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e Open reduction and internal fixation is the gold standard treatment for tibial plateau
fractures. However, the procedure is not free of complications such as knee stiffness, acute
infection, chronic infection (osteomyelitis), malunion, non-union, and post-traumatic
osteoarthritis.

e The treatment options for knee stiffness are mobilisation under anaesthesia (MUA) when
the duration is less than 3 months, arthroscopic release when the duration is between 3
and 6 months, and open release for refractory cases or cases lasting more than 6 months.
Early arthroscopic release can be associated with MUA.

e Regarding treatment of acute infection, if the fracture has healed, the hardware can be
removed, and lavage and debridement can be performed along with antibiotic therapy.

If the fracture has not healed, the hardware is retained, and lavage, debridement, and
antibiotic therapy are performed (sometimes more than once until the fracture heals).
Fracture stability is important not only for healing but also for resolving the infection.

¢ In cases of osteomyelitis, treatment should be performed in stages: aggressive debridement
of devitalised tissue and bone, antibiotic spacing and temporary external fixation until the
infection is resolved (first stage), followed by definitive surgery with grafting or soft tissue
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coverage depending on the bone defect (second stage).

* Intra-articular or extra-articular osteotomy is a good option to correct malunion in
young, active patients without significant joint damage. When malunion is associated

with extensive joint involvement or the initial cartilage damage has resulted in knee
osteoarthritis, the surgical option is total knee arthroplasty.
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Introduction

Tibial plateau fractures constitute 1% of all fractures and
have a bimodal distribution: a peak incidence in young
patients following high-energy mechanisms and the second
peak in elderly patients with osteoporotic bone (1, 2).

The most widely used classification for tibial plateau
fractures was established by Schatzker et al. in 1979
(3) and was later modified by Luo et al. (4) and Kfuri
and Schatzker (5) to distinguish injuries involving the
posterior column, which is important for planning the
surgical management of these fractures. The Miller AO
(Arbeitsgemeinschaft fiir Osteosynthesefragen) classification
of fractures is also commonly used (6).
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Considering that tibial plateau fractures are intra-
articular, the gold standard for treatment is surgery
by open reduction and internal fixation (ORIF) with
locked plates to restore joint congruence and to achieve
an adequate mechanical axis, a stable knee, and early
mobilisation (6, 7, 8). In cases with extensive soft tissue
damage, definitive treatment with a hybrid external fixator
may also be considered (Fig. 1). Several studies have
supported the use of the fixator in cases where surgical
approaches to healthy areas are not considered for ORIF
(9,10, 11,12, 13, 14, 15).

One of the earliest studies on the treatment,
outcomes, and complications of tibial plateau fractures
was by Schatzker et al. in 1979, which showed a 27%
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Figure 1

Schatzker type VI tibial plateau fracture (A). An external fixator
was placed (first stage of treatment) for soft tissue control. The
extensive soft tissue involvement resulted in compartment
syndrome.

complication rate (3). In 1987, Moore and Patzakis
reported poor functional outcomes in bituberosity
fractures (Schatzker V, VI) than in Schatzker I-IV
fractures (16). The authors also observed a high rate
of complications after surgical treatment (19%), with
the most frequent being infection. Over the years,
these complications have decreased, mainly due to the
introduction of the sequential management of these
fractures in high-energy cases: external fixation (first
stage) followed by delayed definitive treatment (second
stage). The evolution of ORIF has led to the use of new
materials such as low-profile locked plates and new
minimally invasive approaches that achieve a better
reduction of posterolateral and posteromedial fragments,
which, although requiring a greater number of incisions,
involve less soft tissue debonding (6, 15, 16). Figure 2
shows an example of sequential treatment, with the first
stage of external fixation. Figure 3 shows a case treated
with external fixation (first stage) for soft tissue control.
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The aim of this article is to describe the specific
complications associated with the surgical treatment of
tibial plateau fractures (Table 1), their prevalence, causes,
and management.

Knee stiffness

Gaston et al. reported that after the fracture of the tibial
plateau, 20% of the patients have stiffness (a residual knee
flexion contracture of >5°) at 12 months after surgery (17).
According to Pujol et al., the causes of post-traumatic
knee stiffness can be divided into flexion contractures,
extension contractures, and combined contractures. Post-
traumatic stiffness can be due to the presence of dense
intra-articular adhesions and/or fibrotic transformation
of periarticular structures. From a general point of view,
a flexion contracture is due to posterior adhesions and/
or anterior impingement. On the other hand, extension
contractures are due to anterior adhesions and/or posterior
impingement (18).

