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Abstract

Aim To study whether the use of 3-D miniplate, when
compared with conventional miniplate, gives better clinical
outcomes with fewer complications in patients with frac-
ture mandible.

Materials and Methods A prospective study was con-
ducted in the Department of Oral and Maxillofacial Sur-
gery, Trauma Care Centre, on 40 patients. They were
randomly divided into Group-I and Group-II with 20
patients in each group. In Group-I, 3-D miniplate was used
and in Group-Il, conventional miniplate was used.
Parameters such as fracture stability, occlusal status, mouth
opening, nerve paresthesia, infection, pain, swelling, and
complications were evaluated on 1st, 7th postoperative
day, 1st month and 3rd month.

Results Fracture stability and occlusion were clinically
better in Group-I than in Group-II on each follow-up;
however, it was not statistically significant. Infection rate
was lesser in Group-I than in Group-II (p = 0.003). Mouth
opening was more in Group-II than in Group-I on imme-
diate (p = 0.001) and 7th post-op day (p = 0.002). Overall
complications were lesser in Group-I than in Group-II
(p > 0.005).

Conclusion There is no major difference observed in
clinical outcomes between 3-D miniplate and conventional
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miniplate. Either method of fixation can be used success-
fully in treatment of mandible fractures with comparable
rates of complications.
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Introduction

With the rise in the number of road traffic accidents (RTA),
interpersonal violence, sports activities, there has been a
considerable increase in the incidence of fractures of
mandible [1]. Rigid internal fixation (RIF) has revolu-
tionized the treatment aiming at anatomic reduction and
early immobilization [2]. Out of various methods of RIF,
the use of mini plate has emerged as a standard method in
treatment of facial bone fractures following discovery by
Champy et al. [3-6]. Conventional miniplate provides
semirigid fixation which is functionally stable. However,
according to Ellis, the complications associated with use of
miniplate are significant (29%) [7].

Addition of 3-D miniplate in the year 1992 as a method
of rigid internal fixation has made the treatment of fracture
mandible more rational for its resistance to torsional forces
[8, 9]. The name, 3-D miniplate, is misnomer as the shape
of plate is not three dimensional. It resists the forces in
three dimensions namely shearing, bending, and torsional
forces [9]. Three-dimensional plating system uses fewer
plates and screws in comparison with conventional mini-
plates, reducing the operation time, cost of treatment and
foreign material, as described by Zix et al. [3] and Farmand
and Dupoirieux [9].

Various studies show that the 3-D miniplate produces
more favorable biomechanical behavior than miniplates in
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terms of strain resistance and stability in different parts of
mandible [3, 10, 11]. The 1-mm-thick 3-D plate can
withstand traction forces up to 690 N which is almost equal
to the maximum load capacity of the mandible [9]. The
disadvantage of 3-D miniplate as compared to miniplate is
difficulty in adaptation to the mandible. It is a geometric
plate and has to be bent in three dimensions, whereas a
linear plate has to be bent in two dimensions [12].

There are a few studies comparing 3-D miniplate versus
conventional miniplate in treatment of mandible fractures.
According to survey published in 2005, only 6% of the
North American and European surgeons have used 3-D
miniplate in treatment of mandible fracture [4]. Thus, there
is a need to compare 3-D miniplate versus conventional
miniplate mandibular fracture treatment. The purpose of
this study is to address them following; among the patients
with fracture mandible, does the use of 3-D miniplate,
when compared with conventional miniplate give better
clinical outcomes with lesser complications.

Materials and Methods

This prospective randomized comparative study was con-
ducted in the Department of Oral and Maxillofacial Sur-
gery and Trauma Care Centre from January 2015 to
December 2016. Ethical clearance was taken from insti-
tutional ethics committee prior to the study. Study popu-
lation consisted of patients with mandible fractures
reported to our department and trauma care center.
Informed consent was obtained prior to inclusion in the
study. Patients of both genders in the age group of
10-50 years with displaced mandibular fractures involving
symphysis, parasymphysis, body, and angle region were
included. Patients with infected comminuted fracture,
condyle and coronoid fractures, gun-shot injuries, edentu-
lous fractures, and pathological fractures were excluded.
Patients with any type of comorbidities were also excluded.

