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Bifocal Mandibular Fractures: Which Should Be
Treated First?

Giovanni Dell’ Aversana Orabona, MD, PhD,* Giorgio laconetta, MD,*{ Vincenzo Abbate, MD,*
and Luigi Califano, MD*

Abstract: Fractures of the mandible have been reported to account
between 40% and 62% of all facial fractures. Most surveys show that
just under 50% are isolated, the same amount are doubly fractured.
This study aims to clarify, according to our experience, the correct
surgical sequence which should be followed in order to treat bifocal
mandibular fractures. From January 2004 to January 2009, we have
conducted a retrospective study on a sample of patients operated
on in our department because of bifocal mandibular fractures. We
include only those cases in which the jaw was fractured in 2 places,
in particular patients who suffer a fracture in tooth-bearing areas
(symphysis, parasymphysis, and anterior body) and also contralat-
erally in non—tooth-bearing areas (posterior body, angle, ramus, and
condyle). The sample was divided into 2 groups based on the fracture
sequence of reduction. At 1-year follow-up, the group of patients who
received first the tooth-bearing fractured areas treatment, followed
by treatment of non—tooth-bearing fractured area on bifocal man-
dibular fracture, showed less postoperative complications and re-
duced surgical time and costs. It is recommended from this study
that reduction of the tooth-bearing fragment be prior to that of the
tooth-free fragment for the bifocal mandible.

Key Words: Multiple mandibular fracture, bifocal mandibular
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ractures of the mandible have been reported to account between
40% and 62% of all facial fractures.'™ About half of all patients
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who suffer mandibular fractures are involved in a motor vehicle
accident as reported in literature.!*> Males are overwhelmingly
reported to be affected more frequently than females in a ratio ranging
from 3:1 to 7:1 depending on the surveys and especially the country
involved."®7 Many studies reveal that the most susceptible age
group for both sexes is between 21 and 30 years of age.®%° In most
cases, mandibular fractures are encountered in isolation from any
other facial fractures, but different studies have revealed that al-
most 20% of these patients have concomitant fractures in other
anatomic structures of the facial skeleton, the most common one
being the zygomaticomaxillary complex.!%~!3 Because of the shape
of'the mandible, its fractures are often multiple. Most surveys show
that just under 50% are isolated, the same amount are doubly
fractured, and a small percentage have more than 2 fractures.’»!+13
Multiple mandibular fractures can be grouped into the main cate-
gories listed below:

» Unilateral fractures (double or multiple)

* Bilateral fractures

» Fractures with contralateral condyle compromise

* Bilateral condyle fractures with symphysis/anterior body compromise

‘When multiple fractures of the mandible are considered, the
most common combinations are angle and opposite anterior body,
subcondylar and opposite anterior body, and bilateral condylar and
symphysarian body.>

In response to loading, the mandible is similar to an arch
because it distributes the force of impact throughout its length.'®
However, unlike the arch, the mandible is not a smooth curve of
uniform bone, but rather it has discontinuities such as sharp ridges,
foramina, bends, and regions of reduced cross-sectional dimension
like the subcondylar area. As a result, parts of the mandible develop
greater force per unit area, and consequently, tensile strain is con-
centrated in these locations.!”~2¢

When a force is directed along the parasymphysis-body re-
gion of the mandible, compressive strain develops along the buccal
aspect, whereas tensile strain develops along the lingual aspect. This
produces a fracture that begins in the lingual region and spreads
toward the buccal aspect.!”2122 The mobile contralateral condylar

FIGURE 1. Bifocal mandibular fractures pathogenesis: the effect of a load

on an arch in which the edges are free to rotate. The kinetic energy vector acting
on a tooth-bearing area generates a direct fracture line on the site of impact
while an indirect fracture occurs in a contralateral non-tooth-bearing area. The
force is discharged along the mandibular arc through the compressive and
tensive strain.
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FIGURE 2. Bifocal mandibular fractures: A, facial aspect; B, posttraumatic
open bite.

process moves in a direction away from the impact point until it is
limited by the bony fossa and associated soft tissue. At this point,
tension develops along the lateral aspect of the contralateral non-
tooth-bearing area, and a fracture occurs (Fig. 1). In the management
of any bone fracture, the goals of treatment are to restore proper
function by ensuring union of the fractured segments and re-
establishing pre-injury strength, to restore any contour defect that
might arise as a result of the injury, and to prevent infection at the
fracture site.

