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This article reviews the orthodontic literature with respect to long-term 
stability after orthodontic or combined orthodontic-surgical treatment of 
anterior open bite. Efforts were made to review the studies in a manner that 
allowed comparison of treatment success as well as the subsequent stabil- 
ity. The existing literature suggests that approximately 80% of anterior 
open-bite subjects will have positive overlap at the latest follow-up, 
whether they undergo only orthodontic therapy or a combination of orth- 
odontic-surgical therapy. However, orthodontic therapies appear to have 
slightly lower treatment success but better stability than surgical therapy. In 
other words, fewer subjects achieve positive incisor overlap with orthodon- 
tic therapy alone, but almost all that do maintain it. The level of evidence 
provided by the current literature is not conclusive because many surgical 
and nonsurgical open-bite studies are characterized by small samples and 
the potential for selection bias. Thus, well-designed studies are necessary 
to improve our knowledge of the etiology, therapies, and stability of ante- 
rior open bite. (Semin Orthod 2002;8:162-172.) Copyright 2002, Elsevier 
Science (USA). All rights reserved. 

A ll orthodontists have been faced with the 
difficult task of treating patients with ante- 

rior open-bite and the subsequent challenge of  
retention. The or thodont ic  literature has nu- 
merous case reports and studies report ing good 
results at the end of  treatment.  These are help- 
ful, but  the success of open-bite therapy is ulti- 
mately measured by long-term stability. Thus, 
the purpose of this article is three-fold: (1) to 
identify and review studies that address the long- 
term stability of  anter ior  open-bite therapy, (2) 
to compare  the long-term stability repor ted  by 
the nonsurgical and surgical studies, and (3) to 
critically assess the level of  evidence presented 
by these studies with suggestions for future re- 
search. 

To identify studies, PubMed was searched by 
using combinations of  tile key words stability, 
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orthodontics,  and ei ther openbite,  open-bite, or 
open bite. Additionally, reference lists from the 
open-bite literature were searched to identify 
citations not  retrieved by PubMed. Of  the hun- 
dreds of  open-bite articles published in the En- 
glish language, 21 were identified that specifi- 
cally investigated stability. Among these, six 
investigated or thodont ic  therapy, whereas 15 in- 
vestigated combined or thodont ic  and surgical 
therapy. Studies that did not  specifically address 
anterior  open bite were excluded, as were those 
that had less than five subjects. 

S t u d i e s  A s s e s s i n g  Orthodontic 
Therapies 

One of the earliest or thodont ic  studies was a 
retrospective case series, comparing a sample of 
13 relapsed open-bite subjects with a sample of  
13 relapsed deep-bite subjects. 1 All subjects had 
fixed appliances, and overbite was measured as 
the distance between the upper  and lower inci- 
sor tips perpendicular  to the occlusal plane. In 
this study, open-bite relapse was associated with 
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an increase in posterior maxillary facial height, 
resulting in downward rotation of the mandible. 

Frfmkel and Fr/inkel 2 investigated a func- 
tional approach to the treatment of  skeletal 
open bite. z (This study did not  specifically ad- 
dress stability, but  because it followed subjects 
for approximately 8 years, it was included.) In a 
cohort  study, 30 subjects treated with functional 
regulators and lip-seal exercises were compared 
with 11 untreated subjects. Subjects were se- 
lected based on a hyperdivergent skeletal pat- 
tern, as well as clinical observation of  lip incom- 
petence and postural weakness of the orofacial 
muscles. The treated subjects were followed 
from a mean age of  7 until a mean age of 15, 
with the last follow-up at least 4 years postre- 
tendon. The corresponding means for the un- 
treated group were 8 and 16 years. The treated 
subjects had significant closure of  the mandibu- 
lar plane and gonial angles during the study 
period. However, the mean pretreatment  char- 
acteristics of the two groups were not reported 
so it is difficult to assess whether the treated and 
untreated subjects were comparable before the 
start of the study. Additionally, al though the 
normalization of the skeletal characteristics in 
the treated subjects was impressive, no overbite 
values were reported, making it difficult to assess 
whether the open bites were successfully closed 
and stable. 

Lopez-Gavito et al 3 evaluated stability of  orth- 
odontic treatment (fixed appliances and head- 
gear) in subjects at least 9 years and 6 months 
after the discontinuation of  retention devices. 
Subjects were selected from the postretention 
files of the University of Washington based on 
the availability of  records. In this retrospective 
case series, Lopez-Gavito et al reported that 35% 
of their sample relapsed, as defined by a cepha- 
lometric distance >3  mm from the tip of  the 
lower incisor to the nearest hard tissue (tooth or 
palate) measured along the long axis of the 
lower incisor. Although these results suggest 
a high relapse rate, anteroposterior skeletal 
change may have influenced this distance in the 
absence of  vertical changes. In fact, a subsequent 
master's thesis, using this same sample but a 
different method of measuring overbite (dis- 
tance between upper  and lower incisor tips mea- 
sured relative to the nasion-menton line), tound 
that all of these subjects had positive overlap at 
the postretention period, although 60% of these 

subjects did not  have incisal contact. 4 Thus, the 
relapse rate varied considerably depending on 
the method  chosen to measure overbite. 

Another  study of or thodontic  interventions 
assessed the impact of  tongue cribs. 5 In this 
study, subjects were selected based on a negative 
pretreatment  overbite; the use of a tongue crib; 
and the availability of  records at the pretreat- 
ment, posttreatment, and at least 1-year post- 
t reatment times. This retrospective case series 
identified 26 adolescent (growing) patients and 
7 adult (nongrowing) patients. The mean pre- 
treatment overbite, which was measured relative 
to the nasion-menton line, was -2 .8 .  The overall 
success rate for achieving a positive overbite was 
88%, and of these successful subjects, none re- 
lapsed to negative overbite during the posttreat- 
ment  period. Although the stability of  the suc- 
cessfully treated cases was impressive, a criticism 
of this study was the potential for selection bias. 

