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Abstract

Purpose At the beginning of this century, unprecedented
interest in the concept of using less invasive approaches for
the treatment of knee degenerative diseases was ignited.
Initial interest in this approach was about navigated and
non-navigated knee reconstruction using small implants
and conventional total knee arthroplasty.

Methods To this end, a review of the published literature
relating to less invasive compartmental arthroplasty of the
knee using computer-based alignment techniques and on soft
tissue-dedicated small implants is presented. The authors
present and compare their personal results using these tech-
niques with those reported in the current literature. These
involved the use of a shorter incision and an emphasis spar-
ing. However, nowadays most surgeons look at compartmen-
tal knee resurfacing with the use of small implants as the
new customized approach for younger and higher-demand
patients. The aim of this paper is to stimulate further debate.
Results Since the beginning of 2000, computer-assisted
surgery has been applied to total knee arthroplasty (TKA)
and later to compartmental knee arthroplasty. Recent
studies in the literature have reported better implant sur-
vivorship for younger patients using navigation in TKA
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at longer-term follow-up. Only one published report was
identified showing superior clinical outcomes at short-term
follow-up using computer-assisted technology compared
with conventional alignment techniques in small implant
surgery. No studies were found in the literature that dem-
onstrated similar clinical advantages with navigated small
implants at long-term follow-up. Two published meta-
analyses were identified reporting better implant and limb
alignment and no increase in complications using a navi-
gated unicompartmental knee arthroplasty. However, nei-
ther meta-analysis showed superior clinical outcomes or
survivorship with the navigated techniques.

Conclusion In conclusion, we can assert that replacing
just the damaged compartment and preserving the normal
biomechanics will require not only new implant designs
but also new technologies allowing the surgeon to make
extremely precise adjustments to implant alignment and
providing continuous feedback during surgery.

Level of evidence 1V.

Keywords Small implants - Computer-assisted
surgery - Unicompartmental knee arthroplasty -
Bi-unicompartmental knee arthroplasty - Tri-
unicompartmental knee arthroplasty - Patello-femoral
arthroplasty - Soft-tissue-sparing surgery

Abbreviations
ACL  Anterior cruciate ligament

UKA Unicompartmental knee arthroplasty
PFA  Patello-femoral arthroplasty

TKA Total knee arthroplasty

CAS Computer-assisted surgery

CT Computed tomography
PSI  Patient-specific instrumentation
MR  Magnetic resonance
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Introduction

In the last few decades, both surgeons and technology pro-
viders have mainly defined less invasive surgery as a surgical
approach using shorter incisions to implant the same prosthe-
ses used with the traditional techniques. Decreasing the access
by performing the so-called key-hole surgery has resulted in
increased risks including malalignment, bone avulsions and
local wound issues. In addition, a biological contradiction
has arisen with shorter incisions offering the potential for soft
tissue sparing but also increased risk of damage to muscles
and nerves [5, 14]. In early years of the last century, Giulio
Bizzozero, an Italian biologist pioneer, classified the tissues
and the cells into three categories. He identified the “repro-
ducible” tissues, including epithelium (skin) and endothe-
lium, the “stable” tissues, including mesenchyme (tendons
and ligaments), that recover very well, and the “noble tissues”
(muscles and nerves), which should not be damaged as they
had limited ability to recover [35]. With this in mind, true less
invasive surgery should involve not only shorter incisions but
also the preservation of soft tissues and joint kinematics using
new surgical tools and smaller implants, redefining it as tissue
sparing surgery [11, 25].

Increasingly in daily practice orthopaedic surgeons
treat patients affected by localized osteoarthritis involv-
ing one or both knee compartments. By aiming to replace
only the damaged compartment, surgeons try to preserve
the physiological kinematics and spare bone and soft tissue
structures. As a result of this approach, unicompartmental
knee arthroplasty (UKA) and patello-femoral arthroplasty
(PFA) have become well-accepted surgical procedures for
the treatment of knee arthritis [7, 11, 28, 32, 45, 51]. How-
ever, this technically challenging surgery has yielded satis-
factory results only in “high-volume surgery” centres even
when performed using new modern implant designs [1, 29,
57]. These compartmental procedures are more demanding,
less reproducible and less forgiving compared with total
knee arthroplasty (TKA). As a result, the great majority
of authors still recommend TKA as the most reliable pro-
cedure even in compartmental diseases and few surgeons
worldwide have experience with small implants for com-
partmental replacement with or without ligament recon-
struction [4, 11, 44].

