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Abstract Objective To compare the functional outcomes of two circular external fixation
techniques to treat complex fractures of the proximal end of the tibia.
Materials and Methods The present is a retrospective cohort study with 51 patients
who underwent surgical treatment for complex fractures of the tibial plateau with a
circular external fixator. There were two groups of patients: 12 subjects underwent
treatment with the classic assembly technique, and 39 subjects underwent treatment
with the simplified technique. The variables analyzed included age, sex, injury
mechanism, trauma energy, associated injuries, fixator type, time of fixator use, and
clinical-radiographic outcomes. The classic technique mainly uses transfixing Kirschner
wires, while the simplified one replaces the Kirschner wires with Schanz pins in the
distal block of the circular external fixator.
Result There were no statistically significant differences (p> 0.05) between the two
groups concerning the clinical-radiographic outcomes, including fracture consolida-
tion, quality of joint fracture reduction, range of motion, lower limbs residual
discrepancy, and postoperative pain.
Conclusion We suggest that the simplified technique, using Schanz pins instead of
Kirschner wires, can be a viable and effective alternative to treat complex fractures of
the proximal end of the tibia with a circular external fixator. This simplified approach
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Introduction

Fracture of the proximal end of the tibia historically repre-
sents a spectrum of injuries with complex treatment. In
bicondylar injuries and those with metaphyseal-diaphyseal
dissociation, complications inherent to traditional treatment
methods are invariably significant. Therefore, research fo-
cuses on alternative forms with less invasive approaches to
preserve the biological and anatomical structures of the
affected region to reduce the chances of complications.
Currently, with the advent of minimally-invasive techniques,
it is believed that the reestablishment of axial alignment of
the lower limb is more important than the absolute restora-
tion of joint congruity in the therapeutic outcome of tibial
plateau fractures.1–3

Ilizarov developed the circular external fixation technique
to treat difficult-to-manage orthopedic issues. Themethod is
based on the biological principles of bone consolidation and
a circular external fixator with rings and transfixing ten-
sioned Kirschner wires for bone fixation.4

Efforts have been made to simplify device application and
configuration to improve patient comfort while maintaining
the appropriate combinationof systemstabilityanddynamics.
Reducing the number of wires in the assembly reduces the
infection rate, improves patient comfort during treatment,

and, at the same time, reduces device stability. Introducing
Schanz pins to Ilizarov circular external fixator assemblies
enables a more simplified configuration of a sufficiently-rigid
apparatus and reduceswire-related soft tissue complications.5

Cardoso et al.6 performed a biomechanical comparison of
two circular external fixator assemblies in composite bone
models to treat these fractures: the classic assembly (mainly
using Kirschner wires) and a proposed simplified assembly
which mainly uses Schanz pins. These authors observed that
both assemblies had similar biomechanical behaviors.

Therefore, the present study aimed to compare the func-
tional outcomes in a series of cases using the classic assembly
or the proposed assembly with more Schanz pins to evaluate
the feasibility of a simplified circular external fixator to treat
tibial proximal end fractures.

We hypothesized that the simplified assembly would not
alter the clinical-radiographic outcomes compared with the
classic assembly. As such, justifying the use of the simplified
assembly to treat complex fractures of the tibial plateau.

Materials and Methods

The present retrospective, quantitative, and comparative
study used medical records from patients diagnosed with
tibial plateau fractures classified as Schatzker V and VI7 who

can offer benefits, such as a lower infection rate and greater patient comfort, without
compromising clinical and radiographic outcomes, thus justifying its use.

