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This article establishes the morphologic attributes that characterize hyper- 
divergent open-bite (Hyp-OB) subjects, reviews associated etiologic factors, 
compares the various treatment modalities, and provides a rationale and a 
possible approach for early treatment. Treatment of Hyp-OB patients must 
address three-dimensional dentoalveolar and skeletal problems in both 
jaws. For early treatment to be successful, it must effectively deal with the 
etiology of the problem and the resulting mandibular skeletal dysmorphol- 
ogy. Of the various treatment approaches, including high-pull headgear, 
extractions, and bite blocks, the vertical chin cup holds the greatest poten- 
tial for mandibular skeletal modification. Although early treatment can be 
theoretically justified based on psychosocial benefits and growth potential, 
more clinical and experimental research is required to optimize the treat- 
ment approach and define the long-term consequences. {Semin Orthod 
2002;8:130-140.) Copyright 2002, Elsevier Science (USA). All rights reserved. 

T reatment  is ultimately dependent  on an 
appropriate diagnosis, which in turn re- 

quires an unambiguous description of the 
problem. Before the advent of  cephalometrics, 
orthodontists necessarily focused on dental rela- 
tionships and defined open-bite malocclusion 
based on the vertical relationships of  the maxil- 
lary and mandibular  teeth. By the early 1960s, it 
became evident that distinctions needed to be 
made between open-bite malocclusions that in- 
cluded a skeletal componen t  and those that did 
not. 

Simple open-bite malocclusions that do not 
include skeletal components  present less of  a 
challenge for orthodontists; such open-bites of- 
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ten correct spontaneouslyJ ,2 Because spontane- 
ous correction occurs in up to 80% of mixed- 
dentition open-bite cases, it has been suggested 
that interceptive treatments are of little or no 
value. 3 Successful treatment approaches are also 
available for persistent cases that do not self- 
correct.a, 5 

In contrast, open-bite malocclusions that in- 
clude skeletal components  have proven to be 
extremely challenging for orthodontists. Most 
investigators have simply referred to them as 
skeletal open bites6,7; Schudy 8 characterized 
them as hyperdivergent, which reflects the skel- 
etal phenotype. 

Morphologic Characteristics 
The typical hyperdivergent open-bite (Hyp-OB) 
patient presents with three-dimensional skeletal 
and dentoalveolar problems pertaining to both 
the maxilla and mandible. Variation in expres- 
sion of  traits among subjects should be ex- 
pected. Within-subject differences clearly show 
that most of the dysmorphology occurs in the 
mandible. 

Table 1 summarizes the problem list for tile 
maxilla. The most consistent findings across 
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Tab le  1. Maxillary Morphologic  Characteristics of  Unt rea ted  O p e n  Bites 

Heights 
Dentoalveolar 

Heights 

Author Ant Post Length SiVA PPA Incisor Molar Width 

Subtelny and Sakuda 6 0 0 0 ? 0 '~ I' ? 
BelF°5 ? ? ? ~ ? 1' ? 
Isaacson et al t°6 0 ? ? ~, ? 1' { 
Nahoum et aP °7 ~ ? ~ ? ~, 0 0 ? 
Schendel et aP °~ 0 ? ? { ? ]' ? ? 
Lundstr6m and Woodside m9 ,~ 0 ? ? ? ? ? ? 
Fields et al u° 0 0 ? 0 ? 1' i' ? 
Nanda 95,% ~ 0 ? ? ,~ ? ? ? 
Haralabakis et aP n 0 0 ~, ? ? ~" ]' 0 
Trouten et al n2 0 ~' ? ? ~, ? ? ? 
Lopez-Gavito et al n3 { 0 ? ~ ~ ]" i' ? 
Janson et al n4 ? 0 ? ? ? ~ 1" ? 

Abbreviations: ]", increase; ~,, decrease; 0, no ditference; ?, not reported. 

s tud ies  p e r t a i n  to a n t e r i o r  a n d  p o s t e r i o r  d e n -  

t o a l v e o l a r  he igh t s ,  w h i c h  t e n d  to be  excess ive .  

W h e n  e v a l u a t e d ,  t h e  pa l a t a l  p l a n e  a n g l e s  h a v e  

b e e n  r e p o r t e d  to be  f l a t t e r  b e c a u s e  o f  d e c r e a s e d  

a n t e r i o r  u p p e r  fac ia l  h e i g h t s ;  p o s t e r i o r  u p p e r  

fac ia l  h e i g h t s  d o  n o t  a p p e a r  to be  a f f ec t ed .  

