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Abstract

In this review, we outlined the definition of minimally invasive surgery (MIS) in total knee replacement (TKR) and described
the different surgical approaches reported in the literature. Afterwards, we went through the most recent studies assessing
MIS TKR. Next, we searched for potential limitations of MIS knee replacement and tried to answer the following questions:
Are there selective criteria and specific patient selection for MIS knee surgery? If there are, then what are they? After all, a
discussion and conclusion completed this article. There is certainly room for MIS or at least less invasive surgery for appro-
priate selected patients. Nonetheless, there are differences between approaches. Mini-medial parapatellar is easy to master,
quick to perform and potentially extendable, whereas mini-subvastus and mini-midvastus are trickier and require more caution
related to risk of haematoma and vastus medialis oblique (VMO) nerve damage. Current evidence on the safety and efficacy
of mini-incision surgery for TKR does not appear fully adequate for the procedure to be used without special arrangements
for consent and for audit or continuing research. There is an argument that a sudden jump from standard TKR to MIS TKR,
especially without computer assistance such as navigation, patient-specific instrumentation or robotic, may breach a surgeon’s
duty of care towards patients because it exposes patients to unnecessary risks. As a final point, more evidence is required
on the long-term safety and efficacy of this procedure which will give objective shed light on real benefits of MIS TKR.

Keywords Minimally invasive surgery - Less invasive surgery - Total knee replacement - Total knee arthroplasty

Introduction

In the early 1980s, laparoscopic abdominal surgery undeni-
ably pioneered minimally invasive surgery (MIS) in assess-
ing, then promoting and finally demonstrating favourable
benefits such as pain reduction and early patient recovery
[1], since many studies have documented reduced length of
hospitalization stay [2], early recovery time and reduction
in complications in laparoscopic surgery [3].

At the end of the 1990s, following these general surgery
concepts, a few orthopaedic surgeons advocated the use of
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MIS in unicompartmental knee replacement (UKR) [4].
Actually, the concept of MIS knee replacement commenced
long after mini-invasive hip surgery [5, 6] when the Judet
brothers described a less invasive anterior hip approach
using Hueter principles. However, the true concept of MIS
arose later at the beginning of this century mainly driven by
the two-incision hip approaches [7, 8]. Surfing on the MIS
model for hip, several teams [9, 10] disseminated minimally
invasive total knee replacement (TKR). This concept also
coincided with advanced development in computer-assisted
technology [11-14] and with the resurgence of UKR [15, 99].

Early results in mini-incision in total hip replacement
(THR) proved reduced post-operative pain and blood loss
[16]. Later, authors evaluated MIS TKR and confirmed that
post-operative pain was reduced compared to a conventional
TKR approach, but also it improved earlier knee motion,
lessen blood loss and shorten hospital stay [17]. Pioneers in
this field defined the precepts and goals of minimally inva-
sive knee replacement such as reducing the skin incision
and mobilizing the muscular skin window while performing
surgery [10]. Also, they pointed out the restrain of disrup-
tion of the supra-patellar pouch and recommended avoiding
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quadriceps tendon incision as little as possible either using
mini-parapatellar [18] approach or subvastus approach to
facilitate early quadriceps strength and straight leg raise [19,
20]. They avoided everting the patella or manipulating the
surrounding soft tissue structures by using additional assis-
tants or special retractors for faster knee flexion recovery
[21, 22]. This gave the concept of mini- and less invasive
TKR without clearly defining the difference between the
two. However, both claimed to reduce soft tissue damage,
consequently reducing blood loss, pain and improving early
patient recovery, mobilization and subsequently enhancing
the functional outcome [23].

Conversely to the very encouraging results listed previ-
ously, some authors raised some concerns with MIS TKR
regarding component malalignment [24], skin damage [25],
denervation injury through midvastus or haematoma through
subvastus approaches [26]. Even worse complications, such
as peroneal nerve damage [27], patella tendon rupture [28]
or acute compartment syndrome [29], were attributed to the
lack of vision of the lateral compartment in particular.

