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ABSTRACT

Objective: To evaluate the functional outcome of Schatzker type V and VI bicondylar tibial plateau
fractures treated with Ilizarov external fixation.

Methods: Fifty-nine patients with closed Schatzker type V or VI tibial plateau fractures treated with
Ilizarov external fixation within 14 days of injury were included. Fractureswere reduced via closed or
mini-open techniques under fluoroscopic guidance, and fixed with a three or four ring external fixator.
Postoperatively, patients underwent supervised physiotherapy. Functional outcomes were assessed
using the Karlstrém-Olerud (KO) score at the final follow-up. Data was analyzed using IBM SPSS, and
an independent samples T-test was used to compare mean functional outcome scores.

Results: The mean age of the 59 patients, of whom 79.7% were male, was 37.3 + 14.1 years. The mean
KO score was 28.33 £ 3.2, with 11.9% achieving excellent, 39.0% good, 25.4% satisfactory, 15.3%
moderate, and 8.5% poor results. Schatzker type VI fractures had significantly lower KO scores than
type V fractures (p<0.001). A significant negative correlation was found between the duration from
injury to surgery and the KO score (p=0.01).

Conclusion: While llizarov external fixation can be an effective tool for treating complex bicondylar
tibial plateau fractures, the functional outcomes are variable, and careful patient selection and timely
intervention are crucial. The complexity of tibial plateau fractures necessitates a tailored management
plan for each patient.

Keywords: Bicondylar Fracture, External Fixation, llizarov, Karlstrém-Olerud Score, Tibial Plateau.
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1. INTRODUCTION

Fractures of the tibial
plateau, constituting 1.2% of total body
fractures and 18.6% of tibial fractures,
present a formidable challenge owing to
their complex nature®. These injuries result
from high-energy trauma, implying a
variety of direct and indirect forces acting
upon the lower extremities. Approximately
one-third of these fractures comprise
bicondylar Schatzker type V and VI or the
Arbeitsgemeinschaft fir
Osteosynthesefragen (AO) 41C (C1, C2,
C3) fractures®. The intricate anatomy of
the tibial plateau, involvement of intra-
articular surfaces, fracture comminution,
compromised osseous integrity of the
proximal tibia, limited soft tissue
coverage, and heightened risk of
complications make these fractures
demanding even for seasoned surgeons.
Primary treatment involves surgery
seeking restoration of the limb alignment,
achieving articular reduction, ensuring
knee stability, and establishing stable
fixation conducive to early knee motion
while minimizing soft tissue compromise®.
Despite advancements in imaging and
treatment modalities, long-term outcomes
remain suboptimal.

In the existing literature, a
consensus on the preferred fixation method
for bicondylar tibial plateau fractures is
notably absent. The decision-making
process is intricate, with some endorsing
open reduction and internal fixation
(ORIF) with plate osteosynthesis as the
gold standard for complex fractures. This
approach, while facilitating  fracture
reduction under direct vision, achieving
joint congruity and absolute fracture
stability, also entails drawbacks such as
multiple incisions, periosteal stripping,
and, a risk of soft tissue complications,
necessitating staged or delayed surgery*>®.

The emergence of the
Ilizarov technique, using circular external
fixation, has introduced a new dimension
to such fracture management. Documented
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benefits include reduced blood loss,
shorter hospital stays, quicker recovery,
and better functional outcomes comparable
to ORIF°. Circular external fixation offers
advantages such as single-stage definitive
treatment,  percutaneous  application,
protection of fracture biology, respect for
soft tissue coverage vulnerable to necrosis
and infection, correction in multiple
planes, and postoperative adjustability’.
Kawoosa et al. studied the functional
outcome using the Karlstrom-Olerud
scoring system in 35 patients managed
with llizarov external fixation, with a
mean age of 46.5£8.9 years. The mean
functional score in their study was
32.11+1.95, with 24 (68.5%) patients
having an excellent score and only 1
(2.8%) having a poor score grade®. Catagni
et al. treated 59 patients with bicondylar
tibial fractures using llizarov fixation and
found excellent functional outcomes in 30
(50.85%) patients and poor outcomes in
only 1 (1.695%)°.

