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Fractographic Analysis of 2.0-mm Plates
With a Screw Locking System in Simulated

Fractures of the Mandibular Body
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Purpose: The purpose of the present study was to analyze the fractured plates from 2 brands of 2.0-mm

locking fixation systems submitted to axial linear load testing.

Materials and Methods: Four aluminum hemimandibles with linear sectioning to simulate a mandib-

ular body fracture were used as a substrate and fixed with 2 fixation techniques from 2 national brands:

T�oride and Traumec. The techniques were as follows: one 4-hole plate, with four 6-mm screws in the ten-
sion zone, and one 4-hole plate, with four 10-mm screws in the compression zone; and one 4-hole plate,

with four 6-mm holes in the neutral zone. The hemimandibles were submitted to vertical linear load tests

using an Instron 4411 mechanical test machine. The system was submitted to the test until complete fail-

ure had occurred. Next, a topographic analysis of the surface of the plates was performed using a stereo-

microscope and an electronic scanning microscope. The samples were evaluated using different

magnifications, and images were obtained.

Results: The surface of the fracture analyzed in scanning electron microscopy demonstrated a ductile-

type fracture, usually found in the traction test bodies of ductile materials, such as titanium. No evidence of

failure was observed in any fracture surface from a change in the structure or composition of the material.

Conclusions: The plates were fractured by a ductile rupture mechanism, as expected, suggesting that

the manufacturing of the national brand name plates used in the present study has been under adequate

quality control, with no structural changes produced by the manufacturing process that could compro-

mise their function.
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The rigid internal fixation systemswith miniplates that

were developed by Michelet et al1 and Champy et al2

have become the standard treatment for mandibular

fractures.3,4 Because of their high success index,
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surgeons and patients have been encouraged to use

this technology to treat certain afflictions.5 However,

knowing the properties of eachmaterial, the functions

performed, and the conditions of the location that will
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receive the implant is fundamental to choosing the

correct material. This has become a determining factor

for the success of the surgical intervention.6

In the context of oral andmaxillofacial surgery, several

fixation systems with plates and screws have been

applied to treat facial fractures or for orthognathic and

reconstructive surgery. Thus, these fixation systems

must be able to meet all the necessary criteria for
adequate function and minimizing the risk of osteosyn-

thesis failure.4,7 However, fractures on miniplates and

reconstructive plates have been previously reported8-12

for both dentate patients, with mandibular defects after

tumor resection, and edentulous patients, for which the

masticatory force is reduced. In such cases, analyzing

the failures would be an important tool to discover or

confirm the actual failure process of the material, even
when the forces to which they were submitted were

known, offering improvements to the material during

its manufacturing, design, and finishing process.

The fracture surface records the history of the fail-

ure. It contains information on the environmental

effects, the quality of the material, and the loads to

which the part has been submitted. Thus, fractogra-

phy has been the main technique used to determine
how a material has fractured.13

However, information is lacking regarding the cause

of failure of the fixation plates and screws used on

mandibular fractures,mainly in relation to the fractures

of 2.0-mm plates with a screw locking system. These

are important considerations, because their use has

increased with time, and newer and more advanced

manufacturing techniques have been developed. How-
ever, failures still occur, with fixation failures due to

fracture of the material. In the present study, we per-

formed fractographic analysis using scanning electron

microscopy of plates from 2 national brands of a 2.0-

mm fixation system with a screw locking system in

aluminum hemimandibles with simulated fractures of

the mandibular body.

Materials and Methods

HEMIMANDIBLES

The hemimandibles were manufactured of 5052-F
aluminum (ASTM B- 209-M-AA) by T�oride (T�oride
Ind�ustria e Com�ercio, Mogi Mirim, S~ao Paulo, Brazil).

Their composition was 0.01% copper, 2.35% magne-

sium, 2.35% manganese, 0.17% chrome, 0.3% iron,

and 0.1% zinc, with titanium, boron, zinc, calcium, sil-

icon, tin, vanadium, and lead constituting approxi-

mately 0.2%.

