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Aim of the Study:The aim of the study was to evaluate and compare
the efficacy of the 3-dimensional titanium miniplates against
conventional titanium miniplates in the management of mandibular
fractures.

Materials and Method:This study included 20 cases of either trauma,
reconstructive or orthognathic surgery in which internal fixation is
indicated. Patients were assigned to any one of the two equal groups
randomly. Group A consisted of 10 patients treated by 3-dimensional
titanium miniplates and group B consisted of 10 patients treated by
conventional titanium miniplates. Intra-operative parameter included
operating time of both the groups. Postoperative clinical examination
was carried out on the 1st, 2nd, 3rd, 4th, 6th weeks and the 3rd
postoperative month. Postoperative clinical evaluation included
assessment of pain, stability, infection, bite force, wound dehiscence.
The results of two groups were compared statistically.

Results: A statistically significant difference was found in the operating
time which was less in group A as compared to group B (p = 0.001).
The bite forces recorded on 1% postoperative week were more in group
A as compared to group B and were found to be statistically significant
at incisor region (p=0.012), right canine region (p=0.014), left canine
region (p=0.001), right premolar region (p=0.013) and left premolar
region (p=0.046). No significant difference was found in other clinical
parameters.

Conclusion:Due to simultaneous stabilization at superior and inferior
borders, operating time was relatively less. It provides three-
dimensional stability at the fracture site. 3-dimensional miniplate seems
to be an easy alternative to conventional miniplates.
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Introduction:-
Mandible, as a part of face is one of the commonest sites to be involved in maxillofacial trauma.* The frequency of
symphysis fracture is more after traumatic events involving the mandible with a frequency of 9% to 57%.?

Fractures of facial skeleton result in discontinuity of bone. The aim of mandibular fracture treatment is restoration of
anatomical form and function for which the fractured bone fragments need to be held in stable close apposition to
promote uneventful healing.® The fracture of the mandible can be managed by closed reduction and intermaxillary
fixation (IMF) but, displaced and unfavorable fractures require open reduction and internal fixation (ORIF) and also,
conditions wherein IMF is contraindicated or undesirable, ORIF is preferred.* Internal fixation produces three
dimensional stability of the fracture site which promotes primary healing.® Since its initial development in 1970s,
methods of open reduction and internal fixation have changed and diversified enormously in past few years.® Two
fundamentally different philosophies have evolved. Spiessel and AO/ASIF group advocated use of rigid plates with
bicortical screws whereas; Champy advocated miniplate osteosynthesis using monocortical screws.” The rigid
systems have been replaced by more functionally oriented systems and the term semi-rigid has gained importance.’

Miniplate osteosynthesis affords a reliable method of providing internal fixation of mandibular fractures without the
need for intermaxillary fixation. The technique has advantage of allowing intraoral plate fixation while
simultaneously adjusting the occlusion.® The 3-dimensional (3D) plating system for mandibular fracture treatment is
relatively new. The 3-dimensional titanium miniplates and screws were developed and reported by Farmand and
Dupoirieux. The plates are adapted to the bone according to Champy’s principles and are secured with monocortical
screws. The fundamental idea of three dimensional miniplate is based on the principle of the quadrangle as a
geometrically stable configuration for support. Increased stability is achieved by the geometric shape that forms a
cuboid rather than by its thickness or length.®

Due to the unique biomechanical behaviour of anterior mandibular fractures where there is high negative bending
and high torsion moments, an optimal plate design in this region should be such that it counteracts these forces and
provides stability in all dimensions.*® Management of mandibular fractures in the intermental foramina region using
standard miniplate by conventional technique preferably requires 2 miniplates with 2 holes on either side of fracture
line to overcome the torsional forces whereas a 3D plate provides greater resistance against torque and a single plate
allows simultaneous stabilization at both superior and inferior borders.®

Aim and Objectives:-
The aim of the study was to evaluate and compare the efficacy of the 3-dimensional titanium miniplates against
conventional titanium miniplates in the management of mandibular fractures.

The objectives of the study included:

1. Operating time associated with 3D miniplates and conventional miniplates.
2. To evaluate the pain, postoperative infection and wound dehiscence.