The current literature does
not reach a consensus on llizarov fixation
and plate osteosynthesis, prompting this
study to evaluate the clinical effectiveness
of llizarov external fixation as a definitive
treatment for complex Schatzker V and
VI-type tibial plateau fractures in terms of
functional outcome.

2. METHODOLOGY

This prospective
descriptive study was conducted in the
Department of Orthopedic Surgery at
Nishtar Hospital, Multan from May 05,
2024, till October 05, 2024. The sample
size was calculated by the WHO sample
size calculator using the following
formula:

_ zf_mr:rz zimmgz
1 3 or T3
d s p
keeping z = 196, d=0.5,

confidence intervall-0=95%, population
mean p=32.11, population standard
deviation 6=1.958.
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The sampling technique applied
was non-probability consecutive sampling.
All patients of either gender aged 20 to 70
years, having closed Schatzker V or VI
fractures, operated within 14 days of injury
were included in the study. Patients with
polytrauma, segmental and pathological
fractures, and associated neurovascular
injuries were excluded from our study.

The study commenced after
obtaining approval from the institutional
ethical review board. Informed consent
was obtained to ensure confidentiality and
that the patient would not be exposed to
any risk while taking part in the study.

All patients received a
preoperative intravenous dose of antibiotic
(Co-amoxiclav 1g). The surgery was
performed under spinal or general
anesthesia. The reduction was attempted
close under fluoroscopic guidance with
ligamentotaxis employing a distraction
frame. Where required, a mini-incision
was used for open reduction or articular
surface elevation via a cortical window.
Three or four rings were applied using
Ilizarov  principles with strict limb
elevation postoperatively. Range of motion
was begun immediately and supervised
physiotherapy was initiated during the
hospital stay and continued post-
discharge. All were kept non-weight
bearing for 6 weeks, and depending on
articular  surface comminution, were
allowed to weight bear progressively from
the 6th or 8th week. Full weight bearing
was deferred until radiological or clinical
signs of healing were observed. Follow-up
with serial radiographs was done on
outdoor basis till signs of union were
observed. The rings were removed after
union, and at the final appointment, their
Karlstorm Olerud (KO) score was
calculated. The data was collected and
analysed using IBM SPSS v29.0.2.0
software. Independent sample T score was
used to compare mean functional outcome
scores.
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3. RESULTS

Out of 59 patients, 47
(79.7%) were males and 12 (20.3%)
females with a mean age of 37.3 £ 14.1
years. The average time from the day of
injury to surgery was 7.2 days with a range
from 1 to 13 days. The demographic
distribution of our study population is
given in the Table 1.

Table 1: Demographic distribution

DEMOGRAPHIC ‘ FREQUENCY ‘ PERCENTAGE

GENDER

MALE 47 79.7%
FEMALE 12 20.3%
MODE OF INJURY

RTA 49 83.1%
FALL 5 8.5%
ASSAULT 5 8.5%
RESIDENTIAL STATUS

URBAN 43 72.9%
RURAL 16 27.1%
DIABETES

YES 13 22.0%
NO 46 78.0%
OBESITY

YES 7 11.9%
NO 52 88.1%
SIDE

RIGHT 33 55.9%
LEFT 26 44.1%
SCHATZKER TYPE

TYPEV 35 59.3%
TYPE VI 24 40.7%

The mean KO score of our patients
was 28.33 +- 3.2. Excellent scores were
seen in 7 (11.9%), Good in 23 (39.0%),
Satisfactory in 15(25.4%), Moderate in 9
(15.3%) and Poor in 5 (8.5%).

