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ABSTRACT

The outcome of bicondylar tibial plateau fractures treated

with either external fixation (35 patients) or internal fixation

(24 patients) was reviewed. Outcome measures included the

Rasmussen score, clinical complications, development of

osteoarthritis and the requirement for total knee replacement

(TKR). Twenty-two (92%) anatomical reductions were

achieved in the internal fixation group compared to 27 (77%)

in the external fixation group. Infective complications were

more common in the external fixation group (9 patients,

26%) due to pin tract infection. There were no deep

infections in the internal fixation group. The mean

Rasmussen score was not significantly different (mean score

32 in external fixation and 29 in internal fixation) between

the two groups and the incidence of osteoarthritis was the

same in both groups. Four patients in the external fixation

group underwent a TKR compared to 5 patients in the

internal fixation group. Bicondylar tibial plateau fractures

have similar outcomes following external or internal

fixation.
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INTRODUCTION

The majority of tibial plateau fractures involve the lateral

plateau and the standard method of treatment is internal

fixation. Bicondylar fractures are less common but are more

difficult to treat due to the complexity of the fracture

configuration and the associated soft tissue injury. They are

associated with a higher complication rate after internal

fixation. 

The optimal choice of treatment for bicondylar tibial plateau

fractures remains controversial 1. Although, in the past,

internal fixation has been used commonly, external fixation

has become a popular method of treatment in recent years,

with a number of publications suggesting that satisfactory

results can be obtained 2-4. External fixation is less invasive

but achieving accurate anatomical reduction can be difficult.

Internal fixation is theoretically better at achieving a more

perfect reduction but the risk of soft tissue problems and

wound breakdown is higher. Recent studies have shown that

the Less Invasive Stabilization System (LISS) plating system

provides stable fixation of complex bicondylar tibial plateau

fractures allowing early range of knee motion with

favourable clinical results 5. However we found no published

studies comparing results of these two treatment methods to

determine if one method is superior. 

The aim of the present study was to compare the outcome of

bicondylar tibial plateau fractures treated by external fixation

versus internal fixation. In particular, we endeavoured to

determine the incidence of symptomatic osteoarthritis and

the requirement for late total knee joint replacement.

MATERIALS AND METHODS

Eighty-two patients with bicondylar tibial plateau fractures

were treated surgically from September 1995 to March 2005.

Four patients had bilateral bicondylar tibial plateau fractures.

Twenty-three patients had incomplete data or were lost to

follow-up. Thus study group comprised 58 patients with 59

fractures. Twenty-four (41%) cases had internal fixation and

35 (59%) cases had external fixation as part of their

management for bicondylar tibial plateau fractures. Fractures

were classified using the AO classification (Table I)6.

For patients who had internal fixation, 21 (84%) had

conventional open reduction internal fixation with a standard

AO buttress plate and 4 (16%) had fixation with a LISS plate

(Figure 1). Following internal fixation, patients were

mobilised (non-weight bearing) with crutches for 6 weeks.

Partial weight bearing was then commenced, progressing to

full weight bearing by 3 months. 

For patients who had external fixation, 23 (64%) had Ilizarov

external fixators and 13 (36%) had Hoffman II external

fixators with limited internal fixation. External fixators were

left in situ for a minimum of 6 weeks. The mean duration of

external fixation was 10 weeks (range, 6 – 14 weeks; 95%
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confidence interval). Patients were kept non-weight bearing

while frames were on and were allowed to begin partial

weight bearing following frame removal, progressing to full-

weight bearing by 3 months. All patients were followed for a

minimum of 2 years with radiographs at 3, 6, 12 and 24

months postoperatively.

Pre-operative, post-operative and most recent radiographs

(anteroposterior and lateral) for each patient were analysed

(Figure 2a and 2b) to assess the anatomical outcome using

Rasmussen’s system of grading 7. This rating system

evaluates joint depression, condylar widening and varus or

valgus angulation. Postoperative reductions with less than

3mm of residual joint depression on anteroposterior or lateral

views were considered acceptable. Postoperative reductions

with more than 5mm of residual joint depression on

anteroposterior or lateral views were rated as poor. Follow-

up radiographs were used to detect post-traumatic

osteoarthritis. Osteoarthritis was recorded if there was

progressive obliteration of joint space, osteophyte formation

and subchondral sclerosis 7. The requirement for total knee

joint replacement was recorded. Measurements and

observations were taken by one of the authors (JFK). All

radiographs were checked for magnification, penetration and

exposure before measurements and observations were taken

to eliminate magnification errors. All radiographs included

in this study were taken by staff members from the same

radiology department adhering to local guidelines and the set

up for knee radiograph was standardised.  

