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Introduction Fractures of the tibial plateau are classified by the location of the fracture line, associated capsular ligamentous injuries 
to the knee and can result from different types of high – or low-energy mechanisms of injury in patients of any age with different bone 
quality. These factors are responsible for different long-term functional outcomes and the lack of a generally accepted algorithm for 
diagnosis and treatment. The objective of the study was to analyze the long-term functional outcomes in patients with tibial plateau 
fractures treated with the Ilizarov external fixation. Material and methods The review included long-term outcomes of 59 patients 
with tibial plateau fractures treated with the Ilizarov external fixator. Long-term results were evaluated in 53 patients out of 59 (89.83 
%) using a subjective and objective clinical assessment system.The follow-up period ranged from 2 to 4 years. Patients were requested 
to complete the Oxford Knee Score questionnaire used in subjective outcome. Results Knee joint function of patients with tibial plateau 
fractures treated with the Ilizarov external fixation were rated as satisfactory (n = 34; 64.15 %); 16 (30.19 %) and 3 (5.66 %) patients 
were diagnosed with mild and moderate gonarthrosis, respectively. No infection that would affect the outcome was recorded in the 
study group. The mean Oxford Knee Score was 43.06 ± 3.44 (SD) in Schatzker type I split fractures of the lateral femoral condyle; 
40.50 ± 5.57 (SD) in Schatzker type II split fractures combined with lateral articular surface depression; 40.71 ± 4.27 (SD) in Schatzker 
type III depression fractures; 42.33 ± 4.22 (SD) in Schatzker type IV medial condylar fractures; 38.50 ± 7.19 (SD) in Schatzker type V  
bicondylar fractures and 37.50 ± 5.17 (SD) in Schatzker type VI bicondylar fractures with dissociation of the metaphysis and diaphysis. 
Conclusions Tibial plateau fractures can be treated with the Ilizarov external fixation and also with the use of screws at any point of 
time that allows closed or open reduction of the fracture to ensure the early function of the operated limb, stable bone fixation, control 
of the fixation stiffness at any stage of treatment facilitating good and excellent functional outcomes.
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Tibial plateau fractures are severe intra-articular 
injuries characterized by impaired integrity of the 
articular surface and the metaepiphyseal cancellous 
bone of different severity. Tibial condyle fractures 
normally result in posttraumatic arthritis [1, 2, 3] due 
to the injury to articular surfaces and to the capsular 
ligaments of the knee joint of different severity. The 
synovial fluid penetrating into the interstitial diastasis [4] 
affects fracture consolidation. Tibial plateau fractures 
require anatomical reduction and stable fixation like all 
intra-articular fractures, and surgical treatment should 
be performed as early as possible [2, 5]. Fracture 
location in the anatomical structures of the knee joint 
and the pathomechanics account for a high frequency 
of associated ligament and meniscus injuries [6, 7, 
8] that significantly complicate surgical intervention 
and exacerbate the prognosis [9, 10]. In addition to 
bone reduction and fixation tibial plateau fractures 

require early mobilization of the knee joint that can be 
challenging with injured ligaments and meniscus. Plates 
and screws, and external fixation devices [11-27] are the 
most common approaches used in the fixation of tibial 
plateau fractures. Ilizarov external fixation facilitates 
both closed and open reduction to address the bone 
defect with depressed articular surface. The indications 
to the two surgical approaches are controversial 
considering the benefits and disadvantages of both. 
Despite the variety of implants, plates and techniques 
of transosseous osteosynthesis there is no integrated 
algorithm for diagnosis and treatment of tibial plateau 
fractures with a high rate of adverse outcomes [1, 2, 5, 
10, 14, 28, 29, 30, 31].

The objective of the study was to analyze the 
long-term functional outcomes in patients with tibial 
plateau fractures treated with the Ilizarov external 
fixation depending on fracture patterns.

MATERIAL AND METHODS
Design: controlled, open, retrospective, monocenter, 

non-randomized study. Statistical data analysis was 
performed using Microsoft® Excel 16.16.25 (200810). 
The review included 67 patients with tibial plateau 
fractures treated at trauma and orthopaedic departments 
No. 1 and No. 2 of the National Ilizarov Medical 

Research Center between 2014 and 2018. Inclusion 
criteria were surgical treatment of patients with tibial 
plateau fractures using the Ilizarov external fixation, 
combined osteosynthesis with screws, intramedullary 
wires and the Ilizarov frame. Exclusion criteria were 
the lack of information for outcome evaluation, plating 
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of the tibial plateau fracture. Based on the criteria 8 
patients were excluded from the study and the review 
included 59 patients. The age of patients ranged from 
20 to 78 years. There were 67 % patients of working 
age, 45.6 % males and 54.4 % females. Radiographs 
were performed for all patients preoperatively, 
intraoperatively, postoperatively, at one week after 
the operation and after removal of the Ilizarov frame. 
Computed tomography (CT) or multispiral computed 
tomography (MSCT) of the proximal tibia were 
produced for 19 patients with suspected joint surface 
depression and a subchondral cancellous bone defect 
for preoperative planning. Short-term outcomes of 
surgical treatment were evaluated radiologically. 
Schatzker type I fractures of the lateral condyle 
without depression were identified in most cases with 
the analysis of the location of injury (Table 1). The 
Schatzker classification was used in the review [3].

