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A B S T R A C T

Objective: A biomechanical analysis of fixation devices to repair fractures or osteotomies of the mandible is
carried out in hemi-mandibles fixed in the condylar process, the force is applied in the molar region and a single
movement is allowed. This technical note presents a new setup for evaluating the biomechanics of the mandible
with the following improvements: (1) providing freedom of mobility in three axes in the space; (2) applying
forces in a way that closely replicates that of real cases; (3) capable of evaluating the fracture resistance and the
stiffness and elastic recovery.
Method: A rigid metal support mounted on bearings was developed that allowed the movement and deformation
of the mandible during load application to mimic its freedom of movement when in function. Steadying was only
in the mandibular fossae and free in all other regions. Ten fresh sheep mandibles were subjected to testing of
their rigidity and capacity for elastic recovery after a displacement of 0.75mm.
Results: After three displacement cycles, the mean value of stiffness was 506 ± 64N/mm, and the mandibles
showed visco-elastic recovery.
Conclusion: This new apparatus and approach is promising for use in the evaluation of mandibular fixations.

1. Introduction

Laboratory studies for the biomechanical evaluation of fixation
devices to repair fractures or following sagittal split osteotomy have
greatly contributed to improvement of mandibular fixations. Thus,
several means of fixation have been developed in terms of the types and
number of plates [1,2] and the isolated use of screws [3–6]. Many
studies are still researching ideal fixation methods.

The occurrence of mandibular flexure has been established and may
be of clinical importance [7]. However, most studies have used models
with a cantilever setup, in which one end of the specimen is held rigidly
fixed and the load is applied at the other end. Comparative studies on
these mechanical fixing methods have been carried out and character-
ized in hemi-mandibles that are fixed in the condylar process. Force is
applied in the molar region until fracture [8–10]. Therefore, a single
movement is allowed, and the effects are limited.

The purpose of this technical note is to present a new way of
evaluating the biomechanics of the mandibles that provides freedom of
movement in three axes in space and measures stiffness.

2. Methods

2.1. Preparing the sheep mandibles

Ten fresh mandibles were selected for this study from similar sheep
with similar weight and ages and collected from the same abattoir. The
mandibles were dissected with complete removal of soft tissues. The
coronoid processes were removed to facilitate the positioning of the
mandible. These were selected from a group of twenty by measuring the
following distances using callipers: posterior border - mental foramen
and lower border - head of the condyle. For storage, the mandibles were
packed in polyethylene bags and kept in refrigeration at 20 °C for up to
5 h prior to the experiment.

Because sheep mandibles have fibrous articulation in the middle
region of the symphysis, they received fixation with two screws in the
anterior portion to the mental foramen. This fixation was executed
according to the pattern of lag screw to maintain a rigid assembly of the
two hemi-mandibles. Subsequently, acrylic resin was adapted over a
sectioned tube of half-round (rigid polyvinyl chloride – PVC). This PVC
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base served as a sliding holder in each assay (Fig. 1) for the anterior
region of the mandible. After correct positioning of the mandible and
centralization of the apparatus on the universal testing machine, the
mechanical testing was executed.

2.2. New device support

A rigid metal support mounted on bearings was developed to allow
the movement of the whole mandible, while preserving the alignment
of the load application point with the cross head of the testing machine
throughout the test (Fig. 1). The load was applied on the central sliding
bearing, which was mounted in a rigid metal bar with three sliding
bearings. The two lateral sliding bearings were supported, stabilized
and glued (acrylic resin, not represented in Fig. 1) in the left and right
angles of the mandible, thus allowing the deformation of the mandible
during load application by moving away or nearing the angles. The
anterior region of the sheep mandibles was embedded in a PVC pipe cut
into a half-round. This region was then supported over a rolling bearing
to allow the deformation of the mandibles by increasing the angle be-
tween the body and the ramus to mimic the freedom of movement of a
human mandible when in function. Both condyles were supported in a
holder that mimicked the condylar fossa, which allowed only spinning.
The mandible was free in all other regions. The positioning of the
mandible in the apparatus occurred at three points of support: the
condyles and the anterior region. The load application occurred bilat-
erally in the region between the mandibular body and angle, which is
the area with the greatest muscle insertion, as represented by the region
of the masseter muscle. The direction of the force applied was ap-
proximate to that of the masseter fibres.

2.3. Mechanical test

The mechanical test was performed in a universal testing machine,
Instron 5565 (Illinois Tool Works Inc., Norwood, MA, US). The load and
crosshead displacement data were recorded during the test, thus al-
lowing the creation of a load versus displacement graph.

