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In this article,  we report the successful surgical treatment of a patient,  34 years of age,  who had a 
severe gummy smile and a class II malocclusion.  The patient had an 11-mm gingival exposure during 
full smile and a convex profile.  A LeFort I osteotomy combined with a horseshoe osteotomy was used 
for the superior repositioning of the maxilla; then,  an intraoral vertical ramus osteotomy (IVRO) and 
genioplasty were performed for mandibular advancement.  The maxilla was acceptably impacted 8mm 
at the first incisor and 5mm at the first molar.  Both the occlusion and facial appearance were signifi-
cantly improved by this surgical-orthodontic treatment.  Our results suggest that the combination of a 
horseshoe osteotomy with a LeFort I osteotomy is a useful technique for reliable superior reposition-
ing of the maxilla.
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gummy smile is an aesthetic problem for some 
patients and has been treated by orthodontics 

alone or orthodontic surgery to reposition the maxilla 
[1,  2].  However,  since a severe gummy smile is 
characterized by overgrowth due to anterior vertical 
maxillary excess [3],  conventional orthodontic treat-
ment alone is not an option.  Orthodontic surgery can 
provide significant skeletal improvement [4]; in addi-
tion,  orthodontic surgery,  such as that provided by a 
LeFort I osteotomy,  provides a more aesthetically 
pleasing result and affords patients with severe gummy 
smiles a more acceptable outcome than orthodontic 
treatment alone.
　 Various studies have shown that superior reposi-
tioning of the maxilla is indicated in patients with a 

vertical maxillary excess,  in cases of a long face and 
open bite [5,  6].  However,  superior repositioning of 
the maxilla by a single LeFort I osteotomy is some-
times difficult for high impactions because of the bar-
rier of the bone around the descending palatine artery.  
Although the bone around the palatine artery can be 
trimmed equally for superior repositioning of the 
maxilla during LeFort I osteotomy,  there is always 
the potential risk of damaging or cutting the artery,  
which may lead to severe hemorrhage and avascular 
necrosis of the maxilla [7].  Therefore,  Bell and 
McBride introduced the horseshoe palatal osteotomy 
in combination with the LeFort I osteotomy [8].  The 
greatest advantage of this technique is that it allows 
higher superior repositioning of the maxilla,  espe-
cially in the posterior portion,  because there is no 
need for bone trimming around the palatine vessel.  
Successful LeFort I osteotomy combined with horse-
shoe osteotomy has been recommended for high-
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impaction cases [9,  10].  However,  there are few 
reports about cases of severe gummy smile.  In this 
report,  we present the case of severe gummy smile 
with class II malocclusion treated with LeFort I 
osteotomy combined with horseshoe osteotomy,  
intraoral ramus osteotomy (IVRO),  and genioplasty.

Case Report

　 A 34-year-old woman with class II malocclusion 
came to our department complaining of a gummy smile.  
Her past medical history was insignificant,  including a 
lack of family history of malformation.  In the extraoral 
examination,  a severe dolichofacial condition with 
retrognathia was observed.  The upper gingiva was 
exposed about 11mm from the cervical line to the 

upper lip while smiling (Fig.  1).  Intraoral examina-
tion revealed a class II malocclusion with an excessive 
positive overbite (3mm) and overjet (6mm).  Repre-
sentative preoperative cephalometric values were as 
follows: SNA,  82.7° (＋1.1 SD); SNB,  87° (－0.3 
SD); ANB,  8.5° (＋2.2 SD); A to N perpendicular to 
FH －0.8° (＋1.5 SD); pogonion to N perpendicular to 
FH,  －24.5mm (－1.0 SD); mx1 Crown to FN,  
70.5mm; mx6 Crown to FH,  59mm; Mandibular 
Plane,  42.4 deg (＋3.1 SD); Pos Face Height (S-Go),  
86.8mm (－0.5 SD); Ant.  Face Height (N-Me),  
147.6mm (＋2.3 SD); S-Go/N-Me,  58.8ｵ (－0.5 
SD); Ricketʼs VERT index,  －8.8 (Fig.  1 and Table 
1).  The patient was diagnosed as having an angle class 
II malocclusion with a skeletal class II jaw base rela-
tionship and a severe gummy smile.  The treatment 
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Fig. 1　 Pretreatment extraoral and intraoral views.



