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ABSTRACT

PURPOSE OF THE STUDY

Twisting is clinically the most frequently applied method for tightening and maintaining cerclage fixation. The twisting pro-
cedure is controversially discussed. Several factors during twisting affect the mechanical behaviour of the cerclage. This in
vitro study investigated the influence of different parameters of the twisting procedure on the fixation strength of the cerc-
lage in an experimental setup with centripetal force application.

MATERIAL AND METHODS

Cortical half shells of the femoral shaft were mounted on a testing fixture. 1.0 mm, 1.25 mm and 1.5 mm stainless ste-
el wire cerclages as well as a 1.0mm cable cerclage were applied to the bone. Pretension of the cerclage during the instal-
lation was measured during the locking procedure. Subsequently, cyclic testing was performed up to failure.

RESULTS

Higher pretension could be achieved with increasing wire diameter. However, with larger wire diameter the drop of pre-
tension due to the bending and cutting the twist also increased. The cable cerclage showed the highest pretension after
locking. Cerclages twisted under traction revealed significantly higher initial cerclage tension. Plastically deformed twists
offered higher cerclage pretension compared to twists which were deformed in the elastic region of the material. Cutting
the wire within the twist caused the highest loss of cerclage tension (44% initial tension) whereas only 11 % was lost when
cutting the wire ends separately. The bending direction of the twist significantly influenced the cerclage pretension. 45%

pretension was lost in forward bending of the twist, 53% in perpendicular bending and 90% in backward bending.

CONLUSION

Several parameters affect the quality of a cerclage fixation. Adequate installation of cerclage wires could markedly impro-

ve the clinical outcome of cerclage.
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INTRODUCTION

Cerclages are attractive fixation devices to be used in
combination with an intramedullary nail (19), with a pro-
sthesis stem (1) or together with a plate as internal splint.
Moreover the cerclage may be applied as reduction and
fixation tool for dislocated fragments. The application
of a cerclage wire or cable is a standardized procedure.
The cerclage is looped around the bone and is finally
tightened to establish compression.

Twisting the wire ends is the clinically most applied
method to tighten the loop.

Cerclages show potential particularly in situations
where screw placement is difficult, e.g. in periprosthe-
tic fractures where the prosthesis stem blocks the intra-
medullary canal. Here, monocortical screws provide
only limited fixation strength. When bicortical screws
are considered (14, 30) they need to be tilted to avoid
collision with the stem of the prosthesis. Locking plates
may be equipped with eyelets at unfilled screw holes in
order to constrain the cerclage to the plate. Some spe-
cial plates already provide holes for cerclage attachment.

However, there is a controversy regarding the use and
benefit of cerclage wires and cables among orthopaedic
and trauma surgeons. These discussions range from bio-

logical aspects such as a potential strangulation of the
periosteal blood supply (20, 24, 34) over reports of bro-
ken wires migrating into the vascular system (2, 16, 17)
to biomechanical concerns (8, 9, 13, 22, 31). However,
only a few studies investigated the biomechanical
aspects of cerclage wiring in detail (11, 21). The majo-
rity compared different cerclage closure techniques or
cerclage materials (5, 10, 18, 28). Some studies questi-
oned the sufficiency of the twisted closing procedure of
the wire loop (4, 10, 27, 33). The procedure of closing
the loop is believed to be a major factor influencing the
outcome of a cerclage fixation. Adequate pretensioning
is essential when applying cerclages. To avoid fracture
gap motion and subsequent bone resorption, long las-
ting pre-tension is mandatory (23). In wire cerclages,
particularly the quality of the twist or knot plays a key
role for maintaining fragmental compression. Only
minimal lengthening of the cerclage could lead to a con-
siderable decrease in tension. Several steps of the twis-
ting procedure in wire cerclage closure can affect the
quality of the twist. Simple adaptations in the cerclage
closing technique may significantly improve the perfor-
mance of the fixation. A systematic investigation on wire
closing is, however, still missing. Different aspects of
the twisting procedure, such as wire diameter, deforma-



ACTA CHIRURGIAE ORTHOPAEDICAE
ET TRAUMATOLOGIAE CECHOSL., 78, 2011

209

tion of the twist, applied traction during twisting, cut-
ting procedure and bending direction of the twist were
investigated in this study with regard to pre-tension and
progression of tension under cyclic loading.

