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ABSTRACT

Background: Tibial plateau fractures, particularly Schatzker types 5 and 6, are complex injuries.It often
arise from high-energy trauma. These fractures have significant articular comminution and metaphyseal
disruption. It complicates treatment and may affect functional outcomes. Soft tissue complications can
arise from traditional management procedures like open reduction and internal fixation (ORIF),
especially in severe cases.

An alternative approach ,hybrid external fixation is to minimise soft tissue damage whereas providing
adequate fracture stabilisation. This study investigates the functional outcomes of hybrid external
fixation in the management of these complex tibial plateau fractures.

Objectives: The aim of this study is to analyse functional outcomes of the participants for the different
demographic and clinical factors that includes age, diabetes, smoking status and infections. It also
analyses the quality of the life of the patients post treatment.

This study aims to analyze the functional outcomes of participants based on different demographic and
clinical factors, including age, diabetes status, smoking status, and infection status. The study also
assesses the quality of life of participants post-treatment.

Methods: 35 participants were included in this study. Functional outcome was monitored by using a
scoring system categorized into Excellent (27-30), Good (20-26), fair (10-19) and poor scale (below 10).
The functional outcomes was analysed on the basis of age, diabetes, smoking and infections status.
Additionally, quality of life was calculated across the different domains that includes physical
functioning, emotional well-being, social functioning and pain. Statistical test used for the comparison of
the parameters across the groups.

Results:

Age and Functional Outcome: Participants aged <35 years showed higher rates of "Excellent"”
outcomes (16.7%) compared to those >35 years (6.9%).

Diabetes and Functional Outcome: Non-diabetic participants had better functional outcomes, with
11.1% achieving "Excellent™" scores compared to 0% in diabetic participants.

Smoking and Functional Outcome: Non-smokers had better functional outcomes, with 10% achieving
"Excellent" scores compared to 6.7% among smokers.

Infection and Functional Outcome: Participants without infections had higher "Excellent" functional
outcomes (7.1%) compared to those with infections (14.3%).

IJFMR260381234 Volume 8, Issue 3, May-June 2026 1



http://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

i

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Quality of Life (QoL): A majority of participants reported better QoL in key domains, including
physical functioning (74.3%), role limitation due to physical health (88.6%), emotional well-being
(80%), and pain (80%).

Conclusion: Functional recovery is greatly impacted by clinical and demographic parameters such as
age, diabetes, smoking, infection status, and knee stiffness. Participants that are younger, do not have
diabetes, and do not smoke had higher results after therapy. Rehabilitation is maximised by focused
therapies.

Keywords: Functional Outcome, Age, Diabetes, Smoking, Infection, Quality of Life

INTRODUCTION

Long bone fractures are often caused by high-velocity trauma, which is becoming more common as the
number of car accidents rises. At 17% of all cases, the tibia is the most often broken long bone.
Compared to other long bones in the body, the tibia is more prone to open fractures. Because of its
anatomical location and the lack of soft tissue covering on its anteromedial face, the tibia sustains
injuries regularly.

The flattened, articular surface at the top of the tibia is called the tibial plateau. Tibial plateau fractures
(TPF) are fractures that affect this specific area and take place in the proximal tibia. These types of
fractures account for roughly 1% of all fractures and 8% of fractures in the elderly. These fractures
frequently result in a high rate of sequelae because of the high energy character of the trauma and their
frequent relationship with soft tissue damage. Joint stiffness, malunion, skin loss, osteomyelitis,
amputation, and in extreme situations, even death, are some of the potential issues. Up to 50% of people
have experienced joint stiffness. !

Young to middle-aged guys are the group most commonly impacted by high-impact fractures, which are
primarily caused by falls and traffic accidents. It has a major socioeconomic impact on this population
and can result in long-term incapacity.

Common external fixators are not appropriate for type 5 and type 6 fractures and can cause knee
stiffness. The articular surfaces are effectively reduced by ORIF, the popular therapeutic technique since
the 1990s, however the surrounding soft tissue is not shielded. During treatment, the hybrid external
fixator has the advantage of protecting the soft tissue envelope while granting access to the soft tissue
cover. K-wires and cannulated screws can be used to achieve additional stability and enable early knee
mobilisation.

The mechanical properties of hybrid external fixators are different from those of traditional external
fixator systems. Solid Elastic describes the mechanical properties of the hybrid external fixator system.
It is sufficiently sturdy to provide stability and micromotion, both of which promote healthy callus
formation 2. Investigating associated issues and clinically evaluating the functional outcomes of patients
treated with hybrid external fixation for tibial plateau fractures are the goals of this study.

OBJECTIVE

Primary Objective:

To assess the functional outcome of hybrid external fixator in the management of tibial plateau fractures
(Schatzker type 5 and 6) using Rasmussen functional knee score in patients attending orthopaedic
department government medical college Trivandrum
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Secondary Objective:

1. To asses health related quality of life in patients undergone hybrid external fixation of tibial plateau
fractures schatzker type 5 and type 6 at 6 months

2. To find out the factors associated with good functional outcome of hybrid external fixator in the
management of tibial plateau fractures schatzker type 5 and type 6

REVIEW OF LITERATURE

3.1 HISTORICAL PERSPECTIVE

Early accounts marked the beginning of the lengthy history of tibial plateau fracture categorisation
development.!, who recognized the significance of articular involvement, split, and depression
components in these injuries.

The six-type classification system that has become widely accepted in clinical practice. This
classification not only differentiates between various fracture patterns but also guides treatment
strategies by correlating the compslexity of the fracture with the mechanism of injury?. Comparative
discussions in the literature emphasize that while lower energy fractures may be managed
conservatively, high-energy injuries such as Schatzker types V and VI require more aggressive
intervention, often dictating the need for advanced fixation techniques?

3.2 RELEVANT PATHOANATOMY

Proximal tibia fractures are severe injuries that impact the neurovascular, soft tissue, and bone systems.
Consequently, understanding the relevant musculoskeletal anatomy from both skeletal and soft tissue
viewpoints is crucial.
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SKELETAL ANATOMY

The tibia is one of the two bones in the lower leg and is the larger and stronger of the two, serving as the
primary weight-bearing bone compared to the fibula. Proximally, the tibia connects with the femur to
form the knee joint, and distally, it connects with the fibula and talus to form the ankle joint. Running
along the medial side of the fibula from just below the knee to the ankle, the tibia is linked to the fibula
by the interosseous membran®.

At the proximal end, the tibia features medial and lateral condyles that form the lower part of the knee
joint. The intercondylar area between these condyles serves as the attachment site for the anterior and
posterior cruciate ligaments, as well as the menisci.

The tibia's shaft has a triangular cross-section with three borders and three surfaces. The borders are the
anterior, medial, and interosseous, while the surfaces are the lateral, medial (anterior), and posterior. The
proximal end of tibia, which includes the epiphyseal, metaphyseal, and diaphyseal areas as well as the
large medullary canal is referred to as the extraarticular proximal tibia.

Tibial plateau

includes the metaphysis to a distal distance equal to the width of the proximal tibia at the joint line,
according to AO-OTA classification. Fractures of proximal tibia are commonly end up in mal reduction
due to the strong musculo-tendinous forces acting over proximal fragment. Medial and lateral plateaus
as well as the tibial eminence are included in proximal tibia articular surface and these are lined by
hyaline cartilage?. This tibial eminence includes medial and lateral tibial spines. The Tibial spines are
located between the plateaus. Anterior and posterior cruciate ligaments and menisci are attached to
medial and lateral tibial spines?.
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Fig 2-skeletal anatomy of proximal tibia

Proximally, the Tibial tubercle is located about 3 cm below the articular surface.Patellar tendon is
attached here.Just posterior to the patellar tendon richly vascularized fat pad is present. Gerdy's tubercle
is present further laterally and into which iliotibial band is attached.

Medial and lateral condyle of tibia varies in size and shape. The medial condyle with its articular surface
%has a slightly concave shape and is larger in both length and width than the lateral condyle, which has
an articular surface slightly convex in shape.Lateral and medial Condyles also varies in their heights
also. The medial tibial plateau lays around 2 to 3 mm inferior to the lateral plateau. Proximal tibia is
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aligned in slight varus angulation(medial proximal tibial angle = 87° (85-90°)[8] . Posterior slope of
proximal end of tibia is approximately 9° (posterior proximal tibial angle = 81° (range = 77—-84°)3,

In addition to being next to the tibia at the proximal tibiofibular joint, which begins just distal to the knee
joint line, the fibular head is located along the posterolateral boundary of the lateral tibial plateau.
Important knee posterolateral corner stabilizers are attached to the fibula head, which serves as the
attachment for these stabilizers. The primary attachment site for the patellar tendon is the tibial tubercle,
which is characterized by a broad flat insertion that measures around three centimeters in width.

MUSCLE ATTACHMENTS

Understanding the secondary stabilizer muscles of the knee and their attachments on the proximal tibia is
crucial, as these muscles exert deforming stresses at the fracture site and must be considered during
fracture fixation.
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The iliotibial band connects to Gerdy's tubercle on the anterolateral surface of the proximal tibia. The
patellar tendon connects to the tibial tuberosity. The sartorius, gracilis, and semitendinosus muscles
constitute the pes anserinus tendons, which attach to the anteromedial region of the proximal tibia,
roughly 5 to 7 cm inferior to the joint line. The semimembranosus has a wide area of attachment on the
proximal tibia posteriorly, while the popliteus originates from the posteromedial part of the proximal
tibia.

NEUROVASCULAR ANATOMY

Proximal tibial fractures are more susceptible to neurovascular damage. The common peroneal nerve,
prior to bifurcating into the superficial and deep peroneal nerves, encircles the neck of the fibula. The
common peroneal nerve is particularly vulnerable to damage in this region. The popliteal artery
bifurcates at the posteromedial region of the proximal tibia. Vascular injuries frequently occur after knee
dislocation due to the near closeness to the proximal tibia. Vascular injuries may occur subsequent to
proximal tibial fractures, however they are very few.
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3.5 FRACTURE CLASSIFICATION:

3.5.1. SCHATZKERS CLASSIFICATION®:

It is based on plain radiograph of the proximal tibia. It is totally of six types:
1) A pure split fracture of the lateral tibial condyle

2) Tibial condyle divided laterally with depression

3) A centre depression that is pure

4) Fracture of the medial tibial condyle

5) A fracture of both condyles

6) Metaphyseodiaphyseal separation with both condyle fractures.

