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ABSTRACT 
Introduction: Three-dimensional (3D) reconstruction based on computed tomography (CT) has become an essential tool for the 
evaluation and surgical planning of complex traumatic injuries. By providing detailed visualization of fracture morphology and 
spatial relationships, it enhances diagnostic accuracy and supports individualized preoperative planning in both maxillofacial and 
orthopedic trauma. 
Objective: To compare the current scientific evidence regarding the use of CT-based 3D reconstruction in the surgical planning of 
maxillofacial and orthopedic trauma, focusing on its impact on diagnostic accuracy, preoperative planning, surgical performance, 
and clinical outcomes. 
Methodology: A narrative literature review was conducted using PubMed/MEDLINE, Scopus, Web of Science, and Google 
Scholar. Original studies, systematic reviews, meta-analyses, and observational studies published between 2015 and 2025 in 
English or Spanish were included. The selected studies evaluated the use of CT-based 3D reconstruction for preoperative planning 
in maxillofacial and orthopedic trauma. The evidence was comparatively analyzed according to diagnostic accuracy, surgical 
planning, operative time, anatomical reduction, 3D printing, and clinical outcomes. 
Results: The reviewed evidence indicates that CT-based 3D reconstruction significantly improves the understanding of complex 
fracture patterns and facilitates surgical decision-making. In maxillofacial trauma, it enhances the restoration of facial symmetry, 
occlusion, and functional outcomes through virtual planning and patient-specific implants. In orthopedic trauma, particularly in 
acetabular and pelvic fractures, it contributes to more accurate anatomical reduction, shorter operative time, reduced blood loss, and 
decreased fluoroscopy exposure. Integration with virtual surgical planning and 3D printing further improves surgical precision, 
although widespread implementation remains limited by costs and technological availability. 
Conclusions: CT-based 3D reconstruction is a valuable tool for optimizing surgical planning in maxillofacial and orthopedic 
trauma. Its integration with virtual planning, 3D printing, and artificial intelligence is expected to advance personalized surgery 
and improve clinical outcomes. However, further high-quality prospective studies are needed to strengthen the evidence supporting 
its long-term clinical benefits. 

KEYWORDS: Computed tomography; Three-dimensional reconstruction; Surgical planning; Maxillofacial trauma; Orthopedic 
trauma; Three-dimensional printing. 
 

INTRODUCTION 
Computed tomography (CT) is the imaging modality of 

choice for the evaluation of complex fractures because of its 

high spatial resolution and its ability to accurately depict bony 

anatomy. The development of three-dimensional (3D) 

reconstruction algorithms has significantly expanded 

diagnostic and preoperative planning capabilities by 

transforming two-dimensional images into volumetric models 

that faithfully reproduce the morphology of injured structures. 

This technological advancement has improved the 
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understanding of fracture geometry, fragment relationships, and 

the proximity of critical anatomical structures, all of which are 

essential for surgical decision-making (1). 

 

In recent years, CT-based three-dimensional 

reconstruction has become an established adjunct in the surgical 

planning of complex traumatic injuries. The ability to virtually 

rotate anatomical models, perform precise measurements, 

simulate fracture reductions, and plan implant positioning has 

enabled surgeons to optimize surgical strategies before entering 

the operating room. Furthermore, the integration of these 

reconstructions with technologies such as three-dimensional 

printing, virtual surgical planning, and surgical navigation has 

contributed to greater operative accuracy and reduced inter-

surgeon variability (2). 

In maxillofacial surgery, CT-based 3D reconstruction 

has demonstrated particular value in the management of 

fractures involving the zygomatico-orbital complex, mandible, 

maxilla, and naso-orbito-ethmoidal region. The anatomical 

complexity of the facial skeleton and the need to 

simultaneously restore both function and facial symmetry 

require a detailed assessment of bone displacement. Three-

dimensional models allow more accurate identification of 

fracture patterns, facilitate osteosynthesis planning, enable the 

design of patient-specific implants, and support surgical 

simulations that improve anatomical reconstruction. These 

applications have been associated with reduced operative time, 

improved implant adaptation, and better functional and 

aesthetic outcomes (3). 

In orthopedic traumatology, three-dimensional 

reconstructions have become particularly valuable in the 

management of complex fractures of the pelvis, acetabulum, 

and articular surfaces. The three-dimensional anatomy of these 

injuries often limits accurate interpretation using conventional 

axial CT images alone. Consequently, 3D models provide a 

more comprehensive understanding of fragment configuration, 

assist in selecting the most appropriate surgical approach, and 

facilitate planning of fracture reduction and internal fixation. 

