
Evaluation of 2.0-mm Titanium Three-Dimensional
Curved Angle Strut Plate in the Fixation of
Mandibular Angle Fractures—A Prospective
Clinical and Radiological Analysis
Gaurav Chhabaria, MDS1 Rajshekhar Halli, MDS1 Sanjay Chandan, MDS1 Samir Joshi, MDS1

Sneha Setiya, MDS1 Anand Shah, BDS1

1Department of Oral and Maxillofacial Surgery, Bharati Vidyapeeth
University Dental College and Hospital, Katraj-Dhankwadi
Educational Complex, Pune, Maharashtra, India

Craniomaxillofac Trauma Reconstruction 2014;7:119–125

Address for correspondence Rajshekhar Halli, MDS, Department of
Oral and Maxillofacial Surgery, Bharati Vidyapeeth University Dental
College and Hospital, Department No. 106, Katraj-Dhankwadi
Educational Complex, Satara Road, Pune, Maharashtra 411043, India
(e-mail: drrajshekharh@gmail.com).

Despite many advances in internal fixation, angle fracture
remains among the most difficult and unpredictable fracture
to treat compared with those of other areas of the mandible.
Large number of studies on mandibular angle fracture treat-
ment attests to the fact that no single approach has been
shown to be ideal, and that treatment of mandibular angle
fractures remains conceptually controversial, with a bother-
some complication rate. During the past decade, significant
attention has been placed on variety of plate fixations for
mandibular angle fractures.1–14 Fixation using miniplates
has been shown to simplify surgery and reduce surgical
morbidity, but failed to surpass the predictability of rigid
fixation.15–18

Although there have been several studies on linear and
curvilinear plates for mandibular fracture fixation, only a few

reports on the use of low profile three-dimensional (3D) strut
or mesh plates are reported in the literature.1,6 In fact,
majority of studies on 3D strut plates are in vitro biomechan-
ical studies. The geometry of 3D strut plate conceptually
allows for an increased number of screws, stability in 3D,
and resistance against torque forces while maintaining a low
profile and malleability.

The 2.0-mm titanium 3D curved angle strut plate allows
for almost no movement at the superior and inferior borders
with manual torsional and bending forces, as opposed to
when a single linear plate is applied to the superior border
area. When only one linear plate is placed at the superior
border, torsional and bending forces usually causemovement
along the axis of the plate with buccal-lingual splaying and
gap formation at the inferior border, respectively. Because the
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Abstract The aim of the study was to evaluate the efficacy and complication rate with use of
2.0-mm titanium three-dimensional (3D) curved angle strut plate for mandibular angle
fractures. Twenty cases requiring internal fixation of the mandibular angle by 2.0-mm
titanium 3D curved angle strut plates were evaluated. Postoperative clinical and
radiological analyses were done on 1st, 2nd, 4th, and 6th weeks, which included
wound healing, transmitted movements, difficulty in function and occlusion, and
neurosensory changes, if any. Reasonable level of success in terms of immediate jaw
function was noted in all cases. Transient inferior alveolar nerve dysfunction was
observed in three cases, which recovered gradually in 2 months, and surgical site
infection was observed in two cases, which resolved with appropriate course of
antibiotics and wound care. Fixation of mandibular angle fractures with a 2.0-mm
titanium 3D curved angle strut plate is predictable, expeditious, and has less
complication rate.
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screws are placed in a box configuration of 2.0-mm titanium
3D curved angle strut plate 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 the axis
of the plate.

Because the design of 2.0-mm titanium 3D curved angle
strut plate is essentially that of 2 linear plates connected by
reinforcing vertical struts, theymay therefore provide greater
resistance against gap opening at the inferior border with
biting forces compared with when a single plate is applied at
the external oblique ridge or superolateral border.

The aim of the study was to evaluate and describe clinical
experience, stability, and complication rate with a 2.0-mm
titanium 3D curved angle strut plate specifically designed for
the mandibular angle fracture in 20 patients. Outcome
parameters evaluated included infection rate, hardware fail-
ure rate, wound problems, and malocclusion. Information on
fracture displacement, requirement of postoperative maxil-
lomandibular fixation (MMF), and subjective inferior alveolar
nerve status was also gathered.