Another important consideration in the management of mul-
tiple mandibular fractures is about what fractures should be treated
first. Actually, there is no univocal consensus regarding the clear
indication to answer this question. This study aims to clarify, ac-
cording to our experience, the correct surgical sequence which
should be followed in order to treat these fractures.

MATERIALS AND METHODS

We have conducted a retrospective study on a sample of
patients operated on between January 2004 and January 2009 in our
department because of bifocal mandibular fractures. We decided to
include in the study only those cases in which the jaw was fractured
in 2 places, in particular cases suffering a fracture in tooth-bearing
areas (symphysis, parasymphysis, and anterior body) and also con-
tralaterally in non—tooth-bearing areas (posterior body, angle,
ramus, and condyle).

During the 5-year observation period, 52 patients met these
criteria; however, 11 of 52 patients (21.6%) were excluded from the
study because 3 (5.9%) of them were lost to follow-up and 8 (15.7%)
were treated by intermaxillary fixation (IMF) only in 1 of the 2 frac-
tured sites. Twenty-seven (65.9%) of the 41 patients enrolled were
male and 14 (34.1%) were female, and the mean age was 33.17 years.
Twenty-six (63.4%) patients had suffered the fractures following a
road accident, 11 (26.8%) following an accidental fall, and 4 (9.8%)
after fights. The non—tooth-bearing/tooth-bearing combinations
ofthe fracture in our series were as follows: 22 (53.7%) patients had
presented a condylar/parasymphysarian fracture, and 13 (31.7%)
patients showed an angle/parasymphysarian fracture; 5 (12.2%)
suffered a condylar/anterior body fracture.

All patients were studied preoperatively by photographic doc-
umentation (mouth occlusion, mouth opening, and lateral and pro-
trusive mandibular movements) (Fig. 2A, B), mandibular computed
tomography (CT) scans without contrast (Fig. 3), and orthopanto-
mography (Fig. 4).

The surgery was performed in all 41 patients by a standardized
surgical technique. All patients were treated by open reduction and

FIGURE 3. Preoperative craniofacial 3D CT reconstruction showing a
parasymphysarian/subcondylar mandibular fracture.
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FIGURE 4. Preoperative orthopantomography showing a parasymphysarian/
subcondylar mandibular fracture.

internal rigid fixation (ORIF) using Synthes MatrixMANDIBLE
plates and screws 2.0. and 2.3. In 6 of 27 (22.2%) cases treated for
condylar fracture, fixation was obtained using a MODUS Trauma
2.0 Trapezoid Condyle Plate (TCP). The sample was divided into
2 groups based on the fracture sequence of reduction. The first
group (group A) consists of 24 patients (58.5%) who first received
tooth-bearing area (symphysis, parasymphysis, and anterior body)
reduction and fixation, and then were treated on the contralateral
non—tooth-bearing area (posterior body, angle, ramus, and condyle)
(Table 1). The second group (group B) consists of 17 patients
(41.5%) who received the reverse sequence of reduction (Table 2).

For tooth-bearing area, a transoral mucosal incision (inferior
gingival fornix) was performed in all cases; for non—tooth-bearing
area, we performed a transcutaneous retromandibular approach in
29 cases (70.3%) and a pre-auricular approach in 12 cases (29.3%).

In group A, the IMF was performed only peroperatively in
order to obtain open reduction and internal fixation much easier
(Fig. 5A). In group B, the ORIF was performed manually for the
non-tooth-bearing fractures; we use the IMF in order to obtain re-
duction and fixation in tooth-bearing area (Fig. 5B).

