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ABSTRACT

Introduction

Controversy exists as to the best treatment approach for high-velocity tibial plateau fractures. 
This study was done to assess the functional and radiological outcome of Schatzker type V and 
VI tibial plateau fractures treated with closed reduction and Ilizarov ring fixation with or without 
cancellous screw supplementation.

Methods

An analytical cross sectional study was conducted among 25 cases of both closed and open 
Schatzker type V and VI tibial plateau fractures treated with closed reduction and Ilizarov ring 
fixation with or without minimally invasive cannulated cancellous screw supplementation. The 
outcome variables analyzed were union time, knee range of motion, American Knee Society Score 
(AKSS), Rasmussen’s Radiological Score (RRS), and  complications. Data analysis was done using 
SPSS-20. P-value <0.05 was considered as statistically significant. 

Results

There were 15 type V fractures, 10 type VI fractures, 21 closed fractures, and 4 open fractures. All 
the fractures united with a mean union time of 15.88 weeks (range 12-24). The mean American 
Knee Society score was 77.8 (range 68-95), Rasmussen’s radiological Score (RRS) 15.12 (range 10-
18), and mean range of motion was 112.40o (range 90-135). Superficial pin site infection was present 
in 7 (28%) of the cases.  There was no case of nonunion, deep infection, repeat surgery other than 
implant removal, or nerve palsy. 

Conclusions 

Closed reduction and Ilizarov ring fixation with or without minimally invasive screw 
supplementation give rise to good to excellent functional and radiological outcomes in most of the 
cases in the treatment of Schatzker type V and VI tibial plateau fractures with minimal bone or soft 
tissue related complications.  
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INTRODUCTION

High energy tibial plateau fracture in young 
adults is on the rise due to an increased number 
of high-velocity injuries.1 It results in bicondylar 
fracture with or without diaphyseal extension 
(Schatzker type V and VI respectively).  
Treatment of such complex fractures aims to 
achieve anatomical reduction, stable fixation, 
restoration of joint motion, preservation of 
secondary osteoarthritis, and addressing 
meniscal and ligament injury.2   

There are an array of options to manage such 
fractures in the practice starting from plaster 
treatment to operative fixation with plate and 
Ilizarov.3,4  There is a varying degree of associated 
soft tissue injury in such fractures giving rise to 
increased incidence of soft tissue and fracture-
related complications in plaster method of 
treatment. Open reduction and internal fixation 
(ORIF) with dual plating or one side plate and 
one side screws can be a good option when soft 
tissue condition permits. But, there is a high 
rate of wound dehiscence and infection in dual 
plating. 5–7   Closed reduction and stabilization 
with Ilizarov fixation has the advantage of 
preservation of soft tissue and vascularity, 
avoidance of soft tissue-related complications, 
yet providing satisfactory results in most cases.8 

There is still debate about the best method of 
treatment for such complex fractures. So, this 
study was carried out to assess the functional and 
radiological outcome of complex tibial plateau 
fracture (both closed and open Schatzker type 
V and VI) with closed reduction and Ilizarov 
ring fixation with or without minimally invasive 
screw supplementation as a primary objective. 
The secondary objectives were to assess the rate 
of complications and comparison of outcome 
with closed and open fractures and type V 
and type VI fractures. Our hypothesis was this 
method of treatment for complex tibial plateau 

fracture gives satisfactory outcomes in most 
cases.

METHODS

An analytical cross sectional study was 
conducted among  25 patients of Schatzker type V 
and VI tibial plateau fracture treated with closed 
reduction and Ilizarov fixation with or without 
minimally invasive screw supplementation. 
All the operations were performed by a single 
surgeon in the tertiary care teaching hospital 
from Sept. 15 2019 to Sept 15,  2021. Ethical 
clearance was taken from the institutional 
review committee of College of Medical Sciences 
and Teaching Hospital. 

Inclusion criteria were all the closed or open 
tibial plateau (Schatzker type V and VI) fractures 
operated with closed reduction and Ilizarov 
fixation technique from the age group 16 to 60 
years. Exclusion criteria were patients with age 
<16 years or >60 years, associated ipsilateral lower 
limb other bone fracture, pathological fracture, 
and patients operated elsewhere. Consent was 
taken from the patient for the use of data in 
research with the condition of anonymity.

Basic demographic and clinical data of each 
patient were collected from the inpatient chart 
and follow-up data, union status, complications, 
and functional and radiological outcomes were 
taken from the OPD record and examination of 
the patient in the OPD.