A total of 40 patients were selected from study popu-
lation and randomly divided by computer-generated ran-
domizer into Group-I and Group-II of 20 patients each. In
Group-I, 3-D miniplate and in Group-II, conventional
miniplate were used.

Personal details, any drug addiction, cause of injury,
fracture sites, inferior alveolar nerve paresthesia were
recorded. Orthopantomogram (OPG) and postero-anterior
(PA) mandible views were taken.

Surgical Procedure
The procedure was performed under general anesthesia by

the same surgeon to eliminate interoperator bias. The
fracture site was exposed through intra-oral vestibular
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incision or existing extra-oral laceration. Following
reduction in fractured segments, fixation was done using
3-D miniplate or conventional miniplate.

In Group-l, a single rectangular 2.0-mm 4-hole/6-hole
3-D titanium miniplate was fixed with 2 x 6 mm,
2 x 8 mm screws according to the extent and severity of
fracture. Diagonally opposite screws were placed first,
followed by the remaining two screws. Three-dimensional
plate was contoured across the fracture line in such a way
that the horizontal crossbars were perpendicular to the
fracture line and vertical struts were parallel to fracture
line. In symphysis and parasymphysis fractures, the upper
crossbar was placed subapically. To preserve the mental
nerve while placing 3-D plates, proper adaptation and
subapical placement of plate with monocortical screw fix-
ation were done. In angle region, plate was placed on the
lateral cortex or on external oblique ridge and fixed using
transbuccal trocar (Fig. 1).

In Group-II, single/double 2.0-mm 4-hole miniplates
were contoured to the surface of mandible and secured with
monocortical 2 x 6 mm, 2 X 8 mm titanium screws
according to Champy’s principle (Fig. 2).

L

Fig. 1 3-D plate fixation

Fig. 2 Miniplate fixation
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Drains were not placed in any of the patients. An extra-
oral pressure bandage was applied. Occlusion discrepancy
noted, if any, was subjected to MMF for 7-10 days in both
groups. They were instructed to be on a soft diet for 4 weeks.

Cefoperazone with sulbactam 1.5 g IV 12 hourly was
administered for 5 days postoperative period. Diclofenac
sodium 75 mg IM 12 hourly for first 2 days followed by
diclofenac dispersible tablet (50 mg) orally SOS was pre-
scribed. Maintenance of oral hygiene using 0.12%
chlorhexidine mouthwash was advised.

Outcome Measures

Following parameters were evaluated on the Ist post-op
day, 7th post-op day, lst month and 3rd month: (1)
Occlusion—measured with caliper between first molars
and divided into satisfactory (no gap), mild derangement
(gap of 1-2 mm), and deranged (gap more than 2 mm); (2)
Fracture stability—evaluated by a single surgeon by man-
ual palpation, considered to be stable if interfragmentary
mobility was not present and unstable if mobility was
present; (3) Mouth opening—interincisal distance mea-
sured with scale in millimeters, considered to be adequate if
> 30 mm and inadequate if < 30 mm; (4) Complications
such as paresthesia, infections, plate fracture, plate loos-
ening, malunion, nonunion, intra- or extra-oral sinus,
wound dehiscence were assessed and recorded. Radiolog-
ical evaluations were done with OPG and PA mandible
views postoperatively on 1st day, 1st month and 3rd month
(Figs. 3, 4, and 5).

Duration of surgery from the beginning of incision to the
surgical closure was recorded in both groups. Pain was
measured using VAS scale on 1st, 2nd, and 3rd post-op
days, and swelling was measured on 3rd post-op day.

