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I. IntRoductIon

Although cranio-maxillo-facial osteosynthesis principles were 
developed during the ‘60’s and 70’s, their universal application 

was delayed until the 80’s. In this situation, the first retrospective 
studies with an acceptable follow-up did not appear until 1990.  In 
these papers osteosynthesis showed its superiority over any other 
traditional method for fracture treatment [1, 2, 3].

In the field of mandibular osteosynthesis, research continues to 
focus on the size, shape, number, and biomechanics of plate/screw 
systems to improve surgical outcome.

In conventional bone plating stability is achieved systems when the 
head of the screw compresses the fixation plate to the bone as the screw 
is tightened (Fig. 1). Morbidity with these systems is commonly related 
to: 1) mobility and hardware failure; 2) alterations in the alignment 
of the segments that cause changes in the occlusal relationship;  
3) resorption of the bone cortex adjacent to the plate.  In some cases, if 
the plate is not contoured precisely and is not in intimate contact with 
the bone or if the host is compromised (medically or nutritionally), the 
“race” between fracture healing and cortex resorption will be lost and 
will result in unstable fixation [4].

The Locking plate/screw systems have certain advantages over 
conventional plates and screws.  They achieve stability through a 
device that “locks” the screw to the plate while the screw shaft secures 
the bone.  Theoretically, they offer the advantages of: 1) less screw 
loosening; 2) greater stability across the fracture site; 3) less precision 
required in plate adaptation because of the “internal/external fixator”; 
and 4), less alteration in osseous or occlusal relationships when the 
screw is tightened [5, 6].

The lock between the plate and screw obviates the requirement 
for compression between the plate and mandible as is required in a 
conventional screw plate system (3) and fewer screws might be needed 
to achieve maximal load resistance [7, 8].

Although some biomechanical studies have focused on the higher 
stability of these “locking” systems in comparison to non-locking 
systems (Gutwald, Haug), the theoretical advantage of avoiding 
bone compression and cortical plate resorption has not yet been 
biomechanically proven.

There are two requirements to prove this:
1. First, it is necessary to create a simulator of the studied 

biomechanical system that accounts for the variability of the in 
vivo interaction between human and non-human tissues. [9-11]

2. It is also necessary to develop a technique that allows us to analyze 
the interphase between the implant and bone. [11, 12]
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Numerous in vitro models of fracture fixation have been described 
in the literature. These include cadaveric mandible models: freshly 
harvested ovine/sheep mandibles; porcine/sheep mandibles and 
bovine/cow ribs. Although different simulators have been developed, 
they have never actually been employed to explore the biomechanical 
interaction between implant and bone [12].

The purpose of the present investigation is to develop a 
biomechanical simulator of the masticatory system so as to evaluate 
and compare the mechanical behavior of locking and conventional 
plate and screw systems placed under ideal conditions employing the 
photoelastic techniques.

II. Methods

A. Photoelasticity and Tension Freezing Method
Photoelasticity is based on an optic phenomenon called occasional 

birrefringency.  It takes place when a transparent material, with specific 
characteristics, is put under mechanical stress and then observed in a 
polarized light field; under this light, a constant isochromatic band, 
that are directly related with the tensional force in each area. Polarized 
light reveals a constant pattern of isochromatic bands in the transparent 
material that are directly related with the stress level in each area.

The stress freezing procedure takes advantage of resin epoxy 
photoelasticity.  This type of resin has two molecular phases, and when 
baked/heated for 2 hours at 70ºC one of the phases becomes viscous, 
while the other, which is crystalline remains solid.  The model is 
heated and exposed to a stress load, the solid phase of the material is 
deformed, with the resulting internal stress loads being revealed by 
the isochromatic lines revealed by polarized light.  The difference in 
tension/stress between the two bands is given by the following formula:

Stress/Tension Differential = Nx F / h (1)

Where, N is an a-dimensional constant for each band whose value 
rises with the stress in the area.

“F” is constant that is related with the kind of material and “h” is 
thickness (Fig 1).

Fig. 1. Isocromatics spectrum where each number represent “n” value in 
different frames.

