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Abstract

Introduction New technological advances have revolu-

tionized the field of oral and maxillofacial surgery. The

three-dimensional (3D) models are new technological

breakthroughs which have equipped the oral and maxillo-

facial surgeon to effectively reproduce or improve preop-

erative form and function. They have also allowed the

surgeon to achieve minimal operative and postoperative

morbidity.

Materials and methods In this case series, we present the

clinical application and benefits of 3D models that are used

for the surgical planning and execution of surgery in

treating a case of mid-face deficiency and for the treatment

of extensive jaw pathologies using reconstruction plate

bent preoperatively, which contributed to improved surgi-

cal outcomes and patient satisfaction.

Keywords 3D models � Reconstruction plate � Bent
preoperatively

Introduction

The primary objective of any surgical procedure is the

restitution of preoperative form and function and

enhancement of dysmorphology, disease and the deformity

caused during surgery [1, 2].

Surgeons have always relied on their training, and

coupled with their invaluable education, radiographic aids

are employed in the planning of surgical processes. Often,

due to the anatomical complexity of the operative site, two-

dimensional or virtual images have not been sufficient to

successfully convey the structural details. To address the

limitations in virtual image analysis, 3D printing is now

being used to create physical models of patient anatomy for

surgical simulation and personalized preoperative planning

[3]. The 3D models have enabled the oral and maxillofacial

surgeon to successfully accomplish the goal of surgeries

with ideal outcomes. These models are being used very

effectively for multiple indications and in diverse clinical

scenarios.

3D model is an unparalleled adjunct to traditional

methods of planning reconstructive surgeries following

resection of tumors, developmental abnormalities, complex

temporomandibular joint reconstruction or debilitating

trauma [2, 4, 5]. It utilizes computer technology and

medical image processing techniques to generate a com-

plex physical 3D model from computed tomography (CT)

scans out of acrylic resin [2].

Reconstruction poses a challenge for the maxillofacial

surgeon for a number of reasons, such as the complicated

geometry of the mandible, muscles attached to the mand-

ible which act in different directions, form and position of

condyles in the glenoid fossa, and lastly, the occlusion, the

importance of which cannot be overstated [3].
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In this case series, we present three cases of mandibular

reconstruction using a titanium reconstruction plate which

was bent before the surgery, and one case of midface

deficiency addressed using 3D models. It discusses how

these 3D models were helpful in surgical planning before

and during surgery and its impact on treatment feasibility

and treatment outcome.

Case: Mandibular Tumor Surgery

The first case was a 44-year-old lady with a large expansile

lesion of the left mandible. Panoramic examination showed

a multilocular radiolucent lesion located at the left mand-

ible extending from the premolar, through the angle-ramus

region and up the sigmoid notch (Fig. 1a–c). Incisional

biopsy proved this to be an ameloblastoma. A CT scan was

done which was used to construct the 3D model. The

mirror image of the normal side of the mandible was

reproduced onto the 3D model to mimic the premorbid

anatomy of the left side (Fig. 1d, e). The resection margins

were tentatively marked based on the radiographic and

clinical judgment to be distal to the left second bicuspid

with the plan to preserve the native condyle. The

mandibular reconstruction plate was bent preoperatively to

span the planned resection using the 3D model as a refer-

ence. Recording finer details such as screw placement and

even their respective lengths were made possible due to the

3D model [6]. The resection was completed using a com-

bined transoral and transcutaneous approach. Minimal

adjustments were made intraoperatively on the plate

because only minor corrections were incorporated into the

tentative resection margins planned (Fig. 2a–c). This sig-

nificantly reduced the operative time. Surgical sites were

sutured in layers. The 3D model made it possible to design,

obtain and adapt stock hardware into custom hardware

meeting the unique anatomical and functional variations of

the patient (Fig. 2d–f).

The second case was a 66-year-old male with a history

of a month’s old expansile lesion of the right posterior

mandible with associated paresthesia of the right lower lip.