The hemimandibles were submitted to sectioning,
simulating amandibular body fracture at the lower pre-

molar and firstmolar region. Theywere also perforated

according to group and the outer diameter and thread

pitch of the screws from each brand. For group I, the
hemimandibles had 4 perforations in the tension

zone, with 2 holes on each side of the fracture, accord-

ing to the design of the plate, and 4 perforations in the

compression zone, similar to the tension zone. For

group II, 4 perforations were made in the neutral

zone, similar to the specifications for the tension

zone in group I. All perforations completely crossed

the body of the substrate. Figure 1 shows the measure-
ments of the hemimandible.
SAMPLES

The samplesweredivided into 2 groups. In group I, 2
aluminum hemimandibles received a rigid internal fix-

ation system fromT�oride (T�oride Ind�ustria eCom�ercio)
and Traumec (Traumec, Tecnologia e Implantes Or-

top�edicos Imp e Exp, Rio Claro, SP, Brazil). The hemi-

mandible was fixed with a 4-hole straight plate with a

screw locking system, no intermediate space in the ten-

sion zone, with four 2.0-� 6-mm titanium screws, and

another plate in the compression zone,with four 2.0-�
10-mm titanium screws. Five samples from each brand

were used. In group II, 2 aluminum hemimandibles

with a rigid internal fixation system were used from

the same manufacturers. The hemimandible was

fixated in the neutral zone with a 4-hole straight plate

and a screw locking system, no intermediate space,

with four 2.0- � 6-mm titanium holes. Five samples

from each brand were used.
According to the specifications from the manufac-

turers, the plates were composed of grade II

commercially pure titanium, and the screws were a

titanium-aluminum-vanadium alloy.
BIOMECHANICAL TESTS

The mechanical test was performed using the Ins-

tron model 4411 universal mechanical testing ma-

chine (Instron, Norwood, MA). A support device for

the hemimandibles was manufactured with the equip-

ment to perform the test.

The noncyclical linear load test was performed at a
1-mm/minute speed to apply a progressive load to the

system, thus obtaining the load resistance, in New-

tons, and the displacement imposed by the test, in mil-

limeters. The load was applied to a fixed point in the

distal segment in a region similar to the canine. The

machine was calibrated at the initial displacement

resistance point imposed by the system. Thus, the

5,000-N load cell was manually leaned against the
load application force up to a limit at which the con-

sole showed the first load values against displacement

in a decimal scale. The system was submitted to the

test up to its complete failure, when it lost resistance,

and the machine ended the test (Fig 2).



FIGURE 1. Hemimandibles composed of aluminum with 2 larger holes in the posterior region to adapt to the support device and linear osteot-
omy simulating a body fracture:A, total length, 15 cm; B, height in the region of themandibular symphysis, 3.3 cm;C, thickness, m 3c;D, height
in the region of the jaw body, 2.6 cm; E, angle to the mandibular coronoid, 7.1 cm; F,mandibular angle to the sigmoid notch, 5.7 cm;G, height
of mandibular condyle to mandibular coronoid; 7.4 cm; H, width of the mandibular from anterior to posterior, 8.5 cm; I, height of the hemi-
mandible back support, 4.5 cm. I, hemimandible from group I; II, hemimandible from group II.
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SCANNING ELECTRON MICROSCOPY

The plates were first submitted to a cleaning pro-

cess of impurities using the Ultramet 2003 Sonic

Cleaner Buehler ultrasound (Buehler, Lake Bluff, IL).

The topographic analysis of the surface was macro-

scopically performed using a lowmagnification stereo-

scope (stereomicroscope) and microscopically using a

Quanta 400-FEI scanning electron microscope (FEI,

Hillsboro, OR). The sampleswere placed in the sample
holders with carbon tape, and their surfaces were not

directly manipulated by the operator. They were then

analyzed under different magnifications. With the pur-

pose of displaying a panoramic view of the surface of

the plates, 60� and 80� magnification was used. To
obtain more details of the surface, 2,000� magnifica-

tion was used in the regions of the plate fractures on

the right and left sides to analyze the directions, con-

tours, and textures to determine the micromechanism
of the fracture.
Results

All the plates were fractured during the test. In 3 ex-

periments from group I, the plates in the tension zone
and the plates in the compression zone were fractured

in the upper part of the hole to the right of the fracture

line. For the other samples, the plates in the tension

zone were also completely fractured at the hole to



FIGURE 2. Hemimandible from group II subjected to mechanical testing in the Instron, model 4411, universal mechanical testing machine.
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the right of the fracture line. In group II, the 5 plates

were fractured in the upper part of the hole to the

right of the fracture line (Fig 3).