Incidence, aetiology, and risk factors

The incidence of knee stiffness after tibial plateau fracture is
3-18% depending on the series (19, 20, 21, 22), although
the need for surgical re-intervention for this reason is low
(0-5%) (20, 23). The aetiology is multifactorial and can
be enhanced by intra-articular (inflammation, adhesions,
intra-capsular scarring, and bone irregularities after
malunion causing impingement) and extra-articular
factors (extensor apparatus lesions and fibrosis, and
scarring of skin and periarticular soft tissue) (23, 24).
Stiffness-related risk factors include external fixator use,
open fractures, polytrauma, the need for fasciotomies,
wound complications requiring increased immobilisation,
extensor apparatus injuries, and the need for more
than two surgical procedures (20, 21, 25). Prolonged
immobilisation associated with all these factors appears
to be a key element in the development of stiffness.

Figure 2

(A, B and C). Schatzker type VI tibial plateau fracture (A). An external fixator was placed (first stage of treatment) for soft tissue control
(B). In a second stage (definitive surgery), open reduction and internal fixation (ORIF) was performed (C).
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Figure 3

(A and B). Tibial plateau fracture (A) treated definitively with a
hybrid fixator (B) due to the poor condition of the soft tissue,
which prevented an open reduction and internal fixation (ORIF)
approach in the healthy area.

Immobilisation must therefore be prevented, which means
achieving stable osteosynthesis and mobilisation as soon
as possible.

Diagnosis and evaluation

Thediagnosis of stiffness should be based onanamnesis and
physical examination, both in its objective assessment and
in the patient’s subjective limitation, which will depend on
their lifestyle and work activity (26, 27). Stiffness manifests
as contracture in flexion or extension or as a combined
contracture. Defining the type of contracture is essential
for choosing the treatment modality. It is also important
to rule out the presence of a complex regional syndrome,
in which case the surgical treatment of the stiffness should
be delayed until the syndrome has resolved (28). It is
important to assess the duration of the stiffness so as to
properly choose the type of treatment and ensure a good
prognosis (20).

Treatment

The treatment options for knee stiffness are summarised in
Table 2, from least to most surgically aggressive, although
these options can be used in combination.

Manipulation under anaesthesia

A manipulation under anaesthesia (MUA) is a non-
invasive way of restoring the range of movement at the

Table 1T Complications of the surgical treatment of fractures of the
tibial plateau.

Knee stiffness

Acute infection

Chronic infection (osteomyelitis)
Malunion

Non-union

Post-traumatic osteoarthritis

Residual knee instability secondary to ligaments damage that was not
addressed initially, during fixation
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Table 2 Treatment options for knee stiffness after tibial plateau
fractures.

Mobilisation under anaesthesia (MUA)

Arthroscopic release

* Anterior (contracture in extension = deficit of flexion)
* Posterior (contracture in flexion = deficit of extension)
Open release

* Anterior (contracture in extension = deficit of flexion)
¢ Posterior (contracture in flexion = deficit of extension)

knee. While the patient is under anaesthesia, the surgeon
will “manipulate’ or move the knee joint through flexion
and extension in order to loosen it and reduce pain and
stiffness. Sassoon et al. analysed 22 patients with a mean
age of 40 who experienced closed MUA for post-traumatic
knee arthrofibrosis (29). Injuries included fractures of the
femur, tibia, and patella, as well as ligamentous injuries and
traumatic arthrotomies. The mean time from treatment
to MUA was 90 days. Mean follow-up after manipulation
was 7 months. The mean pre-manipulation ROM arc
was 59 + 25°. The mean intraoperative arc of motion,
achieved at the time of the manipulation, was 123 + 14°.
No complications took place during the MUA procedure.
At the most recent follow-up, the mean range of motion
(ROM) arc was 110 + 19°. Manipulations performed 90
days or more after surgical treatment provided a benefit
equaling those carried out more acutely (29).

In early cases lasting less than 12 weeks (30, 31),
MUA may be considered. MUA is a simple and effective
technique that has been shown to reduce stiffness and has
been widely documented in cases of total knee arthroplasty
(TKA) (30, 32, 33). MUA is not free from complications
such as fractures, implant failure with loss of reduction (in
cases of very early mobilisation prior to fracture healing),
tendon rupture, and articular cartilage damage (31). MUA
should therefore be performed with caution.