All patients were followed up by observation 1, 3, 6, and 12
months after surgery. At each control, by using a millimeter ruler,
the jaw functionality (mouth opening extension, mandibular later-
ality, and protrusion) were evaluated; furthermore, we assessed the
facial nerve functionality, the lip and chin sensibility, and the pres-
ence of temporomandibular joint pain and disocclusion. At first

TABLE 1. Group A Patient List

Type of Fractures

No. Age Sex Non-Tooth-Bearing + Tooth-Bearing
1 16 M Condyle + parasymphysis
2 81 F Condyle + parasymphysis
3 44 F Angle + parasymphysis
4 35 M Condyle + parasymphysis
5 25 M Angle + parasymphysis
6 61 F Condyle + ant. body

7 58 M Condyle + ant. body

8 42 M Angle + parasymphysis
9 44 M Angle + parasymphysis
10 27 F Angle + parasymphysis
11 25 M Condyle + parasymphysis
12 14 M Condyle + parasymphysis
13 68 M Condyle + parasymphysis
14 11 M Condyle + parasymphysis
15 25 F Angle + parasymphysis
16 26 M Condyle + parasymphysis
17 19 F Angle + parasymphysis
18 24 M Condyle + parasymphysis
19 28 M Condyle + parasymphysis
20 16 F Condyle + parasymphysis
21 42 M Condyle + parasymphysis
22 33 F Condyle + parasymphysis
23 46 M Angle + parasymphysis
24 29 F Condyle + parasymphysis
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TABLE 2. Group B Patient List

Type of Fractures

N° Age Sex Non-Tooth-Bearing + Tooth-Bearing
1 39 F Condyle + parasymphysis
2 19 M Condyle + parasymphysis
3 14 F Condyle + parasymphysis
4 16 M Angle + parasymphysis
5 63 M Condyle + parasymphysis
6 29 M Condyle + ant. body

7 15 M Condyle + ant. body

8 16 M Angle + parasymphysis
9 16 F Condyle + parasymphysis
10 18 M Condyle + parasymphysis
11 23 F Angle + parasymphysis
12 71 M Angle + parasymphysis
13 26 F Condyle + ant. body
14 70 M Condyle + parasymphysis
15 23 M Condyle + parasymphysis
16 35 M Condyle + parasymphysis
17 28 M Angle + parasymphysis

and 12th month, all patients were evaluated postoperatively by
mandibular CT scans without contrast and orthopantomography
to asses infected osteosynthesis materials and pseudarthrosis (or
"nonunions") (Figs. 6 and 7).

The operation time for each patient was calculated by sub-
tracting the ending time to the starting surgical time obtained by
our records.

Data were processed using the R Project open source software
for Statistical Computing version 2.14.1 released on December 22,
2011. For nonparametric data, x° test was performed.

RESULTS

In group A, the mean operation time was 102.2 (+28.0) min;
patients had reduced operative time and an excellent postoperative
outcome. In group B, at 1-year follow-up, disocclusion associated
with mandibular asymmetry occurred in 8 cases (47%) (Fig. 8A, B)
and pseudoarthrosis (or "nonunions") in 4 cases (23.5%) (Fig. 9).
In 3 cases (17.6%), a reduced mouth opening and restricted man-
dibular lateral and protrusive movements were observed (Fig. 10A-D).
No facial and mandibular nerve deficits were observed at 1-year
follow-up. In 6 patients (35.2%), a re-intervention was necessary
to remove infected titanium screws and plaques. Operative time in
group B was about 18.1 minutes longer compared to group A. In
group A, 1 patient showed slight facial nerve deficit omolateral to
the fractured site 1 year postoperatively (Table 3). For each outcome
variable (disocclusion, infected osteosynthesis materials, pseudar-
throsis, and limited jaw functionality), a nonparametric x? test for
comparison of proportions was performed.

For limited jaw functionality variable, the test shows a sta-
tistical X2 = 6.1287, with 1 degree of freedom, and a P value =
0.0133. Since the P value is less than 0.05, we reject the null

FIGURE 5. A, Intraoperative tooth-bearing open reduction and internal fixation
(ORIF) after intermaxillary fixation (IMF); B, intraoperative non-tooth-bearing
open reduction and internal fixation (ORIF) a retromandibular approach.

