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Abstract: Mandibular angle fractures (MAFs) are treated in a variety of ways; however, the standard
therapy is still up for debate. Despite the fact that many studies have generated evidence for the
appropriate biomechanical stability of 3-D miniplates, there is an insufficient amount of data on the
treatment of mandibular angle fractures with these plates. A comparative study was conducted at
The Department of Oral and Maxillofacial Surgery, Pakistan Institute of Medical Sciences (PIMS),
Islamabad. Patients were randomly divided into two groups of 52 patients each. Patients in group A
were treated with 3-D miniplate placement on the lateral cortex following the principle of 3-D fixation
proposed by Farmand and Dupoirieux, whereas patients included in group B were treated using 2-D
conventional miniplate, placed according to Champy’s line of ideal osteosynthesis. A single surgical
team performed the procedure. On the first and seventh post-operative days, the first month, and
then the third month after surgery, regular evaluations were conducted. Assessment regarding Post
Open Reduction and Internal Fixation (ORIF) occlusion was performed with the help of measuring
tools. On the first day post-operative follow-up, 41 (78.8%) patients in group A and 31 (59.6%)
patients in group B had satisfactory occlusion. The seventh day post-operative follow-up showed that
43 (82.7%) patients in group A and 41 (78.8%) patients in group B had satisfactory occlusion (p > 0.05).
In both treatment groups, the first and third month follow-up evaluations revealed optimal occlusion.
In comparison to conventional 2-D miniplate, the 3-D miniplate system produced better results and
can be recommended as a better option for the management of mandibular angle fractures.
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1. Introduction

Mandible holds an essential role in the maxillofacial region in terms of both func-
tion and appearance. Males are more likely to suffer from mandibular fractures than
females [1,2]. Fractures of the mandible constitute 15.5–59% of all fractures of the face [3,4].
Esthetic and socially compromised disabilities are caused by fractures of the mandible [5].
Pertaining to the etiology of mandibular fractures, studies have often shown that road traf-
fic accidents (RTAs) are the main cause for most of the patients reporting with mandibular
fractures, other factors are physical attacks, sports injuries, and falls [6,7]. The characteristic
of mandibular angle fractures (MAFs) is that a fracture line starts around the most anterior
edge of the mandibular ramus and connects with the mandible, usually around the area of
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the third molar [8,9]. MAFs are common mandibular fractures, accounting for nearly 25%
of mandibular fractures [10]. This repetitive association of the mandibular angle region in
fractures, including the face, may be due to a thinner cross-sectional region, the presence
of third molars, and the angle being exposed to strong muscular forces [8]. MAFs create
more complex fracture related injuries than any other mandibular fracture. The treatment
of mandibular angle fractures requires precise knowledge of the surgical framework, mus-
cle insertion, associated biomechanical loads and their effect on the angle, as well as the
presence of a third mandibular molar in the fracture line [8,10,11]. The literature reports a
variety of techniques for managing mandibular angle fractures, including closed reduction
with maxillomandibular fixation, transosseous wire, lag screw, and open reduction with
plate osteosynthesis [12]. At present, miniplate internal fixation has become the standard
treatment for mandibular angle fractures. The advantages of open reduction and internal
fixation include early repair of occlusal function and correct fracture reduction [13]. About
a decade ago, the use of miniplates and monocortical screws for the two-point fixation of
angle fractures was widely recommended, but compared with single-point fixation, the
complication rate was much higher [14,15]. Thus, the single miniplate used according
to Champy’s principles has developed into the standard procedure for angle fractures
in various units [16,17]. Recently, reservations regarding the lack of three-dimensional
stability of the traditional miniplate fixation of mandibular angle fractures have become the
focus of debate among surgeons. This is based on current clinical and experimental studies,
where many authors have attributed inferior border splaying to loading forces applied
near the fracture line, posterior open bite on the side of the fracture, wound dehiscence,
and infection [18,19]. These limitations led to the development of 3-D miniplates. This
plating system was proposed by Mostafa Farmand in 1992 for the treatment of maxillofacial
fractures [20]. It is conjectured that a single matrix miniplate offers functional stability
desired for the fixation with minimal operative time and a comparatively lower compli-
cation rate [21]. The shape of the 3-D strut plate theoretically increases the number of
screws, allowing for 3-D stability and resistance to torque forces while maintaining thinness
and malleability [15,21]. However, there is just a small number of studies available in the
literature on 3-D miniplate fixation, in contrast with the customary 2-D miniplate fixation
technique. Particularly, in Pakistan, no substantial work on 3-D miniplates has been carried
out to this point.

Henceforth, based on this little information, there is no consensus on whether one
method is better than the other. Therefore, this study aims to evaluate the clinical applica-
tion of 3-D titanium miniplates and traditional 2-D miniplates in the open reduction and
internal fixation of isolated MAFs.

