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ABSTRACT  

Aim of the study The purpose of this study is to evaluate the benefits of 3D printing in the management of 

midface trauma, in cases in which titanium mesh was used for the reconstruction. Material and methods We 

performed a review of midface fracture cases in which stereolithic models were used during the preoperative 

planning for the pre-bending of the fixation plates and titanium meshes. We evaluated the characteristics of the 

case, the protocol of 3D printing, the details of titanium mesh reconstruction and the surgery outcomes. Results 

By performing the material shaping preoperatively the surgery duration was decreased. The complexity of the 

procedure was reduced, due to the detailed pre-operative planning using patient-specific 3D printed models. The 

pre-shaped plates and titanium mesh were useful guides to the correct fracture reduction. The titanium mesh 

allowed the reconstruction of comminuted areas of bone and preservation of multiple bone fragments. The 

postoperative outcomes were in accordance with the preoperative planning. The contours and dimensions of the 

midface were accurately restored, as well as the functions. Conclusions The implementation of 3D printing in 

the management of midface fractures has multiple advantages that justify the current use of this method in the 

setting of acute trauma. 
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INTRODUCTION 

The three-dimensional (3D) printing 

technology (also called additive 

manufacturing and rapid prototyping) 

gradually evolved, since its invention almost 

30 years ago, until the present day, towards 

the development and wide distribution of 

personal use 3D printers (1,2,3). Nowadays 

protocols are constantly upgraded to suit the 

continually expanding field of application 

(4,5). 

Due to their recent availability, in-office 

3D printers are increasingly used in the 

medical field for providing an individualized 

treatment with improved precision. The low 

cost of the printer and printing materials, as 

well as the availability of free, easy to use 

software, makes this technology suitable for 

the majority of clinical settings (2,3,4,6). The 

application of additive manufacturing in the 

management of acute trauma is becoming 

more common since the adaptation of 

workflow protocols to suit the distinctive 

features of this pathology (7,8). The 

management of midface fractures in 

particular benefits greatly from patient-

specific techniques (8,9,10).   

Midface anatomy is characterized by an 

alternance between thick strands of bone and 

thin bone surfaces, delineating bone cavities 

(11,12). Therefore, fractures located in the 

middle third of the facial skeleton often 

mailto:lgheorghe123@gmail.com


Romanian Journal of Oral Rehabilitation 

Vol. 13, No.4 October-December 2021 

 

15 

associate the presence of numerous displaced 

bone fragments (12,13,14,15).  

Restoring the lost midface dimensions and 

contours requires the use of a strong material 

that offers great freedom in deciding the 

location of the fixation points and engaging 

as many fragments as possible. In this regard, 

titanium mesh is an optimal solution, since it 

is rigid enough to ensure stability, but flexible 

enough to allow shaping. Additionally, it has 

a wide surface that may be trimmed and 

modelled to the desired shape and offers 

multiple fixation points (16,17,18).  

To ensure the best outcomes, the precise 

modelling of the mesh is necessary. This 

process may be technically difficult in the 

moist intraoperative environment and within 

the limited space of the surgical wound. 

Three-dimensional printing offers a solution 

through the possibility of precisely modelling 

the mesh before surgery by using a 

stereolithic model specific to the patient 

(8,10).  

The purpose of this study is to explore the 

benefits of using additive manufacturing in 

the preoperative planning of midface fracture 

cases, particularly in cases requiring the use 

of titanium mesh for reconstruction. 

 

MATERIAL AND METHODS 

We performed a review of midface 

fracture cases admitted in the Oral and 

Maxillofacial Surgery Clinic of Saint 

Spiridon Hospital Iași, between January 2017 

and May 2021. 

In the study group we included patients 

with midface fractures in which titanium 

mesh was necessary for the reconstruction 

and stereolithic models were used for the 

preoperative modelling of the titanium mesh 

and plates. 

Patients with a history of previous facial 

trauma were excluded from the study, as well 

as patients with less than 6 months of follow-

up.  

We documented the presenting signs, the 

fracture type, the 3D printing protocol, the 

number of fixation points, the titanium mesh 

reconstruction characteristics, the shaping 

time, surgery duration, as well as the 

postoperative outcomes regarding facial 

symmetry and functional restoration.

 

RESULTS 

Study population     

We identified 26 patients in which 

stereolithic models were utilized in the 

preoperative planning for the modelling of the 

titanium mesh and titanium plates. The 

patients were aged between 11 and 73 years 

old, 21 were men and 5 women. The study 

group comprised of 21 zygomatic complex 

fractures and 5 occlusal-facial fractures. 

The presenting signs included facial 

asymmetry (n=23), enophthalmos (n=5), 

diplopia (n=7), limitation of mouth opening 

(n=14), new onset malocclusion (n=5), 

sensory disturbances in the territory of the 

infraorbital nerve (n=19). 

