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ABSTRACT

Background

Proximal tibial fractures, especially high-energy tibial plateau injuries, pose significant
challenges due to articular involvement and associated soft-tissue compromise. Hybrid external
fixation has emerged as a viable alternative to internal fixation in such scenarios.

Objectives

To evaluate the functional and radiological outcomes of proximal tibial fractures treated
definitively with a hybrid external fixator at a tertiary care hospital in Mandya.

Methods

This observational, record-based study was conducted in the Department of Orthopaedics,
Mandya Institute of Medical Sciences. Adult patients aged 18-60 years with proximal tibial
fractures managed definitively using a hybrid external fixator were included. Demographic
details, fracture characteristics, time to union, complications, and outcomes were analyzed.
Radiological outcome was assessed using Rasmussen radiological criteria, while functional
outcome was evaluated using Rasmussen functional score and knee range of motion. Data were
analyzed using SPSS version 25.

Results

The study included 20 patients with a mean age of 41.3 + 9.2 years; 75% were males. Road
traffic accidents accounted for 70% of injuries. Schatzker type V and VI fractures comprised
80% of cases, and 45% were open fractures. Radiological union was achieved in all patients,
most commonly within 16-20 weeks. Good to excellent radiological outcomes were seen in 75%
of patients. Functional outcomes were good to excellent in 75%, with 75% achieving knee
flexion greater than 100°. Pin-tract infection (25%) was the most common complication.
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Conclusion

Hybrid external fixation provides stable fixation, satisfactory functional recovery, and low major
complication rates, making it an effective definitive treatment for complex proximal tibial
fractures.

Keywords: Proximal Tibial Fractures; Hybrid External Fixator; Tibial Plateau; Rasmussen
Score; Functional Outcome.

INTRODUCTION

Proximal tibial fractures, particularly tibial plateau fractures, represent complex peri-articular
injuries involving the weight-bearing surface of the knee joint. These fractures pose significant
therapeutic challenges due to their proximity to the articular cartilage, metaphyseal
comminution, and frequent association with severe soft-tissue injury. Achieving optimal
outcomes requires restoration of articular congruity, maintenance of limb alignment, stable
fixation, and early mobilization of the knee joint, all while minimizing soft-tissue
complications.[4

Tibial plateau fractures account for approximately 1-2% of all fractures and about 8% of
fractures in the elderly population. The bimodal age distribution reflects low-energy injuries in
osteoporotic elderly patients and high-energy trauma in younger individuals, commonly due to
road traffic accidents or falls from height. In developing countries like India, high-velocity road
traffic accidents remain the predominant cause, often resulting in complex bicondylar fractures
with significant soft-tissue compromise.[?

The Schatzker classification system remains the most widely used method for
categorizing tibial plateau fractures. Schatzker type V and VI fractures are characterized by
bicondylar involvement with or without metaphyseal-diaphyseal dissociation and are typically
associated with high-energy mechanisms. These fractures are often accompanied by extensive
swelling, fracture blisters, open wounds, and compromised skin integrity, making definitive
internal fixation challenging and risky in the acute phase.E!

Open reduction and internal fixation using plates and screws has traditionally been
considered the standard treatment for displaced tibial plateau fractures. However, in high-energy
injuries with severe soft-tissue damage, ORIF is associated with higher rates of wound
complications, deep infection, skin necrosis, and implant failure. These complications can
significantly affect fracture union and long-term functional outcomes, particularly knee range of
motion and stability.[]

To address these concerns, external fixation techniques have gained prominence,
especially in cases with poor soft-tissue conditions. Hybrid external fixation combines the
principles of circular fixation near the joint using tensioned wires with unilateral fixation in the
diaphysis using half pins. This construct provides stable fixation with minimal surgical exposure,
preserves periosteal blood supply, and allows early mobilization while reducing the risk of deep
infection.l®!

Hybrid external fixators have been increasingly used as definitive management for
complex proximal tibial fractures, particularly Schatzker type V and VI injuries. The technique
enables ligamentotaxis to assist in fracture reduction, maintains alignment, and permits limited
internal fixation with percutaneous screws when required to restore articular congruity.
Additionally, the modular nature of the frame allows postoperative adjustments, which is
advantageous in managing these fractures. ¢!
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Several studies have reported satisfactory radiological and functional outcomes following
hybrid external fixation in complex tibial plateau fractures. Functional assessment using scoring
systems such as Rasmussen’s functional score and Knee Society Score has shown acceptable to
good outcomes in the majority of patients. Early knee mobilization facilitated by stable fixation
has been highlighted as a key factor contributing to improved functional recovery.!’]