Arthroscopic release

Arthroscopic release may be considered as an option
when the stiffness lasts longer than 12 weeks or even
earlier if there is a clear halt in the progression of joint
range gain (34). A number of authors have suggested
routine MUA associated with arthroscopic release, arguing
that arthroscopic release of adhesions can reduce the
complications associated with MUA (35).

Release will be anterior, posterior, or combined,
depending on the type of stiffness. Numerous studies
have demonstrated statistically significant gains in
mobility with these arthroscopic techniques (36, 37, 38,
39, 40, 41,42, 43). In a number of these studies, joint gain
was somewhat reduced from the immediate postoperative
period to months into the follow-up, although significant
improvement was still maintained.

In general, it is preferable to perform arthroscopic
release before 6 months of stiffness have passed, although
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there is evidence of improvementin procedures performed
later (44).

Open release

In cases where the cause of stiffness is extra-articular
(retractile scarring and fibrosis of the extensor apparatus)
or for patients who have not been treated with early
arthroscopic techniques and/or MUA, open surgery might
be necessary.

The most frequently used technique is the anterior
release of the extensor apparatus, which was described
by Judet et al. in 1956 (45). The technique is surgically
aggressive and employs a lateral approach that largely
detaches the quadriceps from the femur and adjacent
structures; therefore, the potential benefits should be
weighed against possible complications (bleeding,
infection, and recurrent stiffness) before employing the
technique (46, 47).

Several authors have proposed techniques to treat
extensor contractures without the need for open surgery,
such as the quadriceps pie-crusting technique associated
with an arthroscopic technique (48, 49, 50). Endoscopic
quadricep release has also been proposed (42, 51, 52, 53).
Table 3 summarises the treatments described and their
indication according to the duration of knee stiffness.

Infection

In the early 1990s, the infection rates for this type of
fracture were exceedingly high, and the surgical technique
was based on large single anterior approaches requiring
extensive soft tissue debonding with severe healing
problems (54). However, these rates have been improving
thanks to the evolution of surgical techniques in terms of
planning CT scans, new minimally invasive approaches,
the reduced tendency to desperiostisation, the evolution
of implants, and sequential treatment with external fixator
for soft tissue control prior to definitive surgery (55). There
is also the fact that if the fracture is open, there is a greater
risk of infection.

In 1994, Young and Barrack analysed eight
comminuted/bicondylar displaced tibial plateau fractures
treated by open reduction and internal fixation; seven of
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eight (87.5%) knees became infected (54). In 2004, Barei
et al. reported an 8.4% rate of deep wound infections. Of
the infected patients, 3.6% had associated septic arthritis.
Clinical resolution of infection occurred after an average
of 3.3 additional procedures (55). In 2000 patients treated
with ORIF by henkelman et al. in 2020, the rate of surgical
site infection was 4.7% (93/2000) (56). In 2022, the rate
of deep infection in OTA/AO type C tibial plateau reported
by Bullock et al. was 6% (57).

Risk factors and prevention

The risk factors for infection are open fractures,
compartment syndrome, external fixation, surgical time,
and tobacco use, with infection rates ranging from 3 to
26%, with a cumulative incidence of 9.9% (58).

Properwoundcleansinganddebridementareimportant
for open fractures, as is proper antibiotic therapy. There is
no universal protocol on which antibiotics to use or on the
exact duration of antibiotic therapy. There is consensus that
antibiotic therapy should be started as early as possible. The
antibiotic of choice should cover gram-positive organisms
in Gustilo type | and Il (59) fractures, such as cefazolin,
and additional coverage for gram-negative organisms
in patients with high-energy open fractures (Gustilo IlI),
usually with an aminoglycoside. Some authors have stated
that antibiotics should not be continued for more than 72
h after wound closure (59, 60, 61). However, in case of
prolonged antibiotics therapy after 72 h, the participation
of an infectious disease specialist will be required.

