
INTRODUCTION

Management of mandibular fractures is guided by certain basic 

principles that are essential for successful bone healing and correct 

post-operative stomatognathic system. These include: 

establishment of early specific treatment, three dimensional 

anatomic reduction of bone fragments, active and painless 

immobilization of reduced and fixed units until healing of fractured 

ends takes place, prevention of infection, malunion or non-union of 

fracture, restoration of occlusion, aesthetics, phonetics and 
[1]masticatory function.

The goal must be accomplished with less discomfort, least 

disability, slightest risk and shortest recovery period for the patient. 

In the past four decades, there has been an increasing interest in 

obtaining a more immediate return to normal function by using 

different methods of direct fixation with an open approach and 
[2]allowing anatomical reduction of fragments.

The shortcomings of rigid and semi-rigid fixation led to the 

development of a relatively new Three-Dimensional (3-D) miniplates 

system. Their shape is based on the principle of the quadrangle as a 

geometrically stable configuration for support because three-

dimensional stability is achieved by the geometric shape that forms 
[3,4]a cuboid.  

Broad platforms are created that may increase the resistance to 

torsional forces along the axis of the plate. This mechanical property 

makes them suitable especially for symphyseal fractures, which are 
[5]under a greater degree of torsional strain.

Keeping all these aspects in mind, a study was carried out in the 

department of Oral and Maxillofacial surgery to evaluate the early 

and delayed complications of internal fixation using 3-D Titanium 

Miniplates in the treatment of mandibular fractures.

Principles of Three-Dimensional fixation

• The basic concept of 3-Dimensional fixation is that a 

geometrically closed quadrangular plate secured with bone 

screws creates stability in three dimensions. Quadrangular 

geometry offers good resistance against torquing forces. 

Therefore, these plates may provide greater resistance against 

gap opening at the inferior border caused by biting forces as 

compared to single plate applied at the external oblique ridge 
[6,7]or superolateral border only.

• The plate is not positioned along the trajectories but over the 

weak structural lines. The fixation points of the plate remains in 

the vicinity of the fracture of osteotomy line. The connecting 

arms between the screw-holes are positioned almost 
[3,7]rectangular to the osteotomy or fracture line.

• Stability of the 3-dimensional plate is achieved by its 
[7]configuration, not by thickness or length.

• The screws adapt each part of the plate separately without any 

tension to the bone. At the end, the cross linking provides the 

stability of the system. There is no need for exact adaptations 
[5,6,7]of the plates as necessary with the thicker plates.

Biomechanical consideration of 3-Dimensional Bone plates
[8] [9]According to Champy et al (1978)  and Gerlach et al (2002) , the 

maximum load capacity of the mandible is normally about 250 to 

650 N. The 1.0 mm standard plate can easily withstand traction 

forces worth 690 N.

Despite the thin connecting arms of the plate, the three-dimensional 

plates are also quite stable against torsional forces. This is because 

the forces are distributed over a wide surface area and not along a 

single line.

ABSTRACT

This study was designed to check the versatility of 3-D 
titanium miniplates over other conventional plating systems. 

Objective: The aim of this follow-up study was to evaluate the 
early and delayed complications associated with 3-D titanium 
miniplates in the treatment of mandibular fractures and to discuss 
advantages and disadvantages of 3-dimensional (3-D) miniplates 
over other plating systems.

Study design: A prospective randomized clinical study was 
carried out in patients with well-defined inclusion and exclusion 
criteria. Patients were followed for 3 months to evaluate various 
parameters like pain, swelling, infection, status of postoperative 
occlusion, restoration of function, wound dehiscence, plate 
exposure, delayed and non-union.

Results: Ten patients were enrolled in the study with no case of 
delayed and non union. Only one case had postoperative 

ndinfection which resolved by 2  postoperative week and three 
patients had signs of wound dehiscence with plate exposure. 
Wound healed by secondary intention and scar contracture 
leading to decrease in vestibular depth. Occlusion along with 
function was restored within 3 days postoperatively.