Statistical Analysis

The data were collected into Microsoft Excel worksheet
and analyzed using SPSS (version 15.0, Chicago, IL,

Fig. 3 OPG showing 3-D plate fixation

Fig. 5 PA mandible showing miniplate fixation

USA). Proportions were compared by using Chi-square or
Fisher’s exact test whichever was applicable. Student ¢ test
(unpaired) and Fisher’s exact test were used as test of
significance. A p value of < 0.05 was considered as
significant.

Results

The mean age of the patients in this study was
25.82 + 7.3 years with a range of 14-48 years. Overall
incidence of injury (62.5%) was most common in third
decade of life. There was a male predominance (95%) with
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male to female ratio of 19:1. Road traffic accident (RTA)
was the most common etiology in 34 patients (85%), fol-
lowed by fall in 6 patients (15%). 17.5% patients had
trauma under influence of alcohol. The time from injury to
the treatment ranged from 2 to 14 days, with a mean of
5.27 £ 2.5 (SD) days. Fracture site distribution is showed
in Graph 1.

The average operating time in Group-I was 55.20 £ 20.9
and 54.60 £ 18.4 min in Group-II. For isolated parasym-
physis fracture, average operating time in Group-I and
Group-II was 38 + 1.4 and 40.33 £ 1.6 min, respectively.
The average operating time for angle fracture in Group-I and
Group-II was 45 and 43.33 £ 2.8 min, respectively. Aver-
age operating time for parasymphysis, body, and angle
fracture associated with condyle fracture in Group-I was
38.42 + 5.0 and 42.50 £ 3.5 min in Group-II. Average
operating time for bilateral mandibular fracture in Group-I
was 71.40 £ 18.0 and 74.37 £ 12.93 min in Group-IL

No significant differences in pain and swelling
(p = 0.21) were noted postoperatively between two
groups. Comparison of fracture stability, occlusal status,
mouth opening, paresthesia, infection rate and overall
complications, and post-op X-ray findings is explained in
Tables 1, 2, 3, 4, 5, 6, and 7, respectively.

Discussion
The study purpose was to compare 3-D miniplate with

conventional miniplate in treatment of mandible fracture.
We hypothesized that 3-D miniplate is better than

Table 1 Comparison of fracture stability between two groups

10
20 d

Angle Parasymphysis, body Bilateral mandible

, angle with condyle fracture
fracture

conventional miniplate in clinical outcomes in treatment of
mandible fractures. Clinical outcomes were evaluated by
measuring fracture stability, occlusion, mouth opening,
pain, swelling, and postoperative complications like
infection, paresthesia, plate loosening or fracture, wound
dehiscence, intra-/extra-oral sinus, and scar.

The result of this study is in contradiction with our
hypothesis; there are no major differences in clinical out-
comes between two plating systems, and both can be
effectively used in treatment of mandible fractures. Frac-
ture stability, occlusion, and postoperative complications
like paresthesia, wound dehiscence, plate loosening/frac-
ture, delayed union, malunion, nonunion, and intra-/extra-
oral sinus were similar in both groups. Mouth opening was
more in Group-II than Group-I. Postoperative infection was
more in Group-I than Group-II.

In this study, though there was no statistical difference
between the two groups in terms of fracture stability at any
of the follow-ups, initial interfragmentary stability was
better in 3-D miniplate as compared to miniplate. Similar
results were obtained by Jain et al. [12] and Vineeth et al.
[13].

Considering the occlusal status between the two groups,
the difference was not statistically significant on immediate
(p = 0.11), 7th postoperative day (p = 0.19), 1st and 3rd
month (p = 0.14) follow-up. Similar findings were
obtained by Vineeth et al. [13] on immediate postoperative
day (p = 0.235) and on 7th postoperative day (p = 0.303),
Malhotra et al. (p = 0.264) [14], and Mittal et al. [15]. In
other clinical studies with 3-D plates, occlusal change
ranged from 0 to 20% [3, 16-19].