He was a diagnosed case of ameloblastoma which was

enucleated few years back. The patient noticed a significant

facial asymmetry recently, with deviation of the face

toward the right side. Panoramic radiographic examination

revealed an extensive radiolucent lesion of the mandible

extending from the right mandibular canine up to the

condyle through the posterior border of mandible (Fig. 3a–

c). A high-resolution CT scan was obtained followed by the

construction of the 3D model (Fig. 3d, e). The resection

margins were provisionally defined to be distal to the left

central incisor with disarticulation of the right mandibular

condyle. A reconstruction plate was bent preoperatively

with condylar prosthesis on the 3D model and was steril-

ized. The resection was completed as planned via com-

bined extended submandibular and transoral approaches

(Fig. 4a, b). Intraoperatively, the plate needed only minor

modifications which significantly reduced the duration of

the anesthesia. In the present scenario, the 3D-printed

model helped in adapting the implant to exactly match the

contour of the normal contra-lateral side to achieve satis-

factory esthetic and functional results postoperatively

(Fig. 4c–e).

The third case was a 42-year-old lady referred for

evaluation of an expanding lesion involving the left body

and angle of the mandible (Fig. 5a). OPG revealed a

multilocular radiolucent lesion involving the left side of

mandible extending from the second premolar, reaching up

Fig. 1 a, b Preoperative frontal

view and left facial profile

showing asymmetry and

swelling of face in the left

posterior region of mandible;

c OPG showing multilocular

radiolucent lesion associated

with an impacted third molar

extending from the left body

region up to the sigmoid notch

involving the lower border of

mandible and anterior border of

ramus; d, e 3D model obtained

to facilitate plate adaptation

prior to resection
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to the condyle. The lesion approximated the inferior border

of the mandible and showed cortical expansion. Biopsy of

this lesion yielded the diagnosis of ameloblastoma. A high-

resolution CT scan was obtained for construction of a 3D

model (Fig. 5b, c). A reconstruction plate was snugly

adapted to the surface of the model. Combined transoral

Fig. 2 a Intraoperative image

showing the extent of the lesion;

b custom prebent plate in

position after resection;

c specimen obtained after

resection; d, e postoperative

improved facial form;

f postoperative panoramic

radiograph showing

reconstruction plate in place

Fig. 3 a, b Preoperative frontal

view and right facial profile

showing asymmetry and

swelling of face in the left

posterior region of mandible;

c OPG showing multilocular

radiolucent lesion extending

from the distal aspect of right

first premolar up to the sigmoid

notch involving the condyle,

coronoid, anterior, posterior

border of ramus and lower

border of mandible; d, e 3D

model obtained to facilitate

plate adaptation prior to

resection

Fig. 4 a Custom prebent plate

in position after resection;

b specimen obtained after

resection; c postoperative

panoramic radiograph showing

reconstruction plate in place; d,
e postoperative improved facial

form
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and transcutaneous approach was used. The resection was

performed as planned from the left mandibular condyle to

the first premolar region (Fig. 6a, b). Following hemi-

mandibulectomy and unhinging of the condyle on the

respective side, the reconstruction plate with the condylar

prosthesis was swapped with the resected mandible. Only

minute modifications to the custom bent plate were nec-

essary (Fig. 6c, d).

In all these three cases, the decision was made to create

a 3D model of the mandible for three reasons: primarily,

due to the destruction of the native mandible with the loss

of normal anatomic contour, secondarily, to assist in

planning of reconstruction and lastly, to meet the high

esthetic concerns of the patients. Prebent reconstruction

plate showed improved mandibular contour compared to

other patients undergoing conventional mandibular recon-

struction [7] (Fig. 7a, b). Application of this technology

Fig. 5 a Preoperative frontal

view showing asymmetry and

swelling of face in the left

posterior region of mandible;

b 3D CT scan showing a large

multilocular expansile lesion on

the left mandible; c OPG

showing multilocular

radiolucent lesion associated

with an impacted third molar

extending from the left body

region up to the sigmoid notch

involving the lower border of

mandible

Fig. 6 a Intraoperative image

showing the extent of the lesion;

b preoperatively custom bent

reconstruction plate being

checked intraoperatively for

minute adjustments on the 3D

model before resection;

c custom prebent plate in

position after resection;

d specimen obtained after

resection
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resulted in the maintenance of proper esthetics and sym-

metry of the face and the achievement of good functional

result and enhanced quality of life. These models were

outsourced for the purpose of fabrication. The mirror image

of the contra-lateral side was superimposed onto to the

diseased site, so that the end result of the 3D model is close

to the pre-deformed form of the mandible [8, 9] (Fig. 8a–

c). The use of the 3D model in these cases therefore helped

to determine the required length of plate with the number

and dimension of screws which are to be used intraopera-

tively before resection and also gave an accurately fitted

and contoured reconstruction plate ready for placement.