Table 2: Outcome Grades

SHATZKER n MEAN
KO SCORE TYPE V 35 29.91
TYPE VI 24 26.04

P=0.000, t= 5.464
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Table 3: KO score in Schatzker

types
OUTCOME GRADE FREQUEN | PERCENT
cY

EXCELLENT 7 11.9
GOOD 23 39.0
SATISFACTORY 15 254
MODERATE 9 153

POOR 5 85

4. DISCUSSION

This  prospective  study
evaluated the functional outcome of
Schatzker type V and VI bicondylar tibial
plateau fractures treated with an lIlizarov
external fixator in a cohort of 59 patients.
The mean Karlstrom-Olerud (KO) score of
28.33 = 3.2 indicates that while many
patients achieved satisfactory outcomes, a
considerable  proportion  experienced
moderate to poor results, with only 11.9%
attaining excellent scores. These findings
highlight the challenges inherent in
treating complex tibial plateau fractures,
even with the application of the lIlizarov
technique.

Our results are somewhat
lower than the outcomes reported in earlier
studies using the Ilizarov method. For
instance, Kawoosa et al. reported a mean
KO score of 32.11 + 1.95 with 68.5% of
patients achieving excellent results and
Catagni et al. found 50.85% of patients
with excellent functional outcomes®®.
Ferreira et al. used circular fixator with
limited open reduction in 46 cases of
Schatzker V and VI tibial plateau
fractures, and reported excellent outcomes
in 22, good in 16, fair in four, and poor in
four’®. Subasi et al reported an excellent
outcome in 20%, good in 46% fair, and
poor in 26%". Salah et al. reported
excellent functional outcome in 57.1% of
patients of Schatzker type V and VI treated
with llizarov fixator". The slightly lower
scores in our study may reflect differences
in patient demographics, such as a higher
proportion of Schatzker VI fractures
(40.7% vs. 34% in Catagni’s cohort) and
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delays to surgery (mean 7.2 days). Other
attributable  aspects include surgical
experience and the rigor of post-operative
rehabilitation protocols. It is also worth
noting that some studies have excluded
patients  with  associated  injuries,
potentially skewing results toward better
outcomes.Moreover, the studies by
Catagni, Ferreira and Subasi employed
different outcome assessment tools, which
further makes a direct comparison
difficult.

The finding that Schatzker type
VI fractures resulted in significantly lower
KO scores than type V fractures (26 £ 2.9
vs 29.9 + 2.4; p<0.001) underscores the
impact of fracture complexity on
functional outcome. This correlation is not
unexpected, as type VI fractures,
characterized by more severe articular
comminution and metaphyseal
involvement, are inherently  more
challenging to treat and are associated with
a higher risk of malalignment, instability,
and post-traumatic arthritis*******°. This
finding supports the concept that the extent
of comminution and articular disruption is
a significant predictor of functional
outcome®™. Our study corroborates the
findings by other investigators. For
instance, while conducting a study of
ORIF of bicondylar tibial plateau
fractures, Barei et al. concluded that
patients with Schatzker VI fracture
demonstrated significantly worse outcome
scores in terms of ROM, pain and function
as compared to Schatzker V type'’.

Interestingly, we found a
statistically significant negative correlation
between the duration from injury to
surgery and the KO score (p=0.01),
suggesting that delayed intervention may
negatively impact functional outcomes.
This emphasizes the importance of timely
surgical management in optimizing results.
The delay can be attributed to the
overwhelming  burden of  patients
presenting in our government-run hospital
which makes timely intervention difficult.
Nevertheless, the optimal timing of
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surgery is often debated and delay of a few
days is occasionally mandated to allow
edema and swelling to subside®® *°. Wier
et al. reported in their study that delay of
28.8 hours for surgery was associated with
lesser odds of development of
compartment syndrome®.

The lack of association
between demographic factors like gender,
residential status, diabetes, and obesity and
functional outcome, despite their potential
impact on fracture healing, is noteworthy.
This denotes that the Ilizarov method's
efficacy is not significantly impacted by
these facets?'. This may also be attributed
to the relatively small sample size within
our study subgroups or to the complex
interplay of factors that determine
functional outcomes. Additional research
with larger cohorts is needed to clarify this
area of investigation.

