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The present article aims at answering the question whether an early or late 
treatment approach is the ideal period for Herbst therapy. This topic will be 
discussed by summarizing and evaluating the short- and long-term effects 
of the Herbst appliance on the dentofacial complex. Special emphasis will be 
given to the treatment outcome in relation to the patient's somatic and 
skeletal maturity at the time of therapy. Furthermore, the long-term stability 
of the treatment results will be addressed. The available knowledge in the 
literature demonstrates that the ideal period for Herbst treatment is in the 
permanent dentition at or just after the peak of pubertal growth correspond- 
ing to the skeletal maturity stages FG to H of the middle phalanx of the third 
finger (implying the pre-capping to pre-union stages of the ephiphysis and 
metaphysis). As mandibular growth stimulation is also possible in postado- 
lescent-young adult subjects a new concept of Class II therapy is presented in 
which the Herbst appliance is used as an alternative to orthognathic surgery in 
older Class II subjects. (Semin Orthod 2003;9:47-56.) Copyright 2003, Elsevier 
Science (USA). All rights reserved. 

O ne of the goals of  dentofacial or thopedics  
in (;lass II malocclusions is to eliminate the 

skeletal jaw base discrepancy by stimulating man- 
dibular growth. In a review article on the effect 
of  fimctional appliances on skeletal growth, Ael- 
bets and Derlnant  1 concluded that the Herbst  
appliance (Fig 1) is the only flmctional appli- 
ance able to influence mandibular  length to a 
biologically significant degree. 

In general,  Herbst  t rea tment  of  Class 11 real- 
occlusions resuhs in a Class I or  overcorrected 
Class I dental arch relationship. The correction 
of the increased overjet and Class II molar  rela- 
tionship is Ihe result of  the following dental and 
skeletal changes'-' ~: (1) maxillmy growth inhibi- 
tion, (2) mandibula r  growth enhancement ,  (3) 
maxillary molar  distalization and maxilla W inci- 
sor retrusion and retroclination, and (4) man- 
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dibular molar  mcsialization and mandibular  in- 
cisor protrusion and proclination. 

Herbst  appliance t rea tment  in the depart-  
men t  of  orthodontics  at the UniversiLv of Gies- 
sen is most often pe r fo rmed  dur ing the adoles- 
cent growth period, which is a time of  optimal 
conditions fi)r growth modification. However, 
skeletal adaptal ion is also possible in subjects at 
the end of  growth. <7 [towever, the question 
arises as to which is the ideal period relative to 
growth deve lopment  (early or late) for (1) max- 
imal mandibular  growth stimulation and (2) 
long-term stability. This question will be ad- 
dressed in light of  intormation available in the 
literature. 

Overview of Material and Methods 

Tile interrelation between the amount  of  man- 
dibular growth contr ibuting to (;lass II correc- 
tion and skeletal a n d / o r  somatic maturity has 
been investigated in 6 articles s-l:~ and the long- 
term stability as well as the factors contr ibuting 
to Class II relapse in 7 articles.l ,-2o The  material 
and methods  used in the different articles are 
summarized in Tables 1 and 2. A total of 6 
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Figure 1. Cast splint Herbst/Multibracket appliance. The bilateral telescope mechanism holds the mandible 
permanently in an anterior~jumped position. 

different cephalometric analyses were used to 
study the dentoskeletal effects of  the Herbst  ap- 
pliance. 

In assessing somatic maturity of Herbst  pa- 
tients and control  subjects, longitudinal growth 
records of  standing body height over a 5- to 
10-year period were analyzed. Individual dis- 
tance and velocity growth curves were con- 
structed. The peak height velocity of  growth was 
identified on the curves, and at least 3 growth 
periods were established: prepeak, peak, and 
postpeak.S,9,1 m2 

Skeletal maturity (Fig 2) was assessed with the 
help of the radiographic developmental  stages 
of  the middle phalanx of the third finger and 
the radius bone using the method  of  H~igg and 
Taranger.  21 

The Ideal Treatment  Period for Maximal 
Mandibular Growth Stimulation 

In all Herbst  studies assessing the interrelation 
between somatic s,9,u,12 or skeletal s-1°,13 maturity 
and mandibular  growth stimulation, a large in- 
terindividual variation existed. Nevertheless, a 
general pattern could be identified showing a 
steady increase in sagittal condylar growth stim- 
ulation from the prepeak to the peak growth 
period, followed by a steady decline in the post- 
peak period (Fig 3). Subjects treated at peak or 
1 to 2 years after peak exhibited the largest 
sagittal condylar growth and thus the largest 

mandibular  length increase, s,9,11A2 Correspond- 
ingly, the greatest amount  of sagittal condylar 
growth was found in subjects treated at the skel- 
etal maturity stage MP3-FG (Fig 2), which occurs 
close to the peak growth period (Fig 4).s,9 This 
pattern was most obvious in boys, whereas in 
girls no marked differences in skeletal mandib- 
ular t reatment  effects were found when compar- 
ing different growth periods/1 

