
New bimaxillary orthognathic surgery planning and 
model surgery based on the concept of six degrees 
of freedom

The aim of this paper was to propose a new method of bimaxillary orthognathic 

surgery planning and model surgery based on the concept of 6 degrees of 

freedom (DOF). A 22-year-old man with Class III malocclusion was referred to 

our clinic with complaints of facial deformity and chewing difficulty. To correct 

a prognathic mandible, facial asymmetry, flat occlusal plane angle, labioversion 

of the maxillary central incisors, and concavity of the facial profile, bimaxillary 

orthognathic surgery was planned. After preoperative orthodontic treatment, 

surgical planning based on the concept of 6 DOF was performed on a surgical 

treatment objective drawing, and a Jeon’s model surgery chart (JMSC) was 

prepared. Model surgery was performed with Jeon’s orthognathic surgery 

simulator (JOSS) using the JMSC, and an interim wafer was fabricated. Le Fort 

I osteotomy, bilateral sagittal split ramus osteotomy, and malar augmentation 

were performed. The patient received lateral cephalometric and posteroanterior 

cephalometric analysis in postretention for 1 year. The follow-up results were 

determined to be satisfactory, and skeletal relapse did not occur after 1.5 

years of surgery. When maxillary and mandibular models are considered as 

rigid bodies, and their state of motion is described in a quantitative manner 

based on 6 DOF, sharing of exact information on locational movement in 

3-dimensional space is possible. The use of JMSC and JOSS will actualize 

accurate communication and performance of model surgery among clinicians 

based on objective measurements.
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INTRODUCTION

  Model surgery prior to orthognathic surgery is a routine 

procedure for purposes of diagnosis and treatment 

planning in patients with dentofacial deformity. 

Although a variety of appliances and techniques have 

been introduced to date, limitations such as difficulty 

in equipment operation and inaccuracy have also been 

reported.
1-5

 Potential errors in model surgery are caused 

by improper mounting of models, errors in reference line 

placement, and errors in measuring the displacement of 

segments. Particularly in the case of bimaxillary surgery, 

repositioning of the maxillary cast in the planned loca-

tion is extremely difficult, making it a primary cause 

of errors.
6
 Because the surgical wafer is made from the 

repositioned cast, model surgery is the most important 

procedure to ensure that the actual surgery is performed 

accurately.

  To improve accuracy and reduce errors during mo del 

surgery, Jeon et al.
7
 developed a 6-axis model sur gery 

simulator, which enables implementation and appli-

cation of rigid body motion dynamics to the model sur-

gery, and reported its accuracy (Figure 1). The simulator, 

called Jeon’s orthognathic surgery simulator (JOSS), 

was improved and patented. A rigid body, introduced 

to easily describe phenomena of dynamics, refers to an 

ideal object whose body is not deformed or destroyed 

under any external force. Most solids that are not 

broken under any very strong force are considered rigid 

bodies.
8
 Once an object is defined as a rigid body, since 

the relative location of every point of the object is fixed, 

every motion is determined by translation and rotation 

of the specific point of the rigid body. Translation in 

the longitudinal (anterior-posterior), vertical (upward-

downward), and lateral (left-right) directions and ro-

ta tion on longitudinal, vertical, and lateral axes are 

referred to as longitudinal translation, vertical transla-

tion, lateral translation, roll, yaw, and pitch, respectively, 

which comprise 6 degrees of freedom (DOF) (Figure 2).
9
 

  When maxillary and mandibular models mounted on 

the JOSS are considered as rigid bodies and their state 

of motion is described in a quantitative manner, precise 

locational information can be shared. The aim of this 

paper is to propose a new chart to share the locational 

information of a maxillary model during the model 

surgery, the Jeon’s model surgery chart (JMSC), and 

present a new method used with the simulator in clinical 

applications. 

 

DIAGNOSIS AND ETIOLOGY

  A 22-year-old man with Class III malocclusion was 

Figure 1. Jeon's orthognathic surgery simulator (JOSS). 

In order to reposition maxillary and mandibular model s 

in accordance with 6 degrees of freedom, pre cision stage 

are layered on each upper and lower part of the simulator 

and attached to the main frame. A, View of a facebow 

connected to a bite fork. Joints allow compatibility 

with various kinds of facebows. B, View of mounting 

completed.

Figure 2. Example of 6 degrees of freedom. Movement of a rigid body in 3-dimensional space is divided into translation 

parallelto 3 coordinate axes and rotation on 3 axes.



