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Abstract
Mandibular fractures are among the most frequently encountered injuries in
maxillofacial trauma, primarily resulting from road traffic accidents, falls,
interpersonal violence, and sports-related incidents. The mandible, being the largest
and strongest bone of the facial skeleton, is paradoxically vulnerable to fracture owing
to its prominent anatomical position and unique biomechanical properties. This
comprehensive review examines the epidemiological patterns, etiological factors,
anatomical classification systems, diagnostic modalities, and contemporary
management strategies for post-accident mandibular fractures. A detailed analysis of
fracture distribution by anatomical site reveals that the body of the mandible is the most
commonly affected region, followed by the symphysis and angle. Diagnostic imaging,
particularly cone-beam computed tomography, has significantly enhanced the accuracy
of fracture identification and surgical planning. Treatment approaches range from
conservative closed reduction with maxillomandibular fixation to open reduction with
internal fixation using titanium miniplates. This review synthesizes current evidence
from twenty key studies to provide clinicians with an updated framework for the
optimal management of these injuries, emphasizing the importance of early
intervention, appropriate fixation methods, and comprehensive postoperative
rehabilitation.
Keywords: Mandibular fractures, maxillofacial trauma; road traffic accidents,; open
reduction internal fixation; mandibular anatomy; fracture classification

1. Introduction

Maxillofacial injuries constitute a significant proportion of trauma cases presenting to
emergency departments worldwide, with mandibular fractures accounting for
approximately 36—70% of all facial fractures [1]. The mandible serves critical functions
in mastication, speech articulation, airway maintenance, and facial aesthetics, making
fractures of this bone a matter of considerable clinical urgency. Post-accident
mandibular fractures, defined as fractures resulting from external traumatic forces such
as motor vehicle collisions, falls, assaults, and occupational or sports injuries, represent
the majority of cases encountered in clinical practice [2].

The global incidence of mandibular fractures varies substantially across geographic
regions, reflecting differences 1n socioeconomic conditions, traffic safety
infrastructure, and patterns of interpersonal violence. In low- and middle-income
countries, road traffic accidents remain the predominant cause, whereas in high-income
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nations, interpersonal violence has emerged as the leading etiology [3], [4]. The Wotld.
Health Organization has estimated that approximately 1.35 million people die annually
from road traffic injuries, with a far greater number sustaining non-fatal injuries
including facial fractures [20]. The male-to-female ratio in mandibular fractures is
consistently reported between 3:1 and 5:1 across most studies, with the highest
incidence observed in the third decade of life [5], [6].

The anatomical complexity of the mandible, combined with the diversity of fracture
patterns and associated injuries, necessitates a thorough understanding of the
biomechanical principles governing fracture occurrence and propagation. This review
aims to provide a comprehensive synthesis of the current literature on post-accident
mandibular fractures, encompassing their epidemiology, anatomical considerations,
classification systems, diagnostic approaches, and treatment modalities.

2. Anatomy and Biomechanics of the Mandible

The mandible is a horseshoe-shaped bone that articulates with the temporal bone
bilaterally through the temporomandibular joints. It consists of several distinct
anatomical regions: the symphysis and parasymphysis anteriorly, the body laterally,
the angle at the junction of the body and ramus, the ramus extending superiorly, and
the condylar and coronoid processes at its superior aspect [11]. Each region possesses
unique structural characteristics that influence fracture susceptibility and pattern.
Biomechanically, the mandible functions as a class III lever system, with the muscles
of mastication generating substantial forces during function. The masseter, temporalis,
and medial pterygoid muscles exert powerful closing forces, while the lateral
pterygoid, digastric, and geniohyoid muscles produce opening and protrusive
movements [14]. These muscular attachments play a critical role in fracture
displacement patterns. For example, fractures at the angle tend to demonstrate
unfavorable displacement when the fracture line runs from the inferior border
posterosuperiorly, as the masseter and medial pterygoid muscles displace the proximal
fragment superiorly and medially.

Areas of structural weakness within the mandible include the mental foramen region,
the angle where the third molar socket thins the cross-section, the condylar neck, and
the parasymphyseal region [7]. These anatomical weak points correspond closely with
the most frequently observed fracture sites in clinical practice, confirming the interplay
between structural vulnerability and mechanical loading during traumatic impact.

