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Abstract

Introduction Tibial tubercle osteotomy (TTO) is a well-established extensile approach to improve joint visualization and
implant removal. Despite this, TTO is a challenging technique with a long learning curve and potential pitfalls. Complica-
tions are not infrequent, even if performing the correct surgical steps. Aim of this paper is to review the current literature
about TTO, its safeness and reliability, and finally the complications rate.

Materials and methods We performed a systematic review of the available English literature, considering the outcomes and
the complications of TTO. The combinations of keyword were “tibial tubercle osteotomy”, “total knee arthroplasty”, “total
knee revision”, “outcomes”, “complication” and “surgical approach”.

Results From the starting 322 papers available, 26 manuscripts were finally included. Most of the papers show significant
improvements in clinical outcomes, both in primary and in revision procedures. Radiographic fragment healing is close to
100%. Related complications can range from 3.8-20%.

Conclusion TTO may be necessary to correct pathological tuberosity position or patella tracking. However, TTO is a chal-
lenging technique to improve the surgical approach during total knee arthroplasty. A strict surgical technique can lead to
better results and to minimize complications. However, it is not clear if the improved outcome can outweigh the longer

surgery and the higher risk of pitfalls.

Keywords Tibial tubercle osteotomy - Total knee arthroplasty - Revision - Complications - Outcomes - Surgical approach

Introduction

Nowadays total knee arthroplasty (TKA) is one of the most
widely performed procedures in orthopedics practice, prov-
ing remarkably successful in providing pain relief and restor-
ing joint function. Consequently, the requirement for revi-
sion total knee arthroplasty (RTKA) in the United States was
projected to grow by 601% between 2005 and 2030 [1]. In
addition, the rate of re-revisions is also expected to increase,
with some studies showing a current figure in the range of
8-18% [2]. The results after primary knee arthroplasty are
reasonably predictable and reproducible.
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Revision knee arthroplasty is usually associated with
worse results than after primary arthroplasty [3]. There are
many causes of failure of a TKA and the need for revision.
Determining the cause of failure is essential when planning
a revision procedure, since this will determine which com-
ponents require extraction and replacement; which surgical
approach should be performed; whether the procedure can
be performed as a one-stage or two-stage procedure; which
type of implant should be used; and how the patient can be
informed about the expected outcome [3]. Moreover, having
a diagnosis before starting a revision is crucial. Revisions
performed for undiagnosed pain have worse results [4].

Lombardi et al. [5] found aseptic loosening was the major
reason of revision in terms of frequency (31.2%), followed
by instability (18.7%), infection (16.2%), polyethylene wear
(10.0%), arthrofibrosis (6.9%) and misalignment (6.6%).
Other probable causes are osteolysis, patella-femoral or
extensor mechanism problems and peri-prosthetic fracture.
Regardless of the cause of failure, the key to the success of
revision TKA is a safe surgical approach using an exposure
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that minimizes complications, allowing a correct manage-
ment of soft tissues. Exposure of the knee may be difficult
in RTKA. Common problems associated with repeat revi-
sions are loss of bone stock, progressive scarring, deficits
of the extensor mechanism, and stiffness. Therefore, tech-
nique modifications that focus on preservation of bone stock,
maintenance of the extensor mechanism, and enhanced early
mobilization bear importance are widely used. The under-
lying problem is frequently due to fibrous retraction of the
patellar tendon, or the extensor mechanism. This makes
eversion of the patella difficult and forced eversion may
result in patellar ligament rupture, which may have profound
consequences. Although, in most patients, a medial parapa-
tellar approach (MPA) with complete synovectomy is suffi-
cient, various surgical approaches can be used in these tricky
situations, but occasionally, severe complications have been
reported, mainly related to the loss of complete extension of
the knee, due to the caused tissue fibrosis, or with vascular
compromise of the patella, triggering a secondary necro-
sis. If additional exposure is needed, a quadriceps snip (QS)
performed through the quadriceps tendon often provides the
additional exposure required. The usefulness of this kind of
approach is that it is simple and does not modify the postop-
erative rehabilitative protocol. Due to the risk of postopera-
tive extensor lag, a V-Y quadricepsplasty is rarely indicated.
In rare cases, in which additional exposure is needed in stiff
knee or patella baja, or when removal of a cemented long-
stemmed tibial component is required, a tibial tubercle oste-
otomy (TTO) may be used. Since TTO was first described by
Dolin in the 1980s [6], it has widely become one of the expo-
sures of choice for revision surgery; because of its low com-
plications rate, it is useful in explantation and implantation,
secure and protect the extensor mechanism, lower tourniquet
time, and do not interfere with postoperative mobilization
and weight bearing. Moreover, TTO has shown excellent
clinical outcomes in a variety of patellofemoral problems.
In general, TTO may be considered in cases of an excessive
lateral position of the tuberosity (TT-TG > 20 mm) or patel-
lar height abnormality (Caton-Deschamps index > 1.2) in
patients with patellofemoral instability or to decrease stress
at the patellofemoral joint in patients being treated for large
focal defects of the patella or trochlea [7]. TTO represents a
reliable option in this scenario, which includes several alter-
natives such as tuberosity anteriorization, distalization and
anteromedialization [8].