In this review, we will outline the definition of minimally
invasive and less invasive approach in TKR; then, we will
describe the different surgical approaches reported in the
literature. Afterwards, we will go through the most recent
studies assessing MIS TKR and identify the advantages and
drawbacks of the described techniques. Next, we will search
for potential limitations of MIS knee replacement and try to
answer the following questions: Are there selective criteria
and specific patient selection for MIS knee surgery? If there
are, then what are they? Finally, a discussion and conclusion
will complete this article.

Definition MIS in knee replacement

The first description of TKR approaches originated from knee
trauma when obviously the use of extensive approaches was
not an issue, it was a necessity. Some of these approaches
were used at an early stage of arthroplasty such as the medial
parapatellar or subvastus approaches or the lateral approach of
Keblish to quote only the most commonly used ones [30-33].
Repicci et al. [4, 34] endorsed UKR and promoted minimally
invasive approach in reducing the skin incision to around
10 cm length centred on the affected compartment and in the
same time reducing the medial parapatellar approach to the
minimum necessary. Later, pioneers in MIS [9, 10, 26] used
already known approaches and reduced their invasiveness to
fit the definition of minimally invasive or less invasive sur-
gery (LIS). The medial parapatellar became quadriceps spar-
ing approach [9, 28] and mini-medial parapatellar approach
[18], the midvastus became mini-midvastus [21, 22, 35, 36],
and the subvastus became mini-subvastus [19, 20, 37, 38].
It was quickly evident that standard instrumentation was not
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adequate for MIS, so new instrumentations including com-
puter-assisted surgery and even new implant designs emerged
and were used to facilitate the surgical procedure and launch
the new trend of MIS [36, 38]. Concomitantly, new anaes-
thetic techniques including spinals [39], peripheral blocks [40]
and local infiltrations [41] were instituted into standard care
and amplified MIS outcomes and benefits. Surgical and anaes-
thetic techniques, new technology and new instrumentations
all acted conjointly in the concept of MIS or less invasive
surgery (LIS) [26].

MIS and its aims can be confused. MIS is about “tissue
sparing” surgery that lessens the assault on the joint and the
patient so giving a better outcome [36]. It aligns with the
Enhanced Recovery After Surgery (ERAS) philosophy of
doing less damage so that the patient recovers quicker [42].
In some ways, the title MIS is unfortunate as it leads to a
focus purely on incision length (easy to measure and report)
and the associated improved cosmesis [36]. It is often con-
fused with minimal or mini-incision surgery where the same
cuts are made under the skin as in a standard approach, but
the skin incision is smaller. This does not fulfil the aims of
MIS. In an ideal MIS tissue sparing surgery the tissues are
cut, displaced and handled as little as possible during the
operation so as to minimize the damage to them and work-
ing with tissues the minimum force is used. Less damage
caused during the operation should correlate with a quicker
recovery and better function [43].

We will now describe in detail each MIS approach.

MIS approaches description

The more usual anterior knee approaches are the two
described by Langenbeck (in 1879) and Insall opening the
joint medially along the vastus medialis oblique (VMO),
close to the patella and the patellar tendon for the later [44]
(Fig. 1).

Four mini-invasive approaches are shown in Fig. 2.

The mini-medial parapatellar is a modification of a stand-
ard TKR approach. It was first put forward by Tenholder
et al. [18] and is based on the idea that approaches are on a
continuum from the tradition to the quadriceps sparing. The
authors used a standard medial parapatellar approach and
arthrotomy but defined the “MIS” version as a limited skin
incision, less than 14 cm, limited medial parapatellar arthrot-
omy and an incision into quadriceps tendon limited to 4 cm
[18]. Results are reported to be similar but not identical to
MIS. However, it is useful as it allows the surgeon to judge
the necessary exposure from minimal to large. It requires
less training than other MIS approaches and is easy to extend
if lack of exposure becomes a problem during the operation
[26]. Further limitation of the incision into the quadriceps
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Langenbeck Insall

Fig.1 Conventional approaches of Langenbeck (left) and Insall
(right)

tendon (2 cm or less) makes this approach comparable to
the quadriceps sparing, giving the same clinical results [45].

