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Abstract

Fractures of the middle third of the clavicle have good outcomes with conservative treatment, but there are cases where significant displacement
of fragments occurs, leading to an increase in the indication for surgical treatment. The aim of this study was to obtain a comparative mechanical
analysis between an external fixator model developed for the clavicle and two models of plates with screws. Fifteen synthetic fracture models were
used, equally divided into 3 Groups: 1, using reconstruction plate; 2, using locking plate; and 3, using external fixator for clavicle. Mechanical tests
were performed comparing the resistance of the assemblies. In static four-point bending tests until assembly failure, it was evident that Group
2 showed the highest mean flexural rigidity (245.4 + 14.08), with Group 1 at (207.6 + 16.38) and Group 3 at (180.8 + 14.89), with a statistically
significant difference (p = 0.003). The other tests were not significant. The tests performed were based on previous biomechanical studies, serving
as a parameter for comparisons and conclusions. It was observed that there is no mechanical difference between the assemblies in axial compression
and fourl7 point bending fatigue tests, however, the assembly with the locking plate was the most rigid and resistant to failure, corroborating
literature data. The tested external fixator has properties similar to the plates used in terms of resistance to deformation and load supported,
offering, however, less rigidity to the assembly.
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Introduction

Fracture of the clavicle represents approximately 4% of all
fractures, and in the young adult, it is among the most common,
representing 5 to 16% of all cases. Its primary incidence (76%) is in
the middle third of the bone [1, 2]. Traditionally, there is a tendency
towards indicating the conservative treatment, since the low rate
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of pseudarthrosis reported in articles, about 1% [3-6, 2], makes
it seem like an efficient treatment. However, current studies have
shown substantially higher indices of this complication (around
15%) [7-9] when there is a large deviation among the fragments
or shortening of the fracture site (>20mm), and when there is
comminution or segmental fracture traces (Lazarus, 2006). Another
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complication is the high level of dissatisfaction related to factors
such as pain, functional deficit, esthetic aspect, bone shortening,
and decreased strength (25 -31%) [2, 6-8].

Considering these findings, currently there is a greater
tendency towards indicating surgical treatment for displaced
fractures of the middle third of the clavicle, with open reduction
and plates or flexible rods [8, 10-13]. These treatments, however,
are not exempt from complications. There are cases reported of
migration of intramedullary pins, plate and screw failures, local
infection, suture dehiscence, hypertrophic scars, unsatisfactory
aesthetics, refracture, discomfort related to the synthesis material,
and protrusion of the material through the skin [14].

One alternative fixation for the surgical treatment of the
clavicle is external fixation, first described by Lambotte in 1905
and performed during the 1980s and 1990s [15-19]. There are
few studies related to the application of this method, and its use is
mostly restricted to cases of exposed fracture or when initially there
was damage of the local soft tissues [17]. Since this is an exception
technique, there is no external fixator with characteristics specific
for the fixation of the clavicle, rather, only adaptations of models
used in other anatomical regions. This hiatus led us to plan this

biomechanical study in order to evaluate the properties of the
external fixator model designed for application on the clavicle, and
to compare it to the commonly used synthesis materials.

Material and Methods

Fifteen standardized bone models were used. These were
divided randomly into three groups of five models. Each model was
then sectioned transversely into two equal parts (10 cm each) and
fixed, maintaininga 5-mm space between the fragments (Figure 1).In
group 1, fixation was done using a 6-hole acetabular reconstruction
plate (Figure 2) for small fragments and six cortical screws; in
Group 2, 3.5-mm 6-hole locking acetabular reconstruction plates
(Free Block® batch XE89741 model) (Figure 2) were used, along
with six blockhead screws that go through two cortical screws; in
Group 3, we used external fixators adapted for the clavicle (Figure
2), fastened with 6 3.5-mm pins that go through the two cortical
screws, with a total of 6 cortical screws in each fragment, developed
at Biomecanica - Brazil. Each model was submitted to three types of
tests following the same sequence. The tests consisted of dynamic
axial compression, four-point flexion, and four-point flexion fatigue.
The load used was previously established in a pilot test.