Materials and Methods

Twenty cases requiring internal fixation of the mandibular
angle by 2.0-mm titanium 3D curved angle strut plates
(►Fig. 1) were included in the study with detailed clinical
and radiological analysis. All patients were provided with an
information sheet detailing the procedure andmaterials used

in this study. Institutional ethical committee approval and
informed written consent from all the patients were
obtained. Inclusion criteria were patients older than 18 years
and patients who had sustained mandibular angle fracture
requiring internal fixation. Exclusion criteria were patients
younger than 18 years, immune compromised patients, and
patients unwilling to be a part of the study or unable to come
for follow-up. Preoperative evaluation included detailed case
history, clinical examination, photographic records, and lab-
oratory investigations. Preoperative radiographic analysis
included posterior-anterior (PA) skull view, lateral oblique
view of mandible, orthopantomogram (OPG) and computed
tomographic scan to evaluate the site, nature of fractures, and
need for internal fixation. All patients, either having isolated
mandibular angle fracture or associated mandibular frac-
tures, were treated under general anesthesia. For the

Figure 1 (A) Adaptation of the strut plate at the mandibular angle
region. (B) 2.0-mm titanium three-dimensional curved angle strut
plate with detailed dimensions.

Figure 2 Case of right angle and left parasymphysis of mandible
fracture. (A) Extraoral view, (B) intraoral view showing the disturbed
occlusion and step deformity, and (C) preoperative posterior-anterior
skull view showing the displaced right angle and left parasymphysis
fracture (arrows revealing the fracture sites).

Figure 3 (A) A 2.0-mm titanium three-dimensional curved angle strut
plate fixed at right angle of mandible using 2 � 6 mm titanium screws;
(B) miniplate fixation at parasymphysis region; (C) immediate post-
operative orthopantomogram.
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mandibular angle fracture, either retromandibular or intrao-
ral approach using transbuccal apparatus was used for reduc-
tion and fixation by 2.0-mm titanium 3D curved angle strut
plate (►Fig. 2). Intraoperatively, intermaxillary fixation (IMF)
was achieved in all patients. After achieving proper occlusion,
fixation was completed using 2.0-mm titanium 3D curved
angle strut plate with 2.0-mm � 6 mm titanium screws

(►Fig. 3). IMF was released immediately after plate fixation
and none of the patients were kept on IMF postoperatively.
Postoperative radiographic evaluation was performed on
immediate postoperative period (2nd postoperative day)
and after 6 weeks, which included PA skull, lateral oblique
view of mandible, and OPG (►Fig. 4). Postoperative clinical
analyses were done on 1st, 2nd, 4th, and 6th weeks, which
included wound healing, transmitted movements, difficulty
in function and occlusion, and neurosensory changes, if any.

Results

Twenty patients (18 males, 2 females), aged between 21 and
50 years (mean 29 years), presenting with fractures of the
angle of mandible and requiring open reduction and internal
fixation (ORIF), were selected to evaluate the efficacy of
2.0-mm titanium 3D curved angle strut plates (►Table 1).

A total of 21 angle fracture sites (19 unilateral and
1 bilateral) were treated using eight-holed 2.0-mm titanium
3D curved angle strut plates.

The causes of these fractures were road traffic accidents in
14 cases, fall in 3, assault in 2, and industrial accident in 1 case.
In 15 cases, the mandibular angle fractures were grossly
displaced and in 5 cases, the mandibular angle fractures
were minimally displaced (►Table 2).

Of the 21 mandibular angle fracture sites, 19 sites were
approached extraorally and 2 sites were approached

Figure 4 (A) Postoperative extraoral view, (B and C) intact occlusion at
1 year postoperative follow-up, (D) 1 year postoperative follow-up
orthopantomogram.