However, TTO is not free from complications, such as
problems with pain in the anterior side of the knee due
to the impact of the osteosynthesis material, proximal
migration of the anterior tibial tuberosity (ATT), frac-
ture-avulsion of the ATT, fracture of the ATT, fracture
of the tibial shaft, or loss of extensor mechanism function
[9]. The TTO is typically 7-10 cm in length, with the
coronal osteotomy made from the medial side [10, 11].
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Proximally, the thickness should be approximately 1 cm,
tapering distally to approximately 5 mm. This is performed
with a small oscillating saw, which is also used to make
a transverse cut at the distal aspect of the osteotomy. The
proximal transverse cut is made parallel to the joint line
with a small osteotome. Ideally, a proximal bony bridge
is maintained to prevent migration of the tubercle during
healing. Next, two large osteotomes are used to elevate the
fragment of the tubercle, while maintaining the soft-tissue
envelope laterally. The patella can then be everted and the
knee flexed to complete the procedure. Finally, the knee is
extended and the displaced fragment of tubercle is brought
back to its anatomical location [12]. Several fixation meth-
ods of the ATT have been described, such as the synthesis
with cerclage wire or screws, or the use of different sutures
[13]. The aim of this paper is to evaluate the efficacy and
safety of TTO as a useful surgical approach in difficult
total knee arthroplasty, especially during revision surgery.

Materials and methods

We performed a systematic review of the available English
literature to answer to two main research questions:

e How TTO could improve clinical outcomes of TKA
procedure?

e What is the safety and rate of complications of tibial
tuberosity osteotomy?

The Pubmed, Embase, Medline, Medscape, Google
Scholar and Cochrane library databases were screened
for relevant studies. The search strategy consisted of a
combination of the following keywords: tibial tubercle
osteotomy, total knee arthroplasty, total knee revision, out-
comes, complications, and surgical approach. We included
clinical studies with a follow-up greater than 12 months
and with a cohort of patients greater than 10. Non-perti-
nent manuscripts were excluded. Exclusion criteria were
in vitro studies, case report, expert opinion and review
or meta-analysis. We carefully examined reference lists
from previous reviews or meta-analysis not to miss perti-
nent papers. The search was limited to studies published
in English. Two reviewers (S.B. and S.D.) independently
screened the titles and abstracts from all identified arti-
cles to assess their appropriateness to the research focus.
In case of conflict among reviewers, a collegial evalua-
tion with remaining authors was performed. References
from the identified articles were checked not to miss any
relevant articles. Every titles and abstracts that met our
keywords were examined. The flow diagram illustrates the
review process (Fig. 1).
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Results

A total of 322 articles were identified, 137 duplicates were
removed. Among 44 eligible articles, we selected only
whose responding to our inclusion criteria. During papers’
selection, no cases of conflict between two authors were
reported. 26 manuscripts were finally included and fully
evaluated. Table 1 summarizes clinical and radiographic
outcomes and rate of complications after TTO in TKA.
(Table 1).

How TTO could improve clinical outcomes of TKA
procedure?

