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Abstract 

Bicondylar tibial plateau fractures are technically demanding fractures that have a high complication 
rate. We sought to review the recent literature with the aim to summarize the development of new 
classification systems that may enhance the surgeon's understanding of the  fracture pattern and injury.  
We highlight the best methods for infection control and touch on new innovative solutions using 3D 
printer models and augmented mixed reality to provide potentially personalized solutions for each 
specific fracture configuration. 

        Level of evidence: N/A (Narrative review/commentary)  
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Introduction

ibial plateau fractures consist of 1% of all fractures 
and can be caused by either low- or high-energy 
mechanisms of injury. In low-energy injuries, the 

fractures are usually unilateral, while high-energy injuries 
tend to have more comminution where both condyles are 
involved. Furthermore, high-energy fractures often involve 
severe damage to soft tissues and neuro vasculature, which 
can impact treatment choices.1–4 

Bicondylar tibial plateau fractures (BTPs) are a type of 
injury that is high-energy in younger individuals and low-
energy in older people. They involve both the medial and 
lateral articular surfaces, along with the metaphyseal 
articular fragments being disrupted. BTPs make up around 
18-39% of all tibial plateau fractures and frequently are 
associated with soft tissue damage such as meniscal or 
ligamentous injuries. Ligamentous injuries can occur in up 
to 80% (43-80%), meniscal tears up to 22%, and acute 
compartment syndrome in 3-27%.5–13  

Operatively treated BTPs have been reported to have a 
high overall complication rate (up to 39%).14–17 Common 
complications include deep infection, malunion, or non-
union requiring re-operation. These complications may be 
more prevalent in bicondylar fracture patterns due to the 
degree of articular comminution, a greater degree of soft 

tissue trauma, and multiplanar deformity requiring dual 
incision or dual plating techniques. Notwithstanding, BTPs 
are complex injuries with profound morbidity.6,16–24 

Despite the complexity of these injuries and their high 
complications, the optimal management of BTPs remains 
debated. Here, we review the clinical evaluation, imaging, 
and classification systems of bicondylar tibial plateau 
fractures with a focus on surgical management before 
providing specific tips on how to minimize complications 
and optimize clinical outcomes.  This review highlights 
highly debated issues related to complex bicondylar tibial 
plateau fractures such as the timing of surgical fixation, 
single versus dual plating, 3-D imaging, and virtual reality 
applications. 

 

Materials and Methods 
The literature search for this narrative review was 

conducted through electronic databases, including PubMed, 
Scopus, and Web of Science. A comprehensive search was 
performed to identify relevant articles, reviews, and primary 
studies published up to 1/1/2022. The search terms 
included “bicondylar tibial plateau fractures”, “tibial plateau 
fractures”, “knee fractures” and “innovation” to ensure a 
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broad exploration of the topic. Inclusion and Exclusion 
Criteria: Articles were included based on their relevance to 
the review's focus on bicondylar tibial plateau fractures. 
Inclusion criteria encompassed studies that provided 
valuable insights, theoretical frameworks, historical 
perspectives, and contemporary discussions on the subject 
matter. Exclusion criteria involved articles that were not 
pertinent to the scope of the review or lacked credibility.  
Data Extraction: Information was extracted from selected 
studies, including key findings, methodologies, and 
theoretical frameworks. The narrative synthesis aimed to 
integrate diverse perspectives, historical developments, and 
current debates on the topic. Data extraction was performed 
independently by AVK and MD, and any discrepancies were 
resolved through discussion.  Quality Assessment: A critical 
appraisal of the selected literature was conducted to assess 
the quality and reliability of the included studies. The 
assessment considered factors such as study design, 
methodology, sample size, and the credibility of sources. 
While the focus was on synthesizing a narrative rather than 
conducting a formal systematic review, this critical 
evaluation ensured a thoughtful consideration of the 
reviewed literature. 

Results 
Clinical Evaluation 
History 

A detailed history is critical to discern the mechanism of 
injury, as the character of the fracture depends on both the 
energy of the trauma and the direction of force applied to the 
limb. Motor vehicle collisions, falls from height, pedestrians 
struck by vehicles and motorcycle accidents are the most 
common injury mechnisms.17,20 In general, higher-energy 
trauma is associated with more complex fracture patterns 
and poorer prognosis. However, low-energy mechanisms 
combined with osteoporotic bone can similarly lead to 
complex fracture patterns. In either case, one must carefully 
evaluate each patient to understand fracture personality, 
predict concomitant injuries, and anticipate soft-tissue 
complications.  