The mini-midvastus approach was first reported in 2004
[17,21, 46] and is the most popular approach for MIS in the
knee [26]. It limits the division of vastus medialis to 2 cm,
and the patella is subluxed but not everted. The skin incision
extends from the superomedial pole of the patella to just
below the joint line. This approach is a traditional medial
parapatellar capsulotomy extended to the fibres of the vastus
medialis [46]. The approach is a modification of the familiar
midvastus, does not require major instrument modification
and is extensible in difficult cases [26]. However, this could

Fig.2 From left to right:

(1) mini-medial parapatellar
approach which is basically a
small conventional approach
without cutting the quads; (2)
MIS Quad-sparing approach
which is straight above the
patella, (3) mini-midvastus
approach which goes through
the vastus medialis approach
(VM); (4) mini-subvastus
approach which goes under the
VM

lead to possible denervation of parts of the vastus media-
lis, vasculature disruption and haematoma formation, but
in general these problems are not seen if the division is kept
to 2 cm or less [26].

The mini-subvastus approach has no quadriceps incision;
rather, the muscle is raised across the anterior aspect of the
femur and retracted laterally. The incision is made along the
inferior border of vastus medialis and then distally along the
medial side of patella [47]. Early papers identified this as a
difficult technique with proper patient selection required [48].
This approach is meant to completely avoid damage to the
quadriceps mechanism, but it showed similar post-operative
outcomes to the mini-midvastus [47] and quadriceps sparing
[49]. It is a particularly difficult approach with a large quadri-
ceps muscle mass so not suitable for muscular male patients;
it is not currently popular [26].

The quadriceps sparing approach was first reported in 2003
[9]. The idea, as the name suggests, is to avoid damaging the
quadriceps tendon and muscle and so they are not divided. It
is defined as a skin incision of around 10 cm in length, and
the arthrotomy extends from the superior pole of the patella
to 2 cm below the tibial joint line on the medial side of the
knee. Instruments to enable this were new and unfamiliar, so
surgeons required cadaveric training before performing this
approach [26]. Early good results were reported but not for all
patients or all surgeons—patient selection and skill of surgeon
were vitally important for this approach to be used successfully
[26]. Some prostheses were modified to fit with this approach,
being made smaller. Results improved with time [36, 45].

&
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Compare conventional surgical technique vs
MIS

The initial literature supporting MIS gave earlier recovery,
less pain, greater flexion, less blood loss [17, 23, 43, 50].
However, other authors raised concerns about increased
complications including malalignment and wound prob-
lems [24, 25, 28] and some did not identify significant
differences with respect to conventional TKR for blood
loss, infection or ultimate wound healing [51].

As MIS TKR has been around for a while, there is
enough published evidence for meta-analyses to be car-
ried out. However, results are still not conclusive. In gen-
eral, MIS approaches appear to give better earlier flexion
and/or range of motion [52-58] although not for all MIS
approaches [52, 53]. The majority showed earlier straight
leg raise [52, 53, 55] but not all [54]. MIS appears to
improve immediate post-operative pain scores [52, 54] and
early KSS [52, 53, 57] although one analysis found no dif-
ference in KSS [54]. Based on the current meta-analyses
[52-58] there are conflicting results for blood loss, LoS,
wound problems and peri-operative complications between
MIS and standard approaches, so it is still not easy to draw
conclusions. However, two of the most recent meta-anal-
yses have shown no clinical advantages for the quadri-
ceps sparing approach over the medial parapatellar but an
increased risk of malalignment and malposition [59, 60].

Another issue with the success of MIS TKR is the fact
that it is only one part of a major change to care over
the last 15-20 years [26]. The changes outside the actual
surgical procedure have been termed enhanced recovery
programmes (ERP) and often include local infiltration
analgesia (LIA) and have shown early mobilization, short
length of hospitalization stay and good functional out-
come results easier recovery, shorter hospital stay, less
pain, less blood loss, greater RoM [61-63]. Therefore, it
is hard to isolate the effect of MIS and similar results can
be achieved without its use [64]. However, MIS TKR may
still show better range of knee motion after the third day
[65].

Potential limitations of MIS

Minimally invasive knee surgery implies a restricted visual
field with respect to a standard knee approach whatever
approach is chosen. The concept of MIS or less invasive
surgery is associated with the technique of “movable
window” which allows the surgeon to access anatomic
articular structures in moving the knee until the surgeon’s
axial vision is centred on the interested area through the
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Fig. 3 Field of view of the mini-parapatellar approach

open soft tissue of the knee [21]. It is straightforward to
understand that medial knee anatomic structures are easily
accessible with any minimally invasive medial approaches.