III. BIoMechanIcal sIMulatoR

1:1 scale dentate mandibles made of epoxy resin, which is an 
acceptable substitute for bone in studies of mandibular fixation, were 
used to simulate the intact mandible. The mandibular model was 

mounted on a polyurethane cranium. The mastication musculature 
(Fig. 2) was mounted placing screws in the points at which muscles are 
inserted to hold elastic bands that create forces like those applied by the 
masticary muscles.  The following muscles were simulated: maseteri, 
lateral and medial pterigoid, temporal and depressor muscles.  So as 
to reproduce the mechanics of the system, stresses proportional to 
those calculated by Meyer [13] for healthy individuals in maximum 
intercuspidation were applied.

Fig. 2. Mastication musculature.

Iv. assays

Angle fractures were caused/provoked in the right mandibular angle 
of two mandibles.  They were fixed using two different osteosynthesis 
methods:

1. Conventional miniplates: 2.0 miniplates.
2. “Locking” plates: 2.4 locking plates. (Fig. 3)

To study the interface between bone and screw osteosoynthesis 
material was removed after applying the freezing tension method and 
the mandible was cut into 5 mm slices from angle to angle.

These mandibular slices were polished until they were smooth/
transparent and before being observed under the polaroscope.

Applying the stress differential formula and considering “f” and “h” 
as constants, we can see that semiquantitatively, the greater the N, the 
higher the stress.
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Fig. 3. Epoxi resin mandibular prototype. A. Ostheosinthesis  with 2.0 
miniplates. B. Ostheosynthesis with “lock” type plate.

v. Results 

When the screw tightened the plate directly onto the mandible, the 
stresses related with the compression forces were concentrated in the 
external cortical bone, in the area in which the plate was apposed to 
the plate.  These stress lines were very intense along the length of the 
screw, reaching the basilar area and alveolar bone, with an important 
reaction in the opposite cortical bone (Fig 4. A and B).

Fig. 4. A. Ostheosynthesis with 2.0 conventional plates. B. Notice the high 
tension concentration related with compresive strenghts surrounding the screw 
and both bony corticals. 

On the contrary, when a locking plate/screw system was used, the 
compression force lines on the mandible/in the mandible were much 
less. Fig. 5.A and B show how the concentration of stresses was less 
than with the conventional plate system, and, in addition, stress lines 
were limited to the tip of the screw without extending to the proximal 
part of the screw.  In the same way, there was no compression over the 
cortical bone in contact with the plate, or even less stress reaction in 
the contralateral cortex.

Observation of the stress lines along the cortical slices shows that 
both the maximum intensity and the maximum density were less than 
with the previous model. 

In cases in which 2 conventional 2.0 mm miniplates (Fig 6) were 
used, the concentration of stress lines along the length of the implant, 
independently of implant length, and along the external cortical 
bone, was high.  The isochromatic bands surrounding the two screws 
expanded into each other, creating an area of concentrated high stresses 
between the two screws. 

A

Fig. 5. A and B.–«Lock» system. Notice  the low tensión along the screw, with 
only higher tensions in the tip area. 

B

Fig. 6. Tension spectrum surrounding two 2.0 conventional screws. Notice 
the high tension´s concentration along the hole screw body, over both cortical 
areas and in the cancellous bone between both screws. 

vI. dIscussIon

During the past thirty years, research into osteosynthesis has focused 
on the achievement of the most biocompatible material in terms of 
composition, shape and size.  Nevertheless, only a few biomechanical 
studies have analyzed what is the ideal osteosynthesis.  It makes sense 
that this osteosynthesis should function without interrupting, at all, or 
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as little as possible, the normal tension-sress pattern in the mandible 
[14, 15].

Conventional bone plate/screw systems require precise adaptation 
of the plate to the underlying bone and screw compression to maintain 
the occlusal relationship and fracture stabilization.  This system ensures 
primary healing, but a long-term side effect could be screw loosening 
and external cortical bon resorption resulting from plate compression 
[7, 8].

The most significant advantage of locking systems may be that they 
make it unnecessary for the plate to have intimate contact with the 
underlying bone in all areas.  As the screws are tightened, they “lock” 
to the plate, thus stabilizing the segments without the need to compress 
the bone to the plate.  This obviates the risk that screw insertion will 
alter the reduction.  This theoretical advantage is certainly more 
important when using large bone plates like reconstruction plates, 
which can be very difficult to adapt perfectly.  The other problem is 
pressure from the screw.  The amount of stability provided across the 
fracture osteotomy gap is greater than when standard non-locking 
screws are used. 