Despite its advantages, hybrid external fixation is not without complications. Pin-tract
infections are commonly reported but are usually superficial and manageable with local care and
antibiotics. Other potential complications include malalignment, delayed union, knee stiffness,
and residual pain. However, the incidence of deep infection and soft-tissue breakdown appears to
be lower compared to extensive internal fixation in similar injury patterns. €

In resource-limited settings and high-volume government hospitals in India, hybrid
external fixation offers a cost-effective and biologically friendly alternative for managing
complex proximal tibial fractures. It reduces operative time, avoids extensive soft-tissue
dissection, and allows early rehabilitation, making it particularly suitable for tertiary care centers
dealing with high-energy trauma cases.[

Given the variability in fracture patterns, patient characteristics, and rehabilitation
protocols, outcomes of hybrid external fixation can differ across institutions. Record-based
studies provide valuable insight into real-world clinical practice, complication profiles, and
functional outcomes. Evaluating the functional outcome of proximal tibial fractures treated with
hybrid external fixators as definitive management at a tertiary care hospital in Mandya can
contribute meaningful local data, support evidence-based decision-making, and help refine
treatment strategies for these challenging injuries.*’]

MATERIALS & METHODS

Study Design

This study was an observational, record-based study conducted to evaluate functional and
radiological outcomes of proximal tibial fractures treated definitively with a hybrid external
fixator.

Study Setting
The study was conducted in the Department of Orthopaedics at Mandya Institute of Medical
Sciences, Mandya, a tertiary care referral center for trauma patients.

Study Duration
The study was carried out retrospectively over a defined period after obtaining approval from the
Institutional Ethics Committee, with adequate follow-up available for outcome assessment.

Participants

Adult patients aged 18-60 years with proximal tibial fractures managed definitively using a
hybrid external fixator, including closed and Gustilo—Anderson grade I-111B open fractures, were
included, while patients with neurovascular injury, paralytic limb, prior surgery to the same knee,
or pathological fractures were excluded.
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Study Sampling

Convenience sampling was used, and all eligible patients meeting inclusion criteria with
complete medical records were included in the study.

Study Sample Size
Sample size was calculated based on Rasmussen functional criteria, yielding a minimum of 15,
which was rounded to 20 to account for possible loss to follow-up.

Study Groups
This was a single-arm study with no comparison group, and all patients underwent hybrid
external fixation as definitive management.

Study Parameters

Study parameters included demographic data, fracture classification, treatment details,
complications, radiological outcome assessed using Rasmussen radiological criteria, and
functional outcome assessed using Rasmussen functional score and knee range of motion.

Study Procedure

Patients had undergone definitive fixation using a hybrid external fixator as per institutional
protocol, followed by early knee mobilization and progressive weight bearing based on
radiological healing.

Study Data Collection
Data were retrospectively collected from case records, operative notes, radiographs, and follow-
up documentation using a structured proforma.

Data Analysis

Data were entered in Microsoft Excel and analyzed using IBM SPSS version 25, with
quantitative data expressed as mean and standard deviation and statistical significance set at p <
0.05.

Ethical Considerations
Ethical approval was obtained from the Institutional Ethics Committee of Mandya Institute of
Medical Sciences, Mandya, and patient confidentiality was strictly maintained.

RESULTS

Demographic Profile of Study Participants

Most patients were middle-aged males, reflecting the population commonly affected by high-
energy proximal tibial fractures (Table 1).

Variable Frequency (n=20) Percentage (%0)
Age (mean £ SD) 41.3 +£9.2 years —
Male 15 75
Female 5 25

Table 1: Demographic profile of study participants
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Mode of Injury

Road traffic accidents were the predominant cause, emphasizing the role of high-velocity trauma

in these fractures (Table 2).

Mode of Injury Number Percentage (%)
Road traffic accident 14 70 174
Fall from height 4 20
Assault/others 2 10
Table 2: Mode of injury

Schatzker Classification of Fractures

Schatzker type V and VI fractures constituted the majority, indicating preference for hybrid

external fixation in complex injuries (Table 3).

Schatzker Type Number Percentage (%)
Type IV 4 20
Type V 7 35
Type VI 9 45
Table 3: Schatzker classification of fractures

Type of fracture (open vs closed)
A substantial proportion of open fractures highlights the advantage of hybrid external fixation in
compromised soft-tissue conditions (Table 4).

Fracture Type Number Percentage (%)
Closed 11 55
Open (GA I-111B) 9 45
Table 4: Type of fracture (open vs closed)

Time to Radiological Union
Most fractures achieved union within 16-20 weeks, demonstrating adequate stability of the
hybrid external fixator (Table 5).