3. To compare the postoperative stability and bite efficiency at the fracture site.
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Materials and Method:-
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Fig. 2:- 2.0 mm three-dimensional titanium miniplates (4 hole, 6 hole) and titanium screws.
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Fig. 3:- 2.0 mm standard titanium miniplates (6 hole, 5 hole, 4 hole, 3 hole, 2 hole) and titanium screws.

Fig. 4:- Digital bite force device.
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Fig. 5:- Measurement of bite force.

The present study was carried out on 20 patients who underwent open reduction with internal fixation for
mandibular fractures in the Department of Oral and Maxillofacial Surgery. The patients were enrolled for the study
consecutively as and when they reported to the hospital. A detailed case history was recorded for every patient.
Informed written consent was taken from each patient after explaining the nature of the study. Patients were
randomly divided into group A & B. Group A consisted of 10 patients treated by 3D titanium miniplates and group
B consisted of 10 patients treated by conventional titanium miniplates. Postoperative clinical examination was
carried out on the 1%, 2™ 3 4™ 6™ weeks and the 3" postoperative month.

Inclusion Criteria:

1) Age of the patient 18 to 50 years with mandibular fractures.

2) Fracture of mandible without gross-comminution of the fracture segments.
3) Osteotomized bone segments for orthognathic surgery.

Exclusion Criteria:

1) Patients with comminuted fractures of mandible.

2) Severely infected fractures with large hematoma.

3) Patients with immunocompromised status.

4) Patients with multiple trauma requiring admission to the intensive care unit.

Preoperative evaluation of the patient:

The sample for study was chosen based on the above-mentioned criteria. A thorough history was noted including the
time and date of accident, time of reporting to the department, mechanism of injury and history of bleeding from ear,
nose and oral cavity. The patient was also questioned about the history of unconsciousness, vomiting and
convulsions as well as the history of amnesia. This was followed by a detailed clinical examination. Stabilization
was done using Erich’s arch bar or interdental wiring. The face and the oral cavity were examined for signs of soft
tissue injuries. All wounds were debrided and lacerated wounds were sutured with 3-0 Vicryl. Inj TT 0.5 ml IM was
administered and patient were started on antibiotics and analgesics. Consent for the surgical procedure was taken.

Radiological Assessment:

The radiographic evaluation consisted of OPG, mandibular occlusal radiograph/PA view. CT scan was done in cases
when deemed necessary. Radiographs were taken preoperatively and postoperatively followed up at regular intervals
up to 3 months.
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Operative Technique:

The method of surgical exposure of the fracture site and reduction of the fracture was similar to both groups of
patients. All the plates and screws were placed through an intraoral approach under local anesthesia. All the patients
were kept under appropriate antibiotic cover preoperatively and up to 7 days postoperatively. Intermaxillary fixation
was achieved to settle the occlusion before surgery. Regional anesthesia was achieved with Lignocaine 2% and
adrenaline 1:100000 by an Inferior Alveolar nerve block and infiltration anaesthesia.

Surgical Exposure:

Intra-orally, local infiltration was performed with Lignocaine 2%, after irrigating the oral cavity with betadine. An
incision was made on oral mucosa 5 mm below the level of attached gingiva. It was extended parallel to the alveolar
process. The incision was made so as to provide adequate exposure of fracture site. Mucoperiosteal flap was raised.

Reduction:

Fracture site was identified, and curetted with the help of curette to remove any trapped muscle, granulation tissue
and blood clots. The fracture site was flushed with 5% povidone iodine followed by normal saline. The fragments
were reduced manually in correct anatomical position. Occlusion was checked and temporary intermaxillary fixation
done, in such a way so as to achieve the maximum apposition of the fracture fragments.

Results:-

Among 20 patients enrolled in the study, 15 were males and 5 were females with 10 patients in group A (3D
titanium) and 10 in group B (conventional titanium).

Average age of subjects in group A was 31.3+8.68 years and that in group B was 30.1+8.33 years.

Table 1:- Distribution of study subjects based on gender.

Male Female
Group A 6 4

60.0% 40.0%
Group B 9 1

90.0% 10.0%

There were 6 (60%) male subjects and 4 (40%) female subjects in group A, and there were 9 (90%) male subjects
and 1 (10%) female subjects in group B (Table 1).