Fracture stability Ist post-op day

7th post-op day

1st post-op month

3rd post-op month

Stable Unstable Stable Unstable Stable Unstable Stable Unstable
Group-I 17 (85%) 3 (15%) 18 (90%) 2 (10%) 20 (100%) 0 (0%) 20 (100%) 0 (0%)
Group-II 14 (70%) 6 (30%) 16 (80%) 4 (20%) 20 (100%) 0 (0%) 20 (100%) 0 (0%)
Total 31 (77.5%) 9 (22.5%) 34 (85%) 6 (15%) 40 (100%) 0 (0%) 40 (100%) 0 (0%)
p value 0.25 0.37 - -
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@) o The mouth opening preoperatively in both the groups
sl sy was found to be almost equal. On 1st and 7th postoperative
als s day, the mouth opening was less in Group-I which was
o found to be significant (p = 0.001, 0.002, respectively).
%‘) The reason for this difference might be due to the fact that
3 ~8 o more periosteal stripping is required in 3-D miniplate
s | =B g = % placement as compared to miniplate. All the patients had
é Zlo aa adequate mouth opening at 1st month and 3rd month fol-
& z S = low-up. These findings were similar to the study of Vineeth
z E s Ex et al. [on immediate postoperative day (p = 0.656) and on
,g 5 g :% % i 7th postoperative day (p = 0.087)] [13], Al-Moraissi et al.
| »n AN —~ N O [20]
3 Average operating time was less with the 3-D miniplate
%‘) g g § system in comparison with conventional miniplates in the
ol I symphysis/parasymphysis region because placement of one
< plate makes another plate in place, thus reducing the
Eﬁ manipulation for two individual plates. In the angle region,
E -8 = the 3-D miniplate took more time as compared with con-
=18 <S5 ventional miniplates. Intra-oral placement of the 3-D
E|IE|lsaa miniplate is also more difficult. In bilateral fracture of
i > ~ mandible, operating time for 3-D miniplate was less
% § %Q § § compared to miniplates. Overall operating time was
& Zlz 22 < slightly higher with the 3-D miniplate system as compared
21318 2& s with conventional miniplates. These findings were consis-
g = tent with study done by Jain et al. [12] and Singh et al. [21]
%" g? % E who found that the 3-D miniplate system took less oper-
Al 3= ating time in the symphysis/parasymphysis region and
- more time in the angle region as compared with conven-
Ex) tional miniplates. Al-Moraissi et al. [20] found no signifi-
_Qg WA cant difference in duration of surgery (p = 0.141) between
= @ 8 8 two groups.
2|2+ v Three-dimensional miniplate system uses lesser implant
2 = —~ material in the symphysis and parasymphysis region, as
; glses § only one plate and four screws are fixed as compared to
& “2 2 88 o miniplates where two plates and eight screws are fixed.
Eldlezas Overall cost of the treatment is reduced to half for 3-D
% 9 . miniplate in comparison with miniplates of the same
5 %" S ¥ 5 manufacturer. However, cost of the implant used in other
% g i/ S E areas of mandible is comparable for both the systems [14].
5 - Postoperative infections occur commonly due to
% §° mobility of fracture segments. The improvement in plate
- slees stability will reduce the postoperative infection [22, 23].
g {888 With the use of ORIF, the reported incidence of infection
é > E + w2 ranges from 3 to 32% [7, 24]. In the present study, no
=A o ~ significant difference was noted in infection between two
8 ; Sleg i groups on immediate and 7th postoperative day. At 1 and
E 2 “‘g g 3% _ 3 months, 1 patient (5%) in Group-I and 6 patients (30%)
212|182z 3 in Group-II had developed infection. Plate removal was
§ 2 done in 5% patients in 3-D miniplate group and 15%
S|E patients in miniplate group. However, in follow-up period
a3 — = o of 1 and 3 months, it was significant (p = 0.03). The
2= %‘ % = 5 infections were treated with antibiotics, incision—drainage
g3 = ; and resolved uneventfully. These findings were similar to
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Table 3 Comparison of mouth
opening between two groups

