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ABSTRACT

Purpose: Subcondylar fractures account for a high incidence of mandibular fractures
representing a frustrating clinical dysfunction and serious complications when maltreated. This
study aimed to compare the computer designed and manufactured patient-specific auto-reducible
plate to the standard trapezoid plate in attempt to reach the optimal geometrical design for
subcondylar fracture plate fixation.

Patients and methods: A total of sixteen patients suffering from unilateral subcondylar fracture
were included in this study from the outpatient clinic of the department of oral and maxillofacial
surgery, faculty of Dentistry, Cairo University. All patients were subjected to preoperative clinical
evaluation and 3-D CT examination to assess the degree of fracture displacement and condylar
location. The selected patients were divided into two groups, eight patients each. In group A patients,
virtual fracture reduction through mirroring of the unaffected intact side was performed, which was
then used as a template for designing and processing of the titanium patient-specific condylar plate
via direct metal laser sintering. While in group B patients, the unilateral sub-condylar fractures were
manually reduced into position and fixed in place by the standard trapezoidal mini-plate. Fixation
of the plates in both groups was then performed using 2.0 mini-screws. Postoperative clinical
assessment of the occlusion, Maximum inter-incisal opening (MIO) and mandibular deviation was
done at one week, 1 month & 3 months. Immediate postoperative radiographic assessment was
performed through the superimposition of the postoperative CT data of the fixed fracture on the
preoperative virtually reduced mandibular model as a reference CT data to validate and compare
the accuracy of the achieved postoperative fixation in both groups.

Results: The surgeries in all cases proceeded without any complications. Surgical site
examination was normal with no signs of infection. The occlusion was satisfactory at the end of the
study interval despite the initial slight immediate postoperative occlusal discrepancy found in both
groups. Deviation was not completely absent in both groups at the end of the follow-up period. The
MIO ranged from 39-47 mm at the end of the study with no significant difference between both
groups. The CT scan revealed the almost precise adaptation of both plates in place with no significant
difference, however, with the advantageous fracture auto-reduction, intra-operative time saving and
ease of application recorded with the use of the PS-condylar plate in group A patients. The mean
operating time for reduction and fixation using the PS-condylar plate was 90 minutes compared
to a mean of 88 minutes using the standard reduction and trapezoid plate fixation technique.
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Conclusion: Despite of the approaching accuracy of both plates, preoperative digital virtual
planning and PS-plate processing were highly beneficial in the auto-reduction of the fractured
segments. The intra-operative time saving and ease of application with less obtained surgical errors
due to the planned surgery and the perfect fit of the prosthesis were found very valuable. Therefore,
accommodating with the continuous technological updates, the integration of computer programs
in surgery planning and plate designing and manufacturing in subcondylar fractures is highly

desirable due to its great benefits.
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INTRODUCTION

Mandibular subcondylar fractures, one of the
most controversial fractures concerning diagnosis
and treatment, represent mainly 25-35% of all
mandibular fractures 13,

The reported management of subcondylar
fractures included a period of Maxillo-mandibular
fixation (MMF), functional therapy or open
reduction and internal fixation (ORIF). Although
choosing the optimal treatment method is still under
debate, the absolute indications and advantages
of ORIF of the fractured segments with the use
of titanium plates and screws remains constant by
most surgeons .

Valiati et al ® declared the better occlusal results,
anatomic restoration and faster recovery rates with
open reduction than with non-surgical techniques,
however with the similar functional results for both
groups.

There are many techniques which provide
fixation of the subcondylar fractures including
intraosseous wiring, lag-screw and plates. There
are many types of plates including mini-plates,
mini-dynamic compression plates, microplates and
resorbable plates. Authors recommended the use of
miniplates when ORIF is utilized regardless of its
geometric shape ©.

Choi et al ? affirmed in their study that
2-miniplates fixation in different planes is the
method of choice in fixation of subcondylar fractures
to achieve a 3-dimensional fixation form.