Conclusion: 3D miniplate system provides good 3-D stability but 
with excessive implant material because of extra vertical bars 
incorporated for countering the torque forces. However, 
operative time is less because of simultaneous stabilization at 
both superior and inferior borders. It may prove unfavourable in 
cases of angle fractures and those involving the mental nerve and 
is sometimes difficult to adapt. Wound dehiscence remains a 
cause of concern due to its bulk and deficient tissue availability.
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MATERIALS AND METHODS

This study is a prospective study. All patients with maxillofacial 

trauma reporting to the outpatient clinic of the Department of Oral 

and Maxillofacial surgery were screened for inclusion in the present 

study.10 healthy adult patients reporting to department of oral and 

maxillofacial surgery with the age range of 20-55 years and mean 

age of 31.4 years and not suffering from any systemic disease were 

included in the study.

Inclusion criteria

• Any fracture of mandible at symphysis, parasymphysis, body, 

angle region or combination of the above indicated for open 

reduction with internal fixation (ORIF).

• Fracture cases who reported to the department within 1 week of 

injuries.

• Non-smokers, non alcoholics

Exclusion criteria

• Malunited fracture

• Fracture more than one week old

• Fracture sites with signs of infection e.g. pus discharge

• Patients with head injury

• Patient with Immunocompromised status e.g. diabetes, 

steroid therapy etc.

• Non-compliant patients

Medical history of all patients was taken. Local and general physical 

examinations of the patients were conducted in every case. 

Diagnosis of the fracture mandible was made on the basis of history, 

clinical and radiological examination. Routine laboratory 

investigations were done to rule out any possibility of systemic 

conditions. All the patients were hospitalised 24 hours prior to 

operation. Preoperative Erich's arch bars were placed with 26 

gauge soft stainless steel wire on both the arches. Preoperative 

antibiotics and analgesics were started 24 hours prior to surgery. 

Patients were instructed to maintain good oral hygiene. 

Surgical Armamentarium

Alongwith the standard surgical instruments used for exposure and 

reduction of fractures, following instruments were used for 3-

dimensional bone osteosynthesis:

• Plate bending pliers

• Plate holding forceps

• Plate cutting pliers

• Twist drill (diameter 1.5mm)

• Titanium 3-dimensional bone plates (System-Ortholine 

Meditech):

       Thickness 1.0mm

2×2 hole square segment plate

3×2 hole square segment plate

• Titanium self tapping screws

2.0mm screw, length 8.0mm

2.0mm screw, length 10.0mm

• 2.0mm screw driver

Surgical Technique:

Under general anaesthesia, maintaining the general aseptic 

protocol, the fracture sites were exposed intraorally or extraorally as 
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per indications. Fracture sites were manipulated and reduced 

manually and then the premorbid occlusion was achieved with the 

help of Maxillo-Mandibular Fixation.

Rigid internal fixation of fracture was done with the help of 3-D 

titanium miniplates of appropriate length and design depending on 

the fracture configuration. 3-D miniplates were positioned so that 

the horizontal cross-bars were perpendicular to the fracture line and 

the vertical ones were parallel to it. In the symphyseal and 

parasymphyseal region the upper cross-bar was placed in a sub 

apical position of anterior teeth (Fig 1).

Figure 1-Showing preoperative and postoperative radiographs & 

pictures of parasymphysis fracture.

Posterior to the mental foramen the plates were placed with the 

superior cross-bar between the roots and the inferior alveolar nerve 

and the lower cross-bar below the nerve. To treat fractures near the 

mental foramen the lower bar of the plate was bent and placed 

above the mental nerve. In fractures incorporating the mental 

foramen, vertical strut of the 3-D plate was cut and followed by 

placement of plate around the mental foramen (Fig 2).

Figure 2-Showing preoperative and postoperative radiographs & 

pictures of fracture near mental foramen.jpg

In the mandibular angle region the plate was bent over the oblique 

line so that the vertical crossbars were aligned perpendicular to the 

external oblique ridge (Fig 3).
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Figure 3-Showing preoperative and postoperative radiographs & 

pictures of angle fracture.

Comminuted fractures were treated with larger bone plates so as to 

make sure that screw holding areas fall into regions of small 

fractured segments (Fig 4). 

Figure 4-Showing preoperative and postoperative radiographs & 

pictures of Comminuted fracture in the parasymphysis region.

3-D miniplates were bent with the help of bone plate bending pliers 

according to the contour of the underlying fractured bony 

fragments. Monocortical screws of appropriate length were used to 

fix the plate to the fractured bony fragments. Layer wise surgical 

closure was achieved using 3-0 vicryl and 3-0 mersilk and 

maxillomandibular fixations were removed immediate post-

operatively.