Table 2:- Distribution of study subjects based on fracture site.

Symphysis Parasymphysis
Group A 03 07

30.0% 70.0%
Group B 04 06

40.0% 60.0%

Out of 10 patients in group A, there were three patients (30%) with fracture of symphysis site and seven patients
(70%) with fracture of parasymphysis site. Out of 10 patients in group B, four patients (40%) were fracture of
symphysis site and six patients (60%) were fracture of parasymphysis site (Table 2).

Table 3:- Intergroup comparison of mean time taken for surgery in different groups.

Mean (Min) SD Std Error P value Significance
Group A 94.900 5.709 1.805 .
Group B 108.012 7.546 2.386 0.001 Significant

The mean duration of surgery in group A was 94.9+5.709 min and that in group B was 108.0+7.546 min. There was
a statistical significant difference in duration of surgery between both groups (p=0.001) (Table 3).

Table 4:- Intergroup comparison of pain scores.

No Pain Mild Pain Moderate Pain Chi Square | P value
| 1%Week Group A 1 4 5 2.397 0.309
10.0% 40.0% 50.0% (Non-Sig)
Group B 3 5 2

1592




ISSN: 2320-5407

Int. J. Adv. Res. 11(01), 1587-1597

30.0% 50.0% 20.0%
2"Week Group A 6 4 0 2.301 0.302
60.0% 40.0% 0% (Non-Sig)
Group B 9 1 0
90.0% 10.0% 0%
3"Week Group A 10 0 0 0.000 1.000  (Non-
100.0% 0.0% 0% Sig)
Group B 10 0 0
100.0% 0.0% 0%
4™Week Group A 10 0 0 0.000 1.000  (Non-
100.0% 0.0% 0% Sig)
Group B 10 0 0
100.0% 0.0% 0%

During the 1% postoperative week, four patients reported mild pain and five reported moderate pain in group A and
five patients reported mild pain and two reported moderate pain in group B. There was no statistical significant
difference in both the groups (p=0.309). During the 2" postoperative week, four patients reported mild pain in group
A and one patient reported mild pain in group B. There was no statistical significant difference in both the groups
(p=0.302). In both the groups, patients did not report with pain on 3 and 4™ week (p=1.000) (Table 4).

Table 5:- Intergroup comparison of infection among study subjects.

No Yes Chi Square P value
| 1%Week Group A 08 02 0.647 0.832 (Non-Sig)
80% 20%
Group B 07 03
70% 30%
2"Week Group A 10 00 0.000 1.000 (Non-Sig)
100% 00%
Group B 10 00
100% 00%
3"Week Group A 10 00 0.000 1.000 (Non-Sig)
100% 00%
Group B 10 00
100% 00%
4™Week Group A 10 00 0.000 1.000 (Non-Sig)
100% 00%
Group B 10 00

During the 1% postoperative week, infection was seen in two cases of group A and three cases of group B. Later,
there were no cases of infection reported in both the groups. It was statistically insignificant by chi -square test

(Table 5).
Table 6:- Intergroup comparison of wound dehiscence among study subjects.
No Yes Chi Square P value
1"Week Group A 10 00 0.000 1.000 (Non-Sig)
100% 00%
Group B 10 00
100% 00%
2"'Week Group A 10 00 0.000 1.000 (Non-Sig)
100% 00%
Group B 10 00
100% 00%
3"Week Group A 10 00 0.000 1.000 (Non-Sig)
100% 00%
Group B 10 00
100% 00%
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4"™Week Group A 10 00 0.000 1.000 (Non-Sig)
100% 00%
Group B 10 00
100% 00%

In both the groups, patients did not develop wound dehiscence on all postoperative assessment days. There was no
statistical significant difference among the groups with constant P value of 1 (Table 6).

Table 7:- Intergroup comparison of stability among study subjects.

