli L, Oster-
meier S, Wellmann M, von Skrbensky (2011) Effects 
of a surface matching articular resurfacing device on 
tibiofemoral contact pressure: results from continu-
ous dynamic flexion-extension cycles. Arch Orthop 
Trauma Surg 131:413-419 

14. Provencher M, Ghodadra N, Verma N, Cole BJ, Zaire 
S, Shewman E, Bach B (2009) Patellofemoral Kin-
ematics After Limited Resurfacing of the Trochlea. J 
Knee Surg 22:310-316

15. Becher C, Kalbe C, Thermann H, Paessler HH, Laprell 
H, Kaiser T, Fechner A, Bartsch S, Windhagen H, Os-
termeier S (2011) Minimum 5 – year results of focal 
articular prosthetic resurfacing for the treatment of 
full-thickness articular cartilage defects in the knee. 
Arch Orthop Trauma Surg 131:1135-1143

16. Bollars P, Bosquet M, Vandekerckhove B, Hardeman 
F, Bellemans J (2012) Prosthetic inlay resurfacing for 
the treatment of focal, full thickness cartilage defects 
of the femoral condyle: a bridge between biolog-
ics and conventional arthroplasty. Knee Surg Sports 
Traumatol Arthros 20(9):1753-9

17. Davidson PA, Rivenburgh D (2008) Focal anatomic 
patellofemoral inlay resurfacing: theoretic basis, sur-
gical technique, and case reports. Orthop Clin North 
Am 39(3):337-46

18. Cannon A, Stolley M, Wolf B, Amendola A (2008) 
Patellofemoral resurfacing arthroplasty: Literature 
review and description of a novel technique. Iowa Or-
thop J 28:42-8

19. von Hasselbach C, Witzel U (2007) Biomechanics 
and clinical results of focal HemiCAP® resurfacing 
in the femoral condyle. Poster Presentation. German 
Congress for Orthopaedics and Traumatology, Berlin

20. Paradowski et al (2006) Knee complaints vary with 
age and gender in the adult population: population-
based reference based data for the knee injury and 
osteoarthritis outcome score (KOOS). BMC Muscu-
loskelet Disord 7:38–45

21. Weiss JM,  Noble PC, Conditt MA, Kohl HW, Rob-
erts S, Cook KF, Gordon MJ, Mathis KB (2002) What 
Functional Activities Are Important to Patients With 
Knee Replacements? Clin Ortho Rel Res 404:172-
188

22. Chirwa SS et al (1989) Intra-articular bupivacaine 
(Marcaine) after arthroscopic meniscectomy: a ran-
domized double blind controlled study. Arthroscopy 
5:33-35

23. Miniaci A, Arneja S, Jones M (2011) Clinical results 
of a novel knee resurfacing arthroplasty for focal os-
teoarthritis of the knee. ISAKOS

24. Riddle DL, Jiranek WA, McGlynn FJ (2008) Yearly 
incidence of Unicompartmental Knee  Arthoplasty in 
the United States. J Arthroplasty 23(3):408-412

HemiCAP resurfacing as a viable treatment op-
tion, although larger patient series with long-term 
follow-up are needed to establish the full spec-
trum of clinical performance criteria and related 
outcomes.
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Isolated Patellofemoral Replacement 

John Newman

14.1  Introduction

Isolated symptomatic patellofemoral arthritis 
(PFOA), which was considered rare in the past, 
has been reported in 8% of women and 2% of 
men over the age of 55 [1].  In addition, radio-
logical changes in the absence of severe symp-
toms are even more frequent, despite the fact that 
many physicians do not take skyline radiographs.
[2]. However the number of cases in which iso-
lated patellofemoral replacement (PFR) is indi-
cated remains small, probably about 1% of the 
cases that come to any form of knee replacement, 
despite the fact that anterior knee pain is the most 
common condition seen in a general knee clin-
ic. This condition, which is usually benign and 
self limiting, should be managed primarily with 
physiotherapy, although some surgeons suggest 
that subtle instability can be corrected. However, 
the condition is definitely not an indication for 
PFR, which should almost always be reserved for 
patients with radiological evidence of arthritic 
change.

14.1.1  Diagnosis of PFOA

There is an amazing variation in the magnitude of 
the symptoms caused by established PFOA. Just 
as severe patellofemoral pain can be experienced 

by youngsters who seem to have pristine joints, 
many patients with gross radiological changes 
may suffer little in the way of pain though many 
have  catching, even if pain is not a symptom.  
More commonly, patients present with anterior 
knee pain that tends to be aggravated by activity; 
particularly when it involves weight-bearing on a 
flexed knee.  Stair climbing is usually painful and 
generally associated with grinding; kneeling and 
squatting are often impossible.  Frequently the 
complaint is of locking or giving way and night 
pain is more common than in pure tibiofemoral 
arthritis. Often, however, it is in the relatively 
early stages of PFOA that patients experience 
the most pain, which may be intense and cause 
disability even if radiologically the disease is not 
particularly severe.

The diagnosis can usually be made on clini-
cal grounds, with marked quadriceps wasting and 
other signs of retropatellar disease supporting the 
clinical history. Most patients will have retropa-
tellar tenderness or pain on patellar compression 
either actively or passively. In addition, attempts 
to squat will usually cause pain and a full squat 
will be impossible to achieve. Radiological con-
firmation is usually easy as the disease can fre-
quently be seen on the lateral X-ray, but this is 
not invariably the case; skyline views at around 
30° give a better assessment [3]. In addition, it is 
sometimes useful to take skyline views in various 
degrees of flexion because the pathology may be 
much more obvious in one position than another 
(Fig. 14.1). 

Infrequently, patients will have a convincing 
history and appropriate physical signs but still the 
pathology is difficult to demonstrate. In such cas-
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vocates but there are few long-term reports or 
control studies, which makes evaluation difficult.  
However, it has been known for many years that 
patellectomy for isolated PFOA is unsatisfactory 
[8] and that extensor mechanism re-alignment 
for instability can result in arthritic changes [9]. 
Thus, as yet no conservative surgical treatment 
has proved universally satisfactory.  It is against 
this background that the indications for isolated 
patellofemoral replacement must be viewed.

14.1.3  Indications for PFR

Precise indications are hard to define since PFOA 
presents in a variety of ways and patients with 
different stages of the disease will seek medical 
attention. In general, patients will have significant 
anterior knee pain that interferes with important 
activities, although many cope by avoiding ag-
gravating activities and using a banister when on 
stairs. This, however, may not be acceptable to 
younger patients. All should have undergone a 
course of non-operative treatment, but it will fre-
quently have failed. Whether conservative surgi-
cal treatments should be tried first in well-defined 
PFOA is a matter of opinion. In general, good 
quality results are less often achieved than with 
isolated PFR and patients often have a longer 
period of rehabilitation. Fortunately, such proce-
dures, other than patellectomy, which should be 
avoided, do not compromise a subsequent arthro-
plasty option.

es, when confirmation is needed prior to surgery, 
magnetic resonance imaging can be useful, or the 
cartilage loss can be confirmed by preoperative 
arthroscopy [4]. Furthermore, severely dysplastic 
trochleas may create technical problems; in such 
cases 3D imaging of the trochlea might be help-
ful [5].

14.1.2  Alternative Treatments of PFOA

Non-operative treatment in the form of quadri-
ceps-strengthening exercises can help since pa-
tients frequently have gross weakness and wast-
ing.  However, it is often impossible to build up 
wasted quadriceps musculature since attempting 
to do so aggravates the pain and prevents maxi-
mal effort.

As the disease usually affects the lateral facet 
of the patellofemoral joint, medialising the pa-
tella by taping or bracing can help, although this 
is usually not a satisfactory long-term solution.  
Articular steroid injections can alleviate exacer-
bations but do little for the long-term; likewise, 
hyaluronic acid injections seem only to have a 
short-lived benefit [6].

