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Abstract

Background: Proximal tibia fractures are often accompanied by extensive soft tissue injuries, which lead to frequent post-operative
complications like wound dehiscence, infection, and non-union. In such injuries, there is a need for anatomical reduction and stable
fixation for a good surgical outcome. The surgical procedures involving internal fixation have increased the complication rate of such
fractures. Ilizarov ring fixation can provide stable fixation, does not need extensive soft tissue dissection, and encourages early
mobilization.

Objectives: This study aimed to assess the functional and radiological outcome of proximal tibia fractures managed with Ilizarov
technique with or without minimal internal fixation.

Methods: 35 patients with either intra-articular as well as extra-articular proximal tibia fractures between January 2018 and May 2022
were included in this study. All the included patients were operated on using Ilizarov technique. The functional outcome was assessed
using the Modified Rasmussen Criteria for clinical assessment, and the radiological outcome by Modified Rasmussen Criteria for
radiological assessment.

Results: All patients achieved radiological union at a mean duration of 16 weeks. Full weight-bearing was also allowed at a mean of 12
weeks. Functional results were excellent in 22 cases, good in 12 cases and poor in one. Most patients achieved functional range of motion
at the knee joint (average flexion 128°) except one, who had a flexion of less than 110°. Axial malalignment of less than 10° was seen in 4
cases, and articular step of less than 5 mm was seen in 2 cases.

Conclusion: Ilizarov ring fixation is an excellent method of fixation in proximal tibia fractures, both extra-articular and intra-articular.
It gives stable fixation, encourages early mobilization, has a higher union rate, and prevents damage to the soft tissue envelope, which is

often compromised in such fractures.
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Introduction

Proximal tibia fractures are one of the commonest
fractures seen worldwide. High energy trauma leading to
proximal tibia fractures are often associated with
extensive soft tissue injuries, articular depression,
condylar communition and diphyseal involvement.!”
Such injuries are seen in the form of swelling, degloving
and blistering.”! Moreover, there is high incidence of
contamination and

associated open fractures,

compartment syndrome.’!

Intra articular proximal tibia fractures are classified
using the Schatzkers classification, which subdivides these
fractures into six types.!! Arbeitsgemeinschaft fiir
Osteosynthesefragen (AO) classification of proximal tibia
fractures takes into account intra as well as extra articular
fractures.”” Tscherne classification is used for the extent of
soft tissue injuries associated with these fractures.!®!

Conventional treatment protocol in such injuries is to
wait till the soft tissue permits or apply an external fixator
and then perform open reduction and internal fixation.*!!]
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This approach usually exposes patients to multiple
surgeries in the form of the external fixator first, followed
by internal fixation in the second sitting. Even after taking
the utmost precautions, these surgeries are associated with
high incidence of complications in the form of wound
dehiscence, infection and non-union.!"” Primary issue in
such fractures is whether soft tissue envelope overlying the
fractured bone is able to tolerate further injuries caused by
open reduction and internal fixation."® Ilizarov ring
fixation is a promising tool in such fractures as it can fix
the fracture with significantly less damage to the soft
tissues as compared to open reduction and internal
fixation. It provides stable fixation for early mobilization
of the patients. It is modular as finer re-adjustments in
bone alignment can be done on an out-patient basis
without the need for anaesthesia. As external fixation with
a ring fixator is the definitive fixation, a single surgery
achieves the surgeon’s goal of preventing further soft
tissue insults as well as achieving a stable fracture fixation.
Hence, Ilizarov ring fixation could provide a better option
for internal fixation in proximal tibia fractures with bad
soft tissue injuries.

Several studies carried out worldwide have reported the
good functional and radiological outcomes of Ilizarov ring
fixation in the treatment of Schatzker type V and VI tibial
plateau fractures.!'*'”] However, osteosynthesis by means
of open reduction and internal fixation using locking
plates is widely performed surgery in Indian population.
Few studies carried out in the Indian population have
shown the Ilizarov fixator to be a safe way to fix proximal
tissue fractures with minimal complications of the soft
tissue and early weight bearing.'®?? Thus, the prospects
of Ilizarov ring fixation needs to be explored more in order
to overcome the limitations of conventional methods of
surgery to treat proximal tibia fractures.

