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for treating mandibular fractures, and repositioning and 
immobilization of  the bony fragments have been the 
prime principle.[1] Earlier, the jaw was immobilized for a 
prolonged period of  time and the patient had to maintain a 
liquid diet.[2] However, the changing society and reluctance 
of  many patients to wear IMF for a prolonged period have 
forced surgeons to change the treatment modality from 
closed reduction to open reduction. Open reduction with 
internal fixation (ORIF) includes many techniques starting 
from wire osteosynthesis, Luhr’s vitallium compression 
plates, Schmoker and Spiessl’s dynamic compression plate 
(DCP), eccentric DCP reconstruction plate, monocortical 
non-compression mini plates, lag screw, and dimensional 
(three-dimensional [3D]) plates.[3]

Mandibular fractures are divided anatomically into different 
categories. Among them, the angle is the most common 
26.7% followed by condylar and subcondylar 26% then by 
symphyseal/parasymphyseal.[4] However, two modalities 

INTRODUCTION

The individuality of  a man is represented by his 
face, and his identity is the key to his personality and 
interaction. Facial injury is devastating psychological and 
is accompanied by functional disturbances. Mandible is the 
strongest and largest facial bone. By virtue of  its position 
on the face and its prominence and peculiar curved pattern 
and prominent contour forming the so-called jawline 
makes it very susceptible to trauma. From the time of  
Hippocrates, there have been many different techniques 
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Abstract
Purpose: The current study aimed to evaluate the efficacy of 2 mm three-dimensional (3D) titanium locking miniplates in the 
management of anterior mandibular fractures.

Materials and Methods: Twenty patients who fulfilled the inclusion criteria with displaced and undisplaced anterior mandibular 
fractures, open reduction, and internal fixation were done under general anesthesia using 2 mm 3D titanium locking miniplates. 
Patients were further evaluated for the stability of fracture segments and measured the bone density at 1st, 6th, and 12th week 
on a radiograph using Digora software. In addition, post-operative complications such as wound dehiscence, infection, plate/
screw fracture, and screw loosening were also assessed. The results were then subjected to statistical analysis.

Results: The current study showed first, a satisfactory occlusion in all 20 patients. Second, satisfactory healing of the fracture 
site was observed on a radiograph at 1st, 6th, and 12th weeks. The results were statistically significant at P < 0.05. However, 1 
(5%) case of infection was noted and none of the cases had any wound dehiscence, plate/screw fracture, or screw loosening.

Conclusion: The use of 2 mm 3D titanium locking plate has proven to be effective in the management of anterior mandibular 
fractures.

Key words: Mandibular anterior fracture, Miniplate, Titanium three-dimensional locking plate

Access this article online

www.ijss-sn.com

Month of Submission : 06-2020 
Month of Peer Review : 07-2020 
Month of Acceptance : 07-2020 
Month of Publishing : 08-2020

Corresponding Author: Dr. Jerin Jose, Department of Oral and Maxillofacial Surgery, The Oxford Dental College, Bengaluru - 560 068, 
Karnataka, India.

Print ISSN: 2321-6379
Online ISSN: 2321-595X



Pande, et al.: 3D Locking Titanium Implants in Anterior Mandibular Fractures

4848International Journal of Scientific Study | August 2020 | Vol 8 | Issue 5

of  treatment of  mandibular fracture have been evolved; 
one is rigid stabilization, given by Spiessl[5] and the other 
semi-rigid fixation suggested by Champy et al.[6,7] Ideal 
location for plate fixation is at the region of  maximum 
tension, that is, superior border, but due to presence of  
tooth root and inferior alveolar bundle, this is not possible, 
thus the plate is fixed at the lower border, but this fails to 
control the superior border fanning so tension band is 
required for better stability.[8] Moreover, the conventional 
miniplate techniques requires maxillomandibular fixation 
for a short period of  time and fail to provide 3D stability.[9] 
These limitations are overcome by the introduction of  3D 
plates.[10] The design of  the 3-D plates mainly consists of  
two linear plates connected by reinforcing vertical struts, 
3D plates; therefore, it provides greater resistance against 
the gap opening at either the superior or inferior border. 
In addition, it uses lesser foreign materials, reduces the 
operation time and overall cost of  treatment.[11] Very few 
studies have reported previous clinical experiences with 
these plates in mandibular fractures. The present study 
aimed to evaluate the efficacy of  2 mm 3D titanium locking 
miniplates in the management of  anterior mandibular 
fractures.