2. Materials and Methods

A comparative study was performed at the department of Oral and Maxillofacial
Surgery, PIMS Hospital, Islamabad, from February 2018 to February 2019. Sample size was
calculated by using the WHO sample size calculator. The inclusion and exclusion criteria
were defined as follows:

Patients who met the inclusion criteria (Table 1) were recruited from the department of
Oral and Maxillofacial Surgery PIMS. Informed, written consent was taken. Demographic
data was recorded on the Proforma. Patients were randomly allocated into group A and
group B, each having 52 patients. Patients in group A were treated with 3-D miniplate place-
ment on the lateral cortex following the three-dimensional principle fixation of Farmand
and Dupoirieux (Figure 1), whereas group B were treated with a 2-D conventional miniplate
placed along Champy’s line of osteosynthesis (Figure 2). Fractures were treated by open
reduction under general anesthesia. The fracture site was accessed either intraorally or
transbuccally, contingent on the location of the fracture and the access extent. Procedure
was performed by a single surgical team. Temporary intraoperative maxillomandibular fix-
ation was established with the eyelet wires. Third molar in the line of fracture was removed
during the surgery, if indicated, i.e., if fractured, carious, or causing hindrance in reduction
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of fracture segments. MMF was released after reducing and fixing the fracture. Both the
groups were prescribed antibiotics Injection Amoxicillin/clavulanic acid 1.2 g I/V BD, Inj.
Metronidazole 500 mg I/V TDS, and analgesics (Diclofenac Sodium 75 mg I/M) BD for
five days. Patients were advised to use a soft diet and maintain strict oral hygiene. Patients
remained admitted in the ward for three days depending upon the condition of patients.
All patients were assessed on the first day, seventh day, first month, and third month
postoperatively to evaluate post ORIF occlusion by using a divider and caliper between the
upper and lower first molar and was categorized as satisfactory (no gap), mildly deranged
(1–2 mm gap), and deranged (>2 mm gap). Findings were recorded on the proforma. Data
collected were entered in Statistical Package for Social Sciences (SPSS) version 25.0. and
results were analyzed. Chi-squared test analysis was used for all statistical comparisons. A
p-value of 0.05 was arbitrarily taken to be significant.

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Patients above 16 years diagnosed with
isolated mandibular angle fractures Previously treated mandibular angle fractures

Infected fractures
Comminuted fractures

Completely edentulous patients
Medically compromised patients

Figure 1. Pre-op picture of patient with 3D miniplate.

Figure 2. Pre-op picture of patient with 2-D miniplate.

3. Results

The age of the patients in the present study ranged from 16 to 60 years. Table 2
describes that the majority of patients were in the 16–30 years age group (n = 70, 67.3%),
while the least number of patients were in the 41–60 years age group (n = 5, 4.8%). Out
of the 104 patients in this study, there were 72 men (69.2%) and 32 women (30.8%). In
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group A, there were 30 (57.7%) male and 22 (42.3%) female patients. In group B, there
were 42 (80.8%) male and 10 (19.2%) female patients. RTAs were reported to be the most
frequent cause of the angle fractures (n = 58, 55.8%). This was followed by falls (n = 36,
34.6%) and assault (n = 10, 9.6%). After day 1, 72 cases were reported to be satisfactory,
27 were mildly deranged, and five cases were reported to be deranged in both groups
collectively. Table 3 represents that in group A, 41 cases were found to have satisfactory
occlusion, as compared to 31 cases in group B having satisfactory occlusion. Furthermore,
10 patients from group A had mildly deranged occlusion, in comparison to 17 cases in
group B having mildly deranged occlusion. The differences in the frequency distribution
of occlusion at day 1 between groups A and B were not found to be significant (p > 0.05).
At day 7, in group A, 43 cases were found to have satisfactory occlusion, as compared to
41 cases in group B having satisfactory occlusion. Furthermore, nine patients from group
A had mildly deranged occlusion, in comparison to 11 cases in group B having mildly
deranged occlusion. At the first and third months, all 104 patients were reported to have
satisfactory occlusion (The changes during course of study have been shown in Figure 3).

Figure 3. Occlusion in group A and group B over the 4 time intervals.

Table 2. Demographic data (n = 104).

Gender Distribution

Group A Group B Total p-Value
Males 30 (57.7%) 42 (80.8%) 72 (69.2%)

0.02Females 22 (42.3% 10 (19.2%) 32 (30.8)

Etiology of Fractures

Fall 28 (53.8%) 8 (15.4%) 36 (34.6%)
0.01RTA 20 (38.5) 38 (73.1%) 58 (55.8%)

Assault 4 (7.7%) 6 (11.5%) 10 (9.6%)
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Table 2. Cont.