Post operative management

Patients undergoing surgery were kept on intravenous fluid therapy 

post operatively until the time of discharge from the hospital. All the 

patients were put on antibiotic cover starting 24 hours 

preoperatively and continued for 5 days post operatively. The 

extraoral wound dressing was done with antibiotic ointment and 

intraoral flushing was done with a mixture of 5% povidone iodine 

and normal saline solution. Patients were kept on protein rich diet 

with supportive vitamin therapy. Sutures were removed on 7th post 

operative day. Liquid diet was continued for 24 hours post 
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operatively followed by semisolid diet for 24-48 hours. Patients were 

put on normal diet thereafter. Arch bar was removed after 1 month. 

Follow up
st rd st ndFollow up of treated cases were done on 1  day, 3  day, 1  week, 2  

st rdweek, 1  month and 3  month postoperatively to evaluate the pain 

based on visual analogue scale (Table 1), swelling, infection, status 

of occlusion, restoration of function, wound dehiscence, plate 

exposure, delayed & non-union respectively.

Table-1: Pain evaluation on the basis of Visual Analogue Scale (0 to 

10 score) 

RESULTS AND OBSERVATIONS
Amongst the Ten cases treated, nine (90%) patients were male and 
one (10%) was female. In the present study most common cause of 
injury was road traffic accident (70%), followed by fall (20%) and 
assaults (10%). Site of distribution amongst these patients were 
parasymphysis of mandible 7(70%), body of mandible 2 (20%) and 
mandibular angle region 1(10%).

Postoperative pain on the basis of VAS score
rd st nd stPain was evaluated after 1day, 3  day, 1  week, 2  week, 1  month 

rdand 3  month post operatively. Non Parametric Test and Wilcoxon 
Signed Ranks Test was applied and it was found that there was a 
significant reduction in pain from 1st post-operative day to 
subsequent follow up days.

Post-operative swelling

Swelling was present in all the patients at 24 hours, increased by 3rd 
stpost-operative day and then gradually decreased up to 1  week. 

stAfter 1  week swelling was present in 10% of patients only. No 
swelling was present at 1 month and 3 months post operatively.

Post-operative Infection
Post-operative infection was found at 3rd post operative day in only 
one case of parasymphyseal region with abscess drainage in 
relation to lateral incisor which was present along fracture line. Tooth 

ndwas root canal treated immediately. Infection resolved by 2  week 
using broad spectrum antibiotics and regular irrigation.

Status of occlusion

In all cases premorbid occlusion was achieved immediately and 
was maintained thereafter during the entire follow up period.

Restoration of function
rdAll patients were started with semisolid diet from 3  postoperative 

ndday and by 2  week masticatory functions were restored in almost 
all the cases.

Wound dehiscence and plate exposure
rdWound dehiscence was found in 3 cases by 3  post-operative day 

and out of these two were of the body of mandible and one was at 
the parasymphyseal region of mandible. During regular follow-ups 
wound dehiscence was observed in only one case at one month 

rdpost operative which resolved by 3  month.

Delayed-union and non-union

Delayed and non-union was not observed in any case in the present 
study. 

No pain (0)  The Patient feels well.  

Mild Pain (1-4)
 

If the Patiet is distracted he or
she doesn’t feel the pain

 Severe Pain (5-7)

 

The Patient is very disturbed but nevertheless can 
continue with normal activities

Very Severe Pain (8-10)

 

The Patient is forced to abandon normal activities.
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DISCUSSION
The aim of mandibular fracture treatment is to restore anatomic form 
and function, with particular care to establish the occlusion. Even 
though these objectives could be achieved by closed reduction and 
maxillomandibular fixation (MMF), but a prolonged period of 
immobilization of a fractured mandible is associated with many 
complications and disadvantages e.g. a patient is always on liquid 
diet, has to be hospitalized for a longer period of time, phonation 
and speech is affected and oral hygiene suffers. With prolonged 
MMF fibrous ankylosis might develop in patients with trauma to 
temporomandibular joint. Maxillomandibular immobilization also 
offers restriction in the treatment of mentally deficient, epileptic or 

[1]uncooperative patients.