Resumo Objetivo Comparar os resultados funcionais entre duas técnicas de fixação externa
circular utilizadas no tratamento de fraturas complexas da extremidade proximal da
tíbia.
Materiais e Métodos Trata-se de um estudo de coorte retrospectivo, com 51
pacientes submetidos ao tratamento cirúrgico de fraturas complexas do planalto tibial
com fixador externo circular. Os pacientes foram divididos em dois grupos: 12
pacientes tratados com a técnica clássica e 39 pacientes tratados com a técnica
simplificada. As variáveis analisadas incluíram idade, sexo, mecanismo da lesão, energia
do trauma, lesões associadas, tipo de fixador, tempo de uso do fixador e resultados
clínico-radiográficos. A técnica clássica lança mão principalmente de fios de Kirschner
transfixantes, e a simplificada substitui os fios de Kirschner por pinos de Schanz no
bloco distal do fixador externo circular.
Resultados A partir da comparação das montagens, não encontramos diferenças
estatisticamente significativas (p>00,5) entre os dois grupos em relação aos resulta-
dos clínico-radiográficos, incluindo a consolidação da fratura, a qualidade da redução
da fratura articular, a amplitude de movimento, a discrepância residual na medida dos
membros inferiores e a dor do paciente no pós-operatório.
Conclusão Sugerimos que a técnica simplificada, utilizando pinos de Schanz no lugar
dos fios de Kirschner, pode ser uma alternativa viável e eficaz no tratamento de fraturas
complexas da extremidade proximal da tíbia com fixador externo circular. Essa
abordagem simplificada pode oferecer benefícios, como menor taxa de infecção e
maior conforto para o paciente, sem comprometer os resultados clínicos e radiográ-
ficos, o que justifica, o seu uso.

Palavras-chave

► fraturas do planalto
tibial

► fixadores externos
► técnica de Ilizarov
► fios de Kirchner
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underwent surgical treatment with a circular external
fixator.

The institutional Ethics in Research Committee approved
the study under number CAAE: 52077521.7.0000.5360.

Cohort and Sample
The sample consisted of all patients (51)with fractures of the
tibial plateau classified as Schatzker V and VI7 from
March 2012 to June 2021who underwent surgical treatment
with a circular external fixator. The patient’smedical records
supplied the extracted data.

The outcomes of patients treated with the classic Ilizarov
circular external fixator, which mainly uses transfixing
Kirschner wires (n¼12), were compared with those of
patients treated using a simplified assembly, which replaces
the Kirschner wires of the distal block by Schanz pins
(n¼39). ►Fig. 1 illustrates both assemblies.

The descriptive variables evaluated were age, sex, injury
mechanism, trauma energy, associated injuries, fixator type,
time of fixator use, and postoperative follow-up time.

The inferential analyses included the following: external
fixator usage time in months, consolidation and presence of
infection, quality of joint fracture reduction, range ofmotion,
residual limb discrepancy and postoperative pain at the end
of the follow-up.

Patients who lost to follow-up or treated with a trans-
articular circular external fixator were excluded. Patients
still using circular external at the time of data collection
fixator, regardless of the assembly, were also excluded.

A group of three orthopedic surgeons, two of whom
members of the Association for the Study and Application
of theMethod of Ilizarov (ASAMI) and the Brazilian Society of
Orthopedics and Traumatology (SBOT, for its acronym in
Portuguese [Sociedade Brasileira de Ortopedia e Traumatolo-
gia]), and one SBOT member, performed the radiological
analysis of joint deviation. The radiological results were
divided into good alignment, misalignment up to 2mm,

misalignment ranging from 2mm to 4mm, and misalign-
ment higher than 4mm.

Statistical Analysis
After defining the variables and collecting data, results were
pooled in a Microsoft Office Excel spreadsheet (Microsoft
Corp., Redmond, WA, United States), version 12.0 and ana-
lyzed using the Jamovi software (open source), version 1.2.
First, descriptive analyses determinedmeans and confidence
intervals for numerical variables and absolute and relative
frequency measures for categorical variables. Next, we pro-
ceeded to the inferential analyses.

The Mann-Whitney U test verified differences between
fixator use time and the postoperative follow-up time in both
groups given the non-normality of the dependent variable
and the sample size. The remaining analyses used the Chi-
squared association test because the variables were categor-
ical. The Fisher exact test analyzed selected associationswith
cells with absolute values lower than 5, and the continuity
correction (Yates) test determined associations in cells with
an absolute value of 0. For all hypothesis tests, the signifi-
cance level was of 5%.

Results

We analyzed themedical records of a total of 82 patients. The
exclusion criteria were transarticular assembly (n¼6) and
loss at follow-up (n¼25); therefore, 51 patients remained in
the sample.

Regarding fixators, 12 patients (23.5%) underwent the
classic assembly (►Fig. 2), and 39 (76.5%), the simplified
assembly (►Fig. 3). The analysis compared the outcomes of
these two groups of patients.

The mean age of the patients treated with the classic and
simplified assemblies was of 46.3 and 45.8 years respec-
tively, with no statistically significant difference between
the groups. Both groups had a predominance of male
subjects, with no statistically significant difference in sex
distribution.