Ilizarov external fixation was performed for 
59 patients [22]. From them, two had open reduction 
and two had bone defect repaired with autograft 
harvested from the iliac crest. Ilizarov external 
fixation was added by using a cancellous screw 
(n = 1), and by intramedullary Kirshner wires (n = 1) 
(Tables 2 and 3).

Skeletal traction with a wire placed in the distal 
metaepiphysis of the tibia was performed for 
patients after diagnosis and preoperative preparation. 
Reference rings with two to three transosseous wires 
attached were placed at the level of the middle third 
of the tibial shaft. A ring with two to three olive 
wires was placed at the level of tibial condyles 
for bone fixation and reduction. Distraction was 
provided first and bone reduction produced with 
olive wires after correction of the lower limb axis. 
Collateral and cruciate ligaments were clinically 
tested for injury after bone reduction and removal 
of the skeletal traction. A reference ring with two to 
three transosseous wires was placed at the level of 
the femoral condyles in case of clinically pronounced 
instability of the knee joint. The proximal reference 
ring and the fixation-reduction ring were stiffly 
connected by three hinges at 30° flexion to span the 
knee joint. If the ligaments of the knee joint were 
intact, the frame was mounted to the tibia only to allow 
motion in the knee joint from the second postoperative 
day. The fracture was normally fixed with the Ilizarov 
frame for 2 to 3 months depending on the severity 
of injury and the clinical and radiological picture. A 
8-10 cm approach was performed anterolaterally for 
depressed articular surface of the lateral condyle and 
medially for the medial location. A longitudinal 8-10 
cm approach to the wing of the contralateral ilium 
was performed after visualization of the fracture site 
and assessment of the defect size. Then the iliac wing 
was finally osteotomized so that to size up the defect. 

The autograft was placed in the bed, the fracture 
reduced, and depression of the articular surface was 
addressed with transosseous olive wires or Kirschner 
IM wires to duplicate the fixation and reduction of 
the transosseous components for smaller fragments 
and/or severe osteoporosis. Condylar fragments 
were fixed with cancellous screws in case of a failed 
condylar reduction following eliminated depression 
of the articular surface or in a delayed case.

Table 1
Distribution of patients with tibial plateau fractures using 

the Schatzker classification

Type of fracture classified with 
Schatzker grading system

Number of cases
abs. %

I 18 (17) 30.5 (94.4)
II 8 (8) 13.5 (87.5)
III 7 (7) 11.9 (85.7)
IV 11 (9) 18.6 (81.8)
V 11 (8) 18.6 (72.7)
VI 4 (4) 6.9 (100)

Note: brackets include patients with available long-term follow-up

Table 2
Distribution of patients by operative techniques used

Type of surgical procedure applied Number of patients
abs. %

Ilizarov external 
fixation 

CT 53 89.8
OR 2 3.4
OR and AG 2 3.4

Ilizarov external 
fixation combined 
with screws

OR 1 1.7

OR and AG 1 1.7
Notes for Tables 2 and 3: CT – closed technique ; OR, open 
reduction; OR and AG, open reduction and autograft

Table 3
Distribution of patients by operative techniques used with 

regard to the fracture classified with Schatzker grading 
system

Type of surgical 
procedure produced

Fracture pattern classified with 
Schatzker grading system 

I II III IV V VI
Ilizarov 
external 
fixation 

CT 18 (17) 6 (5) 5 (4)10 (8) 8 (5) 4 (4)
OR – 1 (1) – – – –
OR and AG – 1 (1) 2 (2) 1 (1) 1 (1) –

Ilizarov 
external 
fixation 
combined 
with plating

OR – – – – – –

OR and AG – – – – 2 (2) –

Note: brackets include patients with available long-term follow-up

The knee was spanned for 3 to 6 weeks for injured 
ligaments and unstable joint to facilitate full weight-
bearing on the operated limb. Physical therapy could be 
initiated with the spanned knee joint using the Ilizarov 
external fixation twice a day through loosening the 
hinges for exercises. Physiotherapist assisted active 
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and/or passive movements in the knee joint, and the 
hinges were tightened back after the session. 

Clinical instances are presented in Figures 1, 2, and 3.
Short-term outcomes (up to 1 year) were 

documented at follow-up visits and were available in 
all 59 cases. Radiographic anteroposterior and lateral 
views were used to assess fracture consolidation 
and rule out secondary displacement. The fracture 
was also tested clinically for coronal and/or sagittal 
instability of the knee joint. Two Schatzker type II 
and V patients (3.4 %) showed residual coronal 

instability of the knee joint, and a Schatzker type 
VI patient (1.7 %) demonstrated sagittal knee 
instability. Fusion was achieved in all patients. 35 
(59.3 %) patients presented no complaints at the 
follow-up visits, 14 (23.7 %) reported pain and mild 
fatigue after prolonged walking, 10 patients retained 
swelling at the knee joint. Moderate osteoporosis was 
radiologically detected in 8 (13.5 %) patients and the 
callosity of the rest patients was significantly densed 
and measured up to the density of the surrounding 
bone or significantly approached to it.

