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ABSTRACT 

The constant evolution of technology allows all medical sciences to evolve simultaneously, start-

ing from an initial clinical examination, to exact and up to date image gathering techniques, up until 

the surgical intervention per se. Medical imaging has been developing at an alarming rate, offering 

the user a set of images that faithfully reproduces the scanned object, offering the possibility of 3D 

virtual reconstructions that are brought to life using 3D printing, one of the options for 3D printing 

being  stereolithography. 

Keywords: stereolithography, stereolithographic model, stereolithic modeling, 3D planning, vir-

tual planning 

INTRODUCTION 

Stereolithography, also known as photo-

solidification is a 3D printing technique that 

utilizes photo-polymerization in a layer by 

layer fashion, it‟s being utilized on a large 

scale, from bioengineering to surgery. The 

modern technique of polymerization, using 

ultraviolet light, has been invented by Dr. 

Hideo Kodama, and firstly described in the 

„70s, the “stereolithographic” process has been 

introduced in 1984 by Mr. Charles Hull, 

whom also patented it¹. 

From a technological point of view, the 

stereolithographic process is based on an ul-

traviolet beam that is directed upon a reservoir 

of photo-polymerizable resin, modeling it 

through layer by layer polymerization using an 

electronically administrated program. Each 

layer is polymerized only up to 80%, having a 

medial thickness of 0.15 mm, afterward it‟s 

introduced in a liquid that removes excess res-

in, and then it‟s polymerized thoroughly². 

Its applicability in medicine dates from the 

„90s, part of the process implies a 3D scanning 

of the object, using C.T. or M.R.I. techniques, 

the DICOM files are the processed using a 

program that allows choosing the object based 

on color gradients, step known as segmenta-

tion, this part need skilled personnel because 

mistakes are often, after that the STL file is 

printed. 

As for the models usage, they are useful in 

diagnostics, preoperative planification and 

proper implant modeling, offering an optimal 

integration in the recipient site. 

METHOD 

In order to elaborate the present study we 

used multiple medical search engines ( 

www.sciencedirect.com, 

mailto:e-mail%20andrada.doscas@gmail.com
http://www.sciencedirect.com/
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http://ovidsp.tx.ovid.com, 

www.empremium.com, 

http://www.springer.com/gp/,  

http://onlinelibrary.wiley.com, 

http://search.ebscohost.com, https://academic-

oup-com, https://search-proquest-com,  

http://webofknowledge.com, 

http://www.cambridge.org ) and to reveal only  

relevant studies we imputed certain key 

words: stereolithography, stereolithographic 

model, stereolithic model, stereolithic model-

ing  reconstruction, 3D planning , virtual 

planning, 3D models, digital model, maxillo-

facial, stereolithic reconstruction, craniofacial, 

plastic surgery, head and neck surgical plan-

ning , maxillofacial stereolithography, the ini-

tial search offering over 250 articles. After 

removing articles that didn‟t present any prac-

tical/relevant data regarding the utility of ste-

reolithic models, the final count presented 97 

articles that illustrated the following usage of 

stereolithic models in maxillofacial surgery. 

A. Post-operative oncological defect re-

construction and surgical planning  

Due to the anatomical complexity of cer-

vical regions, postoperative defect reconstruc-

tion has always been a challenge for surgeons, 

especially defects that need repositioning and 

immobilization of transferred tissue. The pur-

pose of post-operative reconstruction is 

reestablishing, as close to normal as possible, 

functionality, esthetics, shape, symmetry, of-

fering a structural sound terrain for future 

prostheses. Also, using color stereolithography 

allows the surgeon to evaluate the extent of a 

tumor, resection margins and relationship with 

important anatomical structures (alveolar 

nerve, infratemporal fossa and) commending it 

as a valuable technique used in oral and maxil-

lofacial defect reconstruction. 

Out of the 97 articles consulted, 35 out-

lined mandibular defect reconstruction, 9 de-

pict stereolithography as an option for maxil-

lary postoperative defect reconstruction, in 

both cases they used fibular free flaps, iliac 

crest free flaps and radial free flaps, through-

out literature stereolithic models are described 

as being used for TMJ reconstructions, being 

used for pre-operative planning, reconstruc-

tion plate modeling and free flap contouring. 

Eric I. Chang et al.³ depicts stereolithic 

modeling utilization for preoperative modeling 

of the reconstruction plate, osteotomy models, 

owning to a growth in precision and a de-

crease in irregularity, allowing the surgeon to 

properly model the flap, reducing ischemia 

time. Preoperative utilization of the osteotomy 

model has determined a bigger contact surface 

between bone fragments, reduced operating 

time, and thus a reduction in costs and com-

plication rate, with optimal functional results. 