All the samples were macroscopically analyzed in
the stereomicroscope and had a dim and grayish sur-

face with evidence of intense plastic deformation.

Because they had all been submitted to the same

biomechanical test and had the same behavior, images

from 1 sample of each rigid internal fixation commer-

cial company were obtained.

All sample fractures occurred because of ductile

overload and were characterized by an alveolar dam-
age micromechanism, as expected for ductile material

submitted to a monotonic load to rupture. The frac-

ture occurred from the center of the material to the

edges, and no abnormalities were observed regarding

the type of fracture in relation to the material and its
FIGURE 3. I, Sample from group I with Traumec brand in which a comp
fracture in the upper part of the link to the right of the fracture line on the plat
with a fracture in the upper part of the link to the right of the fracture line.

de Medeiros et al. Fractographic Analysis of Simulated Mandibular Bod
structure. The analysis of the surface showed hemi-

spherical or parabolic cavities, known as ‘‘dimples.’’

The images supplied from the scanning electron mi-

croscopy have a virtual nature, because what will be
seen on the monitor of the device is the transcodifica-

tion of the energy issued by the electrons (Figs 4, 5). In

Figure 4, the analyzed plate was the plate in the ten-

sion zone of group I with the T�oride system. The plate

fractured in the upper and lower parts of the first link,

to the right of the fracture line. In Figure 5, the

analyzed plate was fixed in the neutral zone of the

mandible from group II with the Traumec system.
The latter, owing to the mechanical test to which it

was submitted, had only fractured in the upper part

of the first link to the right of the fracture (on the

left of Fig 2), when the machine recorded a system fail-

ure and ended the test.
lete fracture of the plate in the tension zone can be observed and a
e in the compression zone. II, Sample from group II with T�oride brand

y Fractures. J Oral Maxillofac Surg 2014.



FIGURE 4. Fractographic aspects of the sample from group I with the T�oride brand. Above, Fractured plate at 60� magnification. Below,
Fracture surface at 2,000� magnification.
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Discussion

A structure was considered to have failed on

the occurrence of 1 of the 3 following conditions:

1) when the structure has been rendered completely
useless,2)when it still could be used, butwas no longer

capable of performing its function satisfactorily,
and 3) whenever deterioration had occurred making it

unsafe to be used.14 Under any of these situations, the

materialmust be removed, and the failuremust be scien-

tifically studied to discover and evaluate the damages
and failure process. This will allow the material to be

optimized.14-16



FIGURE 5. Fractographic aspects of the sample from group II with the Traumec brand. Above, Fractured plate at 45� magnification. Below,
Fracture surface at 2,000� magnification.
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Fractography starts with the macroscopic analysis,

such as analysis of a surface with up to 10�magnifica-
tion, which will reveal the initial characteristics of the

fracture type—color, brightness, plastic deformation,

and the presence of cracks.15

The analysis continues microscopically, with the

help of an electronic microscope. The ASM Metals
Handbook13 reported that the rupture by dimples,

such as occurred to the plates we studied, occurs
through the coalescing of microvoids. The voids will

develop from the effect of an external force in the dis-

continuities present in the material. This rupture

mechanism occurs when the material has been

exposed to a greater tension than the peak load of
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the material, and it is characteristic of ductile mate-

rials, such as metals. The fracture will resemble spher-

ical or stretched cavities, depending on the direction

of the force applied.

In the present study, the rupture mechanism by dim-

ples occurred as expected, because the forces towhich

the plates were submitted were known. In a case in

which the rupture mechanism was different, changes
to the pure titanium structure, the manufacturing of

the plate, or the force mechanism itself would be sug-

gested. Thus, our results indicate that the national

brand name plates were manufactured with adequate

quality control and no structural changes that could

have compromised their function.