Keeping this limitations in mind, open reduction has been 
advocated which has the advantage of superior strength and 
obviates the need for immobilization of the mandible which further 

[1]permits the patient to return home early.

Lambotte in 1913 recommended an aluminium-made geometrically 
closed quadrangular plate secured with bone screws at the lower 
border of the mandible for the treatment of fractures of the 
mandibular body via an extraoral approach. He found that, provided 
the fragments were repositioned properly, this specially designed 
plate offered sufficient stability without further immobilization and 
that this system was superior to wiring osteosynthesis. However, 
this method did not gain further popularity which might be because 
of the lower biocompatibility of the material. Besides, the treatment 

[10]methods like closed reduction were preferred at that time.

General acceptance of open osteosynthesis did not appear in 
maxillofacial literature until an organized research was done by the 
AO group in 1950. Even in open osteosynthesis technique; there 
has been a metamorphosis and a change in trends from rigid 

[11]fixation in 1968 to semi-rigid fixation in 1973. Michelet et al (1973)  
began experimenting with monocortical non- compression 
miniplates. Using a simple cantilever beam model, Champy et al 

[8](1978)  showed that the superior mandibular border was subjected 
to tension and splaying and the inferior border was subjected to 
compression. The transition zone between the areas of tension and 
compression has been referred to as a “line of zero force” running 

[8]along the inferior alveolar nerve. Champy's (1978)  experiment with 
miniplates further delineated the “ideal line of osteosynthesis” within 
the mandible. 

[12]Farmand (1996)  developed the concept of 3-D miniplates. Their 
shape is based on the principle of the quadrangle as a 
geometrically stable configuration for support. Since, the stability 
achieved by the geometric shape of these plates surpasses the 

[7,12,13]standard miniplates; the thickness can be reduced to 1 mm.

The basic form is quadrangular with 2 × 2 holed square plates and 3 
× 2 (or) 2 × 2 rectangular plate. The term 3-D miniplate itself was a 
misnomer as the plates themselves were not 3-D, but holds the 
fracture segments rigidly by resisting the 3-D forces namely 
shearing, bending and torsional forces occurring at the fracture site 

[7]in function.

The 3-dimensional miniplates could be considered as 2 miniplates 
joined together by interconnecting cross struts, allowing virtually no 
torsion movements at the region of fracture. Strut plate allows for 
almost no movement at the superior and inferior borders with 
minimal torsional and bending forces, as opposed to when a single 
linear plate was applied to the superior border area. When only one 
linear plate was placed at the superior border, torsional and bending 
forces usually cause movement along the axis of the plate with 
bucco-lingual splaying and gap formation at the inferior border. 
Because the screws are placed in a box configuration on both sides 
of the fracture rather than on a single line, broad platforms are 
created that may increase the resistance to torsional forces along 
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the axis of the plate. The greater resistance to splaying of the inferior 
border with 2 plates as opposed to single plate at superior border 

[6,7,14]was clearly shown in the laboratory by many authors.

Various surgeons have experienced reduced operating time with 
[15] [16]usage of 3-D plates. Zix et al (2007)  and Wittenberg (1994)  

reported a mean operating time (from incision to closure) of 65 to 
[15,16]105 minutes for mandibular fractures fixation with 3-D plates.  3-

D plates also have improved biomechanical stability compared with 
conventional miniplates. The first biomechanical study of 3-D plates 
was conducted by Farmand. He found that 1 mm 3-D plate was as 
stable as the much thicker 2-0mm miniplate (Steinhäuser plate), 
which is designed for 1-plate fixation of mandibular fractures. The 
overall stability of the Steinhäuser plate was limited by the stability of 

[15,17]the screw-bone interface.

Using sheep mandibles and a Class III cantilever bending model, 
[18]Wittenberg (1997)  performed a biomechanical study with a plate 

[15]similar to that used in the study by Zix et al (2007)  and found 
deformation of the plate with 230 N, enough to support masticatory 
forces after fractures of the mandibular angle during the bone repair 
process, which lies between 25 and 66 N. This suggests that, 
although the bars are the points of strain, the plates are stable for the 

[15,18]treatment of mandibular fractures.  