A number of authors recommend using local antibiotics
in combination with systemic antibiotic therapy, although
theliteratureis mixed and thereis no strong evidence of their
use (60, 61, 62). In terms of the form of lavage, antibacterial
and antiseptic solutions and pulsatile lavage have not been
shown to be superior to saline lavage; solutions can add
toxicity, and pulsatile lavage can spread microorganisms to
deeper areas (61). The authors advise that wound closure
should be performed first if technically possible because
this reduces the rate of infection and non-union. If this is
not possible and soft tissue coverage is needed, it should
be performed within the first 7 days. However, this is
almost never done. Regarding negative pressure therapy, a
number of studies have shown a decreased infection rate in

Table 3 Treatment of knee stiffness after tibial plateau fractures according to its chronicity.

Duration of stiffness

<3 months

3—6 months

>6 months

Treatment MUA
Considerations Some authors routinely associate

it with arthroscopic release. evolution time.

Arthroscopic release
Some authors propose it with a shorter

Open release
Assess the type of stiffness (flexion/extension) to
decide the adequate surgical technique.

Some authors associate endoscopic
extra-articular quadriceps release or

pie-crusting.

MUA, manipulation under anaesthesia
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open tibial fractures, the possibility of extending the time
to definitive coverage, and a lower failure rate of definitive
flaps (63, 64). However, other studies have shown no clear
evidence for the advantage of this type of system over
classic coverage (65, 66, 67, 68). There are authors who
value its use only temporarily until definitive coverage and
no longer than 1 week due to the risk of colonisation with
resistant microorganisms (69).

Careful management of fasciotomy wounds after
compartment syndrome is also important, and there are
still contradictory results regarding whether it is better
to close the wounds simultaneously with definitive
osteosynthesis or to close them prior to the latter (70, 71).

As for the external fixator in sequential treatment,
the potential relationship between pin overlap with
the definitive osteosynthesis site and infection has not
been demonstrated (72). Another surgeon-dependent
factor is surgical time, which is clearly related to fracture
complexity; each extra hour of surgery in tibial plateau
fractures can increase the infection rate by 78% (73).

Early infection vs late infection and osteomyelitis

As for the chronicity of infection, there are specific
classifications according to the time of evolution: early
infection (<2 weeks), delayed infection (2-10 weeks),
and late infection (>10 weeks) (62). However, rather than
determining afigurein weeks, itisimportant to understand
certain aspects of pathogenesis. The biofilm has not yet
formed in the first 2 weeks. After that point, it forms and
adheres to the implant, and such that if the infection is not
eradicated, bone involvement (osteomyelitis) will occur. At
this point, the therapeutic strategy needs to be changed.

Early and delayed post-surgical infection

Diagnosis

The diagnosis of an acute infection is eminently
clinical: inflammation, flushing, increased temperature,
fluctuation, purulentdrainage or dehiscence of the surgical
wound, accompanied or not by systemic symptoms
such as general malaise and fever, with analytical data
(leucocytosis, elevated C-reactive protein, and erythrocyte
sedimentation rate) supporting the diagnosis (74). In
terms of culture collection, it is preferable to take deep
cultures (five samples) during surgical debridement (75);
if performed superficially, there is a risk of skin germ
contamination.

Treatment

Once the diagnosis has been performed, there are two
possible situations: the fracture has consolidated or the
fracture has not consolidated. If the fracture has not yet
healed (often the case when the onset of infection is
very early), aggressive lavage and debridement of the
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devitalised areas, removal of unnecessary foreign bodies
(broken screws, sutures, etc.), and hardware retention
should be performed (76, 77). Despite the dilemma of
maintaining hardware in an area of infection, fracture
stability is important not only for fracture healing but
also for resolving the infection (78, 79). If the fracture
has healed, the hardware can be removed during lavage
and debridement. If there is suspected joint extension
and secondary septic arthritis (either clinically or by
arthrocentesis), joint lavage (usually arthroscopic)
should be performed. Antibiotic therapy should ideally
begin once samples have been taken unless the patient
is in a septic state. The treatment will be empirical until
a microbiological diagnosis of the pathogen has been
reached, the most frequent being S. aureus (76). After
determining the pathogen, a specific antibiotic should be
chosen. The duration of the antibiotic therapy is unclear,
and there appears to be no difference between prolonged
courses (6—-12 weeks) of i.v. antibiotics with 1-week
courses of i.v. antibiotics followed by oral antibiotics
(80). It is paramount to respect antimicrobial local and
international guidelines, the notion of multidisciplinary
approach, or the referral of patient to reference centres.