Many papers have identified comorbidities such as 
diabetes and smoking status as risk factors for increased 
length of stay, readmission rates, and higher rates of deep 
infection, respectively.17,20,22 

Physical Exam 
As many of the complications encountered when treated 

BTPs relate to wound issues or infection a thorough and 
careful evaluation of the skin and soft tissues is important. 
Particularly, the anteromedial surface of the proximal tibia 
does not provide a lot of soft tissue and can be an area of 
skin infection or necrosis. There is currently no 
standardized measure of assessing skin integrity to 
determine early vs. delayed definitive management. 
Blistering can give clues to the underlying trauma and 
often require a delay in definitive treatment.  

The presence of open wounds may indicate an open 
fracture.  In these cases, immediate antibiotic treatment 
and thorough surgical debridement is indicated to 
decrease the rate of infection.  

It's crucial to conduct a comprehensive neurovascular 
evaluation of the affected limb promptly. Injuries to the 
peroneal nerve caused by stretching are more common 

with medial plateau and high-energy fractures.25 
Observing differences in pulses compared to the 
contralateral extremity can suggest potential arterial 
injuries. When there is clinical suspicion for arterial injury 
in an apparently perfused limb, obtaining ankle brachial 
indices (ABI) followed by CT angiography can be helpful. 
However, if there are clear indications of leg ischemia, it's 
crucial not to postpone vascular exploration and 
subsequent revascularization. 

There is also a high incidence of compartment syndrome 
in BTPs (up to 30%) with some fracture patterns having an 
even higher risk. When the patient presents with severe 
pain or pain with passive stretch or pain out of proportion, 
emergent fasciotomy should be performed. In a patient 
with an unreliable exam, compartment pressures can 
provide another data point in the evaluation of acute 
compartment syndrome. If the initial evaluation is normal, 
It is important to perform repeated serial examinations of 
the leg compartments because compartment syndrome 
can manifest 24 hours or even more after the initial injury. 
Missed compartment syndrome can cause severe disability 
including nerve and muscle damage.6,17,18,20,26–30 In severe 
cases, an amputation is required. Neurological symptoms 
may indicate already an advanced stage of acute 
compartment syndrome and should prompt an emergent 
fasciotomy. 

Radiographic and Advanced Imaging 
To evaluate coronal and sagittal alignment, axial 

stability, and the degree of comminution, itis essential to 
take orthogonal radiographs centered on the knee. The 
AP view can reveal compression or depression of the 
articular surface and allows inspection of the tibial spines. 
The lateral view can demonstrate posteromedial fracture 
lines or coronal split plane fractures that are otherwise 
poorly visualized on AP imaging. In high-energy fractures 
with significant comminution, other imaging modalities 
are required to supplement plain radiographs. It is 
important to critically analyze the injury radiographs as 
they provide clues to the mechanism of injury and 
deforming forces. 

Computed tomography (CT) provides a more reliable 
assessment of articular depression and comminution, 
along with a detailed delineation of fracture patterns for 
surgical planning. Thin-cut CT scans with sagittal and 
coronal reconstructions are routinely obtained as 
articular depression is often underappreciated on plain 
radiographs and may alter fracture classification.31,32 
Furthermore, CT may also give clues to posteromedial or 
posterolateral fracture patterns that require specific 
fixation by understanding the degree and exact location 
of a depressed and comminuted fragment. The utilization 
of 3D reformatted images is particularly useful in 
planning fracture surgery and in helping to determine the 
ideal placement of plates. 

Magnetic resonance imaging (MRI) remains the most 
sensitive modality to diagnose ligamentous injury, 
meniscal pathology, or cartilaginous damage. 

 However, MRI has not been found to change surgical 
treatment plans or improve clinical outcomes in tibial 
plateau fractures. 8  
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Classification Systems 
  Several classification systems are available to describe tibial 
plateau fractures; however, none of them is universally 
accepted, ideal, or comprehensive enough to cover all 
fracture morphologies.33,34 The two most frequently used 
systems to classify tibial plateau fractures are the Schatzker 
classification and the AO/OTA classification. 