The mandibles were subjected to testing for rigidity in a non-de-
structive test. Three displacement cycles were applied at a rate of
0.07mm/s for loading and 0.14mm/s for unloading, with an interval of
120 s between each cycle. The first displacement was 0.25mm, the
second was 0.5 mm and the third was 0.75mm. The waiting time for
the mandible returns to the starting position was two minutes. The
angular coefficient of the straight line, adjusted to the points corre-
sponding to the load period of the last cycle, was adopted as a stiffness
value in the curve load versus displacement. The formula a= y/x,
where a= stiffness, y= load, and x=displacement, was adopted
(Fig. 2). To calculate the mandibular stiffness, the third cycle was
adopted as a standard because it had better uniformity in the graphic
layout, possibly due to a better accommodation of the jaw on the metal
apparatus. Fig. 2 shows the method used to calculate the stiffness of the
mandible, and the results are shown in Fig. 3. A trend line was adjusted
to the loading aspect of the register.

For the calculation of the horizontal displacement, rings were added
with a metallic antenna in the bearings and a ruler was affixed in the
support. The tips of the antennas moved as the displacement of the
bearings that were located fixed in the angles of the mandibles. A
camera was positioned to record the horizontal movement of the
mandibular angles during the test, thus recording the horizontal dis-
placement in millimeters.

Fig. 1. Picture and the corresponding schematic drawing of a mandible assembled in the apparatus for testing.
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Mandibles typically fail initially due to fractures resulting from
accidents. Once fixed and while the fracture consolidates, failure may
occur before the occurrence of any fracture, which is why stiffness was
used as an analytical parameter. Simple deformation or permanent
displacement of the installed fixing can occur because it can change the
maxilla-mandibular relationship achieved after fixation surgery.
Accordingly, the most useful information would verify the load re-
quired to reach the elastic limit of the mandible or measure the max-
imum elastic displacement or maximum flexibility. Therefore, it would
be necessary to load and unload (return to zero load) with sequentially
increasing loads or displacements, until the existence of a permanent
deformation can be verified. The elastic limit would be a load value
between the last load value that did not cause permanent deformation
and the first at which there was permanent displacement. Because these
values require very lengthy trials and because permanent deformation
in otherwise health mandibles does not occur even with 0.75mm dis-
placement, it seens that a more practical indicator would be to measure
the resistance to elastic deformation of the fixation.

3. Results

The higid mandibles do not show permanent deformation after a
displacement of 0.75mm. The obtained mean value of stiffness was
506 ± 64N/mm.

Fig. 3 presents an example of registration of the measurement of one

of the mandibles. Notably, the stiffness remais the same in three cycles,
and the mandible behaves visco-elastically during the discharge be-
cause it has a return line below the load line.

4. Discussion

This new apparatus allows movements to be performed in the three
axes in space, which makes the studies of fixations for fractures or or-
thognathic surgery more reliable or complete. A previous study pro-
posed a 3-point, bovine rib testing model to overcome the 2-point
loading model. In this model, one end of the plated specimen is secured
while the force is applied to the opposite end in a cantilevered beam
model [3]. Thus, this would allow internal fixation systems on sagittal
ramus osteotomies to be examined under conditions that more accu-
rately represent the human mandible in function. However this model
has limitations, such as its two-dimensional aspect, a force that was
only applied vertically and plates that were not bent and only subjected
to a single continuous load until failure [3]. The ideal would be to use
human cadaver mandibles for these studies but this is rarely found in
the literature [11]. There are issues such as availability, standardization
of age, gender and presence of teeth as well as ethical aspects.

The mandible has the ability to flex inwards around the mandibular
symphysis with changes in shape and decreases in mandibular arch
width during opening and protrusion of the mandible. This movement,
which ranges from a few micrometres to more than 1mm, occurs due to
the contraction of lateral pterygoid muscles that pulls mandibular
condyles medially and causes a sagittal movement of the posterior
segments [12]. In addition, during biting and the power stroke of
mastication, a combination of sagittal bending, corpus rotation, and
transverse bending occurs. The result is a complex pattern of stresses
and strains in the mandible – compressive, tensile, shear, and torsional
[13].

A more appropriate study design should provide a special three
point bending test that incorporates the major forces and freedom of
movement to imitate the mandible in function, as demonstrated in this
technical note. There is a support in the condylar region, with freedom
for rotating and another support in the anterior region with freedom for
displacement in an anterior direction. Finally, the load is applied to the
mandibular angle region, which permits movement away from or
nearing the angles. In this proposed model, the movements are closer to
the mandibular mechanics function because, unlike previous designs,
this support provides freedom of movement due to the three dimen-
sional forces, which are generated by the applied load. Therefore, this
new apparatus is a promising means for obtaining better evaluations of
mandibular fixations.
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Fig. 2. Calculating the stiffness for the mandible in Fig. 3. (a= 451.52 N/mm).

Fig. 3. One sample of the graphic record during the non-destructive test.
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