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Three-dimensional Locking Plate and Conventional Miniplates
in the Treatment of Mandibular Anterior Fractures
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Context: Three-dimensional (3D) locking plates has been designed with the hypothesis that this will overcome the disadvantages of both
the systems and also advantages of both systems will be combined for the management of mandibular fractures. Aims: The purpose of this
study was to evaluate the efficacy of 2-mm 3D locking miniplate in the management of anterior mandibular fracture and to compare it with
Champy’s miniplate. Settings and Design: A prospective, randomized, clinical trial was carried out in thirty patients who were divided
equally in two groups. Subjects and Methods: Group I and Group II patients were treated with 2-mm 3D locking plates and 2-mm standard
miniplates, respectively. They were evaluated according to the outcomes of the study, that is, working time, wound dehiscence, infection,
segmental mobility, postoperative occlusion, need for postoperative intermaxillary fixation (IMF), and radiological evaluation of reduction
and fixation. Statistical Analysis Used: Student’s 7-test and Mann—Whitney test were used to compare the two systems. The data were
analyzed using Statistical Package for the Social Science version 14.0. The P value was taken as significant when <0.05 (confidence interval
of 95% was taken). Results: The mean duration of procedure for Group I was found to be 49.33 min, whereas for Group II was 59.67 min.
There was significantly greater pain on day 1 and at 1 week in Group II patients. 6.7% (n = 1) of both groups showed incidence of infection.
Postoperative stability was adequate in most cases except in one patient (n = 1) of 3D locking system, which was revealed as postoperative
occlusal disharmony, unsatisfactory radiological reduction of the fracture fragments, and the segmental mobility. There was no incidence of
wound dehiscence, tooth damage, and nerve damage in either group. Conclusions: The result of the study can conclude that there is no major
difference between both systems in terms of treatment outcome.

Keywords: Anterior mandibular fracture, Champy’s miniplate, interforaminal mandibular fracture, standard miniplate, three-dimensional
locking miniplate

The basic form is quadrangular with 2 X 2 hole square plate and
3 x 2 or 4 x 2 hole rectangular plate. The plates are adapted to
the bone according to Champy’s principles.

INTRODUCTION

Over the years, the methods to treat mandibular fractures
have undergone many refinements. Newer methods have

been tried and older ones have had improvements. Two
approaches to mandibular fracture fixation have evolved;
one is rigid stabilization, proposed by Spiessl,l!! and the
other semi-rigid fixation, proposed by Champy et al.>* Both
techniques have disadvantages, as adaptation of the plate
to bone is difficult and time-consuming with rigid fixation
while fracture stability cannot be guaranteed with semi-rigid
stabilization.™ A three-dimensional (3D) plate may overcome
these shortcomings.

Farmand and Dupoirieux® developed the concept of 3D
miniplates whose shape is based on the principle of the
quadrangle as a geometrically stable configuration for support.

Access this article online

Quick Response Code:
Website:
www.amsjournal.com

DOI:
10.4103/ams.ams_175_17

To overcome the disadvantages of loosening of hardware and
need of perfect adaptation of traditional miniplate system an
internal Mini-Locking-System was developed in collaboration
with the AO/ASIF-Institute.%]

During insertion, the locking screw engages and locks into
the threaded plate holes. According to Ellis and Graham,!”
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Locking plate systems offer certain advantages over other
plate systems. The theoretical advantages of locking system
are: (1) increases construct stability; (2) minimizes the risk of
stripped screw holes; (3) decreases risk of screw back-out and
subsequent loss of reduction; (4) provides a positive stop for
locking screws when inserted by power; (5) reduces the need
for precise anatomic plate contouring with the underlying bone,
making plate adaptation easier; and (6) preserves reduction
intraoperatively by maintaining plate-to-bone position.

Three-dimensional miniplate gives 3D stability to the fractured
segments during healing. Locking system does not allow
screw loosening and alteration in bone alignment or occlusal
discrepancies on screw tightening. Three-dimensional locking
plates have been designed with the hypothesis that this will
overcome the disadvantages of the both the systems and
also advantages of both systems will be combined for the
management of mandibular fractures.

Considering the above background, a study was conducted
to compare and evaluate 2-mm Champy’s miniplates and
2-mm 3D locking plates in terms of treatment outcome in the
management of anterior mandibular anterior fractures.

Upon scouring the literature, there have been limited studies
to compare the 3D locking plate with standard miniplates.’**]

SusJecTs AND METHODS

A prospective, randomized, clinical trial was carried out in
department of oral and maxillofacial surgery over 2 years after
obtaining ethical and research committee approval. Informed
consent was obtained and patients of both genders within the
age group 18-50 years with isolated displaced noncomminuted
anterior mandibular fractures were included.

Patients with preoperative infection at the site of fracture,
medically compromised, mixed dentition, or with less
mandibular vertical height between root apex of teeth and
lower border of mandible presuming that 3D plate would not
fit a vertically short mandible were excluded from the study.