Most of papers show an improvement of all clinical param-
eters evaluated, as Range of Motion (ROM), Visual Analog
Score (VAS) and several clinical evaluation scales. These
achievements seem to be independent if patients underwent
to a primary or revision surgery and regardless of which is

the cause of the revision. Langen et al. enrolled 580 patients
for a primary TKA and categorized them into three groups:
control group undergoing MPA, neutral TTO group and val-
gus TTO group (valgus > 10°). They reported a significant
improvement in terms of ROM, clinical and functional
scores at 1 year postoperatively. Moreover, no significant
differences were found among groups over time, neither in
leg alignment at the end of follow-up. The classic medial
parapatellar approach frequently used in TKA proved to be
sometimes insufficient in difficult cases such as rheumatoid
arthritis (RA) [14]. Eid et al. [15] reported twenty-three
knees in 20 patients with end-stage arthritis and knee stiff-
ness due to RA. TTO was performed as a step of surgical
procedure, displaying a meaningful improvement of clinical
scores. As said before, there are many technique modifica-
tions useful when an additional exposure is needed. Among
these, quadriceps snip (QS) and TTO approaches are com-
monly used for complicated revision TKA [16]. Sun et al.
[17] enrolled 58 patients undergoing a second-stage RTKA
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for infected TKA using one of these two surgical approaches.
ROM and most clinical and functional parameters improved
significantly in both the groups at final follow-up. There was
a significant improvement in The Knee Society Score (KSS),
Hospital for Special Surgery score (HSS), Western Ontario
and McMaster Universities Osteoarthritis Index (WOMAC)
scores and maximum flexion compared to the preoperative
status in both groups and they were comparable between the
two groups. Moreover, the femorotibial alignment and patel-
lar height also showed no differences between the two
groups. These two procedures proved to be efficient as surgi-
cal approach in revision surgery. This is not the only paper
where these techniques are compared. Bruni et al. [18] fol-
lowed 81 patients with chronic prosthetic knee infections
who were randomized to receive a TTO or QS for exposure
at the time of reimplantation. Patients in the TTO group had
a higher mean KSS and maximum knee flexion with a lower
incidence of extension lag than the QS group. Lateral para-
patellar approach (LPA) is rarely indicated but is useful in
the severe valgus knee deformities where MPA could be
insufficient. It promises direct exposure and release of the
contracted lateral soft tissues and straightforward correction
of the patellar mal-tracking. Chalidis et al. [19] studied 53
consecutive patients who had non-correctable grade II val-
gus deformity (> 10°) undergoing a primary TKA via LPA
with a TTO over a 10-year period. Mean knee flexion, exten-
sion, clinical and functional scores improved significantly.
Furthermore, the tibiofemoral angle changed from a preop-
erative median value of 11° (10-17) to a postoperative value
of 3.75° (0-9) with a leg alignment restoration. Congruent
patellar tracking was observed in all cases. The results of this
study support the use of LPA with TTO during TKA for
non-correctable valgus knee osteoarthritis (OA). The ration-
ale is that knees with a valgus deformity need for a lateral
retinacular release because the Q angle is higher than usual
and the patella is frequently subluxed laterally. The release
of lateral retinaculum is incorporated in the lateral approach
and proper patella tracking can be effectively achieved.
These findings were validated by Apostolopoulos [20].
Nikolopoulos et al. [21] compared MPA and LPA with a
TTO for non-correctable valgus knee osteoarthritis OA.
Although they did not find significant differences in terms
of VAS, maximum flexion and functional scores, the two
techniques appear to differ significantly in the degree of the
deformity in the anatomical axis alignment, with the TTO
Group patients suffering a significantly smaller degree of
deformity. The author concluded that even though both tech-
niques could provide excellent results, the use of a LPA
combined with TTO may be highly beneficial in moderate
to severe valgus deformities. Piedade et al. [22] divided their
patients into two groups. In group A, primary TKAs were
performed with a classic MPA without a tibial tubercle oste-
otomy, while in group B, patients underwent TKAs with

