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ABSTRACT	
  

Background:	
  Mandible	
  contour	
  surgery,	
  such	
  as	
  reduction	
  gonioplasty	
  and	
  

genioplasty,	
  has	
  become	
  increasingly	
  popular	
  in	
  East	
  Asia.	
  However,	
  it	
  is	
  

technically	
  challenging,	
  and	
  hence,	
  leads	
  to	
  a	
  long	
  learning	
  curve,	
  high	
  

complication	
  rates,	
  and	
  often	
  needs	
  secondary	
  revisions.	
  The	
  increasing	
  use	
  of	
  

three-­‐dimensional	
  (3D)	
  technology	
  makes	
  accurate	
  single	
  stage	
  mandible	
  

contour	
  surgery	
  with	
  minimum	
  complication	
  rates	
  possible	
  with	
  a	
  virtual	
  

surgical	
  plan	
  (VSP)	
  and	
  3D	
  surgical	
  templates.	
  This	
  study	
  is	
  to	
  establish	
  a	
  

standardized	
  protocol	
  for	
  VSP	
  and	
  3D	
  surgical	
  templates-­‐assisted	
  mandible	
  

contour	
  surgery	
  and	
  evaluate	
  the	
  accuracy	
  of	
  the	
  protocol.	
  



Methods:	
  In	
  this	
  study,	
  we	
  enrolled	
  20	
  patients	
  for	
  mandible	
  contour	
  surgery.	
  

Our	
  protocol	
  is	
  to	
  perform	
  VSP	
  based	
  on	
  3D	
  CT	
  data.	
  Then	
  design	
  and	
  3D	
  print	
  

surgical	
  templates	
  based	
  on	
  preoperative	
  VSP.	
  The	
  accuracy	
  of	
  the	
  method	
  was	
  

analyzed	
  by	
  3D	
  comparison	
  of	
  VSP	
  and	
  post-­‐op	
  results	
  utilizing	
  detailed	
  

computer	
  analysis.	
  

Result:	
  All	
  patients	
  had	
  symmetric,	
  natural	
  osteotomy	
  lines,	
  and	
  satisfactory	
  

facial	
  ratios	
  in	
  a	
  single-­‐stage	
  operation.	
  The	
  average	
  relative	
  error	
  of	
  VSP	
  and	
  

post-­‐op	
  result	
  on	
  the	
  entire	
  skull	
  was	
  0.41±0.13	
  mm.	
  The	
  average	
  new	
  left	
  

gonial	
  error(Go’-­‐L	
  Error)	
  was	
  0.43±0.77mm.	
  The	
  average	
  new	
  right	
  gonial	
  

error(Go’-­‐R	
  Error)	
  was	
  0.45±0.69mm.	
  The	
  Average	
  pognion	
  error(Pg	
  error)	
  

was	
  0.79±1.21mm.	
  Patients	
  were	
  very	
  satisfied	
  with	
  the	
  aesthetic	
  results.	
  

Surgeons	
  were	
  also	
  very	
  satisfied	
  with	
  the	
  performance	
  of	
  surgical	
  templates	
  to	
  

facilitate	
  the	
  operation.	
  

Conclusion:	
  Our	
  standardized	
  protocol	
  of	
  VSP	
  and	
  3D	
  printed	
  surgical	
  templates	
  

assisted	
  single-­‐stage	
  mandible	
  contour	
  surgery	
  result	
  in	
  accurate,	
  safe,	
  and	
  

predictable	
  outcome	
  in	
  a	
  single-­‐stage.	
  	
   	
  

Key	
  words:	
  Virtual	
  Surgical	
  Plan;	
  3D	
  surgical	
  guide;	
  mandible	
  contour	
  surgery;	
  

standardized	
  protocol	
   	
  

	
  

REFERENCES	
  

1. Baek et al., 1989. Baek S.M., Kim S.S., and Bindiger A.: The prominent 

mandibular angle: preoperative management, operative technique, and results in 

42 patients. Plast Reconstr Surg 1989; 83: pp. 272-280 



2. Deguchi et al., 1997. Deguchi M., Iio Y., Kobayashi K., and Shirakabe T.: 

Angle-splitting ostectomy for reducing the width of the lower face. Plast Reconstr 

Surg 1997; 99: pp. 1831-1839 

3. Gui L., Yu D., Zhang Z., Lv C.S., Tang X., and Zheng Z.: Intraoral one-stage 

curved osteotomy for the prominent mandibular angle: a clinical study of 407 

cases. Aesthetic Plast Surg 2005; 29: pp. 552-557 

4. Satoh K. Mandibular contouring surgery by angular contouring combined with 

genioplasty in Orientals. Plast Reconstr Surg. 1998;101:461–472.  