Type il Type Wl Type IV Type V Type VI
Split-depression Central Spiit fracture, Bicondylar Dissociation of
depression medial plateau fracture metaphysis and

diaphysis

Figure 4.1: SCHATZKERS CLASSIFICATION

3.5.2 HOHL AND MOORES CHARACTERIZATION ©

A. FRACTURE PATTERN:

TYPE 1: Split fracture of the lateral tibial condyle.

Type 2: Compression fracture of the lateral tibial condyle. TYPE 3: Compression fracture with lateral
tibial condyle split. Total tibial condyle fractures are type 4.

TYPE 5: Both tibial condyle fractures.
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Figure 4.2 Hohl and moores classification- Fracture pattern

B. FRACTURE DISPLACEMENT PATTERN:
TYPE 1: Coronal split fracture of the tibia with dislocation is the pattern of fracture dislocation.
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TYPE 2: Complete fracture of the tibial condyle with displacement. Type 3: Condyle rim avulsion
fracture with dislocation.

Type 4: Condyle dislocation due to rim compression fracture. Type 5: Condyle fracture in four parts with
dislocation

Spht Entire Rim Rim Four pan
condyle avuision compression

Figure 4.3 Hohl and moores classification — discolation pattern

3.6 Treatment Modalities for Schatzker Type V and Type VI Fractures

Over the past half-century, the fundamental ideas and methods of treating tibial plateau fractures have
evolved. Before, these fractures were treated conservatively with a range of non-operative methods, and
the outcomes were reported utilising these methods.Apley used skeletal traction and non-operative
therapy techniques to correct the abnormalities brought on by proximal tibia fractures. Early knee range
of motion was initiated, and the results were excellent enough to be published as an article®.

In 1890, Lambotte used screws and wires to treat tibia oblique intra-articular fractures. An article on
open reduction with wires for lateral tibial condylar fractures was written in 1899 by British physician
Keetley®.

The purpose of the study was to assess how well external fixation using circular wires works for treating
complicated tibial plateau fractures. At a Level 1 trauma centre, 57 fractures were the subject of a
retrospective case series. The study used hybrid Ilizarov fixators, traditional Ilizarov frames with wire
fixation, and closed indirect reduction using ligamentotaxis. According to the findings, anatomic
reduction led to an average knee score of 83 and a functional score of 69, and all fractures joined on
average after 173 days. According to the study's findings, complicated tibial fractures—particularly
those with a weak soft-tissue envelope—can benefit from circular external fixation®.

A study examined the efficacy of fixed angle locking plates with circular external fixation (CEF) as the
final therapy for complicated tibial plateau fractures (Schatzker VI). Complete union was seen at 22
weeks in Group A and 17 weeks in Group B. There was no statistically significant difference in Paley's
mechanical medial proximal tibial angle (nMPTA) and anatomical posterior proximal tibial angle
(@aPPTA) between the two groups. According to the study's findings, CEF works well for difficult
fractures and has benefits including early mobilisation, decreased infection risk, increased union rate,
and frame maintenance till union?’.
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CEF mitigates consequences, especially in patients with comminuted, markedly displaced, open, or
severe soft tissue injuries, as indicated by a retrospective review of 22 Schatzker type VI tibia fractures
managed with CEF. There were no cases of deep infections, nonunion, or malunion, and the average ex-
fix duration was 24.1 weeks. 50% of patients experienced osteoarthritic deterioration, and the mean
range of motion was 111.4 + 17.8 degrees. According to the study's findings, individuals with Schatzker
type VI fractures can benefit from CEF%,

In Schatzker tibial plateau fractures of types 5 and 6, the study assessed the functional results of hybrid
external fixators. The study examined radiological, clinical, and demographic information from 37
individuals who had fractures. The hybrid external fixator was found to be a safe and efficient method of
treating complex fractures, reducing soft-tissue problems and encouraging bone union with a satisfactory
restoration of function?®.

Soft tissue compromise frequently occurs in tibial plateau fractures, particularly in Schatzker types 5 and
6, due to high-energy trauma. Making quick judgements might result in infections, surgical wounds, and
morbidity. Hybrid external fixation was used in three cases, resulting in early fracture repair without
compromising soft tissue integrity. Patients can begin early therapy without waiting for subsiding thanks
to this technique's good clinical and radiological results. The hybrid external fixing approach is also
explained by the author®.

The purpose of the study was to ascertain how an educational intervention affected the decision-making
process of surgeons regarding implants, particularly with regard to the temporisation of an external
fixation construct that spans the knee. The overall cost of implants for patients with Schatzker 11-VI
tibial plateau fractures was considerably decreased following an instructional session. After a year, the
intervention reduced costs by about $1500 per patient, underscoring the significance of surgical implant
selection and cost variation in enhancing value for both patients and hospitals®!.

Treatment options for proximal tibia fractures range from conservative to osteosynthesis, and
preoperative planning is essential. Although complicated damage patterns may necessitate many
procedures, definitive surgical therapy can be obtained in a single session. Depending on imaging
diagnoses, patient preparation, and transportation to the proper trauma centres, there are differences in
the optimal time for treatment®2.

Eight percent of all senior fractures are proximal tibial fractures, which have greater energy mechanisms
in car and bicycle accidents and lower energy injuries in simple falls. Common conditions include
cancellous abnormalities, articular depression, osteoporosis, and bone metabolic problems. Since
prolonged immobilisation might lead to difficulties, it is advised to begin weight bearing as soon as
possible®,

An analysis of clinical data concerning the pros and cons of early weight bearing (EWB) after internal
fixation for tibial plateau fractures is conducted. Data came from Google Scholar and PubMed, including
186 publications from Google Scholar and 174 from PubMed. According to the review, in some
situations following internal fixation, EWB can be both safe and effective. Nevertheless, 33 articles
were eliminated after reading the abstract and full text, while 301 papers were eliminated because of
their titles or duplication,

Era of surgical management.

The importance of realigning proximal tibia articular fractures with open reduction and internal fixation
using bone pegs and long screws was highlighted in a study. Additionally, the author emphasized the
significance of raising the tibial shaft's depressed intra-articular fractures®®.
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In 1952, Wilsons and Jacobs used the patella to restore the articular surface of the severely depressed
comminuted fractures of the lateral tibial condyle.!*

Gothenburg and Rasmussen reported 260 tibial condyle fractures in a case study in 1973. They
determined that the main reason for surgery was indications of instability in the extended knee. In order
to treat 44% of the aforementioned patients, they either used open reduction and internal fixation with a
wire loop or bone grafts, or they used closed traction reduction and open restoration of the joint surface.
87% of patients that were followed up with had their knee function returned to normal. %2,

Surgeons Schatzker and McBroom came to the conclusion in 1979 that the best results are obtained
when the articular cartilage of the proximal tibia is reduced openly and restored almost anatomically.
Their 70-patient study showed that the group who received surgery had a 78% satisfaction rate,
compared to 58% for the group that received conservative management.

In the past, conservative measures or traditional surgical approaches like open reduction and internal
fixation (ORIF) and closed reduction methods were used to treat tibial plateau fractures. Nevertheless,
these techniques occasionally neglected the associated soft tissue damage, resulting in consequences
including joint stiffness and infection. Recently, hybrid external fixation has become a favored option
due to its dual benefit of stabilizing the fracture and protecting the soft tissue envelope. Research has
demonstrated that this technique reduces supplementary soft tissue damage and facilitates early knee
joint movement, essential for optimal functional recovery”

3.7 MECHANISM OF FRACTURE:

Direct axial loading on both tibial condyles or failure at the flared tibial condyles on the medial or lateral
sides are caused by axial loading forces, angular forces, and compressive stresses on the knee.The tibia's
medial condyle has a concave articular surface, while the lateral condyle has a convex one. It provides
better articular congruity with the femur's medial condyle than with its lateral condyle. When using
radiographs and fluoroscopy for diagnosis and surgery, this is essential because it allows for a clear
assessment of the medial and lateral plateau in the lateral radiographic image. From the anterior, which
is higher, to the posterior, which is lower, the proximal articular surface of the tibia slopes. Significant
valgus or varus forces coupled with axial loading can cause proximal tibia fractures.

The corresponding femoral condyle applies compressive and shearing stresses to the underlying tibial
plateau when a patient sustains an injury at the knee joint as a result of a combination of axial load and
varus or valgus force. This frequently results in a depressed tibial plateau fracture, a split condyle
fracture, or both. Because dense cancellous bone reduces the compressive stresses on the joint, isolated
split fractures without articular depression usually happen in younger individuals. The strong cancellous
bone gradually weakens and loses density with age, making it unable to endure compressive stresses.
Usually, a depressed or split depression fracture is the result of impact loading at high velocity.

The lateral femoral condyle is propelled into the lateral tibial plateau by valgus forces driven by the
tibial collateral ligament, which acts as a hinge or stopper. When medial plateau fractures are caused by
varus forces, the lateral collateral ligament performs similarly. The prevalence of ligament damage
found in patients with upper tibial fractures has increased as a result of improvements in MRI
technology. Patients who have a lateral tibial plateau fracture may also have an anterior cruciate
ligament injury or a medial (tibial) collateral ligament damage.

In fractures of the medial tibial plateau, the identical mechanism results in tears of the cruciate ligament
or lateral collateral ligament. The extent of knee flexion or extension dictates the site of the proximal
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tibial fracture. On the other hand, explosive, severely comminuted fractures happen when axial stresses
above 8,000 pounds. Clinical manifestations of this mechanism are thought to occur when a patient
unintentionally falls from a height onto an extended knee.

The injury mechanisms in Schatzker type IV tibial plateau fractures (TPFs) were examined in a study
that utilized MRI and CT data. In a hospital setting, 49 TPFs underwent surgical procedures between
2010 and 2019. Luo's updated three-column classification (uUTCC) and OTA/AO were used to classify
the patients. Based on the angle of the tibial plateau, the research came to the conclusion that varus force
was the cause of each individual occurrence. The prevalence of anterior and posterior cruciate injuries
was 43.3% and 96.7%, respectively, while injuries to the medial collateral ligament (MCL) were 70%.
The study discovered that some TPFs were most likely produced by valgus or rotation force as opposed
to varus impaction.*®.