MATERIALS AND METHODS

A prospective clinical study was conducted on 20 
consecutive patients who reported to department of  
oral and maxillofacial surgery with anterior mandibular 
fractures. The study was approved by the ethical committee 
and informed consent was obtained from all patients who 
agreed to participate in the study. All 20 patients underwent 
ORIF under general anesthesia using 2 mm 3D titanium 
locking miniplates and 2 mm × 10 mm length monocortical 
locking screws.

Inclusion and Exclusion Criteria
The patients for this study were selected on the basis 
of  the inclusion and exclusion criteria. Inclusion criteria 
were as follows: Patients within the age group of  20–50 
years, patients with a displaced or undisplaced anterior 
mandibular fracture that needed an open reduction and 
internal fixation, and patients under the Anesthesiologists-1 
category. The exclusion criteria were those patients 
with comminuted fractures, patients with pathological 
fractures and bone pathology, patients with an immune-
compromised state, and fractures associated with infection.

Pre-operative Assessment
The pre-operative assessment included detailed case history 
to evaluate age, sex, type of  fracture, etiology, pre-surgical 
occlusion, which was categorized as either deranged or not 
deranged, associated fracture of  the mandible and whether 

the fracture was displaced or undisplaced. Subsequently, 
patients were subjected to radiographic investigation, which 
included extraoral radiography (orthopantomograph, 
posterior anterior view of  mandible) and intraoral 
radiograph (occlusal view of  mandible) followed by routine 
complete blood investigations.

Study Variables
In the present study, patients were evaluated first for the 
stability of  fracture segments after fixation. Second, for any 
post-operative complications such as wound dehiscence, 
infection plate/screw fracture, and screw loosening. Third, 
bone densities were measured on a radiograph at 1st, 6th and 
12th weeks postoperatively using Digrora software.

Surgical Technique
After intubation of  the patient, neosporin ointment was 
applied to both the eyes and sterile gauze pads were 
placed over the eyes followed by the placement of  the 
throat pack. The patient was scrubbed with 2% cetrimide 
hydrochloride, painted with 5% povidone-iodine, and 
draped according to the standard protocol. Irrigation 
of  the oral cavity was done with 0.2% chlorhexidine 
gluconate solution. The surgical approach for the fractures 
was through the intraoral vestibular incision in thirteen 
patients and in seven patients through the extension 
of  existing laceration. Infiltration was done using 2% 
lignocaine hydrochloride with 1:80,000 adrenaline. The lip 
was then retracted and the marking of  incision was made 
using Bonny’s Blue Ink. A curvilinear incision was made 
perpendicular to the mucosal surface. Care was taken to 
place the incision out into the lip, leaving at least 1 cm of  
attached gingiva. The mentalis muscle was identified and 
incised perpendicular to bone, leaving a flap of  muscle 
attached to bone for closure. Dissection was carried out 
subperiosteally and the mental neurovascular bundle was 
identified approximately midway between the alveolar 
ridge and inferior border, below the second premolar 
or slightly anterior. The fracture site was then identified 
and reduced. Intra-oral occlusion was achieved with 
intermaxillary fixation. The bone plates were adapted and 
held with a plate holding forceps to make bur holes for 
the screws. The fractured segments were then fixed with 
2 mm 3D titanium locking miniplates and 2 mm × 10 mm 
length monocortical screws [Figure 1]. The bur hole was 
made using a drill bit of  1.5 mm × 10 mm. Care was taken 
to avoid damage to the roots of  the teeth and the mental 
nerve. The other associated fractures of  the mandible 
were treated as per routine. Guiding elastics were placed 
as per treatment protocol. Once adequate fixation 
was achieved, the area was irrigated with povidone-
iodine and normal saline. Intra-operative stability of  
fracture segments after fixation was checked by clinical 
manipulation in three directions. No further intervention 
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was required, as adequate stability was obtained. After 
achieving adequate hemostasis, the wound was closed in 
two layers with 3–0 vicryl. Then, intermaxillary fixation 
was released. Fractures with minor occlusion discrepancies 
were managed by intermaxillary fixation for 2 weeks. The 
adhesive bandage was applied to the chin to support the 
mentalis muscle and prevent its drooping. Extubation 
was done uneventfully and the throat pack removed. 