In a retrospective case series, Katsaros and 
Berg 6 assessed the stability of 20 subjects treated 
with fixed (n = 19) or functional (n = 1) appli- 
ances at least one year after discontinuation of 
retention. Selection of  the sample was based on 
the existence of  a pretreatment  open bite, as- 
sessed on plaster casts, and the availability of 
records at the pretreatment,  posttreatment, and 
postretention periods. Cephalometric measure- 
ments were also taken, with overbite measured 
perpendicular  to the nasion-menton line. This 
sample exhibited typical open-bite characteris- 
tics, with a mean pretreatment  openbite of - 1.9 
mm. Success, based on incisal contact measured 
on plaster casts in habitual occlusion or in a 
forward position, was achieved in 15 of  the 20 
subjects (75%). None of  the successfully treated 
subjects had negative overbite at the postreten- 
tion period. Again, the stability of  successful 
cases is impressive, but limitations include the 
potential for selection bias, as well as a definition 
of success that depends on the articulation of 
models rather than a cephalometric measure- 
ment. 

Kim et al 7 reported that the multiloop edge- 
wise arch-wire technique is a stable method for 
or thodontic  correction of  open bites. In a recent 
study, 55 open-bite subjects treated with the nml- 
tiloop edgewise arch-wire technique technique 
were identified, with 27 of these having final 
records at the 2-year follow-up period. The in- 
vestigators divided their sample into growing 
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and nongrowing groups. Among  the growing 
subjects with complete  records (n = 17), all 
achieved a positive overbite at the end of  treat- 
ment ,  and one (6%) relapsed to negative over- 
bite at the 2-year follow-up. Among  the non- 
growing subjects with complete  records (n = 
10), all achieved a positive overbite at the end of  
treatment,  and one (10%) relapsed to negative 
overbite at the 2-year follow-up. Thus, the overall 
relapse rate was 7% (2/27).  These results are 
encouraging but  could be inf luenced by selec- 
tion bias and a considerable loss to follow-up. 

We can learn several things f rom these studies 
(Table 1). First, there are relatively few studies 
that  evaluate the long-term stability of  or thodon-  
tic therapies. Second, the sample sizes for these 
studies are not  large. Third, definitions for open  
bite differ, as well as methods  to assess success 
and stability. In an effort  to compare  these stud- 
ies, the following conventions were used. Sub- 
jects were required to have an open  bite (specif- 
ically, no incisal overlap) before t reatment .  
T rea tmen t  success was defined as the achieve- 
men t  of  positive overlap at the end of  therapy, 
and stability was def ined as the main tenance  of  
positive overlap at the last follow-up period. The  
overall success rate was the p roduc t  of  the per- 
centage of  t rea tment  success and the percentage  
of  stable cases at the last follow-up. For example,  
if a study repor ted  80% t rea tment  success and 
90% stability, the overall success would be 72%. 
By using these conventions,  the overall success 
of  or thodont ic  therapies is between 75% and 
93%, which seems quite good (Table 2). How- 
ever, several o ther  factors should also be consid- 
ered. 

First, were the open  bites of  these subjects 
likely to improve without therapy? Some studies 
have repor ted  f rom 40% to 80% spontaneous  
closure of  un t rea ted  open-bite subjects, s,9 How- 
ever, their  conclusions were based on cross-sec- 
tional data using subjects as young as 6 to 8 years 
old. At that age, open-bite malocclusions are 
difficult to define because of the normal  transi- 
tion of incisors. Most orthodontists  would prob- 
ably agree that  open  bites persisting into the late 
mixed denti t ion rarely close without interven- 
tion. This view is suppor ted  by the National  
Heal th  and Nutrit ion Estimates Survey 1II data, 
which reports  the prevalence of openbi te  to be 
3.6% in 8-11 year-olds, 3.5% in 12-17 year-olds, 
and 3.3% in 18-50 year-olds, m Additionally, 

some believe skeletal open  bites are less likely 
than dental  open  bites to spontaneously im- 
prove. Thus, given the lack of controls, pretreat- 
men t  characteristics are useful in assessing the 
severity and nature of  the open-bite subjects, 
which, in turn, may provide information on the 
likelihood of spontaneous correction. The open- 
bite subjects in the previous studies all had steep 
mandibula r  planes and  modera te  open  bites, 
with the exception of Lopez-Gavito et al's sub- 
jects. (Although the mean  open  bite they re- 
por ted  was - 5  ram, the mean  overbite was 0.3 
m m  if measured  relative to the nasion-menton 
line.) Additionally, all o f  the subjects were prob- 
ably in p e r m a n e n t  dentition, except  for the ad- 
olescent crib therapy group. Thus, the majority 
of  the subjects in the studies ment ioned  pre- 
viously had p e r m a n e n t  dentitions, significant 
open  bites, and skeletal components ,  and would 
not  be expected  to improve without therapy. 

The  second issue that  should be addressed is 
sample selection. Although selecting subjects 
based on the availability of  records might  seem 
unbiased, we must  keep in mind  that having 
models and radiographs at various time points 
requires some degree  of cooperat ion f rom pa- 
tients and that willingness to participate in these 
recall visits may differ among  successfully and 
unsuccessfully treated patients. Additionally, the 
likelihood of recalling successful and unsuccess- 
ful cases may differ as well as the effort placed 
into recalling these subjects. I f  successfully 
treated subjects are more  likely to be recalled by 
orthodontists  and they are also more  likely to 
participate in recalls, an overly optimistic esti- 
mate  of  stability will be reported.  Thus, every 
effort should be made  to identify ei ther a ran- 
dom sampling of subjects or all consecutively 
treated subjects. In ei ther  case, it is also useful to 
know how many subjects were treated with a 
particular therapy and what percentage  was re- 
called for the study. 