T h e r e  is a lso a t e n d e n c y  f o r  m a x i l l a s  to be  

s h o r t e r  a n d  s l ight ly  recess ive .  W h e n  t r an sve r se  

d i m e n s i o n s  h a v e  b e e n  e v a l u a t e d ,  t h e  m a x i l l a  is 

o f t e n  r e p o r t e d  to b e  n a r r o w  wi th  a n  i n c r e a s e d  

i n c i d e n c e  o f  p o s t e r i o r  cross-bi tes .  

T h e  m o s t  c o n s i s t e n t  m a n d i b u l a r  cha r ac t e r i s -  

tics a r e  i n c r e a s e d  l o w e r  a n t e r i o r  fac ia l  h e i g h t s ,  

s t e e p e r  m a n d i b u l a r  p l anes ,  a n d  l a r g e r  g o n i a l  

a n g l e s  ( T a b l e  2).  T h e s e  traits c o m b i n e  to p r o -  

d u c e  i n c r e a s e d  l o w e r  to u p p e r  a n d  l o w e r  to  to ta l  

a n t e r i o r  fac ia l  h e i g h t  ra t ios .  M o s t  s tud ies  also 

r e p o r t  d e c r e a s e d  p o s t e r i o r  fac ia l  h e i g h t s  c a u s e d  

by s m a l l e r  r a m u s  h e i g h t s .  I t  has  also b e e n  s h o w n  

t h a t  t h e  g l e n o i d  fossa  is p o s i t i o n e d  m o r e  supe -  

r i o r  r e l a t ive  to se l la  tu rc ica .  M a n d i b u l a r  d e n t o a l -  

v e o l a r  h e i g h t s  a r e  also g e n e r a l l y  r e p o r t e d  to b e  

excess ive  in  H y p - O B  pa t i en t s .  

E t i o l o g y  o f  H y p - O B  M a l o c c l u s i o n  

I t  is wel l  e s t a b l i s h e d  t h a t  a b n o r m a l  m u s c l e s  a n d  

hab i t s  a r e  a s s o c i a t e d  wi th  H y p - O B  m a l o c c l u -  

s ion.  6 F i n g e r ,  t h u m b ,  a n d  t o n g u e  hab i t s  a r e  pe r -  

h a p s  t h e  bes t  k n o w n  phys ica l  f ac to r s  t ha t  p r o -  

d u c e  o p e n - b i t e  m a l o c c l u s i o n s  by l o w e r i n g  t h e  

m a n d i b l e  a n d  p r e v e n t i n g  n o r m a l  e r u p t i o n .  9 In-  

d iv idua l s  w i th  p r o l o n g e d  n o n n u t r i t i v e - s u c k i n g  

hab i t s  h a v e  b e e n  r e p e a t e d l y  s h o w n  to h a v e  a 

Tab le  2. Mandibular  Morphologic  Characteristics of  Unt rea ted  O p e n  Bites 

Heiqt~ts Corpus Gonial 

Author Ant Post Lt Angle MPA 

Dentalveolar 
Heights 

Retrogn Incisor Molar 

Schudy a 1" ~, ? ? ~ I' ? '~ 
Subtelny and Sakuda 6 ]" ~ 0 ~' I' I' 0 0 
BeU'"~ I" $ ? I' t I' I' .~ 
Isaacson et al x°6 '~ $ ? ? ~ i' ? 
Naboum et al 1°7 { { $ { ~ ? 0 { 
Schendel et al ms '~ ,~ ? ? 1" ]" ? ]" 
Lundstr6m and WoodsidO °9 ~ ? ? T 1" ]' ? ? 
Cangialosil t 5 ]' + ? 1' ]' ? ? ? 
VieMs et al '1° ~ ~ 0 ? ~ 0 ~ 
Nanda95'!)6 I' 0 ? I' ? ? ? ? 
Haralabakis et al In ? ~, $ * I' ? ? ~' 0 
Trouten et al al~ ? ? ? 1' ~' ? ? ? 
Lopez-Gavito et al ll3 "~ I' ? ? ~ i' 0 0 
Janson et a1114 ? ? ? ? ? ? ~ T 