Time to Union Number Percentage (%)
<16 weeks 6 30
16-20 weeks 10 50
>20 weeks 4 20
Table 5: Time to radiological union

Rasmussen Radiological Outcome
Good to excellent radiological outcomes were observed in the majority of patients, indicating
satisfactory alignment and healing (Table 6).
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Knee Range of Motion at Final Follow-up

Most patients achieved knee flexion greater than 100°, reflecting effective early mobilization

(Table 7).
Knee Flexion Number Percentage (%)
>120° 8 40
100-120° 7 35
<100° 5 25
Table 7: Knee range of motion at final follow-up

Rasmussen Functional Outcome

The majority of patients demonstrated good to excellent functional recovery following hybrid

external fixation (Table 8).

Functional Grade Number Percentage (%)
Excellent 7 35
Good 8 40
Fair 4 20
Poor 1 5
Table 8: Rasmussen functional outcome

Complications Observed

Pin-tract infection was the most common complication, while major complications were

infrequent (Table 9).

Outcome Grade Number Percentage (%)
Excellent 6 30
Good 9 45
Fair 4 20
Poor 1 5
Table 6: Rasmussen radiological outcome 175

Complication Number Percentage (%)
Pin-tract infection 5 25
Knee stiffness 3 15
Malunion 2 10
Non-union 0 0
Table 9. Complications observed

Association between Fracture Type and Functional Outcome
More complex fractures showed relatively lower functional scores, indicating fracture severity as

a determinant of outcome (Table 10).

Schatzker Type Excellent/Good Fair/Poor
Type IV 4 0
Type V 5 2
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Type VI | 6 | 3

Table 10: Association between fracture type and functional outcome

DISCUSSION

The present study assessed the functional and radiological outcomes of proximal tibial fractures
treated definitively with a hybrid external fixator at a tertiary care center in Mandya. The
demographic profile showed a male predominance (75%) with a mean age of 41.3 years,
reflecting the economically active population commonly involved in high-energy trauma. Similar
findings were reported by Subash et al. (2021) and Prasannan et al. (2024), where the majority of
patients were middle-aged males sustaining complex proximal tibial fractures due to high-
velocity injuries.[t112]

Road traffic accidents accounted for 70% of cases in the present study, highlighting their
major role in the causation of severe proximal tibial fractures. Comparable trends were observed
by Kateros et al. (2018) and Hegde et al. (2021), who reported road traffic accidents as the
predominant mechanism leading to Schatzker type V and VI fractures.>*3l In our series,
Schatzker type V (35%) and type VI (45%) fractures constituted the majority, reinforcing the
preference for hybrid external fixation in complex bicondylar fracture patterns, as also
emphasized in earlier studies.

Open fractures constituted 45% of cases in the present study, underscoring the usefulness
of hybrid external fixation in managing fractures with compromised soft tissues. Subash et al.
(2021) similarly reported a high proportion of open fractures managed successfully with hybrid
external fixators, citing reduced wound-related complications compared to extensive internal
fixation.[*Y] Radiological union was achieved in most patients within 16—20 weeks, and no cases
of non-union were observed. This finding is consistent with the observations of Prasannan et al.
(2024) and Kateros et al. (2018), both of whom reported reliable union rates with hybrid external
fixation.[>12]

Radiological outcomes assessed using Rasmussen criteria in the present study showed
good to excellent results in 75% of patients. Comparable radiological success rates were reported
by Hegde et al. (2021), who noted satisfactory alignment and maintenance of joint congruity in
the majority of cases.[*®l Functional assessment revealed good to excellent Rasmussen functional
scores in 75% of patients, with most achieving knee flexion greater than 100°. Similar functional
recovery was documented by Subash et al. (2021), who reported excellent and good functional
outcomes in more than 80% of patients.[*!]

Pin-tract infection was the most common complication (25%) in the present study, a
finding consistent with reports by Kateros et al. (2018) and Prasannan et al. (2024), where
superficial pin-tract infections were frequent but manageable.>'? Major complications such as
deep infection and non-union were rare or absent. Overall, the findings of the present study are in
agreement with existing literature and support hybrid external fixation as an effective definitive
treatment option for complex proximal tibial fractures, particularly in the presence of poor soft-
tissue conditions and in resource-limited settings.
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CONCLUSION

Hybrid external fixation as definitive management for proximal tibial fractures demonstrated
satisfactory functional and radiological outcomes in this record-based study. The technique
proved particularly effective for complex Schatzker type V and VI fractures and open injuries
with compromised soft tissues. High union rates, acceptable knee range of motion, and
predominantly good to excellent Rasmussen scores were achieved, with minimal major
complications. Hybrid external fixation thus represents a reliable, biologically friendly, and cost-
effective treatment option for complex proximal tibial fractures in tertiary care and resource-
limited settings.
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