Multiple non-arthroplasty surgical treatments 
have been tried for PFOA . These include arthro-
scopic debridement, re-alignment procedures 
with or without anteriorisation, cartilage repair 
procedures, lateral facetectomy and patellectomy. 
A fairly recent review found these procedures to 
be largely unsatisfactory [7]. All have their ad-

a b

Fig. 14.1 a, b Skyline X-rays taken in different degrees of flexion, demonstrating the more obvious pathology in one 
knee than in the other
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Indications 2–5 probably all have trochlear 
dysplasia as the underlying basis for the devel-
opment of the arthritic change. Despite being 
well-described by the Lyon group [12], this con-
dition was poorly recognised in the UK and USA 
until fairly recently. In Bristol, where the knee 

There are thus several groups of patients with 
indications for isolated PFR but in all cases there 
should be a complete loss of articular cartilage on 
one, or preferably, both sides of the patellofemo-
ral joint.
1. Severe PFOA in the elderly with excellent 

preservation of the tibiofemoral joint. If the 
patellofemoral disease is symmetrical this 
may be the first part of tricompartmental 
arthritis, such that accurate assessment of 
the tibiofemoral joint is essential if arthritic 
changes are not to develop at this site within 
a few years. Sometimes extremely severe dis-
ease can develop in the patellofemoral joint 
without tibiofemoral involvement (Fig. 14.2).

2.  Lateral facet PFOA in the middle aged; prob-
ably the most common indication.

3.  PFOA with associated extensor mechanism 
instability. These are usually cases of trochle-
ar dysplasia in which the extensor mechanism 
tracks abnormally and wears out the lateral 
trochlear articular cartilage although no true 
dislocation has occurred.

4.  PFOA with a chronically dislocated extensor 
mechanism, whether or not a patellectomy 
has been performed [10, 11] (Fig. 14.3).

5.  Continuing pain after failed conservative 
surgery. In most series some 30% of patients 
have undergone previous surgery, usually 
involving an attempt to realign the extensor 
mechanism.

a b

Fig. 14.2 a, b  Skyline X-ray and operative picture of an elderly woman with gross ridging of the patellofemoral joint. 
The tibiofemoral joint was well preserved 

Fig. 14.3 Magnetic resonance imaging shows persistent 
subluxation of the patellar tendon following patellectomy. 
The tendon snapped painfully across the lateral femoral 
condyle with flexion and extension of the knee. The in-
sertion of a trochlear component provided a groove and 
solved the problem
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many years it was known to be associated with 
PFOA, whether or not it had been treated by a re-
alignment procedure [9]. However in recent years 
it has become apparent that trochlear dysplasia is 
a common precursor in patients requiring PFR. 
In fact, it is now regarded as the prime cause 
of PFOA, with the articular cartilage becoming 
worn due to the variable instability of the exten-
sor mechanism associated with the dysplasia [14] 
(Fig. 14.4). It is also probable that this condition 

database now contains pathological data on over 
700 knees that have undergone isolated PFR, the 
most frequently recorded pathological diagnosis 
is lateral facet osteoarthritis. This probably fol-
lows some instability or mal-tracking usually as-
sociated with a degree of  dysplasia. However, 
up until the last few years trochlear dysplasia 
frequently went unnoticed, with the result that 
the diagnosis was not recorded [13]. In contrast, 
previous dislocation was recognised, because for 

Fig. 14.4 a, b  Lateral and skyline X-rays from a 29-year-
old man with a severe patellofemoral disability who had 
undergone three previous realignment procedures. Mild 
subluxation persists but the severity of the lateral com-
partment cartilage damage is unclear. c Magnetic reso-
nance imaging confirmed the subluxation and suggested 
both dysplasia and cartilage wear. d Intraoperatively, 
gross cartilage loss and wearing extending around onto 
the lateral aspect of the lateral femoral condyle were seen. 
Note also the mild trochlear bump and dysplasia. Note 
also that a lateral approach has been used to aid correction 
of the maltracking. Despite his extremely young age, he 
did well with a patellofemoral replacement

a b

c

d



14  Isolated Patellofemoral Replacement 141

anterior knee pain in young adults who have 
normal-looking articular cartilage. Moreover, no 
deformity can be corrected; the procedure should 
therefore be confined to patients who have nor-
mal limb alignment and no significant fixed flex-
ion deformity.

14.2  Operative Technique

14.2.1  Incision

While the PFR can be performed through any 
standard knee replacement incision, the major-
ity of surgeons utilise the medial parapatellar 
approach, as it is the one with which they are 
typically most familiar with. Mid or subvastus 
approaches can also be used if preferred.  The in-
cision should be based slightly proximal to that 
used for total knee replacement (TKR) and care 
must be taken to avoid damaging the meniscus or 
tibiofemoral articular cartilage. Although helpful, 
the patella does not need to be everted and a mini-
mally invasive approach can be used; however, 
this is not recommended unless the surgeon is fa-
miliar with the technique of both minimally inva-
sive incisions and PFR.  The entire joint should be 
inspected. If necessary, the approach can easily 
be extended to allow a TKR in case unexpected 
damage to the tibio femoral joint is found.

A lateral incision should also be considered 
since most patients present with lateral patel-
lofemoral disease that is often associated with 
extensor mechanism subluxation.  This approach 
gives slightly less satisfactory access but in such 
circumstances seems sensible as the capsular 
incision performs the lateral release and can 
be left open if necessary. In addition, the need 
for a medial incision is avoided thus preserving 
quadriceps function.  The skin incision can also 
be placed more laterally, thereby preserving nor-
mal sensation over the front of the knee. This is 
appreciated by patients when they must kneel, 
although following PFR few patients kneel with 
ease [17].

The disadvantages of a lateral incision are 
that most surgeons are less familiar with it; the 
approach is less satisfactory should a TKR be 

accounts for the not insignificant number of pa-
tients who have adolescent anterior knee pain and 
eventually go on to develop PFOA [15].

6. PFOA following fracture. Although patel-
lar fracture is an important cause of isolated 
PFOA the number of cases seen is small 
considering the frequency with which patel-
lar fractures occur. The Bristol Knee Data-
base showed that in only 17 of the over 600 
cases of PFR had there been a prior patellar 
fracture, so that clearly symptomatic arthritis 
rarely developed.  This is probably because 
in young people the patellar is covered with a 
layer of articular cartilage that is thicker than 
in any other joint, which may help to avoid 
the rapid development of arthritic changes.

7. Persistent pain after patellectomy; this is not 
infrequent and is perhaps to be expected since 
removal of the patella addresses only one side 
of the joint and the extensor mechanism con-
tinues to rub against the often rough, arthritic 
trochlear surface.

8. Persistent anterior knee pain associated with 
posterior cruciate ligament deficiency that 
results in increased pressure on the patella. 
If possible, the posterior sag should be cor-
rected but  until recently surgery for posterior 
cruciate ligament deficiency was not univer-
sally successful, in which case persistent an-
terior knee pain can then be helped by PFR.

9. In association with a unicompartmental knee 
replacement in bicompartmental arthritis. 
There is an increasing trend towards pres-
ervation of the cruciate ligaments in order 
to improve knee function. Since the lateral 
compartment is seldom involved early in the 
arthritic process, merely replacing the medial 
and patellofemoral compartments either with 
two separate implants or a combined implant 
(Deuce) has some logic. The former has been 
done for many years in mainland Europe, 
often with satisfying results [16], while the 
latter procedure is gaining credence but long-
term results are awaited.

Finally, it must again be stressed that isolat-
ed PFR is definitely not indicated for crippling 
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extremely sclerotic such that achieving optimal 
seating may be difficult.

The vital part of the operation is ensuring that 
correct tracking occurs. A lateral release will be 
required in many more cases than in TKR. Dur-
ing exposure of the patella for resurfacing it is 
probably sensible to do a routine peripatellar 
release but more may be required. Two tests are 
useful to check that no lateral tracking persists. 
Firstly, the patella should track normally during 
flexion and extension of the knee (the rule of no 
thumb). Secondly, it should be possible to hold 
the patella in the middle of the trochlear groove, 
having turned it up through 90° (the flip test). If 
these criteria are not met, further releases are re-
quired laterally; this may only mean releasing the 
tight lateral band, which can often be palpated, 
but a full release of the capsule and synovium 
may be required.

  If problems persist, it may be possible to 
overcome them by advancing the vastus media-
lis oblique during closure; this can be predicted 
either by hanging a forceps on the medial edge 
of the patellar retinaculum or by inserting two or 
three temporary sutures before again testing the 
tracking. It is rare for malalignment to persist 
after these methods have been used. Should this 
happen, then medialisation of the tibial tubercle 
will be needed but before doing so the rotation of 
the trochlear component should be checked very 
carefully to ensure that it is in a few degrees of 
external rotation. By whatever means, the nec-
essary perfect tracking must be achieved or the 
patient will suffer catching and lateral pain. This 
is so important that the operation can indeed be 
considered as a soft-tissue procedure in which an 
implant happens to be inserted.