Mouth opening (mm) Group-I (mean £ SD) Group-II (mean £+ SD) )4

Pre-op 3575 £ 4.1 3385 + 44 0.173
Post-op day 1 2410 £ 1.5 27.85 £ 4.0 0.001
Post-op day 7 27.05 £ 1.5 324+ 6.8 0.002
Post-op 1 month 36.15 £ 2.1 37.60 £ 3.6 0.134
Post-op 3 month 36.75 £ 2.0 38.95 £ 4.0 0.036

Table 4 Comparison of paresthesia between two groups

Paresthesia Ist post-op day 7th post-op day 1st post-op month 3rd post-op month

Absent Present Absent Present Absent Present Absent Present
Group-I 13 (65%) 7 (35%) 13 (65%) 7 (35%) 13 (65%) 7 (35%) 13 (65%) 7 (35%)
Group-II 11 (55%) 9 (45%) 11 (55%) 9 (45%) 16 (80%) 4 (20%) 16 (80%) 4 (20%)
Total 24 (60%) 16 (40%) 24 (60%) 16 (40%) 29 (72.5%) 11 (27.5%) 29 (72.5%) 11 (27.5%)
p value 0.51 0.51 0.28 0.28

Table 5 Comparison of infection between two groups

Infection 1st post-op day 7th post-op day Ist post-op month 3rd post-op month

Absent Present Absent Present Absent Present Absent Present
Group-I 20 (100%) 0 (0%) 17 (85%) 3 (15%) 19 (95%) 1 (5%) 19 (95%) 1 (5%)
Group-II 20 (100%) 0 (0%) 17 (85%) 3 (15%) 14 (70%) 6 (30%) 14 (70%) 6 (30%)
Total 40 (100%) 0 (0%) 34 (85%) 6 (15%) 33 (82.5%) 7 (17.5%) 33 (82.5%) 7 (17.5%)
p value - - 0.03 0.03
Table 6 Comparison of complications between two groups studies done by Jain et al. [12], V1n§eth et al. (p = 1.00)

[13], Malhotra et al. [14], Al-Moraissi et al. (p = 1.00)

Complications Group-I.  Group-Il  Overall p value [20], and Singh et al. [21]. Infection rates with 3-D mini-
Nonunion 00%) 00%) 0 (0%) B plate in other studies have been 9% [16], 8.2% [19], 5.5%
Malunion 00%) 2 (10%) 2 (5%) 0.14 [16, 25], and 4.4% [18] for angle fractures and 6.6% [26]
Plate loosening 1 5%) 3 (15%) 4 (10%) 02 and 10% [12] for .mand1bular fracturefs. . .
Extra-oral sinus 2(10%) 3 (15%) 5(125%) 06 Totally, 16 patients had preoperative paresthesia. Nine
Intra-oral sinus 00%)  0(0%) 0 (0%) B patients in Group-I and 7 patients in Group-II had preop-
Wound dehiscence 0 (0%) 0 (0%) 0 (0%) _ erative paresthesia. In Group-I, 7 patients (35%) and in
Sear 10 (50%) 9 @5%) 19 (47.5%) 0.7 Group-II, 9 patients (45%) had a complaint of paresthesia

Table 7 Comparison of post-
op X-ray findings between two

groups
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postoperatively on day 1 and 7 (p = 0.51). At the follow-
up of 1st and 3rd month, 7 patients (35%) from Group-I

Immediate post-op X-ray findings

Group-1 n (%) Group-1I n (%) P

Precise anatomic reduction

Slightly displaced fracture with satisfactory occlusion

Poorly reduced fracture

Total

16 (80.0) 7 (35.0) 0.004
4 (20.0) 13 (65.0)