Yes No Chi Square P value
1"'Week Group A 10 00 0.000 1.000 (Non-Sig)
100% 00%
Group B 10 00
100% 00%
2"Week Group A 10 00 0.000 1.000 (Non-Sig)
100% 00%
Group B 10 00
100% 00%
3"Week Group A 10 00 0.000 1.000 (Non-Sig)
100% 00%
Group B 10 00
100% 00%
4™Week Group A 10 00 0.000 1.000 (Non-Sig)
100% 00%
Group B 10 00
100% 00%

In both the groups, fracture segments were stable for all the patients on all postoperative assessment days. There was
no statistical significant difference among the groups with constant P value of 1 (Table 7).

According to present study, the bite forces recorded during preoperative period were more in group A than group B
and were found to be statistically significant at incisor region (p=0.042), right canine region (p=0.018), left canine
region (p=0.017), right premolar region (p=0.002) and left premolar region (p=0.015). The bite forces recorded on
1% postoperative week were more in group A than group B and were found to be statistically significant at incisor
region (p=0.012), right canine region (p=0.014), left canine region (p=0.001), right premolar region (p=0.013) and
left premolar region (p=0.046). The bite forces recorded on 2", 3", 4™ 6™ postoperative weeks and 3" postoperative
month were not found to be statistically significant at incisor region, right and left canine regions, right and left
premolar regions.

Discussion:-

In the current study, totally 20 mandibular fracture patients were selected and divided into two groups. First group
included ten patients in whom fracture fixation was done by 3D titanium plate and second group included ten
patients in whom fracture fixation was done by conventional titanium miniplates.

The age of the patients in this study was in the range of 18 to 50 years. This was in accordance with Norhan et al.
(2016)™ who reported mean value of age group as 33.15 years and Kumar et al. (2012)*? who reported mean value
of 33.9 years.

In this current study, incidence of mandibular fractures in males compared with that of females was in the ratio of 3:
1. This was in agreement with Yadav. S et al. (2015)** who reported occurrence of mandibular fractures in male
population as 90% and in female population as 10 %.

In the present study, anterior mandibular fractures were selected and the case selection was done on the basis of
studies conducted by Andrew J.L Gear et al. (2005). According to them, 3D plates were typically used in
symphyseal/parasymphyseal fractures, which are under a great degree of torsional strain than other areas of
mandible. These unique plates may theoretically provide increased torsional stability.
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In the present study, operating time for group A patients ranged from 85 min to 101 min with mean value of 94.90
min. For group B patients, the value ranged from 97 min to 119 min with the mean value of 108.01 min. The
comparison showed statistically significant difference with p value of 0.001. The result of this study was in
agreement with Manoj Kumar Jain et al. (2010)°. The current study was also supported by the results from Zix et al.
(2007)* and Maninder et al. (2017)™. 3D plate brings about easy adaptation of plate in achieving simultaneous
stabilization of fracture site both at superior and inferior border of the mandible at a time in single plate usage itself.
Whereas for conventional miniplates there is a need of two plates to bring about stabilization of fracture site. Thus,
3D plate fixation saves operation time in comparison with conventional miniplates.

In the present study, on the 1% postoperative week, moderate pain was noted in 5 patients and mild pain was noted in
4 patients of group A. In group B, moderate pain was noted in 2 patients, and mild pain was noted in 5 patients.
Thereafter, pain decreased in the subsequent visits with report of no pain in the 3rd postoperative week in both
groups. There was no statistical significant difference among the groups in 1%, 2" 3" and 4™ postoperative weeks.
The results were in agreement with the study conducted by Yogesh Mittal et al. (2016)*’. The results were also in
agreement with Jitender et al. (2019)*® and Deepak et al. (2019)".

In the present study, infection was present in 2 patients in group A and 3 patients in group B during 1 week
postoperatively. From 2" week, patient did not report infection in both the groups. There was no statistical
significant difference for infection in both the groups. This study was in accordance with Farmand et al. (1992)%
who did a study on 95 mandibular body fractures fixed with 3D (4 holed) square plates. He reported presence of 1
late infection in 1 patient. Guimond et al. (2005)? also reported infection rate of 5.4% (2 out of 37 patients) with
usage of 3D plates.