Indeed, the mini-subvastus approach offers a nice view on
the medial aspect of the knee [17] as well as mini-midvastus
and even mini-parapatellar approaches extended to 2 [45]
or 4 centimetres [18] (Fig. 3). On the other hand, it is easy
to recognize that the lateral side of the knee is trickier to
access with any of the medial approaches even with mini-
instrumentations and good lighting.

The fad pad that some are preserving to increase post-
operative flexion [67] and avoid post-operative patella baja
may reduce visibility on the lateral femoral condyle and
tibial plateau. However, new instrumentations have been
designed to offset the lack of access [36]. Also, lighting
apparatus either affixed on the surgeon’s helmet or directly
on retractors appeared with advanced MIS techniques. In
order to increase the vision on the lateral aspect of the joint,
some surgeons advocated performing the first step of patella
resurfacing, i.e. osteotomy, which then opens up the field of
view [46, 68]. As mentioned already most of the techniques
encourage the surgeon not to evert the patella so to not close
the lateral compartment of the knee to the view [26, 69].

However, even with appropriate instrumentations, deep
anatomic structures of the knee are very difficult to visual-
ize such as the popliteus tendon and particularly it’s femoral
insertion, but also the posterior horn of the lateral meniscus,
the lateral synovium tissue and even more difficult to see are
the ligament collateral ligament (LCL) and the biceps tendon
[27]. Despite the small MIS field of view, surgeons may still
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see reasonably well in slim and easy knee, but it becomes
more challenging with overweight patients, with stiff knee
and/or patella baja [70].

In this section, we would like to identify in the literature
some of the anatomic structures that may compromise the
surgeon’s field of view and ultimately infringe some of the
basics principle of TKR.

Skin issues

The first limiting structure of MIS is the skin. MIS or LIS
requires stretching the skin particularly to both extremities of
the incision. Studies showed that stretching the skin gener-
ated ischaemic areas that may not recovered especially dur-
ing long period of time [71], such prolonged surgical dura-
tion [48]. Consequently, the skin may struggle to recover
even after thorough closure and can compromise early heal-
ing [51]. Seo et al. [72] reviewed a series of 448 knees MIS
TKR and found that minor wound complication rate was
13% with fat pad resection and 3% with infrapatellar fat pad
preservation.

Skin length incision is a central objective of MIS or LIS
TKR. The position, alignment and stretch yield to the skin
incision are essential to understand in the MIS TKR. The
Langer’s line on the skin knee is horizontal roughly in the
front of the patella and slightly above, whereas they become
vertical beyond. “Lines of maximal extensibility run perpen-
dicular to the relaxed skin tension lines or Langer’s line and
indicate the direction in which closure can be performed with
the least tension”. Thus, there will be less tension at the edge
of a wound in the same orientation of relaxed skin tension
lines [73, 74]. The small skin incision of MIS usually remains
in the horizontal skin tension line. It means that long-term
stretches on the elastic fibres may result in the loss of recoil
because elastin can fragment and compromise closure and
early healing [71]. “This especially happens after 70 years
old” which represent a big contingent of knee replacement
age group [75]. Some are recommending assessing skin
extensibility with the “pinch test” prior to perform the skin
incision. MIS principles rely on limited skin incision which
may put at risk the surrounding structures and may compro-
mise skin blood flow [74]. Overall these factors may explain
some of the wound issues after MIS TKR.

Muscles and underneath skin tissue issues

Underneath skin tissues (i.e. musculo ligamentous struc-
tures) are subject to sturdy tension either by the surgeon,
assistant(s) or instrumentations during MIS TKR. Niki et al.
[76] noted that the midvastus approach created the great-
est rise in myoglobin and creatinine kinase levels. However,
it seems that torque measurements [77] and electromyo-
graphy [EMG] analysis [78] could not find any differences

between midvastus and subvastus approaches which is an
extra-muscular approach. Callaghan et al. [78] observed that
EMG abnormalities in the quadriceps muscle are certainly
neuropraxic injury but with no functional consequences. In
another study from Kelly et al. [79], they also were not able
to identify any difference between medial parapatellar and
midvastus splitting approach using again EMG exploration.
Therefore, stretch and tension exerted on the muscular tissues
whatever approaches are used may have biologic or EMG
consequences but apparently no functional aftereffects.