s ™
Figure 1: Three different assemblies, maintaining a standard distance of 5mm between the fragments. (A) reconstruction plate (B) locked
plate and (C) clavicular external fixator.
N\ J
s ™
Figure 2: Three different synthesis materials used, with (A) front and (B) lateral profiles. (i) reconstruction plate, (ii) locking plate d (iii)
clavicular external fixators.
N\ J
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For dynamic axial compression, standard testing equipment,
Brasvalvulas BME 5 120AT/MNB model was used, with 5 kN
capacity and 500 N load cell. The bone models were placed between
loading rollers and a support at a standardized distance (Figure 3),

and compression tests were carried out along the axial axis of the
assembly with a minimum load of 11.29 N and maximum load of
113 N, with a 10.0 Hz frequency; 9000 cycles were performed.

( )
LOAD
SUPPORT
ROLLERS
BODY TEST
H
ROLLERS
SUPPORT
T
Figure 3: Assembly of the axial load system.
N J

Next, fatigue tests were applied with four-point flexion,
using standard Brasvalvulas BME 5 120AT/MNB model testing
equipment, with a 5 kN capacity and 1 kN load cell. The bone

models were placed between loading rollers and a support at a
standardized distance (Figure 4), and the tests were conducted
with maximum load of 365 N, frequency of 10.0 Hz, and 9000 cycles.

~

~

Figure 4: Assembly of the four-point assembly system.

.

Lastly, static flexion tests were carried out with four-point
support, which would elevate the load until a failure in the assembly
occurred in order to check the maximal load supported. Standard
EMIC DL10000 model testing equipment was used (Figure 5), with
a 100 kN capacity and load cell of 10 kN. The models were placed
between the loading rollers and the support at a standardized
distance (Figure 4) and tested with a progressive load at a rate of 5

mm/min until a failure in the assembly (Figure 6).

The results were grouped according to the assemblies.
Statistical analysis was done using Epi Info version 3.5.2 and Spss
version 16 programs, with values of means and standard deviation
for crossing the variables with the nonparametric Kruskal-Walli’s
test. The significance level adopted was p<0.05, along with a 95%
confidence interval.
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Figure 5: Device used to carry out the tests, showing the moment of assembly with four support points.
N\ J

a I

Figure 6: Moment of assembly failure during the static four-point flexion test.
N\ J

Results greater mean dislocation in millimetres between the fragments of
Group 1 (0.076 + 0.068), with (0.042 + 0.025) in Group 2 and (0.034
+0.027) in Group 3; there was no statistically significant difference
p=0.293) (Table 1). No catastrophic failure, such as cracks or release
of the materials, was observed in any of the assemblies.

Allthe data are presented as means and 104 standard deviations
(mean + standard deviation). In dynamic axial compression tests,
the cyclic application of a maximum load of 113 N produced a

Table 1: Results of the axial compression tests on the 15 samples.

53.51 53.49 0.076 + 0.068
53.03 52.85
1 113.91 11.9 53.05 53.02
54.02 53.98
54.03 53.92
52.75 52.72 0.042 +0.025
51.59 51.57
2 11391 119 53.12 53.05
52.65 52.63
54.13 54.06
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55.71 55.66 0.034 +0.027
53.78 53.78
3 113.91 11.9 49.64 49.59
52.79 52.78
55.66 55.6
0OBS: Maximum L = maximum load; Minimum L = minimum load; Final dislocation = Initial dislocation - final dislocation

In the flexion tests with four support points, it was noted that
the cyclic application of a maximum load of 365 N produced greater
mean dislocation in millimetres among the fragments of Group 1

(0.184 + 0.202), in which (0.1 + 0.066) were in Group 3 and (0.042
+ 0.043) in Group 2, with no statistically significant difference
(p=0.236) (Table 2). No catastrophic failure was observed.

Table 2: Results of the flexion fatigue tests with four support points in the 15 samples.