14.3   Postoperative Care and 
Rehabilitation

This follows the same lines as in a TKR, i.e. with 
antibiotic and thrombo-embolic prophylaxis. The 
physiotherapist should mobilise the patient in the 
usual way but the process may be slower than an-
ticipated, with the patient often needing several 
days to regain quadriceps control and satisfactory 

required; there is an increased risk of bleeding 
from the lateral genicular vessels; and a less 
well-defined capsular layer makes closure, when 
required, more difficult. For these reasons cross-
marking of the capsule is recommended to aid 
alignment during closure. Furthermore, despite 
the relatively rare need for transfusion following 
PFR [18], it is probably wise to release the tour-
niquet before closure and to use a drain, depend-
ing on one’s normal practice. In spite of these 
disadvantages, the use of a lateral incision can 
make dealing with a badly subluxed or dislocated 
extensor mechanism very much easier.

14.2.2  Implantation

The precise technique of implantation will 
vary with the implant being used but accurate 
alignment of the trochlear component must be 
achieved, paying particular attention to rota-
tion. This is probably best assessed by using the 
long axis of the tibia as in TKR [19], although 
navigation or robotic systems may eventually 
prove beneficial [20]. It is important to preserve 
as much femoral bone as possible and to bear 
in mind that the lateral ridge may be relatively 
deficient, a factor that must be considered when 
setting the component rotation. There are as yet 
no reports of leaving the patella un-resurfaced, 
so this should not be done.  The thickness of the 
patella should always be measured since a mis-
shapen and extremely thin patella is frequently 
encountered. While it is desirable to leave 14 mm 
of bone this is not always possible.  Care must 
be taken to avoid an asymmetric cut. Not infre-
quently, the button will need to be supported on 
a peripheral rim thus leaving a central defect that 
can be filled with bone graft or cement.  In this 
way virtually all patellae can be resurfaced.  The 
use of a patella augmentation button would be an 
option in an excessively thin patella.  In patients 
who have undergone a previous patellectomy it is 
unnecessary to attempt reconstruction.

The ideal shape of the patellar button has 
yet to be determined.  Most systems use an on-
lay button but inlay may prove to be at least as 
satisfactory although many arthritic patellae are 
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ed different groups of patients and the implants 
have undoubtedly evolved massively from the 
patellar cap, first introduced by McKeever [22], 
with substantial improvements made over the 
years.  In addition, it is frequently impossible to 
be confident of the survivorship from the figures 
quoted in the literature. However, a number of 
series have been reported [23-28], generally with 
acceptable results in the short- to medium-term 
although none were particularly outstanding. 
Nonetheless, survivorship figures are sufficiently 
good to warrant continued interest in the proce-
dure. They do not necessarily imply that the re-
maining cases were a clinical success. Converse-
ly, it must of course be appreciated that some 
compartmental replacements are easily revised, 
often without any clear indication, and doing so 
does not guarantee improvement. Since revision 
is an easy procedure and is at times undertaken 
without any clear indication, the survivorship 
figures for any compartmental replacement will 
always compare badly to those of a TKR, which 
is much harder to revise [29]. It should also be 
noted that in most cases the revision was not for 
failure of the prosthesis itself as in general au-
thors report a very low rate of loosening or other 
prosthetic problems. Instead, progression of ar-

knee flexion. If there has been extensive medial 
reefing or advancement of the vastus medialis 
oblique, it is probably wise to aim to regain flex-
ion more slowly than usual. Continuous passive 
motion is not used routinely but can be helpful if 
slow progress with flexion is being made. 

14.4  Complications 

These are the same as with any form of knee 
replacement but two potential early problems 
should additionally be mentioned.

Firstly, the high incidence of lateral release 
means that there is more likely to be bleeding.  
For this reason, following lateral release the 
tourniquet should be deflated before closure and 
drains should be used; nonetheless, the knee will 
appear swollen laterally because of the lack of a 
capsular closure. This will subside with time but 
can cause initial anxiety. 

Secondly, there may be problems with patel-
lar tracking. This means that either the problem 
was not addressed adequately at the time of sur-
gery or the medial repair has given way. In ei-
ther case the problem must be corrected, giving 
due consideration to the state of the soft tissues 
as recurrent surgery in the region of the patellar 
tendon can lead to devascularisation and rupture!

The specific late complication that might oc-
cur is lateral catching or pain. This again may be 
due to inadequate realignment of the extensor 
mechanism or, more likely, to incorrect placement 
of the trochlear component. Errors of flexion or 
extension can easily be seen on the lateral X-ray 
but rotational errors are harder to define and are 
more frequent. If this problem is encountered, the 
patient should have a computed tomography scan 
to check component rotation (Fig. 14.5), which 
can sometimes be corrected with benefit [21].

14.5  Results 

14.5.1  Survivorship

The results of PFR are difficult to report in any 
meaningful way since different series have treat-

Fig. 14.5  A computed tomography scan from a patient 
who had persistent lateral pain. The trochlear component 
is internally rotated; this could not be detected radiologi-
cally
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flected in the 8% revision rate over a 10-year pe-
riod. All of these were straightforward revisions 
to a standard TKR [21]. The major cause of fail-
ure was arthritis progression in the tibiofemoral 
joint. While this can occur in either the medial 
or lateral compartment [36], it was uncommon 
in the younger group, in whom the primary di-
agnosis was trochlear dysplasia, a fact that had 
previously been noted [37]. This implant has now 
been in widespread use for well over 10 years and 
other centres are reporting results comparable to 
those from Bristol [38, 39]. Thus, it may well be 
that the procedure has come of age, although per-
fection has definitely not been achieved.

14.5.4  Other Prostheses

More recently, a variety of other prostheses, e.g. 
Leicester, FPV, Hermes, Performance, LCS, and 
Journey (Fig. 14.7), have come on the market 
and they aim to address some of the persisting 
problems. Most of these newer implants are sid-
ed rather than symmetrical, which seems logical. 
The Journey and Hermes prostheses maintain the 
broad trochlea. The former has a slightly deeper S 
shaped trochlear groove, which in theory should 
help address maltracking problems. As yet, few 
results are available for these implants although 
disappointing results with a high revision rate 
were recently reported for the LCS [40].

thritis and recurrent or persistent subluxation are 
the most frequent causes of failure. These prob-
lems can be at least in part resolved by better pa-
tient selection and improved surgical technique, 
accompanied by prosthetic design modifications.

14.5.2  The Richards Prosthesis

Three articles [30-32] have reported longer term 
results with the Richards prosthesis and demon-
strated that most patients had continuing good 
function after a decade. However, in all of them 
the complication rate was relatively high and a 
considerable number of surgical procedures were 
required following the PFR, including patellec-
tomy, extensor mechanism re-alignment, lateral 
release for lateral pain, and prosthetic revision, 
usually to a TKR. Most commonly, this was be-
cause of arthritis progression in the tibiofemo-
ral joint, especially the medial compartment.  
Polyethylene wear and trochlear loosening were 
not major problems despite the deep groove in 
the trochlear component, which has the aim of 
constraining the V-shaped polyethylene patellar 
button.  Similar problems were reported after 7 
years with the Lubinus prosthesis, which is also 
sculpted into the trochlea [33]. It therefore seems 
that despite the many good short-term results, 
survivorship at around 15 years was only in the 
region of 75%, which does not match that seen 
following modern TKR. However, it was felt by 
some authors to be an appropriate procedure for 
those patients who were significantly disabled by 
isolated PFOA and yet were too young for TKR, 
and as a less destructive option for the older pa-
tient [34].

14.5.3  The Avon Prosthesis

More recently, the Bristol Knee Group reported 
a 96% 5-year survivorship of the first 100 Avon 
(Fig. 14.6) PFRs done, with excellent pain relief 
[35]; this is a marked improvement compared to 
their performance with the older Lubinus implant 
[33]. Over 400 procedures have now been done; 
inevitably some problems have been noted as re-

Fig. 14.6 The broad Avon prosthesis resects a minimal 
amount of anterior bone but a somewhat variable amount 
from the notch. This symmetrical prosthesis has a shallow 
trochlear groove
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to use a familiar TKR and others a less invasive 
PFR. Thus, the authors of one report decided that 
isolated PFR yields comparable results to those 
of TKR and may be a less invasive option [45], 
whilst a meta-analysis of 28 observational stud-
ies concluded that although the PFR group had a 
higher overall complication rate this was largely 
implant-related [46]. Fortunately, it seems to be 
agreed that should an isolated PFR require revi-
sion this is a straightforward procedure and the 
outcome is not compromised by the prior arthro-
plasty [21, 47].

