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Abstract
Although cerclage wiring is a very useful implant, it has many problems. We manufactured an alphabet C-
shaped clip with nitinol (C-clip) that has superelastic property to replace the cerclage wiring.This study
aimed to compare the biomechanical stability of cerclage cable and the C-clip. Eighteen synthetic femora
were tested. An unstable VB1 fractures model was constructed that oblique fracture line was 8cm below
the lesser trochanter with fracture gab. The distal �xation was repaired with a locking plate and four bi-
cortical screws. The proximal �xation was repaired two different methods: (1) four-threaded cerclage
cables and (2) four new C-clip. In axial compression test, the C-clip was stiffer than the cerclage cable
(median stiffness of C-clip = 39.28 N/mm [IQR; 38.84-41.19], cerclage cable = 34.90 N/mm [34.84-35.08],
p<0.05). In the torsion test, the C-clip was 0.44 Nm/° [IQR; 0.44-0.45] and cerclage cable = 0.30 Nm/°
[0.30-0.33], p<0.05). In the four-point bending test, the C-clip = 39.35 N/mm [IQR; 38.91-40.97] and
cerclage cable = 28.38 N/mm, [28.33-30.79], p<0.05) The C-clip may be biomechanically superior to
cerclage wiring in terms of stiffness, axial compression, torsion, and four-point bending tests and is a
valuable alternative in Vancouver type B1 periprosthetic femoral fracture.

Introduction
Cerclage wiring is the only implant that can use centripetal force to reduce and keep radially displaced
fragments together 1. Although it is a very useful implant, it is regarded as a limited use method due to
the many problems encountered such as blockage of blood supply, the possibility of blood vessel
damage, complicated surgical technique, prolonged operation time, and mechanical weakness as a
stand-alone use. However, cerclage wiring has garnered attention and interest due to the increasing
occurrence of periprosthetic femoral fractures (PFF) after hip arthroplasty especially in the active aging
population2,3,4. Periprosthetic fractures around, just below, or well below the tip of a well-�xed prosthesis
(Vancouver type B1 [VB1] and C [VC]) are routinely treated with open reduction and internal �xation
(ORIF). Standard bi-cortical screws are generally e�cient in distal �xations. However, the biomechanical
procurement of the proximal segment can be di�cult because of the presence of cemented or cementless
mantle of the hip prosthesis. For proximal �xations, cerclage cables, allograft struts, and locking or non-
locking uni-cortical screws are available options. Most recently, plate designs that allow bi-cortical
�xation by directing offset locking screws tangentially around either side of the hip stem 5. Consequently,
there is still no gold standard method for �xing the proximal portion.

The authors thought that if the implant was made in a partially opened, alphabet C shape that does not
wrap the bone 360 degrees, it will have the advantages (centripetal force, wrapping the bone) of the
cerclage wiring and the disadvantages (circulation block, mechanical weakness, and the risk of major
vessel injury) can be improved. We manufactured the C-shaped implant with nitinol (C-clip) that has
superelasticity to replace the cerclage wiring.

The purpose of this study was to compare the biomechanical test of traditional cerclage wiring and the
partially opened C-clip.
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Methods
1. Specimens and fracture models

A total of 18 left arti�cial femurs (model #LD2386, SYNBONE, Switzerland) were prepared. The geometry
for each femur provided by the manufacturer was standard, with length 450 mm, mid-shaft mediolateral
outer diameter 30 mm, mid-shaft anteroposterior diameter 26 mm, condylar width 85 mm, neck angle
122°, anteversion 15°, head diameter 48 mm, and intramedullary canal diameter 12 mm. The fracture
model was designed as follows: An oscillating saw was used to create a 45-degree oblique osteotomy at
an 8-cm distal midportion from the tip of the lesser trochanter (LT). We intended to represent the VB1 PFF
(Fig. 1). To simulate the worst-case scenario, an additional transverse osteotomy was added on the
medial side 8 cm below the tip of the LT, where there was no bony contact across the fracture, and a gap
was left across the fracture site. This represents an unstable fracture pattern. To make the same fracture
model for all 18 samples, cutting jigs to guide the osteotomy were prepared. The same fracture model
was made by a single orthopaedic surgeon. The osteotomies were provisionally stabilized with a
noncontact bridging curved femur shaft plate using bone holding forceps.

2. Application of constructs for femur fracture �xation

The 18 left arti�cial femurs osteotomized to simulate an unstable VB1 model have been randomly
assigned to either C-clip or cerclage cable �xation. The fractures were repaired with a ten-hole custom
made titanium plate. The distal �xation for all constructs was with four locking bi-cortical screws (Ø 5.0
mm, 35 mm x 3, Ø 5 mm x 37 mm x 1).