Accordingly, trapezoidal condylar plate (TCP)

was used as a 3D plate designed for adaptation in
the anatomically constricted condylar neck; hence,
fulfilling the criteria of 2 single miniplates with
reduced hardware ®.

Recent studies used computer programs in
planning of complex cranio-maxillofacial surgeries
to attain higher accuracy and reduction of the
complications ©.

Computer-assisted ~ preoperative  planning
enables the surgeon to use the CT data to form a
3D template of the skull for visualization and
diagnosis. Together with mirroring and creation of a
custom plate, surgical simulation provided a guide
for precise and safe placement and fixation of the

plates!?.

Accordingly, a 3-D trapezoidal patient-specific
PS-plate was designed and manufactured in which
an extended wing on the posterior border of the
condylar neck was added to incase the two fractured
segments allowing their auto-reduction.

This study presents the distinction in the clinical
application of the PS-Auto-reducible plate and the
standard trapezoidal plate, in attempt to reach the
optimal geometrical design for subcondylar fracture
mini-plate fixation.

PATIENTS AND METHODS

A total of sixteen patients were included in this
study, from the outpatient clinic of the department of
oral and maxillofacial surgery, faculty of Dentistry,
Cairo University. They were 13 males and 3 females
with a mean age of 42 years.
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They all had a unilateral sub-condylar fracture
which needed surgical interference in the form of
open reduction and internal fixation. All the selected
patients were informed about the surgical procedure,
its potential hazards and possible complications.
A written consent and an ethical clearance were
obtained from each patient.

Exclusion criteria:

- Patients with old fractures.

- Patients with medical disease that may hin-
der normal healing.

Patient grouping:
The selected patients were divided into two

groups, eight patients each;

Group A:

- The unilateral sub-condylar fractures were
virtually reduced first using the digital 3D
computed tomography (CT) through mir-
roring of the contra-lateral side by Iterative
Closest Point algorithm (ICP).

- The fracture fixation was done using a com-
puter manufactured patient-specific plate

(3269)

with an extended wing on the posterior bor-
der of the condylar neck to incase the two
fractured segments allowing the auto-reduc-
tion of the fractured segments together into
normal position. (Fig.1)

Group B:

- The unilateral sub-condylar fractures were
manually reduced back into position and
fixed in place by the standard trapezoidal
mini-plate. (Fig.1)

Preoperative assessment:

Medical history and detailed history of the
trauma was documented.

An accurate clinical examination was performed
to detect the patients’ complains of pain and
tenderness, changes in dental occlusion, mouth
opening restriction or deviation, or any other
functional deficits.

A screening plain panoramic radiograph was
performed to identify the post-traumatic fracture
lines. Preoperative CT images were done to record
the degree of fracture displacement and the condylar
location. (Fig.2)

Fig. (1) Photographs showing the difference between the two plates used, which is the extended wing.
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Fig. (2) Preoperative CT radiographs showing the fracture line and the displaced condyle.

Virtual fracture reduction and Processing of the
PS-condylar plate:

The aligned intact side served as a template
to reposition the displaced fragments. It was
automatically mirrored to the fractured side relying
on the standard orientation of the unaffected regions
of the skull around the fracture.

Computer modeling of the patient specific
condylar plate was then performed. Each titanium
plate was manufactured via direct metal laser
sintering (DMLS). (Fig. 3)

Operative procedures

Standard
performed for all cases under general anesthesia to

retro-mandibular  approach  was

reach the condylar fracture.

In group A patients, the segments were reduced
together in normal position once the condylar
segment was captured into the postero-medial wing
of the plate. Auto-reduction of the segments was
achieved. (Fig. 4)

While in group B patients, manual reduction of the
two segments was done and application of the trap-
ezoidal plate in place was performed. In this group,
some cases needed intra-operative Maxillo-Mandibu-
lar fixation to help in the reduction process. (Fig. 5)

Fixation of the plate holes on the segments was
then performed using 2.0 mini-screws. Intra-opera-
tive occlusion of the patients was checked & con-
firmed to be satisfactory. Closure was performed in
layers and suture removal was done after one week.
All patients were closely monitored postoperatively.