Jeon et al • Model surgery based on the concept of six degrees of freedom

www.e-kjo.org44 http://dx.doi.org/10.4041/kjod.2013.43.1.42

Figure 3. Initial records. 

Table 1. Cephalometric summary of pre-treatment, post-treatment, and retention measurements

Measurement Pre-treatment Post-treatment Retention

SNA (°) 79.1 79.7 79.9

SNB (°) 83.9 78.4 78.5

ANB (°) —4.8 1.3 1.4

Lower anterior facial height ratio 56.5 54.4 54.6

FMA (°) 22.2 26.0 26.2

U1 to FH (°) 124.9 118.8 118.6

IMPA (°) 84.4 84.1 84.3

Upper occlusal plane to FH(°) 4.1 10.9 10.7

SNA, Sella-nasion-A point angle; SNB, sella-nasion-B point angle; ANB, A point-nasion-B point angle; FMA, Frankfort 
horizontal plane-mandibular plane angle; U1, upper central incisor; FH, Frankfort horizontal plane; IMPA, lower incisor-
mandibular plane angle.
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referred to our clinic with complaints of facial deformity 

and chewing difficulty (Figure 3). Upon extra-oral exa-

mination, prominent chin and facial asymmetry caused 

by the shifting of the mandible to the right side were 

observed (Figure 3). Intra-oral examination revealed 

anterior crossbite combined with a 2-mm shift of the 

mandibular midline and missing maxillary right central 

incisor (Figure 3). Cephalometric analysis indicated a Class 

III skeletal relationship, flat occlusal plane, and labioversion 

of the maxillary central incisors (Figure 3 and Table 1). 

TREATMENT OBJECTIVES

  Bimaxillary surgery was chosen to correct the prog-

nathic mandible and facial asymmetry. To correct the 

flat occlusal plane, labioversion of maxillary central in-

cisors, and concavity of facial profile, rotational surgery 

of the maxilla, setback surgery of the mandible, and 

malar augmentation were planned. Crown and bridge 

treatment for the maxillary right central incisor was 

planned after orthodontic treatment. 

TREATMENT ALTERNATIVES

There was no treatment alternative to achieve an ideal 

overjet and overbite.

Figure 4. Presurgical records.
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TREATMENT PROGRESS

Preoperative orthodontic treatment and surgery planning

Paper surgery

  After preoperative orthodontic treatment (Figure 4), 

paper surgery was performed on a lateral cephalogram, 

and, based on its result, the pitch (7 degrees, clockwise) 

of the maxillary model and amount of vertical (1 mm, 

upward) and longitudinal translation (2 mm, backward) 

of the midpoint of two centers of incisal edge of two 

maxillary central incisors (MPIE) were determined. Next, 

paper surgery was performed on a posteroanterior (PA) 

cephalogram, and based on its result, the amount of 

roll (4 degrees, clockwise) and lateral translation (0 

mm) of the MPIE were determined. Finally, computed 

tomography was used to determine the amount of yaw (0 

degrees) (Figure 5).

Creation of Jeon’s model surgery chart 

  The amount of movement in each of the 6 DOF was 

determined during the paper surgery and recorded. To 

indicate a direction, numeric figures were marked at the 

tips of direction arrows. Rotational motion values were 

recorded in degrees, and translational motion values 

were recorded in mm. The actual amount of translation 

should be calculated considering the magnification of 

cephalograms. If no movement occurs, its value should 

be marked as 0 (Figure 6).

Mounting of dental models 

  Commutable joints are available that allow compati-

bility with various types of facebows on the right and 

left vertical portion of the main frame. In this case, 

the spring facebow of the Hanau Modular Articulator 

System 192 (Whip Mix Co., Fort Collins, CO, USA) was 

used (Figure 1A). A magnetic detachable cast support 

and anterior round metal rod were substituted for the 

cast support and mounting platform, respectively, of 

the Hanau system (Figure 1A). After attachment of 

the facebow to the JOSS, the remaining mounting 

procedures were performed in almost the same manner 

used for general articulators. One difference is that the 

JOSS opens and closes the space between the dental cast 

and mounting plate by vertical translation, not swinging 

the upper portion of the articulator. After mounting was 

complete, the horizontal plane of the JOSS was equal to 

the patient’s Frankfort horizontal (FH) plane (Figure 7A).