0 (0.0) 0 (0.0

20 (100.0) 20 (100.0)
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and 4 patients (20%) from Group-II had paresthesia
(p = 0.28). Three-dimensional plates were placed in
mental region involving isolated body and combined body
fracture with other region of mandible fracture in 8
patients. Out of 8 patients, 6 patients had paresthesia in
mental region after 3 months. Residual sensory impairment
was present at 3 months of follow-up. Whether the sensory
impairment was transient or permanent could not be
assessed because of limited follow-up period. The sensory
disturbance identified after surgery might be due to
manipulation of the fracture site during surgery [27],
debridement of fracture site, extraction of 3rd molar [28],
fixation of screws in the inferior alveolar canal which can
be avoided with the use of monocortical screws. However,
incidence of sensory impairment in previous reports was
about 0—-8% with monocortical screws [29]. Guimond et al.
[17] and Pal et al. [25] found 60 and 16.7% postoperative
persistent sensory deficit, respectively.

No significant difference in pain (VAS) was noted
between both groups at any of the follow-ups. These
findings were similar to the study done by Singh et al.
(p > 0.005) [21]. Swelling was compared on postoperative
day 3. Difference of swelling between two groups was not
significant (p = 0.21).

Infection or conditions that decrease blood supply are
the usual cause of nonunion and delayed union. Incidences
of malunion and nonunion range between 1 and 2% [30].
Potter and Ellis [31] reported 10.8% of plate fracture with
1.3-mm malleable noncompression miniplates which in
turn resulted in interfragmentary mobility and nonunion.
Farmand and Dupoirieux [8] treated 95 mandibular body
fractures using 3-D miniplate and observed infection and
plate fracture in 1 patient. Zix et al. [3] also found plate
fracture in his study which is mainly due to reduced
interfragmental cross-sectional bony surface at the fracture
site.

There was no evidence of nonunion, malunion, plate
fracture in 3-D miniplate group. Similar results were found
by Zix et al. [3] and Malhotra et al. [14]. However,
malunion was found in 10% patients in miniplate group
only. The incidence of malunion has been reported to occur
in a range of 0—4.2% [32]. Malunion results from inade-
quate fracture reduction or immobilization, poor patient
compliance, or improper use of rigid internal fixation [33].
Plate removal was done in 5% patients in 3-D miniplate
group and 15% patients in miniplate group due to loosen-
ing of plate and screws which resulted because of infection.
Poor fixation of screws and plates was chief reason for
plate removal in this study. Moore et al. [34] found that the
incidence of plate removal was 18.2% when using Cham-
py’s technique compared to 8.2% with the use of 3-D strut
plates. None of the patients developed wound dehiscence
showing similar results as of Jain et al. [12], but contrary to

study by Al-Moraissi et al.(p = 0.296) [20], Pal et al. (11%
wound dehiscence) [25], and Pandey et al. (33% wound
dehiscence) [35].

In postoperative X-ray findings, the difference of fixa-
tion between two groups was statistically significant
(p = 0.004). Possible explanation of this difference is that
3-D miniplate secured with bone screws creates box-like
configuration and stabilizes the fracture in three dimen-
sions which is not possible in case of miniplate fixation.

Limitations of this study are inclusion of isolated fractures
and bilateral fractures. The treatment protocol, fixation
requirements, and forces acting on bilateral fractures are
different from that of isolated fractures. Our sample size was
small with follow-up of 3 months. Complications with RIF
may occur well after 3 months, and these could affect out-
come variables. The masticatory forces were not measured in
postoperative period. Qualitative assessment of sensory
disturbances was not observed in postoperative period.

Conclusion

There is no major difference in clinical outcomes between
two plating systems, and both can be effectively used in
treatment of mandible fractures. Intra-oral placement of
3-D miniplate is difficult in angle fractures as well as in
fractures involving mental nerve. However, it provides
superior stability compared to miniplates. Overall compli-
cations are lesser in 3-D miniplate as compared to con-
ventional miniplate. Also, less hardware is used in 3-D
miniplate as compared to miniplate, making it less time-
consuming and more economical in symphysis and
parasymphysis region.
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