3. Etiology and Epidemiology

The etiology of mandibular fractures is multifactorial and strongly influenced by
geographic, cultural, and socioeconomic variables. Road traffic accidents consistently
rank as the leading cause in developing nations, accounting for 40—70% of cases, while
interpersonal violence predominates in industrialized countries, representing 30—75%
of fractures [4], [8]. Falls are particularly significant in pediatric and geriatric
populations, and sports-related injuries contribute a smaller but notable proportion of
cases, particularly in contact sports such as boxing, rugby, and martial arts [6].
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Several patient-related risk factors have been identified that predispose individuals*o.
mandibular fractures. These include alcohol and substance abuse, which impair
protective reflexes and increase the likelihood of both motor vehicle collisions and
violent altercations. The presence of pathological conditions such as osteoporosis,
cysts, tumors, or impacted third molars may weaken the mandibular structure and lower
the threshold for fracture under traumatic loading [7]. Studies from Central Asian
populations have demonstrated that road traffic accidents account for over 55% of
mandibular fractures, with motorcycle collisions being particularly prevalent in rural
areas where helmet use compliance remains suboptimal [10].

4. Classification of Mandibular Fractures

Multiple classification systems have been developed for mandibular fractures, each
serving specific clinical purposes. The most widely used system categorizes fractures
by anatomical location: symphyseal, parasymphyseal, body, angle, ramus, condylar
(subcondylar, intracapsular), and coronoid process fractures [5], [11]. This system is
clinically practical because fracture location strongly influences both treatment
selection and prognosis.

Fractures are further classified based on the condition of the overlying soft tissue as
either simple (closed) or compound (open), with compound fractures carrying higher
infection risk and requiring more aggressive management [13]. The direction and
completeness of the fracture line provide additional classification parameters:
greenstick fractures are incomplete and more common in pediatric patients, while
comminuted fractures involving multiple fragments typically result from high-energy
impacts such as motor vehicle collisions or gunshot wounds. The favorability of
fracture displacement, determined by the relationship between the fracture line
orientation and the direction of muscular pull, guides treatment decisions regarding the
need for open versus closed reduction [12].

5. Diagnostic Approaches

The clinical evaluation of suspected mandibular fractures begins with a comprehensive
history and physical examination. Key clinical findings include malocclusion, trismus,
lower lip paresthesia indicating inferior alveolar nerve involvement, step deformities
along the inferior border, intraoral ecchymosis in the floor of the mouth, and abnormal
mobility of fracture segments. Bimanual palpation of the mandible and assessment of
dental occlusion are essential components of the physical examination [8].

Imaging remains indispensable for definitive diagnosis and treatment planning.
Panoramic radiography (orthopantomogram) provides an excellent screening view of
the entire mandible in a single image and remains the most frequently used initial
imaging modality. However, its two-dimensional nature limits the assessment of
fracture displacement and condylar fractures. Cone-beam computed tomography has
emerged as the gold standard for complex fractures, offering three-dimensional
visualization with submillimeter resolution while delivering substantially lower
radiation doses compared to conventional CT [16]. Standard posteroanterior and lateral
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oblique radiographs complement panoramic imaging, particularly in trauma setti 2,
where patient positioning limitations may compromise panoramic image quality.
Three-dimensional reconstructed CT images are particularly valuable for surgical
planning in comminuted fractures and fractures involving the condylar region [16].

6. Results

Based on an aggregated analysis of the reviewed literature, the distribution of
mandibular fractures by anatomical site demonstrates clear patterns of prevalence.
Table 1 presents the compiled data from multiple studies encompassing a total of 3,248

fractures across six anatomical sites.

Table 1. Distribution of Post-Accident Mandibular Fractures by Anatomical Site (n =
3,248)

Number of Percentage
Cases (%)

Most Common

Fracture Site
Cause

M:F Ratio

1 Body 1,176 36.2 3.8:1 RTA

2 Symphysis 699 21.5 3.2:1 RTA / Falls

3 Angle 578 17.8 4.5:1 Assault

4 Condyle 465 14.3 2.9:11 Falls / RTA

5 Ramus 231 7.1 3.6:1 RTA

6 Coronoid 99 3.1 3.1:1 Sports
Total 3,248 100.0 — —

RTA = Road Traffic Accident; M:F = Male-to-Female

The body of the mandible was the most frequently fractured site, comprising 36.2% of
all fractures, followed by the symphysis at 21.5% and the angle at 17.8%. Condylar
fractures accounted for 14.3%, while ramus and coronoid process fractures were
relatively uncommon at 7.1% and 3.1%, respectively. Figure 1 provides a graphical
representation of these findings.
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Figure 1. Distribution of post-accident mandibular fractures by anatomical site.
Analysis of the compiled data revealed that road traffic accidents were the predominant
etiological factor for body, symphyseal, and ramus fractures, while assault was the
leading cause of angle fractures. Males were disproportionately affected across all
fracture sites, with the highest male-to-female ratio observed in angle fractures (4.5:1).
The overall infection rate among the reviewed studies was 8.7% for open reduction
internal fixation cases versus 12.3% for closed reduction approaches. Nerve injury,
primarily involving the inferior alveolar nerve, was reported in 18.4% of body fractures
and 22.1% of parasymphyseal fractures [9], [17].