Computer-assisted surgery (CAS) and robotic technolo-
gies for small implants, encompassing pre-operative plan-
ning, surgical navigation and patient-specific instrumenta-
tion, have the potential to address some of these technical
challenges. Several papers have reported that the risk of
overcorrection in the different planes is diminished by
real-time information about the leg axis at each step during
surgery. Use of accurate pre-operative image-based and/or
image-less planning has been shown to be especially help-
ful for less experienced surgeons [27, 30, 34]. However,
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any positive effects of these navigation systems on clinical
outcomes have still not been conclusively shown. At short-
term follow-up, a few papers have reported statistical dif-
ferences between navigated and non-navigated techniques
in terms of clinical outcome, survivorship, knee function
and ROM [33, 37, 54]. However, no clear advantages have
been shown to support compartmental knee reconstruction
using small implants and computer-assisted techniques at
mid- and long-term follow-up [40, 54].

In this paper, the authors perform a review of the pub-
lished literature relating to less invasive compartmental
arthroplasty of the knee using computer-based alignment
techniques and dedicated small implants. They present
and compare their own results using these techniques with
those reported in the current literature, to contribute to the
debate between navigated and non-navigated knee recon-
struction using small implants and conventional total knee
arthroplasty.

Materials and methods
Computer- and robotic-assisted UKA

For several decades, surgeons have been seeking ways to
standardize this highly demanding procedure. In the 1980s,
Cartier [8] introduced a pre-tibial cutting guide to improve
the reproducibility of this particularly difficult cut for inex-
perienced surgeons. However, despite improved implant
designs, studies have shown that even intramedullary guid-
ing systems do not ensure optimal reproducible surgical
techniques for UKA [26].

More recently, the introduction of computer-assisted
technology has allowed three different approaches to
improve alignment and surgical performances [41, 59]. The
first approach employs either image-free or image-based
techniques using infrared cameras, metal body markers
fixed to the limb (femur and tibia) and a detector to upgrade
intraoperatively a predetermined anatomical model in the
software application and guide the bone cut to achieve cor-
rect limb alignment. The second approach involves the use
of robotic-based techniques with a semi-active robotic arm
carrying the drill bit that is manipulated by the surgeon’s
hand. The robotic arm is prevented from moving outside of
the milling path boundary, which is defined by computed
tomography (CT) image-based pre-operative planning and
an intra-operative measure of bony landmarks. The final
approach employs the use of a patient-specific instrumen-
tation (PSI) technique based on pre-operative CT and/or
magnetic resonance (MR) images. PSI requires advanced
skills to perform optimal pre-operative planning using ded-
icated software. Manufacturing a customized cutting block
that fits intraoperatively on the bone surface to achieve the
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planned alignment of the instruments and implants can be
expensive. No other hardware or additional equipment is
needed in the operating theatre.

Jenny and Boeri [23] reported the first published study
of computer-assisted UKA in 2003. In this study, 30
patients undergoing a UKA using a navigation system were
matched with 30 patients undergoing UKA using a con-
ventional alignment technique. The authors concluded that
navigation improved the accuracy of UKA implantation
without any significant difficulties. The authors did report
a 20-min increase in operative time with use of the naviga-
tion system. Despite this initial promising work, there have
been few further clinical papers describing the results of
CAS UKA.

Recently, one meta-analysis and one systematic review,
published, respectively, in 2013 and 2014, focused on
navigated UKA [40, 54]. The meta-analysis by Weber
et al. [54] reported a total of 258 prostheses implanted
with a navigated technique and 295 with a conventional
alignment system. This analysis concluded that the use
of a navigation system leads to more precise component
positioning but that better clinical outcomes at short- or
mid-term follow-up have yet to be proven. Nair et al. in
2014 reviewed an extensive number of prospective and
retrospective studies that compared navigated versus con-
ventional UKA. The authors confirmed the conclusions
of Weber et al. that better alignment was achieved using
a navigated technique to implant a UKA and found no
significant advantage in terms of clinical outcome and
survivorship. The conclusions of these papers have dis-
couraged universal adoption of navigation technology to
implant a UKA by the orthopaedic community [40]. Our
experience (Table 1) using a navigated UKA implantation
technique and specifically designed software including an
intra-operative kinematic assessment tool has been similar
to significantly better implant alignment but no improve-
ment in clinical outcome and survivorship [33]. However,
Song et al. [48] compared navigated and conventional
UKA implant techniques and showed at 10-year follow-up
significantly better HHS and WOMAC pain scores in the
navigated group.