My personal view is that either procedure 
may well prove satisfactory in relatively elderly 
patients although it is absolutely essential that the 
surgeon is confident that there is no involvement 
of the tibiofemoral joint, since arthritis progres-

All of the above implants have a variety of 
sizes to cope with variable anatomy. A differ-
ent approach has been taken by Sisto and Sarin, 
who have used an implant customised to the in-
dividual patient. They report 100% survivorship 
at 6 years and conclude that the results justify  
the additional cost associated with a custom de-
vice [41]. Longer term results are awaited with 
interest.

14.6   Patellofemoral or Total Knee 
Replacement for Isolated PFOA

During the evolution of TKR many surgeons were 
reluctant to use the procedure for the treatment of 
isolated PFOA and instead relied on non-implant 
solutions. In addition, some were of the opinion 
that TKR for isolated PFOA was not satisfacto-
ry, especially with respect to rehabilitation [42], 
while others noted that obtaining extensor mech-
anism balancing could be technically demanding 
[43]. However as TKR became a more standard 
procedure, surgeons who were unhappy with the 
outcome of isolated PFR used a TKR in such cir-
cumstances. Mont et al. concluded that doing so 
was a viable treatment option in patients the over 
the age of 55 [44]. A dichotomy of opinion has 
therefore evolved, with some surgeons choosing 

Fig. 14.7  X-rays showing a 
satisfactorily placed Journey 
prosthesis. This implant has 
a broad asymmetric trochlea, 
which requires a minimal flat 
resection of the anterior femur. 
The relatively deep S-shaped 
groove aids patellar capture 
and is made of Oxinium, 
to reduce wear in younger 
patients. a Note the well-
preserved tibiofemoral joint 
on the anteroposterior view. 
b The lateral view shows 
correct flexion and extension 
alignment. c The skyline view 
shows good tracking of the 
patella although there is a 
mildly asymmetric cut, which 
can be difficult to avoid with 
some worn thin patellae

a b

c
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 5. Biedert R, Sigg A, Gal I, Gerber H (2011) 3D rep-
resentation of the surface topography of normal and 
dysplasic trochlea using MRI The Knee 18:340-346

 6. Clark S, Lock V, Duddy J, Sharif M, Newman JH, 
Kirwan JR (2005) Intra-articular hylan in the manage-
ment of patellofemoral osteoarthritis of the knee. The 
Knee 12:57-62

 7. Donell and Glasgow MMS (2007) Isolated patel-
lofemoral osteoarthritis. The Knee 14:169-176

 8. Ackroyd CE, Polyzoides AJ (1970) Patellectomy for 
osteoarthritis. J Bone Joint Surg 60-B:353-357

 9. Crosby BE, Insall JH (1976) Recurrent dislocation of 
the patella:Relation of treatment to osteoarthritis. J 
Bone Joint Surg 58-A:9-13 

10. Ackroyd CE, Smith EJ and Newman JH (2004) 
Trochlear resurfacing for extensor mechanism insta-
bility following patellectomy. The Knee 11:109-111

11. Hau RCY and Newman JH (2008) Knee replacement 
for osteoarthritis secondary to chronic patella disloca-
tion and trochlear dysplasia. The Knee 15:447-450

12. Dejour H, Walch G, Neyret PH, Adeleine P (1990) 
Dysplasia of the femoral trochlea. Rev. Chir. Orthop 
76.45-54

13. Hendrix M and Newman JH (2006) Trochlear dys-
plasia-an under recognised cause of patello femoral 
arthritis. J Bone Joint Surg 88B:251

14. Newman JH (2007) Patellofemoral arthritis and its 
management with isolated patellofemoral replace-
ment. Orthopedics 30:58-61

15. Utting MR, Davies G, Newman JH (2005) Is anterior 
knee pain a predisposing factor to patellofemoral os-
teoarthritis? The Knee 12:362-365

16. Heyse TJ, Khefacha A, Cartier P (2010) UKA in com-
bination with PFR at average 12 year follow-up. Arch 
Orthop Trauma Surg 110:1227-1230

17. Hassaballa MA, Porteous AJ, Newman JH, Rogers 
CA (2003) Can knees kneel. Kneeling ability after 
total, unicompartmental and patellofemoral knee ar-
throplasty. The Knee 10:155-160

18. Henderson MS, Newman JH and Hand GCR (1999) 
Blood loss following knee replacement surgery use it 
don’t lose it. The Knee 6:125 -129 

19. Shakespeare D, Dikko B (2005) A simple precise 
technique for making the anterior cut in patellofemo-
ral resurfacing. The Knee 12:454-455 

20. Cossey AJ and Spriggins AJ (2006) Computer-assist-
ed patellofemoral arthroplasty a method for optimis-
ing rotation. J Arthroplasty 2006 21 420-427

21. Mulford JS, Eldridge JD, Porteous AJ, Ackroyd CE 
and Newman JH (2009) Revision of isolated patel-
lofemoral arthroplasty to total knee replacement. Cur-
rent Orthop Prac 20:437- 441

22. McKeever DC (1955) Patellar prosthesis. J Bone 
Joint Surg 37:1074-1084

23 Arcerio RA, Toomey HE (1988) Patellofemoral ar-
throplasty: A 3 to 9 year follow-up study. Clin Orthop 
236:60-71 

24. Blazina ME, Fox JM, Pizzo D, BroukhimB, Ivey 
FM (1979) Patellofemoral replacement. Clin Orthop 
144:98-102

sion remains the major cause of failure. The real 
indication for isolated PFR is in younger patients 
who have crippling symptoms, usually secondary 
to a degree of instability and trochlear dysplasia. 
These patients do extremely well and since they 
tend to have pristine tibiofemoral joints the suc-
cessful outcome should be long lasting.  

14.7  Conclusions

For many years patellofemoral pain proved dif-
ficult to alleviate although it is now recognised as 
a common problem that frequently does not re-
spond well to conservative management, whether 
medical or surgical. It has also become appreci-
ated that a variable degree of dysplasia is often 
causative and can lead to severe symptoms due 
to the presence of eburnated bone in the lateral 
compartment of the patellofemoral joint, often at 
an early age.

Isolated PFR has been used as a treatment 
for a wide variety of patellofemoral pathologies 
for over 50 years. The results have been variable 
but better understanding of the disease and better 
patient selection have led to improvement. Fur-
thermore, major design modifications have been 
made in the last decade such that, provided strict 
selection criteria are applied, excellent results can 
now be expected, at least in the mid-term.  The 
procedure is here to stay but in small numbers. 
Further developments in prosthetic design and 
instrumentation will no doubt occur and should 
result in further improvements in outcome.
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Partial Knee Arthroplasty

Lindsay Rolston

15.1  Introduction

Total knee arthroplasty (TKA) continues to be 
a safe and effective surgical procedure for ar-
thritis of the knee and is in fact the current gold 
standard for treatment [1, 2]. However, based on 
this author’s experience of performing TKA for 
over 15 years, several observations are appar-
ent. First, not all TKA patients are satisfied with 
their postoperative function. The work of Noble 
et al. [3] suggests that upwards of 50% of TKA 
patients describe some form of functional deficit, 
particularly during side-to-side movement. Such 
outcomes highlight the necessity of the anterior-
cruciate ligament (ACL) and its important role 
in functional satisfaction subsequent to TKA. 
The second observation is that the ACL and the 
posterior-cruciate ligament (PCL) are often times 
healthy and undamaged at the time of the surgery. 
It is unsettling to realize that contemporary sur-
gical techniques required the undue resection of 
these structures. The final observation is the pre-
viously documented combination of wear of the 
medial and patellofemoral joint (PFJ) compart-
ments, coupled with a non-symptomatic lateral 
compartment [4]. Resection of the entire articular 
surface is a further example of the unnecessary 
sacrifice of healthy tissue. 