The use of the llizarov
external fixator in our study establishes its
effectiveness in  achieving  fracture
reduction and stability, respecting soft
tissues, and facilitating early motion. The
primary advantage of the Ilizarov
technique lies in its minimally invasive
nature, ability to adapt to complex fracture
patterns, and its potential to preserve
fracture biology®??. In our study, the
majority of the patients were able to
achieve full weight bearing at or after 8
weeks with clinical and radiological signs
of union. While ORIF with plate fixation
remains a popular technique, several
studies proffer that there is no single
superior method for treating these complex
fractures®®?*. The choice of fixation
should be individualized, considering the
fracture pattern, soft tissue status,
surgeon’s expertise, and patient factors.

5. CONCLUSION

While the llizarov
external fixator can be a useful tool for
treating complex bicondylar tibial plateau
fractures, it may not be superior in terms
of functional outcomes compared to other
techniques. The complexity of tibial
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plateau fractures needs a tailored
management plan for each patient.

6. REFERENCES

1. Bagherifard A, Mirkamali S,
Rashidi H, Naderi N, Hassanzadeh
M, Mohammadpour M. Functional
outcomes and quality of life after
surgically treated tibial plateau
fractures. BMC Psychol.
2023;11(1):146.

2. Wei G, Niu X, Li Y, Chang T,
Zhang J, Wag H, et al
Biomechanical analysis of internal
fixation system stability for tibial
plateau fractures. Front Bioeng
Biotechnol. 2023;11(1):1199944.

3. Baloch SR, Rafi MS, Junaid J,
Shah M, Siddiqg F, Ata-Ur-Rahman
S, et al. Ilizarov fixation method of
tibia  plateau  fractures: a
prospective observational study.
Cureus. 2020;12(10):e11277.

4. Ramos T, Ekholm C, Eriksson Bl,
Karlsson J, Nistor L. The llizarov
external fixator-a useful alternative
for the treatment of proximal tibial
fractures A prospective
observational  study of 30
consecutive patients. BMC
musculoskeletal disorders. 2013
Dec;14:1-2.

5. AbouSeif S, Kotb MI, Abass AM.
Fixation of Tibial Plateau Fractures
Type 5, 6 by llizarov Apparatus: A
Systematic Review of Outcomes
and Complications. QJM: An
International Journal of Medicine.
2024 Oct;117(Supplement_2):175-
652.

6. Vendeuvre T, Gayet LE.
Percutaneous treatment of tibial

Volume 6, Issue 1, 2025



Functional Outcome of Bicondylar Tibial Fractures Schatzker

10.

11.

12.

plateau fractures. Orthopaedics &
Traumatology: Surgery &
Research. 2021 Feb
1;107(1):102753.

Oguzkaya S, Misir A, Kizkapan
TB, Eken G, Ozcamdalli M,
Basilgan S. A comparison of
clinical, radiological, and quality-
of-life outcomes of double-plate
internal and llizarov  external
fixations for Schatzker type 5 and 6
tibia plateau fractures. European
Journal of Trauma and Emergency
Surgery. 2022 Apr 1:1-8.

Kawoosa AA, Mantoo SA, Ali N,
Dar GN. Clinico - radiological
results of tibial bicondylar fractures
managed with llizarov technique
with or without minimal internal
fixation. Malays Orthop J.
2022;16(1):18-27.

Catagni  MA, Ottaviani G,
Maggioni M. Treatment strategies
for complex fractures of the tibial

plateau with external circular
fixation and limited internal
fixation. J Trauma.

2007;63(5):1043-53.

Ferreira N, Marais LC. Bicondylar
tibial plateau fractures treated with
fine-wire circular external fixation.
Strategies in Trauma and Limb
Reconstruction. 2014 Apr;9:25-32.

Subasi M, Kapukaya A, Arslan H,
Ozkul E, Cebesoy O. Outcome of
open comminuted tibial plateau
fractures treated using an external
fixator. J Orthop Sci. 2007
Jul;12(4):347-53.