Operative Details:

All the operations were performed under 
either spinal or general anesthesia in a supine 
position on the operating table without the 
use of a tourniquet. Preoperative prophylactic 
antibiotics were given 30 minutes before 
incision. Prepping and draping were done 
following standard protocol. Closed reduction 
was done under C-arm control with traction 
coupled with counter traction. The centrally 
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depressed fracture was elevated with the 
insertion of a percutaneous impactor to restore 
the articular congruity. The reduction was held 
with 1 or 2 percutaneous 6.5 mm cannulated 
cancellous screw (CCS) distal to the joint level 
in patients where fractures were markedly 
depressed or comminuted. Then, premeasured 
and prepared 3-ring Ilizarov ring assembly was 
inserted and Ilizarov wires 1.8 mm olived in 
the proximal fragment were inserted parallel to 
the joint 15 mm distal to the joint level to avoid 
intracapsular position. Two Ilizarov wires were 
transfixed distal to the fracture and two in distal 
metaphysis of the tibia. Wire tensioning was 
done, clamp tightened and 4 threaded rods were 
used to join the adjacent rings to each other. In a 
few cases, the Schanz pin was added in proximal 
and/or distal fragments to add stability; a 
decision solely based on the operating surgeon 
intraoperatively. The proximal-most ring was 
5/8 if the patient was obese with bulky thigh and 
leg. None of the cases was managed with a knee-
spanning ring fixator. Reduction and fixation 
were checked in the C-arm. Corticocancellous 
block of bone graft was impacted in cases with 
marked central depression.

In open fracture of the tibial plateau, meticulous 
wound debridement was done and definitive 
Ilizarov fixation was done. If the patient had 
exposed bone or tendon, a medial gastrocnemius 
muscle pedicle flap was done to reconstruct the 
soft-tissue defect either in the same seating if time 
permitted or within 1 week of Ilizarov fixation. 
Cases with acute compartment syndrome 
(ACS) with tibial plateau were managed with 
decompression with double incision fasciotomy 
and unilateral temporary external fixator during 
index surgery. It was converted to definitive 
Ilizarov fixation and closure of the wound with 
or without split skin graft within 5-7 days. 

Pin site cleaning with betadine and spirit was 
done twice a day and taught to the patient as 

well during the postoperative phase. Quadriceps 
strengthening exercise and Range of motion 
(ROM) were started the next day onward. Toe 
touch crutch walking was started the next day 
till 6 weeks. Then, partial weight-bearing from 
6-12 weeks and then full weight-bearing crutch 
walking were advised. Follow-up in OPD was 
advised 2 weekly till 3 months then 6 weekly. 

The implant was removed once there was 
evidence of union clinicoradiologically. The 
radiological union was decided by the presence 
of bridging callus/bone in three cortex out of 
4. Clinically, painless full weight-bearing and 
absence of deformation at the fracture site 
after dynamization were indicators of united 
fracture. Dynamization of the two adjacent 
rings proximal and distal to the fracture was 
done 2 weeks before implant removal when 
radiological evidence of union was present. The 
slab was applied for 2 weeks after the removal 
of the Ilizarov fixator. Final functional scoring 
was done using the American Knee Society score 
(AKSS)  and Rasmussens’s Radiological Score 
(RRS) at final follow-up or at least 6 months 
after the fixation of the fracture.  AKSS consists 
of physician-evaluated scores based on pain 
(maximum 50 points), knee stability (maximum 
25 points), and ROM (maximum 25 points), 
all adding up to 100 points with appropriate 
deductions for flexion contracture, extensor 
lag, and malalignment. Based on this score, the 
result is rated as excellent (85), good (75-84), fair 
(60-74), and poor (<60). 9

Rasmussen's radiological scoring (RRS) system 
consists of an assessment of articular depression, 
intercondylar widening, and meta-diaphyseal 
angulation, each having a maximum score of 
6 and a minimum of 0, making it a total of 18. 
Excellent is 18, good is 12-17, fair is 6-11, and 
poor is <6 score.1   The details of Rasmussen’s 
radiological scoring system has been given 
below.
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Parameters Points

A.    Articular depression  

Not present 6

<5 mm 4

6-10 mm 2

>10 mm 0

B. Condylar widening  

Not present 6

<5 mm 4

6-10 mm 2

>10 mm 0

C. Angulation (varus/valgus)  

Not present 6

<10o 4

10o-20o 2

>20o 0

Data analysis and statistics: Collected data was 
check for completeness and then data analysis 
was done by IBM SPSS software version 20.0. 
Data was analyzed using descriptive and 
inferential statistical tools. In the descriptive 
statistics categorical variables were expressed 
interm of frequency and percentage while 
continuous variables were expressed interm of 
mean and standard deviation. In the inferential 
statistics AKSS score and RSS were compared 
with fracture type (SchatzkerV and VI and closed 
and open fracture) using an independent t-test 
or Man Whitney test (for nonparametric data). 
P-value <0.05 was considered as statistically 
significant. 