Although the Schatzker method is extensively used to identify tibial plateau fractures (TPF), it has
limitations when it comes to characterizing morphological fracture characteristics. Schatzker I1, IV, and
VI fractures were the most common, accounting for 41%, 16%, and 20% of all fractures, respectively,
according to a study that evaluated the 3D morphological features of TPFs across multiple Schatzker
types. The study suggests that assessing underlying fracture characteristics in addition to fracture site
may provide more accurate information about fracture morphology, which could aid in surgical
decision-making and postoperative outcomes.3®

The research assesses the functional results of Type V and VI Schatzker bicondylar tibial plateau
fractures following early surgery with dual plating and an anterior midline approach. A retrospective
analysis of 35 cases from 2015 to 2018 showed that 80% of patients had excellent results and reached
bone union at an average of 14 weeks. 22% needed bone grafting, and 11.1% needed additional split
skin graft and flap surgery. Knee pain, varus/valgus malalignment, and superficial and deep infections
were among the side effects. Dual plating and early intervention using a single incision anterior midline
approach can still be employed as a treatment option for severe fractures, according to the study®'.

Articular fractures may also result from motor vehicle accidents, assaults, and similar incidents.

1. Split depressed fractures and depressed proximal tibial articular fractures are more common in
patients in the older age group. Pure split fractures are more common in younger patients.

2. The degree of knee flexion, along with valgus/varus forces and axial loading, determines the fracture
line and the position of the depression, whether it is anterior, middle, or posterior.

3. The kind of fracture experienced is influenced by the collateral ligaments' integrity, whether they are
ripped or intact.

4. Axial loading or axial loading in conjunction with varus/valgus stress can cause bondylar
fractures.High-velocity injuries are typically linked to ligament, vascular, nerve injuries, and
concomitant soft tissue damage.

5. Without affecting the articular surface, direct impact injuries over the proximal portion of the tibia
can also result in subcondylar fractures.

Many causes can in combination can produce numerous distinct types of fractures and consequences.

In order to identify the fracture pattern and choose the best surgical procedure, fracture classification is

essential. Surgery was the primary method used to treat proximal tibial fractures. Compared to other

fracture types, surgical complications were more common. Therefore, throughout the past three or four
decades, many changes have been made to surgical techniques for minimising and setting fractures with

IJFMR260381234 Volume 8, Issue 3, May-June 2026 10



http://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

i

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

the goal of lowering problems after proximal tibial fracture fixation.

3.8 PREVIOUS STUDIES AND OUTCOMES

Several key studies have investigated the outcomes of hybrid external fixation in managing high-energy
tibial plateau fractures. Hybrid fixation achieved high rates of clinical and radiological union with
satisfactory functional outcomes in patients with Schatzker types V and VI fractures’. Atisfactory
functional outcomes in patients with Schatzker types V and VI fractures. Some studies reported
excellent to good functional results, with early weight-bearing and joint mobilization being significant
advantages over conventional fixation methods. In comparison, while traditional ORIF has been
associated with favorable articular reduction, it also carries a higher risk of soft tissue complications,
which may compromise long-term.> ©

The functional results of treating Schatzker type V and VI proximal tibial fractures with a hybrid
external fixator were assessed in a prospective intervention trial. Eight patients with type 5 fractures and
ten with type 6 fractures were among the 18 patients with imminent compartment syndrome included in
the study. All of the fractures united within an average of 20 weeks, according to weekly follow-ups for
the first month and monthly assessments for the next six months that combined clinical exams and
imaging.

Remarkably, within the allotted period, 90% of patients achieved clinical and radiological union. 44% of
the results were categorised as exceptional, 33% as good, 11% as fair, and 11% as failing. According to
the study's findings, the hybrid external fixator is a dependable treatment for Schatzker V and VI
proximal tibial fractures, offering good functional results with a low incidence of serious side effects,
particularly in patients who have weak soft tissue envelopes and impending compartment syndrome.’
Sheikh Zayed Hospital in Lahore conducted a prospective case study involving 24 patients with
Schatzker type V-VI tibial plateau fractures, treated using a hybrid external fixator. With a mean
duration to bony union of 13.5 weeks, the study found that 54% of cases had outstanding outcomes,
33% had good outcomes, and 13% had fair outcomes. The study found that, especially in high-energy
cases with impaired soft tissue, the hybrid external fixator provides a dependable treatment for complex
tibial plateau fractures.!’

A study examined the functional effects of open reduction and internal fixation using plate
osteosynthesis for Schatzker type V and VI fractures. The study, encompassing 30 patients, indicated
excellent to good functional and radiological results, with an infection rate of 16.6%. The study
suggested that this surgical approach is effective in achieving articular reduction and restoring joint
stability, especially with moderate soft tissue injuries®®.

A study included 26 patients treated with open reduction and internal fixation using plates for Schatzker
type V and VI tibial plateau fractures. The study reported a mean Oxford knee score of 39.78, indicating
a return to pre-injury levels of activity and employment for all patients. The research emphasized the
importance of careful planning and soft tissue management in achieving favorable functional outcomes®.
A study examined the efficacy of a hybrid Ilizarov external fixator in treating Schatzker type V and VI
tibial plateau fractures. The study, including 90 cases, reported a high frequency of union (93.33%) and
good functional outcomes. The research concluded that the hybrid Ilizarov external fixator is a good and
encouraging option for managing complex tibial plateau fracture?®.

Twenty patients with Schatzker type 5 and 6 tibial plateau fractures who received llizarov circular
external ring fixation participated in a prospective research. According to the study, all patients began
bearing weight the day following surgery, and 75% of them had great radiological findings and 55% had
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outstanding functional results. According to the study, Ilizarov external fixation works well, particularly
in difficult situations when using traditional techniques might be risky and complicated.®

The functional result of complicated tibial plateau fractures treated with hybrid external fixation was the
subject of one investigation. Of the 26 knees included in the study, 69.3% had great results, 23.1% had
acceptable results, 3.8% had fair results, and 3.8% had bad results. The study concluded that hybrid
external fixation is effective in achieving excellent to good results in complex tibial plateau fractures
with minimal complications*

The study evaluated the functional outcomes of 30 patients with proximal tibial fractures classified as
Schatzker types V and VI, utilizing hybrid external fixation. The data indicate that hybrid fixation is an
excellent option for type V and VI fractures with considerable soft tissue compromise, as it is user-
friendly, facilitates early joint mobilization, and yields favorable functional outcomes. Due to possible
problems with wound healing, the study came to the conclusion that dual plating is inappropriate in
these situations®’.

This study used hybrid external fixation to assess the functional outcome of 30 patients with Schatzkers
grade V and VI proximal tibial fractures. The findings demonstrated that hybrid fixation, which is
simple to use, promotes early joint mobilisation, and yields high functional outcomes, was a great choice
for type V and VI fractures with significant soft tissue compromise. The study came to the conclusion
that because of possible problems with wound healing, dual plating is inappropriate in these situations®.

3.9 BIOMECHANICAL PROPERTIES AND ADVANTAGES OF HYBRID EXTERNAL
FIXATION

Hybrid external fixation is distinguished by its —solid elasticl mechanical properties, which combine
rigid stabilization with controlled micromotion that promotes callus formation. This unique
biomechanical behavior allows the fixator to maintain the necessary stability for fracture healing while
simultaneously facilitating early mobilization. Studies have noted that this controlled micromotion can
enhance the biological healing process and reduce complications associated with rigid fixation methods
(Ryu et al. 2018; Shah Nawaz et al. 2016)628,

The early initiation of rehabilitation protocols is critical to achieving optimal functional outcomes in
tibial plateau fractures. One of the significant advantages of the hybrid external fixator is that it permits
early passive and active knee mobilization, which is essential for preventing joint stiffness and
promoting functional recovery. Evidence suggests that immediate postoperative mobilization, along with
a structured rehabilitation program that gradually increases weight bearing, can lead to improved range
of motion and overall knee function 22

Several studies have examined the economic implications of employing hybrid external fixation
compared to conventional methods. The cost-effectiveness of hybrid external fixation is underscored by
its ability to reduce hospital stays and minimize complications that often lead to additional surgeries or
prolonged rehabilitation. This approach not only conserves hospital resources but also decreases overall
treatment costs while maintaining satisfactory clinical outcomes.

The effectiveness of hybrid external fixation in treating tibia periarticular fractures with soft-tissue
compromise is assessed in this study. 36 patients between the ages of January and December 2022
participated in the trial. The findings indicated that 84.4% of patients with proximal tibial fractures and
82.4% of patients with distal tibial fractures had favourable outcomes. Stability, early mobilisation,
preservation of soft tissue and bone vascularity, shorter operating times and radiation exposure, and cost-
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effectiveness in low-resource environments are all benefits of hybrid external fixators. As the main
fixation technique, the study suggests hybrid external fixators*

The llizarov fixator is a useful substitute for treating tibial plateau fractures, according to a research done
at a large hospital in Egypt. Forty-five individuals with Schatzker 11-VI fractures participated in the
research. The findings demonstrated that early and definitive fixation was made possible by the Ilizarov
technique, enabling intra-articular evaluation of reduction and treatment of related soft tissue injuries.
Successful fixation and early activity were made possible by the combined benefits of arthroscopy and
Ilizarov, and the minimally invasive technique did not result in any new morbidity*.

3.10 PATIENT SELECTION AND PERSONALIZED APPROACHES

The proper selection of patients for hybrid external fixation is a crucial component of optimising results
in the treatment of tibial plateau fractures. It has been demonstrated that individualised treatment plans
that take into account variables including the extent of soft tissue impairment, fracture configuration, and
patient comorbidities increase the effectiveness of the intervention. According to studies, adjusting the
surgical strategy to each patient's particular requirements improves fracture healing and lowers the risk
of complications, which improves functional outcomes.