According to Niki et al. [76] again from the perspective of
the kinetics of muscle-related enzymes, the degree of muscle
damage was actually equivalent between MIS and conven-
tional TKR. Therefore, MIS may actually not be much dif-
ferent from conventional surgery as far as tissue damage is
concerned.

Patella tendon and vascular nerve structure issues

In 2011, a meta-analysis compared complications between
MIS and conventional knee replacement and they clearly
found increasing number of complications with MIS com-
pared to conventional TKR [27]. Indeed, MIS surgery
seemed to demonstrate greater prevalence of skin necrosis
and delayed wound healing with more superficial wound
and even more deep infections, three times more than con-
ventional TKR. We already went through potential reasons
for these eventful skin complications, but more worryingly
are other very serious complications such as patella tendon
injury, partial or even complete section, twice as frequent
in MIS than conventional TKR. It is interesting to note
that popliteus tendon injury, deep peroneal nerve palsy and
maybe notching are also more recurrent in MIS TKR, which
might be related to reduced view of the lateral compartment.

Popliteus tendon damage has been reported in the lit-
erature with conventional knee replacements, but probably
innocuous to patients [80] and also insignificant on knee
laxity in particular [81]. As a result, we could consider this
complication as minor, whereas the patella tendon rupture is
unquestionably more serious as well as deep peroneal nerve
injury which have both severe consequences and sometimes
definitive impairment for patients. MIS recommends to not
evert the patella to avoid stuffing the joint line, but actually a
study showed that out of 66 randomized TKR everting or not
the patella did not impact the post-operative patella height
but did increase its risk of damage [82].

For Gandhi et al. [27], the MIS TKR appears to cause
unnecessary risk for the patient without demonstrating
any clinical benefit in the parameters examined. It is true
that some studies are alarming and reporting for instance
vascular damage which are obviously related to the lack of
vision and limited access to the posterior aspect of the knee.
Some surgeons advocated to keep the knee in extension or
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in midflexion to saw the tibia without any posterior retractor
protection increasing obviously the risk of posterior vascular
damage [68].

Finally, in a study from Kuo et al. [83], they reported a
high transfusion rate which was 39.5% (81 patients out of
205) in MIS group and 8.3% (34 patients out of 410) in the
control group (P < .001). Longer surgical duration amongst
other factors may explain the difference.

It seems that knee soft tissues are at risk when perform-
ing MIS TKR.

Cementation issues

The lack of sight can also compromise the cementation if
used. Again, Ganghi et al. [27] found in their review an
increase in gross component malpositions, subsidences
and more non-progressive radiolucent lines in MIS than
in conventional TKR. Ang et al. [84] found similar results
even though they could not identify more abnormal cement
mantle discrepancy on the lateral tibia, which is the vision-
less area in most frequently used medial approaches. How-
ever, maybe the sample size was too small to identify this
problem.

Instrumentation and implant

In order to counterbalance some of the difficulties of MIS
TKR, authors have recommended the use of specific instru-
mentation dedicated to MIS and have even advocated work-
ing with more than one assistant [21, 26]. Besides new
retractors, companies have redesigned conventional jigs such
as the so-called sided cutting tools. Conceptually appealing,
these instruments are less cumbersome but still require spe-
cial assessment because surgeons have to adapt to a new way
to place their cutting jigs and performed bone cuts. Conven-
tional instrumentation usually divides the femoro-tibial bony
cuts into coronal and sagittal, whereas sided jigs combine
both plans in one, which requires further training. There is
no proper independent assessment of these jigs. That is why

Fig.4 Example of tibial plateau with small keel fitting into minimally
invasive surgical (MIS) approach
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navigation systems and/or patient-specific instrumentation
(PSI) gained popularity within the new paradigm [85—88]. In
addition to new instrumentation, new implant designs such
as short uncemented tibial keels were launched promptly
onto the market to respond to MIS constraints related to the
small working field of view (Fig. 4). Precoated stems and
modular implants were also tried.