The increase of sagittal condylar growth in 
Herbst patients (Figs 3 and 4) was significantly 
greater than in untreated Class II control sub- 
jects, s,u,12 hTespective of the growth period, 
the difference of mandibular length increase 
when comparing Herbst and control subjects 
amounted to an average of 1.3 ram. 8 Thus, the 
increased amount  of condylar growth accom- 
plished by the Herbst appliance seems to be the 
result of an equal additions of enhanced growth to 
normally occurring condylar growth, irrespective 
of the somatic or skeletal maturation stage of the 
patients (Figs 3 and 4). Recent studies on the 
Herbst appliance have shown that mandibular 
growth stimulation is due to a remodeling of the 
condyle and also of the glenoid fossa. The latter 
can be routinely noted on magnetic resonance 
images of the TMJ area taken during treatment. 7,~2 

It is believed that Class II correction by ortho- 
pedic means is not  possible after the age of  13.5 
years in girls and 15 years in boys because 97% of 
the growth is completed at these ages. 23 How- 
ever, in using the Herbst  appliance, it is possible 
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Figure 2. Skeletal maturity stages of the middle phalanx of the third finger (MP3) and the radius (R) according 
to H/igg and Taranger uL and their interrelation to the pubertal  growth velocity is shown. Stage MP3-E, the 
epiphysis is not yet as wide as the metaphysis. Stage MP3-F: the epiphysis is as wide as the metaphysis. Stage 
MP3-FG: the epiphysis is as wide as its metaphysis, and there is a distinct medial a n d / o r  lateral border  of the 
epiphysis forming a line of demarcation at right angles to the distal border. Stage MP3-G: the sides of the 
epiphysis have thickened and also cap its metaphysis, torming a sharp edge distally at one or both sides. Stage 
MP3-H: fusion of epiphysis and metaphysis has begun. Stage MP3-I: fusion of epiphysis and metaphysis is 
complete. Stage R-I: fusion of epiphysis and metaphysis has begun. Stage R-IJ: fusion is almost completed, but 
there is a small gap at one or both margins. Stage Rz]: fnsion of epiphysis and metaphysis is completed. 

to react iva te  a n d  s t imula te  c o n d y l a r  g rowth  even 
in subjects  at  the  e n d  o f  growth.  6,7,]:~ A l t h o u g h  
the  total  a m o u n t  o f  m a n d i b u l a r  l eng th  inc rease  

in y o u n g  adu l t s  (skele ta l  ma tu r i t y  s tages R-IJ or  
RJ, see Fig 2) is less t han  in ado lescen t s ,  the  
a m o u n t  o f  s t imu la t ed  m a n d i b u l a r  g rowth  is 

i d e n t i c a l Y  ~ This  impl i e s  tha t  y o u n g  a d u l t  Class II 
subjects  can  be  t r e a t e d  successful ly by m e a n s  
o f  the  H e r b s t  app l i ance .  Thus ,  the  t r e a t m e n t  

mm 

5 , 

-3 -2 -1 P E A K  +1 +2 +3  Y e a r s  

m e t h o d  c o u l d  be  c o n s i d e r e d  to be  an  a l te rna t ive  
to o r t h o g n a t h i c  surgery  (Fig 5-7). 

The  relative con t r ibu t ion  o f  skeletal and  denta l  
changes  con t r ibu t ing  to overjet  cor rec t ion  varies 
cons iderably  be tween  individuals  irrespective o f  
gender ,  somatic,  or  skeletal maturity.  '-~-1 ]::~ In sub- 

jec ts  with comparab ly  severe Class II malocclu-  

m m  
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Figure 3. Mandibular growth (mm) relative to the pu- 
bertal peak (peak) of growth in 72 male Herbst patients 
treated for an average period of 7 months and 23 un- 
treated male Class II Control subjects. ~ 