In summary,  the or thodont ic  therapies do not  
always result in positive overlap of the incisors at 
the end of t reatment .  However, for subjects who 
achieve a positive overlap, the stability of  the 
open-bite correct ion seems to be quite good. 
Although other  nonsurgical therapies have been 
prescribed, such as rnyofunctional therapy, pos- 
terior bite blocks, magnets,  and chin cups, no 
studies assessing the long-term stability of  those 
therapies could be located. As with many  orth- 
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Table 1. Studies Assessing Orthodontic and Combined Orthodonic/Surgical Therapies 

Pre-TX Age Overbite 
Year Design Sample (y-mo) Measure Intervention Pre-TX OB Pre TX MP 

Orthodontic studies 
Nemeth and 1974 Case Series 13 Relapsed 13-0 (at post- Occlusal FA (+HG?) NR NR 

lsaacson ~ cases TX) Plane 
FrS_nkel and 1983 Cohort 311 Treated Followed age NR NR NR 

Fr~inkel z 7 to 15 
11 Untreated Followed age NR NR NR 

8 to  16 
41 Adolescents 12-6 (median) Long-axis FA + HG 5.1 (.3)* 39.8 

Functional regulator/  
Lip exercises 

No treatment 

Lopez-Gax4to et al s 1985 Ca_se Series 

Hnang et al 5 1990 Case Series 

Katsaros and Berg 6 1993 Case Series 

Kim et al 7 2000 Case Series 

26 Adolescents 

7 Adults 

20 Adolescents 

17 Adolescents 
10 Aduhs 

Combined orthodontic/surgical studies 
TuI~,'ey et al 1~ 1976 Case series 9 

Denison et a112 1989 Cohort 28 openbite 

24 overlap 

14 contact 

Reitzik et al In 1990 Consecutive 16 of 20 

l taymond et aP 4 1991 Case series 38 

McCance et aP 5 1992 Case series 21 

Oliviera and 1997 Case series 10 
Bloomqnis06 

Ermel et al t7 1997 Consecutive 20 of 44 

Hoppenreijs 1997 Cohort 267 
et aP s 

Eloppenreijs 1998 Cohort 130 
et aP s 

Lo and Shapiro 2° 1998 Cohort 19 extrusion 

21 no 
extrusion 

Arpornmaeklong 2000 Case series 17 
and Heggie 21 

10 

Proffit et al ~2 2000 Case series 28 

26 

Moldez et al zn 2000 Cohort 13 

10 

11 

Fischer et al z4 2000 Consecutive 58 of 58 

Swinnen et a125 2(101 Consecutive 38 of 38 

37.4 

41.5 

39 

30.7 (to FIf) 
32.7 (to FH) 

Pre-op MP 
NR 

NR 

NR 

NR 

NR 

NR 

37.6 (to PP) 

39.7 

MN 
incisor 

9-7 Nasion- 2.9 
i T l e n i o n  

20-10 Nasion- -2 .7  
n l e n [ o n  

11-8 From casts 19 w/FA, 1 1.9 
w/Functional 

13-5 NR MEAW 2.3 
26-1 NR MEAW 2.2 

Crib (+FA + HG) 

Crib + FA (+HG) 

Pre-op OB 
Range: 14-27 NR MX ilnpaction (+MN NR 

surgei y + FA) 
24-0 (median) Nasion- MX impaction + FA NR 

n l e n t o n  

27-(I (median) Nasion- MX impaction + FA NR 
n l e n t o n  

32-2 (median) Nasion- MX impaction + FA NR 
i n e n t o n  

NR NR Reverse-L osteotomy NR 
+ FA 

26-4 Nasion- MX impaction + FA NR 
menton (+MN surgery) 

NR NR Bimaxillary surgery + -5.5 
FA 

NR NR BSSO + FA NR 

26-0 NR MX impaction + FA NR 37.5 
(+ MN surgery) 

26-6 Occlusal MX impaction (+MN -1.24 37.6 (to PP) 
plane surget) + FA) 

23.1 Occlnsal MX impaction (+MN NR NR 
plane surgery + FA) 

19-2 Nasion- MX impaction + FA -1 .7  NR 
menton (+MN surgery) 

26-7 Nasion- MX impaction + FA - 2  NR 
menton (+MN surgelT) 

21-4 OcclusaI MX impaction + FA 1.7 35.5 (to FH) 
plane 

22-0 Occlusal Bimaxillal T surgery' + - l . 4  33.8 (to FH) 
plane FA 

21.8 True MX impacfion + FA >2 nma open NR 
vertical 

24.5 True Bimaxillat T surgery" + >2 nnn open NR 
vertical FA 

NR Occlusal MX impaction + MN -1 .7  46.7 
plane snrgep/ + FA 

NR Occlnsal MX rotation + MN -3 .2  44.4 
plane surgm T + FA 

NR Occlusal Binraxillary surget T + 0.1 38.8 
plane FA 

23-0 at surgery NR Bimaxillaw surge~' + -0 .9  46.2 
FA 

~20 Relative to LeFort I intHsion -0 .6  NR 
S'-N (+MN surget T + 

FA) 
11 of 11 ~20 Relative to LeFort I extnlsion -1 .9  NR 

S'-N (+MN surgery + 
FA) 

N O T E .  I n t e r v e n t i o n s  in p a r e n t h e s e s  were  p e r f o r m e d  for  s o m e  subjects.  
Abbrevia t ions :  Pre-TX, p r e t r e a t m e n t ;  OB, overbi te ;  MP, m a n d i b u l a r  p l a n e  relat ive to sella-nasion; FA, f ixed appl iances ;  H G ,  
h e a d g e a r ;  FH, F rank fo r t  hor izonta l ;  MX, maxillary;  MN, m a n d i b u l a r ;  PP, pala ta l  p lane;  S'-N, sel la-nasion cons t ruc t ;  NR, no t  
r e p o r t e d ;  pre-op,  p r eope ra t ive .  
*If  m e a s u r e d  relat ive to n a s i o n - m e n t o n .  
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Table  2. Assessment  of  T r e a t m e n t  Success, Stability, a n d  Overall  Success 