MATERIALS AND METHODS

Test setup

For this study fresh-frozen human femoral diaphyse-
al bone (15) was used. Soft tissues including the peri-
osteum were removed prior to testing. A 25 mm long
fragment was cut from the mid-diaphysis. The intrame-
dullary canal was reamed with a 20 mm drill bit. The
fragment was cut in two parts in the coronal plane. The
prepared diaphyseal bone shells were mounted to two
metallic half cylinders with a radius of 10mm forming
a full circle. The upper half cylinder was rigidly atta-
ched to the actuator of a servohydraulic testing system
(Bionix 858.20; MTS Systems, Eden Prairie, USA). The
lower half cylinder was affixed to a 25 kN load cell
(Fig. 1). A gap of 1 mm was maintained between the
metallic half cylinders in order to avoid load transfer via
the testing jig and full load bearing of a cerclage fixati-
on entangling the bone fragments (Fig. 2). The setup
allowed controlled separation of the bony half-shells and
measurement of the resulting distraction force.

Fig. 1. Test setup with a detailed view on the diaphysal bone on
the left showing the 1 mm gap between the metal half cylinders

Fig. 2. Schematic view of relation-
ship between applied force by
the machine actuator and
cerclage tension. The cercla-
ge is forming a round circle so
the exerted machine force is
transduced to the cerclage of
each side. Cerclage tension is there-

fore half of the force applied via the actuator.

2F (machine actuator)

= 11 F (wire tension)
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The influence of the following parameters on the cerc-
lage performance was investigated:

Cerclage diameter. We used a 1.25 mm stainless ste-
el cerclage wire as standard and additionally 1.0 mm and
1.5 mm cerclage wires (Synthes GmbH, Solothurn,
Switzerland) for a diameter comparison. A 1.0 mm cerc-
lage cable (Synthes, Solothurn, Switzerland) with
a crimp was investigated to compare the wire fixation to
a cable cerclage (Fig. 3).

Fig. 3. Comparing the structure of
a cable cerclage (left) with its multi-
ple strands and the single-stranded
wire cerclage (right)

Traction during cerclage twisting. Twisting of the
cerclage wire was performed with conventional surgical
pliers with permanent pull on the cerclage wires (trac-
tion) or without pull (Fig. 4).

Degree of deformation. The effect of twisting the cerc-
lage up to elastic or plastic deformation of the cerclage
material was investigated. Twisting was stopped within
the elastic range of the wire or was continued up to a plas-
tic deformation of the wire at the innermost turn. In
a third group (breakage) the wire was twisted off, so that
breakage of the twist occurred (Fig. 4).

Cutting after twisting. The effect of the cutting pro-
cedure on the cerclage pre-tension was investigated. The
wires were cut with a side-cutting plier distally to the
twist or within the twist or cutting was omitted (Fig. 4).

Bending direction. The influence of the bending direc-
tion of the twist on the cerclage pre-tension was inves-
tigated by applying the following modes: forward ben-
ding — in the direction of the twisting, backward bending
— in opposite direction of the twisting and perpendicu-
lar bending (Fig. 5).

Five specimens were tested per study-group. All cerc-
lages were applied by the same surgeon. Twisting was
performed with conventional surgical pliers. All wire
twists formed four to six turns. Detailed information
about the study-groups is given in Tab. 1.

Test protocol

Cerclages were manually installed according to the
mentioned protocol. The load-cell of the testing machi-
ne allowed recording of the cerclage-tension throughout
the application procedure.

Tab. 1. Overview of investigated parameters and study-groups

Diameter |Traction|  Degree Cut Bending
of deformation direction
Diameter 1.0/1.25/ yes plastic protrusion perp.
1,5/ 1.0 cable
Traction 1.25 yes / no plastic protrusion perp.
Degree of 1.25 yes |elastic / plastic /| protrusion / | perp.
deformation breakage breakage
Cut 1.25 yes plastic protrusion / |  perp.
twist / no cut
Bending 1.25 yes plastic protrusion | forward /
direction perpendi-
cular /
backward
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Fig. 4. Different test options. If no traction is applied during
twisting one wire turns around the other, no symmetrical twist
is formed compared to tightening under traction (first row).
Wires are tightened up to elastic or plastic deformation of the
twist or breakage, a cable with crimp was also tested (second
row). Wires are cut within the twist after 4 turns, the wire ends
distal to 5 turns or not at all (third row).