~

~

Vs

Fig. (3) Images showing the modeling of the patient specific condylar plate on the virtually reduced fracture.
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Fig. (5) Intra-operative photographs showing the manual reduction of the subcondylar fracture and its fixation by the standard

trapezoidal plate

Postoperative assessment

Follow up of the patients continued for 3 months.
Wounds were inspected for any signs of infection or

dehiscence.

The clinical evaluation included the assessment
of the occlusion, Maximum inter-incisal opening
(MIO) and mandibular deviation at one week, 1
month & 3 months.

Immediate postoperative CT was done to
validate and compare the accuracy of the achieved
postoperative fixation in both groups. This was done
through the superimposition of the postoperative
CT data on the preoperative virtually reduced 3D
mandibular model as a reference CT scan data.

RESULTS

A male prevalence in this study was found with a
mean age of 42 years. Other maxillofacial fractures
were detected in some patients irrelevant to the

fracture under study.

All surgeries were uneventful and the healing in
all cases was normal with no evidence of surgical
infection or tissue inflammation. Only normal
postoperative swelling and pain were detected
which resolved in the first week. No facial nerve

injury was reported in any of the patients

Despite of the evident preoperative malocclu-
sion in all patients, slight immediate postoperative

occlusal discrepancy was found in both groups.
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However, postoperative occlusion in all patients

was clinically acceptable at the end of the study in-
terval. (Fig. 6).

Fig. (6) A postoperative photograph showing the clinical proper
occlusion.

The preoperative limitation of mouth opening
was significantly improved after fracture reduction
and fixation at one week postoperatively. This
continued in the form of a significant improvement
in MIO throughout further study intervals with
active and passive mouth exercises to reach a range
of 39-47 mm at the end of the study. (Table 1)

TABLE (1): Showing mean values and SD of
MIO for both groups.

Group I Group II
Period P-value
Mean | SD | Mean SD
Preoperative 22 64 274 74 0.168
1 week 29.6 7.5 24.1 8.2 0.218
1 month 423 7 33.1 25 0.007
3 months 46.1 7.1 39.1 59 0.046

Regarding the preoperative deviation on mouth
opening, it was found to be reduced on week one
postoperatively. However, at the end of the follow-
up period, deviation was not completely absent in
both groups.

The maximum operating time for reduction and
fixation using the PS-condylar plate was 90 minutes
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with a mean of 75 minutes compared to a maximum
of 120 minutes with a mean of 88 minutes using
the standard reduction and trapezoid plate fixation

technique

Radiographic CT scan revealed the almost equal
accurate adaptation of both plates in both groups.
The plates were found to be in the preoperative
planned position. (Fig. 7-8)

In both groups, matching corresponding land-
marks in the postoperative CT data after plate fixa-
tion fell almost precisely in place when compared to
and superimposed on the preoperative virtually re-

duced fracture on the reference mandibular model.
(Fig. 9-10)

Fig. (7) CT image showing the reduced and fixed subcondylar
fracture by the PS-condylar plate.

Fig. (8) CT image showing the reduced and fixed subcondylar

fracture by the standard trapezoidal plate.
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Fig. (9) CT images showing the superimposition of the postoperative fixation by the PS-condylar plate (Blue color) over the
preoperative virtually reduced 3D mandibular model (white color).