TX Overall 
Mean Follow-up Follow-up Success Stable Success 

Study (y-m) Range Fixation (%) (%) ( % ) Open-Bite Confirmation 

Orthodontic studies 
Lopez-Gavito 11-6 post- 9-6 to 18-0 NA 93 100 93 15 subjects, no pre-TX overlap 

et aF * retention* on cephs 
Huang et aF' 5-3 post-ortho 1-0 to 14-0 NA 88 100 88 33 subjects, no pre-TX overlap 

on cephs 
Katsaros and -->1 year post- 1-0 to 19-6 NA 75 100 75 20 subjects, no pre-TX overlap 

Berg 6 retention on casts 
Kim et al 7 2-8 post-ortbo 2-0 to ? NA 100 93 93 27 subjects, no pre-TX overlap 

on cephs 

Denison 
et aP 2 on cephs 

Reitzik et al 1~ -->1 year post-op 1-0 to 7-2 Rigid 100 100 100 16 subjects, pre-TX openbite 
not reported 

Haymond -->1 year post-op 1-0 to 5-0 Rigid 100 84 84 38 subjects, no pre-op overlap 
et a114 on cephs 

Ermel et aP 7 7-3 post- 1-0 to 15-0 Rigid 100 88 88 20 subjects, pre-TX openbite 
retention not reported 

Hoppenreijs 5-9 post-op 1-8 to 17-6 Mixed 100 81 81 267 subjects (168 confirmed 
et alls with no pre-TX overlap on 

cephs) 
Lo and 5-10 post-ortho 2-0 to ? NR 100 75 75 40 subjects, no pre-TX overlap 

Shapir& ° on cephs 
Proffit e t  a l t  22 5-4 post-op 2-6 to 13-7 Mixed 100 88 88 54 subjects with >2 mm pre-TX 

openbite 
Moldez et aF -~ >5 year post- 5-0 to ? Mixed 100 91 91 23 subjects, clinical diagnoses 

ortho of pre-TX openbite 
Fischer -->2 year post-op 2-0 to ? Mixed 100 71 71 58 subjects, clinical diagnoses 

et al +24 of pre-TX openbite 
Swinnen 1-0 post-op 1-0 to 1-2 Rigid 100 89 89 49 sut)jects, no pre-TX overlap 

el al ~5 on cephs 

Combined orthodontic/surgical studies (TX success assumed to be 100% for these studies) 
3-0 posr-ortho* 1-0 to 11-9 NR 100 79 79 28 subjects, no pre-TX overlap 

Abbreviations: NA, not applicable; NR, not reported. 
*Median values. 
tStable defined as <2 mm decrease in overbite. 
SReported range of pre-TX openbite from -7.9 to +5.8. 

o d o n t i c  s t u d i e s ,  t h e  l i m i t a t i o n s  o f  t h e  s t u d i e s  

r e v i e w e d  e a r l i e r  a r e  s m a l l  s a m p l e  sizes,  s e l e c t i o n  

b ias ,  loss to  fo l l ow-up ,  a n d  a l a ck  o f  u n t r e a t e d  

c o n t r o l s .  

Studies Assessing Combined 
Orthodontic-Surgical Therapies 
S u r p r i s i n g l y ,  t h e r e  a r e  c o n s i d e r a b l y  m o r e  s t u d -  

ies  a s s e s s i n g  s t ab i l i t y  o f  o p e n  b i t e  w i t h  c o m b i n e d  

o r t h o d o n t i c - s u r g i c a l  t h e r a p y .  O n e  o f  t h e  e a r l i e s t  

s t u d i e s  o f  s t ab i l i t y  a f t e r  s u r g i c a l  c o r r e c t i o n  o f  

o p e n  b i t e s  f o c u s e d  o n  t o n g u e  f u n c t i o n  a n d  

s p e e c h  c h a n g e s .  1~ T h i s  r e t r o s p e c t i v e  case  s e r i e s  

c l a s s i f i ed  n i n e  s u b j e c t s  i n t o  s i m p l e  ( c a n i n e  to  

c a n i n e ) ,  c o m p o u n d  ( p r e m o l a r  to  p r e m o l a r ) ,  

a n d  i n f a n t i l e  ( e x t e n d i n g  p o s t e r i o r  to  p r e m o l a r s )  

o p e n  b i t e s ,  a n d  a v a r i e t y  o f  m a x i l l a r y  a n d  m a n -  

d i b u l a r  s u r g e r i e s  w e r e  p e r f o r m e d .  T h e y  re-  

p o r t e d  t h a t  s ix o f  n i n e  s u b j e c t s  h a d  e x c e l l e n t  

s t ab i l i t y  ( n o  a p p r e c i a b l e  d e n t a l  o r  s k e l e t a l  m o v e -  

m e n t  was d e t e c t e d ) ,  two h a d  fa i r  s t ab i l i ty  (de-  

t e c t a b l e  m o v e m e n t  b u t  n o  e f f e c t  o n  t h e  cor-  

r e c t e d  o v e r b i t e ) ,  a n d  o n e  h a d  p o o r  s t ab i l i t y  (a  

r e o p e n i n g  o f  t h e  b i t e ) .  T h e s e  r e s u l t s  a r e  d i f f i cu l t  

to  e v a l u a t e  b e c a u s e  t h e  d e f i n i t i o n s  o f  o p e n - b i t e  

s t ab i l i ty  a r e  n o t  q u a n t i t a t i v e l y  d e f i n e d .  