If maintaining the hardware fails to eradicate the
infection, more aggressive debridement, hardware
removal, and placement of an external fixator should
be considered until the infection; reconstructive surgery
should then be considered, depending on the state of
consolidation and the bone defect to be addressed (19).
In cases of bone defects, the literature suggests local
antibiotic therapy in the form of polymethyl methacrylate
(PMMA) or resorbable antibiotic-eluting ceramic bone
substitutes combined with systemic antibiotherapy until
definitive surgery (81, 82). Figure 4 presents a case of
surgical wound infection.

Late infections. Osteomyelitis

When the infection has not been eradicated, bone
involvement and subsequent osteomyelitis can occur after
a few weeks. In these cases, the clinical picture might not
be as striking as in acute infection, and the inflammatory
laboratory parameters might not be elevated. Persistent
pain and the development of a fistula are common (60).
To diagnose bone involvement, the imaging tests of choice
are MRI and PET (83).

Septic non-union is defined as the absence of evidence
of fracture healing and persistence of infection at the
fracture site for 6-8 months (84, 85). The core principles
are removal of infected tissue, dead-space management,
and antibiotic therapy. The majority (84.5%) of patients
presented with stage Il or IV disease according to the
Cierny—Mader classification (86), and Staphylococcus
aureus was the most commonly isolated organism. The
proportion of patients achieving remission with no
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Figure 4
(A, B and C). Surgical wound infection after open reduction and internal fixation (ORIF) of a tibial plateau fracture (A). This infection
resulted in a soft tissue defect requiring debridement. Wound after debridement (B). To resolve the soft tissue defect, gastrocnemius
rotational flap coverage was performed (C).

recurrence during follow-up varies from 67.7 to 100% (87).
The treatment of osteomyelitis requires a multidisciplinary
approach. It is therefore advisable to send these patients
to a center that has an 'Infectious Disease Unit'.

Often sequential treatment will be needed with the
first stage of debridement and placement of an external
fixator and PMMA spacers with an antibiotic, and a
second stage, when the infection is resolved, to repair the
bone defect and perform soft tissue coverage, generally
with the collaboration of a plastic surgeon (83). Recently,
a number of authors have suggested the possibility of
performing radical debridement and reconstruction of
both the bone defect and soft tissue in the same stage,
with good results (88).

Malunion

Collapse orirregularity of the articular surface or deformity
of the metaphyseal-diaphyseal junction after surgical
treatment of tibial plateau fractures can trigger a malunion
of the fracture, resulting in knee osteoarthritis or alteration
of the mechanical axis of the lower limb. A suboptimal
result after surgery justifies early re-osteosynthesis,
otherwise, the result will inevitably be malunion (89).

No clear incidence of malunions after these fractures
has been reported, probably because there is no clear
radiological definition of malunion (90). Age over 60

years, osteoporosis, early weight-bearing, and fracture
displacement and comminution have been reported as
risk factors (23). A study of 44 malunions found that 79%
of the patients older than 60 years experienced malunions
vs 7% of the patients younger than 60 years (8).

Evaluation and diagnosis

The type of malunion depends on the type of tibial
plateau fracture and can be intra-articular, extra-articular,
or combined, an important consideration for treatment
options. Extra-articular fractures of type A2 or A3 of the
AO classification (5) will have extra-articular malunions
in varus, valgus, flexion, or extension. Partial articular
fractures (B1, B2, or B3) will have intra-articular malunions,
which if associated with subsidence (B2, B3), will also
produce malalignments in varus or valgus depending
on the plateau affected (lateral or medial), with valgus
malalignment more frequent due to subsidence of the
lateral plateau. Type C fractures can give rise to a combined
intra-articular and extra-articular malunion, given their
metaphyseal extension (91).

To correctly diagnose the type of malunion, anterior-
posterior (AP), lateral, and long-leg standing radiographs of
the lower limbs are recommended to quantify the alteration
of the mechanical axis, if present (92). The angles established
by Paley et al. between the joint line and mechanical axis

www.efortopenreviews.org



EFORT Open relieuls

can also be measured (93). CT scans should be included to
analyse the irregularity of the articular surface and confirm
fracture healing (94). MRI can be useful to detect associated
meniscal or ligamentous injuries (95).

Treatment

For elderly patients or those with previous knee
osteoarthritis who have significant joint damage that
cannot be reconstructed, the tendency will be to perform
a TKA. In active and young patients, conservative
surgery will be considered, based on the various types of
corrective osteotomies. A joint collapse >5 mm, a varus or
valgus malalignment >5°, and a change in posterior tibial
slope >10° have been established as limits for considering
malunion correction (7, 94).