3.11 ADVANCED IMAGING AND PREOPERATIVE PLANNING

The preoperative planning approach for tibial plateau fractures has been greatly improved by recent
developments in imaging technology. More precise classification and the development of surgical
strategies are made possible by the thorough visualisation of intricate fracture patterns and soft tissue
involvement made possible by high-resolution computed tomography (CT) and magnetic resonance
imaging (MRI). The customisation of hybrid external fixation constructions is made possible by such
comprehensive imaging, which may improve alignment results and lower surgical problems.

The response of patients with posterior lateral tibial plateau fractures to a combination of external and
internal fixation operations was examined. The study comprised seventy-seven people with Schatzker 1V
and Schatzker V type fractures. The patients were divided into two groups: a treatment group and a
control group. The study group was internally fastened using medial plates and lateral locking plates.
The results showed that the study group's postoperative hospital stays and fracture healing times were
shorter than those of the control group.

In addition to reducing fracture healing time and improving quality of life, medial and lateral
combination plate fixation was successfully used to treat posterolateral tibial plateau fractures. The
therapeutic approach was shown to be both beneficial and safe®.

Variable angle-locking compression plates (VA-LCP) were shown to be successful in attaining early
fracture union in the most desirable anatomical position in a research that looked at the functional and
radiological results of closed proximal tibial fractures in young people. According to the study, VA-LCP
should be taken into consideration as a treatment option for tibial plateau fractures as a delicate balance
between soft tissue stripping and anatomical reduction is necessary to prevent problems*3.

3.12 ADVANCES IN SURGICAL TECHNIQUES AND INSTRUMENTATION

Recent advancements in surgical techniques and instrumentation have significantly refined the process of
hybrid external fixation. The development of precision-guided wire insertion methods and modular
fixator systems has enhanced the accuracy of fracture reduction and improved the stability of the
fixation construct. These technological

innovations not only facilitate a more predictable surgical outcome but also contribute to lower
complication rates, reinforcing the benefits of hybrid external fixation in complex tibial plateau
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fractures.

Because tibial plateau fractures (TPFs) cause high-energy trauma and significant soft tissue injury, they
frequently call for sophisticated surgical techniques. With rates ranging from 9.9% to 30%,
postoperative complications such as surgical site infections (SSls) are still common. According to a
research that examined 365 patients who had treatment for TPFs, 47.7% of the fractures were high-
energy fractures, with open fractures making up 6.86%. Twenty-one instances (5.8%) had superficial
infections, mostly at the locations of external fixator pins, whereas 4.1% had deep infections. Delays in
final treatment, damage control orthopaedic regimens, and preoperative fasciotomy were shown to be
significantly correlated with SSls. Clinical results may be enhanced and these problems may be reduced
with a customised surgical strategy based on less invasive procedures and ideal timing**.

3.13 REHABILITATION PROTOCOLS

The implementation of rigorous and standardized rehabilitation protocols is critical to optimizing
outcomes following hybrid external fixation. Early mobilization, coupled with progressive weight-
bearing exercises and close monitoring of joint range of motion, has been shown to reduce the incidence
of postoperative complications such as joint stiffness. Consistent application of these rehabilitation
protocols across patient populations helps in achieving better functional recovery and enhances overall
patient satisfaction. High-energy tibial plateau fractures frequently result in soft-tissue injuries and
functional sequelae, making them complicated and challenging to treat. High-velocity impacts, such falls
or accidents, are what define them. Controlling cutaneous and infectious hazards requires a step-by-step
approach that includes temporary fixation, imaging evaluation, and permanent fixation. Functional
sequelae and osteoarthritis development are possible long-term outcomes, with a minimum of 5%
chance of subsequent knee replacement. Neurovascular and soft-tissue evaluation is part of immediate
care. Definitive therapy, which includes internal fixation by plate, reduction, and fixing of bone lesions,
comes next. Arthroscopy can help treat meniscal and ligament diseases and control reduction®.

3.14 CONCLUSIONS AND FUTURE IMPLICATIONS

Hybrid external fixation has become a well-regarded method for tackling complex tibial plateau
fractures, especially the Schatzker types V and VI. Its biomechanical benefits, the ability to protect soft
tissue, and the potential for better long-term functional results make it a strong alternative to traditional
fixation techniques. However, even with its clinical advantages, more research is necessary to fine-tune
patient selection criteria and improve treatment protocols.

Future research, especially large-scale multicenter trials, is crucial for gaining a deeper understanding of
the long-term effectiveness of hybrid external fixation and for creating standardized guidelines for its
use. Moreover, advancements in imaging technologies, surgical tools, and rehabilitation methods are
anticipated to further enhance clinical outcomes, minimize complications, and support patient recovery.
These innovations will be key in shaping the future of managing tibial plateau fractures.

COMPONENTS OF HYBRID EXTERNAL FIXATOR

IJFMR260381234 Volume 8, Issue 3, May-June 2026 14



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

I.  PRIMARY COMPONENTS:

The primary components are standard parts that join the skeleton to the finished frame, such as

e  Transosseouswires

e  Rings

e  Wire fixation bolts

Il. SECONDARY COMPONENTS:

The secondary components are the special elements used to construct the frame of the apparatus, such as
rods, posts, nuts and bolts.

WIRE FIXATION BOLTS::

a. Cannulated wire fixation bolt :

Below the oblong head ( 10 mm small diameter), the bolt contains a longitudinal hole to fix the wires to
the rings. The wire is passed through the concentric hole which is at thebase of the bolt head and
clamped to the adjacent surface with a tightened nut.

W el TN
Cannulated wire fixation bolts are limited to the central location of holes, but compared to the sloted
bolts, they allow greater clamping force.
a)  Slotted wire fixation bolts:
The wire fixation slot is eccentric under the 10-millimeter bolt head and parallel to its long axis. The
open edge is more versatile. Wires can be slide under the bolt from either side. The wires are fixed
between the slot at the base of the head of the bolt and the ring surface. Since most wires cross the ring
holes eccentrically, these slotted bolts are more commonly used.
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Wires must be tensioned to achieve stiffness for bone stability. The traditional technique of tensioning
involves winding the wire around the neck of the bolt. By locking the bolt to the ring under moderate
torque of the nut, the nut-bolt-wire combination can be rotated as a unit. By turning two wrenches
simultaneously, tension is applied to the wire as it wraps around the perimeter of the bolt.

After sufficient tensioning the head of the bolt is held stationary and the nut is further tightened to secure
the wire. This method of wire tensioning creates unintended forces in the bone by altering the original
axis of the wire upto one or two millimetres. For this reason, mechanical tensioners are now more
commonly used. Each wire should be put on top and bottom of each ring for the best support. Because
the wires are separated by the five-millimeter thickness of the ring, each bone section that is fixed to the
ring doesn't have to deal with torque. Putting the wires on both sides of the ring also keeps it from
twisting.

HINGE (MALE AND FEMALE):

Hinges are specilaized posts with a single hole, offset to interface each other with a bolt. Machined from
stainless steel five millimetres wide and 20 millimeters high, they are made with either a male or female
connecting ends.

Qom—

Male Hinge
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Female Hinge

NUTS AND BOLTS:
These components are indispensable. The bolts are 10,16(or)30 millimeters in length. The head is 10
millimeters.

WIRE WITH STOPPER (OLIVE WIRE):

As one of Ilizarov’s original concepts, these wire provide many special functions, such as
interfragmentary compression, increasing stability ofthe construct (placed in opposite directions on
opposite of bone, they increase the stability of frame construct and can be used to correct various
deformities) gradual distraction or translation of bone fragments. For use in osteoporotic bone, a —
stopperl with a larger surface area can be created by bending a normal transosseous wire into different
configurations.

For example, in an oblique mid-shaft fracture, interfragmentary at the fracture site is accomplished by
placing two olive wires in opposite direction using slotted, threaded rods to apply compression. In a
malunion or non union of a forearm, olive wires provide a transverse force for correction while
distraction is provided by the threaded rods. For intra-articular fractures, olive wires placed in opposite
directions provide interfragmentary compression. In metaphyseal bone, an olive wire can be used with a
washer for support.

DYNAMOMETRIC WIRE TENSIONER:
The tensioner is a crucial device that enables precise tensioning of wires, hence enhancing the integrity
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of the entire bone frame structure. The wires must be tensioned between 50 and 130 kilos. The precise
level of tensioning is contingent upon the patient's weight, the quality of the local bone, the treatment
plan, and the configuration of the local frame. The wires can be retensioned or further tensioned during
the patient's treatment. To allow for this, the wire ends must be left long enough for the dynamometer to
work (minimum of four centimeters)

The parts of dynamometer are

a.  Handle for applying tension

b.  Dynamometer scale from 50 to 130 kilos

c.  Fixed jaw

d Mobile jaw

STANDARD WIRE TENSIONER :

The wire is introduced into channel at the centre of the tensioner and then fixed with a bolt to the
tensioner. The tensioner is then fixed to the ring to keep it from sliding about the ring. Turning the wing-
nut clockwise applies tension to the wire.

PRE OP AND POST OP XRAY’S
CASE .1
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CASE .2
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RELEVANCE

Among the most difficult and complicated orthopaedic injuries to treat are tibial plateau fractures. High-
energy trauma, such as car crashes or falls from great heights, usually causes these fractures, which
frequently involve bicondylar or intra-articular comminution. Their seriousness is linked to a significant
risk of sequelae, such as post-traumatic arthritis, joint instability, and functional impairment, as well as
substantial soft tissue damage and a weakened vascular supply. Anatomical reduction, soft tissue
integrity, and early mobilisation to maximise functional results must all be carefully balanced for
effective management.

Hybrid external fixation has emerged as a promising treatment option for Schatzker Type V and Type VI
fractures. This method effectively stabilizes fractures while minimizing soft tissue disruption, combining
the benefits of minimally invasive surgery with the stability of external fixation. In contrast to
conventional open reduction and internal fixation (ORIF), hybrid external fixation is essential for the
restoration of knee function and the prevention of long-term disability. It reduces the risk of infection,
promotes speedier healing, and enables early joint mobilization.