Fig. 5. Illustrated influence of the bending direction on the
quality of the twist. A: The black arrow indicates counter clock-
wise twisting. B: If the twist is bent forward, the black wire is
secured against untwisting by the last turn of the other wire.
C: If the twist is bent backward, it partially opens. The last
turn of the black wire slides along the yellow wire, leading to
loss of pretension. D: Perpendicular bent twist

The application of the cerclage was followed by cyclic
loading. Starting at the level of the remaining cerclage ten-
sion, the load was increased to 150 N cerclage tension at
40 N/s. Afterwards the machine actuator returned at 40 N/s
to the initial position and the remaining cerclage tension
was recorded for 5 s before the next cycle started. With
every cycle the peak cerclage tension was increased by
10 N until the pre-tension in the cerclage was entirely lost
or until failure of the fixation occurred (Fig. 6).
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Fig. 6. Schematic sketch of the test protocol. From the preten-
sion after installing the cerclage, cyclic testing started with a
peak tension of 150 N. Subsequently, the machine actuator
returned to the Omm position and the remaining tension force
was measured. With each cycle the cerclage tension increases
by 10 N. Fragment separation (failure) was defined as the peak

load after which the pretension of the cerclage dropped to 0
N in the Omm position.

Data acquisition and evaluation

Time, axial load and displacement were recorded
from the test system’s transducers, at a frequency of
64 Hz. Cerclage tension was defined as half tension for-
ce as measured by the load-cell (Fig. 2). From the load
progression the initial cerclage tension, the cerclage ten-
sion after locking (twist tightening, cutting and bending
flat) and the cerclage tension at fragment separation were
determined. The tension at fragment separation was defi-
ned as the peak load after which the pretension of the
cerclage (at initial position) dropped to 0 N.

Statistical analysis was performed with SPSS softwa-
re (SPSS 18; SPSS, Chicago, USA). Normal distributi-
on within each group was tested with the Shapiro-Wilk
Test. For the detection of differences between groups
independent t-tests were performed. P-values were cor-
rected according to Bonferroni, if more than two groups
were compared. Significance was defined as p < 0.05.

RESULTS

Diameter

All wire diameters showed significant different initi-
al wire tensions after twisting (all p <0.001, Tab. 2). The
larger the wire diameter, the higher was the initial com-
pression force. The initial tension in the 1 mm cable was
comparable to the 1.25 mm wire (p > 0.99). After loc-
king (cutting and bending down the twist) the remaining
percentage cerclage tension decreased with increasing
wire diameter. The cable cerclage provided the signifi-
cantly highest tension after locking (p < 0.001). For the
1.25 mm and 1.5 mm wires the tension after locking was
not significantly different (p = 0.14).

The applied tension at fragment separation was sig-
nificantly different between all tested groups (all
p <0.001; Tab. 2, Fig. 7). The highest peak tension was
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Tab. 2. Mean cerclage tension at different steps for different
wire diameters and one cable.

cable wire wire wire

1 mm Imm [1.25mm| 1.5 mm
initial tension [N] (SD) 155(5) | 80(6) 158 (8) | 237(1)
tension after locking [N] (SD) | 139 (5) | 61 (5) 74 (9) 96 (12)
(% initial tension) (89%) (77%) (47%) (40%)
tension at fragment separation
[N] (SD) 806 (72) | 204 (9) | 332(8) | 476 (17)

borne by the cable cerclage before opening occurred.
When using wires the tension at fragment separation inc-
reased significantly with the wire diameter. The mean
remaining pretension in the cerclage systems after eve-
ry cycle is shown in Fig. 7.