Abbreviations: ]', increase; {, decrease; 0, no difference; ?, not reported. 
*Females only. 
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decrease overbite, 1°-14 increased overjet, m,~l,1:~ 
decreased palatal width, u,~5 and increased lip 
incompetence.  12 

There is considerable evidence showing 
smaller, less active, muscles and weaker bite 
forces among hyperdivergent  subjects. Masseter 
and medial pterygoid muscle volumes and cross- 
sectional areas have been positively correlated 
with posterior face and ramal heights and neg- 
atively correlated with the mandibular  plane and 
gonial angles, j{~ ,)1 Kiliaridis and Kalebo 22 showed 
that women with thin masseter muscles had pro- 
portionately longer faces. Bakke et al 2~ found 
that muscle thickness at the most voluminous, 
superficial port ion of the masseter was signifi- 
cantly correlated with bite force, anterior  face 
height, and mandibular  inclination. Moreover, 
the amplitudes of masseter and temporalis elec- 
tromyographic (EMG) activity at rest, during 
swallowing, chewing, and maximal biting have 
also been negatively related with mandibular  hy- 
perdivergence in children 9 to 11 years of age. 24 
Bakke and Michler ~5 showed that EMG activity 
during maximal voluntary contraction was neg- 
atively correlated with anterior  face height, man- 
dibular inclination, vertical jaw relation, and go- 
nial angle. 

The smaller, less active muscles that charac- 
terize Hyp-OB subjects produce  lower than nor- 
real bite forces. 96 In adults, stronger molar  and 
incisor bite forces are highly correlated with 
smaller gonial angles, lower mandibular  plane 
angles (MPA), and larger posterior face 
heights.27, 28 

The relationship between weaker bite forces 
and hyperdivergence is not  as strong for chil- 
dren as adults. Proffit and Fields 2'-~ originally 
showed no significant differences in occlusal 
forces between long-face and normal children 6 
to 11 years of age. By using more refined analyt- 
ical techniques, Garcia-Morales et aP ° recently 
found that children (age 9.3 + 3.6 years) with 
greater skeletal hyperdivergence had poore r  me- 
chanical advantage and lower maximum bite 
forces. 

Although the association is well established, it 
remains controversial whether  lower occlusal 
forces in long-face individuals produce  hyperdi- 
vergence 96 or whether  weaker occlusal forces are 
a biomechanical  result of the long vertical facial 
proport ionsJ  ~1 This controversy is at least par- 
tially resolved by studies showing typical Hyp-OB 

features among individuals with genetically de- 
termined neuromuscular  diseases that weaken 
masticatory muscles. Patients with myotonic dys- 
trophy have 2 to 3 times less EMG activity of  the 
temporalis and masseter muscles during maxi- 
mum clenching, lower maximum bite forces, 
anterior open bite malocclusions, and hyperdi- 
vergent growth patterns. :~2,:4:* Similarly, individu- 
als with spinal muscular atrophy have open-bite 
malocclusions, increased vertical skeletal dimen- 
sions, steep mandibular  plane angles, and hyper- 
divergent facial patterns. :~4 They also have 
weaker, less efficient, masticator,/ muscles that 
fatigue more quickly than those of matched con- 
trols. :~ ~ 

Numerous experimental  animal studies and 
human clinical studies have also shown relation- 
ships between the Hyp-OB phenotype and 
chronic upper,  middle, and lower airway ob- 
structions. Rhesus monkeys forced to become 
mouth  breathers showed greater than expected 
increases in anterior  face height associated with 
mandibular lowering, decreases in arch width, 
and changes in tongue position and shape. 36 In 
fact, both light and heavy nasal obstruction pro- 
duces downward and backward mandibular ro- 
tation, increased gonial angulation, and anterior 
open bite in primates -~7 and rodents. 3s 