72.96 72.95
73.75 73.22

1 364.93 36.49 73.46 73.29 0.184 +0.202
73.11 72.98
73.15 73.07
72.83 72.72
72.95 72.9

2 364.93 36.49 73.08 73.07 0.1 +0.066
72.86 72.86
72.67 72.63
73.29 73.16
73.49 73.5

3 364.93 36.49 73.68 73.5 0.042 +0.043
73.51 73.4
74.05 73.97

0OBS: Maximum L = maximum load; Minimum L = minimum load; Final dislocation = Initial dislocation - final dislocation

In the static flexion tests with four support points until failure of
the assembly, it was evident that Group 2 showed the highest mean
flexural rigidity (K values on Table 3) (245.4 + 14.08); in Group 1
(207.6 + 16.38) and in Group 3 (180.8 + 14.89), with a statistically
significant difference (p=0.003). The greatest mean yield load
(P values on Table 3) was noted in Group 2 (614.8 + 76.44), with

(560.0 + 74.08) in Group 1 and (557.0 + 46.58) in Group 3, and
no statistically significant difference (p=0.279). Also noted was a
greater mean resistance to flexion (R values on Table 3) in Group 2
(9.2 + 1.15), with (8.4 + 1.11) in Group 1 and (8.4 + 0.7) in Group 3,
and no statistically significant difference (p=0.279).

Table 3: Results of the flexion fatigue tests with four points of support in the 15 samples.

224 665 9.98
181 485 7.28
1 206 207 +16.38 500 560.0 + 74.78 7.5 8.4 +1.11
210 600 9
217 550 8.25
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253 579 8.69
228 570 8.55
2 241 245.4 +14.8 575 614.8 + 76.44 8.63 9.2 +1.15
240 600 9
265 750 11.25
170 570 8.55
191 550 8.25
3 202 180 + 14.89 520 557.0 + 46.58 7.8 8.4+0.7
169 515 7.73
172 630 9.45
OBS: K = flexural rigidity; P = yield load; R = yield point

Discussion

For many years, there was a consensus that clavicular fractures
were treated by a nonoperative method, and the discussion was
as to the best type of immobilization [18]. After the work done by
Hill et al. (1997), when functional limitations from a dislocated
consolidated fracture became evident, the indication for surgical
resolution increased. The most popular technique is absolute
stability with plate and screws. However, in communitive fractures,
this aggressive technique increases the chances of infected
pseudarthrosis [7]. We believe that for this fracture the preferred
method should be one of relative stability. The difficulty is in finding
a synthesis material stable enough to maintain the reduction and
suitable for application by a minimally invasive technique. The
primary options are the bridge plate, the intramedullary wire, and
the external fixator.

There are no national studies using external fixators for
treatment of clavicle fractures, and the scarcity of international
studies also motivated our research as to the beneficial potential
of using this synthesis material. As positive points, we hope to offer
a technique that is carried out quickly and simply, which is less
invasive and easily removed, which would not cover the fracture
site and hematoma, and would be capable of providing stability
without excessive rigidity for secondary consolidation. With this,
we desire to minimize damage to soft tissues and the discomfort
related to the synthesis material, which constitute some of the main
complications and complaints related to the surgical approach in
these fractures (Lazarus, 2006).

There are no implants on the market with size, insertion angle,
and thickness of the pins compatible with the shape of the clavicle.
We developed a specific implant, and this study was carried out
to evaluate the biomechanical resistance of this model of external
fixator when compared to locked or conventional plates, seeking to
offer another surgical treatment for fractures of the middle third of
the clavicle with great displacement 156 or shortening (>20mm),
comminution, or segmental fracture trace, which literature shows
have an unfavourable outcome when treated by nonoperative
methods (Lazarus, 2006). Our proposal was to observe if the
external fixator tested would withstand loads similar to those
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of other synthesis methods, while offering less rigidity in order
to allow micro movements at the fracture site, thus stimulating
consolidation similar to what happens in nonoperative treatment,
which in most cases has satisfactory results (Rowe, 1968; Crenshaw,
1992; Neer, 1960; Robinson, 2004; Brinker, 2005).