In intra-articular malunions with plate collapse, usually
lateral (Schatzkerlll sequelae), anintra-articularlateral tibial
condyle elevation osteotomy supported by bone graft or
bone substitute and fixed by plate should be performed.
A number of authors have suggested the addition of an
extra-articular osteotomy for further axis correction (96).
If there is subsidence separation (Schatzker Il sequelae),
it is advisable to first perform an osteotomy in the sagittal
plane of the separation area, and after elevating the
subsided area, compress the fragment with a plate to
narrow the widened metaphyseal area. In cases of small
subsidence (<3 mm), a number of authors have advocated
for simply performing an extra-articular osteotomy, which
is technically less demanding (91). Isolated medial plateau
subsidence is exceptional. The medial plateau usually
has fracture patterns with large posteromedial fragments
without major comminution (90). Figure 5 shows a case of
an intra-articular valgus malunion and its treatment.

In extra-articular malunions in varus, a medial tibial
opening osteotomy is performed. In extra-articular
malunions in valgus, a lateral tibial opening osteotomy is
performed. In less common cases of recurvatum, a flexion
osteotomy may be considered, and a deflexion osteotomy

D

Figure 5
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is an option in cases of flexion (91). Figure 6 shows a
case of extra-articular varus malunion and its treatment.
In combined malunions, several techniques can be
combined, and treatment should be performed in two
stages separated by 3—6 months to ensure consolidation
(91). Table 4 shows a summary of the results from the
literature on the treatment of malunions (94, 96, 97, 98,
99, 100).

In recent studies, a number of authors have performed
these corrections using 3D printing models based on CT
scans and patient-specific preformed guides, reporting
that this method can help refine the design of osteotomies,
especially in complex osteotomies with more than one
plane (101, 102, 103, 104, 105). The method can also help
reduce intraoperative bleeding, shorten surgical time, and
improve outcomes.

From the published results, it can be concluded that
conservative surgery by intra-articular or extra-articular
osteotomy is a useful technique for correcting malunions
after tibial plateau fractures in young, active patients who
do not have significant joint damage. Figure 7 summarises
the surgical management of malunions.

Non-union

Non-union is an infrequent complication in tibial plateau
fractures treated with ORIF. The proximal tibia is a
metaphyseal area with good vascularisation and abundant
cancellous bone. In these fractures, there is generally good
contact between the fragments, with wide fracture traces.
Non-union rates in the literature range from 0.1 to 1.1%,
depending on the series (1, 106). However, these rates might
increase in high-energy fractures with extensive vascular and
soft tissue involvement, raising the figure to 10-20% (1).

Diagnosis and management

The most common presenting symptom is pain (61.6%),
followed by instability (22.6%) (107). An important
diagnostic consideration is ruling out infection, based

(A, B, C, D, E and F). Schatzker type Il tibial plateau fracture with extensive involvement of the external tibial plateau (A). Open
reduction and internal fixation (ORIF) was performed (B). At 4 months, an intra-articular malunion was detected resulting in a valgus
deformity (C). A clinical image of this deformity (D). The decision was made to perform an intra-articular osteotomy. Intraoperative
images of the intra-articular osteotomy (E). Radiological images during correction and the final result of the operation (F).
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Figure 6

(A, B and C). Patient operated on in another country for bilateral
tibial plateau fracture. An extra-articular varus malunion
occurred in the left knee (A). The decision was made to perform
an extra-articular medial opening osteotomy. Intra-operative
images of this osteotomy (B). The final result of the operation
(medial and lateral plate fixation) (C).

on clinical and laboratory parameters. If suspected, an
MRI could detect a focus of osteomyelitis. There is not
much data in the literature given the infrequency of this
complication. Treatment is based on re-osteosynthesis
with grafting, generally in the form of an iliac crest
autograft (23, 108).

Post-traumatic osteoarthritis

In cases of severe joint involvement, the surgical option
after the failure of conservative measures is TKA. In
post-traumatic osteoarthritis; however, there are several
aspects to consider that differ from primary TKA: possible
soft tissue involvement, presence of hardware, possible
occult infection given the history of surgery, possible
malalignment, and knee instability and stiffness (108, 109,
110, 111).