Table 1 Patient parameters

Case no. Age Sex Etiology Fractured sites

1 25 M RTA Rt. parasymphysis and Lt. angle

2 22 M RTA Lt. angle

3 20 M RTA Rt. parasymphysis and Lt. angle

4 22 M Assault Lt. angle

5 25 M RTA Lt. angle

6 23 M RTA Lt. body and Rt. angle

7 27 M RTA Lt. angle

8 25 M Industrial Lt. parasymphysis and Rt. angle

9 32 M Fall Lt. parasymphysis and Rt. angle

10 27 M RTA Rt. angle

11 24 M RTA Rt. angle

12 38 F Fall Lt. angle

13 21 M RTA Rt. parasymphysis and Lt. angle

14 33 M RTA B/l angle

15 40 M RTA Lt. parasymphysis and Rt. angle

16 33 M RTA Rt. parasymphysis and Lt. angle

17 31 M RTA Lt. angle

18 50 M RTA Lt. angle

19 26 F Fall Rt. angle

20 32 M Assault Lt. parasymphysis and Rt. angle

Abbreviations: B/l, bilateral; F, female; Lt., left; M, male; Rt., right; RTA, road traffic accident.
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intraorally along with usage of transbuccal apparatus for
fixation of 2.0-mm titanium 3D curved angle strut plate.

Among the cases selected, most of them were isolated
mandibular angle fractures (12) while others were accompa-
nied by mandibular parasymphysis (8) and mandibular body
fractures (1). For mandibular angle fracture, either retroman-
dibular or intraoral approach using transbuccal apparatus
was used for reduction and fixation by 2.0-mm 3D curved
angle strut plate using 2 mm � 6 mm titanium screws
(►Table 3). All associated fractures were approached intra-
orally for ORIF using titanium miniplates.

Intraoperatively, IMF was done in all cases and was re-
leased immediately after the fixation of 2.0-mm titanium 3D
curved angle strut plate. The postoperative recovery was
uneventful in all the cases.

Patients were able to achieve function immediately post-
operatively with reasonable level of success. Malocclusion
and nonunion were not noticed in any of the 20 cases.
Transient inferior alveolar nerve dysfunction was observed
in three cases (15%) postoperatively, which recovered gradu-
ally in 2 months. Surgical site infection was observed in two
cases (10%), which resolved with appropriate course of anti-
biotics (►Table 4).

Discussion

Mandibular angle fractures can be treated in a closed or open
fashion. Closed treatment requires the patient to be in MMF

for 4 to 6 weeks or even longer in older patients or patients
with comminuted fractures. This prolonged MMF can be
problematic in patients with psychiatric disorders or patients
at risk of aspiration such as alcoholics or patients with altered
mental status. Prolonged MMF can also lead to atrophy of
masticatory muscles. ORIF can eliminate or reduce the period
of MMF and facilitate an early return of jaw function.

Numerous methods of internal fixation for the fractured
mandibular angle have beenmentionedwith varied results.
Immobilization of fracture segments can be achieved via
rigid fixation with dynamic compression plates (DCPs),
reconstruction plates, lag screws, or via semirigid fixation
with monocortical miniplate osteosynthesis.19 DCP was
one of the first methods of fixation used to treat angle
fractures. Ideal placement of DCP is along the inferior
border to prevent damage to the roots of the teeth in this
region. This placement may cause distraction of the supe-
rior aspect of the mandible during jaw function, which can
be negated with a small tension plate in the superior
surface of the fracture site. The DCP system obviously
does not work well in fractures that are oblique or commi-
nuted or with continuity defect. In these instances, sur-
geons may consider reconstruction plates that are thicker
and therefore provide greater strength that would resist
functional load better. Ellis and Sinn 16 found that the
infection rate associated with angle fractures fixated with
reconstruction plate was relatively low (7.5%), which has
served a benchmark for ORIF of the angle fracture.