5. Zhang C, Teng L, Chan FC, Xu JJ, Lu JJ, Xie F, Zhao JY, Xu MB, Jin XL. 

Single stage surgery for contouring the prominent mandibular angle with a broad 

chin deformity: en-bloc Mandibular Angle-Body-Chin Curved Ostectomy 

(MABCCO) and Outer Cortex Grinding (OCG). J Craniomaxillofac Surg. 2014 

Oct;42(7):1225-33. 

6. Satoh K, Mitsukawa N. Mandibular marginal contouring in oriental aesthetic 

surgery: refined surgical concept and operative procedure. 

Ann Plast Surg. 2014 May;72(5):498-502. 

7. Yoon ES, Seo YS, Kang DH, Koo SH, Park SH. Analysis of incidences and types 

of complications in mandibular angle ostectomy in Koreans. Ann Plast Surg. 2006 

Nov;57(5):541-4. 

8. Kang M. Incidence of Complications Associated with Mandibuloplasty: A 

Review of 588 Cases over 5 Years. Plast Reconstr Surg Glob Open. 2014 May 

7;2(4):e139. 



9. Chen T, Khadka A, Hsu Y, Hu J, Wang D, Li J. How to achieve a balanced and 

delicate lower third of the face in Orientals by mandibular contouring. 

J Plast Reconstr Aesthet Surg. 2013 Jan;66(1):47-56. 

10. Parthasarathy J. 3D modeling, custom implants and its future perspectives in 

craniofacial surgery. Ann Maxillofac Surg. 2014 Jan;4(1):9-18. 

11. Choi JW, Kim N. Clinical application of three-dimensional printing technology in 

craniofacial plastic surgery. Arch Plast Surg. 2015 May;42(3):267-77. 

12. Anderson PJ, Yong R, Surman TL, Rajion ZA, Ranjitkar S. Application of 

three-dimensional computed tomography in craniofacial clinical practice and 

research. Aust Dent J. 2014 Jun;59 Suppl 1:174-85. 

13. Ye N, Long H, Zhu S, Yang Y, Lai W, Hu J. The Accuracy of Computer 

Image-Guided Template for Mandibular Angle Ostectomy. Aesthetic Plast Surg. 

2015 Feb;39(1):117-23. 

14. Rong Q, Zhu S, Chen S, Zhang X. Individual stereolithographic template-guided 

curved osteotomy for unilateral prominent mandibular angle: a case report. J 

Craniofac Surg. 2013 May;24(3):e289-92. 

15. Hong SO, Ohe JY, Lee DW. Salvage of the condylar fracture: complication 

management of mandibular angle ostectomy. J Craniofac Surg. 2014 

Nov;25(6):e582-4. 

16. Kim YH, Kim JD, Visconti G, Kim JT. Life-threatening bleeding and radiologic 

intervention after aesthetic surgeries with minimal invasive approaches: report of 

two cases. J Plast Reconstr Aesthet Surg. 2010 Oct;63(10):e745-8. 



17. Hwang K, Han JY, Kil MS, Lee SI. Treatment of condyle fracture caused by 

mandibular angle ostectomy. J Craniofac Surg. 2002 Sep;13(5):709-12. 

18. Wang G, Li J, Khadka A, Hsu Y, Li W, Hu J. CAD/CAM and rapid prototyped 

titanium for reconstruction of ramus defect and condylar fracture caused by 

mandibular reduction.Oral Surg Oral Med Oral Pathol Oral Radiol. 2012 

Mar;113(3):356-61. 