The proximal �xations were as follows:

Cerclage Cable Construct: Cerclage cables were placed in scallops 1, 2, and 3 of the plate. Cerclage
cables (DePuy Synthes Co., Paoli, PA, USA, Ø 1.7 mm) were tensioned up to 50 kg using a standard
DePuy cable tensioner and �xed with crimps.

C-clip Construct: C-shaped nickel–titanium (Ni–Ti) shape memory alloy (SMA) implants (KIMPF Co.,
Ltd., Moscow, RUS) were used at the proximal site of the arti�cial bone. It was designed with a width
of 7 mm, a pro�le of 2 mm, a maximal inner diameter of 22 mm, and a distance of 3 mm at room
temperature. Submerged in sterile saline below 10 °C, the ends of the �xator were extended for use
with special forceps. A C-clip was placed in the scallops of the plate. Once the position of the C-clip
was ensured, it was warmed with hot saline (40−50 °C) 6. With the alteration in temperature, the
memory effect of the material resulted in the restoration of the original shape, resulting in secure
�xation. C-clipwere positioned in scallops 1, 2, and 3 of the plate ( 2).

3. Biomechanical test

In order to evaluate the �xation force in the in vivo environment (about 36.5 °C) of C-shaped implants
made of Nitinol alloy, a SMA material, an experimental environment similar to the in vivo environment
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was implemented. The experimental chamber was fabricated using an extruded thermal insulation board
having the lowest thermal conductivity among the insulators, and two 300-W incandescent bulbs were
�xed on both sides of the chamber to maintain a temperature of approximately 36.5 °C similar to the in
vivo environment (Fig. 3) 7. A pre-test was conducted to verify the test environment established prior to
the present study, and it was con�rmed that the temperature was maintained at 36–37 °C for 30 min. The
distal condyle of the arti�cial femur used for compression and torsion test was removed 30 cm from the
greater trochanter (GT) tip. This is because the intact femur model might be broken at the femoral shaft
during the loading test, and it was mounted on a steel square holder using resin 8. Biomechanical testing
of each specimen was performed in a vise at 25° adduction in the frontal plane and neutral in the sagittal
plane to simulate one-legged stance8. A material testing machine (MTS 858 Mini Bionix Biomechanical
Test System, MTS Systems Corp., USA) with a 25kN load cell was used for all mechanical tests. For the
mechanical test, loading was applied to the femoral head through the �ag jig, and each test was
performed 3 times.

For the compression tests, a preload of 100 N at a rate of 20 N/min was loaded to each specimen to
ensure complete contact between the femoral head and the test equipment. Next, the vertical force was
applied at a speed of 10 mm/min until 10-mm axial deformation of the construct while recording load–
displacement curves (clinical failure). Failure was de�ned as sudden fall observed at the load-
displacement curve or displacement of the proximal fragments in excess of 10mm9. For the torsion test,
a support block was placed 220 mm from the loading point to minimize long-axis bending. And distal
femur was �xed by steel jig with screw. The preload of 50 N was applied to each specimen. Next, the
vertical force was applied at a speed of 8 mm/min(=0.005rad/min) while recording load–displacement
curves 9. Then the load–displacement graph was converted into a moment–angular displacement graph
using the following equation in a previous study 10. The four-point bending test used an intact bone
model without distal condyle removal. Biomechanical testing of each specimen was performed with the
specimen freely positioned between the contact points, allowing free bending movement. The upper
contact points were placed symmetrically between the lower contact points (loading span = 130mm,
support span = 50mm). The test was conducted until the end of the plate of the tension surface touching
the support roller. The mechanical test was conducted three times for each type of test (axial, torsion and
bending). The vertical force was applied at a speed of 0.5 mm/min while recording load–displacement
curves. Stiffness of the construct was de�ned as the slope of the load-displacement curve. The slope was
corresponded to the linear section within elastic deformation. In the torsion and four-point bending tests,
all specimens remained within the linear elastic region to avoid permanent specimen damage, as
demonstrated in a previous study 9,11,12.

4. Statistical Analysis

A wilcoxon rank-sum test was used to assess differences between the �xation method variables. All
statistical evaluations were completed using SPSS, V22 (SPSS Inc., Chicago, IL, USA) software. Two-
tailed p-values < 0.05 were considered statistically signi�cant.
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Results
All planned tests were successfully completed and there was no incomplete data. There were no observed
failures of the specimens and at no point was �xation lost or deformed. A comparison of the stiffness of
the construct using two different �xation methods in the three types of tests is presented in Fig. 3. With
regard to stiffness, a notable �nding was that C-clip was stronger than cerclage wiring in the three types
of tests. In axial compression test, the C-clip was stiffer than the cerclage cable (median stiffness of C-
clip = 39.28 N/mm [IQR; 38.84-41.19], cerclage cable = 34.90 N/mm [34.84-35.08], p<0.05). In the torsion
test, the C-clip was stiffer than the cerclage cable (median stiffness of C-clip = 0.44 Nm/° [IQR; 0.44-0.45],
cerclage cable = 0.30 Nm/° [0.30-0.33], p<0.05). In the four-point bending test, the C-clip was stiffer than
the cerclage cable (median stiffness of C-clip = 39.35 N/mm [IQR; 38.91-40.97], cerclage cable = 28.38
N/mm, [28.33-30.79], p<0.05) (Fig. 4) (Table. 1).