Yaw and roll correction

  The maxillary model was moved vertically 10 mm 

upward to prevent the mandibular model and wax bite 

from interfering with the maxillary model movement 

(Figure 7B). A 0-degree turn was executed to correct 

yaw, and a 4-degree turn was performed to correct roll, 

as recorded in the JMSC. 

Figure 5. Surgery planning. 0-degree of yaw, 7-degree of pitch, 4-degree of roll, 0 mm of lateral translation, 2 mm of 

backward translation and 1 mm of upward translation of maxilla were planned. A, Surgical treatment objective (STO) on 

lateral cephalogram; B, STO on posteroanterior cephalogram; C, STO on computed tomography.



Jeon et al • Model surgery based on the concept of six degrees of freedom

www.e-kjo.org 47http://dx.doi.org/10.4041/kjod.2013.43.1.42

  Pitch correction and return of the MPI E to original 

location.

  To obtain the planned occlusal plane angle, the pitch 

stage operated a 7-degree turn (Figure 7C). After 3 

types of rotational motion were completed, the MPIE 

was displaced compared to its pre-surgical state. This 

unwanted displacement of the MPIE caused by yaw, roll, 

and pitch correction should be moved back to its pre-

surgical position through operation of the 3 translational 

stages MPIE. Wax indentation on the bite fork of the 

facebow, putty mass recording of the pre-surgical inter-

incisal relationship, or pre-surgical wax bite can be used 

as a reference point of the pre-surgical position of the 

maxillary inter-incisal tip. In this case, a pre-surgical wax 

bite was used. The 3 translational stages were operated 

until the changed MPIE contacted its indentation in the 

wax bite. The outcome of this process had an identical 

result to displacement of the maxillary cast rotated on 

the MPIE (Figure 7D).

Longitudinal, lateral, and vertical translation 

  After returning the MPIE to its pre-surgical position, 

the 3 planned translations of the MPIE were performed. 

When 3 types of translation stages executed the inter-

incisal edge translation recorded in the JMSC, movement 

of the maxillary model was completed in accordance 

with 6 DOF (Figure 7E).

Fabrication of the interim wafer
  The mandibular model-attached stage was translated 

Figure 6. Construction of Jeon`s model surgery chart. Amount of movement with each 6 degrees of freedom were 

recorded. PA, Posteroanterior. 
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15 mm downward, and a resin separator was applied 

to both the maxillary and mandibular model. Monomer 

of self-curing acrylic resin and polymer were mixed 

together, and when this mixture reached dough-like 

consistency, it was placed on the occlusal surfaces 

of the mandibular cast. Then the mandibular model 

was returned to its original position. Shape correction 

was performed before curing, and after curing, the 

Figure 7. Model surgery using Jeon’s orthognathic surgery simulator. A, Mounting was completed; B, maxillary model 

was vertically moved 10 mm upward; C, yaw, roll and pitch correction was done. Rotational correction caused unwanted 

displacement of MPIE; D, MPIE was moved back to pre-operational position; E, three types of translation was done; F, 
before model surgery; G, after model surgery.
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mandibular model was translated downward to remove 

and trim the interim wafer.

Orthognathic surgery 
  Le Fort I osteotomy was performed; the maxillary 

al veo lar process was completely mobilized and re-

po si  tioned as planned. The amounts of rotation and 

trans lation were confirmed by interim wafer. Bila teral 

sagittal split osteotomy was then performed. Man-

dibular setback and malar augmentation of 10 mm on 

the right side and 12 mm on the left side were per-

formed (Figure 8).

Superimposition of surgical treatment objective (STO) 
and actual results of surgery
  Lateral and PA cephalometric radiographs and 

panoramic radiographs were taken after surgery. STO 

performed on pre-operative film was superimposed 

onto postoperative film (Figure 9); 0 degrees of yaw, 

3 degrees of roll, 6 degrees of pitch, 0 mm lateral 

translation, 2 mm backward translation, and 0 mm 

vertical translation were measured. 

Postoperative orthodontic treatment
  Postoperative orthodontic treatment continued for 

8 months. A fixed 3 × 3 retainer was attached to the 

mandibular arch for retention, and the fixed orthodontic 

Figure 8. Postsurgical records.
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appliances were removed. A circumferential removable 

retainer containing a resin pontic tooth for the upper 

right central incisor was delivered to the upper arch. 

Crown and bridge treatment of the maxillary right central 

incisor was performed after 3 months of debon ding.