The use of robotic technologies for UKA implantation
has only recently been introduced to the market, and as a
result, no long-term systematic studies can be found in the
literature. No study has shown any advantage in terms of
clinical outcome or survivorship at a short- and mid-term
follow-up using robotic compared with conventional UKA
implantation systems [49, 53]. Robotic technologies have
been shown to result in higher-accuracy implant alignment,
longer surgical time and higher costs compared with con-
ventional systems. In 2015, Moschetti et al. [37] argued
that robotic-assisted UKA could become cost-effective for
a clinical centre when the annual case volume exceeds 94

cases per year. Despite potential future applications in total
hip and knee arthroplasty surgery, the use of robotic tech-
nology is unlikely to be employed in both low-volume and
medium-volume arthroplasty centres.

The most controversial computer-based technique used
for UKA implantation remains the PSI approach. This
technique has no proven radiological and clinical advan-
tages, even when performed by trained surgeons. In 2016,
Ollivier et al. [42, 43] underlined that PSI-UKA technique
requires a surgeon with a good working knowledge of the
specific surgical principles. Ideal implant placement using
PSI is influenced by patient morphology and requires an
experienced surgeon.

Computer- and robotic-assisted patello-femoral
arthroplasty

Few authors have proposed computer-assisted techniques
in PFA rather preferring image-free navigation systems [3,
17]. However, experimental studies have demonstrated that
computer-assisted patellar resection is a feasible approach
leading to results equal to or better than those obtained with
conventional techniques. This has even been shown in stud-
ies where the experimental conditions favour the conven-
tional technique [17]. In 2006, Cossey et al. [13] confirmed
the utility of the navigation system for patellar maltrack-
ing but also noted an increase in surgical time (average of
20 min) and costs associated with this technique. Hernigou
et al. [21] reported a better trochlea rotation and overall
clinical scores in a 15-patient matched study with navi-
gated compared with conventional techniques. We were
unable to find any other relevant studies using computer-
ized techniques to implant an isolated PFA. No published
studies could be found examining the use of robotic or
patient-specific instrumentation for isolated patello-femoral
implant surgery despite some authors suggesting this was
the ideal situation for these techniques [3, 6, 27].

Computer- and robotic-assisted BI-UKA

Bi-cruciate ligament retention in TKA was extensively
evaluated in the late 1960s when the first non-hinged
implants were introduced. However, our group has pub-
lished the only three studies of Bi-UKA performed using
computer-assisted techniques in 2005, 2008 and 2009 [10—
12]. In these studies, we showed that 12 % of our patients
who underwent a conventional Bi-UKA suffered an intra-
operative fracture of the tibial spines during implantation
of the prosthesis. This was thought to be related to exces-
sive tension on the ACL because of either an unbalanced
extension/flexion space or failure to restore the joint line
(Table 1). Computer-assisted Bi-UKA was shown in our
studies to successfully overcome this complication (Figs. 1,

@ Springer



Knee Surg Sports Traumatol Arthrosc (2016) 24:3507-3516

3510

dIySIOATAINS UT SOOUQIOHIP ON
sdnoi3 a2y} yjoq ur UOISIAI ON

dIYSIOATAINS UT SOOUQIQHIP ON
Vdd + V3I[ ur uonouny pue
SSQUHNS DVINOM 1o10q ApueoyruSig

dIYSIOATAINS UT SOOUAIYIP ON
(enbruyo9) y3[)-1g [BUOTIUSAUOD
Ul UoWwod) Y N-1g plesiaeu ur