Several studies and systematic reviews have demonstrated that 

three-dimensional planning combined with 3D printing can 

reduce operative time, intraoperative blood loss, fluoroscopic 

exposure, and improve the quality of anatomical reduction 

compared with conventional planning methods (4). 

Although both maxillofacial surgery and orthopedic 

surgery employ CT-based three-dimensional reconstruction as 

a surgical planning tool, important differences exist in their 

clinical applications. In maxillofacial trauma, the primary 

objective is to restore facial symmetry, occlusion, and 

masticatory function, whereas in orthopedic trauma, the priority 

is to restore articular congruity, mechanical stability, and 

functional mobility. These differences require distinct planning 

strategies and technological approaches, making it relevant to 

compare the impact of three-dimensional reconstruction across 

both specialties in order to identify its advantages, limitations, 

and future perspectives (5). 

In this context, the aim of the present review is to 

compare the available scientific evidence regarding the use of 

computed tomography-based three-dimensional reconstruction 

in the surgical planning of maxillofacial and orthopedic trauma. 

Specifically, it analyzes its impact on diagnostic accuracy, 

preoperative planning, surgical execution, and clinical 

outcomes, with the objective of identifying similarities, 

differences, and opportunities for integrating these technologies 

into contemporary surgical practice. 

 

Principles of Three-Dimensional Reconstruction Using 

Computed Tomography. 

Multidetector computed tomography (MDCT) is 

currently the imaging modality of choice for the evaluation of 

complex fractures involving the facial skeleton and the 

musculoskeletal system. Unlike conventional radiography, CT 

acquires a high-resolution isotropic volumetric dataset, 

enabling multiplanar and three-dimensional reconstruction of 

anatomical structures without significant loss of image quality. 

These characteristics have established CT as an indispensable 

tool for the diagnosis and preoperative planning of patients with 

complex traumatic injuries (6,7). 

Three-dimensional reconstructions are generated from 

high-resolution axial CT images, typically acquired with slice 

thicknesses of less than 1 mm, using post-processing algorithms 

that allow visualization of bony structures from multiple 

perspectives. The most commonly employed techniques 

include multiplanar reconstruction (MPR), Volume Rendering 

(VR), and Surface Shaded Display (SSD). While multiplanar 

reconstructions provide detailed assessment of anatomy in the 

axial, coronal, and sagittal planes, volumetric reconstructions 

enhance the spatial understanding of fracture patterns and the 

relationships among bone fragments (8). 

 

From the perspective of the imaging specialist, the 

quality of three-dimensional reconstruction depends on several 

technical factors, including slice thickness, reconstruction 

algorithm, voxel size, accurate segmentation of anatomical 

structures, and minimization of artifacts caused by patient 

motion or metallic hardware. Proper image acquisition and 

post-processing are essential for producing accurate 

reconstructions that enable surgeons to correctly interpret 

fracture morphology and plan surgical treatment with greater 

confidence and precision (9). 

Advances in three-dimensional reconstruction software 

have enabled the integration of semiautomated segmentation, 

virtual surgical planning, and three-dimensional printing, 

considerably expanding the clinical applications of computed 

tomography. These technologies not only improve 

communication between radiologists and surgical teams but 

also facilitate patient-specific surgical planning and enhance 

anatomical understanding in the management of complex 

maxillofacial and orthopedic trauma (10,11). 

 

METHODOLOGY 
This study is a narrative literature review aimed at 

comparing the applications of three-dimensional (3D) 

reconstruction based on computed tomography (CT) in the 

surgical planning of maxillofacial and orthopedic trauma. 

A comprehensive literature search was conducted in the 

PubMed/MEDLINE, Scopus, Web of Science, and Google 

Scholar databases, as these are widely recognized sources for 

indexing biomedical and surgical literature. The search strategy 

combined Medical Subject Headings (MeSH) and free-text 

keywords in English, including *three-dimensional 



                                      ISSN (Online): 2455-3662 
 EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal 
 Volume: 12| Issue: 7| July 2026|| Journal DOI: 10.36713/epra2013 || SJIF Impact Factor 2026: 8.753 || ISI Value: 1.188 

 

 

2026 EPRA IJMR    | ISSN (Online): 2455-3662|  https://eprapublishing.org/    -------------------------------633 

reconstruction*, *computed tomography*, *3D CT 

reconstruction*, *surgical planning*, *maxillofacial trauma*, 

*facial fractures*, *orthopedic trauma*, *pelvic fractures*, 

*acetabular fractures*, *virtual surgical planning*, and *3D 

printing*. These terms were combined using the Boolean 

operators **AND** and **OR** to optimize the sensitivity 

and specificity of the search. 