The relationship between airway obstruction 
and skeletal hyperdivergence is well established 
in humans. ~9,4° Compared with their nose- 
breathing counterparts,  chronically allergic 
mouth-breathing children 6 to 12 years of age 
have narrower maxillas; greater incidence of 
posterior cross-bites; longer anterior  facial 
heights; steeper palatal, occlusal, and mandibu- 
lar planes; larger gonial angles; and more  ret- 
rognathic mandibles. 41 Mouth breathers with hy- 
per t rophied adenoids have narrow maxillas, 
lower tongue positions, proclined incisors, and 
increased lower anterior  facial heights. 4~' Nor- 
malization of incisor inclination, maxillary arch 
width, depth of  the bony nasopharynx, and man- 
dibular plane inclination has been repor ted for 
children after adenoidectomies to correct  severe 
nasopharyngeal obstruction. 't3,~14 Children with 
enlarged tonsils also have more  retrognathic 
mandibles, larger lower anterior  facial heights, 
and larger MPAs. 45 The controversy concerning 
airway relates more  to our  ability to accurately 
diagnose airway problems for individuals rather 
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T a b l e  3. Outcomes of Various Treatments Modalities for Hyperdivergent Open-Bite Malocclusion 

Effect Site HPHG HPGH + Splint Extract HPHG + Extract Passive PBB Active PBB VCC 

Condylar growth/amt - - 0 0 0 0 + 
Condylar growth/dir 0 0 0 0 - 0 + 
Mandibular AP Position 0 0 0 0 + + + 
Posterior Face Height - - 0 0 + 0 + 
Anterior Face Height 0 0 0 0 + + 0 
Skeletal AP Relations + + 0 0 + + + 
U6 Position + + + + - + + + + + 
L6 Position - 0 - - + + + 
Overbite 0 0 + + + + + + + + 
Ovmjet + + + + + + + + 

Abbreviations: 0, no difference; - ,  not significant; +, significant; + +, vei T significant; + + +, extremely significant. 

than  in the relat ionship be tween obs t ruc t ion  
and  skeletal hyperdivergence .  

The  c o m m o n  d e n o m i n a t o r  a m o n g  Hyp-OB 
subjects with habits, weak muscles, and  airway 
obstruct ions  appears  to be a lowered mand ibu-  
lar posture .  An individual 's  response  to airway 
obs t ruc t ion  is immedia te  and  predictable;  the 
activity o f  the neck and  mast icatoly  muscles, 
head  posture,  and  mand ibu l a r  pos ture  change  
qnickly. 46,47 Habits and  weak elevator muscles 
migh t  also p r o d u c e  changes  in mand ibu l a r  pos- 
ture  that, dur ing  growth,  necessitate develop- 
menta l  adapta t ions  leading  to the Hyp-OB dys- 
morpho logy .  

T r e a t m e n t  M o d a l i t i e s  

Based on  the forgoing,  t r ea tmen t  o f  Hyp-OB 
patients mus t  address three-d imensional  prob-  
lems per ta in ing  to the dentoa lveolar  and  skele- 
tal s tructures o f  bo th  jaws. A l though  hyperdiver-  
gent  Class III  open-bi te  cases are pe rhaps  the 
mos t  difficult to treat nonsurgically,  they occur  
less frequently.  In  contrast ,  the Class II is the 
mos t  c o m m o n  type o f  hyperd ivergen t  patient.  A 
severe hyperd ivergen t  Class II pa t ien t  requires 
reduc t ions  in dentoalveolar  he igh t  t h r o u g h o u t  
the maxilla and  mandib le  (Table 3); reduct ions  
in gonial  angulat ion;  increased palatal p lane  an- 
gulation; maxillary expansion;  and  true mandib-  
ular au toro ta t ion  to increase poster ior  mandib-  
ular  height ,  red i rec t  condylar  growth,  decrease  
an te r ior  lower facial height ,  and  reposi t ion the 
chin  forward (Fig 1). 

H i g h - P u l l  H e a d g e a r  

High-pull  headgea r  (HPHG)  has tradit ionally 
been  the appl iance  o f  choice  for  t reat ing 

Hyp-OB patients  because  it has b e e n  shown to 
effectively ho ld  maxillary sutural growth and  ver- 
tical dentoa lveolar  deve lopment .  4.r'3 Al though  
animal  studies have r epo r t ed  absolute distal and  
super ior  d i sp lacement  o f  metallic implants  in 
the i n a x i l l a y  ,55 h u m a n  studies do  no t  suppor t  
increased  autoro ta t ion .  49,:'G In  fact, Baumr ind  
and  coworkers  51,57 f o u n d  that  high-pull  patients 
displayed relative increases in the MPA and  re- 
d u c e d  condyla r  growth.  