sammoely aulds [eiqn 2anerado-enur oN
uone3iAeu

Sursn JuowuIIfe 101399 Apuedyrusig
V23-1g uruonouny pue

SSOUHNS DVINOM 1o1oq ApueoyruSig

diysioa
-IAINS PUB QUWODINO U SOOUIYIP ON

V3N pares
-1ARU UT JuowugI[e 19)39q APueoyrugis

V3LL pajeSiaeu
C1 03 paydrewt Vid + V3IN-19 C1

VL1 paresdiaeu [
01 paydIeW Viid + VN paresiaeu g

V3L €T 03 paydjewt V3N-19 €

VI [BUOTIUSA
-Uo0d ¢ 0} paydew Y[ PereSIAeU ¢

dn-mo[[oj ueow yjuow-8°zg
Apms paxred payoreA

dn-mo[[oj wnwrurw 1eak-1,
Apms paxred paydIe

dn-mofjoJ wnwiruIw Yruow-gy
Apms paxred paydIeA

dn-morjo3 wnwiruT Yuow-9
Apms paxred payoIen

eiep paystqndun

‘Te 39 N LI_IUo[BJuo))  SULIYMY

onewnel] -1sod UJ uornesIAeN pue

Juowaoe[day] 2ouy] [ented paulq

-W0)) :UONINIISUOIIY AU PIZI

-woisn)),, :uonejuasaid (IO ‘910T
aunf g3y -8 ‘SUNON SOVO W9l
‘Te 19 N LIdIuo[BJu0))

«Vdd + ¥3N Suisn Apms

ULId) JI0YS payojewr ®>uoummoa 1]

[SYLIYIe douy [ejuowiredwoong,,

16698 121504 2AU2D) T10T
Ke]y (G- ‘Suneour VISSH WST

€9-LST1:(6)6C1
¢dag 600z 3ing ewneiy, doyyip
oIy ‘[ 12 N LISIUO[BJUO)) ,'SI[NSAI
[eorur[o Ajres yim Apnjs paired
payojew e :Ajsejdoryire souy
[2101 sns1oA [eyuauntedwoomun-ig,,
S=S¥: (1)1 *93d S00T 1090y PIN
£IU] ‘[e 39 N LISIUO[eJUO0)) JUdW
-ooe[dar oouy [ejuounredwoorun-1q
PaIsIsse-10)ndwod SAISBAUT-TUTIA],,

€9-LS¥:(0)8€ ‘a4 10T

‘doyyiQ ] ‘Te 19 v mozueA °  onbru

-[09) [BUONIUSAUOD B SNSIOA AIEMIJOS

pajeorpap Sursn Ajsejdoryire oouy
[eyusunredwosrun pjsisse-1ndwo)),,

(vdd + V3IN-16) INN-UL paresiaeN

Vdd + V3N paesiaeN

V3IN-1g paresiaeN

V3N pAesiaeN

Snsay

sjuaned jo roqunN

Apms jo odAJ,

SQOURIJOY

juerdwr jo odAJ,

swerduwr [ews,, pajeSiaeu ur oouonadxa s1oyIny [ dqeL,

pringer

Qs



Knee Surg Sports Traumatol Arthrosc (2016) 24:3507-3516

3511

Fig. 1 Post-traumatic right knee arthritis in active lady (golfer)

2, 3). We could not find any report in the literature using
either PSI or robotic implantation of Bi-UKA.

Computer- and robotic-assisted patello-femoral
and unicompartmental arthroplasty

The combination of a unicompartmental and a patello-
femoral implant is one of the cutting-edge topics today
[31]. Several papers have discouraged the combined use
of first-generation monolithic UKA and PFA devices [36,
38]. However, promising outcomes have been reported in
the literature, at least equivalent to TKA, using this com-
bination of implants at 5-year follow-up and with a signif-
icantly lower blood loss than seen with TKA [45]. Several
authors have underlined that both an additional positional
guidance system and an increased range of implant sizes
can enable anatomically correct positioning of UKA and
PFA implants. As a result, combined UKA and PFA sur-
gery is seen as an ideal indication for computer-assisted
or robotic-assisted techniques [36, 38, 50, 56]. However,
only one retrospective clinical and radiological study,
using a robotic-assisted technique, has been reported that
22 out of 29 patients had good and excellent results [49].
At the 2012 ESSKA meeting in Geneve, we presented
our early experience of 21 patients who had undergone a
combined UKA and PFA by the single surgeon (Figs. 4,
5) at a minimum follow-up of 4 years. There were three
lateral and 19 medial combined UKA and PFA using side
shaped implants (medial/lateral). In our study, two differ-
ent patello-femoral components were implanted depending

Fig. 2 Bi-UKA

Fig. 3 After 2 years, she chose the same implant. Follow-up 13 years
right knee, 11 years left knee

on the distal femoral morphology using either an inlay or
an onlay design in a deep or a shallow trochlea, respec-
tively. In two cases, an anallergic femoral component and
an all poly tibial component were implanted because of