Discussion
This study demonstrates the notable improvements in compressive, torsional, and bending strength
associated with partially opened C-shaped SMA implants (C-clip) for �xation of the proximal segment
compared to the traditional cerclage cables. Although the C-clip has less wrapping area to the bone than
the cerclage cable, the holding stiffness appears stronger than cerclage cable. We think that this is
because the shape memory effect of SMA is reformed to the shape that was originally designed.
Although it depends on the degree, almost all metals have a ductile property, so they tend to loosen
slightly over time from the initial �xation. In particular, cerclage wiring has a natural tendency to slip and
loosen when any part of the bone tapers 13. However, although the effect of underneath C-clip was not
evaluated yet, this made of SMA is still holding the bone and plate tightly.

Cerclage wiring has advantages and disadvantages from wrapping the cable around the bone. Tension in
the cable can pull radially displaced fragments together, an advantage that neither nails nor screws can
offer. The disadvantage of the 360-degree wrap is the potential for nerve and blood vessel damage.
However, because of the 360-degrees wrapping method, it has several demerits and make problems.
Contrary, the C-clip that did not wrap 360-degrees get several merits than cerclage. First, it can reduce the
possibility of a large vessel and nerve injury; Surgeons dissect the femur in PFF from the safe lateral or
anterolateral side which does not exist anatomical fatal structure such as large vessel and nerve,
advanced and penetrated the wire passer to a medial and posterior direction which located anatomical
fatal structure without direct vision. This is entirely dependent on the surgeon’s skill, experience, and
sense. Although most cases are without any accident, there are reported serious complication about
cerclage wiring 14. Second, it enables early rehabilitation. Most muscles and tendons acting on the thigh
are attached to the linea aspera. The 360-degree wrapping method inevitably has to dissect the linea
aspera to some extent and be penetrated the tendon attached area in several places. If we could preserve
the linea aspera (if we could �x femur and implant with similar stiffness without penetrating through the
linea aspera), it will be very helpful for the movement of thigh muscles and will allow for early
rehabilitation. Third, it enables less skin incision and dissection. The method of full cerclage wrapping



Page 6/13

inevitably requires more incisions and soft tissue dissection than the method of using an internal �xation
that can use only when the front is visible. When the dissection site increased, prolonged surgical time,
increased bleeding, and an increased likelihood of surgical site infection are accompanied naturally.
Although some recently developed wire clamp for minimal invasive aimed was used, it has to be used
under the �uoroscopy and in�uenced by the surgeon's feeling 15. Therefore, it is not possible to be free
from radiation hazards and the complication of large vessel injury 16,17. Of course, C-clip has not only
advantages. In order to obtain the effect of shape memory effect, it is necessary to have high and low-
temperature conditions. In this regard, it will be necessary to develop a heat conduction tray using
electricity in the future.

Treatment of PFF following hip arthroplasty presents a major clinical challenge in orthopaedic surgery 18.
Patients with PFF are typically elderly individuals with varying degrees of osteoporosis and medical
comorbidity. The �xation is very di�cult because of the hip stem and poor bone quality. Fixation of the
proximal portion, which contained a huge hip stem, was limited with a standard screw technique.
Moreover, when the host bone is in osteoporotic condition, the screw does not work and may be pulled
out easily. Our authors contemplated whether a partially wrapped implant could have enough holding
power, like a 360-degree wrapped cerclage cable. The present study shows that the partially wrapped
implant may have the same or better holding power as the 360-degree cerclage methods.

There are some limitations to the present study. First, we did not insert a hip stem. Although not to be
used as a hip stem, this study has clinical implications for the treatment of unstable VB1-type PFF. Many
other biomechanical tests of PFF have been conducted using cemented hip stem 5,11,19,20. Using a hip
stem would introduce more variables, such as femoral stem position and cementing technique, and
increase the cost. This study compared the stiffness of cable and C-clip under the same conditions. We
think that the presence or absence of a hip stem would affect both groups equally. This is supported by
another study in which biomechanical tests were performed without inserting the hip stem 21,22.