Acrylic splints with H P H G  create one  large 
a n c h o r  un i t  that  prevents  unfavorable  t ipping of  
the u p p e r  m o l a r s .  :'4,:'5,~,'s-e'l Caldwell and  collabo- 
rators ~;~' showed that  this a p p r o a c h  p r o d u c e d  a 
super ior  a nd  distal d i sp lacement  o f  the maxilla, 
r educ t ions  o f  the Sella-Nasion-A (SNA) angle,  
clockwise ro ta t ion  o f  the palatal plane,  and  rel- 
ative in t rus ion of  the u p p e r  molars.  Impor tant ly ,  
they also r epo r t ed  increased  lower mola r  erup- 
tion, decreased  m a n d i b u l a r  growth,  and  in- 
creased Sella-Nasion-B (SNB) angulat ion.  

E x t r a c t i o n s  

Extract ion therapy  for  hyperd ivergen t  patients is 
p red ica ted  on  the bel ief  that  molars  moved  me- 
sially ou t  o f  the occhtsal wedge increase man-  
dibular  at t torotat ion,  decrease  an te r ior  facial 
height ,  a nd  r educe  open-bi te  malocclusions.  
However,  Yamaguchi  and  N a n d a  ~3 r epo r t ed  no  
differences in mola r  posi t ion or  the A point-  
Nasion-B (ANB) angula t ion  be tween extract ion 
and  nonex t r ac t ion  patients t reated with high- 
pull face bows. Staggers 64 showed no significant 
differences be tween Class I nonex t r ac t ion  and  
ext rac t ion cases in changes  o f  an te r ior  facial 
height ,  u p p e r  to lower face he igh t  ratios, MPAs, 
pos ter ior  to an te r io r  facial he igh t  ratios, or  the 
distances o f  the molars  to the palatal and  man-  
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Dental 

OPEN-BITE 
MALOCLUSIONS Skeletal 

Hvperdiver ent 

Class H Class I Class III  

Most common Least common 

Figure 1. Problem lists for open-bite malocclusions. (AFH = anterior facial height; ant = anterior; post = 
posterior; md = mandible; mx = maxilla) 

dibular planes. After extractions, Class II pa- 
tients show decreases in the ANB angle, suprae- 
rupt ion of  the lower molars, and increases in the 
MPA. ~;5 Pearson ~ evaluating cases with moder-  
ately steep MPAs treated with extractions and 
occipital headgears  also repor ted  significant su- 
praerupt ion  of  the lower molars. Clearly, for- 
ward mandibula r  rotat ion and loss or  even main- 
tenance of vertical facial and dentoalveolar  
heights does not  occur  in the extraction pa- 
tients. 

Combined  H P H G  and extraction t rea tment  
produces results similar to extractions only. The  
pr imary differences per tain to the molars; the 
vertical movements  of  the uppe r  molar  are bet- 
ter controlled, but  the lower molar  shows even 
greater  compensa tory  supraelaaption. 6r',6~ The  
positive effects of  combined  H P H G  and extrac- 
tion t rea tment  are confined to the maxillary 
dentoalveolar regions. If  the goal is to improve 
the orientation, position, and shape of the man- 
dible, then  other  t rea tment  approaches  may be 
required. 

Pos ter ior  Bite  B locks  

Posterior bite blocks (PBB) have been shown to 
effectively modify vertical skeletal patterns in an- 

imal models  6v-7-~ and humans.  74-81 However, 
PBBs hinge the mandible  open  beyond its rest- 
ing position by varying amounts ,  which tends to 
increase the gonial angle. 69,72,7~ McNamara  79 
concluded that the maxillary complex  was most  
affected by PBB, a l though changes have been  
repor ted  to occur th roughou t  the craniofacial 
complex.  67 

Animal studies evaluating repell ing magnets  
e m b e d d e d  in bite-block appliances show superi- 
or-anterior maxillary displacement  and molar  
intrusion. However, they also show greater  po- 
tential for root  resorption,  deviated mandibular  
jaw posture that could p roduce  skeletal asymme- 
tries, and lateral open  bites. 7°,73,75,v6 Kalra and 
Burstone, 76 evaluating fixed magnetic  bite 
blocks, repor ted  increased mandibular  length, 
decreased facial convexity, intrusion of the lower 
and uppe r  molars, improved overjet and molar  
relationships, and small decreases in the man- 
dibular plane angle and y axis. After t reatment,  
posterior  tooth erupt ion closed the posterior  
open  bite, and the transverse jaw deviations self- 
corrected. More p r o n o u n c e d  t rea tment  effects 
have been repor ted  for magnet ic  than spring- 
loaded bite blocks. 8° 