objectives were to achieve acceptable occlusion,  
establish an ideal overjet and overbite,  and correct 
the gummy smile and retrognathic facial appearance.
　 First,  we measured the thickness of the bone from 
the anterior nasal floor to the apical root of the first 
incisor,  and confirmed the area for removal using 
Osirix imaging software dedicated to DICOM images 
generated by CT (data not shown).  Next,  a 3D treat-
ment planning model was made by using a Z Printer 
310 plus (Z Corporation,  Portsmouth,  NH,  USA) 
after DICOM data had been obtained from the patient 

by use of Mimics Software (Materialise,  Lueven,  
Belgium).  The surgical incisions were marked on the 
3D model.  (Fig.  2A and C).  A maxillary LeFort I 
osteotomy combined with a horseshoe osteotomy (mx1 
impaction,  8mm; mx6 impaction,  5mm; Fig.  2B),  
mandibular bilateral intraoral vertical ramus osteot-
omy (IVRO,  transferred quantity was offset),  and 
genioplasty (6-mm advancement) were performed.  The 
LeFort I osteotomy was done by following the tech-
nique of Bell et al. [8].  After accomplishing a LeFort 
I osteotomy and down fracture,  a horseshoe osteotomy 
was performed from the superior surface of the down-
fractured maxilla.  Using a reciprocating saw,  an 
osteotomy was performed from the superior surface of 
the down-fractured maxilla through the anterior nasal 
floor and the maxillary sinus into the oral cavity (Fig.  
2D,  dotted line).  The saw was used carefully to cut 
from the lateral side of the palate directed medially to 
avoid injury to the dental roots.  After that,  the down-
fractured maxilla was separated into 2 parts,  i.e.,  
dentoalveolar and palatal compartments.  Rigid osteo-
synthesis for the maxillary osteotomy was provided 
using L-shaped titanium miniplates.  Mandibular bilat-
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Table 1　 Cephalometric analysis of case

Preoperative Postsurgical

A to N -| FH －0.8 mm 1.9 mm
pogonion to N -| FH －24.5 mm －10.5 mm
mx1 Crown to FH 70.5 mm 62.5 mm
mx6 Crown to FH 59 mm 54 mm
Mandibular Plane 42.4 deg 37.9 deg
Post. Face Height (S-Go) 86.8 mm 87.7 mm
Ant. Face Height (N-Me) 147.6 mm 145.8 mm
S-Go / N-Me 58.8% 60.1%
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Fig. 2　 Surgical simulation and operation view of LeFort I osteotomy combined with horseshoe osteotomy.  Frontal (A and B) and supe-
rior (C and D) view of substantial 3D model and operation.  Removal depth of the bone maxilla at the incisor (a,  8mm) and the first molar 
(b,  5mm) is shown.  The dotted line (C) and arrowheads (D) represent the horseshoe osteotomy with the palatal component.  The arrows 
indicate the point of the palatine vessel.



eral IVRO and genioplasty were then performed.
　 After surgery,  the patientʼs occlusion,  facial 
appearance,  and cephalometric data were reexamined 
(Table 1).  Postoperative cephalometric evaluation 
showed a skeletal class I jaw relationship and an 
acceptable maxillary impaction (anterior,  8mm; molar 

region,  5mm) (Fig.  3A-C).  The mandible was for-
warded 10mm at the pogonion,  and the mandibular 
plane angle was decreased by 4.5 degrees (Table 1).  
Bone formation was confirmed by 3D CT 12 months 
after surgery (Fig.  3D and E).  Fig.  4 shows the 
extraoral and intraoral views at 3 years after surgical 
treatment.