 

Eligible studies included original research articles, 

systematic reviews, meta-analyses, and observational studies 

published between 2015 and 2025 in English or Spanish that 

evaluated the use of CT-based three-dimensional reconstruction 

as a preoperative planning tool for patients with maxillofacial 

or orthopedic trauma. In addition, landmark studies published 

before 2015 were included when they provided essential 

information regarding the development and clinical 

implementation of this technology. 

Studies were excluded if they addressed non-traumatic 

conditions, consisted exclusively of experimental research 

without clinical application, were isolated case reports, letters 

to the editor, conference abstracts, or articles without full-text 

availability. Studies focusing solely on image acquisition 

techniques without evaluating their role in surgical planning 

were also excluded. 

The selected articles were critically reviewed and 

categorized according to surgical specialty (maxillofacial 

surgery or orthopedic traumatology), study design, 

methodological characteristics, and principal findings. A 

comparative analysis of the available evidence was 

subsequently performed, considering variables such as 

diagnostic accuracy, preoperative planning, operative time, 

quality of anatomical reduction, use of patient-specific 

implants, three-dimensional printing, and the clinical outcomes 

reported across the included studies. 

 

DEVELOPMENT 
Three-Dimensional Reconstruction Using Computed 

Tomography in Maxillofacial Trauma. 

Maxillofacial trauma represents one of the clinical 

settings in which computed tomography (CT)-based three-

dimensional (3D) reconstruction has had the greatest impact on 

surgical planning. Owing to the complex anatomy of the facial 

skeleton, characterized by multiple small bony structures, 

pneumatized cavities, and their close relationship with sensory 

organs and neurovascular structures, the interpretation of 

conventional two-dimensional images may be limited, 

particularly in complex or comminuted fractures. In this 

context, computed tomography has become the imaging 

modality of choice for the evaluation of maxillofacial trauma, 

allowing accurate identification of fracture lines, displacement 

of bone fragments, and associated injuries. Based on these CT 

datasets, three-dimensional reconstructions provide a more 

intuitive and detailed anatomical representation, improving the 

spatial understanding of injuries, optimizing preoperative 

planning, and facilitating the selection of the most appropriate 

surgical strategy (10,12). 

Fractures of the zygomatico-orbital complex, orbital 

floor, mandible, and naso-orbito-ethmoidal complex are among 

the main indications for the use of 3D reconstruction. These 

injuries frequently involve displacement in multiple spatial 

planes that may not be fully appreciated on isolated axial, 

coronal, or sagittal images. Three-dimensional visualization 

facilitates the identification of the number of fracture 

fragments, the degree of displacement, bone volume loss, and 

facial asymmetry, all of which are essential for selecting the 

most appropriate surgical approach and planning accurate 

anatomical reduction (10,11). 

The incorporation of virtual surgical planning has 

further expanded the applications of this technology. Using 

dedicated software, surgeons can perform virtual osteotomies, 

simulate fracture reductions, determine the optimal positioning 

of plates and screws, and design patient-specific surgical guides 

and implants. These tools allow technical challenges to be 

anticipated before surgery, reduce the need for intraoperative 

modifications, and improve reconstructive accuracy, 

particularly in comminuted fractures or extensive bone defects 

(11,13). 

Three-dimensional reconstruction derived from 

computed tomography also provides the foundation for the 

production of physical anatomical models through three-

dimensional (3D) printing, a technology that has significantly 

expanded the possibilities for personalized surgical planning. 

Following digital image segmentation, highly accurate 

anatomical models can be fabricated, allowing surgeons to 

physically examine and manipulate the patient's anatomy 

before the procedure. This approach facilitates detailed analysis 

of complex fractures, pre-contouring of fixation plates, design 

of patient-specific surgical guides, and simulation of 

reconstructive procedures. In addition, printed models enhance 

surgical education, improve communication among 

multidisciplinary team members, and facilitate patient 

understanding of the planned procedure. Although three-

dimensional printing involves additional costs and requires 

time for image processing and model fabrication, numerous 

studies have demonstrated that these investments may be offset 

by reductions in operative time, decreased intraoperative 

manipulation, and greater precision in anatomical 

reconstruction, particularly in patients with complex facial 

fractures (10,11,13). 