Da-long Shu et al.⁴ have reconstructed 8 

mandibular defects, initially the operation was 

computer planned by scanning the affected 

site, and the donor site (iliac crest), creating a 

mandibular virtual template through mirror 

imaging of the unaffected are, afterwards the 

templates were used intraoperatively for flap 

harvesting, proper modeling and osteosynthe-

sis immobilization. As a result of template 

usage there was a notable reduction of ische-

mia time through reduced modeling time, with 

errors of 2.06±0.86mm, mean error of the vol-

ume of the actual harvested grafts compared to 

that of the virtual harvested grafts was 

1412.22 ± 439.24 mm3 (9.12% ± 2.84%). The 

mean error between the volume of the actual 

harvested grafts and that of the shaped grafts 

was 2094.35 ± 929.12 mm3 (12.40% ± 

5.50%), the harvested flap being slightly larg-

er. 

http://ovidsp.tx.ovid.com/
http://www.empremium.com/
http://www.springer.com/gp/
http://onlinelibrary.wiley.com/
http://search.ebscohost.com/
https://academic-oup-com/
https://academic-oup-com/
https://search-proquest-com/
http://webofknowledge.com/
http://www.cambridge.org/


Romanian Journal of Oral Rehabilitation      

Vol. 11, No. 4, October - December 2019 

 

207 
 

Pushkar Mehra et al.⁵ illustrate a clinical 

case of facial asymmetry, through chondroma-

tosing deformation of a hemimandible, were 

they used a stereolithic model to outline the 

osteotomy margins in order to reproduce a 

favorable facial symmetry, the TMJ recon-

struction was made with bilateral vertical ra-

mus bone grafts, bone elongation and capsular 

reconstruction, but they also used it as means 

to inform and explain a patients disease, so 

that he may fathom/assimilate the scale of an 

intervention and their outcomes, be it a favor-

able evolution or not. Carl Peter Cornelius et 

al.⁶ describe stereolithical modeling and laser 

sinterisation usage for template modeling in 

mandibular resection, osteotomy line delineat-

ing and outlining the future position of the 

reconstruction plate, pre-modeled on the ste-

reolithic model; they also made templates for 

fibular osteotomy pinpointing the excellent 

compatibility between the fragments. The 

overall time for reconstruction was 115 

minutes, post-operative CT scans showing the 

excellent compatibility between the bone 

fragments, with extremely small gaps, the 12 

month evolution being favorable, with optimal 

final results. 

B. Maxillofacial Trauma 

The overall number of trauma articles ac-

cepted was 12, most of them illustrate 3D 

modelling of the orbit with titan mesh anatom-

ical contouring, reducing the overall procedure 

time and risk of failure, producing promising 

results; except orbital trauma stereolithogra-

phy has been used for panfacial trauma, zy-

gomatic complex and overall complex trauma, 

the following articles presented the most pre-

cise and relevant data. 

Herford Alan Scott et al.⁷ illustrated the 

utilization of stereolithic models in order to 

fabricate an orbital floor implant, allowing 

surgeons to restore complex defects, Novelli 

et al.⁸ studied the link between orbital floor 

implant on the model and in the patient, result-

ing in a 1.3mm deviation, without residual 

diplopy and with a volumetric variation of the 

orbit lesser than 1cm³. Mehra et al.⁵ used the 

stereolithic model in trauma in order to inform 

the patient regarding  loss of substance, treat-

ment possibilities , with pre-operative model-

ing of the plates according to the patients 

anatomy, the defects being reconstructed using 

bone allografts and titan mesh, they also used 

calvarian bone graft for orbital wall and sinus 

cavity reconstruction.  

T. Wang et al.⁹ presented stereolithogra-

phy usage, along with computer guidance , for 

zygomatic bone fractures, preshaping the os-

teosynthesis plates on the stereolithic model, 

The mean displacement was 0.83 ± 0.38 mm, 

and the average rotation around the x-axis was 

0.66 ± 0.59, y-axis was 0.77±0.54, and z-axis 

was 0.79±0.42. This is comparable to that of 

previous works. Combining presurgical plan-

ning and a newly developed navigation pro-

gram to generate FNRPs that can assist in sec-

ondary zygomatic reduction should be an ac-

curate and practical method. Kermer C. et 

al.¹⁰´¹¹ detailed using stereolithical modeling 

in cases that present contraindications for im-

mediate reduction, thus obtaining an adequate 

reconstruction with a shortening of procedure 

time and smaller incisions with excellent final 

results, avoiding re-intervention. 