Objectives

This study aimed to investigate the functional and
radiological outcome of proximal tibia fractures managed
with Ilizarov technique with or without minimal internal
fixation.

Methods

The current study was carried out at the Department of
Orthopaedics, Dr. Vasantrao Pawar Medical College,
Nashik. All cases operated with the Ilizarov technique
between January 2018 and May 2022 are included in the
study. All patients aged between 18 and 65 years with
intra-articular and extra-articular proximal tibia fractures
were included in the study. Patients with neurovascular

injuries, with associated same-side femur fractures and
any other systemic injuries, with compartment syndrome,
and patients with intra-articular and extra-articular
proximal tibia fractures operated using methods other
than the Illizarov technique were excluded from the study.

From the medical records, patients with extra-articular
and intra-articular proximal tibia fractures from January
2018 to May 2022 were identified. Fracture patterns were
classified as per the Schatzker classification®! and
AO/OTA  C(lassification,”  while the
classification®! was used to classify the soft tissue injury.

Tscherne

Those patients who were operated on by Ilizarov ring
fixator were included in the study. All the patients
included in the study had extra articular (AO/OTA
Classification) and type V/type VI intra articular proximal
tibia fractures (Schatzker classification) with grade 2 and
grade 3 category of soft tissue injury (Tscherne
classification). Details of patients like gender, age, mode
of injury, type of fracture, open or closed fracture, and
time from injury to surgical intervention were noted pre-
operatively from the medical records and through
telephonic  follow-ups. Preoperative and surgical
management in these patients was as follows:

Preoperative Management

Pre-operative management was performed as per
standard guidelines.??! Patients with intra-articular and
extra-articular proximal tibia fractures were primarily
immobilized with a posterior slab in the emergency room.
Radiological
radiographs of the knee joint. In order to better

evaluation was done by obtaining
understand the fracture morphology in some cases of
intra-articular fracture patterns, a CT scan was done.
Limb elevation and ice application were advised as edema
control measures. Soft tissue status was assessed and
classified according to Tscherne classification.
Prophylactic antibiotics were started as per standard
protocol for open fractures in cases of open injuries.

Patients were explained in detail about the nature of the
injury, options for treatment (internal fixation with open
reduction as compared to external Ilizarov ring fixation),
and the advantages and disadvantages of each method of
fixation.

Surgical Procedure

The surgical procedure was performed as per the
standard guidelines.?”! All patients were operated on in
supine position under spinal anesthesia. The operative leg
was given traction using traction table attachments or
calcaneal skeletal traction. The injured limb was painted
and draped as per standard protocols, and the fracture

pattern was assessed again using IITV control. Articular
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reduction was assessed, and, if required, minimal open
reduction was performed with small incisions along with
the application of reduction clamps. Cannulated
cancellous screws were used to achieve articular reduction
in a few cases. If joint depression is present, a small
cortical window was made at an appropriate location, and
bone punches were used to elevate the depressed
fragment.

Three ring Ilizarov construct was usually used to fix the
fracture. First ring is juxta articular, at least 6 to 8 mm
below the knee joint line, to prevent wires from piercing
the synovial membrane. Olive wires were used for
interfragmentary compression. Drop wires or Schanz pins
were used for additional stability as per the fracture
configuration. A second ring with two wires, with or
without a Schanz pin, was placed immediately below the
fracture line. The third ring was placed in the supra-
malleolar region. Four rings were needed in a few cases of
type VI Schatzker fracture patters where diaphyseal
extension of the fracture needed one extra ring for
adequate reduction and fixation of the fragments as per
the preference of the surgeon. Knee-spanning fixator
configuration was applied in cases of severe articular
comminution and/or ligamentous instability. The distal
femoral ring used to span the knee joint was removed at
six weeks of follow-up after surgery.