Schatzker Classification 
  The Schatzker classification, based on X-rays, is the most 
commonly used system in North America for describing 
fracture patterns, which relies on orthogonal radiographs. It 
generally describes types I through IV as unicondylar 
fractures, type V as bicondylar fractures with an intact 
metaphysis, and type VI as bicondylar fractures with 
metaphyseal disruption. It fails to capture various fracture 
features that have significant treatment implications such as 
presence of posteromedial or posterolateral fractures. 

AO-OTA Classification 
  The AO-OTA classification system for tibial plateau fractures 
(AO 41) differentiates between extraarticular (A), partial 
articular (B), and complete articular (C) fractures. Although 
the AO classification provides more detailed information 
about fracture patterns than the Schatzker system, it does 
not offer any guidance on the best treatment options for 
specific fractures. 

Column System 
  More recently, a CT-based 3-column classification system 
has been developed that divides the axial view of the tibial 
plateau into three columns: anterolateral, anteromedial, and 
posterior.35,36 In this system, fractures are categorized as 0, 1, 
2, or 3-column injuries. BTPs are either 2- or 3-column 
injuries, with the most common 3-column fracture being the 
Type V/VI Schatzker BTP combined with a separate 
posterolateral articular fragment.  
  Importantly, analyses of BTPs through the lens of the 3-
column system have revealed the presence of a 
posteromedial fragment in nearly two-thirds of fractures. 
The knowledge of these posteromedial and posterolateral 
fragments, combined with the 3-column framework, has 
changed the understanding of BTPs and strategies for 
treatment. The main concept is to provide surgeons with 
principles that may assist in deciding where to place the 
buttress plate (thumb pressure), what surgical approach is 
therefore needed, and how to achieve articular congruity and 
joint stability.  

Treatment 
Goals 
  In the majority of cases, the primary objective of treatment 
is to achieve an anatomic reduction of the tibial articular 
surface and to restore normal knee alignment, with normal 
condylar widths. This is particularly important in the coronal 
plane (varus/valgus), as it reduces the risk of developing 
post-traumatic arthritis. The impact of the sagittal plane 
(tibial slope modification) on outcomes is less clear and has 

been less extensively studied. Stable fixation that allows for 
early mobilization is crucial to prevent post-traumatic 
stiffness.  the goal of surgical fixation is the restoration of leg 
alignment in the coronal and sagittal planes. 4,24  
  Due to the complex nature of bicondylar plateau fractures, 
there is no one-size-fits-all approach to operative treatment. 
A range of techniques have been described, but the optimal 
strategy must be tailored to individual patient factors, 
including bone quality, fracture pattern, and concomitant 
injuries. Surgeons must weigh the importance of achieving 
an anatomic reduction of the articular surface with stable 
internal fixation against the risks associated with soft tissue 
injury, wound complications, and infection. The complication 
rate of BTPs can be as high as 50%, underscoring the 
significant challenges of managing these injuries.4,17 

 Indications 
  There is currently no clear consensus that have established 
the indications for surgical intervention in cases of 
bicondylar tibial plateau fractures. However, often-
mentioned criteria for operative management include 
articular incongruity, malalignment, and joint instability. The 
importance of restoring articular congruency remains 
uncertain, as low rates of severe arthrosis have been 
observed in patients with mild-to-moderate articular 
displacement.37–41 There is some evidence that articular step-
off up to 5mm has not affected clinical outcome. The condylar 
width should be restored to its normal anatomy.  3 Instability 
and coronal malalignment have been shown to predict 
poorer outcomes; any degree of varus malalignment and >5° 
of valgus malalignment, along with instability to stress, 
should indicate patients for operative management.3,40,42–45  