 

Preoperative planning 

 Patients were evaluated using CT or 

CBCT with a maximum slice thickness of 

1mm. The DICOM (Data Imaging and 

Communications in Medicine) files were 

visualized using either OsiriX (Pixmeo 

SARL, Bernex, Switzerland) or RadiAnt 

software (RadiAnt DICOM Viewer 5.0.0., 

Medixant, Poznan, Poland).  

Following the analysis of the sequential 

slices (Fig. 1) and of the volumetric 3D 

reconstruction (Fig. 2), the imaging data was 

saved as a STL (Standard Tessellation 

Language) file format and imported in a 

processing software (Meshmixer; Autodesk, 

Inc, San Rafael, CA).  
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Figure 1. Coronal CBCT slice 

demonstrating comminution of the right 

zygomato-alveolar crest in a patient 

diagnosed with fracture of the right 

zygomatic complex. 

 

Figure 2. Three-dimensional reconstruction 

of CBCT data showing the multiple 

displaced fracture lines at the level of the 

right zygomatic complex. 

 

The virtual template for the ideal surgical 

outcome was achieved by mirroring of the 

healthy side on the fracture side or by virtual 

reduction (Fig. 3, 4). The physical 

stereolithic models were then printed using a 

FDM (Fused Deposition Modelling) printer 

or an SLA (Stereolitography) printer. 

The printed models were used for the 

preoperative shaping of the titanium plates 

and titanium mesh (Fig. 5) according to the 

most advantageous position as established 

by analysis of the imaging data. 

The fixation material was placed in one 

point in 4 cases, a two-point fixation was 

required in 4 patients, a three-point fixation 

was performed in 11 cases, four points of 

fixation were necessary in 2 patients, six 

fixation points in 2 cases, a seven-point 

fixation was performed in 2 cases and an 

eight-point fixation was necessary in 1 

patient. The titanium mesh was positioned at 

the level of one or several locations from the 

following: the zygomato-alveolar crest, the 

ascending process of the maxilla, the 

zygomato-alveolar crest and the anterior 

sinus wall, or the orbital floor. The duration 

of the pre-operative shaping was between 14 

and 30 minutes.  

The pre-modelled osteosynthesis material 

was then sterilized for intraoperative use. 

 

 

 

 

Figure 3. Virtual reduction of the bone 

fragments using the processing software 

Meshmixer. 
 

Figure 4. View of the reduced virtual 

model, representing the ideal postoperative 

outcome 
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Figure. 5. Preoperative modelling of the 

titanium mesh and plates using the 3D 

printed stereolithic model. 
 

 

Surgical procedure 

All patients were treated by reduction and 

fixation using titanium plates and titanium 

mesh (Stryker ® Midface and Upper face 

Fixation Modules). The access to the fracture 

sites was intraoral in 22 patients, cutaneous 

inferior mid-palpebral in 22 cases, cutaneous 

superior palpebral in 12 patients and 

transconjunctival in 4 cases. 

The number of fixation points was as 

established in the preoperative planning and 

the entire pre-shaped material was used 

intraoperatively. The pre-modelled plates 

served as a guide for the correct reduction of 

the fractured fragments in most cases. Only 

minor shape adjustments of the pre-bent 

plates were necessary in complex fracture 

cases.  

The modelled titanium meshes did not 

require any significant adjustments 

intraoperatively. The pre-shaped titanium 

mesh was especially useful in determining the 

correct position of the end bone fragments in 

cases of great comminution of the 

intermediary fragments. In such scenarios, the 

pre-modelled titanium mesh served the 

purpose of bridging the bone defect, but also 

ensuring that the transversal and vertical 

dimensions of the midface were accurately 

restored in the absence of reduction keys, 

when it was not possible to check the 

matching ends of bone fragments.  

The correct positioning of the mesh in the 

surgical field was according to the exact 

fitting of the mesh to the relief of the bone in 

the area of fixation. In this regard, during the 

planning, the mesh had been bent to a 

complex three-dimensional shape to reflect 

all the details in the change of surface 

curvature. Bone landmarks were also utilized 

when available.  

In all cases the titanium mesh 

reconstruction allowed the preservation and 

the fixation of multiple intermediary bone 

fragments.  

The entire surgery duration was between 

40 and 170 minutes, consistent with the 

number of fixation points. 

 

Postoperative outcomes 

 Comparison of the preoperative study 

variables regarding facial symmetry 

(enophthalmos, projection of the zygomatic 

bone) and function (diplopia, limitation of 

mouth opening, occlusal relations) with the 

postoperative variables, showed a definite 

improvement of all the evaluated factors. 

There was consistency of the desired 

outcomes, as established in the preoperative 

planning, with the actual outcomes of the 

reconstruction. The surgery complexity and 

duration were decreased. There were no 

registered postoperative complications such 

as infection, titanium mesh or plate extrusion. 