Post-Operative Management

Patients were mobilized with a walker (non-weight
bearing on the operated limb) from the next day of
surgery. Knee range of motion and bedside sitting were
started as per pain tolerance and increased gradually. Pin
tract care was demonstrated to patients and attendants in
the ward during the course of their stay in the hospital.
The patient or the attendant were taught to do pin tract
care at home after discharge. Patients were discharged
usually on the 5% postoperative day.

Patients were asked to follow up in outpatient
department (OPD) at weekly intervals for one month and
monthly thereafter for four months. Radiological
investigations like X-rays were done immediately after
surgery, at two weeks, and then monthly for four months.
Weight bearing was started immediately in patients with a
knee-spanning fixator and at 4 weeks in patients with a
below-knee construct, which was gradually increased to
full weight bearing as per pain tolerance.

If an x-ray done four months postoperatively suggested
union at the fracture, then the ring fixator was dynamized
by loosening the rods and was removed two weeks
thereafter. A trial of walking without connecting rods was
given before removing the fixator. Implant removal was

done as an OPD procedure. Aggressive exercises for the
knee range of motion were initiated, and quadriceps
strengthening was encouraged after ring removal. Patients
were called for follow-up at six months after ring removal.

Functional and Radiological Assessment

Functional and radiological data of the patient was
obtained six months after ring fixator removal from the
medical records. Walking capacity, pain, knee range of
motion, and knee stability were used to grade the clinical

outcome using Rasmussen’s clinical criteria [Table 1]. 2%

Table 1. Criteria for Rasmussens Clinical Assessment

Parameters Point

S

A Subjective Complaints

a. Pain
No pain
Occasional pain
Constant pain after activity

S B~ U1 N

Significant rest pain
b. Walking Capacity
Normal walking capacity (in relation to
age)
Walking outdoors for atleast 1 hr

o)}

Short walk outdoors for >15 min
Walking indoors only
Wheel-chair/Bedridden

B. Clinical signs

S = N

a. Extension
Normal 6
Lack of extension (0 - 10°) 4
Lack of extension >10°

[\

b. Total range of motion
>140°
=120°
290°
>60°
>30°
c.  Stability
Normal stability in extension and 20° of 6

S N A~ U1

flexion

Abnormal instability 20° of flexion 5
Instability in extension <10° 4
Instability in extension >10° 2
Grading Point
s
Maximum 30
Excellent 27 -30
Good 20 - 26

Fair 10-19
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Poor <10

The clinical score was graded as excellent (27-30 points),
good (20-26 points), fair (10-19 points), and poor (<10
points). Articular depression, condylar widening, and
angulation were measured using X-rays, and Rasmussen’s
[Table 2].%8) The
radiological score was graded as excellent (9 points), good
(7-8 points), fair (5-6 points), and poor (< 5 points).

radiological criteria were used

Table 2. Criteria for Rasmussens Radiological Assessment

Radiological Parameters Points
A.  Articular depression
None 3
<5 mm 2
6-10 mm 1
> 10 mm 0
B. Condylar Widening
None 3
<5mm 2
6-10 mm 1
> 10 mm 0
C. Varus/ Valgus Angulation
None 3
< 10° 2
10-20° 1
> 20° 0
Grading Points
Maximum 9
Excellent 9
Good 7-8
Fair 5-6
Poor <5
Statistical Analysis

The collected data was analyzed using IBM SPSS
software (Version 26.0) using descriptive statistical tools.
In the descriptive statistics, the continuous variables were
expressed in terms of mean and standard deviation, while
the categorical variables were expressed in terms of
frequency and percentage.

Ethical considerations

The study was conducted in accordance with the
Declaration of Helsinki. The study was carried out after
approval from the Institutional Ethics Committee (Dr.
VPMCH & RC/IEC/85/2023-2024).
permissions from the head of department and the head of

Appropriate
institute were obtained to access the data of the patients.