R ESULTS

  The patient’s facial profile significantly changed after 

bimaxillary surgery. Prognathic mandible and con cave 

profile were corrected. Class I canine and molar rela-

tionships were well maintained. Superimposition of pre- 

and post-treatment lateral cephalometric radiographs 

showed that the planned FH-occlusal plane angle, upper 

central incisor-to-FH angle, and repositioning of MPIE 

were almost obtained (Figure 9A and Table 2). However, 

slight facial asymmetry remained due to insufficient roll 

correction during actual surgery (Figure 9B). Skeletal 

relapse did not occur over a 1-year follow-up period 

(Figure 10).

DISC USSION

  Diverse model surgery techniques and appliances have 

been introduced to enhance clinicians’ accuracy and 

reproducibility.
10-17

 Ideal model surgery must not be 

erroneous in itself at any stage of the manipulation, and 

at the same time, it must be easily performed and highly 

reproducible. It must be accepted by clinicians with 

ease based on their background knowledge and fa cili-

tate communication among clinical specialists in a cost-

effec tive and less time-consuming manner. Further-

more, 3-dimensional movement of the model must be 

intui tively visualized without going through separate 

measuring procedures, and in the event of errors or 

changes in treatment planning, return to the previous 

step of the surgery should be possible with a simple 

adjust ment. 

  When model surgery is performed for orthognathic 

sur gery, maxillary and mandibular models should be 

regarded as a rigid body. Since the relative location of 

each part of the rigid body is predetermined, designation 

Table 2. Cephalometric summary before surgery, at STO drawing, and after surgery

Measurement Before surgery STO After surgery

SNA (°) 79.0 79.0 79.5

SNB (°) 83.3 77.0 78.0

ANB (°) −4.3 2.0 1.5

Lower anterior facial height ratio 56.7 55.0 54.9

FMA (°) 21.5 26.0 26.6

U1 to FH (°) 123.0 116.0 117.0

IMPA (°) 87.4 87.4 84.0

Upper occlusal plane to FH (°) 3.7 10.7 9.7

STO, Surgical treatment objective; SNA, sella-nasion-A point angle; SNB, sella-nasion-B point angle; ANB, A point-nasion-B 
point angle; FMA, Frankfort horizontal plane-mandibular plane angle; U1, upper central incisor; FH, Frankfort horizontal 
plane; IMPA, lower incisor-mandibular plane angle.

Figure 9. Superimposition of surgical treatment objective (STO) and results of real surgery. 
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of movement (in mm) for more than 2 points within the 

rigid body is contradictory. In other words, designating 

movement of the inter-incisal edge tip of the maxillary 

central incisor as well as the mesiobuccal cusps of both 

first molars (on both sides) will introduce mechanical 

contradiction and prevent realization of the planned 

movement in 3 dimensions. In accordance with the 

concept of 6 DOF, explaining mechanical movement is 

possible only when translation for one point is deter-

mined based on 3 dimensions and described using yaw, 

roll, and pitch.

  To perform model surgery based on the aforemen-

tioned concept, Jeon et al.
7
 developed the JMSC and 

JOSS, confirmed their accuracy, and reported that the 

use of these methods in model surgery achieved pre-

cise realization of the planned outcome. The JOSS 

is beneficial not only by enhancing the accuracy of 

movement, but also by permitting the control of one 

movement among the 6 DOF separately. The existing 

translation method using manual adjustment allows 

simultaneous movement in more than 2 DOF over 3 

dimensions. Although movement with only 1 DOF is 

desired, unwanted movement occurs concurrently, thus 

harming the accuracy of the model surgery and wasting 

substantial time. However, the JOSS is equipped with 

6 stages that control 6 DOF independently, so it can 

exclude unwanted degrees of freedom. Therefore, it 

can considerably shorten the time necessary for model 

Figure 10. Retention results after 1 year. 
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surgery.

  It is advantageous not only because the saw-cutting 

procedure of the plaster model can be omitted, but also 

because the process is simple to undo. In the existing 

method, in which a maxillary model moves through 

plaster cutting, clinicians must wait until the plaster 

connecting an articulator with the plaster model has 

completely dried and perform additional procedures 

for moving and fixing. Additionally, when errors or 

changes to a treatment plan occur, the entire procedure 

must start again from facebow transfer. However, when 

model surgery is conducted using the JOSS, the surgery 

can be performed immediately after the plaster on the 

connecting portion hardens. Furthermore, in the event 

of errors or changes to the treatment plan, clinicians can 

set the stage to zero to immediately return procedures 

to the pre-surgical state. Finally, because graduations 

are marked on the fixed and moving units of stages, 

clinicians can move models and simultaneously identify 

the amount of movement.