To improve the visibility of the posteromedial and posterior tibial plateaus, the structure can be laterally
retracted or, if required, its origin may be incised and elevated. The common peroneal nerve traverses
beneath the biceps femoris muscle before arching across the posterior region of the fibular neck. The risk
of nerve injury during lateral tibial plateau fracture surgery is typically low if the surgeon is attentive to
the position of the fibula. Nonetheless, due to the infrequent utilization of the posterolateral approach to
the proximal tibia, identifying and stimulating the common peroneal nerve remains essential.
High-impact lateral trauma and high-velocity tibial plateau fractures—particularly medial tibial plateau
fractures that cause varus alignment—can compromise the nerve. Although rare, proximal tibia fractures
may also result in popliteal artery injury. The anterior tibial artery, constrained by the interosseous
membrane, is more vulnerable in shaft dissociation patterns. Meanwhile, the popliteal artery trifurcates
in regions prone to fracture displacement, increasing its susceptibility to certain fracture types.
Additionally, occult damage to the anterior tibial artery can occur in cases of compartment syndrome,
which frequently accompanies various fracture patterns.

METHODOLOGY
STUDY DESIGN:
Hospital based Prospective cohort study.

STUDY SETTING:

Department of Orthopedics, Government Medical College, Thiruvananthapuram.

STUDY PERIOD:

For a period of one year after approval of institutional ethics committee.

STUDY POPULATION:

All patients with tibial plateau fracture schatzker type 5 and type 6 attending orthopaedic department
Government Medical College, Thiruvananthapuram

Inclusion criteria:

1. All patients with Schatzker V or VI with gustilo Anderson grade 2 and grade 3 soft tissue injury

2. Closed fracture wih compromised soft tissue and blebs
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Exclusion criteria:
1. Candidates not willing to give consent for the study.
2. Patients with vascular injuries

SAMPLE SIZE:
According to the study titled evaluation of functional outcome following hybrid external fixation in the
management of schatzker s type 5 and type 6 tibial plateau fractures by Y. Subhash et al proportion of
patients with good functional outcome is 73.3%
Z% g
N
n= g P

Z102- 1.96 at 5 % significance

p= T733%
q=100-733
=26.7

d= Relative precision

=20% of p

1.96%1.96%0.733*0.267
0.2=

Il
[F¥]
h

Sampling technique:
Participants who fulfill the above mentioned inclusion criteria will be consecutively selected for the
study till the sample size is attained

STUDY VARIABLES

A. Socio economic status

B. Demographic variables

e Age

o Sex

C. Comorbidities

e Diabetes

e Obesity

e Personal details-alcoholic, smoker
Investigations done

X- ray of knee joint AP/LATERAL
COLLECTION TOOL
SEMISTRUCTURED PERFOMA
RASMUSSENSEUNCHONAL KNFEGcORE
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surgical technique

time of weight bearing

Length of hospital stay

Post-operative complications :infection ,knee stiffness
Physiotherapy

Amount of knee flexion

“—Tomm

DATA COLLECTION TOOL AND DATA COLLECTION TECHNIQUE:

This study has been carried out after taking the necessary steps to obtain approval from the ethical
committee of our institution. Following the acquisition of written informed permission and assent,
patients who meet the criterion for eligibility are recruited for participation in the study. A proforma that
has already been produced was used to collect the essential information, and it was used to elicit the
information that was required. Regular and comprehensive examinations are going to be carried out.
Documentation will be created to record the results of the study. Each patient will have a clinical and
radiological evaluation as soon as they are admitted to the facility. A thorough evaluation and recording
of the neurovascular status will be performed during the initial assessment. Furthermore, the degree of
soft tissue degradation will be observed and stated in the report. In order to classify all fractures, the
Schatzkers classification will be utilized, and the case data will be utilized in order to
ascertain the type of fracture There will be a clinical and radiological evaluation performed on
each and every patient upon admission. A thorough evaluation and documentation of the neurovascular
state will be performed during the initial assessment. There will also be an evaluation and documentation
of the degree of degeneration of the soft tissue. Through the application of the Schatzkers classification,
each and every fracture will be classified, and the case data will be utilized to determine the specific type
of fracture. As soon as the patients have been given the required medical and anesthetic clearance, they
will be prepared for the surgical operation, and standard blood tests will be scheduled for them.

DATA ANALYSIS

The statistical program SPSS version 27 is used to analyse the data, which is entered into an Excel sheet.
In contrast to quantitative variables, which are represented by mean and standard deviation, categorical
variables are displayed as proportions.

The chi-square test for categorical data and the t-test for continuous data are used to evaluate
correlations between variables. P-values below 0.05 are regarded as statistically significant.

ETHICAL CONSIDERATIONS

e The approval of the institutional ethics committee will be acquired.

e The appropriate department will provide a letter of authorisation.

e Throughout the study, confidentiality will be guaranteed and upheld.

e Before being included in the study, written informed consent will be obtained.

e None of the participants will have to pay anything.

e The findings of the study will only be published and utilised for research purposes.
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MANAGEMENT AND ANALYSIS

After being coded and entered into Microsoft Excel sheets, the data were then analyzed using SPSS
version 26, which was an advanced statistical package. For the purpose of providing a concise summary
of the population under investigation, descriptive statistics were utilized. Quantitative data were
presented in the form of means and standard deviations, and qualitative data were portrayed as
proportions.

In order to determine whether or not continuous variables are normally distributed, the Kolmogorov-
Smirnov test was utilized. We used the independent t-test to investigate the associations between the
variables and the functional outcomes, and we determined that a p-value of less than 0.05 was
significantly significant for statistical significance. Because the anticipated cell count was so low in
several of the cases (less than 5), the chi-square test was not appropriate for determining the connections
between the variables. Furthermore, graphical representations were deployed in the appropriate situations
in order to properly illustrate the distribution of the data being presented.

Budget

All the cost will be borne by the principle investigator.

PATIENT MANAGEMENT

As soon as the patient arrived, a trauma survey was performed, concentrating on airway, circulation, and
breathing. Vital signs were monitored.A comprehensive skeletal examination was then conducted in
order to rule out any associated fractures. Injuries to the patient's head, chest, abdomen, spine, and pelvis
were also assessed. A neurovascular examination was also conducted, and the injured limb was
immobilised using either skeletal traction or plaster, depending on the extent of the damage.

PRE-OPERATIVE ASSESSMENT

An first evaluation of the patient's respiration, circulation, and airway was carried out when they were
admitted to the trauma unit. The injured limb was briefly immobilised with a Thomas splint or plaster
slab. After stabilising the overall condition and assessing other systems, radiographs of the knee, leg, and
ankle were obtained. CT scans of the knee were also done.

While open fractures are classified using the Gustillo Anderson classification, fracture patterns are
examined and categorised using the Schatzker classification. The state of soft tissues in high energy
trauma was evaluated. Patients with fractures to the proximal tibia were closely monitored for the
development of compartment syndrome. Plain radiographs of the knee and ankle, including AP and
lateral views, as well as computed tomography if required, were obtained for the patients. At the time of
admission, all pre-operative testing were finished and examined for anomalies. Consultations on
anaesthesia were held, and their instructions were carried out. After medical comorbidities were
minimised and anaesthesia fitness was achieved, patients were assigned for fixation.

Surgical Procedure

Pre-operative evaluation following hospital admission, a comprehensive medical history was obtained,
followed by an examination of the fracture site. We looked closely at the abnormalities, oedema, and
ecchymosis. We noted pain, bone irregularity, and crepitus in a clinical setting. Examined were the
distal vascularity and the motions of the ankle, knee, and all toes. Primary treatment was finished, vitals
were kept up to date, and the patient's overall condition was stable. With the knee in 15 degrees of
flexion, HRe—aFrHeteetee—Wa—cHPPoRCa RO —to—toc—Hop—ota—aRa—tatoecrrH—a—Sorter—DB raun
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splint.

To confirm the diagnosis and determine the type of fracture, standard radiographs in AP and lateral
views were taken. Either general anaesthesia or spinal anaesthesia was used for the surgery. After a
thorough cleaning, the lower leg was painted with spirit and betadine and covered with a cloth. For a
proximal tibia fracture, the patient was placed in a supine posture with a pillow or sand bag beneath the
distal thigh.A thorough wound wash was administered for open fractures.

The ligamentotaxis concept was applied to decrease the fracture (indirect reduction) using traction
countertraction under the guidance of C-Arm fluoroscopy. To hold the periarticular pieces in place after
reduction, a pointed reduction clamp was placed percutaneously and secured with llizarov wire. A 1.8
mm bayonet wire was put in the secure region, 2 cm from the joint line. Olive strands include small
beads called "Olives" on them. When the wire is being tensioned, an olive can pull on a fragment of
bone. These Olive wires were positioned perpendicular to the fracture plane when interfragmentary
compression was necessary. The wire is manually inserted by making punctures in the skin until it
reaches the bone's cortex.

After that, it ought to be drilled. The wire was hammered through the soft tissue once it had passed
through the outer cortex. From lateral to medial, the first bayonet wire was carried parallel to the joint
line. The wires were tensioned and a 5/8 ring or complete llizarov ring of the proper size was connected.
Similarly, a second wire was inserted within the safe area, ensuring that the two wires were at least 30 to
60 degrees apart. A tiny cut should be made to free any skin that the wire is tying or stretching. To
improve the construct's stability, one or two more drop wires can be added above or below the ring, if
needed.

Under the direction of C-Arm fluoroscopy, longitudinal traction was used to rectify the metaphysio-
diaphyseal alignment. The ring assembly was connected to the Schanz pin uniplanar fixator assembly
via a connecting clamp. Finally, the reduction was examined, and the frame was tightened. Another
connecting rod was positioned diagonally between the ring assembly and the Schanz pin for added
stability.

Postoperative protocol

Daily thorough pin track maintenance with immediate passive range of motion was started on the first
POD. The patients were encouraged to start regulated knee motions as soon as possible. The wound was
managed with daily dressings, stronger antibiotics based on pus culture and sensitivity, plastic surgery,
and wound debridement when necessary. therapy for people who have lost soft tissue. Static quadriceps
strengthening exercises, knee mobilisation exercises, sitting knee extension exercises, and nonweight
bearing walking with a walker were the first steps in the second and third PODs. Between weeks six and
ten, partial weight bearing was also started, depending on how the callus appeared on radiography.
Weight-bearing walking was started between weeks 10 and 16, depending on the radiographic and
clinical signs of union.