 Timing of Surgery 
   There is currently insufficient evidence to determine the 
optimal timing for fixation of bicondylar tibial plateau 
fractures, as studies have shown high rates of infection and 
reoperation regardless of whether surgery is staged or 
performed as a single procedure.13,20 Soft tissue blistering 
and the mechanism of injury can certainly indicate the 
amount of underlying soft tissue injury, but it is currently 
hard to quantify and correlate these observations with the 
risk of infection and re-operation. Traditionally, a staged 
approach (temporary bridging external fixation followed by 
definitive ORIF) has been recommended to allow for soft 
tissue recovery.46 However, some reports indicate that 
patients that are placed into an external fixator have a higher 
risk of re-operation.14,47 Recent evidence suggests that non-
staged surgery performed by experienced orthopaedic 
trauma surgeons within 72 hours from injury is safe and can 
achieve a satisfactory reduction in a large proportion of 
bicondylar tibial plateau fractures, provided the soft tissues 
allow48,49 Several studies have shown that early single-stage 
treatment of bicondylar tibial plateau fractures can be cost-
effective and safe if the patients are appropriately selected.50 
There is currently no agreement among experts on the 
optimal timing of definitive fixation with regard to 
fasciotomy closure in cases of compartment syndrome.29,30,51 
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The lack of clear guidelines in regard to the timing of 
definitive surgical fixation allows for multiple various 
surgical tactics often determined by surgical expert opinions.  
  In the setting of an open fracture, it is unclear if definitive 
fracture fixation should be performed at the time of the 
debridement or should be staged with a period of soft tissue 
rest in an external fixator. This decision is difficult and 
depends upon the complexity of the fracture, the required 
surgical approach(s), the nature of the open wound itself, and 
the possible need for soft tissue coverage. 

Open Reduction Internal Fixation (ORIF) 
  In cases of axial instability and compromised soft tissue 
envelope, external fixation and ligamentotaxis can help 
specifically with improved imaging quality via partial 
fracture reduction. 
  Staged ORIF after a period of initial temporizing external 
fixation can help minimize soft-tissue complications.47,52,53  
  The choice of operative approach for tibial plateau fractures 
is individualized based on the fracture pattern and soft tissue 
status. Traditionally, surgeons have used anterolateral or 
medial approaches.  However, recent advancements in 
understanding fracture morphology and the importance of 
posteromedial and posterolateral fragments have led to 
updated strategies. Fixation of these posterior fragments 

necessitates buttress-plating and/or fixation from posterior 
to anterior. Determining the appropriate approach(s) 
requires a detailed understanding of the fracture pattern to 
allow for both an anatomic reduction of the articular surface 
and to place fracture implants in the ideal position to 
neutralize deforming forces. 
  Extensive description exists for the posteromedial fracture 
pattern, which if left inadequately fixed can result in poor 
outcomes and posteromedial instability. In the case of BTPs 
with a coronal fracture line through the medial tibial condyle, 
a dual approach is often the preferred treatment option. It 
should be noted that the use of a medial plate alone in such 
cases may not provide sufficient fragment stability.54 
Similarly, the use of a lateral locking plate may not achieve an 
adequate posteromedial fragment fixation.55–57 Rather, 
adequate reduction and fixation of the fracture requires a 
posteromedial approach with a 3.5 mm plate and screw 
construct to withstand the strong forces on the 
posteromedial column during gait58–62 Utilizing the interval 
between the pes anserinus and medial head of 
gastrocnemius, the posteromedial approach can be achieved 
in both supine and prone positions.63–66 Additional fixation of 
the remainder of the fracture can usually be achieved 
through a separate anterolateral approach with a laterally 
placed plate [Figure 1]. 

 
 
 

 
 
 

 

 

 
 

 

Figure 1. 70-year-old female presented with a Schatzker IV fracture dislocation with lateral impaction injury (A), one year follow-up after bi-condylar 

tibial plateau plating 

 
  Less common than the posteromedial fracture pattern, 
posterolateral fracture fragments can typically be treated 
with a standard lateral plating construct. A posterolateral 
approach with fibular head osteotomy or osteotomy of the 
lateral epicondyle can allow for simultaneous reduction of 
the posterolateral fragment and fixation of the lateral column 
through a single incision, if needed 67 [Figure 2]. This may 
provide improved maintenance of the reduction of the 
posterior fragment when compared with an anterolateral 
approach.68 

  The impact on postoperative outcomes of reduction and 

fixation posterolateral fractures and how to best stabilize 
them remains a topic of debate. 
  Though generally avoided due to the risk of flexion 
contracture and risk of injury to the neurovascular of the 
popliteal fossa, the direct posterior approach is also a viable 
approach. In the setting of coronal fractures with the 
posterior shear column, or avulsion of the PCL insertion with 
a fracture line extending into the articular surface, the direct 
posterior approach may afford the surgeon with improved 
visualization and control of fracture fragments. 
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Figure 2. 25-year-old female sustained a posterolateral tibial plateau fracture (A). She was treated through a posterolateral approach in addition to a 

lateral epicondylar osteotomy. Postoperative lateral (B) and AP view (C) demonstrate good restoration of the tibial plateau with cannulated screw 

fixation of the posterolateral fragment. (D) Depicts the clinical picture of the approach with the peroneal nerve identified and a reduction clamp 

applied on the posterolateral fragment behind the fibular head and on the lateral femoral condyle. A laminar spreader was used to open the 

anterolateral window to elevate depressed articular fracture fragments 

 
 