RESULTS

There were a total of 25 cases of type V and 
type VI tibial plateau fracture with a mean age 
of 34.48 years (range 18-55, standard deviation 
9.87) treated with closed reduction and Ilizarov 
fixation. The study population had male 

dominance (84%, n=21) over female (16%, n=4). 
Right side involvement was in 15 cases (60%) 
and left in 10 (40%).  Further demographic data, 
injury characteristics, and treatment details have 
been summarized in table 1.

Table 1. Showing demographics, injury characteristics, 
and treatment summary.

Variables Number (%)

Mode of injury  

RTA 23 (92)

Fall injury 2 (8)

Schazker fracture Types  

Type V 15 (60)

Type VI 10 (40)

Closed fracture 21 (84)

Open Fracture 4 (16)

ACS 2 (8)

Preop CT scan done 15(60)

Initial External fixator 5 (20)

5/8 ring 6 (24)

Full  ring 19 (76)

Percutaneous CC screw 9 (36)

GM flap used 4 (16)

No flap 21 (84)

ACS = Acute compartment syndrome, CC=Cannulated 
cancellous, GM= Gastrocnemius muscle

The mean injury treatment duration was 3.8 
days (range 2-7). Mean follow-up duration and 
length of stay were 11.56 months (range 7-18) 
and 9.8 days (range 7-14) respectively. The mean 
union time for all type V and type VI fractures 
was 15.88 weeks (range 12-24 weeks). The mean 
union time for type V fracture was 14.33 weeks 
(SD±1.98) compared to 18.20 (SD±3.04) weeks for 
type VI fracture. The difference was statistically 
significant (p=0.01). The mean time of ring 
removal after the operation was 17.20 weeks 
(range 14-26).
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The mean range of motion at the knee was 112.4o 
(range 90-135). Mean American Knee Society 
Scoring (AKSS) and Rasmussen’s Radiological 
Scoring (RRS) were 77.8 (range 68-95) and 
15.12 (range 10-18) respectively. AKSS grading 
analysis showed excellent results in 9 cases 
(36%) good in 7 cases (28%) and fair in 9 cases 
(36%) whereas RRS grading showed excellent 
results in 10 cases (40%), good in 12 cases (48%) 
and fair in 3 cases (12%).

On comparison of ROM, AKSS, and RRS 
between type V and type VI fractures,  there was 
significant difference in ROM and RRS instead 
of and rest of the outcomes were comparable.
There was no significant difference in the ROM, 
AKSS, RRS between closed and open fractures. 
A comparison of the result according to type V 
and type VI and closed and open fractures have 
been presented in table 2.

Table 2. shows a comparison of ROM, AKSS, and RRS between type V and type VI fractures and closed and 
open fractures.

Variables
ROM

p-value
AKSS

p-value
RSS

p- value
(Mean ±SD) (Mean ±SD) (Mean±SD)

Schatzeker   V 116.3±7.89 0.01 79.73±7.83 0.13 16.53±2.06 0.001

VI 106.5±10.55   74.9±7.26   13±2.70  

Closed fracture 112±9.17 0.47 77.91±8.04 0.9 15.36±2.85 0.26

Open fracture 110±13.57   77±7.55   13.33±3.05  

 

A

B

There were 7 cases (28%) of pin site infection. 
All were superficial and improved with regular 
dressing and oral antibiotics. No case of pin site 
infection needed surgery. There was no case of 
osteomyelitis, repeat surgery due to infection 
or flap necrosis, hematoma, seroma, and 
postoperative nerve palsy.
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DISCUSSION

The current study showed good to excellent 
AKSS results in 2/3rd of the cases and good to 
excellent RRS grading in 3/4th  of the cases of  
Schatzker type V and VI tibial plateau fracture 
treated with closed reduction and Ilizarov ring 
fixation with or without percutaneous screw 
supplementation. All the fractures united with 
the restoration of a good range of motion.

