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Biomechanical Comparison of Different Subtrochanteric Bone Fracture

Angles in Cerclage Wiring: Finite Element Study
Serklaj Kablolamada Farkli Subtrokanterik Kemik Kirilma Acilarinin Biyomekanik
Karsilastirilmasi: Sonlu Eleman Calismasi
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Abstract:

Cerclage wires are regularly hired as fixation gear to resource reposition, enhance alignment and growth fixation stability. In specific
femoral shaft, subtrochanteric and periprosthetic fractures gain from cerclage fixation. Also in supracondylar femoral shaft fractures,
extra cord cerclages proved to be extra than only a reposition device and accelerated the general power of the osteosynthesis
construct. This study tests for the stabilizing effect of different bone fracture angles in with cerclage. Cerclage fixation of a oblique
fractures were tested with fracture angles (45°, 55°, 65°). Construct stiffness and displacements were investigated under static loads
and compared to the different bone fracture angles. With each of the tested bone fractures, stiffness wasn't significantly for a compare
angles. Most reduction in fracture gap movement was achieved by 65° fracture angle, followed by 55° and 45° fractures.

All cerclage wire fixation were generally superior with reduced fracture movements whereas in 65 degree fracture showing the
greatest stabilizing effect. Cerclage wire application has emerged as a potential therapeutic for subtrochanteric fractures.
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Ozet:

Serklaj telleri, yeniden konumlandirmaya yardimci olmak, hizalamayi iyilestirmek ve sabitleme stabilitesini artirmak igin sabitleme
araglari olarak siklikla kullanilir. Ozellikle femur safti, subtrokanterik ve periprostetik kiriklar serklaj fiksasyonundan yararlanir. Ayrica
suprakondiler femur saft kiriklarinda, ek olarak tel serklajlarin tespit aracindan daha fazlasi oldugu ve osteosentez yapisinin genel
mukavvemeti arttirdigi kanitlanmistir. Bu gcalisma, serklaj ile farkli kemik kirilma agilarinin stabilize edici etkisini test etmektedir. Oblik
ve farkli kemik kirilma acilariyla karsilastirildi. Test edilen kemik kiriklarinin her birinde sertlik, karsilastirma agilarinda anlamli
bulunmadi. Kirik boslugu hareketindeki en azalma, 65 ° kirilma agisi ile saglandi, bunu 55° ve 45° kiriklar izledi.

Tum serklaj teli fiksasyonu, kirik hareketlerini azaltmis ve genel olarak rijit bulunmasinin yaninda, en biiylik stabilize edici etkiyi 65
derecelik kirikta gosterdi. Serklaj teli uygulamasi, subtrokanterik kiriklar igin potansiyel bir terapotik olarak ortaya cikmistir.

Anahtar Kelimeler: Oblik kiriklar, serklaj kablolama, kemik kirik acisi, sonlu elemanlar analizi
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l.Introduction

Cerclage wiring is a simple technique that has been prac-
ticed widely since the advent of surgical treatment of
fractures. The indications for cerclage as an exclusive
implant were limited because other technologies offer a
better outcome, while the increasing numbers of peripros-
thetic fractures has led to a revival of interest for this
simple technique.

Cerclage wires have long been used for the fixation of
diaphyseal fractures, either alone or in combination
with other fixation methods [1]. Cerclage wires are often
hired as fixation equipment to useful resource reposition,
enhance alignment and increase fixation stability. In par-
ticular femoral shaft, subtrochanteric and periprosthetic
fractures advantage from supplementary cerclage fixation
[2],[3]. Also in supracondylar femoral shaft fractures, extra
cord cerclages proved to be extra than only a reposition
device and increased the overall strength of the osteosyn-
thesis construct [4].

Cerclage wires are a non-reactive stainless steel alloy,
that's a ways extra malleable than the stainless steel alloy
used to make bone plates or pins. There are three primary
sorts of cerclage wiring, complete cerclage, hemicerclage
wiring and tension band wiring, that's a specialized shape
of hemicerclage. Full circlage wiring utilizes a full circum-
ferential wire placed around the bone at a fracture site. This
use is generally restricted to the diaphyseal segments of
long bones. The fracture is carefully reconstructed and the
fragments are wired in place prior to applying the definitive
form of fixation. Full cerclage anatomic reconstruction of
the fracture at the level of the cerclage wire is mandatory,
otherwise the fragments will move and collapse and the
wire will loosen[5].

Full cerclage wiring is best appropriate for long oblique
diaphyseal fractures where the length of the fracture is
greater than twice the diameter of the bone at the fracture
site (>45°). If the fracture line is greater than two times
the diameter of the bone on the fracture site, the wire will
acquire inter-fragmentary compression[6].

Finite element (FE) evaluation is a effective biomechanical
device that permits for the manage of numerous param-
eters, such as loading forces, fracture kind and implants,
that might in any other case be tough to evaluate in vivo or
thru cadaveric experiments.Therefore, in this study, oblique
bone fracture angles evaluate their differences using finite
element analysis.