Epidemiology

Although the rate of post-traumatic osteoarthritis
following tibial plateau fractures ranges widely in the
literature (21-44%) (111), the need for conversion to TKA
is lower (0-15%) (104). Moreover, these figures seem to
increase with time since the fracture. A study on a cohort
of 8426 patients compared the rate of TKA after tibial
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plateau fracture with the rate in the general population at
2,5, and 10 years (0.32% vs 0.29%, 5.3% vs 0.82%, and
7.3% vs 1.8%, respectively) (109). Advanced age, fracture
severity, and limb malalignment were established as risk
factors.

Results

A number of studies have reported high complication rates
(26—33%), with high reoperation rates (21%) in TKA after
tibial plateau fractures (43, 112, 113). However, improved
understanding of the technique and the complications
described in the first series seem to have helped to reduce
these rates and bring them closer to those of primary TKA
(111, 114).

Pinter et al. analysed 891 patients (933 knees) who
experienced ORIF for a tibial plateau fracture. Of the 933
knees, a total of 20 knees (2.15%) required conversion from
ORIF to TKA. Of the 20 knees that underwent conversion to
TKA, 3 were performed as a 2-stage conversion. Of the 20
knees that underwent TKA, 7 experienced postoperative
arthrofibrosis, 4 experienced postoperative infection, and
4 required revision (109).

Regarding the presence of previous hardware, a
number of authors have recommended removing it
months earlier to achieve proper soft tissue healing
before definitive surgery and to reduce infection rates,
which appear to be higher in cases of TKA with a history
of osteosynthesis (114, 115). Previous surgery can lead to
fibrosis and problems with the extensor apparatus, such
as patella baja, which can hinder TKA placement and lead
to serious complications such as patellar tendon pull-
out. Therefore, in some cases, an anterior tibial tuberosity
osteotomy should be considered, and patellar turn-down
should be avoided (105). Metaphyseal bone defects
might require filling with bone graft, metal supplements,
metaphyseal cones, or sleeves. The use of tibial stems
that extend beyond the osteosynthesis area may also be
considered, especially if the hardware has been removed
at the same time as the surgery (91). Regarding the type
of prosthesis, previously known ligamentous instability
might be encountered or detected during surgery,

Table 4 Results in the literature of corrective osteotomies in malunions after tibial plateau fractures.

Reference Year Cases, n  Type of malunion Surgical procedure Results
Kerkhoffs et al. (96) 2008 23 Malunion in valgus plus lateral tibial Lateral opening varus osteotomy 87% excellent and good results
plateau collapse plus intra-articular osteotomy
Singh et al. (97) 2011 7 Varus malunion Medial opening valgus osteotomy  100% satisfaction
Sundararajan et al. (98) 2017 18 Varus malunion Medial opening valgus osteotomy  78% excellent and good results
Wang et al. (99) 2017 13 Postero-lateral fragment malunion Intra-articular osteotomy by Lysholm score: 91.7
extended antero-lateral approach.
Knee society score: 92.5
Visual analogue score: 0.5
Liangjun et al. (94) 2019 25 Different types Technique according to type of 100% consolidation, no significant
malunion pain, and ambulation without aids.
Alm et al. (100) 2020 23 16 lateral tibial plateau collapses, 7 Intra-articular osteotomy 73.9% excellent and good results

medial plateau collapses
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fractures. TKA, total knee arthroplasty.

which will require more constrained designs such as a
constrained condylar knee implant and a rotating hinge
implant (114). Figures 8 and 9 show two cases of post-
traumatic osteoarthritis of tibial plateau fractures treated
with TKA.

Residual knee instability secondary to
ligaments damage that was not
addressed initially, during fixation

The reported incidence rates of ligament injuries in tibial
plateau fractures are as follows: anterior cruciate ligament
(ACL) 26%, posterior cruciate ligament (PCL) 7%, medial

Figure 8

collateral ligament (MCL) 24%, and lateral collateral
ligament (LCL) 14%. Medial collateral ligament injury was
the most common in the Schatzker type 2 (50% of the
injuries) (116).