Despite noticeable improvements with these instru-
ments, there are still many unsolved questions related not
only to technique and material but also to safety, efficacy,
cost-effectiveness and clinical advantages of these new tools
and new implants [89]. Durability is finally of paramount
importance in joint replacement surgery, and therefore, stud-
ies must address short-term and long-term results especially
with new implants combined to new approaches. Most recent
studies between 2 and 4 years and even after 6-year follow-
up did not demonstrate negative long-term functional results
of MIS TKR with respect to conventional TKR [90, 91]. The
two quoted studies included small number of patients with
48 and 66 patients, respectively.

Lastly, Bendich et al. [66] compared two minimally inva-
sive approaches, quadriceps sparing (QS) and mini-subvas-
tus (MS), and of all radiologic measurements, they found
that coronal plane tibial component position was outside
the desired range in 17.5% of patients in the MS group and
16.4% of patients in the QS group which are both important
number of outliers.

Computer-assisted navigation and patient-specific instru-
mentations are advocated in most of recent reported series
of MIS TKR in order to ensure alignment during surgery
[106—109]. However, this does not prevent improper cemen-
tation to the lack of view, which encouraged companies to
develop new uncemented knee designs.

Are there selective criteria and specific
patient selection for MIS knee surgery?

The initial papers about MIS in UKR gave clear patient
selection criteria [34]. Some authors have deliberately
excluded some patients from MIS TKR. In 2006, Lonner
et al. [43] defined good and bad candidates for MIS TKR.
Suited patients were non-obese, non-muscular (mainly
female), with varus deformity < 10°, valgus deform-
ity < 15°, range of motion (ROM > 90°) and inadequate
patients were those with stiff knees (< 50° ROM), fragile
skin, marked obesity, patella baja, large femoral or tibial
size, muscular patients, severe osteopenia and rheumatoid
arthritis.

In 2017, Khakha et al. [92] confirmed some of these
exclusion criteria and adding more such as, fixed flex-
ion deformity > 5°, knee flexion < 90°, valgus deform-
ity > 10°, gross bone loss, patients undergoing revision
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surgery previous osteosynthesis involving the knee, periph-
eral vascular disease, diabetes mellitus, long-term corticos-
teroids and neurological deficit, which ultimately reduced
significantly the number of suitable patients for MIS TKR.
Finally, other surgeons define the ideal patient as young,
thin, healthy and motivated and declined patients who are
overweight, with marked bone or joint deformity, muscular
and again patients requiring larger sized implants [26, 38].

Nothing in these papers have clearly mentioned a BMI
threshold for MIS TKR. However, it is relevant to notice
that many published articles are reporting low BMI (< 35).
However, Klingenstein et al. [93] evaluated the impact of
morbid obesity (BMI > 40) on 597 patients out of 4173 and
demonstrated a significant increased length of stay (LOS)
compared to MIS TKR performed on lower BMI.

Finally, Amanatullah et al. [94] indicated that due to
learning curve and investment in instrumentation, MIS TKR
is best suited to specifically trained high-volume surgeons.

Discussions

Aesop' a famous story teller wrote: “The smaller the mind
the greater the conceit”. Would this apply to minimally inva-
sive TKR? “The smaller the approach the greater the con-
ceit?” Certainly, pride may have a bit to do with trying in
an already sometimes challenging surgery to make it more
complicated by voluntarily reducing the field of view. On the
other hand, it is of its time to minimize the invasiveness of
surgery. In 1994, Wickham reported on future developments
in a paper entitled “minimally invasive surgery” and quoted
pioneers in the field of abdominal surgery writing that the
general aim of minimally invasive treatment was “to mini-
mize the trauma of interventional process but still achieve a
satisfactory therapeutic result” [95].

Mark Twain® wrote “Many a small thing has been made
large by the right kind of advertising”. and this is truly what
happened with MIS THR and TKR. Callaghan et al. [96]
reviewed 92 websites of knee society members and found
that 22.7% made indirect reference to MIS TKR, while only
10.9% made a direct reference. They referred to faster recov-
ery on 90% of indirect sites and 50% of direct sites, whereas
specific risks were discussed on only 35%. Some compa-
nies drove changes and MIS TKR followed the successful
introduction of MIS THR. The concept of MIS was obvi-
ously very appealing to patients for cosmesis reason and ulti-
mately to surgeons. In 2016, Dalton et al. [97] showed how

! Aesop. Greek slave and fable author (620 BC-560 BC).