Posteromedial or posterolateral fracture fragments are often 
associated with dislocations of the knee joint. Knee joint 
dislocations can be put into its anatomic relationship by 
placing a large per articular clamp in the opposite direction 
to reverse the knee joint dislocation forces. This often results 
in indirect reduction of the articular segments and can 
greatly help with the remainder of the surgical fixation 
[Figure 3]. 
 
Dual Plating vs. Single Lateral Locking Plating 
  By functioning as a fixed-angle device, a lateral locking plate 
can keep up (cantilever) the medial condyle from the lateral 
side and may provide enough stability to forego a separate 
medial plate in bicondylar fractures.69–71 However, a lateral 
locking plate does not always provide adequate stabilization 
of BTPs. The use of a single locking plate may limit the 
surgeon’s choice of screw placement and direction, and in the 
setting of a small, comminuted, or osteoporotic medial 
condyle, may be insufficient to provide adequate support. In 
these cases, additional medial support is needed to mitigate 
the risk of developing late varus. From a biological 
perspective, single plate constructs obviate the need for a 
second incision limiting the soft tissue insult and thereby 
theoretically reducing infection risk.18,72 From a 

biomechanical perspective, dual plating appears to be 
superior to single lateral locked plating, particularly in 
fractures with a posteromedial coronal component.73–77 
However, in clinical studies comparing these methods, no 
configuration has proven to be consistently superior in terms 
of fixation or outcomes.20,56,78,79 Furthermore, dual plating 
may be associated with a higher rate of infection.80 

Definitive External/Ring Fixation 
  Although ORIF provides maximal biomechanical stability 
through the fracture, compromised soft tissues may preclude 
definitive internal fixation. The use of hybrid constructs or 
ring external fixators has been advocated to minimize ORIF 
complications in the setting of extensive soft tissue 
disruption.81 In these constructs, the articular surface is 
reduced percutaneously and stabilized with subchondral lag 
screws or wires. After reduction, an external fixator or a 
hybrid ring fixator is placed for two to four months, allowing 
knee range of motion and weight-bearing after callus 
formation.  The average healing time for these constructs has 
been reported as 14 weeks, which is comparable to the 
healing times observed with plating techniques.82,83 
However, ring fixator treatment is not without 
complications. In addition to high superficial infection rates 
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and high malunion rates, ring fixation is associated with 
substantial malalignment including varus/valgus, articular  
 

step-off, and condylar widening.83–86  
 

  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. 65-year-old male suffered a Schatsker IV fracture dislocation of the left knee (A), application of a large articular reduction clamp can 

successfully reduce the fracture dislocation by applying one tine on the medial femoral condyle and the other tine on the lateral tibial plateau (B)   

 
 

Definitive External/Ring Fixation 
  Although ORIF provides maximal biomechanical stability 
through the fracture, compromised soft tissues may preclude 
definitive internal fixation. The use of hybrid constructs or 
ring external fixators has been advocated to minimize ORIF 
complications in the setting of extensive soft tissue 
disruption.81 In these constructs, the articular surface is 
reduced percutaneously and stabilized with subchondral lag 
screws or wires. After reduction, an external fixator or a 
hybrid ring fixator is placed for two to four months, allowing 
knee range of motion and weight-bearing after callus 
formation.  The average healing time for these constructs has 
been reported as 14 weeks, which is comparable to the 
healing times observed with plating techniques.82,83 
However, ring fixator treatment is not without 
complications. In addition to high superficial infection rates 
and high malunion rates, ring fixation is associated with 
substantial malalignment including varus/valgus, articular 
step-off, and condylar widening.83–86  