DISCHARGE
After receiving follow-up post-operative dressings, the patients were sent home to ensure that their
wounds were healing and that their overall health was stable.
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RASMUSSEN FUNCTIONAL KNEE SCORE

Table 1 RASMUSSEN FUNCTIONAL KNEE SCORE

(ritena for Rasmussen clinical assessment.

Subjective Points
A. Subjective complaints
a. Pain
No pain 6
Occasional pain 5
Constant pain after activity 4
Significant rest pain 0
b. Walking capacity
Normal walking capacity (in relation to age) 6
Walking outdoors for at least 1 h 4
Short walks outdoors for >15 min 2
Walking indoors only 1
Wheel-chair/bedridden 0
B. Clinical signs
a. Extension
Normal 6
Lack of extension (0-=10°) 4
Lack of extension > 10° 2
b. Total range of motion
>140° 6
>120° 5
>90° 4
>60° 2
>30° 0
c. Stability
Normal stability in extension and 20° of flexion 6
Abnormal instability 20° of flexion 5
Instability in extension < 10° 4
Instability in extension > 10° 2
Maximum 30
Excellent 27=-30
Good 20-26
Fair 10-19
Poor <10

RESULT AND OBSERVATIONS

A prospective study was conducted to assess the functional outcome following hybrid external fixation
in the management of tibial plateau fractures Schatzker type 5 and type 6 in a tertiary care center. A
total of 35 participants were studied. The results obtained are discussed as follows.

e General profile of study participants

IJFMR260381234 Volume 8, Issue 3, May-June 2026

28


http://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

I E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

IJFMR

Functional outcome based on Rasmussen score
Association of factors with functional outcome
Quality of life of patients based on SF tool

IJFMR260381234 Volume 8, Issue 3, May-June 2026

29


http://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

i

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

5.1 General profile of study participants

5.1.1 Age & Gender of the participants

The mean age of the participants was 43 = 9.2 years. The age ranges from 26 years to 61 years. Of
which six (17.1%) belonged to less than or equal to 35 years and rest 29 (82.8%) participants had age
more than 35 years.

Table 5.1: Distribution based on age category

/Age of participants No of participants
/Age less than 35 years 6 (17.1%)

/Age greater than 35 years 29 (82.8%)

Total 35 (100%)

Out of the total 35 participants only eight (22.9%) were females, rest 27 (77.1%) were males.

B Male
® Female

Figure 5.1 Distribution based on gender of participants

5.1.2 Side & Mode of Injury
On assessing the side of tibial plateau fracture 74.3% (n=26) of the fracture was in Right side and 25.7%

(n=9) sustained fracture on Left side.
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9
(25.7%)

B Left
M Right

Figure 5.2 Distribution based on side of fracture

The most common mode of injury was Road traffic accident (88.6%, n=31), while fall from height and
assault accounted for (8.6%, n=3) and (2.9%, n=1) respectively.
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Mode of injury
Figure 5.3 Distribution based on Mode of Injury

5.1.3.Comorbidity status of the participants

Out of the 35 participants eight (22.9%) of them suffered from Diabetes and 27 (77.1%) were free of the
comorbidity diabetes.

Out of the total participants 15 (42.9%) of them were smokers and 20 (57.1%) were non-smokers.
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MW Yes
W No

Figure5.4 Distribution based on diabetes status

B Yes
MW No

Figure 5.5: Distribution based on smoking status

5.1.4.POST OPERATIVE FINDINGS
Knee stiffness was reported by only four (11.4%) participants and the rest 31 (88.6%) were free of

this complication.
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Figure 5.6: Distribution based on presence of knee stiffness

Out of the total 35 participants seven (20%) developed infection.

B Yes
B No

Figure 5.7: Distribution based on infection
On assessing the flexion range, more than 90-degree flexion was possible by 20 (57.1%) of the

participants and 13 could achieve flexion to a range greater than 60 degree and only two were limited to
a flexion of range greater than 30 degrees
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Figure 5.8: Distribution based on Degree of flexion
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The mean time taken for weight bearing was 8.2 weeks with a standard deviation of 0.62 weeks. The
mean time for union was 13 weeks +1 week.

5.2 FUNCTIONAL OUTCOME
The Rasmussen scoring method was used to evaluate the functional outcome. With a standard

deviation of 4.7, the mean score was 22.43.
The functional outcome is divided into the following four groups based on the score:

Table 5.2: Distribution based on Functional outcome

Functional Outcome Score No of participants (%)
Excellent 27-30 3 (8.6%)
Good 20-26 24 (68.6%)
Fair 10-19 6 (17.1%)
Poor <10 2 (5.7%)
24
25

é 15

? 10

= 6

J (¥ a)
L)
S

=l ==
Excellent Good Fair Poor

Functional Outcome

Figure 5.9: Distribution based on functional outcome

According to the Rasmussen score, 3 (8.6%) of the 35 patients had outstanding functional outcomes. The
majority of participants—24, or 68.6%—had positive functional results. According to the rating system,
2 (5.7%) had a poor functional outcome and 6 (17.1%) had a fair functional outcome.

5.2.1 FUNCTIONAL OUTCOME IN VARIOUS GROUPS
Table 5.3: Functional outcome based on age of participants

Functional Outcome

Excellent Good Fair Poor
/Age of participants Total
Less than 1 (16.7%) 3 (50%) 1 (16.7%) 1 (16.7%) 6
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35 years

Above 35 years 2 (6.9%) 21 (72.4%) 5 (17.2%) 1 (3.4%) 29
Total 3 24 6 2 35
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Majority (n=29, 82.8%) of the participants belonged to the age group of above 35 years. Of which good
and fair outcome was reported by 21 (72.4%) and 5 (17.2%) participants respectively. And 2 participants
had excellent outcome and 1 (3.4%) had poor outcome.

Among the younger age group (Age less than or equal to 35 years) half (n= 3) of the participants had
good outcome. Excellent, fair and poor outcome was reported by 1 participant in each group.

Table 5.4: Functional outcome based on diabetes status

Functional Outcome

Excellent Good Fair Poor
Diabetes Total
Yes 0 (0%) 5 (62.5%) 2 (25%) 1 (12.5%) 38
No 3 (11.1%) 19 (70.4%) 4 (14.8%) 1 (3.7%) 27
Total 3 24 6 2 35

Among the 8 diabetics- 5 (65.5%) had good outcome, while 2 (25%) had fair outcome and 1 (12.5%)
had poor outcome. Excellent outcome was reported by nil.

Among the non diabetics majority (n=19, 70.4%) had good outcome followed by 4 participants (14.8%)
having fair outcome, 3 (11.1%) having excellent outcome and 1 (3.7%) participant reporting poor
outcome.

Table 5.5: Functional outcome based on smoking status

Functional Outcome

Excellent Good Fair Poor
Smoker Total
Yes 1 (6.7%) 10 (66.7%) 4 (26.7%) 0 (0%) 15
No 2 (10%) 14 (70%) 2 (10%) 2 (10%) 20
Total 3 24 6 2 35

Based on the smoking status, 10 (66.7%) participants among smoking group had good outcome and 4
(26.7%) had fair outcome and 1 (6.7%) participant reported excellent outcome.
Among the 20 nonsmokers 14 (70%) had good outcome, and the number of participants in excellent, fair
and poor outcome group was 2 (10%) each.

Table 5.6: Functional outcome based on Infection status

Functional Outcome

Excellent Good Fair Poor
Infection Total
Yes 1 (14.3%) 4 (57.1%) 1 (14.3%) 1 (14.3%) 7
No 2 (7.1%) 20 (71.4%) 5 (17.9%) 1 (3.6%) 28
Total 3 24 6 2 35

7 participants among the total 35 developed infection post operatively. Of which majority (n=4, 57.1%)
reported good outcome. Excellent, Fair and poor outcome was reported by 1 participant (14.3%) in each

group.
Among the rest 28 participants, 20 (71.4%) had good outcome, 5 (17.9%) had fair outcome,
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while 2 (7.1%) had excellent outcome and 1 (3.6%) had poor outcome.

5.3. ASSOCIATION OF FACTORS WITH FUNCTIONAL OUTCOME

The various factors like age and gender of the participants, side of fracture, comorbidity status, smoking
status, development of knee stiffness and infection post-surgery was assessed to find out any association
between these factors and functional outcome. Functional outcome is defined as per Rasmussen score.
After testing for normality of Rasmussen score, independent sample t test was applied.

The result of the test is as shown below in the table

Table 5.7: Association of variables with functional outcome

\Variable Mean + SD t statistic p value
/Age category
Less than 35 years
21.00 + 6.98

Above 35 years 22.72 £ 4.19

-0.81 0.42
Gender
Male 22.48 +4.41
Female 22.25+5.92

0.12 0.90
Side of fracture
Right 22.31 +5.08
Left 22.78 + 3.59

-0.25 0.80
Diabetes
Yes 21.13+551
No 22.81 + 4.47

- 0.89 0.38
Smoker
Yes 22.07 £ 3.71
No 22.70 £ 5.40
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-0.39 0.69
Variable Mean + SD t statistic p value
Knee stiffness
Yes
19.75+7.23
No 22.77 +4.32
-1.22 0.23
Infection
Yes
21.86 + 6.31
No 22.57 + 4.34
-0.35 0.72

No significant association was obtained on assessing age with functional outcome. The mean score
among participants with age less than or equal to 35 years is 21 with standard deviation 6.98 and among
older age group the mean was higher and was 22.72 with standard deviation of 4.19.

On assessing the mean Rasmussen score among Male and Females, the mean score of males was 22.48
with a standard deviation of 4.41 and females had a mean score of 22.25 with a standard deviation of
5.92. No significant association between functional outcome and gender was obtained (p value >0.05).
The third variable which was assessed for any association with functional outcome was Side of fracture,
but it turned out to be non significant with a mean score of 22.31 + 5.08 in Right side affected group and
22.78 = 3.59 in Left side affected group.

The mean score among diabetic patients was higher when compared to non diabetics, with the mean
score of 21.13 and a standard deviation of 5.51 among diabetic and 22.81 with a standard deviation of
4.47 among non-diabetics. However, this difference was not statistically significant (p value >0.05).