Iscan and associates TM compa red  the effects of  
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a spring-loaded bite block (SLBB) worn for  6 
months  to a passive bite block and a vertical chin 
cup worn for 8 months.  Both groups showed 
similar amounts  of  forward maxillary displace- 
ment,  increases in mandibular  length, posterior  
molar  intrusion, mandibular  autorotat ion,  in- 
creased overbite, and reductions of  anter ior  fa- 
cial height. The  SLBB group showed greater  
reductions in the ANB angle and  lower molar  
intrusion, whereas the passive bite block and 
vertical chin cup group showed greater  improve- 
men t  in lower facial height  and  overbite. The 
SLBB also showed gonial angle increases, an 
undesirable effect. 

Dellinger 's  77 active vertical corrector,  with re- 
pelling magnets  e m b e d d e d  in bite blocks and 
acrylic shields to prevent  lateral jaw deviations, is 
used in conjunct ion with a vertical chin cup. 
Intrusion of the poster ior  teeth, mandibular  au- 
torotation, and reductions in anter ior  height  
have been shown after 4 to 7 months  of  treat- 
ment.  Dellinger 7s has also repor ted  good long- 
term stability to t  five treated cases. Barbre and 
Sinclair, 8~ evaluating the effects of  the active 
vertical corrector  without the vertical chin cup, 
showed increased overbite, decreased lower an- 
terior facial height, and reductions in mandibu-  
lar plane angulation associated with uppe r  and 
lower molar  intrusion. 

Vertical Chin Cup 

PearsonS2 s4 has used the vertical chin cup in the 
mixed and p e r m a n e n t  denti t ion to reduce the 
mandibular  plane angle and limit increases in 
anter ior  facial height. A case t reated with a ver- 
tical-pull chin cup in conjunct ion with a Kloehn 
cervical headgear  showed significant dental  and 
skeletal alterations; uppe r  molar  erupt ion and 
descent of  the maxilla were inhibited while man- 
dibular growth was redirected toward a more  
horizontal direction. 85 Trea tmen t  success was at- 
t r ibuted to the increase in poster ior  facial 
height. Chin cups have also been  used dur ing 
active rapid palatal expansion (RPE) therapy to 
minimize the vertical displacement  of  the max- 
illa and control the opening  of" the mandibular  
plane angle, s6 hnportantly,  the vertical chin cup 
is the only appliance shown to effectively alter 
mandibular  shape by increasing poster ior  
heights, redirect ing condylar growth, and de- 
creasing gonial angulation. 

T i m i n g  of T r e a t m e n t  

Early t rea tment  can be best justified based on 
psychosocial benefits and growth potential  for 
correction.  Because facial appearance  is the 
most  impor tan t  de te rminan t  of physical appear-  
ance s7 and the oral region contributes most  to 
overall facial appearance ,  ss abnormalit ies in the 
oral region negatively affect interpersonal  rela- 
tions, 89 how individuals are perceived by oth- 
ers, 9°,'-~1 and self-perception. 9z Early t rea tment  
might  also obviate the costs and risks associated 
with relatively complex two-jaw surgical proce- 
dures typically pe r fo rmed  to correct  Hyp-OB 
malocclusions. 

In terms of  growth potential,  early t rea tment  
of  Hyp-OB is predicated on the knowledge that 
(1) it can be diagnosed early, (2) the phenotype  
does not  self-correct, (3) potential  for mandib-  
ular rotat ion and associated remodel ing  is great- 
est dur ing childhood, (4) certain characteristics 
may require long periods of  growth to fully cor- 
rect, and (5) t reatments  are available that can 
correct  complex three-dimensional  configura- 
tion of  problems.  