Clinical Outcomes 
Infection 
  Soft tissue compromise and devascularization in the setting 
of high-energy trauma predisposes BTPs to increased rates 
of infection. Historically, ORIF had been associated with 
infection rates as high as 10-20%.24 This risk may be 

increased with operative times exceeding three hours,  
 
regardless of dual vs. single incision approaches.6  

Mal/ Non-Union 
  Nonunion are rare in proximal tibial fractures and are very 
challenging to treat. Malunion is even less well described and 
studied, however inadequate fixation of posteromedial or 
posterolateral fractures that are inadequately fixed may lead 
to instability in flexion. This area requires further research to 
quantify the impact of malunion on clinical outcomes and 
conversion to total knee replacement.87 

Long-Term Outcomes 
  Given the wide range and severity of BTPs, along with 
advancements in approaches and surgical management, 
long-term outcomes are difficult to evaluate. Many studies 
have shown decreased functional outcomes after ORIF, with 
higher energy mechanisms of injury being associated with 
poorer outcomes.15,88 Further, high-energy injuries have 
been associated with persistent pain, low rates of return to 
baseline activity, and higher rates of conversion to total knee 
arthroplasty (TKA).88–91 However, the literature also 
suggests that satisfactory functional outcomes can be 
obtained with severe injuries. In these studies, few patients 
were found at early follow-up to require additional surgical 
intervention, and most demonstrated satisfactory knee 
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function at long-term follow-up.5,37 
  Additionally, the incidence of posttraumatic arthritis 
remains high in tibial plateau fractures, and particularly in 
BTPs.15,37,38,92–94 The risk of developing posttraumatic 
osteoarthritis may rise with age, meniscectomy, ligamentous 
instability, and residual tibial plateau malalignement. 
Nonetheless, there is limited evidence indicating a significant 
correlation between residual articular step-off and the 
development of progressive degenerative changes. 
Furthermore, it appears that the presence of post-traumatic 
knee arthritis on plain radiographs does not necessarily 
correspond to poor functional outcomes.37,39,40,88  

How to Avoid Complications 
Infection 
  Infection rates among tibial plateau fractures remain high 
due to soft-tissue compromise and devascularization in the 
setting of high-energy trauma. Nonmodifiable risk factors for 
postoperative infections include male gender, and the 
articular injury itself. Modifiable risk factors include smoking 
and increased operative time. Also, comparative studies have 
indicated a potential association between dual plating and 
higher infection rate.20,80 
  A recent study has shown that keeping an external fixator or 
elements of it in place during the operation does not 
significantly increase the rates of infection or reoperation. By 
leaving the external fixator in place prior to definitive 
fixation, the surgeon may achieve stability and distraction 
while improving efficiency and decreasing costs.95 
  Perioperative antibiotic prophylaxis is crucial in preventing 
infections. A randomized controlled trial conducted across 
multiple centers, called the VANCO trial, showed that the use 
of intrawound vancomycin during definitive fixation reduced 
the risk of gram-positive deep surgical site infections, 
especially in BTP patients with a high risk of infection.96 
  Lastly, as demonstrated by the fluid lavage of open wounds 
(FLOW) trial, intraoperative irrigation is a simple 
intervention that may decrease rates of reoperation, 
infection, wound healing, and nonunion. Importantly, this 
benefit is independent of irrigation pressure, and may in fact 
be improved with saline alone when compared to soap.97 
Compartment Syndrome 
  Given the subjectivity of clinical examination and differing 
opinions between examining surgeons (such as palpating the 
firmness of the compartment), any suspicion of impending 
compartment syndrome warrants fasciotomy. If after 
performing fasciotomy of the compartments does not reveal 
acute compartment syndrome (no bulging), the skin may be 
closed primarily or partially in the setting of high suspicion. 
In cases of high-energy trauma, the underlying fascia may 
already be opened/damaged. In these cases, it might be 
worthwhile to complete the incision and debridement, 
followed by secondary closure. Often times when planning 
for definitive fixation the incisions can be kept separate from 
each other, i.e. keep fasciotomy incisions slightly distal and 
anterior and the approaches slightly posterior. This 
occasionally requires percutaneous fixation of the shaft 
screws. 

Quality of Life 
  Long-term complications have an impact on patients’ 
quality of life. Likewise, the need for reoperation or 
conversion to TKA has been reported in up to 14%. 88  The 
incongruity between patient expectations and clinical 
prognosis may lead to decreased satisfaction at long-term 
follow-up.88 As such, patients with BTPs should be counseled 
regarding general prognosis along with the need for 
extensive rehabilitation and/or potential reoperation. 

