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Introduction  Fractures of the proximal tibia, particularly those that extend into the 
knee joint, are serious injuries that frequently result in functional impairment. Com-
plications include infection, compartment syndrome, stiffness, skin loss, and possible 
amputation. These can be minimized using the Ilizarov external fixator which allows 
early weight bearing, minimal soft tissue injury, and a multiaxial stable fixation.
Materials and Methods  A total of 30 patients with open/closed Schatzker type 5 
and 6 tibial plateau fractures were studied for outcome following surgery and implant 
removal using the modified Hohl and Luck criteria which include functional (extensor 
lag, valgus or varus instability, knee range of movement, walking distance and pain) 
and radiological parameters (valgus/varus deformity, depression of articular surface, 
and osteoarthritis).
Results  In our study, out of 30 patients 53.3% patients had an excellent outcome 
functionally, whereas 23.3% had a good outcome, 13.3% fair, and 10% had a poor 
outcome. Radiologically, 46.6% had an excellent outcome, 40% had a good outcome, 
and 13.3% had a fair outcome. All the patients achieved union with a mean time of 
23.9 weeks. Common complication was pin tract infection in 13.3% patients. In total, 
60% of the patients could be mobilized immediately with the remaining mobilized 
within 1 to 4 weeks.
Conclusion  Most patients had an excellent to good functional or radiological out-
come once the implant was removed. Weight bearing could be started immediately 
in most cases with minimal complications encountered in few patients like pin tract 
infection, deep venous thrombosis, and osteomyelitis.
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Introduction
Fractures of the proximal tibia, particularly those that 
extend into the knee joint are serious injuries that frequently 
result in functional impairment. In the past 3 decades, with 
improvements in surgical techniques and implants, there has 
been an unmistakable trend toward surgical management of 
these injuries. Nevertheless, proximal tibial fractures remain 
challenging because of their number, variety, and complexity. 
Despite a plethora of articles, written in the past 50 years, 
that have addressed the problems of classification and results 

of various treatments, the optimal method of management 
remains controversial.1-3 The indications of nonoperative 
versus operative treatment vary widely among surgeons, as 
do the specific methods of treatment for the many fracture 
configurations.

The spectrum of injuries to the tibial plateau is so great 
that no single method of treatment has proven uniformly 
successful.4 The stationary lower limb may be struck by a 
moving object, the common pedestrian injury, the so called 
bumper fractures. This is because the bumper of most of the 
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vehicles is roughly placed at knee height. The exposed knee 
joint may be subjected to angulation, rotation, and shearing 
strains and when the subject is upright, the body weight 
assists in the injury.

The need for this study lies in the advantages of the Iliza-
rov circular external ring fixator. Minimal use of hardware, 
stable multiaxial fixation, ease of application, and early 
return to mobility are few of the major advantages which 
form the basis of this study.

Materials and Methods
The design of the study was prospective with the study 
period beginning from April 2014 to May 2016 with a mini-
mum follow-up period of 6 months.

Persons aged between 18 and 75 years of either sex with 
Schatzker type 5 (►Fig.  1) or type 6 tibial plateau frac-
ture either closed or open falling under any grade of the 
Gustillo—Anderson classification were included in the study.

Persons with age less than 18 or more than 75 with 
Schatzkers type 1 to type 4 tibial plateau fractures or patients 
with concomitant distal femoral fractures were excluded 
from the study.

Thirty patients were included in the study. On admis-
sion, a structured proforma was filled assessing the fracture 
configuration and a head to toe examination. Fractures were 
assessed using appropriate X-rays only. Informed consent 
for all patients was taken along with an ethical committee 
approval. Patients were appropriately counseled regard-
ing the various modalities of treatment and only those 
who opted for this modality were included in the study. 
All patients were operated within 1 week from the time of 
injury depending on anesthetic fitness and skin condition 
(edema/skin blebs). In case of open proximal tibial fracture, 
a thorough debridement with 5% povidone iodine solution 
and normal saline was given in the operation theater under 
spinal or general anesthesia followed by fixation of the 
fracture.

Standard operative technique was followed with ►Fig. 2 
showing immediate postop X-ray with frame in situ.

Final radiological and functional assessment was done 
following fixator removal. Fractures were regarded as 
being healed when anteroposterior and lateral radio-
graphs showed a bridging callus of three of four cortices 
and/or the fracture was stable when stressed manually 
and the patients were able to walk without pain after the 
connecting rods had been removed (►Fig. 3).5 Denis mod-
ification of Hohl and Luck criteria was used to assess the 
final outcome6 (►Tables 1 and 2).