The databases for the period between September 1995 and

March 2005 were collated, matched for variable types and

merged using SPSS Version 12.0 statistical software package

(SPSS Inc., Chicago, IL) for Windows. Analysis of

parametric data was carried out with a Student t-test. Non-

parametric data was analysed using Mann-Whitney U-test,

the Chi-square test or Fisher’s exact test. Values of p less

than 0.05 (p<0.05) were considered statistically significant.    

RESULTS

There were no significant differences in age, gender or

fracture distribution between patients who had internal

fixation and patients who had external fixation (Table II).

There was 1 (4%) alcoholic in the internal fixation group but

7 (20%) in the external fixation group. There were no other

differences between the 2 groups.

Three patients (13%) had infections after internal fixation

(all were superficial infections) and 9 (26%) patients had

infections after external fixation. Out of the 9 externally

fixated patients, 6 developed a superficial pin tract infection.

One patient with a transarticular Ilizarov frame developed

septic arthritis. The frame was converted to a below knee

configuration and lavage of the joint controlled the infection.

Two patients developed deep infection in the proximal tibia.

One case was due to pin tract infection, and the other

involved two screws that had been inserted to supplement

external fixation. Both cases were controlled with

debridement and antibiotic therapy.  

Two patients (8%) developed deep vein thrombosis (DVT)

after internal fixation, and there were no cases of DVT in the

external fixation group. There were no pulmonary emboli in

either group. Five cases of compartment syndromes

occurred, 3 (14%) in the internal fixation group and 2 (6%)

in the external fixation group. These cases occurred within

48 hours of admission and were successfully treated with

fasciotomy.

Anatomical outcomes were evaluated using the Rasmussen’s

system. Figure 3 shows the postoperative depression after

the bicondylar tibial plateau fractures patients had internal

fixation and external fixation. Reductions with less than

3mm of residual depression were achieved in 22 (92%)

patients of the open reduction internal fixation (ORIF) group

and 27 (77%) patients of the external fixation group. Poor

reduction with residual joint depression was noted in 2 (8%)

patients of the ORIF group and 8 (23%) patients of the

external fixation group. These differences did not achieve

statistical significance (Mann-Whitney U-test, p = 0.446,

Table III). Similarly, condylar widening was not different

between the two groups. 

In patients who had internal fixation, 21 (88%) of them had

valgus alignment and 3 (13%) had residual varus alignment.

In patients who have external fixation, 31 (89%) were in

valgus and 4 (11%) were in varus alignment. Using

Rasmussen’s score, the outcome of bicondylar tibial plateau

fractures was determined by scoring system. Score 0 denotes

the poorest outcome and score 18 denotes the best outcome

(Figure 4). The median score in the external fixation group

was 28.81 and the median score after internal fixation was

31.73 (p = 0.512, Mann-Whitney U-test (Table III).

At the time of final follow-up, 7 (29%) patients in the

internal fixation group and 9 (26%) patients of the external

fixation group showed radiographic evidence of

osteoarthritis. Ultimately, 5 (21%) patients of the internal

fixation group and 4 (11%) patients of the external fixation

group underwent TKR. These slight differences were not

significant (Table III). 

DISCUSSION

This study evaluated the outcome of two matched groups of

patients with bicondylar tibial plateau fractures treated by

internal fixation or external fixation at a single centre. Our

results suggest that there is no significant difference in the

anatomical outcome between the patients treated by internal

fixation versus external fixation. The quality of reduction

showed a trend towards more anatomical reductions in the
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internal fixation group but the difference was not statistically

significant. Reflecting the severity of the injury, there was a

high percentage of osteoarthritic change in both groups but

the requirement for TKR for severe symptomatic

osteoarthritis was not different between the groups. Patients

underwent TKR as clinically indicated and were not limited

by financial resources or a long waiting list. The National

Health Service provided funding for TKR and the average

waiting period was about 18 weeks. Although external

fixation is theoretically safer with a lower rate of local

surgical complications we did not find significant problems

with the internal fixation group 8.

Previous studies on the management of bicondylar tibial

plateau fractures have generally reported use of one surgical

technique. Although internal fixation has been popular in the

past, it is often thought to be associated with a high risk of

early wound problems 9. A number of recent studies have

indicated that satisfactory results can be achieved with

external fixation 2-4. External fixation treatment includes

Table I: Group C subgroups (AO Classification 5)

AO Subgroup Explanation

C1.1 One condyle slightly displaced
C1.2 One condyle displaced
C1.3 Both condyles displaced
C2.1 Intact wedged fracture
C2.2 Fragmented wedged fracture
C2.3 Complex fracture
C3.1 Lateral plateau multifragmented fracture
C3.2 Medial plateau multifragmented fracture
C3.3 Both lateral and medial multifragmented articular fracture

Table III: Comparison of outcomes for internal fixation versus external fixation

Outcomes p value Test

Post-operative depression 0.446 Mann-Whitney U-test
Condylar widening 0.728 Mann-Whitney U-test
Angulation (valgus/varus) 0.767 Mann-Whitney U-test
Anatomical end outcome (using Rasmussen’s score) 0.512 Mann-Whitney U-test
Development of Osteoarthritis 0.770 Chi-square test
Total knee replacement (TKR) 0.324 Chi-square test