No significant association was obtained on assessing the smoking status with functional outcome. The
mean score in smokers were 22.07 + 3.71 and nonsmokers were 22.70 + 5.40.

Post-operative knee stiffness and infection were also assessed to find out any association between
functional outcomes, but no significant association could be obtained.

The mean score among the group with knee stiffness (19.75 £ 7.23) was lower when compared to group
with no knee stiffness (22.77 = 4.32). Similarly, the mean score among the group which developed
infection was lower with a score of 21.86 and standard deviation 6.31 when compared to the group
which didn’t develop infection with a mean score of 22.57 and standard deviation 4.34, but was not
statistically significant (p value>0.05).

5.4. QUALITY OF LIFE OF PATIENTS
The SF 36 tool, which evaluates health across eight categories, including physical functioning, role
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limitation owing to physical health, role limitation due to emotional difficulties, energy, emotional
wellbeing, social functioning, pain, and general health, was used to measure the patients' quality of life.
According to the scoring system, a higher percentage in each domain indicates better quality of life
(QoL), whereas a lower proportion indicates worse QoL.

The following are the findings of the Quality of Life assessment using the SF 36 tool rating in several
domains.

Table 5.8: Frequency distribution based on Quality of life

Domains Better QoL Poor QoL
n (%) n (%)
Physical functioning 26 (74.3%) 9 (25.7%)
Role limitation due to physical health 31 (88.6%) 4 (11.4%)
Role limitation due to emotional problem 26 (74.3%) 0 (25.7%)
Energy 28 (80%) 7 (20%)
Emotional well being 28 (80%) 7 (20%)
Social functioning 27 (77.1%) 8 (22.9%)
Pain 28 (80%) 7 (20%)
General health 31 (88.6%) 4 (11.4%)

According to the findings, most participants' quality of life improved across all SF tool domains. Of the
individuals, 26 (74.3%) have a higher quality of life in terms of their physical functioning, 31 (88.6%)
have low limitations because of their physical health, and 26 (74.3%) have low limitations because of
emotional issues. 28 (80%) of the participants mentioned having a higher quality of life based on energy,
emotional wellbeing, and pain. Of the participants, 27 (77.1%) reported having a higher quality of life in
the social functioning domain. In the general health domain, 31 individuals (88.6%) reported having a
higher quality of life.

RESULTS

e Out of the total 35 patients 77.2 %(24) patients had above good functional outcome . 17 had fair and
5.7 % patient had poor outcome

e Among 8 diabetic patients 37.5% had below good functional outcome and excellent outcome was
reported by nil

e Among the non diabetics majority (n=19, 70.4%) had good outcome followed by 4 participants
(14.8%) having fair outcome, 3 (11.1%) having excellent outcome and 1 (3.7%) participant reporting
poor outcome

e Of the seven patients who experienced a pin tract infection during the post-operative phase,5 patients
were suffering from diabetics

e When examining the correlation between age group and functional outcome, 79% of patients over 35
had functional outcomes that were above good. 20.2% showed functional results that were below
excellent.Most common mode of injury was road traffic accident 88.6% males were most commonly
affected 77%
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DISCUSSION

Tibial plateau fractures, especially the Schatzker Type V and VI varieties, present some serious
challenges because of their high-energy impact, involvement of soft tissues, and the potential for
complications. Hybrid external fixation has come to the forefront as a promising alternative to traditional
open reduction and internal fixation (ORIF). It provides biomechanical stability while also keeping the
soft tissue intact. This study looked into the functional outcomes linked to hybrid external fixation,
focusing on important factors like diabetes, smoking, age, and the risk of infection.

The mean age of our 35 patient was (26-61) of which 29 patient belong to the age group of >35 years
and rest 6 <35 years.The age distribution is similar to studies by other researchers such as subash et al
mean age of 42.6.There was a male preponderance of 77% in our study similar to above
study[23].Sathishkumar et al in their study attributes 78% injury following road traffic accident,52%
right sided affection and in our study 88% patient had injury due to road traffic accident,8.6% due to fall
from height.Right side was affected in 74.3% of our population

Proximal tibia fractures are serious injuries that often come from high-impact situations, making them
quite challenging to manage. These fractures typically happen in road traffic accidents or when someone
falls from a height. For older adults, however, they can occur even with low-energy incidents, like a
simple slip or fall, especially when their bones are weakened by age.

Patients' recovery was significantly influenced by their smoking status; 26.7% of smokers had only fair
functional results, compared to 10% of non-smokers. Due to its detrimental effects on vascularity and
tissue regeneration, smoking has been shown to be a factor that increases post-operative complications
and delays bone healing (Schmidt et al., 2016). The results corroborate current guidelines that urge
quitting smoking as a component of perioperative care for patients with fractures (Scolaro et al., 2018).
Among these fractures, Schatzker types V and VI are particularly tricky to treat because they involve
significant damage to the surrounding soft tissue, which can include open wounds, deep scrapes, and
blisters. Other complicating factors can be the fragmentation at the fracture site, misalignment of the
bone (either inward or outward), depression of the joint surface, and any ligament injuries that might
lead to instability.

To effectively manage these fractures, it's crucial to follow some key principles. This includes accurately
realigning the bones, lifting any depressed fragments to restore the joint's integrity, preventing any
angular deformities, handling the soft tissue with care, encouraging early movement of the knee to keep
its range of motion, and allowing supervised weight-bearing to promote the best recovery possible.

The results show that 77.2% of patients experienced a positive functional outcome, whereas 5.7% had
either poor or fair results. These findings are consistent with earlier research highlighting the
effectiveness of hybrid external fixation in stabilizing complex tibial plateau fractures and allowing for
early mobilization (Zhang et al., 2019; Kumar et al., 2020). The impressive rate of good outcomes
indicates that this approach not only promotes fracture healing but also reduces the complications often
seen with traditional fixation methods.

The evaluation of quality of life (QoL) factors really underscores the advantages of hybrid external
fixation. Most patients noted improvements in their QoL, particularly in areas like physical functioning
(74.3%), emotional well-being (80%), and pain relief (80%). This aligns with earlier research that
highlights the long-term benefits of getting patients moving early and ensuring stable fracture fixation
(Gustilo et al., 2019). On the flip side, those who faced complications, like infections or poor wound
healing, reported significantly lower QoL scores. This really emphasizes the importance of tailored
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rehabilitation plans to enhance recovery after surgery.

The results of this study highlight that hybrid external fixation is a solid and effective method for
treating complex tibial plateau fractures, especially in older patients and those who don’t have major
health issues. However, it’s important to take into account individual risk factors like diabetes and
smoking when deciding on treatment plans. Future research should aim for multicenter studies with
larger groups of patients to confirm these results, while also looking into improvements in fixation
methods, infection management, and rehabilitation after surgery.

In summary, hybrid external fixation can lead to good functional outcomes with few complications, as
long as we address the risk factors that can be changed. By optimizing how we select patients,
improving rehabilitation processes, and putting preventive measures in place for infections, we can
enhance clinical results and the overall quality of life for those being treated for tibial plateau fractures.

CONCLUSION

Managing proximal tibial fractures, especially the more complex Schatzker type V and VI, can be quite a
tough challenge. These injuries often come with significant soft tissue damage, making treatment tricky.
Recently, hybrid external fixation has gained attention as a promising option. It provides the advantages
of minimally invasive stabilization while keeping the soft tissue intact. This study's results show that
many patients experienced good functional outcomes, although factors like age, diabetes, and infections
played a role in their recovery. Still, issues like pin tract infections remind us of the importance of
careful monitoring after surgery.

Looking ahead, future research should delve into long-term recovery, what patients report about their
outcomes, and how we can fine-tune surgical techniques to improve treatment protocols. Innovations in
imaging, fixation methods, and rehabilitation strategies will undoubtedly boost patient outcomes and
shape the future of fracture management.

LIMITATIONS

1.  The sample size of our survey was small

2. This was an institutional study and a multi-centric study may yield a better result
3. The study was done over a duration of just 1 year

4.  Further follow up could help us to assess any improvement in functional outcome.

REFERENCES

1. Apley AG. Bone Joint Surg Br. 1956;(38):699-708.

2. Arun K, et al. Functional outcome of complex tibial plateau fractures treated with hybrid external
fixation. 2016;5(11):106-109.

3. Rajmohan GA, Chinnadurai MC. . Functional outcome of complex tibial plateau fractures using
hybrid external fixators. Rajmohan GA, Chinnadurai MC. 2020;7(10):129-131.

4. Juneja J, Asiger M, Jain MP. Functional outcome of hybrid external fixator in proximal tibial
fractures Schatzker type V and VI with Gustillo grade-I1. Int J Res Orthop. 2022;8(3):42-47.

5. Venkateshulu E, Shivaji, Albin Geo Babu, Vinay Reddy S. Functional outcome of hybrid external
fixator in proximal tibial fractures Schatzker type V and VI with impending compartment syndrome.
Int J Orthop Sci. 2022;3(8):365-371.

6. Jagdev SS, Pathak SK, Salunke A, Maheshwari P, Ughareja P. Functional outcome of Schatzker type

IJFMR260381234 Volume 8, Issue 3, May-June 2026 41



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

V and VI tibial plateau fractures managed with open reduction internal fixation using dual plates. Int
J Res Orthop. 2017;3:961-965.

7. Kumar DrNV, Kumar SM DrA, S DrS. Functional outcome of Tibial condyle fractures treated by
minimally invasive plate osteosynthesis. Int J Orthop Sci. 2017;3:792-796.

8. Rajappan R, rajappan v. . Functional outcome of tibial plateau fractures, Schatzker type V and VI
treated surgically with plate osteosynthesi. Natl J Clin Orthop. 2018;2(2):35-46.

9. Watson T J Fyhrite D. hybrid external fixation for tibial plateau fractures: clinical and biomechanical
correlation. 2002;Orthopclin(33):199-209.