19. Shen C, Zhang Y, Li Q, Zhu M, Hou Y, Qu M, Xu Y, Chai G. Application of 

three-dimensional printing technique in artificial bone fabrication for bone defect 

after mandibular angle ostectomy. Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi. 

2014 Mar;28(3):300-3. 

20. Yang DB1, Song HS, Park CG. Unfavorable results and their resolution in 

mandibular contouring surgery. Aesthetic Plast Surg. 1995 Jan-Feb;19(1):93-102. 

21. Chae MP, Rozen WM, McMenamin PG, Findlay MW, Spychal RT, Hunter-Smith 

DJ. Emerging Applications of Bedside 3D Printing in Plastic Surgery. Front Surg. 

2015 Jun 16;2:25. 

22. Kamali P, Dean D, Skoracki R, Koolen PG, Paul MA, Ibrahim AM, Lin SJ. The 

Current Role of Three-Dimensional (3D) Printing in Plastic Surgery. 

Plast Reconstr Surg. 2016 Jan 21. 

23. Bauermeister AJ, Zuriarrain A, Newman MI. Three-Dimensional Printing in 

Plastic and Reconstructive Surgery: A Systematic Review. Ann Plast Surg. 2015 

Dec 15. 

 



 

 

 

 

 

	
  

Figure	
  Legends	
   	
  

Figure.	
  1.	
  The	
  pre-­‐op	
  profile	
  simulation	
  for	
  genioplasty	
  was	
  

performed	
  using	
  the	
  Dolphin	
  imaging	
  software	
  to	
  communicate	
  

about	
  the	
  expected	
  results	
  with	
  patients.	
   	
  

	
  

Figure.	
  2.	
  The	
  midplane	
  of	
  the	
  skull	
  was	
  automatically	
  identified	
  by	
  

Geomagic	
  Studio	
  12.0	
  (Geomagic,	
  Morrisville,	
  USA).	
   	
  

	
  

Figure.	
  3.	
  A,	
  The	
  inferior	
  alveolar	
  nerve	
  canal	
  was	
  draw	
  on	
  both	
  

sides.	
  B,	
  The	
  VSP	
  for	
  mandibular	
  angle	
  bicorticle	
  curved	
  osteotomy	
  

were	
  done	
  on	
  one	
  side.	
  C,	
  The	
  osteotomy	
  was	
  mirrored	
  onto	
  the	
  

opposite	
  side.	
  D,	
  The	
  VSP	
  for	
  mandibular	
  cortex	
  thining	
  or	
  splitting	
  

were	
  done	
  on	
  one	
  side.	
  Then	
  mirrored	
  onto	
  the	
  opposite	
  side.	
  E,	
  The	
  

osteotomy	
  line	
  for	
  Genioplasty	
  was	
  designed	
  to	
  shape	
  a	
  natural	
  

contour	
  with	
  reduction	
  gonioplasty.	
  F,	
  The	
  cutting	
  template	
  for	
  

geniolasty	
  was	
  designed	
  accordingly.	
  G,	
  The	
  movements	
  of	
  



genioplasty	
  were	
  done	
  according	
  to	
  the	
  design	
  on	
  Dolphin.	
  H,	
  The	
  

fixation	
  template	
  for	
  geniolasty	
  was	
  designed	
  accordingly.	
   	
  

	
  

Figure.	
  4.	
  A,	
  B,	
  Surgical	
  templates	
  were	
  3D	
  printed	
  out	
  and	
  

disinfected	
  for	
  surgery.	
  C,	
  mandibular	
  angle	
  bi-­‐cortical	
  curved	
  

osteotomy	
  template	
  was	
  rigid	
  fixed	
  with	
  a	
  screw.	
  D,	
  mandibular	
  

cortex	
  thinning	
  or	
  splitting	
  template	
  was	
  attached.	
  E,	
  genioplasty	
  was	
  

guided	
  by	
  cutting	
  templates	
  F,	
  genioplasty	
  was	
  guided	
  by	
  fixation	
  

templates.	
  G,	
  rigid	
  fixation	
  with	
  titanium	
  plates	
  and	
  screws	
  for	
  

genioplasty.	
  