Results

Demographic and incidence analyses were done. Correla-
tion between various variables was done using the Pear-
son correlation. The value of chi-square was calculated. 
A p-value of less than 0.05 was considered to be significant.

Fig. 1  X-ray showing Schatzker type 5 bicondylar fracture. Fig. 3  X-ray showing union following implant removal.

Fig. 2  Postoperative X-ray with Ilizarov frame in situ.
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The average age of the study population was 41.3 years 
with 15 patients above the age of 40 and 15 patients below 
the age of 40. According to ►Table 3, the age of the patient 
had no significant relation with any of the studied vari-
ables or the outcome, whether functional or radiological. 
(p > 0.05). There were 26 (86.67%) males and only four 
(13.33%) females. A total of 22 (73.3%) patients had a type 
6 injury and only 8 (26.7) had a type 5 injury. According to 
►Table 4, the Schatzker type had a significant correlation 
with the nature of the fracture. Type 6 fractures were more 
prone to be open rather than closed. Also, type 5 fractures 
could be mobilized immediately, whereas all fractures 
mobilized within 1 week/2 weeks or 4 weeks were type 6. 
This relation was also found to be significant. The outcome 
was, however, not affected depending on the Schatzker 
type. A total of 25 (83.3%) patients out of 30 had an RTA 
and remaining five (16.7%) had a self-fall.

Out of the 30 patients in the study 18 (60%) could be 
mobilized immediately, nine (30%) patients mobilized 
within 1 week, two (6.7%) required 2 weeks and one (3.3%) 
required 4 weeks. The decision for mobilization was based 
on the fracture anatomy, stability of fixation, general con-
dition of patient, soft tissue condition, and the overall 
cooperation of the patient. According to ►Table 4, mobili-
zation of the patient had a significant correlation with the 
Schatzker type. All patients with type 5 injuries could be 
mobilized immediately. Patients with type 6 injuries tend 
to have late mobilization. Also, patients with open inju-
ries were mobilized late and not immediately. However, 

outcome was not affected by the point at which patient was 
mobilized.

A total of 10 patients of the 30 studied had some form 
of complication. Remaining 20 (66.67%) had an uneventful 
recovery with minimal or no complications. Four (13.3%) 
patients had a pin tract infection. Two (6.7%) patients were 
noncompliant and had an early implant removal. One (3.3%) 
patient had a pin tract infection with an associated foot drop 
and one had an associated osteomyelitis. One (3.3%) patient 
only had an osteomyelitis and one (3.3%) had a deep venous 
thrombosis. According to ►Table 4, patients with complica-
tions tend to have a less than excellent radiological outcome. 
Functional outcome, however, is not affected.

Fourteen patients (46.7%) had an excellent radiological 
outcome, 12 (40%) had a good outcome, 4 (13.3%) had a 
fair outcome, and none of the patients had a poor outcome. 
Functionally, 16 (53.3%) out of 30 patients had an excellent 
outcome. Seven (23.3%) had a good outcome, four (13.3%) 
had a fair outcome, and three (10%) had a poor outcome. 
None of the studied variable had an effect on the final 
functional outcome in this study.

The average time for union including the noncompli-
ant patients was 23.9 weeks. Excluding those patients 
the average time to union was 25.14 weeks. According to 
►Table 4 no correlation could be established between the 
time for union/implant removal and the various studied 
variables. The outcomes were also independent of the 
union time. ►Figs. 4 and 5 show excellent range of motion 
achieved in most patients in this study.

Table 1   Functional grading used in the evaluation

Grade Lack of extension 
(degrees)

Range of 
movement 
(degrees)

Varus or valgus 
instability 
(degrees)

Walking 
distance (m)

Pain

Excellent (all of the 
following)

0 ≥120 <5 ≥3,000 None

Good (not more 
than one of the 
following)

>0 <90 >5 <1,000 Mild on activity

Fair (not more 
than two of the 
following)

≥10 <75 >5 <100 Moderate on activity or 
intermittent at rest

Poor (all results 
worse than fair)

Table 2   Radiographic grading used in the evaluation

Grade Valgus/Varus deformity 
(degrees)

Depression of articular 
surface (mm)

Osteoarthritis

Excellent (all of the 
following)

≤5 <5 None

Good (not more than 
one of the following)

>5 >5 Minimal

Fair (not more than two 
of the following)

>10 >5 Moderate

Poor (all results worse 
than fair)
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Discussion
In today’s world of speed and technology, there seems to 
be an incline in complex injuries to various parts of the 
human anatomy. The management of tibial plateau fracture 
has always been a subject of debate because of their variety 
and complexity. In the search for perfection, any treatment 

modality that has a varied opinion is a subject for research 
and study. High energy intraarticular fractures of the tib-
ial plateau cause added management problems and remain 
challenging for orthopedics surgeons7 even to date.