2.Materials and Methods

The bone and cerclage wire models was created using the
Solidworks software (Dassault Systemes Simulia Corp.,
Providence, RI, USA). According to the anatomic femur dia-
physis based, cylindrical bone specimens were performed.
Cylindrical bone samples dimmentions were 0 30 mm and
lenghts 100 mm. Monofilament cerclage wire model cre-
ated was dimmentions 0 32 mm and thickness 1.5 mm. In
this study, three different bone fracture models were com-
pared. All solid models were imported to analysis software
(ANSYS 2020 R1, ANSYS Inc., Houston, TX, USA).

Fig. 1 - Bone specimens and Monofilament Cerclage Wires

Based on the results of the mesh convergence analysis,
2 mm element edge lengths were used for all components.
The bone was represented with a single isotropic elastic
modulus of 17,000 MPa. A uniform Poisson’s ratio of 0.3 was
assigned for all bone elements.

A vertical load 800 N, was applied to the proximal. The
stress over the cerclage component was evaluated every
angle performing a osteotomy. The following material prop-
erties were considered for the study as shown in Table 1.

Table 1. Mechanical properties of bone and cerclage wire

Element |Material Properties |Cortical Bone |Cerclage Wire
1 Young's modulus |17 GPa 186 GPa

2. Density 2 gm/cm3 1.08 gm/cm3
3. Poisson’s ratio 0.38 0.3

In the present study, the bone was assumed to be as linear
isotropic material [7],[8] . The analysis was carried out for
loads 800N. The distal end of the bone specimen was con-
strained in accordance with the previous works [9].

Contact between bone and implant, and between bone
fragment was considered to be frictional. The coefficient
of friction for the bone-to-bone, bone-to-implant and
implant-to-implant contacts were 0.46, and 0.2, respec-
tively [10].
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3. Results

Comparison of Bone Fracture Angles

The stress was evaluated proximal at 800 N with for 45°
the maximum stress (29,68 MPa), 55 ° the mean stress
(32,70 MPa) and for 65° (29,41 MPa) (Table 2)

The maximum stress of the monofilament cerclage wire
was at the anterior medial position of the specimen, as
shown in Figure 2.
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Fig.2 - Maximum Stress of the Monofilament Cerclage Wire

Table 2. Cerclage wire stress values

Fracture Angle| Uzama Stress (MPa)
Specimen Max Min Max |Avarage
45° 0,013573| 0,31636 29,68 | 3,0047
55" 0,013043 | 0,32769 32,709| 3,1439
65" 0,011842 | 0,32082 |25,411| 3,0909

4.Discussion

This study demonstrates stabilizing effect of angles of
fractures on cerclage wiring of oblique fractures. While
previous studies focused only on stand-alone cerclage
configurations and techniques our study provided a com-
parison of different bone fracture angle types in a relevant
fracture model.

Although augmentation of fracture fixation through cer-
clages has an enduring tradition and has tested to be
clinically successful, its biomechanical implications have
now no longer but been explored sufficiently. In addition to
its use as a brief percutaneous reduction clamp, a cerclage
also can be carried out as an extra stabilization device to
enhance the stability of the osteosynthesis.
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The bone must have stable anatomical reduction over a
complete turn at the level of application or the compres-
sion produced by the wire will purpose the bone to collapse
or fragment further.

Cerclage wiring is most suited to long oblique fractures
where the length of the fracture is greater than two times
the diameter of the bone at the fracture site. If the fracture
line is greater than two times the diameter of the bone at
the fracture site, the wire will achieve inter-fragmentary
compression. If the length of the fracture line is much less
than two times the bone diameter then shearing forces
may be produced on the way to disrupt the fracture [6].

In recent literature, fracture fixation with cerclage wiring
is known to be associated with implant-related complica-
tions due to secondary fracture displacement and implant
migration [11]. Biomechanical studies have revealed that lag
screw configurations are stiffer compared with cerclage
wiring or cable systems [12], Thus, we were concerned
whether the circumferential cerclage would become
reduced stiffness during static loading, especially in this
idealized 3D bone model. Even 65 degrees bone fracture
with loads in excess of physiological loads we were not
able to detect too much loosening or migration.

Early weight-bearing regimes are related to decrease
hazard of complications, for example better functional
outcome at early levels of rehabilitation [13]. Modern frac-
ture care prioritizes rapid return to function as well as
patient autonomy and convenience, which can be enhanced
by post-operative mobilization and weight-bearing to an
extent the patient feels snug with [14].

Some limitations of this study need to be mentioned.
Biomechanical in vitro studies have the inherent weak-
ness that in vivo situation. However, it should be noted that
the aim was to investigate the clinical trends rather than
absolute values. Our load protocols included post-opera-
tively acceptable values for moderate as well as excessive
weight-bearing up to 800 N. Cerclage wiring is obviously
limited to oblique or spiral fractures and has no further
stabilizing effect in transverse or comminuted fractures.
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5. Conclusion

The indications for cerclage as an exclusive implant were
limited, while this simple technique is frequently used to
secure femoral fractures, allografts and plates, especially
in periprosthetic fractures. In conclusion, we demon-
strated the stabilizing effect of different bone fracture
angles cerclage materials.

The findings from this study favor a cable cerclage, as it
was able to better reinforce osteosynthesis in terms of
higher stiffness and reduced interfragmentary movements.
Whether our results can be transferred into the clinical
routine has to be investigated in further clinical studies. In
this results, bone structure represents the actual femur
anatomy and therefore, FEM analysis should take into
account the properties of individual layers that constitute
the femur for accurate analysis.
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