The idea of partial knee arthroplasty, with re-
tention of the lateral compartment and the cru-

ciate ligaments, is not new. Unicompartmental 
knee arthroplasty (UKA) and patellofemoral ar-
throplasty have both been performed for nearly 
30 years [5, 6]. Replacing the medial compart-
ment alone during UKA while ignoring arthritic 
changes at the PFJ has been recognized as a satis-
factory surgical option [7]. However, there is sig-
nificant evidence that osteoarthritis may progress 
postoperatively and thereby compromise the 
clinical outcome [8, 9]. One potential solution is 
the addition of a patellofemoral arthroplasty to 
an existing UKA implant. However, combining 
these two implants can be technically challeng-
ing, as three discontinuous zones are introduced 
between the articular cartilage and the implant 
[10]. In addition to technical considerations, the 
cost of the procedure must also be considered. 
The use of two procedures instead of one to ad-
dress bicompartmental knee disease unneces-
sarily increases surgical costs. This modular un-
linked arthroplasty is not a new concept. Parratte 
et al. [11] looked at 77 knees in which 27 failures 
had occurred at a mean of 8 years. Twenty of the 
revisions were associated with cementless troch-
lear failure. While there are more recent studies 
with unlinked arthroplasty, the follow-up in most 
is < 2 years and the sample sizes include fewer 
than 30 patients [12-14]. 

Eight years ago, a monolithic implant (Jour-
ney Deuce bi-compartmental knee system, Smith 
and Nephew, Memphis, Tennessee, USA) was 
designed to simultaneously replace the medial 
and PFJ compartments of the knee (Fig. 15.1). 
This device conserves both the ACL and the 
PCL, in addition to sparing the non-symptomatic 
lateral compartment. The metal-backed medial 
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associated with a TKA is compared with that of 
the Deuce knee, the potential benefits of the lat-
ter are less dependent on incision length. Rather, 
the conservation of healthy tissue appears to be 
the most important advantage. Specifically, ex-
posure of the lateral compartment and the lateral 
geniculate artery, which increase pain and reduce 
postoperative function if not coagulated, respec-
tively, is avoided. Approximately 50% less bone 
is excised with the Deuce knee than in a tradi-
tional TKA. Moreover, forward subluxation of 
the tibia is also avoided, by placing a retractor in 
the lateral gutter or everting the patella. The re-
sulting reduction in blood loss and tissue tension 
may further improve postoperative surgical out-
come. Nonetheless, surgeons are encouraged to 
create whatever exposure is necessary to perform 
the procedure without added difficulty, as inci-
sion length and violation of the quadriceps are 
not of primary concern in terms of recovery. Fur-
thermore, a liberal incision length may reduce the 
risk of mal-alignment, skin slough, and retained 
cement [16, 17]. A comparison of standard TKA 
exposure with that of the Deuce knee is provided 
in Fig. 15.2.

15.3  Technique

The technique for Deuce implantation begins 
with tibial preparation, which is similar to that 
of UKA. The Deuce tibial cutting block utilizes 
one pin to fixate the cutting block to the tibia, 
and a second pin for fixation extending under the 
lateral tibial condyle. The initial pin is placed 
as a negative stop for the vertical and horizon-
tal resections. This prevents stress risers under 
the tibial spine or in a vertical direction, which 
in turn helps to prevent fracture (Fig. 15.3). The 
two pins in these locations not only fixate the 
block but also avoid the need for the placement 
of pins in the subchondral bone, which could 
result in subchondral collapse of the tibial base 
plate and subsequent failure of the procedure. 
A conservative tibial cut of 2–4 mm is made. In 
most instances, a resection of 2 mm off the lowest 
point of the tibial articular surface is ideal. If a 
neutrally aligned knee shows wear of the medial 

tibial base plate is unicompartmental. Initial ex-
pectations include a smaller incision, potentially 
shorter recovery times postoperatively, less pain, 
reduced blood loss, and improved stability and 
function.  

 

15.2  Approach

The development of less invasive arthroplasty 
techniques has been of interest for many years, 
despite concerns of reduced surgical visualiza-
tion [15]. Based on the relative ease of implant 
insertion and the acceptable clinical outcomes, 
it is the author’s opinion that minimally invasive 
procedures are preferred. With the Deuce knee, 
there is no need to visualize the lateral compart-
ment, other than momentarily to assess its integ-
rity. In addition, the surgical technique allows for 
a relatively small incision and ease of insertion. 

Standard medial-parapatellar arthrotomy has 
been used for 80% of our patients. Typically, this 
only involves a 1-inch split into the quadriceps. 
In 20% of patients, the author has used a mid-
vastus approach without difficulty. This approach 
is typically reserved for patients who have not 
undergone surgery previously, are less muscu-
lar, and are more flexible. When the exposure 

Fig. 15.1 Journey Deuce bi-compartmental knee system 
(Smith and Nephew, Memphis, Tennessee, USA)
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on the tibia. This allows the maximal load to be 
distributed across the tibia. Spacer blocks are 
used to determine proper knee flexion and exten-
sion. Bone cuts similar to those in TKA are made 
in order to correct an extensive varus deformity. 
In contrast to UKA, balancing the knee in exten-
sion can be performed independent of flexion, 
supporting extensive deformity correction (Fig. 
15.4) [18, 19]. 

Mating the transition zone between the troch-
lear and lateral femoral condyle is the largest ini-
tial technical concern. With revised instrumenta-
tion, this can be done reproducibly (Fig. 15.5). 
After the cuts have been made, trial implants 
are used just as in TKA (Fig. 15.6). The patel-
lar component and its preparation are the same as 
that utilized for TKA. A lateral retinacular peel 
and partial lateral facetectomy balance the PFJ 
articulation. It is even more critical with BKA to 
properly balance the PFJ articulation, in order to 
prevent contact of the lateral facet of the patella 
with the native lateral femoral condyle at the tran-
sition zone. The technical considerations relevant 
to TKA regarding balancing the PFJ need to be 
highlighted with BKA. In addition to balancing 
the soft-tissue restraints of the lateral retinacu-
lum, shifting the monolithic implant laterally as 
far as possible without overhang is essential for 

and PFJ compartments, a 4-mm cut on the tibia is 
utilized to prevent over-correction and overload-
ing of the lateral compartment. A conservative 
tibial cut is recommended as it allows for neutral 
varus/valgus placement, with a slope of 2–4°. Bi-
compartmental knee arthroscopy (BKA) with the 
Deuce knee has been shown to support the resto-
ration of knee alignment [18].

As with UKA, it is important to place the 
tibial base on the cortical rim without overhang 
and to position the component as far laterally as 
possible without violating the ACL attachment 

Fig. 15.2 Comparison of TKA (a) and Deuce knee (b) exposures

a b

Fig. 15.3 Deuce tibial cutting block
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proper tracking of the patella within the trochlear 
groove. The trochlear groove is the same as the 
Genesis II total knee system (Smith and Neph-
ew), an implant with a proven track record for 
PFJ function and excellent clinical outcomes [20, 
21]. Both onlay and inset patellar components 
have been used with good results, although this 
author’s preference is to use a 9.0-mm thickness 
three-peg onlay patella. While at our center there 
is a small subset of implants with the patella non-
resurfaced that have reached the 5-year mark, 
currently we routinely resurface the patella since 
by definition, the PFJ is arthritic. 

Rotation of the femoral component is also an 
important aspect of PFJ mechanics. Maintain-
ing proper rotation or adding a degree or two of 
external rotation enables the optimization of PFJ 
function. Since the femoral component is mono-
lithic, the consequence of implant rotation needs 
to be considered, as it relates to medial vs. PFJ 
compartment balancing. This increased external 
rotation can potentially place the tibiofemoral 
contact area more medially, whereas internal 
rotation of the implant can adversely affect PFJ 

Fig. 15.4 Restoration of knee 
alignment before and after 
implantation of the Deuce 
knee: preoperative (a) and 
postoperative (b)

a b

Fig. 15.5 Deuce sizing templates and new 4-1 cutting 
blocks
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outcomes have been obtained. ACL deficiency is 
observed in 6.38% of patients. If patients present 
with symptomatic instability, it is preferable to 
either perform ACL reconstruction at the time of 
surgery or to convert to TKA. For patients who 
are ACL-deficient but have lower activity levels 
and are asymptomatic, proceeding with a BKA 
will not affect clinical outcome. Finally, as in 
UKA or patellofemoral arthroplasty, inflamma-
tory arthritis is an additional contraindication.

In difficult cases in which flexion contracture 
is > 10°, conversion to TKA may be necessary. 
Flexion contracture can be improved with release 
of the hamstring tendons medially, the capsular 
tissue posteriorly, and the excision of posterior 
osteophytes in the medial aspect of the knee. Ad-
equate bone quality is preferred. There are mini-
mal limits on the extent of varus deformity that 
can be corrected, in contrast to UKA. Since ac-
tual bone cuts are made and the knee can be bal-
anced in flexion independent of extension, a me-
dial release up to 20° of varus is possible while 
achieving good stability and functional outcome, 
postoperatively. 