150

Cable Tmm

Wire 1mm | |
————— Wire 1.25mm
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Fig. 7. Loss of pretension for different wire diameters and a
cable cerclage under cyclically increasing cerclage tension.
Pretension is displayed on the y-axis. On the x-axis the cerc-
lage tension applied during the test is shown. Pretension was
measured between the tension phases of the test at 0 mm dis-
placement position. Increasing the cerclage tension during the
test lead to gradually decrement of cerclage pretension. The
cable cerclage provided a longer lasting pretension even under
higher tension applied compared to the wire cerclages.

Traction

Twisting the cerclage without applied traction produ-
ced significantly less cerclage tension/interfragmentary
compression compared to twisting under traction
(p<0.001; Tab. 3). After locking, for both conditions 47%
respectively 42% cerclage tension remained (p =0.001).
The cerclage tension at fragment separation was signi-
ficantly higher for the cerclage loops closed under trac-
tion (p = 0.009; Tab. 3).

Tab. 3. Mean cerclage tension at different steps for cerclages
closed with and without traction.

traction | no traction
initial tension [N] (SD) 158 (8) 115 (9)
tension after locking [N] (SD) 74 (10) 48 (5)
(% initial cerclage tension) (47%) (42%)
tension at fragment separation [N] (SD) 332 (9) 308 (13)
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Degree of deformation

The initial cerclage tension did not differ significant-
ly between the plastic deformation and the twist brea-
kage groups (p = 0.43). For elastic deformation an ini-
tial cerclage tension of 45% compared to plastic
deformation was observed (p <0.001). After locking the
twist the cerclages with elastic and plastic deformation
showed 47% remaining pretension compared to 100%
tension of the cerclages with breakage. The cerclage ten-
sion at fragment separation was significantly highest for
the plastically deformed twist followed by the twist with
breakage and lowest for the elastically deformed twist
(244 N; all p < 0.044; Fig. 8).
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Fig. 8. Mean cerclage tension for different degrees of defor-
mation of the twist. Elastic — twist without plastic deformati-
on of the innermost turn, plastic —plastic deformation within
the twist, breakage - plastic deformed twist, which was twis-
ted off. Initial tension — pretension in the cerclage after finis-
hed twisting procedure, tension after locking — pretension after
perpendicular bending of the twist (in the breakage group, no
bending was possible, indicated by the same mean cerclage
tension as the initial tension), tension at fragment separation
— peak load after which the pretension of the cerclage drop-
ped to O N. Bars indicate mean + standard deviation.

Cut

Cutting within the twist caused the significantly hig-
hest loss of cerclage pretension: 56% of tension was left
compared to 88% when cutting only the wire protrusi-
ons (p = 0.033). There was no statistical significant dif-
ference if the protrusion was cut or no cut was perfor-
med (p = 0.64).

The perpendicular bend caused an additional loss of
pretension: without a previous cut 58% of the initial
cerclage tension remained. After cutting the wire ends
(protrusions) and bending 37% tension was left and after
cutting within the twist and subsequent bending 21% of
cerclage tension was left (Fig. 9). There was no statisti-
cal significant difference between the no—cut group com-
pared to cutting the wire ends (p = 0.058).

Bending direction of the twist

Three different bending directions were investigated.
Even though a comparable initial cerclage tension was
installed for all samples (all p > 0.05), the cerclage ten-
sion after bending the twist differed significantly. The
backward bent twist generated the highest loss of pre-
tension. 10% of the initial cerclage tension was left. In
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Fig. 9. Percentage of remaining wire tension after different cut-
ting procedures compared to initial tension after the twisting
procedure. Cut wire ends (protrusion) — cut distal to the twist,
cut within the twist — cut at three turns, no cut. Bars indica-
ting mean * standard deviation.
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Fig. 10. Influence of the bending direction of the twist on the
pre-tension in the cerclage. Remaining cerclage tension in %
in relation to the initial cerclage tension after twist securing.
Bars indicate mean + standard deviation.

comparison, 47% and 55% respectively of the initial
cerclage tension were left when the twist was bent per-
pendicular or forward (Fig. 10). The difference betwe-
en the perpendicular and the forward bent twist was not
significant (p = 0.25, both other p < 0.001).