All patients were kept postoperatively on intravenous 
antibiotics for 5 days and analgesics for 3 days. In addition, 
0.2% chlorhexidine gluconate mouthwash was prescribed 
for 30 days to maintain oral hygiene.

Statistical Analysis
Comparison of  presurgical and post-surgical occlusion 
was done using the Chi-square test. Comparison of  the 

Figure 1: The placement of the three-dimensional locking plate in the treatment of anterior mandibular fracture by open reduction 
and internal fixation
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radiographic healing at 1 week, 6 weeks, and 12 weeks was 
analyzed using students t-test.

RESULTS

Demographically, of  20 patients, 13 were between 21 and 
30 years, six between 31 and 40 years, and one between 
41and 50 years. Patients older than 50 years were excluded 
from the current study as there could be comorbid systemic 
conditions associated and, moreover, there could be 
chances of  nonunion. In the current study, of  20 patients, 1 
was female (05%) and 19 were male (95%). The distribution 
of  the number of  patients according to the etiology for 
the anterior mandibular fractures was four patients with 
road traffic accidents (20%) followed by five patients with 
assault (25%) and 11 patients with falls (55%). Fracture 
distribution consisted of  six symphysis fractures (30%), 
nine parasymphysis fractures (45%), and five parasymphysis 
fractures associated with subcondylar fracture (25%). On 
clinical examination, 4(20%) patients had undisplaced 
fractures and 16 (80%) patients had displaced fractures 
with resultant derangement in occlusion [Table 1].

The reduction was adequate in all 20 patients. The two 
subcondylar fractures of  the mandible were managed 
by ORIF with a 3D trapezoidal locking plate and three 
subcondylar fractures of  the mandible were managed by 
inter-maxillary fixation for 4 weeks. All 20 patients were 
evaluated for post-operative occlusion. Postoperatively, 
the release of  inter maxillary fixation and occlusion was 
satisfactory in all 20 patients. Table 2 depicts the comparison 
of  pre- and post-surgical occlusion in all 20 subjects. 
Pre-surgical and post-surgical occlusion was compared 
statistically using Chi-square test; the Chi-square value was 

40 (>5.99 for P = 0.05). The results showed satisfactory 
post-operative occlusion in all 20 patients (100%) and the 
results were statistically significant [Table 2].

The radiographic bone density at 1st, 6th, and 12th-week 
postoperatively was calculated using Digora software. 
Digora calculated the density of  the region of  the 
interest, that is, the chosen area along the fracture line. 
The respective pixel values obtained with the Digora 
software were compared statistically using student t-test 
[Table 3]. Comparison of  preoperative and postoperative 
radiographic healing at 1st, 6th and 12th weeks. The results 
showed that the radiographic bone density between 
the pre-operative and 1st week was 1.81. This was not 
statistically significant. However, the comparison of  pre-
operative radiographic bone density at 6th and 12th weeks 
postoperatively showed 8.91, 10.54, respectively. These 
results were statistically significant [Figure 2].

Table 4 demonstrates the distribution of  patients according 
to the post-operative complications. The results suggested 
that postoperatively only 1 (5%) patient presented with 
infection. None of  the cases had wound dehiscence, plate/
screw fracture, or screw loosening [Table 4].

DISCUSSION

Over the years, the methods to treat mandibular fractures 
have undergone many refinements. The strategic position 
of  the mandible on the facial skeleton and its unique 
role in mastication, deglutition, phonation, and esthetics 
compels the clinician to give immediate attention 
whenever it is fractured. The primary goal of  treatment of  
mandibular fractures is to achieve satisfactory occlusion. 