The challenge to treating high-velocity tibial 
plateau fracture is mainly due to the nature 
of extensive soft tissue injury, difficulty in the 
restoration of the articular surface, and normal 
range of motion.10 The incidence of type V and 
VI tibial plateau fracture is on the rise due 
to high-velocity road traffic accidents.10 The 
problem is compounded by associated marked 
soft tissue injury around the knee or even 
open fracture. Open reduction and internal 
fixation with dual plate is a popular option 
in the practice to achieve good reduction and 
fixation. But, it is associated with a high rate 
of wound-related complications, infection, 
stiffness, and secondary loss of reduction.3,4  
Use of Ilizarov ring fixation has the advantage 
of early fixation with closed reduction, 
preservation of further soft tissue damage, 
and early range of motion so that soft tissue-
related issues are less frequent and achieving 
good ROM is relatively easy.11  

There is a high predilection of such injury in 
male and younger populations as evidenced 
in the different studies and this applies to this 
study also.12 (This is probably so because of 
the increased mobility of the young adult men 
in outdoor activities and the high-velocity 
driving of the motorbikes. Road traffic accident 
(RTA) is the commonest mode of injury in this 
study which is true in most of the other studies 
as well.4,10,13

There were 21 cases of a closed fracture, 4 open 

c

D

E

Figure 1. Shows open type VI tibial plateau 
fracture A, postoperative X-ray showing Ilizarov 
fixation with cannulated cascellous screw (CCS) 
supplementation B, X-ray after implant removal 
showing union C and ROM at knee D, E.

Pandey et al. Functional And Radiological Outcome of Schatzker Type V and Vi Tibial Plateau Fracture...



JCMS | Vol-18 | No 3 | Jul-Sep 2022250

fracture, and 2 acute compartment syndrome 
(ACS) in the current study. ACS underwent 
emergency dual incision fasciotomy followed 
by definitive fixation and closure of the wound 
within 1 week. There was no major complication. 
Our study involved the use of no knee spanning 
ring fixators. The reasons behind so are to reduce 
the chance of knee stiffness, start early ROM, 
and reduction was thought to be stable with 
below-knee rings only. There are studies done 
by Subramanyam et al 10 where knee spanning 
ring fixators were used and found no difference 
in the result between the knee spanning and 
below knee Ilizarov ring construct.

There were 6 cases with 5/8 proximalmost ring 
used as per surgeon’s choice in obese patients 
and heavy-built ladies in our study, thinking 
that ROM would be better. Union time, knee 
score, and complications were not different from 
the cases with the full ring.

The mean union time of 15.88 weeks for all type 
V and VI fractures in the present study was 
comparable to the findings of the other studies. 
8,12,14 On comparing mean union time between 
type V and VI fractures, type VI fractures had 
longer union time which can be explained 
because of higher severity of the injury and 
diaphyseal extension of the fracture.

Raza A et al12 in their study of 26 patients with 
type V and VI fracture treated with closed 
reduction and Ilixarov fixation showed a mean 
union time of 12 weeks, mean ROM 120o, and 
satisfactory results in 22 cases. Katsenis D et al 
14 had shown a mean union time of 13 weeks 
and excellent to a good result in 81% of the 
cases in a total of 48 cases of high-velocity tibial 
plateau fracture treated with ring fixator. There 
was no difference in the outcome between knee 
spanning and below knee ring fixator. 

Catagni et al 15 had shown good to excellent 
results in almost 95% of his total of 59 patients 

with type V and type VI tibial plateau fracture 
treated with Ilizarov fixation with or without 
minimally invasive percutaneous screw fixation. 
He used a knee spanning ring fixator in grossly 
comminuted and unstable intraarticular fracture. 
There were 4 cases of peroneal nerve palsy and 4 
cases of pin site infection.

Firreira et al16 in their study of 54 patients with 
Bicondylar fracture treated with closed reduction 
and Ilizarov fixation with percutaneous screw 
supplementation showed good results in all the 
cases without soft tissue or bony complication. 
The mean knee society clinical score was 81.1.

ORIF with dual plating is alternative approach 
to treat bicondylar fracture especially when soft 
tissue condition permits. But it can be associated 
with a higher rate of wound dehiscence 
and infection. Barei et al 17 in their study of 
bicondylar fracture in 83 patients treated with 
ORIF with dual plating showed 8.4% deep 
infection requiring repeat operation, 5 patients 
required manipulation of the knee for stiffness, 
2 heterotrophic ossification, 1 nonunion, and 16 
cases of deep vein thrombosis. Though none of 
them developed a pulmonary complication.

Unno et al 18 in their study of a total of 102 cases 
of type V and type VI fracture tibial plateau 
treated with ORIF with dual plating, found a 
reoperation rate of 12.7% excluding cases with 
implant removal.

One meta-analysis done by Li Z et al 13 
comparing results of Ilizarov fixation with ORIF 
with plating, had shown no difference between 
the union time, ROM, and functional and 
radiological outcome. But, the ring fixator has 
the advantage of early ROM, weight-bearing, 
and early restoration to work.

There was no significant difference in the union 
time, AKSS score, and RRS between closed 
and open fractures in our study but there was 
a significant difference in the ROM and RRS 
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