The nonsurgical aspect of the patient’s treatment could be

performed preoperatively which allowed for acute preci-

sion which is often not achievable during the operative

procedure [10, 11]. Plate handling was minimal in the

operating theater, thus preserving its strength, reducing

metal fatigue and risk of premature plate fracture [12–14].

A noteworthy advantage which cannot be overlooked is the

remarkable reduction in operating time due to the bending

of the reconstruction plate preoperatively [11, 13].

Case: Midface Deficiency

A 20-year-old lady presented with chief complaints of poor

facial appearance and nasal blockage. She had undergone

cheiloplasty and palatoplasty under general anesthesia

18 years ago, to correct her cleft lip and palate. She was on

fixed orthodontic treatment since 4 years. Extra-oral

Fig. 7 a Postoperative

improved facial form;

b postoperative panoramic

radiograph showing

reconstruction plate in place

Fig. 8 a Mirror image of the

contra-lateral side superimposed

onto to the diseased site; b, c 3D
model obtained to facilitate

plate adaptation prior to

resection
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examination revealed a concave facial profile with anterior

facial divergence and deviation of nasal septum to the right

side (Fig. 9a, b). No facial asymmetry was noted. The

upper and middle facial thirds were 52 mm as opposed to

the lower facial third which measured out to be 62 mm.

Intra-oral examination revealed a class III occlusion and

reverse overjet of * 10 mm and palatal scar of palato-

plasty (Fig. 9c). Le-fort I osteotomy with maxillary

advancement and iliac crest grafting under general anes-

thesia was done as the treatment. The surgeons had planned

for rapid extra-oral distraction, but during surgery since the

maxilla could be easily mobilized in a forward direction

the plan was shifted from distracting the maxilla to plating

the le-fort I osteotomy fragments. A 14-hole 1.5-mm

miniplate was pre-bent on the 3D model which was secured

to stabilize the maxilla which was in two segments. In this

case, the 3D model gave a detailed presentation of the

craniofacial complex which included the ability to know

the extent of orthognathic movements possible with greater

precision than with traditional model surgery prediction

techniques [15] (Fig. 9d, e). It helped in enhanced analysis

of surgical planning. The decision was made to stabilize

the two piece maxilla due to the cleft, into one unit, and the

plate was pre-adapted on the model which helped in saving

intraoperative time (Fig. 10a). The 3D models resulted in

enhanced collaboration between the orthodontist and the

surgeon and also served as an excellent patient education

tool. It also helped in anticipating the size and form of bony

defect for grafting, thus minimizing the amount of graft

material harvested and donor site morbidity [13, 15]

(Fig. 10b). In addition to enabling the surgeon in planning

the minute details of the procedure, the 3D model helped

the surgeon and the patient to envisage the improved

postoperative results (Fig. 11a–d).

Discussion

The craniofacial region is complex, with interrelationship

between the topographic compartments of various ana-

tomic sites. The treatments using 3D models offer a sig-

nificantly higher accuracy in predicting clinical outcomes

as opposed to similar treatments which have excluded 3D

models. The use of 3D models has remarkably improved

reconstruction of form and function, decreased operating

time and facilitated the development and application of

more precise and accurate surgical procedures [4, 8, 13].

Charles Hull is credited for inventing 3D models in 1986

[4]. 3D models have been used in oral and maxillofacial

surgery to create models for diagnosis, treatment planning

and surgical simulation. This technique was first used in

oral and maxillofacial surgery by Brix and Lambrecht in

Fig. 9 a–c Preoperative frontal

view, facial profile and

occlusion; d, e 3D model

showing midface deficiency and

concave facial profile
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1987 [16]. Computer technology and medical image pro-

cessing techniques are used to generate a complex plastic

3D model from CT scans [2].

In our center, these models were outsourced from Sag-

marks private limited located in Ghaziabad, Uttar Pradesh.

They use Dolphin software to fabricate these 3D models,

and the material used is polylactic acid, acrylonitrile

butadiene styrene or acrylic resin. These models can be

sterilized by ethylene oxide or can be kept in formalin

chamber.

3D models assist in various scenarios such as

[4–8, 11–13, 17–22]:

1. Diagnosis and treatment planning.

2. Direct visualization of anatomic structures.

3. Formulating surgical guides/templates.

4. Adaptation of metallic implants.

5. Determining the dimensions of the required implant

plates and screws prior to surgery.