C. Orthognathic surgery 

Esthetic is the most important branch of 

maxillofacial surgery involving 3 important 

anatomical landmarks: soft tissue, bone and 

dentition. Initially orthognathic surgery im-

plied clinical and radiological evaluation of 

bone structures and teeth, by integrating 3D 

technology in the process the clinicians work 
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load has diminished , and it has exact descrip-

tive capability with the possibility of foretell-

ing/predicting the final result, thus permitting 

the patient to see a preview; stereolithography 

is used in order to create occlusal splints, os-

teotomy guides and prefabricate fixation 

plates, offering excellent and replicateable re-

sults. 

Out of the articles included in the study, 

11 mentioned stereolithographic utility in or-

thognathic surgery, from a simple maxil-

lary/mandible disjunction to Le Fort III oste-

otomies, with favorable functional and esthet-

ical results, diminishing operating time, also 

enabling optimal osteotomy, positioning and 

osteosinthesis. J.Y. Choi et al.¹² described oc-

clusal splint manufacturing using stereolithog-

raphy, thus diminishing procedural time by 

skipping some manufacturing steps, the scan 

and 3 D modeling takes 50 minutes, and to 

print 6 splints 4 hours. 

Xia-Yun Chen et al.¹³ studied, on 4 human 

cadavers and 2 clinical cases, planning and 

utilizing stereolithography by creating tem-

plates for osteotomy, obtaining identical re-

sults, concluding that STL models are useful 

in determining where the osteotomy should be 

done on the vertical ramus, offering speed and 

precision, without injury to any anatomical 

structures. Stereolithographic models preci-

sion in orthognathic surgery has been dis-

cussed in various articles, J. Bill and J. Reu-

ther¹⁴ show a deviation of ±0.88mm, inde-

pendently of the scanning technique, with op-

timal results, but they recommend usage in 

certain cases because of the high radiation 

dose in image capturing 

M.García Y Sánchez et al.¹⁵ described uti-

lization of stereolithical modeling in Le Fort 

III osteotomy by manufacturing templates that 

would offer a bilateral and symmetrical oste-

otomy line for the orbital floor, zygomatic and 

pterygomaxillary fossa; its major benefit being 

in the lower third of the orbit and avoiding 

trauma to the internal maxillary artery and the 

pterygomaxillary fossa vessels, also reducing 

time and complications, intraoperative and 

postoperative. 

 

D. Maxillofacial prosthetics 

Defect reconstruction represents the most 

important and complex part of surgery, but 

nonetheless some surgical procedures make 

reconstruction impossible, be it immediate or 

later on. Due to this maxillofacial prosthetics 

are a viable treatment option , stereolithical 

modeling being mirrored through the large 

number of articles(9), by eliminating the hu-

man error factor and some technological steps, 

be it by scanning the whole face and making 

the prosthetic through mirroring the healthy 

side, or by virtual planning and ulterior ma-

chining, reducing the overall time and offering 

satisfactory results; it can also be used for cre-

ating implant guides as a form of additional 

retention that allows a fast and exact fitting. 

Jens Kragskov et al.¹⁶ proved its usefulness in 

treating Apert syndrome all cases showed 

mean differences between measurements with 

3D-CT and SL models of -0.3 to 0.8 mm, ex-

cept on the CT scans with a gantry tilt (-1.7 

mm) and the brachycephalic patient in whom 

larger deviations were demonstrated (-9.5 

mm), but implies complementary studies to 

back up a routine usage. 

E. Maxillofacial anomalies, malfor-

mations and clefts 

Also an important are of maxillofacial 

surgery , that implies precision, esthetic feel-

ing and an adequate multidisciplinary collabo-

ration, always open to innovation and utilizing 

the most up to date technology in order to get 

the needed results, but we will limit the dis-
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cussion to stereolithic modeling, found in 6 

articles, its foremost utility being preoperatoy 

evaluation and assessing the therapeutical op-

tions available, the surgery steps reducing 

procedure time and offering good physiog-

nomical and functional results, but most of all 

replicable results. 

Treacher-Collins syndrome is a rare auto-

somal dominant genetic malformation 

(1/50000) characterized by mandibular, maxil-

lary and orbito-zygomatic hypoplasia, with 

different degrees of impact, from people 

whom are undiagnosed their whole life, to 

those that have respiratory dysfunction,   Da-

rius Nikkhah et al.¹⁷ depicts using the stereo-

lithic processing in treatment by using tem-

plates for measuring and determining graft 

volume and shape, but it was also used for 

guiding the grafts positioning, even though it 

has a variable resorption degree. 