The Problem Is Apparent Early and Does 
Not Self-Improve 

Longitudinal  studies agree that the Hyp-OB phe- 
notype develops early and, on average, does not  
worsen with age. Longitudinal  comparisons 
show a strong tendency to maintain long, aver- 
age, and short  facial type; most  individuals 
(77%) present  with the same facial type at 5 and 
25.5 years of  age. 9:* Although there are growth 
differences between open- and deep-bite sub- 
jects in anter ior  face height, '-~4 the overall pat tern 
of  deve lopment  is established early, even beibre  
the erupt ion of the first p e r m a n e n t  molars, and 
mainta ined dur ing growth. The  mandibular  
plane and gonial angles of  both  open- and deep- 
bite groups decrease with age, which tend to 
decrease the absolute magni tude  of skeletal im- 
balance for open-bite subjects. 95 Unt rea ted  ver- 
tical growers show less increase of  Sella-Nasion- 
Pogonion (S-N-Pg), less decrease in the MPA, 
and less decrease in the gonial angle than hori- 
zontal growers. '~6 ff t rea tment  mechanics of  
long4ace individuals require or thopedic  modifi- 
cation, it has been  suggested that t rea tment  
should be initiated before the adolescent spurt. 
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Based on various measures of  vertical devel- 
opment ,  Garcia-Morales and Buschang 97 re- 
cently showed that unt reated subjects classified 
as hyperdivergent  at 6 years of  age maintain 
their dysmorphology relative to average or hypo- 
divergent subjects through 15 years of  age (Fig 
2). Correlations between the individuals' 6- and 
15 year-old phenotypes  ranged between 0.5 to 
0.75. Approximately 64% of  the 6-year-old sub- 
jects classified as having a high MPA were also 
classified with high MPAs at 15 years; 28% had 
average MPAS and 8% had low MPAs (Fig 3A). 
Changes that occurred  were related to thel5-  
year-old phenotype  (correlations range 0.5-0.7) 
but  not to the 6-year-old phenotype.  In o ther  
words, knowing what a young child looks like 
helps predict  h i s / he r  adult status but  not  h is /  
her  growth changes. Although most  6-year-old 
subjects with high MPAS improved,  24% became 
more  hyperdivergent  (Fig 3B). Together ,  these 
data suggest that the apparen t  stability displayed 
between group averages should not  be expected 
for individual patients. These data emphasize 
that early interceptive t rea tment  of  Hyp-OB pa- 
tients cannot  be justified because we cannot  cur- 
rently predict  whose malocclusions will worsen. 

C h i l d h o o d  as a Per iod  o f  Greater Potent ia l  

Overall growth potential  and the capacity of  cer- 
tain characteristics to change are greater  dur ing 
chi ldhood than adolescence. It is also possible 
that younger  children would be more  coopera- 
tive and more  willing to undergoing  complex 
long-lasting t reaunent  regimens than adoles- 
cents. 

Longitudinal  analyses show that boys with 
high angles display significantly less true or total 
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Figure 2. Future growth changes for 6-year-old chil- 
dren with low (<1 SD), medium (_+ 1 SD) and high 
(>1 SD) mandibular plane angles (S-N/Go-Me). 
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Figure 3. (A) Frequencies of subjects with high, me- 
dium, and low MPAs (S-N/Go-Me) at 6 and 15 years of 
age. (B) Frequency of MPA (S-N/Go-Me) increasing 
and decreasing between 6 to 15 years for subjects 
classified with high,medium and low MPA (S-N/Go- 
Me) at 6 years. 

forward rotation than low angle boys, with the 
difference being most  p ronounced  during child- 
hoodY s Changes in the MPA angle also show 
significant group differences dur ing chi ldhood 
but  not  during adolescence. Spady et a199 
showed that true mandibular  rotat ion was signif- 
icantly greater  dur ing chi ldhood than adoles- 
cence; rotation was particularly marked  during 
the transition t 'rom pr imary to early mixed den- 
titions. 

As shown, Hyp-OB patients often present  with 
excessive maxillary and mandibula r  dentoalveo- 
lar heights. Relative intrusion of  the teeth, espe- 
cially mandibular  teeth that show less erupt ion 
potential  than their  maxillary counterparts ,  may 
require considerable time for ex t reme cases. For 
example,  the average mandibular  incisor erupts 
5.0 m m  for boys and 3.7 m m  for girls between 8 
to 15 years of  age; the first molar  erupts 0.5 to 
0.7 m m  more  than the incisor. ~°° Relative intru- 
sion over extended periods of  growth could 
serve as an impor tan t  and poten t  t rea tment  mo- 
dality. 
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Early Treatment Results 

it is becoming  increasingly clear that t reatments  
to t  Hyp-OB patients should be directed toward 
the mandible.  Naumann  et al 1°1 have shown that 
mandibular  skeletal changes were twice as im- 
por tant  as mandibular  dental changes and 2.5 
times as impor tan t  as maxillary changes in affect- 
ing overbite changes. Vertical mandibula r  
growth was shown to be more  impor tan t  than 
mandibular  rotat ion in de termining  overbite 
changes. Thei r  models  suggest using appliances 
that limit anter ior  vertical mandibula r  growth 
and augment  its forward rotation, ra ther  than 
appliances that restrict maxilla~ T growth. 