 

DISCUSSIONS 

To this day, only a few studies 

investigated the usefulness of 3D printing in 

the preoperative planning of acute midface 

fractures. Our study showed that 

implementing the use of stereolithic models 

for the preoperative bending of the 

osteosynthesis material is a useful method 

with multiple advantages for restoring the 

aesthetics and function of the middle third of 
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the face. The outcomes of the reconstruction 

are more predictable when the fixation 

material has been preshaped using patient-

specific models. The modelled titanium plates 

and mesh serve as a guide and verification 

means of the correct fracture reduction. This 

decreases the intraoperative strain on the 

surgical team. Additionally, due to the 

transfer of the material modelling in the 

preoperative planning, the surgery time is 

decreased. Similar results to the ones found in 

our study were reported by Longeac et al. 

who investigated the utility of additive 

manufacturing in the management of 

comminuted fractures of the 

zygomaticomaxillary complex (10). The 

authors have concluded that the technique is 

of value for improving the aesthetic and 

functional outcomes of midface fracture 

reconstruction but outlined that the rotation of 

the zygomatic bone was still difficult to 

control during the actual surgery. They 

suggest that the association of intraoperative 

navigation may help in better establishing the 

rotational position of the bone (10). 

Titanium mesh modelling is generally 

more challenging than plate shaping. This is 

due to the wide surface to trim and model, as 

well as its pattern and known mechanical 

properties. The specific advantages of 

preoperatively shaping titanium mesh using 

stereolithic models has been mostly discussed 

in relation with orbital and skull 

reconstructions (19,20,21,22,23) and less 

regarding midface contour restoration, often 

requiring more complex shaping. Using the 

stereolithic models is more advantageous in 

cases requiring a wider surface mesh or more 

complex spatial modelling. Raisian et al. (20) 

evaluated titanium mesh shaping for orbital 

reconstruction using either the classical 

intraoperative bending technique, or the pre-

shaping of the mesh by using stereolithic 

models. Similar to our study, their results 

show more precise reconstructions and 

improved functional outcomes using the 3D 

technique (20).  

A correct reconstruction of the midface 

dimensions, facial symmetry and orbital 

volume is required for ensuring good 

functional and aesthetic results and it is 

dependent upon correct titanium mesh 

shaping, positioning and stability. 

Establishing the correct size, shape and 

position of an orbital titanium mesh can be 

especially challenging intraoperative, in the 

restricted surgical field, while protecting the 

orbital soft tissues, particularly the optic 

nerve (24, 25). The important role of the 

infero-medial orbital strut in ensuring the 

correct positioning of the eye globe became 

apparent as a result of orbital decompression 

procedures (25,26,27,28,29). The posterior 

orbital bone shelf is another anatomical 

structure that is known to contribute 

significantly to the stability of the titanium 

mesh (24,25). In this regard, we found the 

preoperative modelling of the mesh to be of 

real use in taking advantage most of the 

medial and posterior supporting bone shelves 

and for ensuring the most anatomically 

suitable contour for the restoration of the 

orbital volume. Other authors also underlined 

the importance of pre-bending the orbital 

titanium mesh for increasing the precision of 

the reconstruction (25,30). 

Multiple studies have underlined the 

advantages of shaping the osteosynthesis 

materials preoperatively, regarding the 

predictability of the reconstruction, the 

decreased technical complexity of the 

material modelling and of the actual surgery, 

but also concerning the resistance of the 

material (9,10,20,23). It is reasonable to 

assume that more numerous bends and 

adjustments are often necessary in the wet 

surgical environment, as opposed to 

performing the same task outside the 
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operating room, unrestricted by soft tissues 

and technical difficulties.  

Longeac et al. underlined the technical 

ease in pre-modelling the titanium mesh on 

the individualized stereolithic model in 

fractures of the zygomaticomaxillary complex 

(10). Our study revealed the same perception 

regarding the reduced difficulty of shaping 

the mesh outside the operating room. Other 

benefits of the 3D technology are related to 

the reduced surgery duration, as well as a 

reduced perceived complexity of the surgery 

due to the anticipation of possible challenges 

during the detailed patient-specific 

preoperative planning and attentive analysis 

of the 3D imaging reconstruction and of the 

printed model (31). Additionally, the relative 

cost of the 3D in-office printing method is 

low compared to the industry printed models, 

as stated by Lor et al (22). Another advantage 

is the opportunity of involving trainees in the 

preoperative planning and shaping of the 

material, therefore contributing to their 

training. These benefits have also been 

noticed by other studies (9,10). 

 

 

CONCLUSIONS 

Considering the multiple advantages, the 

availability and low cost of this user-friendly 

3D printing technology that is suitable to 

office settings, patient-specific 

reconstructions of midface fractures using 

stereolithic models could become current use 

in the management of acute fractures. 

Our study shows that titanium mesh is 

valuable in midface fracture reconstruction, 

since it offers the possibility of bridging bone 

defects of comminution, but also to 

immobilize several small fragments due to the 

multiple fixation points available and the 

prospect of adjusting the size, contour, and 

shape of the mesh surface to suit the existing 

defect. The preoperative shaping of the mesh 

using patient-specific stereolithic models 

greatly improves the precision of the 

reconstruction, decreases surgery duration 

and the technical difficulty. 
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