D e n i s o n  e t  a112 u s e d  a c o h o r t  d e s i g n  to c o m -  

p a r e  v e r t i c a l  s t ab i l i t y  i n  66  s u b j e c t s  w h o  h a d  

m a x i l l a r y  L e F o r t  I o s t e o t o m i e s .  T h e s e  s u b j e c t s  

w e r e  s e l e c t e d  f r o m  t h e  p r a c t i c e s  o f  v a r i o u s  fac-  

u l ty  m e m b e r s  o f  t h e  U n i v e r s i t y  o f  W a s h i n g t o n  

D e p a r t m e n t  o f  O r t h o d o n t i c s ,  Sea t t l e ,  WA.  O v e r -  

b i t e  was  m e a s u r e d  r e l a t i v e  to  t h e  n a s i o n - m e n t o n  

l i l le ,  a n d  r e c o r d s  w e r e  a v a i l a b l e  a t  p r e t r e a t m e n t ,  

p o s t t r e a t m e n t ,  a n d  a t  l e a s t  1 y e a r  p o s t t r e a t m e n t .  

T h e  s u b j e c t s  w e r e  d i v i d e d  i n t o  t h r e e  g r o u p s :  (1) 

a n  o p e n - b i t e  g r o u p  ( n o  i n c i s a l  o v e r l a p ,  n = 28) ,  
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(2) an incisal overlap group  (positive overbite 
but  no contact  of  incisors, as assessed on the 
cephalometr ic  headfilm (ceph),  n = 24), and 
(3) an incisal contact  group (as assessed on the 
ceph, n = 14). All subjects had  maxillary supe- 
rior reposi t ioning surgery and were followed for 
a m i n i m u m  of  1 year after the comple t ion  of  
or thodont ic  treatment.  Although the incisal 
contact  and incisal overlap subjects did not  show 
any significant changes in overbite dur ing the 
pos t t rea tment  period, 43% of the open-bite sub- 
jects had significant increases in facial height, 
erupt ion of maxillary molars, and decreases in 
overbite during the pos t t rea tment  phase. In 
21% of  the open-bite subjects, the overbite re- 
lapsed to a negative value. 

Reitzik et a113 repor ted  on a mandibular  pro- 
cedure for open-bite co r rec t ion - - the  reverse-L 
osteotomy with rigid fixation. Of  20 consecu- 
tively treated cases, the records of  16 were avail- 
able at the preoperative,  postoperative, and --> 1- 
year postoperative time periods. The surgical 
p rocedure  resulted in a mean  closure of  9 ° for 
the gonial angle and 4.3 ° for the mandibula r  
plane angle. At 1 year postoperative, the gonial 
angle had relapsed 0.3 ° and the mandibular  
plane angle 0.6 ° . The investigators also repor ted  
that incisal contact  had been mainta ined in all 
subjects, but overbite measurements  were not  
reported.  Based on these results, the investiga- 
tors concluded that the reverse-L procedure  
with rigid fixation is a stable me thod  for open-  
bite correction. The i r  results are impressive, but  
the short  follow-up t ime may have allowed some 
subjects to be just  complet ing orthodontics.  Ad- 
ditionally, cephalometr ic  characteristics of  the 
sample were not  described at the p re t rea tment  
time. 

Haymond  et a114 investigated the stability of  
open-bite correct ion using rigid fixation for 
maxillary procedures  alone (n = 15), maxillary 
procedures  in combinat ion with mandibula r  ad- 
vancement  (n = 16) or set-back (n = 4), and 
isolated mandibular  set-back (n = 3). In this 
case series, records were available at the preop-  
erative, postoperative, and 1 to 5 year postoper- 
ative periods; 6 of  the 38 subjects (16%) had 
negative incisal overlap at the latest follow-up. 
The investigators repor ted  that dentoalveolar  
changes were primarily responsible to t  relapse, 
especially in 3 cases that were expanded  orth- 
odontically. They did not  note relapse in sub- 

jects with surgically assisted or surgical expan- 
sion. From this data, they concluded that 
surgical correct ion of openbi te  using rigid fixa- 
tion is relatively stable, and that or thodont ic  
expansion may contr ibute  to relapse in the ver- 
tical dimension.  As in many of the surgical stud- 
ies, p re t r ea tmen t  cephalometr ic  characteristics 
were not  described, and the earliest follow-up 
per iod may have occurred  before removal of  
or thodont ic  appliances. 

McCance et aP 5 repor ted  on 21 high-angle 
subjects who underwent  fixed appliances and 
bimaxillary surgery for open-bite correction. 
Rigid fixation was used in the maxilla, with wire 
fixation in the mandible,  and intermaxillary fix- 
ation. Records were available at the preopera-  
tive, postoperative,  and 1-year postoperative 
times. He repor ted  variable postoperative move- 
ments  of  the maxilla and mandible.  In the Class 
III subjects (n = 11), overbite decreased form 
- 6  m m  to 3.1 m m  postoperatively but  relapsed 
to 2.4 at the follow-up time. The  overbite values 
for the Class II subjects (n = 10) were -4 .6 ,  
-1 .6 ,  and -1 .6 ,  respectively. The  results of  this 
study are difficult to in terpret  because the 
me thod  for measur ing overbite was not  de- 
scribed nor  was the actual n u m b e r  of  subjects 
who achieved or mainta ined positive overlap re- 
ported.  Additionally, the tollow-up time was 
short. 

Oliveira and Bloomquist  16 investigated the 
stability of  bilateral sagittal split osteotomy 
(BSSO) with rigid fixation in 10 subjects who 
had records f rom the preoperat ive,  postopera-  
tive, and >--l-year postoperative time points (all 
subjects comple ted  or thodont ic  t rea tment  be- 
fore the last follow-up). The mandibular  plane 
angle was evaluated as an indicator of  surgical 
stability, with a mean operative change of  3.9 ° of  
closure followed by a mean  increase of  1.3 ° dur- 
ing the postoperative period. Two subjects had 
mandibular  plane angles at the latest follow-up 
that were greater  than the preoperat ive value. 
However, all 10 subjects had positive incisal over- 
lap at the latest follow-up. Although these results 
are encouraging for correct ing open bites with 
isolated mandibula r  surgery, p re t rea tment  char- 
acteristics were not  reported,  and the min imum 
follow-up per iod was quite short. 