The cerclage tension at fragment separation also dif-
fered significantly between the backward bent twist and
the other bending directions (both p<0.001). Mean cerc-
lage tension was 178 N for the backward bent compa-
red to 332 N and 334 N for the perpendicular and for-

Wire tension [N]

forward backward

perpendicular

Fig. 11. Mean cerclage tension at fragment separation during
cyclic loading for the different bending directions of the twist.
Bars indicate mean + standard deviation.
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ward bent twist respectively (Fig. 11). With p > 0.99 the
difference between the perpendicular and forward bent
twist was not statistically significant.

DISCUSSION

In this study we investigated parameters influencing
the cerclage tension and the load to fragment separati-
on for twisted wire cerclages and a cable cerclage in
a cyclic test. Compared to Blass et al., we used a modi-
fied test setup by mounting half shells of human femo-
ral shaft bone on metal bars, providing more physiolo-
gic conditions with a cerclage bone interface which is
especially important during cerclage twisting and sett-
ling (3). Furthermore with this test setup we simulated
the centripetal forces affecting the cerclage applied to
the fractured shaft. In this study we focused on the sym-
metric twist, which is most frequently applied in the cli-
nical situation (10, 27).

Oh et al. observed that even minimal notching of
a cerclage wire caused a significant decrease in mecha-
nical fatigue life, whereas twisting the wire had no influ-
ence on the fatigue performance (21). Using a larger wire
diameter led to a substantial increase in initial tension,
pretension after locking and tension at fragment sepa-
ration, which is in line with previous findings (4, 18, 27,
29, 33). However, the drop in pretension after locking
(see Table 2) was much higher in the larger wire dia-
meters, leading to a final tension, comparable to that of
the 1mm wire, whereas the cable due to the different clo-
sing procedure with a crimp lost only a small amount of
pretension after locking. Affirming the literature, 1 mm
cable cerclage provided a higher strength than all tested
wires (5, 7). Although the initial cerclage tension is hig-
her for wires with larger diameter, the 1.0 mm cable cerc-
lage achieves nearly twofold the initial tension of the
1.0 mm cerclage wire after locking. Due to a different
closing procedure with a crimp, the cable cerclage was
advantageous in maintaining pretension during closure
compared to the wire cerclage groups. The difference
between cable and wire cerclages became even more
obvious during cyclic testing, but with increasing dia-
meter the wire cerclages sustained increasing forces
until pretension was lost. Opposed to the opinion of
Carls et al., that using a cerclage cable is a more com-
plex method (5), the procedure appeared solidly stan-
dardized. Reproducible results could easily be achieved
without the tuned mechanical sense necessary for cerc-
lage wires. Ritter et al. found no significant differences
in their clinical study comparing the results of cerclage
wires and cables for the treatment of periprosthetic pro-
ximal femur fractures (25). By reason of the higher costs
they recommend the use of cerclage wires.

Several studies mentioned the importance of apply-
ing traction via the pliers during twisting the wire cerc-
lage and determined the maximum cerclage tension
applicable before failure of different knots (4, 6, 28).
Compared to other wire knots, a major advantage of the
symmetrical twist performed with pliers is the possibi-
lity to generate tension during twisting. Our results indi-
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cate that twisting the wire cerclage under permanent
traction facilitates the installation of pretension. This is
consensual with previous findings from Harnroongroj et
al. who observed higher stiffness with higher degree of
tightening the construct (11). With regard to the cyclic
behavior (tension at fragment separation) we observed
decreased influence of traction during twisting. Incavo
et al. found a small increase in failure load of cerclage
twists performed with commercial wire tighteners com-
pared to common pliers (12). Cheng et al. reported the
lowest initial compression when twisting the cerclage
with pliers (6). They achieved an initial compression of
about 20 N with a Imm wire. In our experimental set-
ting we were able to generate a reproducible initial com-
pression of about 80 N for the 1 mm wire. We agree that
twisting with pliers needs a good mechanical feel to pro-
duce an optimally tightened cerclage twist (28). The ini-
tial interfragmentary compression, which directly
depends on the cerclage pre-tension, is important for
fracture fixation and for prevention of postoperative
fracture dislocation (18, 27).