After assessing for eligibility, thirty patients (n = 30)
were divided randomly by lottery method into 2 groups.
Group I (n = 15) was treated open reduction and internal
fixation using 2-mm 3D locking stainless steel plates
(S. K. Surgicals, Pune, India) and Group II (n = 15) with 2-mm
stainless steel standard miniplate (S. K. Surgicals, Pune, India)
using Champy’s principles of osteosynthesis.

Patients were posted for surgery under all aseptic precautions,
under general anesthesia and were administered injection
cefotaxime 2 g intravenous (i.v.) 1-h before the surgery as
prophylactic antibiotic and same was continued (injection
cefotaxime | g i.v.) twice a day for 5 days postoperatively.

Intraoral translabial incision was placed, fracture site was
identified, reduced, and temporary IMF was placed, and
satisfactory occlusion was achieved. Fixation was done either
using a 3D locking 2-mm stainless steel plate [Figures 1-3]

or two standard miniplates and 2 mm x 8 mm screws using
Champy’s principles of osteosynthesis [Figure 4].

Three-dimensional locking plates were placed in the way
as described by Farmand and Dupoirieux,™ in which the
horizontal bars were perpendicular to fracture line and vertical
ones were parallel to it.

After plate fixation, the occlusion was verified again, and
surgical site was copiously irrigated with 5% povidone-iodine
and followed by normal saline. IMF was removed. Hemostasis
was achieved and closure was done. Operating time from
incision to wound closure was noted. Postoperative IMF was
avoided and preferred only when occlusion was deranged
postoperatively.

Soft diet was recommended for six weeks postoperatively.
Follow-up of patient was done for 3 months at the interval
of 1 week, 4 weeks, and 3 months. They were reviewed
by senior oral and maxillofacial surgeon who was blinded
to the parameters of the study, that is, wound dehiscence,
infection, segmental mobility, postoperative occlusion, need
for postoperative IMF, need for plate removal, and radiological
evaluation of reduction and fixation.

Visual analog scale was used for recording preoperative and
postoperative pain. Infection was assessed using criteria for
surgical site infection!'” as well as radiolucency surrounding
the screws in the radiographs. Statistical analysis was
carried out employing Student’s #-test and Mann—Whitney
test to compare the two systems. The data were analyzed
using Statistical Package for Social Science version 14.0.
The P value was taken as significant when <0.05 (confidence
interval of 95% was taken).

ResuLts

Among the study population, all patients were dentate, males
of'third decade (66.7%) were commonly involved and the most
common etiology was road traffic accidents (70%). Symphysis
and parasymphysis fracture was found in 31.7% and 68.3%
cases, respectively.

The average period between time of trauma and hospital
consultation was 2 days, and the average period between
first consultation and surgery was 4 days involving both the
groups.

The mean duration of procedure for Group I was
49.33 min, whereas for Group II was 59.67 min. There was
significantly greater pain on day 1 and at 1 week in Group II
patients (P = 0.004), but there was no significant difference
between the two groups at 1 month.

Incidence of infection was shown at 6.7% (n= 1) in both groups.
Postoperative stability was adequate in most cases except that of
oblique fracture, which was reflected in 6.7% (n=1) of Group I
patients as postoperative occlusal disharmony, unsatisfactory
radiological reduction of the fracture fragments, and segmental
mobility, thus treated with postoperative IMF for 3 weeks. There

Annals of Maxillofacial Surgery | Volume 8 | Issue 1 | January-June 2018 -




Budbhraja, et al.: 3-D locking plate versus conventional miniplates

Figure 3: Orthopantomogram showing fixation with three-dimensional
locking plate

was no incidence of tooth damage and nerve damage in either
group. Clinical and radiological parameters are compared and
summarized in Table 1.

Discussion

Principles of 3D locking design rely on principles of 3D
Miniplates system and locking system. First, when the
mandible is in function, primary forces of concern are bending,
vertical displacement and shearing. In 3D plate, the vertical
bars connecting the two horizontal bars resist bending forces.
The box configuration of the plate distributes the forces over
a surface area and not along a single line; this provides more
stability in three dimensions; against torsion forces, vertical
displacement, bending and shearing forces. Thus, the stability
is gained in three dimensions, hence the name 3D plate.

In the locking system, the screw and plate becomes a single
rigid functional unit that no longer relies on the bone to plate
interface for stabilization.'"! The locking system combines
two principles®: First, the locking system prevents stripping
of screws and prevents movement and loosening of screws;
and second, fixator principle simplifies bending of plates and
decreases torsion or opening at the fracture site. The absence
of pressure underneath the plate prevents interference with the
vascular supply of the bone and allows periosteum growing
under the plates promote fracture healing.

Figure 2: Fixation three-dimensional locking plate

Table 1: Comparison of various clinical and radiological
parameters between Group | and Group Il

Clinical and radiological parameters Group | Group Il
(n=15) (n=15)
Duration of surgery (min) 49.33 59.67
Postoperative occlusal disturbance on day 1 1 0
Postoperative segmental mobility on day 1 1 0
Radiological reduction (not satisfactory) 1 0
Infection at 3 month 0 1
Screw loosening 0 1
Need for intermaxillary fixation 1 0

According to Goyal et al.,” it is not clear if the increased
biomechanical stability in the 3D locking plate is due to design
of plate or due to the locking system.