Table 1: The pre-operative study variables
1 25 M Right parasymphysis fracture Deranged No Displaced
2 24 M Left parasymphysis fracture Deranged No Displaced
3 35 F Left parasymphysis and right low subcondylar fracture Deranged Yes Displaced
4 40 M Right parasymphysis and left subcondylar fracture Deranged Yes Displaced
5 24 M Left parasymphysis fracture Normal No Undisplaced
6 20 M Left parasymphysis and right subcondylar fracture Deranged Yes Displaced
7 21 M Left parasymphysis and right subcondylar fracture Deranged Yes Displaced
8 23 M Right parasymphysis and left subcondylar fracture Deranged Yes Displaced
9 23 M Symphysis fracture Normal No Undisplaced
10 50 M Right parasymphysis fracture Deranged No Displaced
11 30 M Left parasymphysis fracture Deranged No Displaced
12 32 M Symphysis fracture Deranged No Displaced
13 27 M Symphysis fracture Deranged No Displaced
14 22 M Symphysis fracture Deranged No Displaced
15 38 M Left parasymphysis fracture Deranged No Displaced
16 35 M Right parasymphysis fracture Deranged No Displaced
17 27 M Symphysis fracture Deranged No Displaced
18 22 M Left parasymphysis fracture Deranged No Displaced
19 29 M Symphysis fracture Normal No Undisplaced
20 35 M Right parasymphysis fracture Normal No Undisplaced
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Table 2: The distribution of number of patients 
according to the pre-surgical and post-surgical 
occlusion
Occlusion Pre-surgical Post-surgical

Number Percentage Number Percentage
Deranged 16 80 00 00
Not deranged 04 20 00 00
Satisfactory 00 00 20 100
Chi-square value 40.00 (>5.99 for P=0.05), there is association between occlusion and 
pre-surgical and post-surgical

Table 3: The comparison of radiographic healing 
preoperatively and in 1st, 6th, and 12th weeks 
postoperatively
Between pre-operative and 1st week 1.81(NS)
Between pre-operative and 6th week 8.91(S)
Between pre-operative and 12th week 10.54(S)
*S-Denotes statistically significant, NS: Denotes statistically not significant

The current study aimed to evaluate the efficacy of  2 mm 
3D titanium locking miniplates in the management of  
anterior mandibular fracture. For this purpose, a total of  
20 patients with symphysis and parasymphysis fractures 
of  the mandibles who fulfilled the inclusion and exclusion 
criteria were chosen for the study. Of  the 20 patients, 
six patients had symphysis fractures, nine patients had 
parasymphysis fractures, and the remaining five patients 
had parasymphysis fractures associated with subcondylar 
fractures.

Conventional indirect wiring techniques for closed 
reduction achieve satisfactory occlusion with good bone 
healing, but may not reestablish the anatomical reduction. 
However, in the past, different techniques of  (ORIF) 
have shown varying success rates. Michelet et al. in 1973 
developed small plates and monocortical screws to fix 
mandibular fractures.[12] Furthermore, Champy’s technique 
of  placing plates along ideal lines of  osteosynthesis using 
intraoral incisions, mini plates, and monocortical screws is 
well known. Although this technique avoids the placement 
of  cutaneous incisions, reduces the operative time, and 
nerve injury, the lack of  absolute rigidity with the smaller 
plates and the requirement for patient compliance with a 
liquid to soft diet during healing is a major limitation of  
this technique.[13] In contrast, the limitation of  rigid and 
semi-rigid fixation led to the development of  3D plates. 

