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Abstract

Le Fort fractures are canonical midfacial fracture patterns defined by separation of the
midface from the cranial base, but contemporary high-energy trauma and advanced CT
imaging have revealed far more complex and heterogeneous disruptions than those
originally described. This review outlines classic mechanisms and patterns of Le Fort
I-I1I fractures, summarizes evolving epidemiology and CT-based diagnostic strategies,
and discusses current principles of operative and non-operative management, including
sequencing, fixation, and multidisciplinary care. Emerging trends, such as
buttress-based classifications, 3-D planning, virtual surgical simulation, and
patient-specific implants, are highlighted as potential solutions to the limitations of the
traditional Le Fort system. Future perspectives emphasize integration of quantitative
imaging, objective occlusal analysis, and outcome-driven classification schemes to
better guide individualized treatment.

Keywords: Le Fort fractures, midface trauma, CT imaging, open reduction, internal
fixation, craniofacial surgery, fracture classification

Introduction

Le Fort fractures describe three archetypal midface fracture patterns—horizontal (1),
pyramidal (II), and craniofacial disjunction (III)—defined by René Le Fort in cadaver
experiments in 1901. These injuries involve separation of all or part of the midface
from the skull base, mandatorily including fractures through the pterygoid plates.
Although the Le Fort system remains widely used for communication and teaching,
modern trauma mechanisms, notably high-speed motor vehicle collisions, often
produce comminuted, asymmetric, and overlapping fracture lines that only partially
conform to these classic descriptions.[1][2][3][4][5][6]

Multidetector CT (MDCT) with multiplanar and 3-D reconstructions has largely
replaced plain radiography, enabling detailed visualization of midfacial buttresses,
orbital walls, and associated cranial injuries. This technological shift, together with
contemporary surgical goals of early functional restoration and aesthetic
reconstruction, has stimulated debate over whether a new, buttress-oriented
classification is needed to supplement or replace the traditional Le Fort framework.
The present review synthesizes current knowledge on mechanisms, epidemiological
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s, diagnostic strategies, management principles, and future directions in Le Fort
fracture care.[7][4][8]

Methods

This narrative review synthesizes recent English-language literature on Le Fort
fractures, focusing on mechanisms, imaging, management, and emerging trends.
Articles were selected from peer-reviewed journals and authoritative reference
resources on midface trauma, CT classification, and operative techniques. Priority was
given to contemporary reviews, large clinical series, and guidelines relevant to current

practice in high-energy trauma settings.[1][7][9][3][10][4][5][8]
Comparison of Major Management Approaches

Aspect

Primary goal

Closed / conservative methods

Symptomatic relief, basic occlusal
stabilization [11][3]

Open reduction and internal fixation
(ORIF)

Anatomical reduction,
three-dimensional support [11][3]

stable

Exposure of Minimal or none, relies on external Direct visualization of buttresses and

fracture sites support [11] orbital walls [11][3]

Typical Maxillomandibular fixation, external Plate and screw fixation at zygomatic,

techniques fixation, suspension wires [11][3] nasofrontal, and orbital buttresses

[11][3]

Indications Minimally displaced fractures, poor Displaced, unstable, or
surgical candidacy, resource-limited function-threatening fractures; complex
settings [11][3] multi-buttress injuries [11][9][10]

Advantages Lower operative risk, shorter More predictable occlusion, facial
anesthesia, less soft-tissue dissection symmetry, and  orbital  volume
[11] restoration [11][3]

Limitations Higher risk of malunion, residual Requires operative expertise, implants,
deformity, and prolonged MMF and multidisciplinary perioperative care
[L1][3] [11][9][10]

Results

Classic Mechanisms and Patterns

Le Fort fractures occur in roughly one-fifth of facial fractures and are strongly
associated with high-velocity blunt trauma such as motor vehicle collisions, assaults,
and falls. Classic cadaveric experiments identified three predictable fracture planes: Le
Fort I (floating palate) with a horizontal separation of the maxilla from the upper face;
Le Fort II (floating maxilla) forming a pyramidal pattern through the inferior orbital
rim; and Le Fort IIT (floating face) representing a transverse craniofacial disjunction
involving the nasofrontal region, orbital walls, and zygomatic arches.[1][2][9][3][5]
In actual trauma patients, these patterns often overlap and are asymmetric;
combinations such as unilateral Le Fort IT with contralateral Le Fort III are common.
High-energy mechanisms frequently produce comminuted fractures of midfacial
buttresses, orbital walls, and naso-orbital-ethmoid region that only partially correspond
to the original Le Fort planes.[2][3][4]

Radiological Diagnosis and Current Imaging Trends

https://journalmed.org Volume 1| Issue 3| 2026

N


https://journalmed.org/

~
_Lnie% ournal of Clinical & Translational Medicine ISSN: 4015-352X
= fa\

- — P o
i )
p
P

s \
a'r‘
I

{

!
| i/
\ sy
7 1

X
l.|m L} J
PR EEREY.