Reédtiga Aguilar J, Rios X,
Gonzalez Edery E, De La Rosa A,
Arzuza Ortega L. Epidemiological

Medical Journal of South Punjab (MJSP)

13.

14.

15.

16.

17.

characterization of tibial plateau
fractures. Journal of orthopaedic
surgery and research. 2022 Feb
19;17(1):106.

Wang Z, Zheng Z, Ye P, Tian S,
Zhu Y, Chen W, Hou Z, Zhang Q,
Zhang Y. Treatment of tibial
plateau fractures: a comparison of
two different operation strategies
with  medium-term  follow up.
Journal of orthopaedic translation.
2022 Sep 1;36:1-7.

Verma A, Venkateshaiah S,
Gajapurada S. Outcomes in
Schatzker Type 5 and Type 6
Tibial Plateau Fractures Treated
with Ilizarov External Fixator:
Follow-up in 30  Patients.
International Journal of Recent
Surgical and Medical Sciences.
2020 Jun;6(01):04-11.

Reddy SR, Shah HM, Godhasiri P.
Outcome of tibial plateau fractures
treated by hybrid and Ilizarov
external fixation. Int J Res Orthop.
2019 Sep;5(5):894.

Yao P, Gong M, Shan L, Wang D,
He Y, Wang H, Zhou J. Tibial
plateau fractures: three dimensional
fracture mapping and morphologic
measurements. International
Orthopaedics. 2022
Sep;46(9):2153-63.

Barei DP, Nork SE, Mills WJ,
Henley MB, Benirschke SK.
Complications  associated  with
internal fixation of high-energy
bicondylar tibial plateau fractures
utilizing a two-incision technique.
Journal of orthopaedic trauma.
2004 Nov 1;18(10):649-57.

Volume 6, Issue 1, 2025



Functional Outcome of Bicondylar Tibial Fractures Schatzker

18.

19.

20.

21.

Unno F, Lefaivre KA, Osterhoff G,
Guy P, Broekhuyse HM, Blachut
PA, O'Brien P. Is early definitive
fixation of bicondylar tibial plateau
fractures safe? An observational
cohort  study. Journal of
orthopaedic trauma. 2017 Mar
1;31(3):151-7.

Haller JM, Holt D, Rothberg DL,
Kubiak EN, Higgins TF. Does
early versus delayed spanning
external fixation impact
complication rates for high-energy

tibial  plateau and  plafond
fractures?. Clinical Orthopaedics
and Related Research.2016

Jun;474:1436-44.

Wier J, Duong AM, Gary JL,
Patterson JT. Early external
fixation of tibial plateau fractures is
associated with an increased risk of
compartment syndrome. Injury.
2024 Nov 1;55(11):111879.

Henkelmann R, Frosch KH, Mende
M, Gensior TJ, Ull C, Braun PJ,
Katthagen C, Glaab R, Hepp P.
Risk factors for deep surgical site
infection in  patients  with
operatively treated tibial plateau

Medical Journal of South Punjab (MJSP)

22.

23.

24,

fractures: a retrospective
multicenter study. Journal of
orthopaedic trauma. 2021 Jul

1:35(7):371-7.

Berto L, Palma GH, Silva AC,
Rodrigues MR, Amorim R,
Cardoso GS. Treatment of Tibial
Plateau Fractures with a Circular
External Fixator: A Comparative
Analysis of Two  Assembly
Methods. Revista Brasileira de
Ortopedia. 2024 Jun 17;59(2):206-
12.

Ahmed MN, Hegazy MO, Hamdy
HM. llizarov fixator versus plates
and screws for treatment of high-

energy tibial plateau fractures.
SVU-International  Journal  of
Medical Sciences. 2025 Jan

1;8(1):262-75.

Gencer B, Dogan O, Caliskan E,
Igdir V, Bigimoglu A. Single
versus  double  plating  for
bicondylar tibia plateau fractures:
Comparison of range of motion,
muscle strength, clinical outcomes
and accelerometer-measured
physical activity levels. The Knee.
2022 Jan 1;34:187-94.

Volume 6, Issue 1, 2025