In both groups, there was a predominance of high-energy
trauma, mostly traffic accidents, with no statistically signifi-
cant difference between them. Of the total number of asso-
ciated injuries, most proximal tibial fractures were isolated
(52.3%), followed by associated fractures of the femur (prox-
imal, diaphyseal, or neck fractures) in 8.4% of the patients.

The average time of fixator use, regardless of the assem-
bly, was of 7.25 months. The type of fixator assembly,
whether classic or simplified, did not determine a statisti-
cally significant difference in the time of use (p¼0.171) per
the temporal distribution shown in ►Fig. 4.

The average postoperative follow-up was of 48.5 months
in the classic group, and of 42.7 months in the simplified
group, with no statistically significant difference (p¼0.629).

Two variables determined the quality of the treatment
outcome: union without infection, and non-union and/or
infection. Consolidation with no infection occurred in 83.3%
of the patients in the classic group, and in 94.9% of the
subjects in the simplified group. ►Table 1 shows the lack of

Fig. 1 Illustration of the classic (left) and simplified (right) assemblies
demonstrating the positioning of the Kirschner wires and Schanz pins.
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statistically significant difference (p¼0.232) regarding the
Fisher exact test between both groups.

In the classic group, 66.7% of the patients had good
radiographic outcomes (that is, proper alignment or mis-
alignment of up to 2mm), while 71.8% of those in the
simplified group presented good radiographic outcomes,
with no statistically significant difference (p¼0.65).

Neither did the range of motion of the knee joint after
fixator removal show statistical differences between the

different assemblies (p¼0.826), as shown in ►Table 2, con-
sidering that the range of motionwas higher than 80° among
83.3% of the classic group and in 87.8% of those in the
simplified group.

Regarding the residual discrepancy between limbs, there
was no statistical significance (p¼0.51 in the Fisher exact
test associated with the Yates continuity correction test), as
83.3% of the patients in the classic group and 92.3% of the
simplified group had no dysmetria between the limbs.

Fig. 2 Clinical and radiographic images demonstrating the classic assembly in a patient included in the study.

Fig. 3 Clinical and radiographic images demonstrating the simplified assembly in a patient included in the study.
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When evaluating residual pain after external fixator
removal, there was no statistically significant difference
(p¼0.893) between the groups, as shown in ►Table 3, con-
sidering that 25% of the classic group and 30.6% of the
simplified group complained of moderate or severe postop-
erative pain.

Discussion

Based on clinical experience and biomechanical studies, for
severe tibial plateau fractures, the best stabilization of each
bone fragment using circular external fixation occurs with
two-level fixation and four wires inserted at right angles.
However, in most clinical situations, it is not possible to
position the wires at right angles due to anatomical limi-
tations. Reducing the number of wires or the angle between
them affects the stability of the bone fragment fixation,
which ultimately can hinder the success of the orthopedic
treatment.8

The literature is not consensual regarding the type of
external fixation to treat these fractures. There are descrip-
tions of the use of circular fixators and exclusively Kirschner
wires, circular fixators and various associations of Kirschner
wires and Schanz pins, and fixators that use bars and rings
with Kirschner wires in the metaphysis and exclusively
Schanz pins in the diaphysis.9

Reducing the number of wires in the assembly reduces the
infection rate and improves patient comfort during treat-
ment, simultaneously reducing device stability. The intro-
duction of Schanz pins to Ilizarov circular external fixator
assemblies enables the configuration of a more rigid device
and a reduction in wire-associated soft tissue complica-
tions.5 As such, this simplified assembly was proposed to
replace the Kirschner wires from the distal block with two
Schanz pins for each ring, as shown in ►Fig. 1.

Fig. 4 Graph showing the temporal distribution of the use of the
external fixator in the classic and simplified assembly groups.

Table 1 Fisher exact test comparing the therapeutic outcome in patients submitted to the classic and simplified assemblies

Outcome

Fixator type Non-union or infection Consolidation with no infection Total

Classic 2 10 12

16.7% 83.3% 100%

Simplified 2 37 39

5.1% 94.9% 100%

Total 4 47 51

7.8% 92.2% 100%

Note: Fisher exact test (p¼ 0.232).