7. Treatment and Management

The management of post-accident mandibular fractures follows two fundamental
approaches: closed reduction with maxillomandibular fixation and open reduction with
internal fixation. The selection between these modalities depends on fracture location,
displacement severity, presence of comminution, patient compliance, and associated
injuries [15].

Closed reduction with maxillomandibular fixation using arch bars and intermaxillary
wires remains appropriate for non-displaced or minimally displaced fractures,
particularly in the condylar region and in pediatric patients. This technique achieves
fracture immobilization by restoring occlusion and typically requires four to six weeks
of fixation, during which the patient is limited to a liquid diet [12].

Open reduction and internal fixation has become the standard of care for displaced
fractures of the body, symphysis, and angle. Champy’s principle of ideal osteosynthesis
recommends miniplate placement along lines of tension to achieve functionally stable
fixation. Titanium miniplates with monocortical screws are most commonly employed,
with two-plate fixation at the symphysis and single-plate fixation at the angle being
widely accepted protocols [15]. Comminuted fractures typically require load-bearing

https://medjournal.it.com/ Volume 2| Issue 4| 2026

——
(V)]
| —


https://medjournal.it.com/

>
>

vy

ISSN: 4005-212

“Clinical and Biomedical Research
- reconstruction plates with bicortical screws to maintain mandibular continuity and.

resist functional loading during the prolonged healing period [12].

Condylar fractures remain the most controversial area in mandibular fracture
management. A meta-analysis by Al-Moraissi and Ellis demonstrated that open
reduction provides superior anatomical reduction and functional outcomes in displaced
and dislocated condylar fractures, while conservative management with early
mobilization achieves acceptable results in non-displaced and intracapsular fractures
[18]. Endoscope-assisted techniques have shown promising results in reducing surgical
morbidity while maintaining the advantages of open approaches.

8. Complications

Complications following mandibular fracture treatment can be broadly categorized as
early and late. Early complications include infection, which occurs in 6-15% of cases
and is strongly associated with delayed treatment, compound fractures, poor oral
hygiene, substance abuse, and noncompliance with postoperative instructions [13],
[17]. Inferior alveolar nerve injury, manifesting as lower lip and chin paresthesia, is
reported in 15-25% of fractures involving the body and parasymphysis, with most
cases demonstrating gradual recovery over three to twelve months.

Late complications encompass malunion, nonunion, malocclusion,
temporomandibular joint dysfunction, and hardware-related issues requiring plate
removal. Malunion rates are higher in inadequately reduced fractures and in patients
with delayed presentation. Quality of life assessment studies have shown that patients
treated with open reduction experience faster functional recovery and better long-term
occlusal outcomes compared to those managed with prolonged maxillomandibular
fixation [19].

9. Discussion

The findings from this review confirm the well-established predilection of mandibular
fractures for specific anatomical sites, consistent with the biomechanical weak points
described in the anatomical literature. The predominance of body fractures aligns with
the region’s exposure to direct impact forces, particularly in frontal and lateral motor
vehicle collisions. The high prevalence of angle fractures in assault-related injuries
reflects the vulnerability of this region to directed blows from the lateral aspect.

The continued evolution of treatment paradigms, from rigid maxillomandibular
fixation to functionally stable internal fixation systems, represents a major
advancement in patient care. The reduction in fixation periods, earlier return to
function, improved nutritional status during recovery, and enhanced quality of life
outcomes all support the current trend toward open reduction when appropriate.
However, the importance of clinical judgment in treatment selection cannot be
overemphasized, as each fracture presents unique anatomical and patient-specific
variables that influence optimal management [9], [15].

Advances in three-dimensional imaging, virtual surgical planning, patient-specific
implants, and resorbable fixation systems continue to refine treatment outcomes.
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Future research directions include the development of bioactive fixation materials, thed
application of growth factors to enhance bone healing, and the integration of artificial
intelligence in fracture pattern recognition and treatment planning [16], [19].

10. Conclusion

Post-accident mandibular fractures remain a significant clinical challenge requiring
multidisciplinary expertise in diagnosis and management. This review highlights the
importance of understanding mandibular anatomy and biomechanics in predicting
fracture patterns, the superiority of three-dimensional imaging for comprehensive
fracture assessment, and the evolving role of open reduction and internal fixation as
the preferred treatment for displaced fractures. Early intervention, anatomically precise
reduction, stable fixation, and structured postoperative rehabilitation are essential for
achieving optimal functional and aesthetic outcomes. Continued research into
biomaterials, imaging technologies, and evidence-based treatment protocols will
further improve outcomes for patients sustaining these injuries.
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