  Using the JMSC enables surgeons, orthodontists, 

and dental technicians to share accurate and objective 

information. Thus, application of the JMSC to an inter-

disciplinary treatment apporaches where many clini-

cians of different specialties may be engaged should 

accompany collaborative research and discussion for 

better utilization of the JMSC. Errors in model surgery 

using JMSC and JOSS may be caused by overlooking 

the magnification of cephalograms or improper retur-

ning of the MPIE to pre-operative position. Future 

studies should be conducted to obtain more conclusive 

information about these errors.

CONCLUSION

  Use of the JMSC and JOSS will promote accurate 

communication about model surgery among clinicians 

based on objective measurements. Our study proposes 

a new method of communication of treatment plan, 

model surgery, and wafer fabrication, and these findings 

indicate a promising area for future research and col-

labo ration. 

REFERENCES

1. Bell WH. Correction of the short-face syndrome-

vertical maxillary deficiency: a preliminary report. J 

Oral Surg 1977;35:110-20.

2. Bell WH, Creekmore TD, Alexander RG. Surgical 

correction of the long face syndrome. Am J Orthod 

1977;71:40-67.

3. Epker BN, Fish L. Surgical-orthodontic correction of 

open-bite deformity. Am J Orthod 1977;71:278-99.

4. Hohl TA. Use of an adjustable (anatomic) articulator 

for case prediction in segmental surgery. In: Bell 

WH, Proffit WR, White RP, eds. Surgical correction 

of dentofacial deformities. Philadelphia: W.B. 

Saunders; 1980. p. 169-77.

5. Hill SC. Cephalometric planning and model sur-

gery. In: Bell WH, ed. Surgical correction of dento-

facial deformities-New concepts. Philadelphia: W.B. 

Saunders; 1985. p. 217-26.

6. Ellis E 3rd. Accuracy of model surgery: evaluation of 

an old technique and introduction of a new one. J 

Oral Maxillofac Surg 1990;48:1161-7.

7. Jeon JH, Lee HC, Ji HJ, Jeon YJ, Kim YI, Son WS, 

et al. Reliability study of 6-axis model surgery 

simulator for orthognathic surgery. J Korean Assoc 

Oral Maxillofac Surg 2010;36:23-7. 

8. Hibbeler RC. Engineering mechanics: statics & 

dynamics. 12th ed. New Jersey: Prentice-Hall; 2010. 

p. 5.

9. Hull DG. Fundamentals of airplane flight mecha nics. 

1st ed. New York: Springer; 2007. p. 15.

10. Schwestka-Polly R, Roese D, Kuhnt D, Hille KH. 

Application of the model-positioning appliance 

for three-dimensional positioning of the maxilla in 

cast surgery. Int J Adult Orthodon Orthognath Surg 

1993;8:25-31.

11. Wong BW. Innovations in orthognathic splint con-

struc tion. J Clin Orthod 1985;19:750-6.

12. Erickson KL. Analytic model surgery. In: Bell WH, ed. 

Modern practice in orthognathic and reconstructive 

surgery. Philadelphia: Saunders; 1992. p. 154-205.

13. Swennen GR, Mollemans W, Schutyser F. Three-

dimensional treatment planning of orthognathic 

surgery in the era of virtual imaging. J Oral Maxil-

lofac Surg 2009;67:2080-92. 

14. Swennen G. 3D virtual reality planning of orthog-

nathic surgery. J Oral Maxillofac Surg 2009;67:1.

15. Kaipatur N, Al-Thomali Y, Flores-Mir C. Accuracy 

of computer programs in predicting orthognathic 

surgery hard tissue response. J Oral Maxillofac Surg 

2009;67:1628-39. 

16. Xia JJ, Gateno J, Teichgraeber JF. New clinical 

protocol to evaluate craniomaxillofacial deformity 

and plan surgical correction. J Oral Maxillofac Surg 

2009;67:2093-106. 

17. Kaipatur NR, Flores-Mir C. Accuracy of computer 

programs in predicting orthognathic surgery soft 

tissue response. J Oral Maxillofac Surg 2009;67:751-

9. 