In the published data, the results of a fractographic

analysis for a 2.0-mm locking plate has not been re-
ported. Tucker17 stated that in cases of an atrophic

edentulous mandible in which the 2.0-mm plates had

fractured, the miniplates were more likely to have frac-

tured because of fatigue. This will result because, even

after reduction of the fracture, the bone contact will

still be minimal, and the plate will experience the ac-

tion of the mandible elevator muscles that cause the

superior rotation of the ramus and the suprahyoid
muscles that cause anterior and inferior rotation,

creating deformation from repetition.

However, Hylander and Johnson18 added that,

owing to the low ductility of titanium, the fracture

will occur from the difference in the elastic and plastic

deformation between the mandible and the fixation

plate, not only from the cyclical loads. Thus, failure oc-

curs, and conventional 2.0-mm plates will fracture
within 10 days.

Of the studies in which plate fractures were

described,8-10 only 2 reported the period in which the

failure occurred. The period was approximately 30 days

postoperatively, suggesting that the failure occurred

owing to an excess of load to which it was subjected

and not fatigue. However, the plates were not subjected

to analysis, and the cause of failure was unknown.
Ellis and Price19 recommended the use of 2.0-mm

locking plates in the case of an edentulous mandible,

such as the one used for the biomechanical model in

our study, and mainly in the case of an atrophic

mandible, in which the use of 2 conventional plates

was urged owing to the reduced mandibular height.

This type of system offers greater stability to the frac-

ture and has resulted in lower complication rates.
According to Oliveira,20 the increasing need to

improve the reliability of the materials has resulted in

several techniques to minimize and/or eliminate fail-

ures. These methods and techniques have been in-

tended to increase the probability of a material to

perform its function without failure. In the healthcare

area, this will be extremely important, because it

will avoid complications after installation, reduce the
number of second interventions, reduce the hospitaliza-

tion time, and, consequently, reduce governmental

expenditure.

This study achieved its objective of assessing the loads

supported by the fixation system and the methodology

used was of utmost importance to achieve the results

shown. In the present study, an aluminum hemimandi-

blewas chosen becauseof the need to evaluate the resis-
tanceof theplate and screwsystemwithno interference

from the substrate. Thus, it was necessary to manufac-

ture a hemimandible from a material that would not

allow the system to fail by the loosening of the screws

in the screw–substrate interface during linear loading,

allowing for plate fracture and subsequent analysis.

Aluminum also has a low cost and is easily available, fac-

tors that influenced our choice to use aluminum to
manufacture the hemimandibles.

The results of the present study agreewith those from

Hegtvedt,21 who used a stainless steel substrate in his

study. Hegtvedt stated that although the biomechanical

model did not represent a human mandible in all its as-

pects, it allowed for the evaluation of the amount of

load the miniplates can support before failing. That,

combined with fractography and metallography, will
allow understanding of the behavior and failure process

of the internal fixation material in a clinical situation.

Furthermore, failures in samples of polyurethane, the

most commonly used material for substrates for biome-

chanical testing, have been reported by Vieira e Oliveira

and Passeri22 and could interfere with the results.

In Brazil, no specific legislation yet regulates a pro-

cedure to notify and investigate failure cases. Thus,
no statistical data are available that describe the tech-

nical and economic aspects of these failures, the direct

and indirect costs related to new operations, the main

causes of the failures, and so forth.23 However, plate

fractures, not only for the 2.0-mm plates with a screw

locking system, but also for any biomaterial used for

treatment, must be analyzed to obtain answers and

allow improvement of the materials.
In conclusion, the plates fractured owing to a

ductile rupture mechanism, as expected, suggesting

that the manufacturing of the plates used in our study

was performed with adequate quality control. Also, no

structural changes produced by the manufacturing

process compromised their function. The fracture of

2.0-mm plates with a screw locking system has been

previously described in the literature; thus, these
plates need to be analyzed, using biomechanical

models, to help improve the fixation system.
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