Over the years, many classifications for tibial plateau frac-
tures have been developed.2 All classifications are based on 
fracture location and degree of displacement. However, to 

Table 3   Age incidence and correlation with various variables

Variables Age category c2 Value (p-Value)
≤40 y (n = 15) >40 y (n = 15)

Frequency % Frequency %

Mode of injury

RTA 13 86.7 12 80.0 0.240 (0.624)

Self-fall 2 13.3 3 20.0

Schatzker type

5 3 20.0 5 33.3 0.682 (0.409)

6 12 80.0 10 66.7

Open/Closed

Open 9 60.0 2 13.3 7.033 (0.008)

Close 6 40.0 13 86.7

Associated injuries

None 14 93.3 14 93.3 2.000 (0.368)

Patella FX 1 6.7 0 0

Clavicle FX 0 0 1 6.7

Comorbidities

None 15 100.0 8 53.3 9.130 (0.028)

DM 0 0 4 26.7

DM+HTN 0 0 2 13.3

DM + HTN + IHD 0 0 1 6.7

Mobilization

Immediate 7 46.7 11 73.3 2.889 (0.409)

1 wk 6 40.0 3 20.0

2 wk 1 6.7 1 6.7

4 wk 1 6.7 0 0

Complications

Yes 6 40.0 4 26.7 0.600 (0.439)

No 9 60.0 11 73.3

Radiological outcome

Poor 0 0 0 0 2.476 (0.290)

Fair 3 20.0 1 6.7

Good 7 46.7 5 33.3

Excellent 5 33.3 9 60.0

Functional outcome

Poor 3 20.0 0 0 4.143 (0.246)

Fair 1 6.7 3 20.0

Good 3 20.0 4 26.7

Excellent 8 53.3 8 53.3

Abbreviations: DM, diabetes mellitus; HTN, hypertension; IHD, ischemic heart disease; RTA, road traffic accident.
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condyles. The most common pattern is a fracture of the 
medial tibial condyle in association with a depressed or 
split depressed lateral tibial plateau fracture.

6.	 Type 6 is a bicondylar tibial plateau fracture with diaphy-
seal metaphyseal dissociation.

Ilizarov circular fixation allows both early movement and 
early weight bearing. The value of early movement has been 
well-established,11-14 but early loading of fractures of the tib-
ial plateau has generally been avoided because of concern 
that the reduction may be lost, resulting in depression of the 
articular surface or a valgus deformity. Early weight bearing, 
however, stimulates bone healing and allows retention of 
muscular strength.15-17 The Ilizarov tibiofemoral frame allows 
adequate initial weight bearing. Most treatment methods do 
not allow full weight bearing in intra-articular proximal tibial 
fractures.18 The mobilization and degree of weight bearing 
that is allowed is determined by the fracture displacement, 
method of treatment, and quality of aftercare.14,18

Ten patients of the 30 studied had some form of com-
plication. In this study, infections were grouped into pin 
tract infections and osteomyelitis. Further classification 
into superficial and deep infections was not done. Keightley 
et al19 divided infections in to pin tract, superficial, and deep 
based on the plane of infection. They reported pin tract infec-
tion in 51.3% of their patients and no deep infections. This is 
significantly higher compared with our study. Ramos et al5 
divided infections into pin site, pin track, and osteomyelitis. 
Sixteen patients out of 30 had a pin site infection, whereas 
two had pin track infections. None of them had osteomyelitis. 
This is higher compared with our study. Like our study they 
also had one case of deep vein thrombosis. The “Kurgan pro-
tocol”20 was used for postoperative pin site dressings and the 
Checketts–Otterburns classification21 was used to describe 
pin tract infection. No such criteria was used in our study. 
Dendrinos et al22 had no case of pin track infection, septic 
arthritis, or osteomyelitis in the 24 cases they studied which 
is comparable to some other studies.23-25 In earlier series, 
the infection rate after treating tibial plateau fractures with 
open reduction and internal fixation (ORIF), varies from 6 to 

Fig. 4  Clinical picture showing near normal flexion of knee joint.

Fig. 5  Clinical picture showing full extension of knee joint.

be meaningful, a classification should be simple, be easy to 
remember, and be relevant to both treatment and outcome.