Age Group

16–30 27 (51.9%) 43 (82.7%) 70 (67.8%) 0.01
31–40 22 (42.3%) 7 (13.5%) 29 (27.9)
41–60 3 (5.8%) 2 (3.8%) 5 (4.8%)
Total 52 (100%) 52 (100%) 104 (100%)

Table 3. Occlusion (n = 104).

Group A Group B Total p-Value

Occlusion Day 1

Satisfactory 41 (78.8%) 31 (59.6%) 72 (69.2%)
0.11Mildly

Deranged 10 (19.2%) 17 (32.7%) 27 (26.0%)

Deranged 1 (1.9%) 4 (7.7%) 5 (4.8%)

Occlusion Day 7

Satisfactory 43 (82.7%) 41 (78.8%) 84 (80.8%)

0.62
Mildly

Deranged 9 (17.3%) 11 (21.2%) 20 (19.2%)

Deranged 0 0 0
Total 52 (100%) 52 (100%) 104 (100%)

4. Discussion

The geometry of the 3-D plate permits three dimensional stability and opposes torque
forces while ensuring a low profile and malleability [22]. A three-dimensional plate is
a modification of Champy’s system in which two plates are connected by vertical bars,
neutralizing tension and compression forces at the same time [23]. The present study
compared the effectiveness of the 3-D miniplate system, in comparison to the 2-D miniplate
system, for the treatment of isolated mandibular angle fractures in terms of achieving
balanced dental occlusion.

This study reported road traffic accidents to be the most common cause of mandibular
angle fractures (n = 58, 55.8%), followed by falls (n = 36, 34.6%) and assault (n = 10,
9.6%). However, the most common etiological factor for mandibular angle fractures in the
developed world is assault in males and road traffic accidents in females [24]. The possible
reason for this could be the high volume of accidents in Pakistan. This suggests that the
social, cultural, and environmental risk factors affecting the occurrence of mandibular angle
fractures differ from one country to another. Data from the developed world reports men to
be more likely to suffer from mandibular fractures (70–85%) [25]. Similarly, our study also
reported 72 (69.2%) cases in men, as compared to 32 (30.8%) cases in women. Mandibular
angle fractures are observed in the second and third decades in the developed world [26].
Our study reported 70 (67.3%) mandibular angle fracture cases in the 16–30 years age
group and 29 (27.9%) cases in the 31–40 years age group. This increased susceptibility
of fractures, associated with gender and age range, could possibly be explained by the
increased likelihood of interpersonal violence and road traffic accidents in these groups.
The present study reported a total of 32 (30.8%) cases which had either mildly deranged
or deranged occlusion after the first post-operative day. Out of these 32 cases, 11 (21.1%)
patients were treated with 3-D plates, while 2-D plates were placed in 21 (40.4%) cases.
These findings suggest that, after the first post-operative day, the malocclusion was reported
in a significantly greater number of patients in whom 2-D plates were placed, as compared
to those in whom 3-D plates were placed. However, by the end of the first week, the
difference in the malocclusion between the two groups was not significant (p = 0.62). This
difference in initial stability could be attributed to the comparatively better interfragmentary
strength of the 3-D miniplates. Vineeth et al. compared the effectiveness of a single
compression miniplate and 3-D miniplate in a sample of 30 patients with mandibular angle
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fractures. The difference in malocclusion between the two groups was reported to be
statistically significant (p < 0.05): patients with 3-D plates reported to have better occlusion
results [27]. Al Tairi reported a 100% (n = 8) occlusion rate for patients treated using 3-D
plates for mandibular angle fractures. An occlusion rate of 87.5% (n = 7) was reported for
patients treated with 2-D plates [28]. A systematic review by Al-Moraissi reported fewer
complication rates for 3-D plates in comparison to 2-D plates for managing mandibular
angle fractures based on better interfragmentary stability [29]. Similarly, a meta-analysis
by Wusiman depicted a lower incidence of malocclusion with a 3-D miniplate fixation
as compared to the 2-D miniplate [30]. The results of our study strongly substantiate the
findings of these reviews in suggesting the better performance of 3-D plates in the treatment
of isolated mandibular angle fractures. However, there were certain limitations in the
present study. First, the difference in age, gender, surgical approach, and presence of a third
molar would affect the outcome post-operatively. Second, post-operative complications
other than malocclusion were not included in the study. Therefore, there is a need for
further studies with a larger sample size to compare the two techniques effectively.

5. Conclusions

The present study provides significant evidence to suggest that initial occlusion
achieved after the fixation of mandibular angle fractures using 3-D plates is better compared
to cases in which 2-D plates are used. These findings can be used to inform guidelines on
the benefit of the use of 3-D plates in the management of MAF.
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