LPA along TTO to improve surgical exposure. The decision
to perform TTO was determined preoperatively during the
clinical and radiological examinations. In this series, a lat-
eral or anterolateral approach was routinely performed in
cases of valgus knee to assist with ligament balancing. In
48% of these valgus knees, TTO was carried out, first, to
obtain an adequate medial plateau exposure and to evert the
patella and when limited ROM was identified preoperatively.
Postoperative clinical outcomes demonstrate that there is no
significant difference in terms of pain, ROM, International
Knee Society score (IKS) and degree of knee malalignment
correction whether TTO was used. However, it should be
emphasized that patient selection and proper technical pro-
cedure have a significant role in postoperative results. Simi-
larly Hay et al. [23] compared MPA and lateral subvastus
approach (LSA) with TTO in 32 patients undergoing pri-
mary TKA. Mean knee flexion, VAS, ROM and clinical
scores improve significantly but there was no difference
between two groups. The difference in the incidence of
patellar subluxation at 2 years was statistically significant.
Finally, it would seem to be more appropriate to reserve this
technique for patients with problems of patellar tracking.
However, TTO could also facilitate the anteromedial
approach in a stiff joint and allows modification of the patel-
lar position by acting on the distal side of the extensor sys-
tem. As reported by Tabutin et al. [24], this technique could
be suitable both in primary and revision surgery. They exam-
inated 20 patients and divided them into two groups. The
author shows a significant improvement in clinical and func-
tional scores in both groups, with a greater gain in the patel-
lar index and clinical capacities in the primary arthroplasty
subgroup. Nevertheless, as said before, TTO is mainly useful
as further exposure in revision surgery. Chinzei et al. [25]
compared two groups of patients undergoing, respectively,
primary and revision TKA. TTO was performed in compli-
cated primary TKA, that is, severe fixed valgus deformity of
the knee, rheumatoid arthritis and problems of patella track-
ing. The reasons for revision TKA included infection and
aseptic loosening. Overall knee flexion and extension, ROM
and functional scores improved significantly. The most inter-
esting finding is that clinical outcomes improved in both
groups, but postoperative ROM is significatively better than
before surgery only in revision one. TTO seems to be effec-
tive for revision surgery regardless the reason of reinterven-
tion itself. Punwar et al. [26] performed forty-two for single-
stage revisions and two-stage infected revisions. Clinical
scores improved significantly in both groups. Certainly,
functional outcomes were better in single-stage group and
especially patients with TTOs fixed at a second stage were
slower to recover function compared with those in the single
stage. However, this paper shows, as remarkable finding,
how in two-stage revisions, sequential osteotomies do not
decrease union rates. The osteotomy is usually performed
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through the anterior metaphyseal cancellous bone of the
tibia but it can be extended into the intramedullary canal if
tibial stem and cement removal are necessary. Furthermore,
repeat osteotomy may be required in another RTKA. Cha-
lidis et al. [27] assessed whether intramedullary extension
of TTO or repeat osteotomy affected the healing rate in
RTKA. Bone healing occurred in all the cases. The median
healing time for the extramedullary osteotomy group was
12 weeks and for the intramedullary osteotomy group it was
21 weeks. Repeat osteotomy was not associated with delayed
union. Reliable bone healing can be expected with intramed-
ullary extension or repeat TTO in RTKA. However,
intramedullary extension of the osteotomy prolongs the
union time of the tibial tubercle.

What is the safety and rate of complications of tibial
tuberosity osteotomy (TTO)?