Ermel  et aU 7 repor ted  on the Schuchardt  
technique for open-bite correction, which is a 
segmented  maxillary osteotomy involving impac- 
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tion of  the buccal segments. Of  44 subjects who 
underwent  this p rocedure  at the University of  
Tubingen (Germany) f rom 1980 to 1994, 26 
subjects agreed to participate, but  only 20 had 
complete  records at the preoperative,  postoper- 
ative, and long-term follow-up per iod (1-15 years 
postretent ion).  Fifteen of  the 26 subjects also 
had BSSO, and in all subjects, rigid fixation was 
used. At the last follow-up visit, 3 of  the 26 
subjects (12 %) exhibited a negative overbite, 
and the investigators concluded that the Schu- 
chardt  technique is a relatively stable me thod  to 
address anter ior  open  bite when the maxillary 
anter ior  teeth are in good relationship with the 
uppe r  lip. Pre t rea tment  overbite was not  re- 
ported,  a l though the mean  mandibular  plane 
angle was 39 ° . 

In the largest study of  surgically treated ante- 
rior open bite, Hoppenre i j s  et al Ia repor ted  on a 
total of  267 subjects in a mult icenter  study? a 
Rigid fixation was used in 114 subjects, and wire 
fixation was used in 153 subjects. In 144 subjects, 
only a LeFort  I was per formed,  with the remain- 
ing 123 subjects receiving a combined  LeFort  I 
with mandibular  BSSO. Although records were 
collected at the p re t r ea tmen t  (T1), preoperat ive 
(T2), postoperative (T3), 6 to 19 months  post- 
operative (T4), and 20 to 210 months  postoper-  
ative periods (T5), not  all subjects had complete  
records f rom all t ime points. All subjects that 
had T1 cephalometr ic  characteristics had no in- 
cisal overlap at that  time, as measured  relative to 
the occlusal plane, and at T5, all subjects were at 
least 1 year out  of  or thodont ic  appliances. In 
compar ing  the differing surgical procedures  and 
methods  of  fixation, the investigators concluded 
that the maxilla exhibited good vertical stability 
overall, and that  the mandible  exhibited bet ter  
stability when rigid fixation was used. Thei r  over- 
all relapse rate was 19% when incisal overlap was 
used as the criterion for  success at T5. Again, 
p re t rea tment  cephalometr ic  characteristics were 
not  reported.  

Hoppenre i j s  et al 1-~ also repor ted  on trans- 
verse stability after LeFort  I surgery with and 
without BSSO by using methodology  similar to 
the previous study ment ioned.  They compared  
77 subjects with or thodont ic  expansion and one 
piece LeFort  I os teotomy with 53 subjects who 
underwent  mul t i segment  LeFort  I os teotomy 
and found no difference in the transverse stabil- 
ity of  the two groups at the latest follow-up time, 

with only 20% of  the subjects in ei ther group 
exhibit ing good transverse stability. For multi- 
segment  LeFort  I procedures,  the stability was 
bet ter  with rigid fixation than with wires. Al- 
though the transverse relapse was associated 
with clockwise rotation of  the mandible,  it was 
not  well correlated with changes in overbite, 
suggesting that compensa tory  eruption oc- 
curred in some subjects. 

In a study investigating maxillary incisor ex- 
trusion and vertical relapse in surgically treated 
open  bites, Lo and Shapiro 2° collected records 
for 40 subjects who had maxillary LeFort  I sur- 
gery, with some also undergoing  mandibular  
surgical procedures.  All subjects had records 
f rom the pre t rea tment ,  preoperative,  postoper- 
ative, and >2-year pos t t rea tment  time periods. 
These subjects were divided into a group that 
underwent  presurgical extrusion of  the maxil- 
lary incisors (n = 19) and a group that did not  
(n = 21). The mean  p re t rea tment  open  bite for 
these groups was - 1 . 7  and -2 .0 ,  respectively. 
The  investigators did not  find a significant dif- 
ference in the amoun t  of  relapse because both 
groups had 5 subjects with no incisal overlap at 
the final follow-up time. Thus, presurgical extru- 
sion of the incisors did not  appear  to affect 
stability of  open-bite correct ion in these subjects, 
and the overall rate of  relapse was 25%. 

Arpornmaek long  and Heggie 21 compared  17 
subjects undergoing  isolated maxillary superior  
reposi t ioning with 20 subjects who underwent  
bimaxillary surgery with rigid fixation. Records 
were available at the preoperat ive,  postopera- 
tive, and -->l-year postoperative times. Good  
maxillary stability was repor ted  in both groups. 
In the bimaxillary surgery group, 3 subjects 
(15%) exhibited considerable anteroposter ior  
relapse of mandibular  advancement .  The mean  
overbite for the LeFort  I g roup  was 0.9 at the 
final follow-up and 0.7 for the bimaxillary 
surgery group. Unfortunately,  the n u m b e r  of  
subjects with vertical relapse was not  reported.  
Additionally, p re t r ea tmen t  cephalometr ic  char- 
acteristics were not  reported,  and the final fol- 
low-up period was relatively short. 

Proffit 22 repor ted  on the long-term stability of  
all open-bite subjects in the University of  North  
Carolina database who had maxillary osteoto- 
mies (n = 28) or bimaxillary osteotomies (n = 
26), along with comple te  records. All subjects 
had at least 2-mm open  bite at the p re t rea tment  
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time, and records were available at the preoper-  
ative, postoperative,  1 year postoperative,  and at 
least 3 years postoperative time periods. He  
tbund  that  12% of the subjects had decreases of  
2 to 4 m m  in overbite dur ing the follow-up 
period. Although facial height  increased in 
more  than 35% of the subjects, this was usually 
accompanied  with incisor eruption,  which main- 
tained the overbite relationship. The  actual 
overbite measurements  at various time points 
are not  repor ted,  and therefore  it is difficult to 
compare  this study with results f rom other  stud- 
ies. Also, a l though relapse < 2  m m  was consid- 
ered stable, it is difficult to know if those subjects 
mainta ined positive incisal overlap. 