Discussion

　 Patients with severe gummy smile experience 
excessive vertical maxillary growth [11,  12],  which 
causes excessive display of maxillary teeth and gingi-
val tissue,  in spite of a normal upper lip length [13].  
The excessive vertical maxillary growth is associated 
with a progressive backward rotation of the mandible,  
which makes the face longer and more deficient in the 
anteroposterior dimension (58.8ｵ,  Table 1),  while 
increasing the mandibular plane angle (42.4 degrees,  
Table 1).  The chin of patients with vertical maxillary 
excess swings down and back,  which increases the 
lower anterior facial height.
　 In the present patient,  the maxilla treated with 
LeFort I and horseshoe osteotomies was repositioned 
nearly to the planned position during surgery.  
Removal of the bone at the anterior portion of the 
nasal floor according to the 2D view analysis and 3D 
treatment-planning model was a useful method to 
secure a good surgical field and to accomplish reliable 
horseshoe osteotomy at the anterior region.  According 
to the results of impaction at the mx1 crown,  8mm,  
the removal of bone of the anterior nasal floor allowed 
certain safe and highly superior impaction of the 
anterior maxilla,  which is why this method is suitable 
for procedures such as high facial reduction in cases 
with vertical maxillary excess.  When horseshoe pala-
tal osteotomy is combined with LeFort I osteotomy 
[8],  there is less potential risk of damaging the 
descending palatine artery; accordingly,  superior 
repositioning of the maxilla,  especially its posterior 
portion,  is achieved [9,  10].  However,  in the case of 
extensive superior repositioning of the anterior max-
illa,  horseshoe osteotomy frequently becomes difficult 
because of the limited surgical access to the osteotomy 
site.  The bone of the anterior nasal floor was reduced 
to a depth of 8mm before horseshoe osteotomy to 
decrease the blind field at the anterior region for the 
horseshoe osteotomy.  Such a procedure may minimize 
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Fig. 3　 Lateral cephalometric radiograph and frontal 3D CT.  A,  
Preoperative; B,  Postsurgical; C,  Superimposed cephalometric 
tracings show changes from the preoperative (solid line) to postsur-
gical (dotted line) stages.  FH,  Frankfurt horizontal plane.  a and aʼ,  
mx1 crown to FN.  b and bʼ,  mx6 crown to FH.  a and b,  preopera-
tive.  aʼ and bʼ,  postsurgical.  D,  Preoperative; E,  Postsurgical (12 
months) 3D CT.



the risk of injury to the palatal mucosa,  and also 
maintain the natural form of the nasal cavity after 
anterior superior impaction of the maxilla.  This sur-
gical procedure may be one applicable method for 
patients with severe gummy smile.
　 For mandibular orthognathic surgery,  IVRO is 
mainly used to set back the mandible [14] and is not 
suitable for mandibular advancement,  because it is 
difficult to achieve an adequate bone contact area 
between the proximal and distal segment after man-
dibular advancement.  In addition,  IVRO has been 
used for patients with symptoms of temporomandibu-
lar disorder (TMD) [15].  In this patient,  IVRO was 
performed because the patient had TMD,  and the 
advance transferred quantity was offset by the rotation 
of the mandible after maxillary impaction by the 

LeFort I osteotomy combined with the horseshoe 
osteotomy.
　 In conclusion,  this article reports the successful 
surgical-orthodontic treatment of a patient with severe 
gummy smile and class II malocclusion.  Our results 
suggest that the combination of a horseshoe osteotomy 
with a LeFort I osteotomy is a useful technique for 
reliable superior repositioning of the maxilla for 
treatment of patients with severe gummy smile.
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Fig. 4　 Extraoral and intraoral views at 3 years after surgical treatment.
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