The design of  the 3D plate is basically quadrangular, 
geometrically consisting of  two horizontal plates 
interconnected as vertical struts by which provide stability 
in all three dimensions. The strut plates provide greater 
resistance against gap opening at the inferior border with 
biting forces compared with a single plate at the external 
oblique ridge or superolateral border. The 3D plate 
provides three-dimensional stability and carries a low 
infection rate.[14] The stability achieved by the geometric 
shape of  the 3-D plates, it is better than that of  standard 
miniplates. In the current study, 18 patients were treated 
with ORIF using a four-holed 3D plate and two patients 
with oblique fractures with a six-holed 3D plate. The 
results showed satisfactory post-surgical occlusion in all 
20 patients (100%). A statistically significant correlation 
(P < 0.05) was obtained between pre-surgical and post-
surgical occlusion. Babu et al.[15] also reported satisfactory 
post-operative occlusion and healing with no paresthesia 
or no soft tissue infection in subjects when treated under 
open reduction and internal fixation using 2 mm 3D locking 
titanium miniplate.

Munhoz et al.[16] used Digora software to measure bone 
density in the sockets of  mandibular third molars after 
extraction of  the tooth and grafting. Bone density and 
crest healing were measured immediately at 2 months and 
6 months after surgery. Bone density increased significantly, 
and there was a statistically significant difference between 
the experimental and control groups. The current study 
also showed a gradual increase in bone density at 1st, 6th, 
and 12th weeks using Digora software. The radiographic 
bone density between the pre-operative and 1st week 
was 1.81. This was not statistically significant. However, 
the radiographic bone density at 6th and 12th-week 
postoperatively was statistically significant.

Loosening of  screws and plates is considered to be one 
of  the main risk factors for increased rates of  infection 
because it is known that loose hardware propagates an 
inflammatory response. The possible advantage of  this 
property of  a locking plate/screw system is the decreased 
incidence of  inflammatory complications from the 
loosening of  the hardware and reduced period of  inter-
maxillary fixation postoperatively.[17] The present study 
used a modified locking system with a 2 mm 3D titanium 
locking miniplate/screw system and 2 mm × 10 mm 
monocortical screws where the threads in the head of  the 
screw are tapered and there is a bevel within the plate. On 
the last turn, while seating in the screw, the thread in screw 
head will engage the bevel in the plate. This tapered screw 
design eliminates the need for meshing of  the screw and 
plate threads, thus providing the freedom to place the screw 
up to a 100 angulation from the plane perpendicular to the 
plate.[12] Furthermore, locking plate/screws have certain 

Table 4: The distribution of patients according to 
the post-operative complications
Post operative 
complication

Number Percentage Number Percentage

Wound dehiscence 20 100 00 00
Infection 19 95 01 05
Plate/screw fracture 20 100 00 00
Screw loosening 20 100 00 00
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Figure 2: The post-operative occlusion and radiographic fracture healing after the placement of three-dimensional locking plate at 
1st, 6th, and 12th weeks postoperatively

advantages over conventional plate/screws. They include 
greater stability across the fracture site with less chance of  
screw loosening as the screw head locks into the congruent 
thread of  the plate transforming the screws and plate into 
a single unit. Moreover, intimate contact of  the plate to 
the bone is not necessary with the use of  these plates, and 
the cortical perfusion is preserved with a decrease in the 

incidence of  bone necrosis, thus enhancing bony healing 
and regeneration.

There are several reasons for post-operative infection 
which includes the presence of  teeth in the line of  
fracture, delay in antibiotic therapy, poor oral hygiene, and 
patients on immunosuppressive drug therapy. However, 
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the current study showed one minor complication of  
plate infection. However, the plate infection got resolved 
with the administration of  IV antibiotics. Further studies 
with a larger sample and follow-up would give a possible 
explanation for this particular observation. Furthermore, 
none of  the cases showed wound dehiscence, plate/screw 
fracture, and screw loosening and all 20 patients (100%) 
showed satisfactory occlusion and good post-radiographic 
healing. This suggests that 3D locking titanium miniplates 
are a promising and effective method for the management 
of  ORIF of  anterior mandibular fracture.

CONCLUSION

Our study firstly showed a decreased incidence of  
inflammatory complications from loosening of  the 
hardware. Second, fixation of  mandibular fractures with 3D 
self-locking titanium plates facilitated stabilization at both 
the superior and inferior borders and thereby preventing 
displacement of  the segment postoperatively. Third, a 
100% satisfactory occlusion and a good post-radiographic 
healing were obtained.
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