One frequent question revolves around pa-
tient selection. Who is the ideal candidate? Is it 
the young active patient who can appreciate the 
stability of the knee gained by retaining the cru-
ciate ligaments in addition to the reduced bone 
resection? Alternatively, is it the elderly patient 
fearful of the pain and rehabilitation following 
TKA? After performing 1,000 of these proce-
dures, it is the opinion of the author that age and 
activity level are not critical in determining can-
didacy. Each of these patient groups can benefit 
equally from BKA with the Deuce knee. 

Appropriate preoperative physical examina-
tion is critical. The location of the pain is the 
most important factor. As patients typically refer 
to a lateral aspect of the knee, it is essential to 
pinpoint whether this is the lateral facet of the pa-
tella, or whether this is true lateral joint-line ten-
derness. Patients with the former are still candi-
dates for Deuce, as the PFJ is resurfaced. In those 
with the latter, the pain will not be addressed if 
the lateral compartment is not resurfaced. Lack 
of radiographic evidence of lateral osteoarthritis 
will not help determine candidacy if any lateral 

mechanics. The rotation of the femoral implant 
is determined by the anterior posterior line of the 
trochlear groove and by the medial epicondylar 
axis. Since identifying the epicondylar axis re-
mains difficult, the AP line is the mainstay for 
determining femoral implant rotation. 

15.4   Special Considerations, 
Indications, and Patient 
Selection 

First and foremost, a symptomatic lateral com-
partment is a contraindication to Deuce implanta-
tion. The patient’s history and physical examina-
tion results are critical in identifying the origin 
of lateral knee pain. Pain at the lateral facet of 
the patella is often related to PFJ arthritis and 
can be successfully treated. However, true lat-
eral joint line pain will not be addressed by this 
procedure, regardless of how pristine the lateral 
compartment may look radiographically. These 
patients may benefit from preoperative magnetic 
resonance imaging and/or arthroscopy to address 
lateral compartment pathology. An intact ACL 
is preferred. However, the author has a series 
of patients without an ACL in whom successful 

Fig. 15.6 Deuce knee trial implants in situ
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moments about the knee during walking [22]. At 
1.2 years following surgery, Deuce patients had 
largely returned to normal function. 

Regarding clinical outcomes, this author col-
lected postoperative data during a single surgeon 
survey of 166 Deuce and 46 TKA procedures 
(Legion, Smith and Nephew). Age and BMI were 
controlled between groups. The length of hospi-
tal stay was 2.5 days for Deuce vs. 3.5 days for 
TKA. The average tourniquet time was 7 min 
shorter for Deuce than for TKA. Only 4.6% of 
patients with Deuce but 29% of those with TKA 
required a blood transfusion. At a minimum 24 
months follow-up, there was a 1.3% revision rate. 
The average total Knee Society Score (KSS) for 
the Deuce group currently has exceeded that of 
the TKA group at every interval through 2 years, 
surpassing a score of 90 by 6 months (Fig. 15.7). 
Moreover, at every interval Deuce patients have 
had a range of motion greater than that of the 
standard TKA group (Fig. 15.8). Complications 
have included the following: 3 manipulations, 3 
cases of infection (1 acute, 2 chronic), 1 loose all-
polyethylene tibial component, 1 partial lateral 
meniscectomy, 1 medial tibial plateau fracture, 1 
loose patella, 2 liner locking mechanism failures, 
and 3 tibial base plate fractures. The risk of frac-
ture was attributed to the base plate design, which 
has since been revised by the manufacturer. To 
date, over 5,000 Deuce knees, including 1000 by 
this author, have been implanted over the course 
of 7 years. While the early postoperative clinical 
outcomes have been acceptable, in order to verify 
the long-term safety and efficacy of the Deuce 
knee additional studies are necessary. 

In addition to clinical outcomes, the author 
assessed early functional performance in a survey 
that included the number of days the patient uti-
lized any assistive devices, time to return to driv-
ing, discontinuation of all pain medicine, length 
of hospital stay, length of incision, average tour-
niquet time, and the need for a blood transfusion. 
In the author’s experience, compared to TKA pa-
tients Deuce patients discontinued their use of as-
sistive devices 10 days earlier, were able to return 
to driving 10 days earlier, and discontinued their 
pain medicine 7 days earlier. 

pain exists. In such cases, it is appropriate to con-
sider magnetic resonance imaging or arthroscopy 
prior to determining the implant choice. ACL in-
tegrity, flexion contracture, patellar tracking, and 
lateral compartment narrowing must also be con-
sidered during the physical examination. 

Clearly, a lateral notch osteophyte on the lat-
eral condyle can and should be excised in each 
and every case. The necessary excision of this 
kissing-type lesion is not a contraindication to 
Deuce implantation. Full-thickness lesions of the 
weight-bearing rail of the lateral femoral condyle 
should not be accepted. In this case, conversion 
to TKA is recommended regardless of the symp-
tomatology of the lateral joint. 

Additional special considerations include 
the neutrally aligned knee with medial compart-
ment arthrosis and an open lateral compartment. 
Most medial compartment arthritic knees result 
in varus deformity. Occasionally, based on the 
anatomy of the femur and tibia, X-ray may reveal 
medial and PFJ arthritis with a non-symptomatic 
lateral compartment. In such cases, it is critical 
to resect more bone on the distal femur or tibial 
to avoid over-correction. Patella baja may result 
from high tibial valgus osteotomy. In this instance 
the patella is brought into contact with the na-
tive cartilage in the transition zone, which is not 
optimal. Moreover, the closing wedge high tibial 
osteotomy results in a neutrally aligned medial 
compartment that is at risk for over-correction. 
In both cases, conversion to TKA is necessary. It 
is this author’s recommendation to avoid bicom-
partmental replacement in those patients with 
patella baja. 

15.5  Post-surgical Follow-Up

As previously noted, one of the potential ben-
efits of Deuce implantation is better recovery. By 
conserving healthy tissue and minimizing joint 
trauma during surgery, postoperative function 
may be improved. Early evidence supports this 
hypothesis. In a gait study of eight BKA patients 
and ten controls, BKA knees were found to sup-
port normal frontal plane mechanics and extensor 
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been no femoral failures. This largely parallels 
the TKA literature. In UKA or BKA, the tibial 
side of the arthroplasty seems to be the weak 
link. The first recommendation is to minimize the 
depth of the tibial resection. The reasons for this 
include the fact that the subchondral bone plate 
is a more rigid structure on which to apply a base 

15.6  Tips and Pearls

Optimal results with any type of partial knee ar-
throplasty procedure are dependent upon a mul-
titude of factors. After performing 1,000 Deuce 
procedures, in this author’s experience there have 

Fig. 15.7 Knee Society 
Score (KSS) results of 
a postoperative surgeon 
survey

Fig. 15.8 Range of 
motion (ROM): results of 
a postoperative surgeon 
survey
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a failure of the femoral component, either in the 
author’s series or in other published series. Fur-
thermore, blood loss appears to be less in BKA 
than in TKA, while the complication of post-
operative dislocation is largely eliminated. The 
finding of an early return of movement following 
BKA is consistent in our series and in other pub-
lished series [23]. 

Progression of lateral osteoarthritis is unlike-
ly as long as the initial postoperative alignment 
is neutral or slightly varus. BKA is a viable pro-
cedure for a significant number of osteoarthritis 
patients [8, 9]. Although additional studies are 
necessary to address mid- to long-term outcomes, 
the current procedure will likely have a place in 
the orthopedics reconstructive market for years 
to come. Recommendations for the future of this 
device may include a porous tibial base design 
with improved durability. The cemented UKA 
tibia is currently an unsolved matter in orthope-
dics. Specifically, Palumbo et al. [24] reported 
61% radiolucency of the tibial tray and 14% 
aseptic loosening of the tibial requiring revision 
at 2 years. Other authors have also described an 
increased tibial lucency rate with unicompart-
mental devices [25, 26]. 