Moldez et al ~ compared  a r a n d o m  selection 
of 23 Class III open-bite subjects who underwent  
maxillary impaction and BSSO to 11 Class III 
subjects without open  bite but  similar surgical 
correction. The open  bites were fur ther  divided 
into two groups: one with maxillary impact ion 
but  no rotat ion (n = 13) and one with clockwise 
rotation of  the maxilla (n = 10). In this well- 
documen ted  study, cephalometr ic  characteris- 
tics were repor ted  at the p re t rea tment  (T1), 
preoperat ive (T2), postoperative (T3), postorth- 
odontic (T4), 1-year postor thodont ic  (T5), and 
5-year postor thodont ic  (T6) t ime periods. The  
p re t rea tment  overbites for the impaction,  rota- 
tion, and non -open -b i t e  groups were -2 .2 ,  
-3 .8 ,  and 2.0, respectively. Moldez et al re- 
por ted  that 2 of 13 subjects (15%) in the max- 
illary impact ion group exhibited relapse of  the 
open  bite, whereas no subjects f rom the rotat ion 
group or non -open -b i t e  group displayed verti- 
cal relapse. Thus, they concluded that the Le- 
Fort I osteotomy with rotation, in which the 
vertical dimension was maintained,  was more  
stable than LeFort  I os teotomy with impaction,  
in which the mandible  rotated in a counter-  
clockwise manner .  The  proposed  rationale is the 
temporary  alteration of freeway space in the im- 
paction subjects. 

Perhaps the most  interesting finding f rom the 
latter study is the change in overbite dur ing the 
postoperative periods. From T3 to T4 (postop- 
erative to debanding) ,  both  the rotat ion and  
impaction group displayed increases in the over- 
bite. This could be due to dental movements  in 
the finishing stages of  orthodontics.  Many surgi- 
cal studies repor t  stability at the 1-year postop- 
erative time, which may be very close to the time 

of  or thodont ic  appliance removal. Therefore ,  
the overbite measurements  at that t ime may re- 
flect or thodont ic  finishing ra ther  than true sta- 
bility. From T4 to T5 (debanding to 1 year pos- 
torthodontics) ,  both  the rotation group and 
impact ion group showed vertical relapse. From 
the T5 to T6 per iod (1 to 5 years after or thodon-  
tics), the overbite cont inued to decrease slightly. 
Thus, it would seem that  the minimal  per iod 
required to moni to r  overbite stability is at least 1 
year after the removal  of  or thodont ic  appli- 
ances. 

Fischer et a124 repor ted  on 58 consecutive 
subjects who were diagnosed with re t rognathia  
and open  bite and underwent  bimaxillary sur- 
gery. Records were available at the pre t rea tment ,  
preoperat ive,  postoperative, and -->2-year post- 
operative periods. They found that 17 of  the 58 
subjects (29%) had no incisal overlap at the final 
follow-up. O f  these, 8 had mul t isegment  LeFort  
I osteotomies. They concluded that maxillary 
stability was good but  that the mandible  tended 
to rotate downward. It is interesting that the 
relapse rate was so high, especially because the 
range of overbite at the p re t rea tment  per iod was 
- 7 . 9  to 5.8, with a mean  of  -0 .8 .  

In the most  recent  surgical study, Swinnen et 
a125 evaluated 49 consecutively treated open-bite 
subjects. 25 Of  these, 38 had maxillary intrusion, 
whereas 11 had maxillary extrusion. Records 
were available at the pre t rea tment ,  preopera-  
tive, postoperative, 20-weeks postoperative, and 
1-year postoperative time points, and all subjects 
had rigid fixation. Both the intrusion and extru- 
sion groups exhibited good maxillary skeletal 
stability at the 1-year postoperative period, but  
11% of  the subjects had no incisal overlap at that 
time. 

The  surgical studies display cons iderable  
variat ion in methodo logy .  The  compar i son  of  
p re t rea tment  characteristics is difficult because 
preoperat ive,  ra ther  than the pre t rea tment ,  
characteristics are more  commonly  repor ted  
(Table 1). Although the mean  mandibular  plane 
angles f rom these studies tended  to be steeper 
than the nonsurgical studies, the mean  open- 
bite measurements  were not  more  severe (Table 
1). Thus, the surgical subjects were typically 
adults with very steep mandibula r  planes and 1 
to 2 m m  of open  bite. Again, these are subjects 
in which spontaneous  improvemen t  is unlikely. 

Another  issue that  arises when assessing the 
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surgical studies is the follow-up period. In the 
or thodontic  studies, all subjects were out  of  
t rea tment  at least 1 year. In the surgical studies, 
more  than half  use the 1-year postoperative time 
as the min imum follow-up. As previously men-  
tioned, this t ime point  is likely to coincide with 
the removal of  or thodont ic  appliances, and 
therefore the overbite would be expected to be 
positive. The study by Moldez et al2:~ shows in- 
creased overbite f rom the postoperative per iod 
to the end of  or thodont ic  t rea tment  and then a 
decrease during the first year after debanding.  
Therefore ,  a l though it may be possible to evalu- 
ate surgical stability 1 year postoperatively, over- 
bite stability, which reflects both  skeletal and 
dental  movements ,  cannot  truly be assessed until 
a sufficient per iod of t ime has passed after the 
removal of  appliances. From the work by Moldez 
et al, 12 months  would seem to be an appropri-  
ate period. 