Second, synthetic bones were used in this study in order to avoid the discrepancies associated with
cadaveric tissues. This poses an inherent limitation to this study. Nonetheless, synthetic models have
been proven to be valuable in biomechanical studies involving fracture �xations because of the relatively
lower cost involved and the reduced level of variability between the specimens23. They are designed and
developed to represent the average geometry and more accurately match the ideal bone properties24. In
fact, synthetic bones generally show lower standard deviations in the parameters measured as compared
to cadaveric specimens25.

Third, our study did not use the proximal uni- or bi-cortical screw as a control group. Recent
biomechanical tests commonly compare the experimental method and control as a screw �xation
method. However, clinically, cerclage cable systems are still widely used implants in PFF.

Fourth, the present study used a small sample size. While previous authors have typically used more than
5 specimens per test group, the current study is limited to three (n=3) specimens per each construct
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group. This could yield low statistical power to detect all statistical differences between the test groups.
Contrarily, the small sample size of the present study suggests that the various statistical differences
detected were, in fact, present 11.

Fifth, we were unable to accurately simulate all of the physiologic force components in femur when
standing or walking. So, present study did not test physiologic loading but isometric loading modes such
as axial compression, pure bending, and torsion. This makes it easier to identify if speci�c modes cause
instability, but it may be that these cases do not occur in vivo. 25.

Sixth, in a previous study, to simulate torsional load, the hip stem was oriented parallel to the �oor and
the MTS 858 universal testing machine was used to apply a downward force to the femoral ball. In this
con�guration, the applied force was offset from the axis of the femoral shaft creating a twisting moment
thereby simulating a torsion test 12.

An ideal implant should not only maintain prosthesis stem stability but also provide stable �xation of
poor-quality bone around the prosthetic stem 6. This study shows that partially opened C-shaped
implants made with SMA (C-clip) have superior strength in axial compression, bending, and torsion than
traditional cerclage cables. Although the C-clip may require many further studies to be used clinically, it is
encouraging to show superior stiffness to traditional cerclage wiring in biomechanical tests.

Conclusion
The current cerclage cable system, which must wrap the entire bone, has several shortcomings such as
obstructing the periosteal blood supply, the risk of major vessel injury, and technical demands. However,
cerclage wiring is essential in human and/or animal orthopaedic �elds. Because of these limitations,
endeavours to develop an implant that will replace the cable system are meaningful. This study supports
the hypothesis that �xation stability of the proximal segment of a VB1 PFF is improved with the use of
partially opened C-shaped implants compared to traditional cable techniques. Further research is
necessary to support these results.
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  Stiffness
(N/mm)

Mean SD Median Q1 Q3 p-value

Axial
compression
Test

C-clip 43.09 40.26 2.49 39.28 38.84 41.19 0.0495*

39.28            

38.4       

Cerclage
cable

35.25 34.98 0.24 34.9 34.84 35.08  

34.9            

34.78            

Torsion Test C-clip 0.46 0.44 0.02 0.44 0.44 0.45 0.0463*

0.44            

0.43       

Cerclage
cable

0.3 0.32 0.03 0.3 0.3 0.33  

0.36            

0.3       

Four-Point
Bending Test

C-clip 42.58 40.13 2.16 39.35 38.91 40.97 0.0495*

38.47            

39.35       

Cerclage
cable

28.27 29.95 2.82 28.38 28.33 30.79  

33.2            

28.38       

wilcoxon rank-sum test, *p-value < 0.05

Figures
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Figure 1

Fracture model of Vancouver B1 periprosthetic femur fractures The VB1 fracture model was designed on
radiographs with left arti�cial joint replacement. A 45-degree oblique osteotomy at 8-cm distal midportion
from the tip of the lesser trochanter (LT). To simulate the worst-case scenario, additional transverse
osteotomy was added on the medial side 8 cm below the tip of the LT, where there was no bony contact
across the fracture
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Figure 2

Fabricated constructs that repaired the proximal segment with a C-clip or cerclage wiring For the C-
shaped implant setup, construct A had three pieces of implant applied proximally as shown, whereas
construct B had three cables at the proximal location. The distal location of PFF was repaired with four Ø
5.0-mm bi-cortical screws equally
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Figure 3

Mechanical test modes (A) Compression test, (B) torsion test, (C) four-point bending test Setup for testing
of (A) compression, (B) torsion, and (C) bending stiffness. Compression tests were performed in a vise at
25° adduction in the frontal plane and neutral position in the sagittal plane to simulate the one-legged
stance. Torsion tests were performed in a vise at 25° adduction in the frontal plane with the long axis of
the femur horizontal. The bending test was performed with the specimen positioned in between the
contact points, allowing free bending movement. The same positioning of all specimens was assured of
each test type

Figure 4

Results of the mechanical test (A) Axial compression test, (B) torsion test, (C) four-point bending test