Table 2 Details of the fracture parameters

Case no. Fractured sites Displacement Edema Paraesthesia/anesthesia Occlusion status

1 Rt. parasymphysis and Lt. angle Displaced þve �ve Deranged

2 Lt. angle Displaced þve �ve Deranged

3 Rt. parasymphysis and Lt. angle Displaced þve �ve Deranged

4 Lt. angle Minimally displaced þve �ve Deranged

5 Lt. angle Minimally displaced þve �ve Deranged

6 Lt. body and Rt. angle Displaced þve þve Deranged

7 Lt. angle Displaced þve �ve Deranged

8 Lt. parasymphysis and Rt. angle Displaced þve þve Deranged

9 Lt. parasymphysis and Rt. angle Displaced þve �ve Deranged

10 Rt. angle Minimally displaced þve �ve Deranged

11 Rt. angle Displaced þve �ve Deranged

12 Lt. angle Displaced þve �ve Deranged

13 Rt. parasymphysis and Lt. angle Displaced þve �ve Deranged

14 B/l angle Displaced þve þve Deranged

15 Lt. parasymphysis and Rt. angle Minimally displaced þve �ve Deranged

16 Rt. parasymphysis and Lt. angle Displaced þve �ve Deranged

17 Lt. angle Displaced þve �ve Deranged

18 Lt. angle Displaced þve �ve Deranged

19 Rt. angle Displaced þve �ve Deranged

20 Lt. parasymphysis and Rt. angle Minimally displaced þve �ve Deranged

Abbreviations: B/l, bilateral; Lt., left; Rt., right; þve, positive; �ve, negative.
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Recently, many modifications have been brought about in
the design of plates for fixation of fracturedmandibular angle,
of which 2.0-mm titanium 3D curved angle strut plate has
shown promising results.19,20

The 2.0-mm titanium 3D curved angle strut plate allows
for almost no movement at the superior and inferior borders
with manual torsional and bending forces, as opposed to
when a single linear plate is applied to the superior border
area. When only one linear plate is placed at the superior
border, torsional and bending forces usually causemovement
along the axis of the plate with buccal-lingual splaying and
gap formation at the inferior border, respectively. Because the
screws are placed in a box configuration of 2.0-mm titanium
3D curved angle strut plate 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 the axis
of the plate.

Because the design of the 2.0-mm titanium 3D curved
angle strut plate is conceptually that of two linear plates
connected by reinforcing vertical struts, these may therefore
provide greater resistance against gap opening at the inferior
border with biting forces compared with when a single plate
is applied at the external oblique ridge or superolateral
border. Using sheep mandibles and a class 3 cantilever
bending model, Wittenberg et al17 found that the gap and
displacement values for the 3D strut plate were comparable
with those of reconstruction plate.

Literature reveals numerous studies related to the fixation
of fractured mandibular angle with their obvious advantages
and disadvantages.When dealing with a linear fracture of the
mandibular angle, surgeons may choose to place a miniplate
along the external oblique ridge to neutralize the tensile force
in the superior aspect of themandible,which has been known
as Champy technique. Placements of these plates require less
dissection of tissue and theoretically lead to a reduction in
infection rate and time of operation. Blood supply to the
mandible is preserved and risk of root injury is eliminated. To
minimize torsional forces, some authors recommend a sec-
ond plate at the inferior border of the mandible, which
negates the advantage of minimal dissection associated
with the Champy technique and prolongs operative time. In
addition, the complication rate is found to be much higher
with the use of two miniplates in the treatment of the angle
fractures (29%).21 Recently, 3D, 2.0-mm, eight-holed strut
plate system has been used in several centers and has shown
very promising data.20 Guimond et al20 showed an infection
rate associated with this system to be around 5.4%, which is
relatively low.

In our study,we encountered two cases (10%)with surgical
wound infection, which resolved with appropriate course of
antibiotics and wound care.

Sensory abnormalities resulting from mandibular frac-
tures and facial trauma in general have been understudied.
This has been recognized by several authors22–24 and