© 2012 Mutaz B. Habal, MD

FIGURE 6. Postoperative craniofacial 3D CT reconstruction showing the right
positioning of titanium plates and screws. TCP placed on subcondylar area.

FIGURE 7. Postoperative orthopantomography.

FIGURE 8. A, Frontal and submentovertical projections; B, mandibular
asymmetry.

FIGURE 9. Postoperative orthopantomography showing fractured sites
pseudarthrosis.

FIGURE 10. A, Mandibular disocclusion. B, Reduced mouth opening, and
restricted mandibular left (C) and right (D) movements.
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TABLE 3. Main Comparison Variables Between the Two Groups

One Year Postoperative Outcomes

Operative Infected Osteosynthesis Limited Jaw Facial Nerve Mandibular Nerve (V3)
Time (min) Disocclusion Materials Pseudarthrosis Functionality Deficit Hypersensitivity

A 102.2 (+28.0) 2 5 0 1 1 0

B 120.1 (£20.5) 8 6 4 3 0 0

hypothesis of equality of proportions; therefore, the data confirm
the superiority of treatment A.

For the variable pseudarthrosis, the test provides a statistical
Xz = 3.8704, with 1 degree of freedom, and a P value = 0.04914.
Even in this case, the P value is less than 0.05, so we reject the null
hypothesis of equality of proportions and confirm the superiority
of treatment A.

For the variable disocclusion, the test produces a statistic x* =
6.1287, with 1 degree of freedom, and a P value = 0.0133. In this
case, since the P value is less than 0.05, we can reject the null hy-
pothesis of equality of proportions, confirming the superiority of
treatment A.

For infected osteosynthesis materials, the variable produces
a statistical test XZ = 0.4514, with 1 degree of freedom, and a
Pvalue = 0.5017. In this case, since the P value is greater than 0.05,
there is enough evidence to say that the 2 treatments are different be-
tween them; therefore, the test is not statistically significant.

DISCUSSION AND CONCLUSIONS

Fractures of the mandible have been reported to be between
40% and 62% of all facial fractures.' More than 50% of man-
dibular fractures are multiple and among these the most frequent
fractures are bifocal. The reasons for this high frequency of bifocal
fractures can be attributed to the biomechanics of the mandible.?3->*

In response to loading, the mandible is similar to an arch
because it distributes the force of impact throughout its length.
However, its structure is uneven due to discontinuities such as fo-
ramina, sharp bends, ridges, and regions of reduced cross-sectional
dimension like the subcondylar area.!:!*15-2> When a trauma occurs,
the kinetic energy is transmitted along the mandibular arch; this
causes a direct fracture on the impact site and an indirect fracture
on a contralateral weakness point. The site of the indirect fracture
is also determined by the direct fracture site, size, direction, and
surface area of the impacting blow. An impact to the chin with a line
of force through the symphysis and temporomandibular joints will
produce a single subcondylar fracture at 193 kg (425 Ib.) and a bilateral
subcondylar fracture at about 250 kg (550 1b.), whereas symphyseal
fractures require force between 250 and 408 kg (900 1b).227 In the
management of any bone fracture, the goals of treatment are to restore
proper function by ensuring union of the fractured segments and re-
establishing pre-injury strength, to restore any contour defect that
might arise as a result of the injury, and to prevent infection at the
fracture site. Restoration of mandibular function, in particular, as
part of the stomatognathic system must include the ability to mas-
ticate properly, to speak normally, and to allow for articular movements
as ample as before the trauma. In order to achieve these goals,
restoration of the normal occlusion of the patient becomes para-
mount for the treating surgeon. Fixation requirements for double (or
multiple) fractures differ from isolated fractures.?®

One can use less rigid forms of fixation on isolated fractures
because the forces generated during function are less complex than
when a second or third fracture is present. When 2 fractures are
present, there is a greater tendency for the segments to displace
because of the bilateral loss of support that occurs. Widening of the
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mandible must be prevented by applying adequate internal fixation
to resist that tendency. Regarding bilateral simple linear fractures,
one should always consider using a more rigid form of fixation on
atleast 1 of the fractures. If in literature it is now clear that the ORIF
represents the most reliable pattern of treatment for bifocal fractures
of the jaw, it is not the same regarding the ideal sequence of treat-
ment for these fractures.