Table 2 Fisher exact test comparing the range ofmotion of the knee joint after external fixator removal in patients treated with the
classic and simplified assemblies

Knee range of motion

Fixator type < 80° 80°–109° 110°–130° > 130° Total

Classic 2 5 3 2 12

16.7% 41.7% 25% 16.7% 100%

Simplified 5 19 11 4 39

12.8% 48.7% 28.2% 10.3% 100%

Total 7 24 14 6 51

13.7% 47.1% 27.5% 11.8% 100%

Note: Fisher exact test (p¼ 0.826).
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In the present study, the average age of the patients in
the classic and simplified groups was of 46.3 and 45.8 years
respectively, and most subjects were male. The average
time of fixator use was of 7.25 months. Ghimire et al.10

found similar data in their study, with a predominance
of male patients and an average age of 39.98 years, but
with an estimated time until fixator removal of 15.09
weeks. In both studies, traffic accidents were the main
cause of fractures.

Ali et al.9 studied a standardized assembly for complex
tibial plateau fractures and observed an average time of
fixator use of 18 weeks. In our study, 23.5% of the patients
used the classic fixator, and 76.5% used the simplified device,
with no difference in postoperative range ofmotion between
the groups. The range of motion at the end of the treatment
with both assemblies was higher than 80° in more than 80%
of the cases. Ali et al.9 reported an average range of motion at
the end of treatment of 112°.

In the present study, most proximal tibial fractures were
isolated (52.3%), followed by associated (proximal, diaphy-
seal, or neck) femoral fractures. The radiological analysis of
fracture consolidation, the quality of joint surface reduction,
and the residual discrepancy between limbs presented no
statistically significant differences between the groups.

We compared our findings with those of a 2006 multi-
center, prospective, randomized study from the Canadian
Orthopaedic Trauma Society.11 Both studies evaluated dif-
ferent treatment approaches for fractures. We focused on
comparing two types of external fixator assembly for proxi-
mal tibial fractures, while the Canadian Orthopaedic Trauma
Society compared treatment with a circular fixator versus
open reduction and internal fixation in patients with several
fractures. These studies suggest that different external fix-
ator assemblies and a circular fixator compared to open
reduction and internal fixation can be viable options to treat
fractures. However, it is necessary to consider patient char-
acteristics, the nature of the fracture, and individual clinical
features when deciding the most appropriate treatment
approach. Therefore, analyzing the two studies, the simpli-
fied circular external fixator appears to be a good alternative
to treat proximal tibial fractures, resulting in outcomes
consistent with those of other studies11 concerning

the quality of the treatment outcome and associated
complications.

The main complications related to high-energy tibial
plateau fractures are compartment syndrome, neurovascular
injury, and skin necrosis. The postoperative infection rate
with open reduction can range from 5% to 20%.12,13 The
percutaneous assembly reduces the risk of periosteal injury
and preserves local biology. Both groups presented similar
complications concerning loss of joint mobility, postopera-
tive residual pain, and limb length asymmetry. Regarding the
therapeutic outcome, there was no significant difference
between the two types of assembly and the literature in
terms of non-union, infection, or both.11,14

The present study shows that an assembly using Schanz
pins results in a high consolidation rate and low risk for deep
infection, which is consistent with the literature.15,16

Due to its retrospective nature, the present study has
critical limitations, including the disparity between the
cohorts studied, with a predominance of simplified assem-
blies, and the limited number of patients and high rate of loss
to follow-up. Therefore, further studies are required to
minimize selection bias.

Conclusion

Since there is no current consensus to define the ideal type of
assembly of the circular external fixator to treat severe tibial
plateau fractures and the increased focus on finding less
invasive and biologically-aggressive treatments, the simpli-
fied device is a viable and promising option.

Given that there were no statistical differences between
the compared groups, we suggest the simplified technique
for the cases herein described. In addition, new studies may
provide more robust evidence for this technique.
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Table 3 Fisher exact test comparing pain after external fixator removal in patients treated with the classic and simplified
assemblies

Pain

Fixator type Absent Mild Moderate Severe Total

Classic 8 1 3 0 12

66.7% 8.3% 25% 0% 100%

Simplified 20 7 10 2 39

51.3% 17.9% 25.6% 5.1% 100%

Total 28 8 13 2 51

54.9% 15.7% 25.5% 3.9% 100%

Note: Fisher exact test (p¼ 0.893).
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