According to Lin et al., tibial plateau fractures are often
accompanied by ligamental and meniscal injuries (117).
Among these, the combined existence of Schatzker type
IV fracture with ACL avulsion has been published rarely.
Ninety-nine Schatzker type IV tibial plateau fractures were
analysed by quantitative three-dimensional measurements.
ACL avulsions were diagnosed through the data of CT
scan and MRI. There were more ACL avulsions and more
displaced ACL avulsions associated with the knee in flexion
in the setting of Schatzker type IV fracture. More ACL

(A, B and C). Schatzker type Il tibial plateau fracture with extensive involvement of the lateral tibial plateau (A), which was treated by
open reduction and internal fixation (ORIF) (B). As a complication, the post-traumatic osteoarthritis was very painful and entailed
significant functional limitation. It was therefore decided to implant a total knee arthroplasty (TKA) with a tibial metaphyseal sheath (C).
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Figure 9
(A, B, C and D). 67-year-old female patient with Schatzker type VI tibial plateau fracture (A) treated by open reduction and internal

fixation (ORIF) (B). After 7 months of progression, an intra-articular malunion was detected with major joint involvement associated
with obvious ligament instability at the varus-valgus (C). It was therefore decided to implant a rotating hinge total knee arthroplasty
(TKA) (D).

avulsions were encountered in the injury pattern of flexion-
valgus than in the other injury patterns of the same level.
The rotation of the tibial showed no significant difference
in producing ACL avulsion fractures. This study observed
that a flexed knee at the occurrence of a Schatzker type
IV tibial plateau fracture is a high-risk factor for causing
associated ACL avulsion and producing more displaced
avulsions. Flexion-valgus pattern was the main cause of
Schatzker type IV fractures associated with ACL avulsions.
The findings will help orthopaedic surgeons understand
the injury mechanism and augment their awareness of
such injuries to avoid unfavourable prognosis (117).

Once the ACL tear has been diagnosed, it is reasonable
to perform an ACL reconstruction (ACLR) (118). Some
authors recommend adding a lateral extra-articular
tenodesis to reduce anterolateral rotatory laxity.
Anterolateral complex (ALC) deficiency has been shown
to be a major cause of high-grade anterolateral rotatory
laxity. The lateral extra-articular tenodesis (LET) procedure
is therefore designed to augment ACLR and reduce
anterolateral rotation. The aim of adding LET to ACLR is to
reduce the strain on the ACLR graft, reduce the prevalence
of the pivot shift, and thereby potentially reduce the rate
of ACLR graft failure (119). Finally, there is much debate,
which should be clarified in future research, as to whether
any type of biological augmentation should be associated
with ACLR such as platelet-rich plasma (PRP) (120).

Conclusions

The gold standard for treating tibial plateau fractures is
surgical: ORIF to restore joint congruence and achieve
an adequate mechanical axis, stable knee, and early
mobilisation. The complications of this treatment have
been decreasing over the decades due to the increased
understanding and management of these fractures,
especially with regard to advances in osteosynthesis
techniques and the management of soft tissue, which

is often severely affected in high-energy fractures. The
treatment options for knee stiffness are MUA when the
knee stiffness lasts less than 3 months, arthroscopic
release when it lasts generally between 3 and 6 months,
and open release for refractory cases or cases lasting more
than 6 months. A number of authors have recommended
early arthroscopic release in conjunction with MUA.

Infectious complication rates of tibial plateau
fractures treated by ORIF have been decreasing in recent
years thanks to sequential treatment in two stages and
new osteosynthesis techniques, with new minimally
invasive approaches, less tendency to desperiostisation,
and improved implants. The treatment of infection will
be based on two important issues: fracture healing
and bone involvement in the form of osteomyelitis. If
the fracture has healed, the hardware can be removed,
and lavage and debridement combined with antibiotic
therapy can be performed. If the fracture has not healed,
the hardware is retained, and lavage, debridement,
and antibiotic therapy are performed, sometimes more
than once, until the fracture heals. Fracture stability is
important not only for healing but also for resolving
the infection. In cases of osteomyelitis, a two-stage
treatment is recommended: aggressive debridement
of devitalised tissue and bone, antibiotic spacer, and
temporary external fixation until the infection has
resolved (first stage), followed by definitive surgery with
grafting or soft tissue coverage depending on the defect
(second stage).

Conservative surgery employing intra-articular or
extra-articular osteotomies is a good option for malunion
correction in young, active patients without significant
joint damage. When a malunion with extensive joint
involvement has been established or the initial cartilage
damage has resulted in knee osteoarthritis, the surgical
option is TKA. It is reasonable to consider hardware
removal months before TKA implantation, given that it
appears to decrease infection rates after TKA.
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