Results

The mean age of the patients was 40.97+12.47 years, with
29 male and 6 female patients. Eleven patients had extra-
articular proximal tibia fractures and twenty-four patients
had intra-articular proximal tibia fractures. 26 patients
had grade 2 soft tissue injuries and 8 patients had grade 3
soft tissue injury. All patients achieved radiological union
at a mean duration of 16 weeks. Full weight-bearing was
also allowed at a mean of 12 weeks. Functional results were
excellent in 22 cases, good in 12 cases and poor in one case
[Table 3, Table 4]. Functional results were marginally
better in grade 2 than in grade 3 soft tissue injury while
radiological outcomes did not vary. Most patients
achieved functional range of motion at the knee joint
(average flexion 128°) except one, who had a flexion of less
than 110°. One patient had a major complication in the
form of chronic septic arthritis of the knee joint, resulting
in a poor outcome. 10 cases had pin tract infections, which
were managed with oral antibiotics and pin tract care and
did not require any surgical intervention for the same.
Axial malalignment of less than 10° was seen in 4 cases,
and articular step of less than 5 mm was seen in 2 cases. A
few selected cases have been shown in Figures 1, 2, and 3.

Discussion

The high-velocity road traffic accidents have immensely
contributed to the rise in the incidence of type V and VI
tibial plateau fractures.® The treatment of these fractures
remains challenging due to the extensive nature of soft
tissue injury, complications in the fixation of the articular
surface, and the need for stable fixation for early
mobilization.?” Thus, operating in such a scenario leads
to a high incidence of complications like breakdown of
wound, infections and compartment syndrome.”> The
most popular option in practice remains open reduction
and internal fixation with a dual plate so as to get good
reduction and fixation along with anatomic restoration of
the articular surface. However, this method is reported to
have a high rate of wound-related complications,
infection, stiffness, and secondary loss of reduction.3!33!
Studies on open reduction and internal fixation have also
reported collapse of articular fragments, loss of reduction,
malunion and non-unions, and a higher reoperation
rate.**®! In a study reported by Barei et al, open
reduction internal fixation with dual plating in 83 patients
showed deep infection requiring repeat operation in 8.4%
of cases, deep vein thrombosis in 16 cases, required
manipulation of the knee for stiffness in 5 cases,
heterotrophic ossification in 2 cases, and non-union in 1
case.l%
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Thus, the research for the development of new
techniques in order to get better outcomes in the high-
energy proximal tibial plateau fractures is accelerating. In
view of this, an Ilizarov fixation system with minimal
internal fixation and subarticular screws is reported to
offer several benefits in treating high-energy proximal
tibia fractures.'®2") A recent meta-analysis by Li et al.
reported that the Ilizarov ring fixator, in comparison with
open reduction internal fixation, had no difference

between the union time, ROM, and functional and
radiological outcome. However, it provided early ROM,
weight-bearing, and early restoration to work.*”! Another
multicenter, prospective, randomized clinical trial
reported lesser blood loss, fewer hospital stays, and a
superior early outcome in terms of HSS scores at six
months in the Ilizarov fixator group in comparison with

open reduction and internal fixation.®

Table 3. Radiological and functional scores of patients with intra-articular proximal tibia fractures

Patient Number

Rasmussen radiological score based on articular depression,

Rasmussen clinical score

condylar widening and alignment based
Pre-operative Post-operative

1 Poor (4) Excellent (9) Excellent (29)
4 Fair (5) Excellent (9) Excellent (28)
5 Fair (5) Excellent (9) Excellent (29)
7 Poor (3) Good (7) Good (24)