The average operating time required for the placement of 3D
locking plate was approximately 10.34 min less than placement
of Champy’s miniplate. These findings were similar to the
results of a study by Zix et al.,'” Jain et al.,® and Barde
et al.!¥ on 3D plate who reported reduced average operating
time. Collins ef a/."* found that the average operating time
with locking system was 6.65 min shorter than the standard
plate/screw system. Simplified adaptation to bone as well as
simultaneous stabilization at both the superior and inferior
borders makes the 3D locking plate a time-saving alternative
to conventional miniplates.
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In our study, postoperative stability was adequate in most
cases except in the oblique fractures (n = 1) of Group I. This
might be due to difficulty in achieving principles of 3D plate
fixation, that is, horizontal bar is perpendicular and vertical
bar is parallel to the fracture line.I's Postoperative occlusal
discrepancy was treated successfully by placing IMF for
3 weeks. Two cases (10%) of mild segmental mobility were
noted by Jain et al.'> In both the cases 3D plate fixation was
used for the treatment of oblique fractures.

According to Andrew et al.l'! the symphyseal fractures are
under greater degree of torsional strain, hence 3D plates
provide higher stability in this region. Alkan et al.l'” carried
out an in vitro study to evaluate the biomechanical behavior of
four different types of rigid fixation systems with semi-rigid
fixation system that are being currently used. This study
demonstrated that 3D strut plates have greater resistance to
compression loads than the Champy’s technique.

Infection in one case of Group I, during the 1% week of
follow-up was found to be superficial incisional SSI which
was treated by drainage of pus, wound debridement under
antibiotic coverage for 5 days (tablet cefixime 200 mg bid
and tablet metronidazole 400 mg tid). One patient of Group II
during 3™ month of follow-up had a draining sinus tract. On
radiographic examination, radiolucency surrounding the screws
was found. Hardware removal under antibiotic coverage (tablet
cefixime 200 mg b.i.d and tablet Metronidazole 400 mg tid)
and sinus tract excision was done. While on removal of plate,
it was observed that the screws were loose and deformation of
the plate was noted. Guimond et a/.' reported an infection rate
0f5.4% (n=2), whereas Feledy et al.' reported 9% infection
rate (n = 2) with the use of 3D plate. As it has been claimed
that mobility of fractured segments is a causative factor in
postoperative infections, the improvement of plate stability
might be a way to minimize this problem.

In the present study, none of the cases showed injury to the
tooth. Jain et al."> reported 2 cases of injury to the roots while
treating the fractures near mental foramen using 3D miniplate
fixation.

In our study, no cases in either group showed plate fracture
in follow-up. In analyzing the cause of plate fracture, several
factors have to be considered, besides the technical aspects,
such as the material and the form of the plate, there are some
surgical factors which contribute to weakening of the plate.
Since locking system is incorporated in 3D locking plate, it
is unnecessary for the plate to have intimate contact with the
underlying bone in all areas, so multiple bending of the plate
for the adaptation was not required and this reducing the
chances of plate fracture.

The results suggest that fixation of mandibular anterior fracture
with 3D locking plates provides 3D stability, carries low
infection rates and shorter operative time because of simplified
adaptation to the bone and simultaneous stabilization at both
superior and inferior borders. As far as cost-benefit ratio is

considered the single 3D locking plate cost less than Champy’s
plate as there reduction in number of screws by 50%. The 3D
locking miniplate system may be considered inconvenient to
use in cases of oblique fractures and in fractures involving
the mental nerve area. The other probable limitations of these
plates could be the excessive implant material due to extra
vertical bars incorporated for countering the torque forces
which is in agreement with Parmar et al.*”

Although experimental studies on biomechanics have
confirmed sufficient stability of the 3D plating system,?!??]
only a few clinical studies are reported in literature.!'8-2023.24]
The use of 3D miniplates in mandibular fracture fixation has
not yet become established. In published survey by Gear
et al.,” among 104 AO/ASIF surgeons, only 6% use this type
of plate. But with the incorporation of locking system in 3D
plate obviate the need for precise adaption and it is unnecessary
for the plate to have intimate contact with bone thus now 3D
locking plate could be a considered as the better option for
management mandibular anterior fractures.”) If we avoid
placing 3D plate in oblique fracture then it can be assumed that
combined properties of 3D plate and locking plate will provide
better treatment outcome as compared to Champy’s miniplates.
Jain et al.® suggested the use of 3D holed 2-mm miniplate
for the management of isolated mandibular anterior fracture.

CoNCLUSION

On the basis of this study, we can conclude that 3D locking
plate is an alternative approach with a similar outcome profile
to miniplates. A similar study with large sample size would
give definitive results.
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