10. Hybrid external fixation of comminuted tibial plateau fractures - PubMed [Internet]. PUBMED.
Published online 2021.

11. Haidukewych D j jacofsky. Insall Scot Surgery of the Knee. 4th ed.

12. Fakler J, Ryzewicz M, Hartshorn C. Optimizing the management of Moore type | postero-medial
split fracture dislocations of the tibial head: description of the Lobenhoffer approach. Journal of
orthopaedic trauma. Published online 2007.

13. Jones R. ..Orthopaedic Surgery of Injuries.; 1921.

14. Shah Nawaz, et al. Outcome of using hybrid llizarov external fixator in the treatment of Schatzker
type V and VI tibial plateau fractures. PIMHS. 2016;11(1):432-434.

15. Amjad U, Sattar A, Khalid KZ. Radiological and functional outcomes of hybrid external fixator
treated Schatzker Type V-VI tibial plateau fractures. Pak J Med Health Sci. 2021;15(9):2393-2395.

16. Ryu SM, Yang HS, Shon OJ. Staged treatment of bicondylar tibial plateau fracture (Schatzker Type
V or VI) using temporary external fixator: Correlation between clinical and radiological outcomes.
Knee Surg Relat Res. 2018;30(3):261-268.

17. LeVay D. The history of orthopaedics: an account of the study and practice of orthopaedics from the
earliest times to the modern era. Parthenon Publ. Published online 1990:693.

18.21. Rasmussen PS. Tibial condylar fractures. Impairment of knee joint stability as an indication for
surgical treatment. J Bone Joint Surg Am. 1973;7(55):1331-1350.

19. Rudran B, Wiik K, Logie shetty. Tibial plateau fracture:anatomy,diagnosis and management. Br j
Hosp med. 2020;(81):1-9.

20. Treatment of high-energy tibial plateau fractures by the Ilizarov circular fixator - PubMed [Internet].
pubmed. Published online 2021.

21. Gupta SKV, Sunil G. Management of tibial metaphyseal fractures by hybrid external fixation. Open
J Orthop. 2014;4(3):84-89.

22. Subash. evaluation of functional outcome following hybrid external fixation in the management of
schatzker type 5 and type 6 tibial plateau fractures. malasian orthopedic journal. 2021;15(1).

23. Kumar, Anant; Whittle, A. Paige. Treatment of Complex (Schatzker Type VI) Fractures of the Tibial
Plateau With Circular Wire External Fixation: Retrospective Case Review. Journal of Orthopaedic
Trauma 14(5):p 339-344, June 2000.

24.Bove, F., Sala, F., Capitani, P., Thabet, A. M., Scita, V., & Spagnolo, R. (2018). Treatment of
fractures of the tibial plateau (Schatzker VI) with external fixators versus plate osteosynthesis.
Injury, 49, S12-S18.

25. Martinez Ros, J., Escudero Martinez, A., Martinez Ros, M., Molina Gonzaélez, J., Carrillo Garcia,
M., Garcia Pafios, J. P., Puertas Garcia-Sandoval, J. P., & Salcedo Céanovas, C. (2024). Treatment of

IJFMR260381234 Volume 8, Issue 3, May-June 2026 42



http://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

i

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Schatzker Type

VI Tibia Fractures Using Circular External Fixation: State of the Art, Surgical Technique and Results.
Journal of Clinical Medicine, 13(5), 1249. https://doi.org/10.3390/jcm13051249.

26. Prasannan, Praveen K.; Nair, Nandu M. S.; Ennis, E. Kaizar; lyer, Praveen R.. A Study on the
Functional Outcome of Hybrid External Fixator in Type 5 and Type 6 Schatzker Tibial Plateau
Fracture. Journal of Orthopaedic Diseases and Traumatology 7(2):p 131-135, May—Aug 2024. | DOI:
10.4103/jodp.jodp_15 24.

27.Hadinoto, S. A., Sumarwoto, T., Sibarani, T., & Anwar, I. B. (2023). Dealing with soft tissue
compromised in tibial plateau fractures by using a hybrid external fixation. International Journal of
Surgery Case Reports, 105, 108105.

28. Only, Arthur J. MDa,b; Hayek, Kevin MDc; McCreary, Dylan L. MDc; Huyke, Fernando A. BSa,b;
Siljander, Breana MDc; Kibble, Kendra MDc; Cunningham, Brian P. MDa,b. Cost Reduction for
Knee-Spanning External Fixation in the Staged Treatment of Tibial Plateau Fractures: A Practical
Intervention. Journal of Orthopaedic Trauma 36(5):p 246-250, May 2022. | DOI:
10.1097/BOT.0000000000002281.

29. Prause, M. (2021). Preoperative Planning in Proximal Tibia Fractures. In: Hanschen, M., Biberthaler,
P., Waddell, J.P. (eds) Knee Fractures . Strategies in Fracture Treatments. Springer, Cham.
https://doi.org/10.1007/978-3-030-81776-3_9.

30. Fang, C. (2024). Proximal Tibial Fractures. In: Leung, F., Lau, T.W. (eds) Surgery for Osteoporotic
Fractures. Springer, Singapore. https://doi.org/10.1007/978-981-99-9696-4 11.

31. Canton, G., Shorgia, A., Dussi, M. et al. Early weight bearing in tibial plateau fractures treated with
ORIF: a systematic review of literature. J Orthop Surg Res 17, 261 (2022).
https://doi.org/10.1186/513018-022-03156-8.

32.Zhang, Y., Wang, R., Hu, J., Qin, X., Chen, A., & Li, X. (2022). Magnetic resonance imaging (MRI)
and computed topography (CT) analysis of Schatzker type IV tibial plateau fracture revealed
possible mechanisms of injury beyond varus deforming force. Injury, 53(2), 683-690.

33. Millar, S. C., Fraysse, F., Arnold, J. B., Thewlis, D., & Solomon, L. B. (2021). 3D modelling of
tibial plateau fractures: Variability in fracture location and characteristics across Schatzker fracture
types. Injury, 52(8), 2415-2424.

34. Singhi, Prahalad Kumar; Raju, Sivakumar; Thangamani, Vinoth; Velur Nagendra Reddy, Sudeep
Kumar; Muthu, Chidambaram. Early Intervention within 24 h Using Anterior Midline Single
Incision with Dual Plating for Bicondylar Tibial Plateau Fractures Schatzker Type V and VI: An
Analytical Study. Journal of Orthopaedic Association of South Indian States 18(2):p 67-72, Jul-Dec
2021. | DOI: 10.4103/joasis.joasis_28_21.

35. Subash, Y. (2021). Evaluation of functional outcome following hybrid external fixation in the
management of Schatzkers type V and VI tibial plateau fractures-a prospective study of 30 patients.
Malaysian Orthopaedic Journal, 15(1), 48.

36. Dekhne, M. S., Stenquist, D., Suneja, N., Weaver, M. J., Petersen, M. M., Odgaard, A., & von
Keudell, A. (2022). Outcomes after ORIF of bicondylar Schatzker VI (AO type C) tibial plateau
fractures in an elderly population. Injury, 53(6), 2226-2232.

37.Kumar, V., Balasubramanian, S., & Kasirajan, S. (2025). Hybrid External Fixation as A
Comprehensive, Safe, and Effective Solution for Periarticular Tibial Fracture with Soft Tissue

IJFMR260381234 Volume 8, Issue 3, May-June 2026 43



http://www.ijfmr.com/
https://doi.org/10.3390/jcm13051249
https://doi.org/10.1007/978-3-030-81776-3_9
https://doi.org/10.1007/978-981-99-9696-4_11
https://doi.org/10.1186/s13018-022-03156-

~ Y International Journal for Multidisciplinary Research (IJFMR)

i

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Compromise. Journal of Orthopaedic Case Reports, 15(3), 250.

38. Toreih, Ahmed; Rakha, Mohammed |. Outcomes of arthroscopic-assisted fixation of intra-articular
proximal tibial fractures by circular external fixator. The Egyptian Orthopaedic Journal 58(2):p 119-
127, April-June 2023. | DOI: 10.4103/e0j.e0j_9_23.

39. Guo, Yuechao MMa; An, Wen MMa; Ma, Jialiang MMa; Wang, Zhe MMa; Zhang, Yujian MMa,*.
The combined internal and external fixation surgery is effective and safe in treating posterior lateral
tibial plateau fractures: An observational study. Medicine 103(36):p €38572, September 06, 2024. |
DOI: 10.1097/MD.0000000000038572.

40. Shekhar, Sudhanshu; Pranjal, Ankit. Clinical and Radiological Evaluation of Proximal Tibia
Fracture Fixed with Variable Angle Proximal Tibial Interlocking Plate: A Prospective
Observational Study. Journal of Orthopaedic Diseases and Traumatology 5(1):p 8-13, Jan—-Apr 2022.
| DOI: 10.4103/jodp.jodp_22 21.

41.Risitano, S., Rea, A., Garofalo, G., Onorato, F., Elzeiny, A., Artiaco, S., Capella, M., Indelli, P. F., &
Masse, A. (2025). Impact of Surgical Timing, Fasciotomy, and External Fixation on Infection Risk
in  Tibial Plateau Fractures. Journal of Personalized Medicine, 15(3), 108.
https://doi.org/10.3390/jpm15030108.

42. mathew bourne,patrick b murphy. Z.Anatomy of Bony Pelvis and Lower Limb by Mathew Bourne.

43. Tornetta, Paul Ill; Riina, Joseph; Geller, Jeffrey; Purban, William: Intraarticular Anatomic Risks of
Tibial Nailing. J Orthop Trauma. 1999;13(4):247-251.

44, Campbell, W. C. (2017). Campbell’s Operative Orthopaedics.; 2017.

45. Schatzker j, Mcbroom R, Brcuce D. The tibial plateau fracture :The toronto Experiance. clinical
orthopedics and research. 1979;138:94-104.

46. MD FHN. Atlas of Human Anatomy. 7th ed. Elsevier; 2018.

47. Sheshagiri V, Siddartha A, Siddalingamurthy, et al. Functional and radiological outcome of tibial
plateau fractures (Schatzker type V & VI) treated with llizarov circular external ring fixator. J Evid
Based Med Healthc. 2016;3(1):30-35.

IJFMR260381234 Volume 8, Issue 3, May-June 2026 44



http://www.ijfmr.com/
https://doi.org/10.3390/jpm15030108