An a t tempt  was made  to measure  overall suc- 
cess for the surgical studies by using the conven- 
tions f rom the nonsurgical studies. Surgical ther- 
apy should allow posit ioning of  the maxilla or  
mandible  to achieve a positive overlap of  the 
incisors so the t rea tment  success was assumed to 
be 100%. With this assumption, the overall suc- 
cess, which varied f rom 71% to 100%, only de- 
pended  on the subsequent  stability (Table 2). 
The  four  surgical studies that documen ted  a 
negative overlap at the p re t rea tment  or  preop-  
erative time and had a m i n i m u m  follow-up of  1 
year postor thodontics  (Table 2 in bold) re- 
por ted  a range of overall success f rom 75% to 
88%. This is very similar to the range of 75% to 
93% repor ted  for the nonsurgical studies. How- 
ever, the nonsurgical studies tended  to repor t  
less t rea tment  success and bet ter  stability. It is 
difficult to predict  what the overall success of  the 
surgical studies would have been if incisor over- 
lap were not  achieved in all surgical subjects 
because the t rea tment  success would have de- 
creased, but  the stability of  subjects who were 
successfully treated may have improved. Unfor- 
tunately, this assumption was necessary because 
most  surgical studies did not  repor t  the percent-  
age of  subjects with incisal overlap postopera-  
tively or post t reatment .  

It  is impor tan t  to critically assess the level of  
evidence provided by these studies. The  gener- 
ally recognized hierarchy of  clinical evidence, 
f rom strongest to weakest, is (1) randomized  

control led trials, (2) cohor t  studies, (3) case/  
control  studies, (4) case series, and (5) expert  
opinion. The  small n u m b e r  of  nonsurgical stud- 
ies is all case series, with relatively small samples 
and the potential  for selection bias. Thus, we 
cannot  be sure that the nonsurgical therapies 
are truly as successful or  as stable as the current  
literature suggests. The  surgical studies consist 
of  case series and cohor t  studies that compare  
different therapies or  dental  characteristics. Al- 
though most  of  the surgical studies also have 
small samples and the potential  for selection 
bias, the large, mul t icenter  study of  Hoppenrei js  
et a118 suggests that  the stability of surgical ther- 
apy is approximately  80%. The surgical studies 
provide a higher  level of  evidence than the orth- 
odontic  studies based on their greater  numbers ,  
the case series that repor t  on consecutively 
treated subjects, and the work of Hoppenrei js  
et al. as 

The lack of untreated controls in open-bite 
studies can be justified by the fact that these 
subjects usually do not  improve without therapy, 
especially after the erupt ion of  the p e r m a n e n t  
incisors. Therefore ,  unless a study is assessing an 
early intePeention, it is probably more  impor tan t  
to compare  different types or combinations of  
or thodont ic  and surgical therapies in cohort  or 
randomized  designs. The  use of  incisal overlap 
as a criterion for measur ing open  bite should 
also be discussed. This measu remen t  has the 
advantage of  being cephalometrically defined. It 
also is a good indicator of  whether  the lack of  
incisor contact is due to a true vertical p rob lem 
or an anteroposter ior  discrepancy. Additionally, 
two studies that have compared  subjects with 
incisal contact, incisal overlap, and no incisal 
overlap found that the incisal overlap subjects 
reacted very similarly to the incisal contact 
group, in which minimal  vertical relapse oc- 
curred. 4,t2 Finally, f rom a clinical standpoint,  a 
lack of  incisal overlap is usually associated with 
an inability to incise and therefore  indicates an 
abnormal  functional relationship of  the incisors. 

Skeletal stability of  the maxilla tended to be 
good with both  wire and  rigid fixation because it 
typically was posi t ioned superiorly. In bimaxil- 
lary surgeries, mandibular  stability seemed to be 
more  variable than maxillary stability, and Hop- 
penreijs et al is repor ted  that rigid fixation 
seemed to decrease relapse. Two studies re- 
por ted  that poo r  transverse stability of  the max- 
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illa contr ibuted to vertical relapse. ~4,19 All of  
these findings are generally consistent with the 
statements in an article by Proffit 2~ reviewing the 
stability of  surgical movements .  Relapse of  open  
bites may also occur  because of tongue size or 
posture,  unfavorable growth patterns, orofacial 
musculature,  respiratory problems,  and dental 
movements .  Additionally, condylar  resorpt ion 
after or thognathic  surgery has been  repor ted  to 
be a factor in relapse. 27 

As stated at the beginning of  this article, 
open-bite therapy is still a challenge to the orth- 
odontic profession. The  current  literature sug- 
gests that 80% of  anter ior  open-bite subjects 
will maintain positive overlap after t reatment ,  
whether  it is with or thodontics  or combined  
orthodontics  and surgery. However, these find- 
ings are based on studies that usually have small 
samples and the potential  for selection bias. Re- 
viewing the existing studies allows us to improve 
future investigations of  anter ior  open  bite. For 
instance, Hoppenre i j s  et al as show the feasibility 
of  large, mult icenter  studies. I f  well designed, 
these types of  studies can substantially increase 
sample size, which results in greater  statistical 
power when compar ing  different therapies. Sev- 
eral of  the surgical studies repor t  on consecu- 
tively treated or randomly selected subjects, 
which minimizes selection bias. Also, the careful 
documenta t ion  by Moldez et al 9a helps to show 
the impor tance  of an adequate  follow-up per iod 
after all t rea tment  has been  completed.  To com- 
pare the overall success of  or thodont ic  and sur- 
gical therapies, s tandardized information is nec- 
essary. This includes complete  records f rom the 
p re t rea tment  per iod to describe the sample (in- 
cluding age and gender) ;  consistent and repro- 
ducible methods  to measure  overbite; and care- 
ful documentation of therapies with interim, final, 
and long-term records. Well-designed studies are 
necessary to better understand the effectiveness 
and stability of  or thodont ic  and surgical thera- 
pies as well as the mechanisms for relapse. This 
will provide orthodontists  with the evidence nec- 
essary to r e c o m m e n d  the most  appropr ia te  op- 
tions to their  anter ior  open-bite patients. 
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