As the 3-D plates are of miniature size, they could be placed easily 
through an intraoral approach and as the horizontal crossbars of 3-
D titanium miniplates were placed perpendicular to the fracture line, 
and the vertical cross bars parallel to it, only a minimal amount of 
surgical exposure is necessary for the placement of plates and 
screws. Periosteal stripping is minimal, when compared to other 

[2,19]conventional miniplate osteosynthesis techniques.  

In the present study, it was found that swelling was present in all the 
patients at 24 hours which increased by 3rd post-operative day and 
then gradually reduced after 1st week. Eventually no swelling was 
present at 1month and 3rd month post-operatively. The possible 
cause for post-operative swelling could have been post-operative 
oedema due to surgery. Another cause might be the hypersensitivity 

[20]of the adjacent tissue to the titanium metal. Torgersen et al (1994)  
reported a mild tissue reaction taking place in the vicinity of titanium 
bone plates. This local histological response might have occured 
due to subsequent placement of metallic titanium implant.

Mandibular fractures are often contaminated by oral bacteria. The 
propensity of infection increased in cases where lingual mucosa is 
lacerated and patient is reluctant to swallow or move his tongue 
freely. Stasis develops with consequent accumulation of debris in 
the region of fracture. Post operative infection at the fractured site is 
not only the result of contamination, but is also related to reduced 
stability of fracture i.e. mobility of fractured segments. Guimond et al 

[14](2005)  reported an infection rate of 5.4% (2 out of 37 patients) with 
[17]the use of 3D plates, Feledy et al (2004)  reported 9% infection rate 

[15](2 out of 22 patients) and Zix et al (2007)  reported 0% (0 out of 20) 
infection rate in their study. In our study infection rate reported was 
10% (1 out of 10 patients) with 3-D miniplates, probable source of 
infection being tooth in the line of fracture and poor oral hygiene. It 
subsided 2 weeks postoperatively. 

The effect of not restoring the occlusion to its original condition is 
disabling and can cause severe effects especially on the 
temporomandibular joint. In our study, occlusions of the patients 
were checked post-operatively during routine follow ups. No major 
occlusal discrepancies were reported. The occlusal discrepancies 
if present are liable to occur due to imbalance between the muscles 
of mastication and oedema of the TMJ region post operatively. By 
giving guiding elastics this problem could be solved easily.

In three patients, wound dehiscence and plate exposure was seen, 
all the patients were kept on antibiotic therapy and regular follow up. 
Secondary healing occurred in all the cases leading to scar tissue 
formation which further lead to decreases in the vestibular depth. 
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In one of the cases, cause for wound dehiscence and plate 
exposure was due to inadequate tissue available during suturing 
which resulted in tension along the suture line. In other two cases, it 
could have been because of excessive implant material due to the 
extravertical bars incorporated for counteracting the torsional 
forces. 

Delayed union might occur secondary to teeth located in the line of 
fracture, which encourages percolation of microorganisms into the 
fracture site, thereby hindering bony union and requiring extraction. 
Another source of delayed union is persistent occlusal 
prematurities, which can be effectively treated by occlusal 
equilibration. Delayed and Nonunion has been reported in 0% to 

[21]4.2% of mandibular fractures.  In the present study no case (0%) of 
delayed and non-union was found. 

CONCLUSION

Thus it can be concluded from the study that fixation of mandibular 
fractures with 3-D miniplate provides stability because of its design, 
ease of technique during fixation of fracture fragments and carries 
low morbidity and infection rates that may be comparable to the 
standard plating systems.

The probable limitations of these plates may be excessive implant 
material due to the extravertical bars incorporated for counteracting 
the torsional forces, plate bulk in cases of oblique fractures and 
those involving the mental nerve, it may require sufficient exposure 
of surgical site and fracturing of vertical strut, which in turn might 
compromise 3-D stability of plate. But one case in our study with 
mental foramen involvement did not show any signs of 
compromised stability of fracture segments even after fracturing the 
vertical strut of 3-D miniplate. Also there was no sign of mental nerve 
paraesthesia in any case involving mental nerve region.

The strategic position of the mandible on the facial skeleton and its 
unique role in mastication, deglutition, phonation and aesthetics 
compels the clinician to give immediate attention whenever it is 
fractured and immediate solution to the problem is 3-D plates which 
can restore function and aesthetic within a short span of time.
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