8 Fair (6) Excellent (9) Excellent (27)
9 Good (8) Excellent (9) Excellent (27)
10 Poor (4) Good (7) Good (22)
11 Good (7) Excellent (9) Excellent (28)
12 Fair (5) Good (8) Good (21)
13 Good (7) Excellent (9) Excellent (27)
15 Fair (6) Excellent (9) Excellent (28)
17 Fair (5) Good (8) Good (23)
18 Fair (5) Good (8) Good (21)
19 Good (7) Excellent (9) Excellent (29)
20 Fair (6) Excellent (9) Excellent (27)
21 Poor (3) Poor (4) Poor (9)
22 Good (8) Excellent (9) Excellent (28)
26 Fair (6) Excellent (9) Excellent (28)
27 Fair (6) Excellent (9) Excellent (27)
28 Fair (5) Excellent (9) Excellent (28)
29 Poor (4) Good (7) Good (22)
30 Fair (5) Excellent (9) Excellent (29)
33 Fair (6) Good (7) Good (24)
35 Fair (6) Good (8) Good (23)

Table 4. Radiological and functional scores of patients with extra-articular proximal tibia fractures

Patient Number

Rasmussen radiological score based on articular depression,

Rasmussen clinical score

condylar widening and alignment based
Pre-operative Post-operative
2 Good (7) Excellent (9) Excellent (28)
3 Fair (6) Excellent (9) Excellent (27)
Fair (6) Good (8) Good (21)
14 Poor (4) Good Good
16 Good (8) Excellent (9) Excellent (28)
23 Good (8) Excellent (9) Excellent (29)
24 Fair (6) Excellent (9) Excellent (28)
25 Fair (5) Excellent (9) Excellent (27)
31 Poor (4) Good (7) Good (21)
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32 Good (7)
34 Good (7)

Excellent (9)
Good (8)

Excellent (28)
Good (26)

Fig 1a

I

Fig 1¢
Figure 1. 19-year-old male with grade II open, comminuted,

Extra-articular proximal tibia fracture, a) Pre-operative
radiograph of tibia Antero posterior and lateral View b) post-
operative radiographs showing correction of alignment c) 3.5
moths post-operative radiograph showing progressive union
at the fracture site; d) 6 months after ring removal
radiographs showing well united fracture in good alignment.

Figure 2. 50-year-old male, Road Traffic Accident a)
Radiographs showing Schatzker type VI Intra articular
Proximal tibia fracture; b) Bad skin condition with full
thickness

radiographs after Ilizarov ring fixation; d) Gradual wound

patchy skin necrosis; c¢) Post-Operative
healing without need for extra plastic surgery procedures; e)
6 months after ring removal radiograph showing well united

fracture in good alignment.
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o)

UL

Fig 3d

Fig 3f Fig 3g

Figure 3. 25-year-old male, Road Traffic Accident a)
Radiograph showing Schatzker type VI intra articular
proximal tibia fracture; b) Skin condition showing
hemorrhagic blisters ¢) Intra Operative X ray images
showing Metaphysical reduction with the use of olive wires;
d) Post-Operative radiographs of tibia AP and Lat views; e) 3
months Post-Operative radiographs showing good
alignment and progressive fracture union; f) Knee
radiograph 6 months after ring removal showing good union
at fracture site and intra articular congruity; g) Excellent

functional outcome 6 months after ring removal.

Ali et al., describes the advantages of the ring fixation

system in an already compromised soft tissue
environment by probably reducing and stabilizing the
fracture with minimal or no soft tissue dissection. As
compared to conventional external fixators, the ring
construct with tensioned wires is observed to facilitate
increased mechanical stability and better meta diaphyseal
purchase in soft cancellous bone. The bridging device
helps in acting as a scaffold for increasing the strength of
the subchondral bone, thereby restoring the intrinsic

stability of the fracture site and preventing the collapse of

the subchondral bone. This allows the patient to transfer
his or her weight through this flexible scaffold to the distal
diaphysis. The ring construct thereby facilitates the early
movement of joints and early weight bearing while
maintaining reduction.®”! The opportunity to add mini-
open reduction, minimal internal fixation, and a brief
period of knee immobilization make the procedure
practically simpler without compromising the final
outcome. The illizarov fixator system uses percutaneous
wires to avoid additional devitalization of the bone since
the periosteal and endosteal blood supply do not undergo
a secondary insult. The olive wire acts as lag screws,
compresses the fragments against the condyle by holding
the fragments against vertical shear, and creates a
relatively stable joint surface configuration.*”! The
mechanical axis of the lower limb can be managed and
observed by adjustment of the frame postoperatively in
the outpatient department. Spanning the knee with the
external fixators also permits a stable environment for the
healing of the collateral ligaments.