From the analysis of our results, patients in group A had a
better postoperative outcome. For the 3 outcome variables examined,
the statistical x* test provides a P value less than 0.05. We reject the
null hypothesis of equality of proportions and the data confirm the
superiority of group A treatment.

We also found a significant reduction of operative time and
costs. The restoration of the horizontal dimension (tooth-bearing
fractures area) of the jaw and consequently the proper occlusion
allows to obtain a guide to re-establish the vertical dimension
(non—tooth-bearing fractures area). However, the muscular tractions
acting on mandible angle and condyle make the reduction of frac-
tures in these areas more difficult due to the decreased mobility
of the mandible already fixed in tooth-bearing area. In patients of
group B, the non-execution of rigid IMF for the non—tooth-bearing
fractures made bone segments more free to move. Thus, reduction
and fixation of non—tooth-bearing fractures is facilitated, but poses
a greater risk of complications.?® The surgeon in this case does not
have the occlusal help guide; thus, the tooth-bearing fracture re-
duction and the subsequent fixation may be imperfect. This may
explain the higher incidence of disocclusion and pseudarthrosis
in group B patients. In conclusion, based on our experience, the
tooth-bearing fractured areas treatment, followed by non—tooth-
bearing fractured area on bifocal mandibular fracture, displays less
postoperative complications and reduced surgical time and costs. It
is recommended from this study that reduction of the tooth-bearing
fragment be prior to that of the tooth-free fragment for the bifocal
mandible fractures. In our opinion, further studies are needed to
confirm the data obtained and to better define the correct surgical
sequence of treatment for these fractures.

ACKNOWLEDGMENT

The authors are greatly indebted to and thankful for Laura
Arenare, Doctor in Statistics, Resident to the Department of Medical
Statistics, University of Rome “La Sapienza,” for unstinting efforts
and utter devotion in the development of this article.

REFERENCES

1. Ellis E, Moos KF, EI-Attar A. Ten years of mandibular fractures: an
analysis of 2,137 cases. Oral Surg 1985;59:120-129

2. Leathers R, Le AD, Black E, et al. Orofacial injury in underserved
minority populations. Dent Clin North Am 2003;47:127-139

3. Luyk NH, Larsen PE. The diagnosis and treatment of the dislocated
mandible. Am J Emerg Med 1989;7:329-335

4. lizuka T, Lindqvist C. Rigid internal fixation of mandibular fractures: an
analysis of 270 fractures using the AO/ASIF method. Int J Oral
Maxillofac Surg 1992;21:65-69

© 2012 Mutaz B. Habal, MD

Copyright © 2012 Mutaz B. Habal, MD. Unauthorized reproduction of this article is prohibited.



The Journal of Craniofacial Surgery * Volume 23, Number 6, November 2012

Surgical Sequence

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Thaller SR. Management of mandibular fractures. Arch Otolaryngol

Head Neck Surg 1994;120:44-48. Erratum in: Arch Otolaryngol
Head Neck Surg 1995;12:232

. Hagan EH, Huelke DR. An analysis of 319 case reports of mandibular

fractures. J Oral Surg 1961;19:93-104

. Van Hoof RF, Merkx CA, Stekenlenburg EC. The different pattern of

fractures of the facial skeleton in four European countries. Int J
Oral Surg 1977,6:3-11

. El-Degwi A, Mathog RH. Mandible fractures medical and economic

considerations. Otolaryngol Head Neck Surg 1993;108:213-219

. Olson RA, Fonseca RJ, Zeitler DL, et al. Fractures of the mandible:

a review of 580 cases. J Oral Surg 1982;40:23-28

Haug RH, Prather J, Indresano AT. An epidemiologic survey of facial
fractures and concomitant injuries. J Oral Maxillofac Surg 1990;
48:926-932