Exposure in TKA, and especially in revision surgery, can
be challenging. Protection of the distal extensor mecha-
nism is vital to maintain good knee function. This is at risk
with excessive release or retraction of the patellar tendon.
Sun et al. [17] compared the results of revision total knee
arthroplasty between TTO and QS approaches for infected
TKA. They found patellar tendon partial avulsion was more
commonly observed in the QS group than in the TTO group
(five vs two cases). On the other hand, no cases of compli-
cation related directly to the osteotomy were seen in the
TTO group. They did not observe any proximal migration,
tibial plateau or shaft fracture during the follow-up. Bruni
et al. [18] compared the same two techniques. The author
observed no differences in the reinfection rate between the
two groups at last follow-up and no patient had rupture of the
extensor mechanism. Therefore, TTO increased in popularity
and has been used for several years in difficult primary and
revision arthroplasty where the patella cannot be retracted
at 90° of knee flexion. Even though TTO improves exposure
protecting extensor mechanism, this technique is burdened
by some related complications. First, it is crucial to analyze
tuberosity’s rate of union since tubercle avulsion and its
proximal migration are the most common TTO-related com-
plications. Skimming literature, rates of union seem to be
quite superposable and comforting. Choi et al. [28] observed
radiographic union in 46/51 TTOs (90.2%), Le Moulec et al.
[29] in 59/63 (93.7%), Mendes et al. [30] in 64/67 (95.5%),
Young et al. [31] in 41/42 (97.6%) and Zonnenberg et al.
[32] found union was achieved in 22/22 TTOs (100%). Fur-
thermore, these papers show comparable results in term of
osteotomy’s time of union too, ranging from 11 to 17 weeks.
Abbas et al. [33] performed 181 TTOs in 159 patients; the
osteotomies were reduced to preoperative positions in 161
knees (89%). In 20 knees (11%), which was affected by sig-
nificant preoperative patella baja and/or stiffness of the soft
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tissue envelope, proximal reduction, mean 14.2 mm, was
surgically effected to obtain the correct length and tension
of the extensor mechanism. However, this leads to flexion
loss. Of the 181 TTOs, 23 (13%) were repeat osteotomies
performed in 21 patients who required a further one or two
re-revision knee arthroplasties. Radiographic union occurred
in all osteotomies (100%), with an average duration of
11 weeks (range 620 weeks). No extensor mechanism fail-
ure or complications related to the suture material occurred.
The number of patients who have had a previous RTKA with
TTO and require another RTKA is constantly increasing. In
these patients, a new osteotomy at the same bone area may
be necessary. Chalidis et al. [27] evaluated 74 consecutive
patients who underwent 87 TTOs during RTKA. Among
these, 12 patients had repeat TTOs. The osteotomy was
extramedullary in 57 knees and intramedullary in 30 knees.
Bone healing occurred in all cases. The median union time
for the first TTO was 15 weeks and for the repeat TTO was
21 weeks. The median healing time in extramedullary group
was 12 weeks while in intramedullary group was 21 weeks.
Avulsion of the proximal part of the tibial tubercle occurred
in three knees and superior migration of the entire osteoto-
mized fragment was noted in two knees. They found repeat
osteotomy was successful without increasing the time to
union or the incidence of tibial tubercle migration. They
also assessed that intramedullary extension of the bone cut
is associated with an increase in the union time. However,
the good healing capacity of TTO indicates that it can be
safely extended into the intramedullary canal to allow access
for cement and tibial stem removal. When patella eversion
is difficult, TTO can be useful in primary surgery too. Pie-
dade et al. [22] retrospectively analyzed 1474 TKAs where
TTO is performed in 126 cases. The decision to perform
TTO was determined preoperatively during the clinical and
radiological examinations, underlying the importance of a
correct indication. They found some intraoperative compli-
cations related to the osteotomy, as tibial plateau fissures
and tibial tubercle fractures, significatively more frequent
in TTO group. They also assessed a higher rate of postop-
erative complications in TTO group but, among these, only
skin necrosis was considerably more frequent. Consequently,
the author could conclude, although TTO is necessary under
certain clinical conditions, it cannot be considered entirely
safe in primary TKA. However, patients affected by RA with
advanced joint destruction, poor bone quality and knee stiff-
ness, or patients with severely deformed valgus knees could
need a further extension of surgical approach. Some recent
papers [15, 20] demonstrated TTO is highly beneficial under
specific indications and this technique could be considered
a routine step improving clinical outcomes. However, it is
not clear if the improved outcome can outweigh the longer
surgical time and higher risk of early complications and revi-
sions [34].
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Discussion

The demand for total knee arthroplasty is growing rap-
idly because of the proven success of this procedure and
an increase in the aging population. Consequently, the
requirement for revision total knee arthroplasty is pro-
jected to grow. The success of a TKA depends on several
factors ranging from patient-related factors, operative
techniques, to postoperative rehabilitation. The surgical
exposure, as part of the operative technique, is an impor-
tant contributor to successful outcome. However, to this
day, there is no agreement with respect to the surgical
exposure of choice in difficult primary TKA and revision
TKA [16, 17, 30, 35-39]. Patient-specific anatomies, such
as strong valgus deformity of the knee, knee stiffness, poor
bone stock, autoimmune conditions, concomitant diseases,
are some aspects to be evaluated when considering the
best surgical approach for TKA. Indeed, when poor bone
quality is combined with knee stiffness, the functional
range of motion after TKA may be compromised. In this
case, the risk of patellar tendon detachment from its tibial
insertion increases, even combined with patellar tendon’s
fibrous retraction. To avoid it, different techniques have
been used, and the extensor mechanism could be released
distally at the tibial tubercle or proximally at the quadri-
ceps tendon [15]. Among these techniques, TTO achieved
satisfactory results during last decades, acting on the distal
part of the extensor system to improve exposure, when
scared tissue removal is not sufficient [10, 15, 17, 22, 24,
28]. The decision to use TTO for exposure could be taken
intraoperatively if the patella cannot be retracted with the
knee at 90° of flexion without risking patellar tendon avul-
sion. TTO can be used without regard to surgical approach
performed. It can be associated both medial and lateral
parapatellar approach improving clinical and radiological
outcomes both in difficult primary and revision surgery.
In this regard, Nikolopoulos et al. [21] reported that the
anatomical axis is accurately restored only in 22-30% of
valgus knees dealt with a standard medial approach, while
the use of a LPA combined with TTO shows a significant
improvement of anatomical axis restoration [21, 40, 41].
Two main clinical conditions can lead to the use of TTO
in primary TKA: rheumatoid arthritis and severe valgus
deformity. Indeed, more than one author have reported a
comparison between a classic medial parapatellar approach
and a lateral approach with TTO in the event of these two
clinical presentations [15, 20, 21]. LPA can help anatomi-
cal axis restoration, as the contracted structures are eas-
ily accessed and, in severe cases, the patellar alignment
may be achieved by displacing the osteotomised tubercle.
Furthermore, the most commonly reported complications
in patients with valgus deformities who undergo TKA