Table 3 Details of the approaches used

Case no. Fractured site Surgical approach Special apparatus used

1 Rt. parasymphysis and Lt. angle Extraoral

2 Lt. angle Extraoral

3 Rt. parasymphysis and Lt. angle Extraoral

4 Lt. angle Extraoral

5 Lt. angle Extraoral

6 Lt. body and Rt. angle Extraoral

7 Lt. angle Transbuccal Transbuccal kit

8 Lt. parasymphysis and Rt. angle Extraoral

9 Lt. parasymphysis and Rt. angle Extraoral

10 Rt. angle Extraoral

11 Rt. angle Extraoral

12 Lt. angle Transbuccal Transbuccal kit

13 Rt. parasymphysis and Lt. angle Extraoral

14 B/l angle Extraoral

15 Lt. parasymphysis and Rt. angle Extraoral

16 Rt. parasymphysis and Lt. angle Extraoral

17 Lt. angle Extraoral

18 Lt. angle Extraoral

19 Rt. angle Extraoral

20 Lt. parasymphysis and Rt. angle Extraoral

Abbreviations: B/l, bilateral; Lt., left; Rt., right.
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becomes evident specially if compared with the number of
studies on sensory deficits associated with elective orthog-
nathic or dentoalveolar procedures. Some of the reasons for
the lack of such studies include (1) the lack of pretreatment
data collection such as fractured severity and mandibular
canal involvement; (2) difficulty with the analysis and re-
porting of the variable treatment modalities which may by
themselves cause nerve injury; (3) the sporadic reporting of
the immediate postoperative sensory status; and (4) difficul-
ty with follow-up because of poor patient compliance and, in
addition, patients with mandibular fractures are rarely fol-
lowed up for longer than 6weeks after clinical union has been
established. This issue has been recognized and numerous
studies looking specifically at posttraumatic trigeminal sen-
sory deficit have been brought into the literature.22–26

In a recent review of the literature, the incidence of a
postinjury/pretreatment inferior alveolar nerve sensory def-
icit ranges from 5.7 to 58% and that of a persistent sensory
deficit ranges from 0.9 to 66.7%.24 In other words, fractures
with minimal displacement of 2 to 3 mm between the
proximal and distal bone segments (using the total mandib-
ular height as reference) are clearlymore severe at the level of
the nerve because they may cause crush and/or traction
injuries of 50% of the nerve diameter. Classification of the
degree of displacement using the height of the mandible
versus the height of the mandibular canal must therefore be

differentiated. The higher incidence of an immediate post-
injury and a permanent inferior alveolar nerve deficit seen in
the most severely displaced fractures has been previously
reported.22,24,25

It appears from our study that despite the large number
and broad placement configuration of the screws, the use of
strut plates may only cause a transient sensory deficit caused
by fracturemanipulation because all those patients (3% cases)
who developed a new immediate postoperative sensory
deficit regained normal sensationwithin a short span of time.

Thus, 2.0-mm titanium 3D curved angle strut plate for
fixation of fracturedmandibular angle has relatively less or no
postoperative complications compared with other techni-
ques. Also they provide more stability and resist the torsional
forces in mandibular angle fractures. Because of this distinc-
tive stability, none of the patients in our series required
postoperative MMF. Its low profile and malleability enable
easy manipulation and adaptation during fixation, which is
expeditious.
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Table 4 Details of technique and complications

Case no. Fractured site Technique Postoperative MMF Complications

1 Rt. parasymphysis and Lt. angle ORIF Not required

2 Lt. angle ORIF Not required

3 Rt. parasymphysis and Lt. angle ORIF Not required Transient nerve dysfunction

4 Lt. angle ORIF Not required

5 Lt. angle ORIF Not required

6 Lt. body and Rt. angle ORIF Not required Infection

7 Lt. angle ORIF Not required

8 Lt. parasymphysis and Rt. angle ORIF Not required

9 Lt. parasymphysis and Rt. angle ORIF Not required

10 Rt. angle ORIF Not required Transient nerve dysfunction

11 Rt. angle ORIF Not required

12 Lt. angle ORIF Not required

13 Rt. parasymphysis and Lt. angle ORIF Not required

14 B/l angle ORIF Not required

15 Lt. parasymphysis and Rt. angle ORIF Not required Infection

16 Rt. parasymphysis and Lt. angle ORIF Not required

17 Lt. angle ORIF Not required

18 Lt. angle ORIF Not required Transient nerve dysfunction

19 Rt. angle ORIF Not required

20 Lt. parasymphysis and Rt. angle ORIF Not required

Abbreviations: B/l, bilateral; Lt., left; MMF, maxillomandibular fixation; Rt., right; ORIF, open reduction and internal fixation.
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