In the present study, no patients reported with wound dehiscence postoperatively in both the groups. There was no
statistical significant difference among the groups. This study was in accordance with Niranjan et al. (2019)%.In
their study on 40 patients of mandibular fractures equally divided into 2 groups (one group treated with 2D and the
other with 3D miniplates) reported no case of wound dehiscence postoperatively in any group. The results were also
in agreement with Manoj Kumar Jain et al. (2010)° and Deepak et al. (2019)".

In the present study, all patients in both groups of 3D plates and conventional miniplates showed no postoperative
mobility of fracture segments. The comparison showed no statistical significant difference with constant g) value 1.
This was in agreement with Gabrielli et al. (2003)%, Mittal and Dubbudu et al. (2012)°, Bipin et al. (2013)**, who all
reported no postoperative mobility of fractured segments in both groups of 3D plates and conventional miniplates.

The bite force is related to a number of factors, including tactile impulses, pain and pressure reception in the
periodontal ligament, the number of residual teeth and patient age, because a reduction in bite force can occur with
age owing to the age-dependent deterioration of the dentition. It has long been known that a neuromuscular
protective mechanism occurs throughout the body. For instance, one of the first protective mechanisms called into
play when a fracture occurs is “muscle splinting” in which selective components of the neuromuscular system are
activated or deactivated to remove the force from the damaged bone. In 1994, Tate et al stated that sufficient internal
fixation hardware should be applied to resist the maximal force of mastication. Thus, they hypothesized that the
stability of fracture segment would be ensured even under the full function of the masticatory system. The amount of
force generated by the patients with untreated as well as treated fractures is much less. Furthermore, one must
remember that the data reported concerned the maximal voluntary bite force (i.e., the maximum bite force an
individual can voluntarily generate) the amount of force used during functional activities would probably be much
less. Hence, the fixation requirements, determined from the maximal voluntarily bite force of noninjured subjects,
might be inflated, and this fixation requirement is perhaps a semirigid form of fixation such as monocortical
fixation.?® In 2002, Gerlach and Schwarz in their study bite force of treated mandibular angle fractures concluded
that the maximal bite force in patients with mandibular fractures treated with miniplate osteosynthesis had reached
only 31% at 1 week postoperatively compared with a healthy control group. These values had increased to 58% at 6
weeks postoperatively.”® Similarly in the present study, a positive co relation was found between postoperative
anterior and posterior bite force in both the groups. There was a progressive increase in the bite force readings from
the pre operative to 3 months postoperatively in both the groups. The mean difference between the 2 groups is
statistically significant during 1% postoperative week at incisors, canines and premolars with p<0.05. The mean
difference between the 2 groups is not statistically significant from 2" postoperative week to 3™ month at incisors,
canines and premolars. Hence there is no statistically significant difference in the stability of 3D miniplates and
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conventional miniplate systems. Limitations of the present study include the shorter follow up period and a smaller
sample size. To show significant improvements of 3D plates/screws, further studies with a larger sample size with
longer follow up is required.

Conclusion:-

The following conclusions were drawn from the study:

1. 3D plates were indeed easy and simple to use. Significant reduction in operating time could be achieved with
the use of 3D plates which makes it a time-saving.

Patients treated with 3D plates showed a less incidence of postoperative infection.

Other complications were found to be extremely rare.

This 3D plating system can be used with satisfactory results, especially in anterior mandibular fractures.

This technique does not require expensive armamentarium.

These plates ensure three-dimensional stability and the period of immobilization was not necessary as in other
systems. Thereby, the morbidity associated with prolonged immobilization is reduced.

7. This system requires lesser area of exposure.

ocoup®wd

The probable limitations of 3D plates may be excessive implant material due to the extra vertical bars incorporated
for countering the torque forces, cases where the fracture line passes through the mental foramina region and angle
of the mandible where 3D plates cannot be adapted. The results of the present study were put to comparison with
previous studies on fracture mandible and were found to be in accordance with them where 3D plates cannot be
adapted.

All patients in present study appreciated early recovery of normal jaw function, primary healing and good union at
fracture.

To conclude, 3D plate seems to be an easy alternative to conventional miniplates. The small sample size and limited
follow up could be considered as the limitations of our study. It is hence recommended to have a multicentre study
with large number of patients, with larger period of follow-up and correlation among these studies to authenticate
our claims.
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