Perhaps the most widely used classification of tibial pla-
teau fractures is the one proposed by Schatzker.8-10 Amal-
gamating many of the fractures of previous classification 
schemes, Schatzker proposed the classification that groups 
these fractures into six types (►Fig. 6):

1.	 Type 1 is a split fracture of the lateral tibial plateau with-
out articular depression.

2.	 Type 2 is a split depressed fracture of the lateral tibial 
plateau.

3.	 Type 3 is an isolated depression of the lateral plateau.
4.	 Type 4 is a fracture of the medial plateau.
5.	 Type 5 is a bicondylar plateau fracture with varying de-

grees of articular depression and displacement of the 
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87.5%.26-28 The use of bilateral incisions and the reduction of 
the size of the implants have reduced this rate to 3 to 8.4%.29-31 
Despite using a generally recommended staged protocol, Egol 
et al32 reported a deep wound infection rate of 5%. When com-
paring external devices in different locations, Parameswaran 
et al33 reported that ring fixators had the lowest incidence of 
infection. Using the Ilizarov technique, Catagni et al34 did not 
observe any deep infections in a series of 59 patients with 
Schatzker V-VI fractures.

Various studies using different modalities of treatment are 
there in the literature. In a study by Yu et al35 which included 
54 patients with tibial plateau fractures treated with ORIF 
with plate and screws, weight bearing was started 19 weeks 
after surgery and the range of motion (ROM) achieved was 0 
to 108 degrees, two patients ultimately required total knee 
replacement. Lee et al36 operated 35 similar fractures with 
ORIF and started weight bearing at 12 weeks postsurgery. 
Deep infections were noted in two patients. Similarly, in a 
study by Oh et al37 23 patients with tibial plateau fractures 
were treated with ORIF and could only start weight bearing 
14 weeks after surgery.

Similar studies were performed using the Ilizarov exter-
nal fixator. In a study conducted by El-Barbary et al38 which 
included 29 patients with Schatzker type 5 and 6 fractures 
a median knee ROM of 0 to 112 degrees was achieved and 
weight bearing was started after 6 weeks with no com-
plications. Dendrinos et al14 conducted a similar study on 
24 patients with high energy tibial plateau fractures. A total 
of 90% patients achieved a median ROM of 110 degrees with 
three patients developing compartment syndrome. Weight 
bearing was started after 14 weeks. Thirty-three percent 
of the patients had an excellent outcome. Zecher et al39 in 
21 patients with Schatzker type 5 and 6 tibial plateau frac-
tures treated with circular ring fixator achieved greater than 
90 degrees knee ROM in all their patients. However, seven 
patients developed compartment syndrome. Ramos et al5 
which included 19 patients with high energy tibial plateau 
fractures treated with ring fixator, immediate weight bearing 
was started with a median range of motion of 0 to 120 degrees 
was achieved. Two patients needed a total knee replacement 
and two patients developed a compartment syndrome. 

A recent study also allowed immediate weight bearing as tol-
erated specifically in Schatzker type 6 fractures.40 In Keightley 
et al19 the mean ROM achieved was 110 degrees with one 
patient having a  fixed flexion deformity of >10 degrees.

The average time for union including the noncompliant 
patients was 23.9 weeks. Excluding those patients the aver-
age time to union was 25.14 weeks. Keightley et al20 in their 
study had a mean union time of 20.1 weeks which is compa-
rable to our study. The study did have its limitations. Since 
there are many other modalities of treatment available, this 
study lacked a control group with which the results could be 
compared. Second, the sample size was small due to the short 
time period of the study. Third, follow-up was short and long-
term residual effects in terms of degenerative joint diseases, 
daily or sports activity could not be assessed. Fourth, liga-
ment injuries were not assessed. Similarly, X-rays were used 
as the only modality for preoperative, intraoperative, and 
postoperative assessment, although computed tomography 
scans have been shown to improve inter and intraobserver 
reliability.41 Lastly, no standard pin tract dressing protocol 
was followed other than the regular dressing protocols being 
followed at our hospital.

Conclusion
This study evaluated 30 patients with high energy Schatzker 
type 5 and 6 tibial plateau fractures treated with the Ilizarov 
circular external ring fixator. The results have been more than 
satisfactory with all patients achieving union. Most patients 
had an excellent to good functional or radiological outcome 
once the implant was removed. Weight bearing could be 
started immediately in most cases with minimal complica-
tions encountered in few patients like pin tract infection, deep 
venous thrombosis, and osteomyelitis.

Note
This paper was presented at Karnataka Orthopedic 
Association, State Conference 2017, Hubbali, Karnataka, 
on February 4, 2017.
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Fig. 6  Schatzker’s classification.
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