From our results, it appears also necessary to ensure
a plastic deformation in the twisted part of the wire to
produce a sufficiently tightened and stable cerclage.
According to the literature, two twists at least are neces-
sary to maintain stability of the cerclage and more than
two twists cannot further increase fixation strength (10,
27). We observed both, higher pretension after locking
the cerclage and increased ability to sustain forces during
cyclic loading when deforming the twist plastically rat-
her than purely elastic. This also applies when breaking
the twist and is consistent with previous findings, detec-
ting a higher cerclage tension after twist breakage than
after closure without breakage (26). The high pretension
after locking in the breakage group could also be expla-
ined by the missing bending procedure of the twist at loc-
king. Bending was shown to lead to loss of pretension in
all bending directions. The lasting tension after plastic
deformation or breakage within the twist might be due
to a form closure of the wire ends. Nevertheless we obser-
ved that a plastically deformed wire twist even with hig-
her diameter (1.5 mm) provided only about half of the
strength at fragment separation as a crimped cable with
lower diameter (1.0 mm). Von Issendorff et al. investi-
gated the strength of different wire knots and a crimped
cable in a material test setup with a static load ramp (32).
They found a failure of the wire cerclage by unravelling
the twist at half the force necessary to induce a failure of
the cable cerclage. In contrast to our results, they obser-
ved an immediate loss of pretension for the twisted wires
after finishing the twisting procedure. The degree of wire
deformation within the twist is not mentioned in the
paper. We were able to produce a pretension in a wire
cerclage with a plastically deformed twist in a more phy-
siologic setup with circular application of the cerclage
on human cortical bone and periodical loading.

The cerclage wires exhibited a significant loss of cerc-
lage tension due to the cutting procedure. The loss was
markedly higher if the wire was cut within the twist com-
pared to cutting the protruding wire ends. Rooks et al.
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already observed the adverse influence of the cutting
procedure on the cerclage tension for wires twisted off
and subsequently cut below the breakage as well as for
wires twisted without breakage (26). Thus, even a plas-
tic deformation of the twist, which necessarily occurs
before wire breakage during twisting, is not sufficient to
compensate the tension loss of the cutting procedure.
A plastically deformed twist is fastened by the defor-
mation of the wire material and by the friction of the
wire ends within the twist. During the cutting procedu-
re the wire is partially untwisted by the end-cutting pli-
ers squeezing the wires against each other. This might
decrease the friction between the wires such that the
wires can slide down within the twist, leading to a par-
tial opening (26). As mentioned above, the major porti-
on of the cerclage tension is installed at the very last
degrees of tightening the cerclage. Only a slight opening
is enough to produce an ample loss of tension.

The majority of biomechanical studies on cerclages
performed only static tests and investigated different
knot and wiring techniques (4, 10, 12, 33). The bending
direction of the twist, as an important factor for tension
loss, had never been investigated in detail before. Up to
now there was only data published on changes in pre-
tension while securing the twist against untwisting (18,
28). Meyer et al. reported a decrease of the pretension
by 84%, 38% and 19% for 1 mm, 1.25 mm and 1.5 mm
wires while securing the twist, but did not mention the
bending direction of the twist during the securing pro-
cedure. Furthermore they used a different test setup wit-
hout a circularly applied cerclage. The results of Meyer
et al. are different from ours, since we found a lower
decrease of pre-tension for the smallest diameter. This
might be due to a different bending procedure, since we
performed a perpendicular bending without the com-
plete turn necessary for securing the twist. Investigating
the influence of the bending direction, our results were
superior for the forward and perpendicular bent twists
compared to the backward bent twist. From a mechani-
cal point of view our results could be explained by a par-
tial opening of the cerclage when bending the twist in
the backward direction, because a part of the last turn is
untwisted during backward bending. The generally high
loss of tension during bending in all directions can be
attributed to the fact that most of the tension is built up
on the very last degree of tightening. This demonstrates
also the mechanical fragility of the twist.

Conclusion

When closing a wire cerclage several factors have to
be taken heed of to obtain a long lasting stable twist.
Cable cerclages, closed with a crimp provide a simple,
reliable and robust closure. In contrast, the mode of
application of cerclage wires results in important chan-
ges of the installed cerclage pretension. Study and under-
standing of these changes are essential because the feed-
back provided during application does not allow the
surgeon to judge the quality of cerclage fixation. We sus-
pect that many of the unsatisfactory results reported are
due to shortcomings of the application procedure.
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