Complex  problems require complex  treat- 
men t  approaches.  Sankey and coworkers ~°2 re- 
cently repor ted  outcomes for patients treated 
with lip seal exercises, a lower Crozat / l ip  
bumper ,  a bonded  palatal expander  constructed 
to smwe as a bite block, and a high-pull chin cup. 
A sample of  children 8.2 -+ 1.2 years with aver- 
age MPAs of 40.1 ° + 1.2 ° p e r i b r m e d  lip seal 
exercises for 60 consecutive minutes each day. 
The  Crozat / l ip  b u m p e r  appliance was cemented  
in place with 2 to 3 m m  activation (after 8 weeks, 
it was reactivated 1 m m  every 8 weeks). At the 
same time, the uppe r  arch was expanded  slowly 
(1 /4  turn per  week, 1 m m  per  month)  for ap- 
proximately 6 months.  The expander  infringed 
on the freeway space approximately  2 to 3 m m  
and was r amped  to produce  progressively 
thicker occlusal coverage on the palatal half  of  
the appliance. A high-pull chin cup (force di- 
rected approximate ly  45 ° to occlusal plane) de- 
livering 16 to 20 oz was worn at least 14 hours  
per  day. The  patients were compared  with con- 
trois matched  for age, gender,  and MPA. 

After 1.3 + 0.3 years of  t reatment ,  condylar 
growth had been  increased and changed toward 
a more  anterosuper ior  direction. Maxillary ex- 
pansion did not  increase vertical dimensions. 
The  mandible  showed almost three times more  
forward rotation than expected,  posterior  facial 
height  increased significantly more ,  the molars 
showed relative intrusion, the articular angle in- 
creased, the gonial angle decreased, and the 
chin moved foi~vard ahnost  twice as much  as in 
the controls. Overjet decreased and overbite in- 
creased, especially for the patients with severe 
open-bite malocclusions. The  aggregate of  
changes implies corrections in all three planes 

of  space that combine  to produce  a remarkable  
t rea tment  result. Interestingly, a subsample of  
patients that pe r fo rmed  clenching exercises suf- 
ficient to p roduce  marks on the expander ' s  
acrylic did not  wear high-pull chin cups but  
showed similar t rea tment  outcomes.  

The potential  impor tance  of  clenching exer- 
cise in the t rea tment  of  Hyp-OP patients should 
not  be underest imated.  Tran  and coworkers m3 
recently comple ted  a prospective clinical trial 
evaluating the effects of  light clenching exer- 
cises as adjunctive t rea tment  for H P H G  and 
rapid palatal expansion in young children. Al- 
though H P H G  without exercise p roduced  den- 
toalveolar effects in the maxilla only, H P H G  in 
combinat ion  with exercises also increased true 
mandibular  autorotat ion and p roduced  signifi- 
cant reductions in the ANB and gonial angles. 
Because there was no evidence of  increased mus- 
cle strength, it was suggested that exercise might  
have al tered the postural position of  the mandi-  
ble, which in turn inf luenced its rotational and 
remodel ing  patterns. 

Conclusions 

Although early t rea tment  of  hyperdivergent  
open-bite cases is theoretically appeal ing and 
practically possible, it remains poorly under-  
stood and must  be approached  with caution. 
More clinical and  exper imenta l  research is re- 
quired to establish the psychosocial benefits and 
to precisely define the long-term consequences 
of  early treatment.  The stability of  early treat- 
men t  will undoubtedly  be related to the orth- 
odontist 's  ability to correct  the original cause of 
the problem.  To that end, open-mouth  posture 
associated with habits, weak muscles, or respira- 
tory obstructions must  be eliminated to avoid 
relapse. This implies additional studies necessary 
to develop sensitive and specific diagnostic indi- 
cators. Growth is clearly a critical per iod that 
holds great potential  for or thopedic  and orth- 
odontic  corrections as well as for relapse toward 
the original condition. 
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