Table II: Summary of pre-operative variables for both groups of patients

Variable Internal fixation External fixation Test of normality Comparisons of patients 
n = 24 n =35 p value who had internal 
n (%) n (%) fixation versus patients 

who had external fixation
p value

Age (years) 45.04 ± 3.358 52.03 ± 3.441 0.705 (internal fixation) 0.168 (t-test)
0.109 (external fixation)

Gender
Male 12 (50) 16 (45.7) 0.746 (Chi-square test)
Female 12 (50) 19 (54.3)

Fracture Subtype Distribution 
C1.1 1 (4.2) 4 (11.4)
C1.2 0 (0) 7 (20)
C1.3 4 (16.7) 2 (5.7)
C2.1 1 (4.2) 1 (2.9) 0.099 (Fisher’s exact test)
C3.1 14 (58.3) 15 (42.9)
C3.2 2 (8.3) 1 (2.9)
C3.3 2 (8.3) 5 (14.3)

Fracture Distribution (Subtypes not taken into consideration)
C1 5 (20.8) 13 (37.1)
C2 1 (4.2) 1 (2.9)
C3 18 (75.0) 21 (60.0) 0.371 (Fisher’s exact test)
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Fig. 1: Position after internal fixation
with Less Invasive Stabilization
System (LISS) plate.

Fig. 3: Postoperative depression for internal fixation vs. external fixation.

Fig. 2a: Anteroposterior radiographic
view of bicondylar plateau
fracture after transarticular
external fixation and limited
internal fixation.

Fig. 2b: Final position after healing.

conventional frames and circular fine wire fixators, is a less

invasive surgical technique and may minimise the risk of soft

tissue complications. However in our series, there were some

troublesome pin tract infections and one case of septic

arthritis, which is a well-recognised complication associated

with external fixation around the knee.

We were unable to demonstrate an advantage of external

fixation over internal fixation in the present study.

Anatomical results were slightly inferior in internal fixation

cases but both groups had a similar incidence of post-

traumatic osteoarthritis and requirement for late knee

replacement. We found no other large study comparing these

two treatment methods for bicondylar plateau fractures.

Mallik et al (1992) reported on 10 patients with bicondylar

plateau fractures, three of whom had been treated with fine

wire external fixation 10. The remainder had been treated with

internal fixation. They reported no difference in outcome but
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had a higher rate of infections in the internal fixation group.

The numbers in that study were too small to draw firm

conclusions about which treatment was the optimum choice.

Newer techniques of external fixation include

arthroscopically assisted reduction with percutaneous screw

fixation as well as applications of hybrid circular external

fixators with or without limited internal fixation. These

techniques provide adequate reduction and fixation while

limiting the complications associated with traditional ORIF
2,3. The Sheffield Hybrid fixators (SHF) technique minimizes

soft tissue dissection and provides superior cancellous bone

purchase using beam-loading stabilization for comminuted

fractures. Complex bicondylar tibial plateau fractures

managed by this technique have good final outcome 11, 12.

Minimally invasive techniques of internal fixation have now

become popular. Initial reports of the Less Invasive Surgical

Stabilisation (LISS) plate system suggest it can provide

stable fixation of complex bicondylar tibial plateau fractures

while allowing early range of knee motion with favourable

clinical results 3,5,13,14. Biomechanical studies suggest that a

unilateral locked screw plate (LSP) is as effective as double

plating for prevention of vertical subsidence in a bicondylar

tibial plateau fracture model 15.

More limited surgical exposure with a second posteromedial

incision has also been reported, resulting in a lower wound

complication rate than previously reported16. This technique

is a good choice in patients with a large posteriomedial

fragment as a component of the bicondylar tibial plateau

fracture 17.  

Virtually all published clinical studies on bicondylar plateau

fractures report the outcome of a single surgical technique. In

our study, there was no significant difference in anatomical

outcome, the presence of osteoarthritis and the need of TKR

for bicondylar tibial plateau fracture patients in cases of

internal versus external fixation. The main drawback of the

present study is the non-randomised design, and the

relatively small number of cases. The authors acknowledge

that a longer follow-up period would be preferred to further

detect the development of osteoarthritis and the need for

TKR. A prospective study of a modern fine-wire external

fixator and a minimally invasive plating system would be a

useful addition to the literature. 

CONCLUSION 

Based on our findings, either internal or external fixation can

be chosen for treatment of these injuries with the expectation

of reasonable results, as there was no significant difference

in the treatment outcome between bicondylar tibial plateau

fractures treated with either method. The mean Rasmussen

score, rate of clinical complications, incidence of

osteoarthritis and need for subsequent TKR surgery was

similar in both groups. 
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