Future Developments  
  Virtual Reality (VR), Augmented Reality (AR), and Three-
Dimensional (3-D) Printing Proximal tibia fractures can be 
complex and sometimes fracture planes difficult to 
understand.Despite the spatial visualization provided by 
preoperative three-dimensional (3D) CT reconstruction, its 
effectiveness in pre-operative design is constrained due to 
the two-dimensional (2D) display of individual images at the 
time of surgery. This limitation makes it challenging to 
translate the preoperative 3D reconstruction to a 2D 
intraoperative imaging making an anatomical reduction of 
fracture fragments during intra-operative procedures 
slightly more challenging.98  The proliferation of virtual 
reality (VR), augmented reality (AR), and three-dimensional 
(3-D) printing technologies may enable surgeons to leverage 
improved understanding of the fracture morphology, 
patient-specific fracture treatment and eventually optimize 
the treatment of BTPs. 
  By enabling the overlay of digital images onto the physical 
world, both Augmented Reality (AR) and Virtual Reality (VR) 
offer physicians the opportunity to enhance the visualization 
of intricate fracture configuration. Moreover, these 
technologies introduce increased levels of interactivity, 
allowing for a more immersive and engaging experience also 
between surgeons. The resultant benefits, observed in 
various specialties outside of orthopaedics, might include 
reduced operative time, improved clinical outcomes, and 
increased surgeon confidence. While still in its infancy, early 
studies show promise for these tools in similarly improving 
orthopaedic practice.99,100 
  Furthermore, 3-D printed anatomic models are becoming 
increasingly commonplace in the preoperative planning of 
many orthopaedic injuries. The advent of on-demand 
manufacturing of 3D models has made it possible for 
surgeons to accurately replicate the shape and displacement 
of fracture fragments before surgery. This enables 
preoperative simulation operations to be conducted on the 
3D fracture model, facilitating precise reduction of fracture 
fragments, correction of rotation and angulation deformities, 
and restoration of the anatomical morphology of the 
proximal tibial structure.101 
  Early studies utilizing this technology in tibial plateau 
fractures have shown clinical promise, with benefits 
including reduced operative time, blood loss, and use of 
intra-operative fluoroscopy along with improved patient-
reported outcomes at follow-up.98,102,103 Although still in its 
early stages, 3D printing holds the potential to enhance 
efficiency, optimize reduction techniques, minimize 
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operation time and blood loss, and greatly enhance the 
surgical, clinical, and radiographic outcomes of traumatic 
injuries. 
  In a recent survey 50% of orthopedic trauma surgeons felt 
that they base their postoperative weight-bearing plan on 
their gut feeling. Hence, every patient is different, every 
fracture is different, and every surgeon tackles fractures 
slightly differently with standard off-the-shelf implants.  This 
leads to a high rate of variability in treatment and outcome. 
Another avenue for improved understanding might lie in 
Finite Element Analysis of Fixation constructs that can give 
insight on the stability.  The latest development in this space 
may lie in using artificial intelligence to segment, reconstruct 
and plan according to specific fracture lines and calculate the 
best possible fixation method with existing implants. 
  This helps might not only the patient to have a reliable 
rehabilitation with potential earlier weight-bearing but also 
allows the surgeon to have an objective and planned surgical 
roadmap.   
 
Conclusion 

BTPs represent a high-energy subset of proximal tibia 
fractures that are often associated with soft-tissue 
compromise and devascularization, slight malalignment, 
reoperation and with chronic disability. At present, 
treatment of bicondylar plateau fractures is guided by the 
soft tissue envelop, fracture configuration. Anatomic 
reduction of the articular surface with careful soft tissue 
handling, and restoration of the mechanical axis of the limb. 
The advent of locking plates has led to a paradigm shift in 
fracture fixation, allowing for more stable fixation. This 
occasionally permits the stabilization of bicondylar 
fractures with a unilateral approach. The future of articular 
fixation may be helped by understanding the biomechanics 
of the construct better, i.e. the most optimal plate and 
screw placement in addition of intraoperative guidance 
with 3D printed guides, fracture models and Augmented 

Reality.  
The high incidence of complex complications such as 

infection, chronic disability, and conversion to TKA 
associated with this injury underscores the imperative for  
future innovations. 
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