Fig. (10) CT images showing the superimposition of the postoperative fixation by the standard trapezoidal plate (yellow color) over
the preoperative virtually reduced 3D mandibular model (purple color).
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DISCUSSION

Precise fracture reduction is crucial in order
to restore the pre-injured anatomical geometry.
Treatment of mandibular fractures using ORIF
provided the advantage of direct visualization and
reduction of the fracture line with simultaneous
occlusion correlation 12,

Standard approach  was
performed for all cases in this study as recommended

retro-mandibular

by most surgeons ¥,

All of the surgeries were uneventful. The
included patients experienced only postoperative
swelling and pain which resolved in the first week.
Consistent with other studies, this was considered a
normal reaction to the surgical interference after the
open reduction at the fracture site 4%,

Several experimental studies have been
conveyed in the literature to assess the efficacy of
various fixation methods in relation to functional
stresses on the mandibular condyle. There is still
no agreement on the optimal fixation method for

subcondylar fractures ® 719,

The stability of fixation and the regain of the
normal function are important in evaluation of
the management technique. This is complemented
with the easiest technical application involved,
the economic use of time and the minimal trauma
resulting from the used surgical approach 19,

For these reasons, recent studies highly support
the digital software in surgery planning and
custom plate manufacturing. Accordingly, in this
study, a patient-specific auto-reducible plate was
designed and manufactured in attempt to reach a
simpler accurate maneuver for subcondylar fracture
reduction and fixation compared to the standard
trapezoid plate.

Voss et al '” used the preoperative CT (DICOM
files) for virtual fracture reduction and computerized
preoperative planning of the surgery. Similarly, we
used the aligned intact side as a mirrored template to
virtually reposition the displaced fragments.
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The PS condylar plate customization and
manufacturing for every patient were processed
as described by Leiggener et al *®. However, in
this study, this plate contained a postero-medially
extended wing at its posterior surface to wrap the
posterior border of the condylar neck which provided
precise auto-fracture reduction with adequate
fixation of the subcondylar region. This provided a
perfect adaptation at the fracture line between the
condylar process and the ramus segment.

In this study, regarding the reduction and fixation,
insignificant discrepancy was found between
both groups. This was detected in the matching
corresponding landmarks in the postoperative CT
data after plate fixation which fell almost precisely
in place when superimposed on the preoperative
virtually reduced fracture on the reference
mandibular model. This was due to the accurate
fracture reduction under the intra-operative direct
visualization of the fractured segments.

Slight immediate postoperative  occlusal
discrepancy was found in both groups, which
was successfully self-corrected over the follow-
up period. This was due to the utilized semi-rigid
fixation coupled with the adaptation action of the
oro-facial musculature.

This was consistent with Patil et al ?” who
declared satisfactory occlusion in all patients.
However, their study showed no deviation of
mandible during maximum mouth opening
contradicting our results in which deviation was not
completely absent in both of our groups at the end of
our follow-up period. This may be attributed to the
initial different displacement range of the condyle
in each patient after fracture and the subsequent
muscle disorientation.

Lachner et al ?» and Jensen et al ? reported
that all patients returned to within normal range of
opening (37 to 43 mm) within 8 weeks. Similarly,
in our study, the patients of both groups enjoyed an
acceptable range of mandibular movements with
significant improvement under active and passive
mouth exercises to reach a range of 39-47 mm at the
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end of the study with minimal difference between
both groups.

A crucial and significant difference in the
operating time between the two groups was found
in our study. The PS condylar plate seemed to offer
faster application and easier fixation technique.
This was due to the advantageous auto-reduction
feature of the PS plate over the manually reduced
segments of the standard trapezoid plate along with
the eliminated possibility of the MMF use with the
PS plate.

For these reasons, the easier technical application
of the new PS condylar plate proved beneficial
superseding the standard trapezoid plate with more
acknowledged outcome.

CONCLUSION AND SIGNIFICANCE

Nowadays, in maxillofacial trauma, the merging
of computer programs in surgery planning and
patient specific plate designing and manufacturing is
highly crucial due to its great benefits and accuracy.

The computer designed and manufactured PS
auto-reducible plate proved to be highly beneficial
in subcondylar fractures. The acknowledged
fracture auto-reduction on plate application, the
intra-operative time saving and the ease of plate
application are highly demanded in any trauma
related surgery.

The need to include biomechanical analysis
on experimental mandibles is advisable to assess
different stress bearing specifications of the different
plates.
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