Figure 4. Mandibular growth (ram) relative to the skele- 
tal maturity in 72 male Herbst patients treated for an 
average period of 7 months and 23 untreated male Class 
II Control subjects, e 
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Figure  5. A female Class II, division 1 patient,  19 years of  age, treated with a cast splint Herbs t /Mul t ib racke t  
appliance system. Dental casts and intraoral  photographs  f rom befbre t rea tment  (A), at start of  Herbst  t rea tment  
(B), after Herbst  t rea tment  (C), dur ing  mult ibracket  appliance t rea tment  (D), after mult ibracket  appliance 
t rea tment  (E), and 2 years post mult ibracket  appliance t rea tment  (F). 
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12 

Figure 6. Female Class II, division 1 patient, 19 years of age, treated with a cast splint Herbst/Multibracket 
appliance system. Lateral headfilms and profile photographs from before treatment (A), 1 week before the end 
of Herbst/Multibracket appliance treatment (B), and 2 years posttreatment (C). 

sions, 1°,13 the largest skeletal effects contributing 
to overjet correction (Fig 8) were found in the 
peak period (MP3 FG-G). In postpeak patients 
(MP3 H-I) and young adults (R IJ-J) especially, the 
mandibular dental changes increased. 1-~ 

The Ideal Treatment Period for Long-Term 
Stability 

It  has been  claimed for a long time that normal-  
izing the skeletal and soft-tissue morpho logy  at 

an early age would provide a basis for cont inuing 
normal  deve lopment  of  these structures. 24-z7 
This has, however, never been  proven. When  
analyzing Herbs t  patients 5 to 10 years after 
t reatment ,  it was found that  the total amoun t  of  
maxillary and mandibular  growth was greatest  in 
those Herbs t  patients treated dur ing the pre- 
peak period. 14 However, the improvemen t  in 
sagittal jaw base relationship was found to be 
comparable  between prepeak,  peak, and post- 
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Figure 7. Female Class II, division 1 patient, 19 years of age, treated with a cast splint Herbst/Multibracket 
appliance system. Parasagittal magnetic resonance images of the right TMJ from before, after 9 weeks and after 
8 months of Herbst treatment. Please note condylar remodeling at 9 weeks of treatment. 

peak subjects; mandibular  growth exceeded 
maxillary growth by 4.6 m m  in prepeak,  4.2 m m  
in peak, and 3.9 m m  in postpeak patients. Thus, 
the growth per iod in which the patients were 
treated did not  have a marked  influence on the 
long-term t rea tment  result./4 

Fur thermore ,  in patients treated with the 
Herbs t  appliance,  mandibula r  length increased 
more  than in su'Qjects with ideal occlusions 

% 
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Overjet correction 
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Figure 8. Percentages (%) of skeletal and dental 
changes contributing to overjet correction in Herbst 
patients treated at different skeletal maturity stages: 
MP3 E-F (n = 13), MP3 FG-G (n = 12), MP3 H-I (n = 
21), R IJ: 1 (n = 14). 

(Bolton standards).2s At the end of the growth 
period, however, this t rea tment  effect is no 
longer  evident anymore  (Fig 9). Therefore ,  the 
long-term total amoun t  of  mandibular  growth 
was almost identical in the Herbs t  and the 
Bolton ideal occlusion groups. 15 This was also 
true for the relative growth of the maxilla and 
the mandible;  mandibular  growth exceeded 
maxillary growth by 3.9 m m  in the Herbst  and by 
4.1 m m  in the Bolton cases (Fig 9). Thus, in 
Class II subjects, Herbs t  t rea tment  improves the 
basal .jaw relationship but  does not  normalize it 
compared  with ideal occlusion subjects exhibit- 
ing normal  growth, l:',~7,~s Despite the fact that 
mandibular  growth is improved but not  normal-  
ized, a stable Class I occlusion was tound  in 79% 
of 53 Herbst  patients analyzed 5 to 10 years after 
treatment.  ~ A relapse in ove[jet a n d / o r  molar  
relation was mainly the result of  pos t t rea tment  
dental changes, especially in the maxilla, m and 
was seen more  frequently in early treated Herbs t  
patientsY ° In prepeak  patients, oveIjet a n d / o r  
molar  relationship relapse was found in about 
30% of  the subjects. In postpeak patients, re- 
lapse in overjet was seen in only 8% of patients, 
and relapse in molar  relationship was observed 
in none  of the subjects. The most f requent  re- 
lapse p romot ing  factors identified were early 
treatment,  unstable occlusion, and persisting 
habits. ~° 
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Figure 9. Maxillary and mandibular skeletal changes 
(mm) contributing to Class II correction in 32 Class 
II, Division 1 malocclusions (16 girls and 16 boys) 
treated with the Herbst appliance and 32 Class I Con- 
trois (Bolton standards). P1, observation period 1 
from before treatment to 6 months post-treatment; P 
2, observation period 2 from 6 months post-treatment 
until the end of growth; Total, total observation pe- 
riod from before treatment until the end of growth. 