@ Springer
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Fig. 4 Arthritis of the lateral compartment of the knee and of the patello-femoral joint in a 72-year-old lady

Fig. 5 Lateral UKA + PFA

known metal sensitivity. In this study, a computer-assisted
technique was used to assess both the patellar tracking and
limb alignment. The study compared the results of group
of patients undergoing this technique with those achieved
in a navigated cruciate-retaining TKA group. Each patient
undergoing a combined UKA and PFA was matched to a
corresponding patient undergoing a navigated cruciate-
retaining TKA. Matching criteria included sex, age, pre-
operative range of motion and arthritis grade. In both
groups, all the patients were assessed clinically using the

@ Springer

WOMAC and KKS scores. All the knees were radiologi-
cally investigated using the same protocol. No intra-oper-
atively complications or differences in length of hospital
stay were seen. No patient in either group required revision
surgery. At latest follow-up, no statistically significant dif-
ference was noted in Knee Society and Functional scores
between the two groups. However, a significantly bet-
ter WOMAC Function and Stiffness indexes were seen in
the combined UKA and PFA group with no difference in
implant alignment (Table 1).



Knee Surg Sports Traumatol Arthrosc (2016) 24:3507-3516

3513

Computer- and robotic-assisted Bi-uni
and patello-femoral (tri-compartmental: Tri-UNI)
arthroplasty

This could be considered the most “extreme” application of
the new philosophy of compartmental replacement taking
place of a “monolithic” TKA using patello-femoral, medial
and lateral unicompartmental implants and sparing both the
cruciate ligaments. Currently, no clinical paper has been
published dealing with this challenging approach, and we
can only offer our personal experience (Table 1).

Our surgical technique involves the use of computer
navigation to allow us to restore limb alignment by first
replacing the most damaged tibio-femoral compartment
using the implant thickness required to correct the deform-
ity. Joint line restoration is then achieved with the appropri-
ate implant on the contralateral tibio-femoral side. Finally,

Fig. 6 Post-traumatic knee arthritis in a 44-year-old male. Rigid knee
for patello-femoral ankylosis

patello-femoral tracking is assessed using dedicated soft-
ware. We used for all metal-backed medial and lateral tibial
implants and either onlay or inlay PFA designs depending
on the trochlea depth (Table 1).

Since 2010, 12 Tri-UNI implants have been performed
(Figs. 6, 7) in 12 patients (nine males and three females)
with a mean age of 46 years (range 28-54) and a mean fol-
low-up of 22.8 months (range 8—70 months). The pre-oper-
ative diagnosis was a stable knee post-traumatic arthritis in
10 patients and primary tri-compartmental arthritis in two
young patients affected by Parkinson’s disease. In the lat-
ter two patients, it was assumed that this ligament-preserv-
ing surgery would help the surgeon to better cope with the
“somato-agnosy” (loss of sensation of a body part) often
associated with worsening of the neurological condition
[16]. At a mean follow-up of 22.8 months, no implant had
been revised and no major intra-operative or post-operative
complications have been detected. The mean WOMAC
score was 1.9, 0.6 and 4.8 for pain, stiffness and function,
respectively. The mean Knee Society score was 84.6 and
the functional score was 86.3 with no significant difference
compared with a similar matched TKA group.

Discussion

The shifting demographics of patients with localized knee
arthritis, including younger and more active patients, are a
major impetus for the growing interest in surgical alterna-
tives such as compartmental knee resurfacing. As a result,
in the last few years, the role of minimally invasive tech-
niques for the treatment of knee arthritis has continued to
evolve towards a concept of “tissue-sparing surgery” [11].
The initial enthusiasm for shorter surgical approaches for
knee arthroplasty has been mitigated by the lack of evi-
dence showing a long-term advantage combined with the
emergence of new complications [5, 14]. However, small

Fig. 7 Tri-UKA. Detachment of the anterior tibial tuberosity was necessary
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implants and preserved joint biomechanics have theoreti-
cal appeal in knee arthroplasty and may represent a new
direction in reconstructive surgery [53]. Several authors
have pointed out that compartmental knee arthroplasty is
a highly demanding procedure often best performed by
experienced and high-volume surgeons [1, 29]. In addition,
there is a significant learning curve associated with these
procedures, and high failure rates can persist despite modi-
fications to improve conventional surgical techniques.