He D, Zhang Y, Ellis E 3rd. Panfacial fractures: analysis of 33 cases
treated late. J Oral Maxillofac Surg 2007;65:2459-2465

Luyk NH, Ferguson JW. The diagnosis and initial management of the
fractured mandible. Am J Emerg Med 1991;9:352-359

Salem JE, Lilly G, Cutcher JL, et al. Analysis of 523 mandibular
fractures. Oral Surg 1968;26:390-395

Kreutziger KL, Kreutziger KL. Comprehensive surgical management of
mandibular fractures. Southern Med J 1992;85:506-518

Walker RV, Bertz JE. Facial and Extracranial Head Injuries. Care of the
Trauma Patient. In: Shires GT, ed. New York: McGraw-Hill

Book Co, 1966:478

Cienfuegos R, Cornelius CP, Ellis E 3rd, et al. Mandible—Special
Considerations, Multiple Fractures. In: Buchbinder D, ed.
ttp://www2.aofoundation.org/. Accessed January 2, 2011

Hylander WL, Johnson KR. Jaw muscle function and wishboning of
the mandible during mastication in macaques and baboons. Am J
Phys Anthrop 1994;94:523-547

Peterson LJ. The effect of a load on an arch where ends are free to rotate.
Adapted from Larsen PE. Traumatic Injuries of the Condyle.

© 2012 Mutaz B. Habal, MD

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

In: Indresano AT, Marciani RD, Roser SM, eds. Principles of Oral
and Maxillofacial Surgery. Vol 1. Philadelphia: JB Lippincott Company,
1992:444

. Rudderman RH, Mullen RL. Biomechanics of the facial skeleton.

Clin Plast Surg 1992;19:11-29

Schilli W, Stoll P, Bahr W, et al. Mandibular fractures. In: Prein J, ed.
Manual of Internal Fixation in the Cranio-facial Skeleton. Chapt. 3.
Techniques Recommended by the AO/ASIF Maxillofacial Group.
Berlin: Springer-Verlag, 1998:87

Huelke DF, Burdi AR, Eymen C. Mandibular fractures as related to site
of trauma and state of dentition. J Dent Res 1961;40:1262—-1266
Niederdellmann H. Fundamentals of healing of fractures of the facial
skull. 1. Biomechanics. In: Kruger E, Schilli W, eds. Oral and
Maxillofacial Traumatology. Vol 1. Chicago: Quintessence Publishing
Co., 1982:125-128

Huelke DF, Harger JH. Maxillofacial injuries: their nature and
mechanisms of production. J Oral Surg 1969;27:451-460

Kelly DE, Harrigan WF. A survey of facial fractures: Bellevue Hospital
1948-1974. J Oral Surg 1975;33:146-149

Huelke DF, Burdi AR, Eyman CE. Association between mandibular
fractures and site of trauma, dentition and age. J Oral Surg

Anesth Hosp Dent Serv 1962;20:478-481

Huelke DE, Compton CP. Facial injuries in automobile crashes.

J Oral Maxillofac Surg 1983;41:241-244

Huelke DF. Mechanics in the production of mandibular fractures: a study
with the “stresscoat” technique. I. Symphyseal impacts. J Dent Res
1964;43:437-446

Luyk NH. Principles of management of fractures of the mandible.

In: Peterson LJ, Indresano AT, Marciani RD, Roser SM, eds. Principles
of Oral and Maxillofacial Surgery. Philadelphia: Lippincott-Raven,
1992:381-434

Van den Bergh B, Heymans MW, Duvekot F et al. Treatment and
complications of mandibular fractures: a 10-year analysis.

J Craniomaxillofac Surg 2012;40:e108—e111

1727

Copyright © 2012 Mutaz B. Habal, MD. Unauthorized reproduction of this article is prohibited.


http://www2.aofoundation.org/