Several studies have demonstrated that the use of three-

dimensional reconstruction and virtual surgical planning is 

associated with greater accuracy of anatomical reduction, 

shorter operative time, and improved functional and aesthetic 

outcomes compared with conventional planning based solely 

on two-dimensional imaging. Furthermore, the ability to more 

accurately restore facial symmetry and occlusal relationships 

has contributed to lower revision surgery rates and higher 

patient satisfaction (2,11). 

Despite these advantages, the routine implementation of 

these technologies continues to face limitations related to the 

cost of specialized software, the availability of three-

dimensional printing equipment, the time required for image 

processing, and the need for personnel trained in anatomical 

segmentation and virtual surgical planning. Nevertheless, the 

ongoing evolution of three-dimensional reconstruction 

systems, the increasing incorporation of artificial intelligence 

into image processing workflows, and the progressive reduction 

in technological costs suggest that these tools will become an 

integral component of routine clinical practice in maxillofacial 

surgery in the coming years (11,13). 
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Three-Dimensional Reconstruction Using Computed 

Tomography in Orthopedic Trauma. 

Computed tomography (CT)-based three-dimensional 

(3D) reconstruction has become a fundamental tool in the 

surgical planning of orthopedic trauma, particularly for 

complex fractures involving articular surfaces or anatomically 

challenging regions that are difficult to evaluate using 

conventional two-dimensional imaging. Fractures of the 

acetabulum, pelvis, proximal tibia, tibial plafond, calcaneus, 

and distal radius often exhibit complex three-dimensional 

fracture patterns that are not adequately characterized on 

standard axial CT images. In this context, 3D reconstructions 

provide a more comprehensive understanding of fracture 

morphology, fragment orientation, and the degree of 

displacement, thereby facilitating therapeutic decision-making 

and the selection of the most appropriate surgical approach (1). 

Acetabular and pelvic fractures represent some of the 

greatest challenges in orthopedic traumatology because of the 

anatomical complexity of the region and the difficulty of 

interpreting multiple fracture fragments using conventional 

two-dimensional imaging. Three-dimensional reconstruction 

derived from computed tomography enables comprehensive 

visualization of the acetabular columns, articular surface, and 

spatial orientation of fracture fragments, thereby facilitating 

fracture classification and the selection of the optimal surgical 

approach. Furthermore, preoperative planning based on three-

dimensional models allows surgeons to anticipate technical 

difficulties, optimize anatomical reduction, and improve 

procedural reproducibility, particularly in displaced and 

comminuted fractures (14,15). 

Virtual surgical planning based on three-dimensional 

reconstructions has enabled preoperative simulation of fracture 

reduction, evaluation of different surgical approaches, and 

precise determination of the optimal position and length of 

fixation plates and screws before surgery. This technology 

provides surgeons with a patient-specific anatomical model that 

supports surgical decision-making and reduces the need for 

intraoperative modifications. Feasibility studies have 

demonstrated a high degree of agreement between virtual 

planning and the actual surgical procedure, highlighting its 

value in optimizing surgical strategies for complex acetabular 

fractures (14,15). 

Three-dimensional reconstruction obtained from 

computed tomography also serves as the basis for the 

production of patient-specific three-dimensional printed 

anatomical models, which have proven to be valuable tools for 

personalized surgical planning. These models allow detailed 

evaluation of fracture anatomy, pre-contouring of fixation 

plates, and rehearsal of fracture reduction sequences before 

surgery. In complex acetabular fractures, the combination of 

virtual surgical planning and three-dimensional printing has 

demonstrated high anatomical accuracy, facilitating more 

precise fracture reduction while reducing operative time (4,16). 

The available scientific evidence supports the positive 

impact of three-dimensional reconstruction and virtual model-

assisted surgical planning on perioperative outcomes in 

orthopedic trauma. Systematic reviews have shown that these 

technologies contribute to reductions in operative time, 

intraoperative blood loss, fluoroscopic exposure, and the need 

for intraoperative implant reshaping. Moreover, planning based 

on three-dimensional reconstructions promotes more accurate 

anatomical reduction and greater precision in the placement of 

fixation devices, particularly in complex acetabular and pelvic 

fractures (3,4). 

Advances in artificial intelligence, statistical shape 

modeling, and automated reconstruction algorithms are further 

expanding the possibilities of personalized surgical planning. 

Recently, systems have been developed that are capable of 

virtually reconstructing complex acetabular fractures even in 

the absence of an intact contralateral hemipelvis, representing a 

significant advancement for bilateral injuries and patients with 

pre-existing deformities. These innovations have the potential 

to be integrated into surgical navigation platforms and 

computer-assisted surgery systems, further improving the 

precision and efficiency of treatment for complex orthopedic 

trauma (17). 