Figure 1. Le Fort skull fractures

Physical examination—including assessment of malocclusion, midface mobility,
epistaxis, infraorbital hypesthesia, and CSF rhinorrhea—remains critical, but definitive
diagnosis and classification are now largely CT-based. MDCT allows thin-slice axial
acquisition with high-quality multiplanar and 3-D reconstructions, which have largely
replaced  conventional  facial  radiography  for  suspected  midfacial
fractures.[11][7][5][12][8]

CT diagnosis of Le Fort fractures can be simplified by focusing on mandatory
pterygoid plate disruption and one characteristic landmark for each type: the
anterolateral margin of the nasal fossa for Le Fort I, the inferior orbital rim for Le Fort
I, and the zygomatic arch or zygomaticofrontal suture for Le Fort III. This
landmark-based approach increases classification accuracy in complex fracture
patterns and facilitates communication among surgeons and radiologists.[7][5]
Representative radiological images include:
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Figure 2. Le Fort fractures diagram!
Diagrammatic depictions of Le Fort I-III planes on the skull, showing horizontal,
pyramidal, and transverse fracture lines across the maxilla, nasal bones, orbital rim,
and zygomatic arches.[1][2]
Coronal CT images demonstrating Le Fort III craniofacial disjunction with interruption
of the frontozygomatic and nasofrontal sutures and separation of the midface from the
cranial base.[9]
3-D CT reconstructions of the midface illustrating comminuted fractures across
multiple buttresses, as well as postoperative reconstructions with plates and screws
restoring midfacial continuity.[9]
Contemporary Management Principles
Initial management follows advanced trauma life support principles, with priority to
airway protection, hemorrhage control, and stabilization of associated head and
cervical spine injuries, which are common with high-energy Le Fort III fractures. Early
imaging with CT of the facial bones, brain, and cervical spine, sometimes with CT
angiography of the neck, is recommended to delineate fracture extent and vascular
injuries.[9][5][13]
Definitive treatment aims to restore occlusion, orbital volume, midfacial projection,
and facial symmetry. ORIF is now considered the gold standard for most displaced Le
Fort fractures, as it allows direct access for accurate reduction and rigid fixation of
midfacial buttresses. Common fixation sites include the zygomaticomaxillary buttress,
nasofrontal region, infraorbital rims, and frontozygomatic sutures, using plates and
screws tailored to the fracture configuration.[11][3][10]
Several operative sequences are used, but a “bottom-up and outside-in” strategy,
starting from stable mandibular and zygomatic buttresses and progressing to the
nasofrontal region and orbital rims, is now widely preferred for complex midface
fractures. Maxillomandibular fixation is typically applied after disimpaction to
re-establish occlusion, followed by stepwise plating of the zygomatic buttresses,

! https://thefuturedentistry.com/le-fort-fractures/
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rontal area, and orbital rims; MMF is often maintained for several weeks, then
replaced with guiding elastics.[10][11][9]

Not all Le Fort fractures require surgery; one review reported that approximately 60%
underwent ORIF, 30% were managed conservatively, and 10% required no specific
treatment, reflecting the spectrum from minimally displaced to highly unstable injuries.
Conservative management is reserved for non-displaced or minimally displaced
fractures with preserved occlusion and acceptable aesthetics, particularly in patients
with significant comorbidities or limited access to surgical resources.[3][11]
Radiological Images (Descriptive)

Le Fort I-I1I schematic: Frontal and lateral skull diagrams with superimposed colored
fracture lines tracing the horizontal maxillary plane (Le Fort I), pyramidal extension
through the nasal bones and infraorbital rims (Le Fort II), and transverse disruption of
nasofrontal, orbital, and zygomaticofrontal sutures (Le Fort I11).[1][2]

Coronal CT of Le Fort III: Bone-window coronal slices showing bilateral fractures of
the lateral orbital walls and frontozygomatic sutures, with separation between facial
skeleton and cranial base marked by discontinuity of the zygomatic arches.[9]

3-D CT reconstruction: Volume-rendered skull highlighting comminuted midfacial
fractures involving maxillary walls, nasal bones, and zygomatic arches, with
postoperative images demonstrating plate fixation across the zygomaticomaxillary and
nasofrontal buttresses.[9]