	
  

Figure.5.	
   Postoperative	
   outcomes	
   were	
   evaluated	
   by	
   3D	
   comparison	
   between	
  

the	
  preoperative	
  VSP	
  and	
  postoperative	
  result.	
  Four	
  parameters	
  were	
  adopted	
  to	
  

evaluate	
   the	
  accuracy	
  of	
   the	
  method:	
  Average	
  Relative	
  Error,	
   the	
  mean	
  value	
  of	
  

discrepancy	
  between	
  postoperative	
  result	
  and	
  preoperative	
  VSP	
  on	
  the	
  skull;	
  Left	
  

new	
  gonial	
  point	
  error	
   (Go’-­‐L	
  Error):	
  discrepancy	
  between	
  postoperative	
  result	
  

and	
  preoperative	
  VSP	
  at	
  left	
  new	
  gonial	
  point;	
  Right	
  new	
  gonial	
  point	
  error(Go’-­‐R	
  

Error):	
  discrepancy	
  between	
  postoperative	
  result	
  and	
  preoperative	
  VSP	
  at	
  right	
  

new	
   gonial	
   point;	
   Pg	
   Error:	
   discrepancy	
   between	
   postoperative	
   result	
   and	
  

preoperative	
  VSP	
  at	
  Pg.	
  They	
  were	
  all	
  calculated	
  by	
  Geomagic	
  automatically.	
  

	
  

Figure.6.	
   Typical	
   case	
   1:	
   the	
   photograph	
   before(left)	
   and	
   1	
   years	
   after(right)	
  



reduction	
  gonioplasty.	
  

A,	
  Preoperative	
  frontal	
  view	
  

B,	
  Postoperative	
  frontal	
  view	
  

	
  

Figure.7.	
   Typical	
   case	
   2:	
   the	
   photograph	
   before	
   (left)	
   and	
   1	
   year	
   after	
   (right)	
  

reduction	
  gonioplasty	
  and	
  genioplasty.	
  

A,	
  Preoperative	
  frontal	
  view	
  

B,	
  Postoperative	
  frontal	
  view	
  

C,	
  Preoperative	
  left	
  lateral	
  view	
  

D,	
  Postoperative	
  left	
  lateral	
  view	
  

	
  

Figure.8.	
  Typical	
  case	
  of	
  VSP,	
  surgical	
  template	
  design	
  and	
  accuracy	
  analysis	
  for	
  

reduction	
  gonioplasty.	
   	
  

A,	
  Preoperative	
  3D	
  skull	
  

B,	
   surgical	
   templates	
   design	
   for	
   reduction	
   gonioplasty.	
   Red:	
   mandibular	
   angle	
  

bicorticle	
   curved	
   osteotomy	
   template.	
   Yellow:	
   mandible	
   outer	
   cortex	
   splitting	
  

template.	
  

C,	
  Preoperative	
  VSP	
  result	
  

D,	
  Postoperative	
  3D	
  skull	
  

E,	
  3D	
  comparison	
  between	
  preoperative	
  VSP	
  result	
  and	
  postoperative	
  result	
  on	
  

the	
  skull	
  

	
  



Figure.	
  9.	
  Typical	
  case	
  of VSP,	
  surgical	
  template	
  design	
  and	
  accuracy	
  analysis	
  for	
  

reduction	
  gonioplasty	
  and	
  genioplasty	
  

Typical	
  case	
  2	
  

A,	
  Preoperative	
  3D	
  skull	
  

B,	
   Surgical	
   templates	
   design	
   for	
   reduction	
   gonioplasty	
   and	
   genioplasty.	
   Red:	
  

mandibular	
  angle	
  bicorticle	
  curved	
  osteotomy	
  template.	
  Yellow:	
  mandible	
  outer	
  

cortex	
  thinning	
  template.	
  Blue:	
  cutting	
  template	
  for	
  genioplasty	
  

C,	
  Fixation	
  template	
  design	
  for	
  genioplasty	
  after	
  reduction	
  gonioplasty.	
  

D,	
  Preoperative	
  VSP	
  result	
  

E,	
  Postoperative	
  3D	
  skull	
  

F,	
  3D	
  comparison	
  between	
  preoperative	
  VSP	
  result	
  and	
  1	
  year	
  

postoperative	
  result	
  on	
  the	
  skull	
  