In this “computer age”, several technological improve-
ments have been proposed to standardize these surgical
procedures and reduce the learning curve even for low-
volume surgeons. Since the beginning of the 2000s, com-
puter-assisted surgery has been applied to TKA and later to
compartmental knee arthroplasty [22]. Computer-assisted
surgery was proposed to improve implant positioning in
joint replacement surgery without the need for an intramed-
ullary guide [2, 58]. Unfortunately, no clear clinical advan-
tages have been demonstrated in TKA using navigation;
however, authors have proposed a long-term benefit related
to a decrease in the number of implants requiring revision
[39, 55]. Recently, better implant survivorship has been
reported using navigated TKA in younger patients with
longer follow-up [15]. Improvement in clinical outcomes
using computer-assisted surgery may be expected in a more
demanding surgery such as the UKA where traditional
techniques can lead to poor alignment accuracy. Currently,
no studies have demonstrated a clinical advantage in small
implant surgery using these technologies. Oliver et al. [42,
43] showed that only surgeons experienced in using PSI
to perform UKA surgery, gained an advantage with this
new technology, underlining that it is not yet ready to be
entrusted to low-volume UKA surgeons.

Rates of inaccurate component alignment as high as
30 % have been reported in the literature using conven-
tional free-hand instrumentation to implant a UKA [52].
Authors have argued that coronal misalignment and tibial
slope in UKA beyond 3° and 7°, respectively, increase the
rate of aseptic failure and have greater effect on UKA than
on TKA [20, 24]. Overcorrection in the coronal plane is a
well-recognized reason for failure resulting in over loading
of the contralateral compartment [46, 47]. In addition, stud-
ies have shown that the use of short narrow intramedullary
guides cannot prevent misalignment in the three anatomical
planes [19, 25]. Despite these concerns, some recent reports
of the first series of UKA to treat degenerative knees have
enthusiastically recommended the technique. The authors
have, however, suggested technical and surgical improve-
ments to enhance clinical success and ensure UKA implant
longevity [4, 10, 41, 45].

One meta-analysis and a systematic review have shown
better implant and limb alignment using a navigated UKA
technique but failed to demonstrate a superior clinical
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outcome and survivorship [40, 54]. Only Song et al. in
2016 reported significantly better HHS and WOMAC
pain scores at 10-year follow-up using a navigated UKA
implantation compared with a conventional technique.
Recently, Watanabe [53] reported stable knee kinematics
consistent with intact and functioning cruciate ligaments in
uni- or bi-compartmental arthroplasty using robotic assis-
tance. The authors noted that improved knee kinematics
resulted in tibiofemoral patterns of motion more similar to
natural knees than those commonly observed in TKA. We
have published several papers regarding “navigated small
implants” all with excellent results at least similar to those
seen with traditional techniques and implants. We believe
that navigation is mandatory for this highly demanding
technique allowing less invasive implantation techniques
and better exploitation of the implants biomechanical fea-
tures. We acknowledge a potential bias in our results as all
the surgeries were performed in the same centre by sur-
geons highly trained in both compartmental knee arthro-
plasty and computer-assisted techniques.

Finally, these promising technologies have the potential
to improve alignment and possibly clinical outcomes for
UKA in a number of situations. Several papers support the
teaching role of these emerging technologies in TKA show-
ing a shorter learning curve with similar implant alignment
between beginners and expert surgeons. In these studies,
it has been suggested that these technologies could play
an even greater role teaching surgeons how to accurately
implant compartmental knee components [9, 18]. In theory,
advanced tools might permit multi-compartmental arthro-
plasty to be performed through smaller incisions and with
less bone resection. Of course, the challenges associated with
a multi-compartmental approach increase with the number
of components being implanted making the use of additional
instruments and more sophisticated tools mandatory [42].

Conclusion

Since the beginning of this century, multiple advances in
modern knee arthroplasty surgery have been proposed,
however, we believe the most revolutionary emerging
idea is a true customized resurfacing of the knee, replac-
ing just the damaged compartment and preserving the nor-
mal biomechanics. This will require not only new implant
designs but also new technologies allowing the surgeon to
make extremely precise adjustments to implant alignment
and providing continuous feedback during surgery. Unless
these facilities are readily available, the dream of the true
customized compartmental resurfacing knee arthroplasty
will be reserved for highly experienced and high-volume
surgeons who will still be considered artists and not scien-
tists in this age of Mars exploration.
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