Pie Chart: Illustrative Distribution of Le Fort Types

To visually summarize the relative frequency of Le Fort patterns reported across
multiple series, an illustrative pie chart was generated using plausible proportions (Le
Fort 1 40%, Le Fort II 35%, Le Fort Il 25%) reflecting the greater prevalence of
lower-energy Le Fort I-II compared with rarer high-energy craniofacial disjunctions.
This chart is intended for educational visualization rather than as a pooled
meta-analytic estimate.[9][3][5]
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Figure 3. Illustrative Distribution of Le Fort Midface Fracture Types
Discussion
Limitations of the Traditional Le Fort Classification
While the Le Fort system provides a concise description of major midfacial fracture
planes, it is an oversimplification and often inadequate for surgical planning in
individual patients. High-energy trauma commonly generates comminuted,
multi-planar fractures with partial expression of several Le Fort patterns, as well as
concomitant naso-orbito-ethmoid and zygomaticomaxillary injuries that fall outside
the original classification.[7][3][4][5]
Thin-slice MDCT has revealed that many midface fractures do not strictly follow the
cadaveric Le Fort trajectories, leading some authors to call for a new classification
system based on involved buttresses and modular fracture units rather than fixed
planes. Such an approach may better reflect fracture biomechanics and guide targeted
reconstruction of vertical and horizontal facial supports.[3][4]
Role of CT and 3-D Imaging in Modern Care
The transition from plain radiography to MDCT has greatly improved sensitivity and
specificity for detecting facial fractures and has allowed comprehensive evaluation in
a single, rapid acquisition. Three-dimensional reconstructions facilitate understanding
of complex fracture geometry, aid pre-operative planning, and support patient and team
communication.[7][9][8]
Simplified CT criteria—such as mandatory pterygoid plate involvement plus
characteristic landmarks at the nasal fossa, inferior orbital rim, or zygomatic arch—
help clinicians rapidly recognize Le Fort components, even when fracture lines are
fragmented or asymmetric. Future enhancements, including automated segmentation,
quantitative analysis of buttress integrity, and machine-learning-based fracture pattern
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gnition, could transform CT from a mainly descriptive to a decision-support
tool.[5][7]

Evolving Management Strategies and Multidisciplinary Care

The shift toward early ORIF of midfacial fractures reflects a broader evolution in
craniofacial trauma management, emphasizing restoration of skeletal buttresses,
occlusion, and orbital volume to prevent long-term disability. The “bottom-up and
outside-in” approach, in which reconstruction begins with stable mandibular and lateral
midfacial buttresses and proceeds toward the central face and orbits, has gained
popularity  because it builds a stable framework for symmetric
reconstruction.[11][9][3][10]

Le Fort III fractures, although least common, carry high risk of intracranial and cervical
spine injuries and therefore require meticulous resuscitation and coordinated care by
trauma, maxillofacial, ENT, neurosurgical, and ophthalmologic teams. Decisions
regarding timing of definitive fixation must balance the benefits of early reconstruction
against the patient’s overall physiological status and associated injuries.[9][5][13]
Future Perspectives

Several trends are likely to shape the future management of Le Fort fractures:
Buttress-based and modular classifications that incorporate CT-defined fracture units
and vertical/horizontal supports may better correlate with operative strategies and
outcomes than purely plane-based Le Fort types.[3][4]

3-D virtual planning and patient-specific implants are advancing in craniofacial
reconstruction and may soon become standard for complex midface fractures,
permitting pre-contoured plates and more accurate restoration of facial contour and
orbital volume.[9][3]

Quantitative outcome measures, including occlusal function, ocular alignment, airway
patency, and patient-reported aesthetic satisfaction, will be essential to validate new
classifications and surgical algorithms in prospective studies.[10][3]

Artificial intelligence and automated CT analysis could assist in rapid fracture
classification, identification of subtle injuries, and simulation of surgical correction,
thereby supporting trainees and experienced surgeons alike.[7][8]

Conclusion

Le Fort fractures remain a foundational concept for understanding midface trauma, but
modern high-energy mechanisms, MDCT imaging, and advanced reconstructive
techniques have exposed the limitations of the original plane-based classification.
Contemporary management emphasizes CT-guided analysis of midfacial buttresses,
early ORIF using a bottom-up and outside-in strategy, and multidisciplinary care,
particularly for Le Fort III craniofacial disjunctions. Future progress will likely depend
on integrating buttress-oriented classifications, 3-D virtual planning, and quantitative
outcome research to deliver more precise, individualized reconstruction for patients
with these complex injuries.
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