DISCUSSIONS 

Stereolythography, as a supporting tech-

nique in maxillofacial surgery, has been 

shown to be useful for preoperative planning, 

but also as part of the surgical procedure, fa-

cilitating the procedure itself by allowing a 

proper adaptation and fitting of the free flap, 

allowing the surgeon to properly remove the 

tumor without a second thought related to clo-

sure; the leading problem, so far has been re-

lated to accuracy, the models and the final re-

construction. 3D reconstruction accuracy is 

still a controversy, Lill et al.¹⁸ describe mean 

deviations, for milled models, of ~1.5mm, 

with a maximal deviation of 3.6mm, while 

Linder et al.¹⁹ and Millesi et al.²⁰ favor stereo-

lithographic models due to the polymerized 

layer thickness of ~0.25mm, offering a better 

accuracy, at the moment the thickness 

achieved can be of 0.1mm, with a laser focal 

point of 0.2mm and a positioning precision of 

+0.05mm, stereolithographic models suffer a 

shrinkage, with volume diminishing of 0.2-

2.7% of the total volume. The total time de-

crease of a procedure differs, Zenha Horacio 

et al.²¹ declare a ~45 minute reduction of the 

procedure time (from a surgeons point of 

view), with a further decrease as the team gets 

familiarized with the technology, while Toro 

C. et al.²² show a reduction of ~90 minutes and 

Avraham Tomer et al.²³ show an overall time 

reduction from 738 minutes to 575 minutes. 

As for a multi-group point of view, Chow 

Lop Keung et al.²⁴ aimed to determine the use-

fulness of stereomodels in various maxillofa-

cial surgical treatments 45 stereomodels were 

evaluated in terms of usefulness from ques-

tionnaires completed by 4 groups of subjects: 

surgeons, postgraduate students, technicians, 

and patients. These models were categorized 

into 4 treatment groups: distraction osteogene-

sis, reconstruction, pathology, and trauma 

management. The scores of each category 

were computed and compared among the 

treatment groups. Stereomodels are commonly 

applied for distraction osteogenesis and recon-

structive surgery of the craniomaxillofacial 

region. The surgeons found them to be par-

ticularly useful in surgical simulation, in pros-

thesis fabrication, and as an intraoperative 

guide for reconstructive surgery. They also 

considered them extremely valuable as a 

teaching tool and for enhancing communica-

tion with patients. The postgraduate students 

found that the stereomodel improved their ap-

preciation of disease in 3 dimensions and fa-

cilitated treatment planning. They considered 

that their understanding of disease diagnosis 

was better in distraction osteogenesis, whereas 

that of prosthesis fabrication was better in re-

constructive surgery. The technicians valued 
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stereomodels as a more useful communication 

tool with surgeons and postgraduate students 

compared with conventional dental casts. 

They noted that the mechanical properties of 

stereomodels are particularly useful for pros-

thesis construction in reconstructive surgery. 

The patients valued stereomodels as a neces-

sary tool for their conditions, were satisfied 

with their surgical results, and would highly 

recommend stereomodels to other patients, 

particularly those undergoing reconstructive 

surgery. 

CONCLUSIONS 

Stereolithic models have an important role 

in contemporary oral and maxillofacial sur-

gery. This review highlights the applications 

of 3D printing in various areas of surgical 

simulation, including preoperative planning, 

intraoperative guidance, and surgeon training. 

3D printed models have been used to replicate 

a broad spectrum of tissues, ranging from hard 

tissue structures such as the skull, ear bones, 

to soft tissue structures as illustrated above it 

can be utilized in a variety of ways in the sur-

gical arena. They are a useful tool to assess 

traumatic and pathologic defects requiring 

complicated surgery and reconstruction. They 

can be used for the fabrication of custom TMJ 

prostheses, and are effective tools to facilitate 

patient education and doctor to doctor com-

munication. The specific types of 3-D model 

can be selected depending on the specific clin-

ical indications. In our experience, the use of 

SLA models has significantly contributed to 

improved reconstruction of form and function, 

decreased operating room time due to ad-

vanced treatment planning, and ability to per-

form more precise and accurate surgical pro-

cedures. Considering recent advances in 3D 

printing software and model materials together 

this technology for diagnostic use, the applica-

tions of 3D printed models will continue to 

expand and further improve healthcare. 
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