2 Mark Twain. A Connecticut Yankee in King Arthur’s Court US
humorist, novelist, short story author and wit (1835-1910).

Fig.5 National Joint Registry (NJR) in England reporting MIS Total
Knee Arthroplasty (TKA) between 2005 and 2014

companies are actually now driving innovation in orthopae-
dics and MIS was probably one of their greatest successes.

The merit of MIS TKR introduction and its widespread
exposure challenged long-term concepts of conventional
TKR. This new approach to TKR was driven by several
factors. First of all other specialties were ahead of ortho-
paedic surgery with regard to minimally invasive surgery
principles [8]; second of all, the resurgence of UKR using
mini-invasive approach gave surgeons the skills to transpose
similar technique to TKR [98, 99]; third the development
of computer-assisted technology with the navigation and
robotic surgery which interestingly followed the progres-
sion of UKR growth on the market [12, 97]; and finally the
rapid adoption of enhanced recovery thinking in arthroplasty
surgery [61, 62].

Notwithstanding an initial real enthusiasm with MIS
TKR, it seems there has been a loss of impetus. The num-
ber of MIS TKR in England & Wales recorded in the NJR
clearly shows a decrease over recent years [91] (Fig. 5).
Despite some authors recommended the use of computer-
assisted navigation or PSI to counterbalance the lack of
view during MIS TKR and demonstrated good results, both
are not mainstream yet [106—109]. One of the main reasons
of demoted focus on MIS TKR is the development of the
rapid recovery or also called fast track recovery concepts.
As given in “MIS approaches description” section, ERPs
and LIA used in conventional TKR have proven to give
most of the original claimed benefits of MIS. Analysis of
the reported improvements of MIS has shown that these are
the result of multifactorial changes to surgical practice and
there is insufficient evidence that MIS affects early post-
operative recovery or soft tissue trauma in isolation to the
other included changes [26, 64].

Our department, as in many orthopaedic elective high-
volume centres, was interested in trying and assessing MIS
TKR as a driver to reduce soft tissue invasiveness and sub-
sequently minimize the patient’s recovery time. However,
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Fig.6 Minimally invasive total knee arthroplasty using computer-
assisted navigation technology

very early on (i.e. in 2007), our department adopted and
implanted a very successful enhanced recovery programme
[63] including preoperative patient education, local infiltra-
tion analgesia (LIA) and early mobilization [100, 101]. We
rapidly noticed that even conventional TKR approaches,
which were mainly medial parapatellar, allowed the patients
to get up and move the same day of surgery and in more
than 99% within 24 h with hospital discharge within 4 days
[102]. The incentive to continue or implement MIS became
less overwhelming for most of the surgeons. Potential dis-
advantages of less invasive joint replacement related to the
difficulty in performing surgery in a restricted visual field
and to learning a new-exposure technique had already been
widely reported (as given in “MIS approaches description”
section) including increased wound problems and risk of
malalignment. Our department adopted CAS technology to
avoid inaccurate alignment [103], but still MIS TKR lost
popularity as the perceived risks outweighed the possible
benefits, most of which were already being realized with
our ERP (Fig. 6).

It is nevertheless undeniable that MIS steered changes
in this field of TKR and the implementation of guided
technology and robotic as well as fast recovery programs
have benefited from intensively exposed MIS TKR. There
is certainly room for MIS or at least LIS for appropriate
selected patients. Nonetheless, there are differences between
approaches. Mini-medial parapatellar is easy to master,
quick to perform and potentially extendable, whereas mini-
subvastus and mini-midvastus are maybe trickier and require
more caution related to risk of haematoma and VMO nerve

@ Springer

damage [104]. Current evidence on the safety and efficacy
of mini-incision surgery for TKR does not appear fully ade-
quate for the procedure to be used without special arrange-
ments for consent and for audit or continuing research. There
is an argument that a sudden jump from standard TKR to
MIS TKR, especially without computer assistance such as
navigation, PSI or robotic, may breach a surgeon’s duty of
care towards patients because it exposes patients to unneces-
sary risks [105].

As a final point, more evidence is required on the long-
term safety and efficacy of this procedure which will give
objective shed light on real benefits of MIS TKR [26, 64].
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