In late t reated Herbs t  patients, generally all 
p e r m a n e n t  teeth were completely erupted,  thus 
p romot ing  a good interdigitation of  the cusps of  
the teeth after therapy. Teeth  in a stable Class I 
intercuspation will certainly transfer maxillary 
growth forces to the mandible  or  vice versa and 
may therefore  coordinate  maxillary and mandib-  
ular growth, thus counteract ing an unfavorable 
pos t t rea tment  growth pattern.  Therefore ,  a sta- 
ble intercuspation is an essential factor for the 
prevent ion of  both  dental  as well as skeletal 
pos t t rea tment  relapses. 'a-5, m,'°,29 

Long-term stability of  the occlusion in young 
adults treated with the Herbs t  appliance has not  
yet been  shown scientifically. However, young 
adults are always in the p e r m a n e n t  denti t ion 
and have minimal,  if any, residual growth that 
might  compromise  the t rea tment  result because 
of  unfavorable growth causing relapse. Thus, 
young adults t reated with the Herbs t  appliance 
would seem to have opt imal  conditions for long- 
term occlusal stability (Fig 5). 

A New Concept for Class II Therapy 

The current  and widely accepted concept  of  
skeletal Class II t rea tment  is (1) growth modifi- 
cation (with functional appliances a n d / o r  head- 
gear) in p repeak  and peak patients, (2) camou- 
flage orthodontics  (extractions of  teeth and 

fixed appliances) in postpeak patients, and (3) 
or thognathic  surgery in adults (Fig 10). 

Because of  the results f rom our  latest Herbs t  
studies and especially with respect  to the follow- 
ing factors, we are of  the opinion that it is t ime 
to revise the prevailing concept.  

1. In young adults condylar and  glenoid fossa 
growth can be reactivated and altered favor- 
ably on a regular basis. G,7 

2. In young adults, on average, 22% of skeletal 
changes contr ibute  to ovetjet correction. 13 

3. Comparab le  changes in sagittaljaw base rela- 
tionship and in the skeletal profile are ob- 
served in young adult Herbs t  and orthog- 
nathic surgery (mandibular  sagittal split 
osteotomy) patients. 3° 

The new concept  of  Class II t rea tment  3],3" 
proposes the following: (1) growth modification 
in children and adolescents as well as in post- 
adolescents and young adults (up to the age of  
25 years), (2) camouflage orthodontics,  and (3) 
or thognathic  surgery in older adults (Fig 11). 

Growth modification in children should be 
pe r fo rmed  with removable  functional appli- 
ances a n d / o r  headgear.  In adolescents, postado- 
lescents and young adults the Herbs t  appliance 
should be used. 

Conclusion 

With respect  to m a x i m u m  mandibular  growth 
s t imulatkm and long-term stability of  t reatment,  

Current concept 

Childhood Adulthoobd 
Mild CI. II Severe CI. II 

Figure 10. The current concept of Class II therapy: 
frequency distribution of the treatment options 
growth modification, camouflage orthodontics and 
orthognathic surgery in relation to growth develop- 
ment and malocclusion severily. The illustration is a 
visual expression of a theory and is not based on 
quantitative scientific data. 
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New concept 

A 
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4 Adulthood 

I= 
Mild Cl. II Severe CI. II 

Figure 11. The  new concept  of  Class II therapy: fle- 
quency distribution of  the treatment options growlh 
m o d i f i c a t i o n ,  c a m o u f l a g e  o r t h o d o n t i c s ,  and orthog- 
nathic su rgeDi  in r e l a t i o n  to g r o w t h  d e v e l o p m e n t  and 
m a l o c c l u s i o n  severi ty.  T h e  i l l u s t r a t i on  is a visual  ex- 
pression of  a theory and is not based on quantitati\e 
scientific data. 

the ideal period for the Herbst appliance is 
in the permanent dentition at or just after the 
pubertal peak of growth corresponding to the 
skeletal maturity stages FG to H of the middle 
phalanx of the third finger (implying the pre- 
capping to preunion stages of the ephiphysis 
and metaphysis). Because mandibular growth 
stimulation using the Herbst appliance is also 
possible in postadolescent young adult subjects, 
a new concept of Class II therapy is proposed in 
which the Herbs( appliance is used as an ahe> 
native to orthognathic surgeo '  in older Class II 
s u b j e c t s .  
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