The types of synthesis materials used and the form of fixation
of the models, as well as the assembly and sequence of tests
performed followed what had previously been presented in other
biomechanical studies, so they would serve as parameter for our
comparisons and conclusions. For the axial compression tests, a
maximum load of 113N was used, performing 9000 compression
cycles. We used a smaller load that that of prior biomechanical
studies that had used 500 N, but we performed 90 times more
cycles. Our test represents an elevation of 10 Kg weight 100 times
a day during 90 days, the period of rehabilitation of a patient with
a fractured clavicle. Considering that the weight of the upper limb
itself is around 100 to 150 N, the load used is representative. We
noted that the assemblies using an external fixator showed smaller
dislocation when compared to the plates, but with no statistically
significant difference, and are, therefore, similar as to resistance to
compression along the axial axis.

In the four-point cyclic flexion tests, we used a load of 365 N in
9000 cycles. The greatest deformity was found in Group 1, which
used the conventional reconstruction plate, and the smallest in
Group 2, which used locking plates, suggesting greater resistance
of this type of plate, and was in agreement with literature data
(Celestre, 2008). Nevertheless, there was no statistically significant
difference, and the assemblies had similar mechanical properties
when flexed with four support points. The four-point linear flexion
tests until failure of the material revealed that assemblies of Group
2, using locking plates, displayed greater flexural rigidity when
compared to the assemblies using our model of external fixator.
Such data corroborate the literature data that show that the locking
189 plate has greater rigidity in its assembly (Celestre, 2008).

Failure of the assemblies happened, in all cases, at the transition
between the screws, and sometimes a longitudinal fracture trace
was noted along the axis of the bone model and the fixation holes
(Figure 7). This differs from literature data that showed greater
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rates of breakage due to failure of the plate at the site of the
bone failure or due to fracture at the hole of the last screw, at the
extremity of the plate (Celestre, 2008). This must be a result of the
type of assembly and the orientation of the force applied during
the linear flexion test until failure of the material. In prior projects,
the force of flexion had been applied perpendicularly to the plane
of the plate surface, while in our tests, the position of the plate

towards the bone and in its spatial orientation was respected when
applied to the patient, in whom the plane of the plate surface would
coincide with the coronal plane of the patient’s body on the anterior
surface of the bone. The force applied in this way is tangent to the
plane of the plate surface, and can thus justify the pattern of failure
found. Such a position was chosen since it is the only one viable for
the use of the external fixator on the patient.

(E)external fixator

.

Figure 7: Patterns of assembly failure observed with the different synthesis materials. (A)locking, (B), (C), and (D) reconstruction plate and

Criticism pertinent to this study and other biomechanical
studies is their “in vivo” reproducibility, since the properties of live
bone are varied. Some prior studies used cadaver bones, and even
these studies received criticism as to alterations in the properties
of these bones, and had great variability in the shapes and sizes of
the bones. Our models were cylindrical compounds with 20 cm in
length, with a 1-mm thin layer of polyurethane and a 3-mm layer
of spongy plastic compound, simulating medullary bone. They had
an internal canal with 6 mm in diameter, simulating the medullary
canal. This type of model was preferred since it more faithfully
reproduces the properties of real bone. Clavicle models available
in our country are made of solid material, and are, therefore, less
similar to real bone. Reproducibility is lost when one considers that
the clavicle is an “S”-shaped bone, and that the synthesis materials
would need to be molded, which could modify their mechanical
properties. This study, however, tests the three synthesis materials
under equal conditions, allowing variables such as molding, shape,
and size of the bone, and the position of these materials on the bone
to be eliminated, increasing reliability in the comparison.

Conclusion

The external fixator model tested has mechanical properties
similar to those of conventional small fragment reconstruction
plates and small fragment locking reconstruction plates regarding
resistance to deformity and to the load supported, offering,
however, less rigidity to the assembly.
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