In an attempt to explore the relationship between bone, plates and 
screws, the present study employed photoelasticity and freezing tension 
method to analyze the interphase between bone and plates and screws.

Photoelasticity has been widely employed to evaluate osteosynthesis 
methods. Perhaps the most influential studies are those of Champy et 
al, which, between 1970-1980, subjected photoelastic resin blocks to 
stress in order to draft the basic fundamentals of osteosynthesis [12, 13, 
14]. At this point, several studies employing photoelasticity to evaluate 
osteosynthesis options for traumatology, orthodontics ad mandibular 
reconstruction after a hemimandibulectomy have been done [16, 17, 
18].

All these studies employed systems that subjected a mandibular 
model to a bidimensional study of the surface.

The advantages of tension freezing methods in mandibular slices 
are double:

1. They allow the study of the interphase between bone and screws.
2. They allow tridimensional studies if the mandibular slices are 

analyzed sequentially.
The novelty of the present experimental design is that it applies 

a stress-freezing technique to interpret the stress forces created by 
the insertion of the osteosynthesis materials, since, even though the 
component or implant is removed, the stress lines are “memorized”.

The experiments in our study have shown how the compression of 
the plate by the screw in the non-locking systems is directly transmited 
to the bone into the cortical bone.  In this situation, experimental studies 
have shown a disruption of cortical blood supply directly beneath the 
bone plate, favoring bone resorption [19, 20].

This is very important in the body of the mandible and in 
compromised patients in which vascularization is impaired.

This over pressure is avoided when locking systems are used
Although reports of the use of locking plate and screw systems 

for maxillofacial reconstruction have existed for more than three 
decades, their clinical use has not become popular until the last decade 
[21]  Herford and Ellis concluded that “the use of a locking plate/
screw system was found to be simple and it offers advantages over 
conventional bone plates by not requiring the plate to be compressed to 
the bone to provide stability [6, 22].

The first biomechanical comparison of locking and non-locking 
plates to appear in the maxillofacial surgical literature was made 
by Gutwald in 1999 [5]. That investigation was performed using 16 
cadaver mandibles.  They concluded that a higher stability was achieved 

with locking plates.  If we add this advantage to the fact of the decreased 
potential bone damage we have demonstrated here, we can conclude 
that the use of locking plates and screws is clinically advisable.

Recent studies involving the use of miniplates have questioned the 
role of biomechanical testing because of conflicting data when in vivo 
and in vitro models are compared.  Biomechanics is only one factor to 
be considered in the treatment of mandibular fractures and many others 
may also be involved.

The main disadvantage of the locking system is cost.
Therefore functional overloading of regions that need not undergo 

compressive forces is much greater in the conventional systems.  
Although it is yet to be proven “in vivo”, it can be supposed that this 
system will avoid compromising external cortical bone during healing.

We used the 2.4 mm locking system in this study because at the 
time of the experimental work the single 2.0mm lock plate was still 
controversial for treating body angle fractures [21, 22], but since then, 
similar fixation rates have been reported with the 2. mm plate, which 
offers a similar, or even better stability than conventional osteosynthesis 
systems [23, 24]. 

It is true thah biomechanicals aspects are only one side of the 
problema when we are facing mandibular fractures, but it is also clear 
that the bone and tissue care that is ensure by “lock” systems has been 
clinically proven. In fact, this systems are heavily recommended for 
savage in those case in which ostheosynthesis has failed [25, 26, 27].

vII.  conclusIon

In the present study we propose a reliable and predictable model to 
explore biomechanichal characteristics of muscle-skeletal masticatory 
system.. The system is particularlly useful to study ostheosynthesis in 
case of mandibular fractures offering a semi-cuantitative assesment 
about stress and tensions that are working in the fractured system. In 
this sense it has allowed us to conclude how “locked” systems are the 
less harmful for the bone and also those who are more respectful with 
mandibular forces and tensions. This study shows hoe photoelasticity and 
freezing tensions methods are very useful systems to study  mandibular 
biomechanics as it has been shown in preliminary reports [25, 26].
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