6. Strategize osteotomies and designing incisions

through surgical rehearsals.

7. Measurement of the displacement of all bone

segments.

8. Precise anticipation of the size and the form of bone

grafts.

9. Fabricating custom prostheses and distraction

devices.

10. Reducing surgery and anesthesia time and wound

exposure duration.

11. Amplifies the predictability of results.

Fig. 10 a 14-hole miniplate

custom bent preoperatively on

3D model secured to stabilize

the maxilla; b bony defect

created after le-fort 1 osteotomy

which was grafted with iliac

crest bone graft

Fig. 11 a–c Postoperative

improved frontal view, facial

profile and occlusion;

d postoperative lateral

cephalogram showing the

maxillary advancement and

14-hole custom bent miniplate

and bone grafts secured with lag

screws
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12. Improves inter-personal communications and serves

as an educational tool for patients.

13. Preoperative informed consent.

Chow and Cheung [23] conducted a study to assess the

usefulness of 3D models on different subjects by compar-

ing their applications in different treatment categories. As

per their study, the surgeons found the models to be par-

ticularly useful for simulating surgeries, prosthesis fabri-

cation, formulating intraoperative guide for reconstructive

surgery. Furthermore, such models were potentially used as

a teaching tool for medical students and for enhancing

communication with patients. The postgraduate students

found that the stereo-models improved their understanding

of the disease from three dimensions, thereby facilitating

treatment planning. The patients viewed stereo-models as a

necessary tool for successful treatment of their conditions.

Being satisfied with their surgical results, they would

highly recommend stereo-models to other patients, partic-

ularly to those undergoing reconstructive surgery.

Traditional treatment planning for orthognathic surgery

depends on clinical examination, two-dimensional (2D)

cephalometric analysis and the study of plaster dental

models. The development of 3D-printed models in

orthognathic surgery has improved surgical planning, and

the transition of the surgical plan into the operating room

was smooth for a better surgical result with improved

intraoperative orientation and bending of miniplates [24].

These synthetic models are a boon to the postgraduate

student. It is one approach to aid in teaching and competent

demonstration of invasive oral surgical procedures to the

residents in surgery. It represents an anatomically accurate

model which might be seen as a cost-effective, standard-

ized alternative for teaching hard tissue oral surgical pro-

cedures [25].

Furthermore, extensive research is being conducted on

the usage of generated models made from materials that are

biocompatible and possess osteoconduction and induction

characteristics. Successful application of this technology

for jaw bone regeneration based on tissue engineering

techniques offers exciting new prospects for the future

[2, 26].

At variance to the mentioned advantages, the 3D models

have a certain number of drawbacks. Of the drawbacks, the

most inconvenient is the time interval involved in the

process of fabrication of these models [2, 17, 20]. Due to

this time lag, the 3D models cannot be used in the resti-

tution of the extensive facial defect fractures [18]. Another

feature which makes these models unsuitable to the aver-

age patient is the cost involved [2, 7, 10, 17, 20, 21].

Patients with either extensive tumors of the jaw or muti-

lated trauma will often have multidisciplinary involvement,

a prolonged stay in the hospital post-surgery and various

procedures for rehabilitation. In light of these issues, the

nominal patient will more often than not find it taxing on

their monetary reserves.

Conclusion

Based on our clinical experience, we found that the models

were appropriate for every reconstructive and orthognathic

case. The use of 3D models has contributed immensely to

improved reconstruction of form and function and thereby

rehabilitating the patient and meeting their esthetic

demands. Due to the models, the surgeons were capable of

planning the minute nitty-gritties of the surgery ahead in

time and thereby reducing the duration and mental fatigue

of the surgeon in the theater.

The models also assisted the postgraduate students in

forming a mental picture of the 3D anatomy of the defect/

deformity, and moreover, the technique of bending the

reconstruction plate in various planes is better visualized. It

was understood that all the patients were not ideal for 3D

models due to the cost and time lag involved.

Finally, 3D models can be considered to be educational

tools for novice surgeons. The success of any surgery

hinges on the surgeon’s previous training and past expe-

riences. Despite many advantages of this 3D model, it

cannot replace a surgeon’s clinical judgment and skill. The

3D models prove to be a valuable adjunct for enhancing the

efficiency, accuracy and creativity by decreasing the

mental fatigue of a surgeon.
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