are tibiofemoral instability (2 to 70%), recurrent valgus
deformity (4-38%), postoperative motion deficits requiring
manipulation (1-20%), wound problems (4-13%), patellar
stress fracture or osteonecrosis (1-12%), patellar tracking
problems (2—-10%), and peroneal nerve palsy (1-4%) [20].
Most of the articles included show a reduction of the rate
of these complications performing TTO. Nevertheless,
many surgeons prefer not to routinely perform the oste-
otomy because of the perceived risk of nonunion, tibial
tubercle migration, proximal tibial fracture or metalware
prominence [19]. Therefore, revision represents the main
scope of this technique. There are many parameters to be
considered before performing revision total knee arthro-
plasty: the elapsed time between the index and revision
procedure; the cause of implant failure; patient age at
time of revision; partial or total revision of the implants.
Consequently, determining the cause of failure is essential
when planning a revision procedure. The main causes of
failure are: loosening, instability, infection, malalignment,
wear and complications patella-related. The distribution
of these causes depends on time elapsed since primary
surgery. Indeed, early revisions (<2 years) were mostly
performed for infection and instability, whereas late revi-
sions (> 2 years) were mostly performed for polyethylene
wear and loosening. Hardeman et al. [3] assessed that early
revisions failed more frequently, aseptic revisions achieved
significantly better knee scores and range of motion than
septic revisions, but the pain and functional scores were
similar. The performance of a TTO did not statistically
influence the outcomes. Similar conclusions are reported
by other authors [3, 27, 30, 42]. Mendes et al. [30] and
van den Broeck et al. [42] both reported complications
directly related to the TTO in 7% of their patients. How-
ever, the authors [30, 42] concluded that when adequate
exposure cannot be obtained, step-cut TTO is a safe and
reproducible procedure if strict attention is paid to tech-
nique and fixation. It does not compromise the functional
results of TKA. Reliable bone healing can be expected
with intramedullary extension or repeat TTO in revision
TKA. However, intramedullary extension of the osteotomy
prolongs the union time of the tibial tubercle [27]. Moreo-
ver, TTO seems to provide superior clinical outcomes than
other surgical approaches, as QS, in two-stage RTKAs in
prosthetic knee infections [18], with comparable compli-
cations. The findings confirm those reported by Mendes
[30]. He concluded that TTO is an efficacious alterna-
tive for surgical exposure in two-stage RTKAs for pros-
thetic knee infections regarding clinical results, healing
potential of the osteotomized fragment, and complication
rates. As underlined by literature, most of complications
occurred in early series, where the surgical technique was
less standardized and the method of osteosynthesis never
unanimous. Dolin [6] and Wolf et al. [39] reported major
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complications in the following cases: short osteotomy
fragment (< 3 cm), insufficient fixation (with an only screw
or stapling), or the absence of step-cut osteotomy. White-
side and Ohl [11] gave the first contribution to standard-
ize the surgical technique, reporting good outcomes and
allowing further studies with lower complication rate. In
conclusion, although further studies with larger groups of
patients and a longer follow-up period is needed to better
evaluate the outcomes and safety of TTO, it seems clear
how this technique, under correct indications, could be
a reliable option to increase exposure during total knee
arthroplasty. It can be performed sequentially without
increasing the risk of nonunion or fracture and is particu-
larly effective in two-stage infected procedures where the
osteotomy can be safely left unfixed between stages [26].

Compliance with ethical standards

Research involving human and animal participants All procedures
performed in studies involving human participants were in accordance
with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards.
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