In the current study, all patients achieved radiological
union at a mean duration of 16 weeks, and full weight-
bearing was allowed at a mean of 12 weeks. Our results are
in accordance with the earlier reported studies where
radiological union among the patients was observed
between 11.8 weeks and 17 weeks. 514181922l We observed
functional outcomes to be excellent in 22 cases, good in 12
cases, and poor in one. Catagni et al. reported excellent to
good results in their hybrid Ilizarov with minimal internal
fixation.[*!! Ferreira et al., reported good results in 46 cases
of Schatzker V and VI tibial plateau fractures without any
loss of reduction or wound complications using limited
open reduction, cannulated screw fixation, and a circular
fixator.!*?l Katsenis et al., reported excellent to good results
in 81% of the cases of high-velocity tibial plateau fractures
treated with ring fixator.*! In a study on 15 patients,
Debnath et al. reported excellent outcomes in 7 cases,
good outcomes in 7 cases, and fair outcome in 1 case.[??
Apart from a few pin tract infections in 10 cases, which
were managed with proper pin tract care without
requiring any additional surgical procedure, the current
study reports a major infection in one patient. The patient
had chronic septic arthritis of the knee joint, which we
presume was due to intrasynovial wire placement in the
proximal tibia, very close to the articular surface.

All the patients in the current study did not present any
major soft tissue complications, no significant malunion
and the restoration of the articular surface as evident the
radiological reports bring forth the advantages of the
external fixator technique having minimal invasion as the
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preferred treatment in such high-velocity fractures. The
low incidence of malunion observed in the current study
can be attributed to the possibility of correcting any
malalignment even in the post-operative period with the
Ilizarov technique. The low incidence of non-union and
deep infections is possibly due to the maximum
preservation of the soft tissue envelope around the highly
comminuted fracture fragments alongwith the
undisturbed fracture hematoma in the Ilizarov technique.
Despite the advantages provided by the Ilizarov technique,
the outcome of this technique is largely affected by the
treating surgeon’s understanding of the fracture anatomy
and his decisions regarding the safe zones for wire
placements, appropriate use of olive wires or
interfragmentary screws, intra-operative restoration of
the articular surface, and stable fixation. While most of the
articular congruence can be brought about by indirect
means, impacted fragments are dealt with fragment
specific, limited open reduction.

In general, the results of our study are comparable to the
reported results. We had a high union rate, the
reoperation rate of our cases was very low, and none of our
patients needed further surgery. The patient with chronic
septic arthritis of the knee joint has not yet been operated
on again, but we believe that he will require re-operation
in the form of knee arthrodesis in the near future. The
technique of hybrid modification in the form of 5/8" ring
fixation in some cases of stable condyles and the
incorporation of a uni-planner fixator distally can
probably help us minimize the discomfort of the bulky
nature of the ring fixator.

The current study has strengths as well as disadvantages.
The strength involves the data on a significant number of
patients with no loss of follow-up, focusing on both
clinical and radiological assessments of the patients. The
of the

retrospective nature of the study. The study has been

disadvantages current study involve the
conducted at a single center, and cases have been operated
by a single surgeon. Multicenter studies on larger sample
sizes, longer follow-ups, and in comparison, the open

reduction internal fixation group are warranted.

Conclusions

Despite the high complication rates, open reduction
internal fixation remains a widely used method for high-
energy proximal tibia fractures. The current study
provides evidence for the Ilizarov ring fixator method to
be an excellent method for the treatment of proximal tibia
fractures with low morbidity. This technique is highly
recommended in such high-velocity injuries with severe

comminution of bony fragments and a jeopardized soft
tissue envelope.
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