The transition zone in BKA, either linked or 
unlinked, remains technically demanding. There-
fore, custom cutting blocks and an increased 
number of femoral sizes may help improve pa-
tellar tracking and reduced anterior knee pain. 
Tria et al. [27] reported a 25% incidence of an-
terior knee pain following Deuce BKA. It must 
be noted that the authors used first-generation 
instrumentation on all of their patients, which did 
not allow for a reproducible symmetric and flush 
transition zone between the lateral flange of the 
femoral component and the native cartilage later-
ally. This would clearly have been the cause of 
pain at the patellofemoral articulation. New siz-
ing templates and 4-1 cutting blocks now allow 
for a reproducible transition zone and seem to 
have dramatically reduced the incidence of an-
terior knee pain, with improved overall results. 
However, these blocks became available in a lim-
ited fashion in the USA in 2008 but have never 
been available elsewhere. Furthermore, increas-
ing the number of sizes undoubtedly maximizes 

plate. The proximal tibia below 4 mm becomes 
softer and thus less able to resist the forces on 
the medial aspect. In addition, a partial knee ar-
throplasty is often performed in younger patients, 
who may be at risk for future revision arthro-
plasty, in which the preservation of tibial bone is 
critical to the success of the procedure.  

The importance of balancing the knee is es-
sential in reducing excessive stress on the medial 
tibial base plate. Therefore, correction of a large 
varus deformity is recommended, in contrast to 
the common instruction in UKA, in which the 
release and correction of this deformity is avoid-
ed. However, in the author’s experience during 
BKA, it is also important not to over-correct the 
deformity and place the weight-bearing line onto 
the lateral joint. 

Recovery following partial knee arthroplasty 
is multifactorial. Appropriate pain management 
is critical. In our center, a pain cocktail has been 
most useful. Femoral and/or sciatic nerve blocks 
are a recommended method of pain management. 
However, blocks can compromise weight-bear-
ing in the affected limb for 1–2 days, potentially 
increasing the risk of a fall during ambulation. 
Often times these patients are discharged during 
this same period, such that a femoral and/or sci-
atic nerve block may inhibit proper therapy and 
recovery.

15.7  Conclusions

The author’s experience with the Deuce knee 
suggests that this device can be effectively uti-
lized patients with symptomatic medial and PFJ 
compartments who are candidates for BKA. 
While TKA is an effective treatment for bicom-
partmental disease, recent evidence supports im-
proved functional outcomes following BKA with 
Deuce [22]. This appears to be due primarily to 
ACL preservation and reduced bone resection, 
tissue distress, and blood loss during implanta-
tion. Moreover, a survey of 1,000 Deuce patients 
supports the stability of the Deuce knee at a 
minimum follow-up of 2-years. The same survey 
found that aseptic loosening of the femoral com-
ponent does not seem to occur nor has there been 
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coverage of the native trochlea and reduces tech-
nical errors related to rotation and sizing of the 
femoral component. 

Much has been learned regarding the capa-
bilities and liabilities of a monolithic BKA de-
sign over the last 9 years. Clearly, medial and 
patellofemoral joint osteoarthritis is common and 
comprises the typical pattern of osteoarthritis en-
countered by joint surgeons [4]. The importance 
of a less invasive approach and the integrity of the 
cruciate ligaments are paramount. The first gener-
ation experience provides the knowledge needed 
to pursue improvements in implant design and in 
the associated surgical techniques, with the aims 
of tissue conservation and the maintenance of na-
tive knee biomechanics. 
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Revision of UKR

Sergio Romagnoli, Francesco Verde,  
and Sara Zacchetti

16.1  Introduction 

In the last 10 years, the use of unicompartmen-
tal knee replacement (UKR) instead of total knee 
replacement (TKR) has increased, especially in 
young patients. This surgical technique can be 
used if ligament stability is maintained and the 
femoropatellar joint and medial or lateral femo-
rotibial compartment are intact. UKR is less in-
vasive than total replacement in terms of tissue 
sparing and it permits a more physiologic articu-
lar restoration. As good results in terms of sur-
vival rate continue to be reported in the literature, 
the number of unicompartmental implants has 
increased but so has the revisions rate [1, 2].

From 2001 to 2010, at the Istituto Ortopedico 
Galeazzi, we performed 189 unicompartmental 
revisions. These have been classified according 
to the type of the failed implant, the cause of fail-
ure, and the type of implant used for the revision.

16.2  Causes of Failure

Five main causes of failure can be recognized:
1. Incorrect indications: R.A. (Rheumatoid Ar- 

thritis)-chondrocalcinosis, contralateral com-
partment degeneration, lateral meniscus de-
generation, symptomatic degeneration of the 

patellofemoral joint, cruciate ligament defi-
ciency, and collateral ligament instability.

2. Incorrect surgical technique: mechanical axis 
over-correction, incorrect tibial resection 
(frontal plane or slope), incorrect prosthesis 
dimensions or alignment (and thus wrong po-
sition during extension or flexion), incorrect 
fixation (cement or cementless), and ligament 
instability.

3.  Polyethylene-metal wear.
4.  Capsuloligamentous instability.
5.  Infections.

16.3  Revision Classifications 

Revisions can be early or late, depending on the 
time between the first implant and the revision. 
An early revision is one that takes place less than 
two years after the first implant while  late revi-
sions are those carried out thereafter (Fig. 16.1).

The need for an early revision can arise from:

revision and usually involves the tibial com-
ponent. It is caused by the incorrect position 
or cementation mistakes.

-
flects over-correction of the mechanical axis.

tibial and the femoral compartments can be 
involved. Errors in tibial positioning include: 
oblique varus, which causes tibial loosen-
ing and secondary polyethylene (PE) wear; 
oblique valgus and subsidence; varization; 
and secondary PE wear. Among the errors in 
femoral positioning are: incorrect anteropos-
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develops after loosening and/or PE wear or 
after incorrect component positioning. Incor-
rect femoral positioning is generally a late 
cause of failure.

-
ric, depending, respectively, on whether a 
fixed or mobile platform insert is used.

be involved; fracture is often associated with 
PE wear.

UKR revisions can also be classified with 
respect to the prosthesis used during surgery. In 
general, revision involves replacement with an-
other UKR, or a TKR. However, the final deci-
sion depends on the cause of the failure, the bone 
defect, ligament stability, the contralateral com-
partment and patellofemoral integrity, PE-metal 
debris migration, and the patient’s age. 

Generally, we prefer  another UKR implant 
in revisions due to incorrect positioning or  
prosthetic loosening, if the patient’s is < 65 years 

terior position and sizing (and thus incorrect 
contact in extension between the femour over 
the prosthetic component and tibial plateau, 
pain and lack of extension), and peripheral 
in flexion (causing tibial loosening and PE 
wear).

are not as frequent and complicated as septic 
total implants.

The causes of late revision are:

16.2).
-

plication): This is due to an incorrect indica-
tion for UKR; it frequently develops in obese 
women, with secondary evolution of arthritis. 
The severe FR pathology is a contraindication 
for an isolated unicompartmental implant if 
malalignment and overpressure are present or 
if chondropathy (III–IV°) is determined intra-
operatively.

Fig. 16.1 On the left: an early revision at 1.6 years due to tibial loosening; on the right: a late revision at 10.2 years due 
to tibial subsidence and osteolysis
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65 years of age, has a severe tibial bone defect, 
evident contralateral compartment degeneration, 
a deficiency of the cruciates or collateral liga-
ments, PE-metal debris migration, or sympto-
matic patellofemoral degeneration (Fig. 16.3). 

In case of septic loosening we prefer  a two-
stage revision technique.

of age, has a minimal tibial bone defect, undam-
aged contralateral compartment, cruciate liga-
ments and patellofemoral joint, and is asympto-
matic and without PE-metal-cement debris mi-
gration.

A TKR is advisable if the indication was in-
correct or an infection occurred, the patient is > 

Fig. 16.2 UKR-TKA revision at 3.7 years due to lateral compartment degeneration
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soft-tissue condition, range of movement (ROM), 
ligamentous stability, extensor mechanism integ-
rity, and neurovascular structures.

The radiographic analysis examined the me-
chanical axis, component position in the frontal 
and sagittal planes (slope), signs of component 
loosening, such as radiolucencies, bone stock de-
fect, and joint line level. 

16.5  Surgical Technique

The main considerations associated with revision 
are preoperative planning, the previous incision, 
removal of the prosthetic components, correction 
of the bone defect, fixation of the new compo-
nents, and obtaining joint stability and the joint 
line level [3].