 

DISCUSSION 
The scientific evidence analyzed in this review 

demonstrates that computed tomography (CT)-based three-

dimensional (3D) reconstruction has become a valuable tool for 

surgical planning in both maxillofacial and orthopedic trauma. 

In both specialties, the conversion of two-dimensional images 

into three-dimensional models enhances the understanding of 

injured anatomy, facilitates the identification of fracture 

fragments, and enables more accurate preoperative planning. 

These findings are consistent with numerous reviews reporting 

improved preoperative decision-making and greater surgeon 

confidence during the management of complex injuries (1,10). 

Although both specialties rely on the same imaging 

technology, their clinical priorities differ considerably. In 

maxillofacial surgery, three-dimensional reconstruction is 

primarily focused on restoring facial symmetry, occlusion, and 

stomatognathic function, whereas in orthopedic traumatology 

the main objective is to restore articular congruity, mechanical 

stability, and functional recovery of the affected limb. These 

differences influence how three-dimensional information is 

incorporated into surgical planning and explain the 

development of specialty-specific planning tools tailored to the 

unique requirements of each discipline (10,15). 

Another important finding of this review is the 

increasing integration of CT-based three-dimensional 

reconstruction with virtual surgical planning and three-

dimensional (3D) printing. Although CT reconstruction serves 

as the foundation of the entire workflow, the ability to generate 

patient-specific anatomical models and customized surgical 

guides has considerably expanded the clinical applications of 

these technologies. In both specialties, this integration has 

enabled optimization of implant pre-contouring, reduced 

intraoperative manipulation, and improved the accuracy of 

anatomical reduction, particularly in complex fractures. 

However, the current evidence remains more robust for 

acetabular and pelvic fractures than for other anatomical 

locations (2,11). 

The clinical benefits reported in the literature include 

reductions in operative time, intraoperative blood loss, 

fluoroscopic exposure, and improvements in the quality of 

anatomical reduction. Nevertheless, the magnitude of these 

benefits varies among studies because of differences in 

methodology, sample size, surgeon experience, and the 
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availability of advanced technologies. Furthermore, many 

published studies are retrospective analyses or case series, 

limiting the overall level of evidence and making it difficult to 

draw definitive conclusions regarding the long-term impact of 

these technologies on functional outcomes (2,4). 

Finally, recent advances in artificial intelligence, 

automated image segmentation, and computer-assisted surgical 

planning represent one of the most promising future directions 

for three-dimensional reconstruction. These technologies have 

the potential to substantially reduce image-processing time and 

facilitate the implementation of personalized surgical planning, 

even in hospitals with limited resources. However, prospective 

multicenter studies with standardized methodologies will be 

required to determine the true impact of these innovations on 

implant survival, functional recovery, and patients' quality of 

life (11,17). 

 

CONCLUSIONS 
Computed tomography (CT)-based three-dimensional 

(3D) reconstruction has become one of the most important 

imaging tools in modern medicine for the diagnosis and 

surgical planning of both maxillofacial and orthopedic trauma. 

Its ability to transform two-dimensional images into highly 

accurate three-dimensional anatomical representations 

enhances the understanding of complex fracture morphology, 

facilitates therapeutic decision-making, and improves 

communication between radiologists and the surgical team. 

The scientific evidence reviewed demonstrates that 

three-dimensional reconstruction improves preoperative 

planning by optimizing the selection of the surgical approach, 

anatomical reduction, and implant placement, particularly in 

complex fractures involving the facial skeleton, pelvis, 

acetabulum, and other articular surfaces. Furthermore, its 

integration with virtual surgical planning and three-dimensional 

(3D) printing has substantially expanded the possibilities of 

personalized surgery, enabling procedures that are more 

precise, efficient, and safe. 

Despite its numerous advantages, several challenges 

remain, including the cost of implementation, limited 

availability of specialized technologies, the need for 

standardized image acquisition and post-processing protocols, 

and the requirement for personnel trained in image 

segmentation and three-dimensional reconstruction. These 

limitations also represent opportunities for the development of 

new technologies that may facilitate the routine incorporation 

of these techniques into clinical practice. 

Finally, continued advances in artificial intelligence, 

automated anatomical segmentation, computer-assisted 

surgical planning, and three-dimensional printing are expected 

to further expand the clinical applications of CT-based three-

dimensional reconstruction. Close collaboration among 

radiologists, maxillofacial surgeons, and orthopedic trauma 

surgeons will be essential to establish these technologies as 

integral components of personalized medicine and to improve 

the functional and aesthetic outcomes of patients with complex 

traumatic injuries. 
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