Fig. 1 Radiographs of the knee joint of a 51-year-old patient S. diagnosed with fracture of the medial tibial condyle, intercondylar 
eminence, depression Schatzker type V fracture of the lateral tibial condyle showing (a) preoperative view; (b) open reduction 
of the left tibial condyles, autografting performed with the graft harvested from the iliac wing, fixation of the knee with 
cancellous and cortical screws and the Ilizarov frame (2 days of injury); (c) prior to discharge from the hospital (24 days of 
injury); (d) frame removed (54 days of injury)

Fig. 2 Radiographs of the knee joint of a 67-year-old patient P. diagnosed with displaced Schatzker type I fracture of the lateral 
tibial condyle showing (a) preoperative view; (b) closed application of the Ilizarov frame to the left tibia spanning the knee 
joint (4 days of injury); (c) proximal reference ring removed and the knee mobilized (39 days of injury); (d) frame removed 
(64 days of injury)
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Fig. 3 Radiographs and photographs of a 37-year-old patient M. diagnosed with displaced depression Schatzker type II fracture 
of the lateral tibial condyle showing (a) preoperative view; (b) open reduction of the left tibial condyles, autografting performed 
with the graft harvested from the iliac wing, fixation of the knee with the Ilizarov frame (9 days of injury); (c, d) 36 days of 
injury; (e, f) frame removed (127 days of injury)

Long-term results were evaluated in 53 patients 
out of 59 (89.83 %). The follow-up period ranged 
from 2 to 4 years. The outcomes were assessed with 

subjective and objective clinical tests. The Oxford 
Knee Score questionnaire was used for subjective 
assessment of outcomes [32].

RESULTS

Patients with of the tibial plateau fractures treated 
with the Ilizarov external fixation showed satisfactory 
knee joint function (n=34; 64.15 %); developed 

mild gonarthrosis (n=16; 30.19 %) and moderate 
gonarthrosis (n=3; 5.66 %) (Table 4). None of the 
patients developed infection. 

Table 4
Analysis of long-term functional outcomes measured in patients with Schatzker types fractures using the Oxford Knee 

Score 

Schatzker types fracture Long-term functional outcomes measured with the Oxford Knee Score ± SD
I 43.06 ± 3.44
II 40.50 ± 5.57
III 40.71 ± 4.27
IV 42.33 ± 4.22
V 38.50 ± 7.19
VI 37.50 ± 5.17
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DISCUSSION

The success of treatment of patients with tibial 
plateau fractures depends on:

1) type of fracture – presence or absence of a 
depression of the articular surface, concomitant injury 
to the ligaments, meniscus [2, 6]; 

2) accurate diagnosis of all injuries and well-
developed treatment strategy [5];

3) timing of the surgical intervention [33];
4) patient's age, preoperative functional status [15];
5) quality of bone reduction: restoration of the 

limb axis, anatomical reposition of articulating 
surfaces, repair of bone defects [5, 17, 34];

6) rehabilitation: active movements during 
comprehensive physical therapy, unassisted 
walking [21].

Shatzker types I, IV, V fractures (without 
depression) and Shatzker type IV can be reduced in 
a closed manner using the Ilizarov external fixation 
device. Schatzker type II and III fractures associated 
with a significant depression of the articular surface 
require open reduction, elevation of the depressed 
articular surface and repair of the bone defect. Open 
reduction can be produced either with external 
fixation or with screws. The combined use of external 
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results. The best outcomes were achieved in patients 
with single-condylar split Schatzker type I and IV 

fractures that were repaired in the first days of injury 
and could be easily reduced in a closed manner. With 
less traumatic intervention and a high preoperative 
functional level patients could initiate rehabilitation 
on the second postoperative day through walking 
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nearly all fracture patterns [35] are associated with 
less rewarding functional results of treatment and can 
be addressed after fracture healing that would take 3 
to 4 months. Despite the challenges with comminuted 
fractures of both tibial condyles adequate reduction 
and early functional loading on the limb fixed with the 
Ilizarov apparatus allows fracture consolidation and 
prevention of secondary bone displacement. Ilizarov 
external fixation of complicated Schatzker type V 
and VI plateau fractures can be used at any point of 
injury, with compromised skin over the fracture site 
providing good and satisfactory functional outcomes.

CONCLUSION

1. Anatomical reduction, stable fixation and early 
functional loading on the limb facilitate good and 
excellent functional outcomes for the tibial plateau 
fractures repaired with the Ilizarov frame.

2. Tibial plateau fractures can be treated with the 
Ilizarov external fixation at any point of time that 

allows closed or open reduction of the fracture to 
ensure stable bone fixation, control of the fixation 
stiffness at any stage of treatment.

3. Open reduction with external fixation and a 
combination of fixation methods can provide good 
functional results.
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