If possible, the skin incision should be made 
at the previous scar and possibly enlarged lon-

16.4  Patients and Methods 

From February 2001 to December 2010, at the Is-
tituto Ortopedico Galeazzi, 189 unicompartmen-
tal revisions in 182 patients (7 were bilateral non-
simultaneous implants) were performed. Eleven 
of these patients (12 knees) later died for unre-
lated reasons. The initial sample comprised 137 
women and 45 men with an average age at sur-
gery of 68 years (range: 39–88 years). The mean 
weight was 76 kg (range: 46–115 kg) and the 
mean height was 172.7 cm (range: 158–176 cm).

All patients were contacted by phone. Twen-
ty-four were unable to attend a physical exami-
nation and thus were telephone-interviewed and 
their X-rays were analyzed. The remaining 108 
patients (3 bilateral cases) underwent clinical and 
X-ray examination (Fig. 16.4). 

Clinical examination included skin incision, 

Fig. 16.3 
another UKR in the right knee and a TKA  in the left knee
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nent thickness > 12 mm, this is a contraindication 
to another UKR. Alternatively, the bone defect 
can be treated with screws and cement to avoid 
exchange of the bearing or, albeit less often, with 
bone graft. It is mandatory that the defect engage 
only the cancellous bone. Not more than 20% of 
the peripheral cortex can be deficient. In all cases, 
an anatomical component that achieves complete 
cortical coverage is needed.

In some cases the problem is incorrect po-
sitioning and sizing of the femoral component; 
failure in such cases is due to the conflict between 
the tibial component and the femoral cartilage. In 
the case of a mobile-bearing prosthesis, complete 
revision with TKA is advisable, whereas with a 
fixed-bearing implant we prefer a femoral com-
ponent with the availability of two series in rela-
tion to the distal thickness. Thicker components 
are needed for revisions involving a femoral bone 
defect.

gitudinally.  Less skin invasiveness will reduce 
both bleeding and the amount of damage to the 
quadriceps muscle, thus improving the functional 
recovery. 

The new prosthesis is chosen based on the di-
mension of the bone defect, capsuloligamentous 
stability, and contralateral and patellofemoral 
compartment integrity. The migration of PE and 
metal debris must also be taken into account. 

When another UKR is indicated, there is the 
option to replace all of the components or, as is 
more frequently the case, if the femoral compo-
nent is stable, only the tibial component will be 
substituted. In the presence of a limited bone de-
fect, the tibial cut must correct the previous com-
ponent position, i.e., frontal obliquity and slope, 
and reproduce the correct joint line. These aims 
are achieved by using a tibial component with 
thicker modular PE inserts, but preferably not 
more than 12 mm. If the defect requires a compo-

Fig.16.4 UKR revision (broken tibial component) with a TKA stem and screws to repair a tibial defect
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bone quality. In case of a bone defect > 12 mm, 
we prefer to use a stem (cement or cementless) 
often joined to a wedge. Another option is to cor-
rect the bone defect using bone grafts, or screws 
and/or cement. The aim is to achieve the correct 
height and obliquity of the joint line.

In women, even if the defect is < 12 mm we 
prefer to use a stem in case of low-quality bone, 
with the exception of patients < 55 years (Fig. 
16.6).

In case of a severe bone defect and capsulo-
ligamentous instability, a constrained prosthesis 
is necessary.

In revisions due to sepsis, we prefer a two-
stage procedure, as in these patients it is asso-
ciated with a low rate of re-infection and fewer 
complication than TKA. 

Another possibility is a revision consisting of 
another UKR in the opposite degenerated com-
partment. This is possible only if the components 
of the previous prosthesis are stable, the patel-
lofemoral compartment and cruciate ligaments 
are undamaged and asymptomatic, and PE wear 
is minimal. If the other degenerated compart-
ment is the patellofemoral one and  the patient 
is undergoing a revision due to chronic anterior 
knee pain, then a patellofemoral component can 
be implanted as well. In these cases, the result is a 
bi-compartmental implant (Fig. 16.5) [4].

If the bone defect is limited and the choice is 
a TKA, a standard cut can be made at the level of 
the wear  and a primary implant performed.

Component fixation may be standard (cement 
or cementless), depending on the bone stock and 

Fig. 16.5 On the left:  revision after 16 years with another UKR in the medial compartment. On the right: in 1995, a 
lateral UKR implant and in 2003 treatment of a tibial fracture with a nail were followed in 2005 by a revision with 
another UKR in the medial compartment
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(1.5%) was revised with a patellofemoral pros-
thesis due to joint degeneration and in the other 
two (3%) another UKR was performed but in the 
opposite compartment, resulting in a bi-compart-
mental implant. 

In the 123 cases of  TKA revision there were 
13 (10.5%) failures: nine (7.3%) aseptic and four 
(3.2%) septic; the latter included one knee in 
which a previous revision was performed due to 
septic loosening. In the aseptic knees, the aver-
age age of the prosthesis at failure was 3.7 years 
(Fig. 16.8). All of the patients in this group were 
female (100%): five (55.6%) younger and four 
(44.4%) older than 65 years. 

In  66 revisions with UKR,  there were four 
aseptic failures (6%), with failure occurring after 
an average of 5.5 years. Three of the failures oc-
curred in men  (75%). Three of the patients were 
under the age of 65 years  (75%) (Fig. 16.9). 
There were no septic failures.

16.6  Results 

The average follow-up of the 189 knees was 6.8 
years. In 123 (65.1%), the revision consisted of a 
TKA and in the remaining 66 (6%) with another 
UKR. 

In the UNI-TKA group, in 106 (86.2%) we 
used standard implants, with a tibial stem in 60 
of these cases. In the other 17 (13.8%) cases a 
semi-constrained prosthesis was used (Fig. 16.7).

In 11 knees a two-step revision due to septic 
loosening was necessary.

Among the 66 (34.9%) knees in which the 
revision consisted of UKR, in 19 (28.8%) cases 
only the tibial component was replaced, in six 
(9.1%) cases only the femoral component, and 
in one (1.5%) case only the patellar component. 
In 37 (56.1%) knees, a complete UKR substitu-
tion was necessary. Of the three other knees, one 

Fig. 16.6 Revision at 7 years with another UKR, using cement and screws, in a 53-year-old man
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Fig. 16.7 Revision after 
22 years with a semi-
constrained prosthesis due 
to severe bone defect

Fig. 16.8 TKA revision 
of a UKR due to failure at 
2.4 years
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these cases the use of a stem is mandatory and 
perhaps also a semi-constrained prosthesis.

In our series, there was a clear difference be-
tween the two groups regarding gender and age. 
In fact, all of the patients in the UKR-TKA group 
were women compared to only 25% in the UKR-
UKR group. In addition, 44% of the patients in 
the UKR-TKA were > 65 years of age compared 
to 25% in the UKR-UKR group. The large per-
centage of men under the age of 65 in the UKR-
UKR  group likely accounts for the high physical 
functional impact, as determined in other studies 
as well [5-7]. Aseptic failures were only slightly 
higher in the UKR-TKA than in the group UKR-
UKR group (7.3% vs. 6%, respectively). 

However, TKA and UNI revisions did not sig-
nificantly differ with respect to the survival rate, 
with rather little advantage conferred by the latter 

16.7  Conclusions

In our experience, the results of a revision proce-
dure primarily depend on the correct indications. 
In many cases, partial or complete unicompart-
mental substitution is a relatively simple proce-
dure. When all the conditions are respected, a 
UKR implant in the opposite compartment or the 
implant of a patellofemoral prosthesis results in 
a successful bi-compartmental prosthesis. The 
advantages of this strategy are based on the mini-
invasiveness of the procedure and consequently 
on the rapid functional recovery.

 When a TKA is indicated. the results will 
depend on the characteristics of the patient, the 
quality of the bone and the nature of the bone de-
fect. In most cases, the bone defect is manageable 
with a graft, wedges, screws, and/or cement. In 

Fig. 16.9 TKA stemmed in second Uni revision due to recurrent tibial loosening
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approach. Nonetheless, the average survival rate 
of the failed implants was higher in UKR-UKR 
revisions than in UKR-TKA revisions (5.5 years 
vs.  3.7 years). Also none of the 66 UKR revi-
sions had septic complications, which did occur 
in four of 123 of the TKA revisions. 

Among the 112 TKA revisions in which asep-
tic failure occurred, three (2.7%) involved septic 
loosening while among the 11 cases of TKA re-
vision that resulted in septic failure  there was 
one (9.1%) recurrence. These findings can be ex-
plained by a simple surgical rule: for the same 
appropriate indication and surgical technique, 
there is less risk of complications in less invasive 
surgeries. 
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